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Abstract 

A variety of materials are being researched to remove the dye molecules that give water its color. An adsorbent is 

the corn cob, a food waste that is left over after maize is consumed. The adsorbent prepared from corncob 

powder, an agricultural waste, was used to successfully remove malachite green dye from aqueous solution. 

Chitosan has emerged as an inexpensive, non-toxic, biodegradable and readily available option for removing dye 

molecules by adsorption. The functional groups of chitosan, such as hydroxyl and amino groups, are responsible 

for the adsorption of dyes. Therefore, the objective of this work was to prepare and evaluate a corncob composite 

based on chitosan as adsorbents using malachite green dye from aqueous solution. The binding of corncob 

composite based on chitosan was characterized by Fourier transform infrared spectroscopy, scanning electron 

microscopy, TGA, DTA, and Brunauer-Emmett-Teller analysis. The results showed that the removal efficiency 

increased with increasing adsorbent dosage and contact time, and was inversely proportional to increasing pH. 

The maximum removal of malachite green dye proved that the corncob composite based on chitosan as an 

adsorbent material has the ability to adsorb malachite green dye from aqueous solution. These studies have 

shown that the sample can be used as an inexpensive alternative when cleaning wastewater to remove the dye. 

* Corresponding Author: G. Annadurai  gannadurai@msuniv.ac.in 
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Introduction 

Significant environmental issues have arisen as a 

result of the textile industry's extensive usage of 

synthetic organic dyes, especially in aquatic 

environments. There are currently about 10,000 

different types of dyes in use, and their manufacture 

and use result in significant waste production roughly 

700,000 tons per year (Mane et al., 2007a). Because 

of their chemical makeup, toxicity, and resilience to 

degradation, these pollutants which are mostly 

produced by dyeing materials like cotton and 

polyester-can have a serious negative effect on 

aquatic life and water quality (Mane et al., 2007b). 

The aquatic ecosystem is impacted by the colorful 

materials because they prevent sunlight from 

penetrating water bodies (Ismail et al., 2018). 

Malachite green is a dye that has been employed as an 

antibiotic in aquaculture, which is utilized extensively 

in many other industries. However, because of its 

poisonous and persistent nature, it poses serious 

threats to the environment, animals, and human 

health (Tewari et al., 2018; Swan and Zaini, 2019; 

Raval et al., 2017). Dye removal from wastewater 

contaminants can be accomplished chemically, 

physically, or biologically. However, for textile 

wastewater, adsorption treatment is thought to be a 

better method that is more affordable, quicker, and 

more universal (Mall et al., 2005). Materials that are 

abundant in nature and typically require little 

processing, or that are waste products or by-products 

of other operations, are considered low-cost 

adsorbents (Gupta, 2009). One of the world's most 

plentiful renewable resources is agricultural by-

products, which are widely accessible (Demirbas, 

2009). Structural modifications have been made to 

the biosorbents to improve their binding capacities, 

selectivity, and environmental stability in terms of 

their reusability because lignin cellulosic biomasses 

behave as good effective adsorbents but have low 

sorption efficiencies (Akar et al., 2013; Foroughi-dahr 

et al., 2015). In the past, chitin from crustacean 

sources was primarily chemically deacetylated to 

create commercial chitosan samples. More recently, 

chitosan from fungi is gaining interest in the market, 

driven by vegan demands and these are better in 

terms of low viscosity (Ghormade et al., 2017) and 

exhibit a very high deacetylation degree (Aranaz et 

al., 2009; Rinaudo, 2006; Jiang et al., 2017). 

 

Dye adsorption dye from aqueous solutions using a 

variety of inexpensive adsorbents and unconventional 

sorbentes, including clay (Arellano-Cárdenas et al., 

2013), pine wood (Zhang et al., 2011), bivalve shell-

treated Zea mays L. (maize) husk leaf (Jalil et al., 

2012), carbon from spent tea leaves (Akar et al., 

2013), and walnut shell (Dahri et al., 2014). This corn 

cob can be widely utilized as an adsorbent because it 

is a naturally inexpensive material that is simple to 

change (Palukurty et al., 2014). A common annual 

cereal that grows quickly, has a large fibrous root 

structure, can resist harsh conditions, and yields a lot 

of seeds is maize. Several researchers have altered 

natural biopolymers with particular functional 

groups, such as carboxyl groups, to eliminate 

particular contaminants and enhance their 

adsorption capacities and efficiencies (Goyal et al., 

2009). The most often employed adsorbents are 

agricultural wastes, which may also be recycled at a 

minimal cost. In this regard, numerous studies have 

been conducted to find inexpensive adsorbents. For 

instance, corn straw is a naturally occurring 

lignocellulosic fiber that is accessible all over the 

world and has functional groups that can bond with 

dyes (Suteu et al., 2011; Berber-Villamar et al., 2018; 

Aljeboree et al., 2019). Because of these qualities, 

corn straw has the potential to be an adsorbent. 

 

A determined adsorbent's maximal adsorption 

capacity can be found using the batch studies 

parameters, which can also provide information 

regarding energetic, steric, and affinity views. The 

main objectives are to provide a summary of recent 

information concerning the use of corncob based 

chitosan composite as sorbent and to discuss the 

main interactions involved in the adsorption process. 

