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 Agricultural waste is a rich yet underutilized resource for bioactive 

compounds that have significant potential in pharmaceuticals, 

cosmetics, and functional food industries. This study systematically 

analyzed 23 peer-reviewed articles from the Scopus database to 

identify the types of bioactive compounds present in agricultural 

waste, the extraction methods used, their applications, and associated 

challenges. The findings revealed that phenolics, flavonoids, tannins, 

carotenoids, and saponins are the most commonly identified bioactive 

compounds. Advanced extraction techniques such as ultrasound-

assisted and supercritical fluid extraction demonstrated superior 

efficiency compared to conventional methods. Applications of these 

compounds span health, wellness, and food sectors, supporting 

sustainable development and the circular economy. However, 

challenges including high extraction costs, standardization issues, and 

regulatory hurdles must be addressed to realize their full potential. 

This study emphasizes the need for further research and collaboration 

to enhance the valorization of agricultural waste and unlock its 

economic and environmental benefits. 
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1. INTRODUCTION  

Agricultural waste represents a 

significant proportion of global waste 

production, posing both environmental 

challenges and economic opportunities. 

Generated from various agricultural 

activities, these residues, including fruit peels, 

seed husks, and stalks, are often underutilized 

or improperly managed, leading to 

environmental pollution through 

decomposition or incineration [1]–[3]. 

However, agricultural waste is not merely a 

by-product; it is a rich source of bioactive 

compounds such as phenolics, flavonoids, 

alkaloids, and carotenoids [4]. These 

compounds exhibit remarkable biological 

activities, including antioxidant, 

antimicrobial, and anti-inflammatory 

properties, making them valuable for 
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developing high-value products across 

various industries [5]. 

The increasing emphasis on 

sustainable development and the circular 

economy has spurred interest in the 

valorization of agricultural waste [6]. By 

extracting and utilizing bioactive compounds, 

agricultural by-products can be transformed 

into value-added products for the 

pharmaceutical, cosmetic, and functional food 

industries. This approach not only mitigates 

environmental concerns but also promotes 

resource efficiency and economic growth. 

Despite its potential, the field faces 

challenges, including the optimization of 

extraction methods, scalability, and economic 

viability [6]. 

Systematic literature reviews play a 

crucial role in synthesizing existing 

knowledge, identifying research gaps, and 

providing a roadmap for future studies. This 

paper systematically analyses documents 

from the Scopus database to explore the 

potential of bioactive compounds from 

agricultural waste. The review focuses on the 

types of compounds identified, extraction 

techniques employed, applications 

developed, and the challenges and 

opportunities associated with this field.  

 

2. LITERATURE REVIEW  

2.1 Bioactive Compounds in Agricultural 

Waste 

Agricultural residues are a rich 

source of bioactive compounds, including 

phenolic acids, flavonoids, alkaloids, tannins, 

saponins, and carotenoids. These compounds 

are known for their diverse biological 

activities, such as antioxidant, antimicrobial, 

anti-inflammatory, and anticarcinogenic 

properties. Studies have extensively 

highlighted the presence of these compounds 

in common agricultural wastes, such as fruit 

peels, seeds, and leaves [7], [8]. For instance, 

orange peels are abundant in flavonoids like 

hesperidin and naringin, while rice husks 

contain phenolic acids with strong 

antioxidant properties [9], [10]. These 

compounds are instrumental in developing 

functional products for industries such as 

food, pharmaceuticals, and cosmetics. 

2.2 Extraction Techniques for Bioactive 

Compounds 

The extraction of bioactive 

compounds from agricultural waste involves 

a variety of techniques, including 

conventional methods such as maceration and 

soxhlet extraction and advanced methods like 

supercritical fluid extraction (SFE), 

ultrasound-assisted extraction (UAE), and 

microwave-assisted extraction (MAE). Recent 

studies emphasize the importance of 

optimizing extraction parameters, including 

solvent type, temperature, and extraction 

time, to maximize yield and maintain 

compound stability [7]–[10]. For example, 

UAE has been shown to enhance the 

extraction of polyphenols from grape pomace, 

reducing energy consumption and solvent 

use compared to traditional methods. 

2.3 Research Gaps and Opportunities 

The literature reveals several gaps 

that warrant further investigation. For 

example, while the extraction and 

characterization of bioactive compounds are 

well-studied, there is limited research on their 

long-term stability and efficacy in end-

products. Additionally, integrating 

agricultural waste valorization into existing 

industrial systems remains underexplored. 

Advances in green extraction technologies 

and economic feasibility studies could pave 

the way for broader adoption.  

