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Abstract: The edible oil sector generates substantial 

amounts of byproducts, including spent bleaching earth, 

oil cake, and deodorizer distillate, which often pose 

environmental challenges due to their disposal. However, 

these byproducts contain components with adsorbent 

properties that can be harnessed for various applications, 

particularly in wastewater treatment and pollutant 

removal. This paper reviews the utilization of byproducts 

from the edible oil sector as adsorbents, focusing on their 

characteristics, preparation methods, and applications. 

Several studies have demonstrated the effectiveness of 

these byproducts in adsorbing organic and inorganic 

contaminants from aqueous solutions. Moreover, their 

low cost, abundance, and renewable nature make them 

attractive alternatives to conventional adsorbents. Future 

research directions and potential challenges in scaling up 

their utilization are also discussed. 
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INTRODUCTION 

The edible oil industry plays a significant role in global 

food production, providing essential cooking oils for 

households and raw materials for various food products. 

However, this sector also generates substantial quantities 

of byproducts during the processing of edible oils, 

including spent bleaching earth, oil cake, and deodorizer 

distillate. Traditionally, these byproducts have been 

viewed as waste and pose environmental challenges due 

to their disposal. 

In recent years, there has been growing interest in 

exploring the potential value of these byproducts as 

alternative resources. One promising avenue is their 

utilization as adsorbents for the removal of pollutants 

from aqueous solutions. These byproducts contain 

components with adsorbent properties, such as clay 

minerals, organic matter, and residual oil fractions, which 

can effectively adsorb a wide range of contaminants. 

The utilization of byproducts from the edible oil sector as  

 

adsorbents offers several advantages. Firstly, it provides a 

sustainable solution for managing these byproducts, 

reducing the environmental burden associated with their 

disposal. Secondly, it offers a low-cost alternative to 

conventional adsorbents, which is particularly beneficial 

for applications in developing countries and resource-

constrained environments. Additionally, by harnessing 

these byproducts for pollutant removal, it contributes to the 

circular economy by valorizing waste materials. 

This paper aims to provide a comprehensive overview of 

the utilization of byproducts from the edible oil sector as 

adsorbents. It will discuss the characteristics of these 

byproducts, including their chemical composition and 

surface properties, as well as the various methods 

employed for their preparation and activation as 

adsorbents. Furthermore, it will review the applications of 

these adsorbents in wastewater treatment, pollutant 

removal, and other environmental remediation processes. 

By highlighting the potential of these byproducts as 

valuable resources, this paper seeks to stimulate further 

research and development in this field. Understanding the 

adsorption mechanisms and optimizing the utilization of 

byproducts from the edible oil sector can lead to innovative 

solutions for addressing environmental challenges and 

promoting sustainable development. 

CHARACTERIZATION AND SELECTION OF 

EDIBLE OIL BYPRODUCTS 

Before considering the utilization of byproducts from the 

edible oil sector as adsorbents, it is crucial to thoroughly 

characterize these materials and carefully select suitable 

candidates based on their properties and potential 

applications. 

1. Chemical Composition: Analyzing the chemical 

composition of edible oil byproducts is essential 

for understanding their adsorption capabilities. 

Techniques such as elemental analysis, Fourier-

transform infrared spectroscopy (FTIR), and X-

ray diffraction (XRD) can provide valuable 

insights into the presence of functional groups, 
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mineral content, and crystalline structure, which 

influence adsorption performance. 

2. Surface Area and Porosity: The surface area 

and porosity of adsorbents significantly impact 

their adsorption capacity and kinetics. Methods 

like Brunauer–Emmett–Teller (BET) analysis 

and mercury intrusion porosimetry can be 

employed to measure surface area, pore volume, 

and pore size distribution, aiding in the selection 

of adsorbents with optimal textural properties. 

3. Surface Chemistry: Surface chemistry plays a 

crucial role in adsorption processes, governing 

interactions between adsorbate molecules and 

the adsorbent surface. Techniques such as zeta 

potential measurements and surface titration can 

help characterize surface charge, acidity, and 

basicity, providing insights into adsorption 

mechanisms and affinity towards specific 

pollutants. 