The present work clearly demonstrates the feasibility 

of utilizing Corncob based chitosan composite as a 

novel, effective, efficient, eco-friendly, and 

inexpensive sorbent for the removal of Malachite 

Green dye from aqueous solutions. The synthesized 
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adsorbents were investigated by different 

physicochemical tools such as TGA, SEM, FTIR, SEM 

and N2 adsorption/desorption. The Malachite Green 

dye sorption performance of Corncob based chitosan 

composite was affected significantly by solution pH, 

dosages, shaking contact time, and initial dye 

concentration. 

 

Materials and methods  

Materials 

Sigma Aldrich provided the chitosan, acetic acid, 

NaOH, HCl and ethanol that were employed in this 

investigation. Without any additional purification, 

these analytical-grade compounds were utilized 

directly in this experiment. 

 

Preparation of chitosan 

To dissolve the chitosan, 1M was added to 1% acetic 

acid and agitated for 60 minutes. The mixture was 

simultaneously mixed using the magnetic stirrer. The 

solution was stirred for 12 hours at room 

temperature, centrifuged for 45 minutes, and then 

heated in a hot air oven.  

 

Preparation of corn waste 

Corn cob, an adsorbent material, was collected from 

adjacent fields. The gathered material was ground 

into a powder using a steel mill after being sun-dried. 

A 40–60 mesh screen was then used to filter the 

adsorbent. After soaking for 12 hours, the ground 

material was rinsed with both hot and cold distilled 

water until the wash water was colorless. The cleaned 

material was then stored in a glass bottle for use as an 

adsorbent without any pretreatment after being dried 

for 12 hours at 50oC in a hot air oven. 

 

Synthesis of corn cob based chitosan composites 

A corresponding quantity of corncob powder and 

chitosan was added to the solution along with 100 

milliliters of distilled water and a synthesized corncob 

based chitosan composite. For almost four to six 

hours, the reaction continued. Following that, it was 

centrifuged at 2000 rpm. For 30 minutes, the 

resulting composites were heated to 80 °C. To speed 

up the drying process, ethanol was used to wash the 

modified composite material that was produced. 

 

Batch adsorption studies 

Batch experiments for the adsorption were placed in a 

250 mL round-bottom flask at different dye 

concentration (10,20,30,40,, 50  with 300C, pH:7.0, 

0.1g/L sorbent), sorbent dosages (0.02,0.04, 0.06, 

0.08, 0.10g/L with  300C, pH:7.0), Time (20, 40, 60 

80, 100, 120, 140, 160, 180 mints with 300C, pH:7.0, 

0.1g/L sorbent), pH (2.0, 4.0, 6.0, 8.0, 10.0 with 

300C, pH:7.0, 0.1g/L sorbent were investigated. A 

rotary orbital shaker was used to shake the mixtures 

at 160 rpm. The adsorbent was then centrifuged at 

4500 rpm to remove it from the aqueous solution. To 

ascertain the remaining dye content, the absorbance 

value of the supernatant solution was measured using 

a Shimadzu UV-1601 Spectrometer at 617 nm both 

before and after treatment.  

 

Characterization of corncob composite based on 

chitosan  

The surface of the chitosan was altered to distinguish 

between dried and processed maize waste, and FTIR 

spectra at different wavelengths between 4000 and 

500 cm-1 were used to characterize the presence of 

functional groups. The TGA thermogram of Corncob 

based chitosan composite showed the weight loss 

profile at various temperatures at a flow rate of 52.4 

mL/min and at a heating rate of 46.8°/min in a 

nitrogen atmosphere. A differential thermal analyzer 

was used to characterize the physical properties of the 

Corncob based chitosan composite, including heat 

absorption, phase transition, and crystallization. In 

this investigation, a scanning electron microscope 

was used to examine the surface morphology and 

particle size distribution of Corn cob based chitosan 

composite. The optical characteristics of Corn cob 

based chitosan composite were examined using the 

UV-vis Spectrophotometer in the wavelength range of 

200 nm to 700 nm. The Brunauer–Emmett–Teller 

(BET) analytical method was used to assess the 

surface area of a Corncob based chitosan composite 

utilizing nitrogen adsorption-desorption at 77.350K. 
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Results and discussion  

Fourier transform infrared spectroscopy (FTIR)  

As illustrated in Fig. 1, the functional groups on the 

samples in the 4000–500 cm-1 range were 

investigated using FT-IR spectrophotometry. The 

chitosan corn cob O-H stretching frequency may be 

created by intermolecular hydrogen bonds that bind 

the compounds found in corn, which is why the 

broadband's frequency range was 3338.96-2916.80. 

The cellulose's –OH stretching vibrations are linked 

to the strong absorption peak in the chitosan 

spectrum that appears at 1068 and 1027 cm-1. 