 

3. METHODS  

This study employed a systematic 

literature review (SLR) methodology to 

analyze and synthesize existing research on 

bioactive compounds derived from 

agricultural waste. The systematic approach 

ensured a comprehensive and unbiased 

selection of relevant literature, providing 

robust insights into the field. The research 

followed a structured process, beginning with 

defining objectives, which aimed to explore 

the types of bioactive compounds present in 

agricultural waste, extraction methods, 

applications, and challenges in their 

valorization. The Scopus database was 
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selected for its extensive collection of peer-

reviewed articles, ensuring access to high-

quality sources. To maintain focus, inclusion 

criteria required articles published between 

2015 and 2023, written in English, and 

discussing bioactive compounds, extraction 

techniques, or applications. Exclusion criteria 

filtered out unrelated articles, opinion pieces, 

and those lacking empirical data. 

For data collection, a systematic 

search was conducted using keywords such 

as "bioactive compounds," "agricultural 

waste," "valorization," "extraction 

techniques," and "value-added products." 

Boolean operators (AND, OR) refined the 

search to ensure comprehensive coverage. 

The initial search retrieved 112 articles, which 

were then screened for duplicates and 

assessed using the inclusion and exclusion 

criteria. Ultimately, 23 articles were selected 

for final analysis. 

The selected articles underwent 

qualitative content analysis to extract key 

information. The analysis focused on 

identifying and categorizing bioactive 

compounds found in agricultural waste, 

reviewing extraction techniques and their 

efficiency, highlighting practical applications 

across various industries, and examining 

challenges in agricultural waste valorization. 

Additionally, opportunities for future 

research were explored, emphasizing the 

need for improved extraction methods and 

innovative applications to enhance 

sustainability and commercial viability. 

 

4. RESULTS AND DISCUSSION  

4.1 Types of Bioactive Compounds 

Agricultural waste is a rich source of 

bioactive compounds such as phenolics, 

flavonoids, carotenoids, tannins, and 

saponins, which offer antioxidant, anti-

inflammatory, antimicrobial, and anti-

carcinogenic properties. These compounds, 

primarily found in fruit peels, seed husks, and 

other byproducts, contribute to health 

benefits and environmental sustainability by 

reducing waste. Phenolics and flavonoids, 

abundant in fruit peels like orange, mango, 

and banana, exhibit strong antioxidant and 

anti-inflammatory activities and are widely 

used in nutraceuticals and functional foods to 

prevent diseases such as cancer [11] [12]. 

Carotenoids, extracted from residues like 

tomato skins and carrot peels, help combat 

oxidative stress, support eye health, and are 

utilized in poultry nutrition to improve egg 

quality and extend shelf life [13]. Tannins and 

saponins, present in seed husks and nut 

shells, possess antimicrobial and anti-

carcinogenic properties, making them 

valuable for pharmaceutical and cosmetic 

applications due to their ability to inhibit 

bacterial growth and disrupt biofilm 

formation [14]. However, the transformation 

of agricultural waste into valuable bioactive 

compounds faces challenges such as high 

extraction costs, technical limitations, and 

regulatory barriers [14]. Addressing these 

issues through increased consumer awareness 

and the development of cost-effective 

extraction technologies is essential to enhance 

the acceptability and utilization of these 

compounds [11]. 

4.2 Extraction Techniques 

The studies reviewed employed a 

variety of extraction methods. The extraction 

of bioactive compounds from plant materials 

is essential for developing herbal medicines 

and nutraceuticals. Conventional methods 

like maceration and Soxhlet extraction, 

though widely used, require large solvent 

volumes and extended processing times, 

limiting scalability and environmental 

sustainability [15], [16]. These methods also 

have high energy consumption and can 

degrade thermolabile compounds [17]. 

Advanced techniques such as ultrasound-

assisted extraction (UAE), microwave-

assisted extraction (MAE), and supercritical 

fluid extraction (SFE) address these 

limitations by improving efficiency and 

reducing environmental impact. UAE 

enhances mass transfer and extraction 

efficiency while minimizing solvent use 

(Rodrigo & Herath, 2024; [17]. MAE 

accelerates extraction using microwave 

energy, making it effective for thermolabile 

compounds. SFE, using supercritical CO2, 

enables selective extraction without residual 
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solvents but requires high initial investment 

[15], [16]. Synergistic approaches, such as 

combining UAE and MAE, further enhance 

extraction efficiency, as observed in medicinal 

plants like oregano and rosemary [18], while 

hybrid technologies integrating ultrasound 

with enzyme-assisted or subcritical water 

extraction improve cell wall disruption and 

mass transfer [17]. 

4.3 Applications of Bioactive Compounds 

Bioactive compounds derived from 

agricultural waste have significant 

applications in pharmaceuticals, cosmetics, 

and functional foods, adding value to waste 

materials while promoting sustainability. 