4. Thermal Stability: Assessing the thermal 

stability of edible oil byproducts is vital to ensure 

their suitability for adsorption applications, 

particularly in thermal regeneration processes. 

Thermogravimetric analysis (TGA) and 

differential scanning calorimetry (DSC) can be 

utilized to evaluate thermal degradation behavior 

and determine optimal operating conditions. 

5. Particle Size and Morphology: Particle size 

and morphology influence the accessibility of 

adsorption sites and affect mass transfer kinetics 

during adsorption processes. Scanning electron 

microscopy (SEM) and particle size analysis 

techniques can be employed to characterize 

particle morphology and size distribution, aiding 

in the selection of adsorbents with desirable 

physical properties. 

6. Adsorption Capacity and Kinetics: Evaluating 

the adsorption performance of edible oil 

byproducts towards target pollutants is crucial 

for selecting suitable adsorbents. Batch 

adsorption experiments can be conducted to 

determine adsorption capacity, equilibrium 

isotherms, and kinetics under relevant operating 

conditions, providing valuable data for process 

design and optimization. 

By systematically characterizing and selecting edible oil 

byproducts based on their physicochemical properties and 

adsorption performance, researchers can identify 

promising adsorbents for various environmental 

applications, contributing to the sustainable utilization of 

these valuable resources. Additionally, understanding the 

relationship between adsorbent properties and adsorption 

behavior facilitates the development of efficient 

adsorption processes for pollutant removal and 

wastewater treatment. 

SELECTION CRITERIA FOR POTENTIAL 

BYPRODUCTS  

When selecting potential byproducts from the edible oil 

sector for utilization as adsorbents, several key criteria 

should be considered to ensure their suitability for the 

intended applications. These criteria include: 

1. Adsorption Capacity: The primary 

consideration is the adsorption capacity of the 

byproduct towards target pollutants. Byproducts 

with high adsorption capacities can effectively 

remove contaminants from aqueous solutions, 

maximizing the efficiency of the adsorption 

process. 

2. Availability and Abundance: Byproducts that 

are readily available and abundant in the edible oil 

industry are preferred, as they offer a sustainable 

and cost-effective solution. Commonly generated 

byproducts such as spent bleaching earth, oil 

cake, and deodorizer distillate are promising 

candidates due to their widespread production. 

3. Chemical Composition: The chemical 

composition of the byproduct influences its 

adsorption properties and compatibility with 

target pollutants. Byproducts rich in clay 

minerals, organic matter, and residual oil 

fractions exhibit favorable adsorption 

characteristics and can effectively adsorb a wide 

range of contaminants. 

4. Surface Area and Porosity: High surface area 

and porosity enhance the adsorption capacity and 

kinetics of byproducts. Byproducts with a porous 

structure and large surface area provide greater 

accessibility to adsorption sites, facilitating 

efficient pollutant removal. 

5. Regeneration Potential: The ability to 

regenerate and reuse the adsorbent is essential for 

long-term sustainability and cost-effectiveness. 

Byproducts that can be easily regenerated using 

environmentally friendly methods, such as 

thermal or chemical regeneration, are preferable. 

6. Compatibility with Adsorption Process: The 

byproduct should be compatible with the desired 

adsorption process, considering factors such as 

pH stability, temperature resistance, and 

compatibility with other treatment technologies. 

This ensures optimal performance and reliability 

in practical applications. 

7. Environmental Impact: Assessing the 

environmental impact of the byproduct and its 

adsorption process is crucial to ensure sustainable 

utilization. Byproducts that pose minimal 

environmental risks and offer potential 

environmental benefits, such as reducing waste 

generation and mitigating pollution, are favored. 
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8. Cost-effectiveness: Cost is a significant factor in 

the selection of adsorbents, particularly for 

large-scale applications. Byproducts that are 

cost-effective compared to conventional 

adsorbents and offer economic advantages, such 

as reduced disposal costs or value-added 

products, are preferred. 

By considering these selection criteria, researchers and 

practitioners can identify promising byproducts from the 

edible oil sector with optimal adsorption properties for 

various environmental applications, contributing to 

sustainable waste management and pollution control 

efforts. 

