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Abstract:

Citrus fruit waste, a prodigious byproduct of the global fruit processing industry, presents both
environmental challenges and untapped potential. As the demand for processed and convenience
foods rises, so does the generation of citrus waste, exacerbating waste disposal problems and
environmental pollution. However, this waste is not merely a burden; it is a rich source of valuable
compounds, particularly pectin. Pectin, a versatile prebiotic polysaccharide, offers an array of
health benefits and functional properties, making it indispensable in various industrial sectors,
including food processing, pharmaceuticals, cosmetics, and personal care products.

This comprehensive review explores the origins and impact of citrus waste on the environment,
emphasizing the need for sustainable waste management strategies. It highlights recent
advancements in the recovery and utilization of citrus waste for both food and non-food
applications, shedding light on the potential for value-added products. In the context of food
applications, safety considerations, interactions with source materials, and the bioavailability of
citrus waste-derived compounds are discussed.

Furthermore, the study delves into the promising realm of citrus waste-based edible packaging
materials, offering an eco-friendly alternative to traditional packaging materials. This innovative
approach requires advancements in material science and engineering to meet industry standards
and consumer expectations.

Ultimately, the review envisions a circular bioeconomy framework for citrus waste utilization,
aiming for zero waste generation. This industrial framework not only addresses environmental
concerns but also unlocks economic opportunities by transforming citrus waste into diverse value-
added products, ranging from functional ingredients to bioenergy sources. In summary, citrus
waste valorization represents a holistic solution to waste management challenges, environmental
sustainability, and circular bioeconomy goals. By exploring these research directions and

2259



China Petroleum Processing and Petrochemical Technology

Catalyst Research Volume 23, Issue 2, October 2023 Pp. 2259-2268

embracing citrus waste's potential, we can mitigate environmental pollution, enhance health and
well-being, and contribute to a more sustainable future.

Keywords: Citrus Waste, Valorization, Bioactive Compounds, Circular Economy, Sustainable
Extraction

Introduction

The escalating demand for processed and ready-to-eat foods has exacerbated the generation of
processing waste and the use of synthetic additives, posing health risks to consumers. [1] Citrus
fruits, extensively cultivated worldwide, have become a major contributor to this issue. India, in
particular, boasts a significant production of various citrus varieties. The processing of citrus fruits
yields substantial waste, approximately 50% of the fresh fruit weight, in the form of seeds, pomace,
and peel, which is often discarded improperly. However, citrus waste is a veritable treasure trove
of active phytochemicals, vitamins, and nutrients with the potential to safeguard human health.
Furthermore, it possesses anti-inflammatory, antioxidative, anti-infective, neuro-protective, and
anti-cancer properties. Citrus waste is particularly rich in nutraceutical compounds, including
dietary fibers, pectin, ascorbic acid, flavonoids, and phenolic compounds.

Citrus peels and pomace are particularly abundant in pectin, a compound known for its ability to
lower blood sugar and cholesterol levels. Thus, the valorization of citrus waste to enhance pectin
recovery presents a sustainable strategy that contributes to circular bioeconomies and waste
reduction. Citrus waste can yield a plethora of high-value products, including essential oils (such
as limonene), antioxidants, phenolics, pectin, flavonoids, ethanol, and organic acids.

Pectin, a ubiquitous heteropolysaccharide composed of approximately 3,001,000 saccharide units,
is commonly found in the primary cell walls of non-woody plants. It consists of a-1,4-linked D-
galacturonic acid (GalA) units along with various acid groups, such as methoxy esters, and neutral
sugars including glucose, rhamnose, xylose, galactose, mannose, fucose, or arabinose in side
chains. Pectin exhibits numerous nutritional and functional properties, making it highly sought
after in industries such as food, pharmaceuticals, textiles, cosmetics, and personal care products.
Its gelling, thickening, and stabilizing properties make it a versatile ingredient[2].

Pectin is associated with a range of physiological and biological benefits, including immune
modulation, induction of colon cancer cell apoptosis, mouthfeel improvement, regulation of gastric
emptying for weight management, and cholesterol reduction, thereby protecting against
cardiovascular diseases. Pectin has also gained recognition as a prebiotic, as it modulates intestinal
microbial flora composition and promotes immune responses against chronic infections.
Compared to other pectin sources like cereals and soybeans, citrus peel-derived pectin exhibits
superior water solubility, water-holding capacity, and viscosity, making it a valuable component
in various food products[3].

The improper disposal of voluminous citrus waste through landfills and incineration contributes
to environmental pollution, posing health risks due to airborne pathogenic microbial contamination
and financial losses related to waste mismanagement. Citrus processing generates significant
waste, approximately 50% of the total fruit, and its valorization through advanced techniques has
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the potential to address environmental pollution while offering numerous functional and financial
advantages.