 

Fig. 1. FTIR spectrum of corncob composite based on 

chitosan 

 

The C–H stretching vibrations of the methyl, 

methylene, and methoxy groups in chitosan peak at 

1577 and 1420 cm-1 were respectively. According to 

Chan and Koay (2019), compounds with considerable 

adsorption in chitosan-corn cob of around 1031.66 

cm-1 under the frequency of functional groups lasted 

aromatic C-H and C=O groups included aldehydes, 

ketones, esters, amides, and carboxylic acids. The 

absorption bands at 1375 cm-1 and 1149 cm-1, 

respectively, reflected the C=O stretching present in 

hemicelluloses and the -C=C- stretching. The 1636 

cm-1 is due to the stretching of the C=C ring. The 

peak was seen at about 1245 cm-1 due to the rise. The 

presence of glucosidic (β) bonds between cellulose 

sugar units and hemicelluloses, as well as the C-O-C 

vibrational stretching of polysaccharides, were shown 

by the bands in the fingerprint region at 1027 cm-1 

and 892 cm-1, respectively. The adsorption maxima in 

the 3500-2000 cm-1 range can be taken into account 

for angular deformation in the bonding plane of C-H 

aromatic rings. Furthermore, repeated peaks in the 

1500–1000 cm-1 range may be ascribed to the N-H 

bond. The surface of sorbents exhibits functional 

groups such as carboxyl and hydroxyl groups, 

which are necessary for the adsorption of dye 

molecules (Escamilla-García et al., 2022; Yeng et 

al., 2013; 2015). 

 

Fig. 2. Thermal gravimetric analysis of corncob based 

chitosan composite 

 

Thermogravimetric analysis (TGA) 

One method for measuring a sample's mass in 

relation to temperature is thermogravimetric analysis 

(TGA). Examining the thermal stability and purity of 

solid materials at temperatures between 0 and 700 °C 

is especially useful. Fig. 2 showed a chitosan 

composite made from corn cobs. TGA curves showed 

that both samples underwent three stages of heat 

deterioration. The breakdown of cellulose and 

hemicellulose is the main characteristic of the 

previously described stages, but lignin also 

decomposes concurrently within that temperature 

range; the last stage of lignin degradation is what 

causes the protracted weight loss that happens after 

50 °C. Weight loss may occur gradually beginning at 

200 °C due to the breakdown of the low molecular 

weight chitosan. The dehydration of the chitosan 

anhydroglucosidic ring is one of the complex 

processes that results in a more pronounced weight 

loss beginning at 300 °C (Jayakumar et al., 2008). 
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Weight loss was accomplished as a result of the total 

breakdown of the adsorbents; however, at 280 °C, a 

larger mass reduction was brought about by the 

inclusion of thermally stable chitosan. The inclusion 

of chitosan with a high thermal withstanding capacity 

explains the larger residual masses of chitosan with 

corncob (Cardenas and Miranda, 2004). 

 

Fig. 3. DTA analysis of corncob based chitosan 

composite 

 

The endothermic reactions range from ambient 

temperature to 800°C, as seen in Fig. 3. These 

temperature variations cause the evaporation of 

physisorbed water that has been adsorbed on the 

outer surface of the polymer as well as water from the 

interlamellar gap (Hong et al., 2007). The curve's 

loss of definition of the peaks at about 200°C and 

400°C is another feature that is noticeable when 

maize and chitosan are combined with corn cob. 

The DTA curves for chitosan and chitosan with 

corn do not significantly differ from the parent 

material; however these peaks were linked to 

interlamellar water loss and dehydroxylation from 

various settings (Chan et al., 2018). 

 

UV–visible spectroscopy 

The optical characteristics of the particles, which are 

evaluated using UV-visible spectroscopes, were one of 

the most important studies for their applications. It 

contrasts the light intensity that strikes an object with 

the light intensity that travels through a sample of 

corncob based chitosan composite. The wavelengths 

of UV light, which are in the electromagnetic 

spectrum, range from 200 to 700 nm, which is too far 

for the human eye to detect. The associated findings 

for the UV transmittance and absorbance spectra, 

which were measured between 200 and 700 nm in 

wavelength, are displayed in Fig. 4. All of the particles 

displayed more incoming radiation at a wavelength of 

300 nm, which is ideal for dye removal applications. 

However, a minimum amount of light at a wavelength 

of 500 nm was absorbed, as seen in Fig. 4. The 

absorbance peak indicates that the particle was 

allowed to pass a specific amount of light, according 

to Bustamante et al. (2024). This result could be due 

to the fact that cellulose has a bigger surface area. 

 

Fig. 4. UV-Vis spectrum of corncob based chitosan 

composite 

 

In the visible light band between 210 and 350 nm, 

pure synthesized samples showed a discernible 

absorption, which is somewhat in line with the results 

of the previous study (Aswathy et al., 2024; Silva 

Viana et al., 2020). By serving as a sensitizer to 

absorb more photo-generated electrons and holes, 

corn enhanced the adsorption activity and caused a 

little shift in the longer wavelength region (Wang et 

al., 2022). The produced composite exhibits broad 

background absorption with a higher absorbance at 

340 nm, even though the absorption edge remains 

constant. 

 

Scanning electron microscopy (SEM) 

The surface morphology of the corncob based 

chitosan composite was investigated using a scanning 

electron microscope (SEM) the findings are displayed 

in Fig. 5. The images (Fig. 5A) showed that the 
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adsorbent had more uneven holes and rough surfaces 

than the raw material because of the reduction of 

volatile materials during the high temperature 

carbonization process. Interspatial holes in the matrix 

of the polymer indicated improved adsorption 

potentials (Iheanacho et al., 2021). 