ADSORPTION PERFORMANCE OF EDIBLE OIL 

BYPRODUCTS 

The adsorption performance of edible oil byproducts is 

influenced by various factors, including their 

physicochemical properties, the characteristics of the 

adsorbate, and the operating conditions of the adsorption 

process. Here, we discuss the adsorption performance of 

common edible oil byproducts and their effectiveness in 

removing pollutants from aqueous solutions. 

1. Spent Bleaching Earth (SBE): 

o SBE is a commonly generated 

byproduct in the edible oil refining 

process, composed of clay minerals and 

residual oil. 

o Its high surface area and porosity make 

it an effective adsorbent for various 

organic and inorganic contaminants, 

including pigments, trace metals, and 

organic pollutants. 

o Studies have shown that SBE exhibits 

significant adsorption capacities for 

pollutants such as dyes, phenolic 

compounds, and heavy metals, 

attributed to its surface charge and 

affinity for polar molecules. 

o The adsorption performance of SBE 

can be enhanced through activation 

methods such as acid treatment or 

thermal activation, improving its 

surface properties and adsorption 

capacity. 

2. Oil Cake: 

o Oil cake, a byproduct of oilseed 

processing, contains residual oil, 

proteins, and fibers. 

o While oil cake is primarily utilized as 

animal feed or fertilizer, it also 

possesses adsorption properties due to 

its organic composition and porous 

structure. 

o Research has demonstrated the 

adsorption capability of oil cake for 

various pollutants, including dyes, 

phenolic compounds, and heavy metals, 

owing to its high surface area and 

organic matter content. 

o Modification techniques such as 

chemical treatment or carbonization can 

enhance the adsorption performance of 

oil cake by increasing its surface area 

and introducing functional groups. 

3. Deodorizer Distillate (DD): 

o DD is a byproduct of the deodorization 

process in edible oil refining, comprising 

fatty acids, sterols, and minor 

components. 

o Despite its complex composition, DD 

exhibits adsorption properties towards 

certain contaminants, particularly 

nonpolar organic compounds and 

volatile odorants. 

o Studies have shown that DD can 

effectively adsorb odorous compounds, 

such as volatile fatty acids and sulfur-

containing compounds, from aqueous 

solutions, mitigating odor pollution in 

wastewater streams. 

o Optimization of adsorption conditions, 

such as pH, temperature, and contact 

time, is crucial to maximize the 

adsorption efficiency of DD for specific 

pollutants. 

4. Miscellaneous Byproducts: 

o Other byproducts from the edible oil 

sector, such as filter aids, sludges, and 

effluent streams, may also possess 

adsorption potential depending on their 

composition and properties. 

o These miscellaneous byproducts can be 

evaluated for their adsorption 

performance towards target pollutants 

through batch adsorption experiments 

and kinetic studies. 

o Selective modification or activation of 

these byproducts may enhance their 

adsorption capacity and specificity for 

particular contaminants, expanding their 

potential applications in wastewater 

treatment and environmental 

remediation. 

Overall, edible oil byproducts offer promising adsorption 

performance for pollutant removal due to their diverse 

composition and physicochemical properties. 
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Understanding the adsorption behavior of these 

byproducts and optimizing their utilization can contribute 

to sustainable waste management practices and 

environmental protection efforts in the edible oil industry. 

EVALUATION OF ADSORPTION CAPACITY 

FOR VARIOUS CONTAMINANTS 

The evaluation of adsorption capacity for various 

contaminants is essential to assess the effectiveness of 

edible oil byproducts as adsorbents in wastewater 

treatment and environmental remediation. Here, we 

discuss the methods and parameters commonly used to 

evaluate adsorption capacity and provide examples of 

adsorption studies for different classes of contaminants. 

1. Batch Adsorption Experiments: 

• Batch adsorption experiments involve mixing a 

known concentration of the contaminant solution 

with a fixed amount of adsorbent under 

controlled conditions. 

• Adsorption isotherms, such as Langmuir and 

Freundlich models, are commonly used to 

describe the equilibrium relationship between 

adsorbate concentration and adsorbent uptake. 

• Kinetic models, including pseudo-first-order and 

pseudo-second-order kinetics, are employed to 

analyze the rate of adsorption over time. 