Overview

This study provides a comprehensive overview of citrus waste sources, their environmental
impact, conventional and innovative techniques for sustainable pectin recovery, and multifaceted
applications of pectin across industries. It serves as a call to researchers to recognize the potential
of this versatile compound in addressing challenges related to environmental sustainability, waste
management, health promotion, and the establishment of circular bioeconomies[4].

The increasing demand for processed and ready-to-eat foods has led to a surge in processing waste
and the use of synthetic additives, raising concerns about consumer health. Citrus fruits,
extensively cultivated worldwide, have become a major contributor to this issue. India, in
particular, boasts a significant production of various citrus varieties. The processing of citrus fruits
yields substantial waste, approximately 50% of the fresh fruit weight, in the form of seeds, pomace,
and peel, which is often discarded improperly. However, citrus waste is a veritable treasure trove
of active phytochemicals, vitamins, and nutrients with the potential to safeguard human health.
Furthermore, it possesses anti-inflammatory, antioxidative, anti-infective, neuro-protective, and
anti-cancer properties. Citrus waste is particularly rich in nutraceutical compounds, including
dietary fibers, pectin, ascorbic acid, flavonoids, and phenolic compounds[5].

Citrus peels and pomace are particularly abundant in pectin, a compound known for its ability to
lower blood sugar and cholesterol levels. Thus, the valorization of citrus waste to enhance pectin
recovery presents a sustainable strategy that contributes to circular bioeconomies and waste
reduction. Citrus waste can yield a plethora of high-value products, including essential oils (such
as limonene), antioxidants, phenolics, pectin, flavonoids, ethanol, and organic acids.

Pectin, a ubiquitous heteropolysaccharide composed of approximately 3,001,000 saccharide units,
is commonly found in the primary cell walls of non-woody plants. It consists of a-1,4-linked D-
galacturonic acid (GalA) units along with various acid groups, such as methoxy esters, and neutral
sugars including glucose, rhamnose, xylose, galactose, mannose, fucose, or arabinose in side
chains. Pectin exhibits numerous nutritional and functional properties, making it highly sought
after in industries such as food, pharmaceuticals, textiles, cosmetics, and personal care products.
Its gelling, thickening, and stabilizing properties make it a versatile ingredient[6].

Pectin is associated with a range of physiological and biological benefits, including immune
modulation, induction of colon cancer cell apoptosis, mouthfeel improvement, regulation of gastric
emptying for weight management, and cholesterol reduction, thereby protecting against
cardiovascular diseases. Pectin has also gained recognition as a prebiotic, as it modulates intestinal
microbial flora composition and promotes immune responses against chronic infections.
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Compared to other pectin sources like cereals and soybeans, citrus peel-derived pectin exhibits
superior water solubility, water-holding capacity, and viscosity, making it a valuable component
in various food products[7].

The improper disposal of voluminous citrus waste through landfills and incineration contributes
to environmental pollution, posing health risks due to airborne pathogenic microbial contamination
and financial losses related to waste mismanagement. Citrus processing generates significant
waste, approximately 50% of the total fruit, and its valorization through advanced techniques has
the potential to address environmental pollution while offering numerous functional and financial
advantages[8].

This study provides a comprehensive overview of citrus waste sources, their environmental
impact, conventional and innovative techniques for sustainable pectin recovery, and multifaceted
applications of pectin across industries. It serves as a call to researchers to recognize the potential
of this versatile compound in addressing challenges related to environmental sustainability, waste
management, health promotion, and the establishment of circular bioeconomies.

Tablel.1. Applications of citrus food in food sector.

Author Years | Application of Citrus Foods

Kandemir et al. 2022 | Source of bioactives in fruit juice industry wastes

Russo et al. 2021 | Source of bioactive compounds in citrus fruit waste

Kamal et al. 2021 | Extraction and characterization of pectin from citrus

sinensis peel
Vinderola and Reinheimer | 1999 | Culture media for the enumeration of Bifidobacterium
bifidum and Lactobacillus acidophilus in the presence of

yoghurt bacteria

Chaouch and Benvenuti 2020 | Bioactive compounds for intestinal health

Farahmandfar et al. 2020 | Essential oil from Thomson navel orange (Citrus sinensis L.
Osbeck) peel for food preservation

Dhalaria et al. 2020 | Bioactive compounds with anti-aging properties

Rahman et al. 2022 | Role of phenolic compounds in human disease

Nishad et al. 2018 | Synergistic effects with nutmeg extracts in imparting
oxidative stability in meat balls