 

Fig. 5. SEM of chitosan (A) and chitosan-corn cob 

(B) 

 

A subset of tubes that transport nutrients to the other 

plant parts make up the cellular structure depicted in 

Fig. 5A. The chitosan surface (Fig. 5A) is smoother 

than the corncob based chitosan composite (Fig. 5B), 

which showed rougher surfaces. This form has limited 

porosity, as is typical for raw biomaterials (Petrovic et 

al., 2015). The majority of the ground tissue in maize 

corn stems has vascular bundles implanted in it, 

according to Vucurovic et al. (2014). The cell wall is 

composed of cellulose, while the primary component 

of the cell wall of vascular components is lignin. One 

can see the material's small pores and rough surface 

(Trujillo-Reyes et al., 2012). 

 

Brunauer–Emmett–Teller (BET) analysis 

By using the gas adsorption technique, BET analysis 

is primarily utilized to ascertain the solid materials' 

specific surface area and porosity. The BET and BJH 

methods were used to measure the surface area and 

pore size of the processed corncob based chitosan 

composite. Fig. 6 and 7 show the nitrogen adsorption-

desorption isotherm recorded at 77.350K to analyze 

the surface area, porosity size, and pore volume of 

synthetic corncob based chitosan composite. Fig .7 

shows the chitosan-incorporated corn cob's surface 

area and pore radius, which are 19.047 m2/g and 

0.299 nm, respectively. According to Fig.6, the 

chitosan average surface area is 0.955 m2/g, and its 

pore radius is 6.12 nm. The chitosan-corn cob 

material's surface area increased to 5.094 m²/g. 

 

Fig. 6. BET analysis of chitosan by nitrogen 

adsorption and desorption 

 

Fig. 7. BET analysis of corncob based chitosan 

composite by nitrogen adsorption and desorption 

 

The homogeneous coating and integral penetration of 

a chitosan polymeric chain into the corn hub, which 

A 

B 
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tends to widen the interspacing and hence increase 

the surface area, is one explanation for the increased 

surface area of the corncob based chitosan composite 

(Oraon et al., 2016). It was determined that the 

corncob based chitosan composite had a pore radius 

of 3.43 nm. The type I isotherm, which shows the 

presence of microporous structure, was found in the 

pore size distribution of the chitosan. The hysteresis 

loop was found in the pore size distribution of the 

corncob based chitosan composite. 

 

This loop shows that the capillary condensation that 

takes place in a mesoporous range is consistent with 

the type IV isotherm. The total pore volume is 

determined by measuring the amount of vapor 

absorbed by a material at a relative temperature close 

to unity. Corn cob based chitosan composite were 

discovered to have pore volumes of 2.94 cc/g and 

8.733 cc/g respectively. The chitosan-corn cob 

showed a larger surface area than the chitosan alone. 

According to (Da Silva Alves et al., 2021), the 

adsorption of different colors and metals might be 

increased by increasing the material's surface area 

and decreasing its particle size. 

  

Fig. 8. Effects of the concentration on the adsorption 

of malachite green 

 

The effect of dye concentration 

Fig. 8 demonstrated how the rate of adsorption on 

corncob based chitosan composite was impacted by 

the concentration of malachite green dye in the 

solution. The figure demonstrated that when the dye 

concentration increased, the percentage of dye 

adsorption by chitosan-based maize cob decreased. 

The greatest amount of dye removal was noted at a 

particular contact time and dye concentration of 10 

mg/L. The clearance of malachite green dye is 

approximately 90% at all dye concentrations, in 

contrast to high dye concentrations. Fig.9 illustrates 

the impact of a corncob based chitosan composite on 

the sorption of Malachite Green dye at pH 6.0. It is 

clear that the sorption rates and capacities of finer 

chitosan composite particles made from maize cobs 

are higher. The increased specific surface area and 

decreased intraparticle diffusion resistance of the 

corn corncob based chitosan composite, which 

improve internal site accessibility, account for this 

pattern (Schiewer and Patil, 2008; Tunc et al., 2009; 

Dotto et al., 2015; Nayda Karina Berber-Villamar et 

al., 2018). Further studies employing the smallest 

particle size at different dosages were prompted by 

this discovery. 

 

Additionally, regardless of the initial dye, the initial 

sorption rate was relatively quick due to the high 

driving force to move Malachite Green dye molecules 

from the aqueous solution to the corncob surface and 

the abundance of positively charged binding sites 

available for sorption (Dotto et al., 2015; Moyo et al., 

2017; Nayda Karina Berber-Villamar et al., 2018). 

The sorption rate then steadily dropped and 

eventually reached dynamic equilibrium as a result of 

a gradual decrease in the mass transfer driving force 

and the number of empty binding sites (Lim et al., 

2015; Puentes-ardenas et al., 2016; Nayda Karina 

Berber-Villamar et al., 2018). 

 

Longer contact between the dye molecules and the 

adsorbent is made possible by the macro and 

micropores of the modified corncob. Consequently, 

the dye takes longer to cling to the surface of the 

adsorbent and diffuse within its porous structure 

(Abdullah et al., 2005). 