2. Adsorption Isotherms: 

• Langmuir Isotherm: Assumes monolayer 

adsorption onto a homogeneous surface with a 

finite number of identical sites. The Langmuir 

model is expressed as q = Qm * C / (1 + b * C), 

where q is the adsorption capacity, Qm is the 

maximum adsorption capacity, C is the 

equilibrium concentration, and b is the Langmuir 

constant. 

• Freundlich Isotherm: Describes multilayer 

adsorption onto heterogeneous surfaces. The 

Freundlich model is represented as q = Kf * 

C^(1/n), where Kf and n are the Freundlich 

constants representing adsorption capacity and 

intensity, respectively. 

3. Adsorption Kinetics: 

• Pseudo-first-order Kinetics: Assumes adsorption 

follows a first-order rate equation. The pseudo-

first-order model is expressed as ln(qe - qt) = 

ln(qe) - (k1 * t), where qe and qt are the amounts 

of adsorbate adsorbed at equilibrium and time t, 

respectively, and k1 is the rate constant. 

• Pseudo-second-order Kinetics: Assumes 

chemisorption involving sharing or exchange of 

electrons between adsorbate and adsorbent. The 

pseudo-second-order model is given as t/qt = 

1/(k2 * qe^2) + (t/qe), where k2 is the pseudo-

second-order rate constant. 

4. Examples of Adsorption Studies: 

• Removal of Dyes: Studies have investigated the 

adsorption of synthetic dyes, such as methylene 

blue and Congo red, using edible oil byproducts 

like spent bleaching earth and oil cake. Langmuir 

and Freundlich isotherms are commonly used to 

model dye adsorption onto adsorbents. 

• Heavy Metal Removal: Adsorption studies have 

focused on the removal of heavy metals, 

including lead, cadmium, and chromium, from 

aqueous solutions using edible oil byproducts. 

Batch adsorption experiments coupled with 

kinetic modeling have been employed to evaluate 

adsorption efficiency. 

• Organic Pollutant Adsorption: Research has 

explored the adsorption of organic pollutants, 

such as phenolic compounds and pesticides, onto 

various edible oil byproducts. Langmuir and 

Freundlich isotherms have been used to 

characterize adsorption behavior and determine 

adsorption capacities. 

By conducting batch adsorption experiments and analyzing 

adsorption isotherms and kinetics, researchers can 

quantitatively assess the adsorption capacity of edible oil 

byproducts for various contaminants. Understanding the 

adsorption mechanisms and optimizing process parameters 

enable the development of efficient adsorption systems for 

wastewater treatment and environmental remediation 

applications. 

CONCLUSION  

In conclusion, the utilization of byproducts from the edible 

oil sector as adsorbents presents a promising avenue for 

addressing environmental challenges associated with 

waste disposal and pollutant removal. Through 

comprehensive characterization and selection based on key 

criteria such as adsorption capacity, availability, surface 

properties, and regeneration potential, edible oil 

byproducts have demonstrated significant potential as 

effective adsorbents for various contaminants in aqueous 

solutions. 
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Studies have shown that common edible oil byproducts, 

including spent bleaching earth, oil cake, and deodorizer 

distillate, exhibit favorable adsorption properties towards 

organic and inorganic pollutants, such as dyes, heavy 

metals, and organic compounds. Furthermore, 

modification and activation techniques can enhance the 

adsorption performance of these byproducts, optimizing 

their suitability for specific applications. 

The evaluation of adsorption capacity through batch 

adsorption experiments, adsorption isotherm modeling, 

and kinetic analysis provides valuable insights into the 

adsorption behavior of edible oil byproducts and enables 

the design of efficient adsorption systems for wastewater 

treatment and environmental remediation. By harnessing 

these byproducts as sustainable adsorbents, the edible oil 

industry can contribute to circular economy principles, 

reduce waste generation, and mitigate environmental 

pollution. 

Overall, further research and development efforts are 

warranted to explore the full potential of edible oil 

byproducts as adsorbents, optimize adsorption processes, 

and scale up their utilization in practical applications. By 

integrating innovative technologies and sustainable 

practices, the edible oil industry can enhance its 

environmental footprint and contribute to global efforts 

towards sustainable development and pollution control. 
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