Compounds such as phenolics, flavonoids, 

carotenoids, and tannins, extracted from food 

and orchard biomass waste, offer antioxidant, 

anti-inflammatory, and anti-aging properties. 

In the pharmaceutical industry, phenolics and 

flavonoids are incorporated into formulations 

due to their strong antioxidant and anti-

inflammatory effects, which help prevent 

diseases like cancer and cardiovascular 

disorders [11], [14]. In cosmetics, carotenoids 

and polyphenols are used in skincare 

products for their anti-aging benefits, with 

extracts from winemaking by-products such 

as grape pomace enhancing skin hydration, 

elasticity, and UV protection [19]. 

Additionally, apricot bark extracts, known for 

their high antioxidant activity, are used in 

cosmetic creams, demonstrating stability and 

safety for human use [20]. In the functional 

food industry, flavonoids and tannins serve as 

natural additives, enhancing nutritional value 

and shelf life. Their antimicrobial properties 

aid in preserving food products while 

improving health benefits [11], [14]. 

4.4 Challenges in Valorization 

The valorization of agricultural waste 

faces several challenges, including economic 

viability, standardization, and regulatory 

barriers, which hinder large-scale 

commercialization and integration into 

sustainable production systems. High 

extraction costs for bioactive compounds like 

phenolics and essential oils limit commercial 

feasibility due to the need for advanced 

technologies and infrastructure that are not 

yet cost-effective [14]. Additionally, 

converting agricultural waste into energy is 

challenged by logistics, transportation, and 

pretreatment costs, which can outweigh 

potential benefits [21]. The lack of 

standardized protocols for extraction and 

quality assessment leads to variability in end-

product quality, affecting marketability and 

consumer trust [22]. Variability in processing 

methods, such as those used for tomato 

processing waste, further complicates 

standardization efforts due to differences in 

compound concentration and stability [23]. 

Regulatory barriers also pose significant 

challenges, as stringent safety regulations for 

bioactive compounds in food and 

pharmaceutical applications can delay market 

entry [14]. Similarly, integrating agricultural 

waste into energy systems faces regulatory 

hurdles that slow down the adoption of 

innovative technologies [21]. Addressing 

these challenges through cost-effective 

extraction technologies, standardized 

processing protocols, and supportive 

regulatory frameworks is essential for 

maximizing the potential of agricultural 

waste valorization. 

4.5 Discussion 

The findings highlight the potential of 

agricultural waste in promoting sustainable 

development through resource efficiency, 

transforming waste into high-value products 

while reducing environmental pollution and 

supporting the circular economy. Advances in 

extraction technologies, particularly the 

transition from conventional methods to 

green techniques like UAE and SFE, enhance 

efficiency and align with sustainability goals, 

though further research is needed for 

industrial-scale optimization. The successful 

incorporation of bioactive compounds into 

pharmaceuticals, cosmetics, and functional 

foods underscores their market potential, 

with collaboration between researchers, 

industries, and policymakers playing a key 

role in transitioning from laboratory research 

to commercial production. However, 

economic and regulatory challenges must be 

addressed to enable widespread adoption, 

requiring cost-effective and scalable 
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extraction methods alongside standardized 

protocols to improve market feasibility. 

Additionally, streamlined regulatory 

frameworks would encourage innovation and 

investment, further driving the valorization of 

agricultural waste. 

4.6 Research Implications 

This study contributes to the growing 

body of knowledge on agricultural waste 

valorization by synthesizing existing research 

and identifying gaps for future exploration. 

Potential areas for further research include: 

1) Development of low-cost and 

sustainable extraction technologies. 

2) Long-term stability studies of 

bioactive compounds in commercial 

products. 

3) Economic feasibility analyses for 

integrating valorization processes 

into industrial systems. 

 

5. CONCLUSION 

This study highlights the untapped 

potential of agricultural waste as a source of 

bioactive compounds, offering a pathway to 

sustainability and innovation across multiple 

industries. The systematic analysis of 

literature identified phenolics, flavonoids, 

tannins, and carotenoids as the most 

prominent compounds, with applications 

spanning health, wellness, and food 

technology. While advanced extraction 

techniques enhance efficiency, challenges 

related to cost and scalability remain, 

emphasizing the need for further research 

into cost-effective and environmentally 

friendly methods. 

The integration of agricultural waste 

valorization into industrial practices aligns 

with the principles of the circular economy, 

contributing to environmental conservation 

and economic growth. Addressing barriers 

such as standardization and regulatory 

frameworks is crucial for scaling up these 

processes. Collaborative efforts among 

researchers, industries, and policymakers are 

essential to translating laboratory findings 

into real-world applications. By overcoming 

these challenges, agricultural waste can shift 

from a liability to an asset, promoting 

sustainable development, reducing 

environmental impact, and creating value-

added products for diverse markets.
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