 

The effect of adsorbent dosage 

Fig. 9 demonstrated that the percentage of malachite 

green dye clearance increased with the addition of 



 

401 Praveen et al.  
 

Int. J. Biosci. 2024 

adsorbent dosage. The percentage of color removal 

for the corncob based chitosan composite increased 

from 15% to 94% when the adsorbent dosage was 

increased from 0.02 g to 0.10 g/mL. The availability 

of the adsorption active sites increased as the surface 

area attribution rose in tandem with the adsorbent 

dosage. The highest dye removal in this research was 

achieved at a dosage of 0.10 g/L, with malachite green 

in the aqueous solution being almost constant within 

0.06 to 0.08 of absorbent concentration. The effects 

of a chitosan composite based on corn cobs on the 

sorption of Malachite Green dye at pH 6.0 are shown 

in Fig.9. It is evident that finer chitosan composite 

particles based on corn cobs have higher sorption 

rates and capacities. This pattern is explained by the 

corncob based chitosan composite increased specific 

surface area and decreased intraparticle diffusion 

resistance, which enhance internal site accessibility 

(Schiewer and Patil, 2008; Tunc et al., 2009; Dotto et 

al., 2015; Nayda Karina Berber-Villamar et al., 2018). 

This discovery led to additional research using the 

lowest particle size at various dosages. 

 

Fig. 9. Effects of the adsorbent dosage on the 

adsorption of malachite green 

 

The effect of contact time  

The impact of contact duration on malachite green 

dye adsorption by corncob based chitosan composite 

adsorbent is depicted in Fig. 10. We looked at the 

variation in contact time. It proved that 180 minutes 

is the ideal contact period for this experiment. 

corncob based chitosan composite absorb dyes more 

rapidly; up to 80% of the pigment is eliminated after 

160 minutes of equilibrium time. Otherwise, when the 

adsorbent dosage is increased and the dye's initial 

concentration is maximized at 180 minutes, 95% of 

the dye will be eliminated. As time increases, both the 

adsorption capacity and the removal efficiency 

increase. However, they eventually start to decline 

until they reach the equilibrium state. This can be 

explained by the fact that further adsorption is 

inhibited once the active sites achieve a saturation 

state. Similar behavior has also been reported (Azhar 

et al., 2005). 

 

Fig. 10. Effects of the time on the adsorption of 

malachite green 

 

Effect of pH 

Fig. 11 illustrates how pH affects malachite green dye 

adsorption. The effect of pH on adsorption was 

examined in the (2–10) range by altering the samples 

with HCl and NaOH solutions. It was shown that the 

adsorption capacity steadily increases to achieve a 

maximum adsorption percentage at pH 6 and then 

drops as the pH climbs from 2 to 10. Additionally, the 

removal efficiency drops from 80% to 59% before 

rising to 90%, which is at its highest at pH 6.  

 

Additionally, the removal efficiency drops from 80% 

to 59% before rising to 90%, which is at its highest at 

pH 6. According to Parvin et al. (2018), this can be 

explained by the fact that malachite green is a cationic 

dye and that higher pH values have more OH-ions, 

which leads to enhanced adsorption due to the 
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electric attraction between charges. A sorbent's 

surface charge and sorption capacities are 

significantly impacted by the pH of the solution. 

 

Fig. 11. Effects of the different pH on the adsorption 

of malachite green 

 

The point of zero charge or isoelectric point can be 

used to qualitatively evaluate the surface charge 

(Vafahah et al., 2014; Puentes-ardenas et al., 2016; 

Nayda Karina Berber-Villamar et al., 2018). The 

corncob based chitosan composite was found to 

have a pH of 6.0 (Fig. 10). Consequently, the corn 

cob-based chitosan composite particles contain 

positive charges for solution pH values below this 

threshold, and vice versa. According to Leyva-

Ramos et al. [Leyva-Ramos et al., 2005 pH (6.2) 

and Nayda Karina Berber-Villamar et al., 2018 pH 

(6.83)], the natural corncob based chitosan 

composite weak acidity is caused by a slightly 

higher concentration of acid sites than basic ones. 

The value of 6.0 is comparable to their findings. 

 

Conclusion 

One agricultural waste product produced in large 

amounts during maize processing is the corncob. 

This study demonstrates how agricultural waste 

can be used economically to remove water 

pollutants. When applying the physiochemical 

activation approach to prepare alternative 

adsorbents, corn cobs which are typically 

considered waste make valuable precursors. In this 

study, we used adsorption to remove the malachite 

green from corncob based chitosan composite in 

order to examine their ability to purify water. The 

adsorbents were characterized using BET, Infrared, 

and UV-Vis spectroscopy, and their structure was 

verified using the SEM technique. Thermal stability 

was shown by thermogravimetric analysis. 

According to characterization, the chitosan 

composite made from corncobs contains big pores 

that improve its adsorption capacity. The initial 

dye concentration was inversely correlated with the 

amount of Malachite green dye removed by the 

corn cob-based chitosan composite. Batch 

adsorption tests produced the best-fitting 

adsorption isotherm for the elimination of 

malachite green color using a chitosan composite 

based on maize cobs. This implies that the 

adsorption process took place at the adsorbent's 

outer surface in a monolayer. According to batch 

adsorption tests, the adsorption effectiveness 

rapidly rises with increasing contact time and 

initial dye concentration and has strong inverse 

connections with the pH of the solution and the 

dosages of the corn cob-based chitosan composite. 

Several parameters were examined to optimize dye 

adsorption efficiency, and the results indicated that 

basic pH was optimal. The ability to adsorb dyes 

was associated with the number of OH-groups. 

Additionally, we employed maize cobs, an 

agricultural waste product that is inexpensive, 

easily accessible, environmentally benign, and an 

efficient adsorbent. Finally, chitosan derived from 

corn cobs might be a more effective adsorbent for 

eliminating dyestuff from an aqueous solution. 

 

References 

Abdullah AL, Salleh MM, Mazlina MS, Noo 

MJ, Osman MR, Wagiran R, Sobri S. 2005. 

Azo dye removal by adsorption using waste 

biomass: sugarcane bagasse. International Journal 

of Engineering and Technology 2(1), 8–13. 

 

Akar E, Altinişik A, Seki Y. 2013. Using of 

activated carbon produced from spent tea leaves 

for the removal of malachite green from aqueous 

solution. Ecological Engineering 52, 19–27. 



 

403 Praveen et al.  
 

Int. J. Biosci. 2024 

Aljeboree AM, Hussein FH, Alkaim AF. 2019. 

Removal of textile dye (methylene blue mb) from 

aqueous solution by activated carbon as a model 

(corn-cob source waste of plant): As a model of 

environmental enhancement. Plant Archives 19(2), 

906–909. 

 

Aranaz I, Mengíbar M, Harris R, Panos I, 

Miralles B, Acosta N, Galed G, Heras A. 2009. 

Functional characterization of chitin and chitosan. 

Curr. Chem. Biol. 3, 203–230. 

 

Arellano-Cardenas S, Lopez-Cortez S, 

Cornejo-Mazón M, Mares-Gutierrez JC. 2013. 

Study of malachite green adsorption by organically 

modified clay using a batch method. Appl. Surf. Sci. 

280, 74–78. 

 

Aswathy NR, Sen R, Mongaraj S, Sudha GS, 

Mohapatra AK. 2024. An all‐green cellulose 

acetate/corn cob composite membrane filter: A 

critical evaluation of its morphology and adsorption 

characteristics for dyes and heavy metals. Journal of 

Applied Polymer Science 141(15), e55206. 

 

Azhar SS, Liew AG, Suhardy D, Hafiz KF, 

Hatim MI. 2005. Dye removal from aqueous 

solution by using adsorption on treated sugarcane 

bagasse. American Journal of Applied Sciences 2(11), 

1499–1503. 

 

Berber-Villamar NK, Netzahuatl-Muñoz AR, 

Morales-Barrera L, Chávez-Camarillo GM, 

Flores-Ortiz CM, Cristiani-Urbina E. 2018. 

Corncob as an effective, eco-friendly, and economic 

biosorbent for removing the azo dye Direct Yellow 27 

from aqueous solutions. PLoS One 13(4), e0196428. 

 

Berber-Villamar NK, Netzahuatl-Muñoz AR, 

Morales-Barrera L, Chávez-Camarillo GM, 

Flores-Ortiz CM, Cristiani-Urbina E. 2018. 

Corncob as an effective, eco-friendly, and economic 

biosorbent for removing the azo dye Direct Yellow 27 

from aqueous solutions. PLOS ONE 26, 1–30. 

 

Bustamante-Bernedo MS, Felix LL, Gutiérrez-

Pineda E, Huamán-Castilla NL, Solis JL, León 

MMG, Pacheco-Salazar DG. 2024. Development of 

antioxidant films based on anthocyanin microcapsules 

extracted from purple corn cob and incorporated into a 

chitosan matrix. International Journal of Biological 

Macromolecules 268, 137658. 

 

Cardenas G, Miranda SP. 2004. FTIR and TGA 

studies of chitosan composite films. Journal of the 

Chilean Chemical Society 49(4), 291–295. 

 

Chan M, Koay SC. 2019. Biodegradation and thermal 

properties of crosslinked chitosan/corn cob 

biocomposite films by electron beam irradiation. 

Polymer Engineering & Science 59(S1), E59–E68. 

 

Chan MY, Koay SC, Husseinsyah S, Sam ST. 

2018. Cross‐linked Chitosan/Corn Cob Biocomposite 

Films with Salicylaldehyde on Tensile, Thermal, and 

Biodegradable Properties: A Comparative Study. 

Advances in Polymer Technology 37(4), 1229–1239. 

 

Da Silva Alves DC, Healy B, Pinto LAA, 

Cadaval TRS Jr, Breslin CB. 2021. Recent 

developments in chitosan-based adsorbents for the 

removal of pollutants from aqueous environments. 

Molecules 26(3), 594. 

 

Dahri MK, Kooh MRR, Lim LBL. 2014. Water 

remediation using low-cost adsorbent walnut shell for 

removal of malachite green: Equilibrium, kinetics, 

thermodynamic, and regeneration studies. J. Environ. 

Chem. Eng 2, 1434–1444. 

 

Demirbas A. 2009. Agricultural-based activated 

carbons for the removal of dyes from aqueous solutions: 

A review. Journal of Hazardous Materials 167(1-3), 1–9. 

 

Dotto GL, Sanjay SK, Pinto LAA. 2015. Biosorption 

of organic dyes: Research opportunities and challenges. 

In: Sharma SK, editor. Green Chemistry for Dyes 

Removal from Wastewater: Research Trends and 

Applications. Scrivener Publishing LLC, 295–329. 

 



 

404 Praveen et al.  
 

Int. J. Biosci. 2024 

Escamilla-García M, García-García MC, 

Gracida J, Hernández-Hernández HM, 

Granados-Arvizu JÁ, Di Pierro P, Regalado-

González C. 2022. Properties and biodegradability 

of films based on cellulose and cellulose nanocrystals 

from corn cob in mixture with chitosan. International 

Journal of Molecular Sciences 23(18), 10560. 

 

Foroughi-Dahr M, Abolghasemi H, Esmaieli 

M, Nazari G, Rasem B. 2015. Experimental study 

on the adsorptive behavior of Congo red in cationic 

surfactant-modified tea waste. Process Saf. Environ. 

Prot 95, 226–236. 

 

Ghormade V, Pathan EK, Deshpande MV. 

2017. Can fungi compete with marine sources for 

chitosan production? Int. J. Biol. Macromol 104, 

1415–1421. 

 

Goyal P, Srivastava S. 2009. Characterization of 

novel Zea mays-based biomaterial designed for toxic 

metals biosorption. J. Hazard. Mater 172, 1206–1211. 

 

Gupta VK. 2009. Application of low-cost adsorbents 

for dye removal–a review. Journal of Environmental 

Management 90(8), 2313–2342. 

 

Hong PZ, Li SD, Ou CY, Li C, Yang L, Zhang 

CH. 2007. Thermogravimetric analysis of chitosan. 

Journal of Applied Polymer Science 105(2), 547–551. 

 

Iheanacho OC, Nwabanne JT, Obi CC, Onu CE. 

2021. Packed bed column adsorption of phenol onto 

corn cob activated carbon: Linear and nonlinear 

kinetics modeling. S. Afr. J. Chem. Eng 36, 80–93. 

 

Ismail SNAS, Rahman WA, Rahim NAA, 

Masdar ND, Kamal ML. 2018. Adsorption of 

malachite green dye from aqueous solution using corn 

cob. In AIP Conference Proceedings 2031(1), AIP 

Publishing. 

 

 

Jalil AA, Triwahyono S, Yaakob MR, Azmi 

ZZA, Sapawe N, Kamarudin NHN, Setiabudi 

HD, Jaafar NF, Sidik SM, Adam SH, Hameed 

BH. 2012. Utilization of bivalve shell-treated Zea 

mays L. (maize) husk leaf as a low-cost biosorbent for 

enhanced adsorption of malachite green. Bioresour. 

Technol 120, 218–224. 

 

Jayakumar R, Nagahama H, Furuike T, 

Tamura H. 2008. Synthesis of phosphorylated 

chitosan by novel method and its characterization. 

International Journal of Biological Macromolecules 

42(4), 335–339. 

 

Jiang Y, Fu, Wu S, Liu G, Guo J, Su Z. 2017. 

Determination of the deacetylation degree of 

chitooligosaccharides. Mar. Drugs 15, 332. 

 

Leyva-Ramos R, Bernal-Jacome LA, Acosta-

Rodriguez I. 2005. Adsorption of cadmium(II) from 

aqueous solution on natural and oxidized corncob. 

Sep Purif Technol 45, 41–49. 

 

Lim LBL, Priyantha N, Mansor NHM. 2015. 

Artocarpus altilis (breadfruit) skin as a potential low-

cost biosorbent for the removal of crystal violet dye: 

Equilibrium, thermodynamics and kinetics studies. 

Environ Earth Sci 73, 3239–3247. 

 

Mall ID, Srivastava VC, Agarwal NK, Mishra 

IM. 2005. Adsorptive removal of malachite green dye 

from aqueous solution by bagasse fly ash and 

activated carbon: Kinetic study and equilibrium 

isotherm analyses. Colloids and Surfaces A: 

Physicochemical and Engineering Aspects 264(1-3), 

17–28. 

 

Mane VS, Mall ID, Srivastava VC. 2007a. Use of 

bagasse fly ash as an adsorbent for the removal of 

brilliant green dye from aqueous solution. Dyes and 

Pigments 73(3), 269–278. 

 

 



 

405 Praveen et al.  
 

Int. J. Biosci. 2024 

Mane VS, Mall ID, Srivastava VC. 2007b. Kinetic 

and equilibrium isotherm studies for the adsorptive 

removal of brilliant green dye from aqueous solution by 

rice husk ash. Journal of Environmental Management 

84(4), 390–400. 

 

Moyo M, Pakade VE, Modise SJ. 2017. Biosorption 

of lead(II) by chemically modified Mangifera indica 

seed shells: Adsorbent preparation, characterization and 

performance assessment. Process Saf Environ Protect 

111, 40–51. 

 

Oraon R, Adhikari AD, Tiwari ST, Nayak GC. 

2016. Nanoclay-based hierarchical interconnected 

mesoporous CNT/PPy electrode with improved specific 

capacitance for high-performance supercapacitors. 

Dalton Transactions 45, 1–15. 

 

Palukurty MA, Allu T, Chitturi A, Somalanka SR. 

2014. Adsorption of malachite green from synthetic 

wastewater onto activated carbon from corn cob. 

Journal of Chemical, Biological and Physical Sciences 

(JCBPS) 4(3), 1910. 

 

Parvin S. 2018. Uptake of hazardous dye from 

wastewater using water hyacinth as bio-adsorbent. 

European Journal of Sustainable Development Research 

3(1), 1–10. 

 

Petrovic M, Sostaric T, Stojanovic M, Milojkovic 

J, Mihajlovic M, Stanojevic M, Stankovic S. 2015. 

Removal of Pb²⁺ ions by raw corn silk (Zea mays L.) as a 

novel biosorbent. J. Taiwan Inst. Chem. Eng 58, 1–10. 

 

Puentes-Ardenas IJ, Chávez-Camarillo GM, 

Flores-Ortiz CM, Cristiani-Urbina MDC, 

Netzahuatl-Muñoz AR, Salcedo-Reyes JC. 2016. 

Adsorptive removal of acid blue 80 dye from aqueous 

solutions by Cu-TiO₂. J Nanomater 2016, Article ID 

3542359. 

 

Raval NP, Shah PU, Shah NK. 2017. Malachite 

green “a cationic dye” and its removal from aqueous 

solution by adsorption. Applied Water Science 7, 3407–

3445. 

Rinaudo M. 2006. Chitin and chitosan: 

Properties and applications. Prog. Polym. Sci. 31, 

603–632. 

 

Schiewer S, Patil SB. 2008. Pectin-rich fruit 

wastes as biosorbents for heavy metal removal: 

Equilibrium and kinetics. Bioresour Technol 99, 

1896–1903. 

 

Silva Viana RL, Pereira Fidelis G, Jane 

Campos Medeiros M, Antonio Morgano M, 

Gabriela Chagas Faustino Alves M, 

Domingues Passero LF, Rocha HAO. 2020. 

Green synthesis of antileishmanial and antifungal 

silver nanoparticles using corn cob xylan as a 

reducing and stabilizing agent. Biomolecules 10(9), 

1235. 

 

Suteu D, Malutan T, Bilba D. 2011. Agricultural 

waste corn cob as a sorbent for removing reactive 

dye orange 16: Equilibrium and kinetic study. 

Cellulose Chemistry and Technology 45(5), 413. 

 

Swan NB, Zaini MAA. 2019. Adsorption of 

malachite green and congo red dyes from water: 

Recent progress and future outlook. Ecological 

Chemistry and Engineering 26(1), 119–132. 

 

Tewari K, Singhal G, Arya RK. 2018. 

Adsorption removal of malachite green dye from 

aqueous solution. Reviews in Chemical 

Engineering 34(3), 427–453. 

 

Trujillo-Reyes J, Sánchez-Mendieta V, 

Solache-Ríos M, Colín-Cruz A. 2012. Removal 

of Remazol Yellow from aqueous solution using 

Fe–Cu and Fe–Ni nanoscale oxides and their 

carbonaceous composites. Environ. Technol 33, 

545–554. 

 

Tunc O, Tanaci H, Aksu Z. 2009. Potential use 

of cotton plant wastes for the removal of Remazol 

Black B reactive dye. J. Hazard Mater 163, 187–198. 

 

 



 

406 Praveen et al.  
 

Int. J. Biosci. 2024 

Vafahah S, Bahrololoom ME, Bazarganlari R, 

Saeedikhani M. 2014. Removal of copper ions from 

electroplating effluent solutions with native corn cob 

and corn stalk and chemically modified corn stalk. J. 

Environ Chem Eng 2, 356–361. 

 

Vucurovic VM, Razmovski RN, Miljic UD, 

Puskas VS. 2014. Removal of cationic and anionic 

azo dyes from aqueous solutions by adsorption on 

maize stem tissue. J. Taiwan Inst. Chem. Eng 45, 

1700–1708. 

 

Wang F, Li L, Iqbal J, Yang Z, Du Y. 2022. 

Preparation of magnetic chitosan corn straw biochar 

and its application in adsorption of amaranth dye in 

aqueous solution. International Journal of Biological 

Macromolecules 199, 234–242. 

 

Yeng CM, Husseinsyah S, Ting SS. 2013. 

Modified corn cob filled chitosan biocomposite films. 

Polymer-Plastics Technology and Engineering 52(14), 

1496–1502. 

 

Yeng CM, Husseinsyah S, Ting SS. 2015. A 

comparative study of different crosslinking agent-

modified chitosan/corn cob biocomposite films. 

Polymer Bulletin 72, 791–808. 

 

Zhang H, Tang Y, Liu X, Ke Z, Su X, Cai D, 

Wang X, Liu Y, Huang Q, Yu Z. 2011. Improved 

adsorptive capacity of pine wood decayed by fungi 

Poria cocos for removal of malachite green from 

aqueous solutions. Desalination 274, 97–104. 

 

 

 