Caggia et al. 2020 | Fat replacer ingredient for bakery confectionery products

Younis et al. 2015 | Textural and sensory properties of papaya jam

Sicari et al. 2018 | Alternative gelling agent for marmalade production

Teixeira et al. 2020 | Evaluation of sensory, physicochemical, and nutritional

characteristics of orange jam

Lourens-Hattingh and | 2001 | Yogurt as probiotic carrier food
Viljoen
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Espirito-Santo et 2013 | Rheology, spontaneous whey separation, microstructure and

al. sensorial characteristics of probiotic yoghurts enriched with
passion fruit fiber

Al-Bedrani et al. 2019 | Physicochemical, rheological and sensory properties of
yogurt flavored with sweet orange (Citrus sinensis)
marmalade

Erkaya-Kotan 2020 | In vitro angiotensin converting enzyme (ACE)-inhibitory

and antioxidant activity of probiotic yogurt incorporated
with orange fibre during storage

Chand et al. 2021 | Low-calorie synbiotic yoghurt from indigenous probiotic
culture and combination of inulin and oligofructose
Zbikowska et al. 2020 | Impact of inulin addition on properties of natural yogurt
Dias et al. 2020 | Formulation and development of composite fruit peel
powder incorporated fat and sugar-free probiotic set yogurt
Sources
Tablel. 2: Applications of citrus food in food sector.
Author Year | Non-food application of citrus
Kandemir et al. 2022 | Bioactive compounds in citrus juice industry wastes can be
used for cosmetics, pharmaceuticals, biofuels, and animal
feed.
Russo et al. 2021 | Bioactive compounds in citrus fruit waste can be used for
cosmetics, pharmaceuticals, biofuels, and animal feed.
Kamal et al. 2021 | Pectin from citrus sinensis peel can be used for bioplastics,

drug delivery systems, and food additives.

Vinderola and Reinheimer | 1999 | Citrus peel extracts can be used as natural antimicrobial

agents.

Chaouch and Benvenuti 2020 | Citrus peel extracts can be used as natural food additives to
improve the shelf life and nutritional value of foods.

Farahmandfar et al. 2020 | Essential oils from citrus peel can be used for aromatherapy,
natural pesticides, and food preservatives.

Dhalaria et al. 2020 | Bioactive compounds in citrus fruits can be used for anti-
aging cosmetics and dietary supplements.

Rahman et al. 2022 | Phenolic compounds in citrus fruits can be used for
pharmaceuticals and dietary supplements.

Nishad et al. 2018 | Citrus peel extracts can be used as natural antioxidants in
food and cosmetic products.

Caggia et al. 2020 | Citrus by-products can be used as fat replacers in bakery
products.
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Younis et al. 2015 | Citrus peel powder can be used as a natural thickener and
flavoring agent in jams and other food products.

Sicari et al. 2018 | Citrus peel extracts can be used as natural gelling agents in
marmalades and other food products.

Teixeira et al. 2020 | Citrus peel can be used as a natural source of dietary fiber in
food products.

Lourens-Hattingh and | 2001 | Citrus peel extracts can be used as natural flavorings for

Viljoen probiotic yogurt.

Espirito-Santo et al. 2013 | Citrus peel extracts can be used as natural antioxidants and
functional ingredients in probiotic yogurt.

Al-Bedrani et al. 2019 | Citrus peel extracts can be used as natural flavorings and
colorants in yogurt.

Erkaya-Kotan 2020 | Citrus peel extracts can be used as natural antioxidants and
functional ingredients in probiotic yogurt.

Chand et al. 2021 | Citrus peel extracts can be used as natural flavorings and
functional ingredients in probiotic yogurt.

Zbikowska et al. 2020 | Citrus peel extracts can be used as natural thickeners and
stabilizers in yogurt.

Dias et al. 2020 | Citrus peel extracts can be used as natural flavorings and

functional ingredients in probiotic yogurt.

Citrus Waste Valorization

The valorization of citrus fruit waste represents a promising avenue for addressing not only waste
disposal challenges but also environmental pollution concerns. Recent research endeavors have
delved into the utilization of citrus waste for both food and non-food applications, shedding light
on numerous potential avenues for value-added product development. In the context of food
applications, it is imperative to explore future research directions that encompass safety
considerations, interactions with source materials, and the bioavailability of compounds derived
from citrus waste in both in-vitro and in-vivo systems[9].

As the world grapples with escalating waste disposal issues and heightened environmental
awareness, citrus waste valorization emerges as a sustainable solution. However, to fully realize
its potential, future research must delve deeper into understanding the safety aspects associated
with citrus waste-derived compounds. This involves establishing permissible limits for these
compounds in food products, ensuring they do not compromise consumer health. Additionally,
investigating the interactions between these compounds and the source materials is vital. This
knowledge will aid in optimizing extraction processes, enhancing compound yield, and tailoring
their applications in various food products. Moreover, assessing the bioavailability of these
compounds in in-vitro and in-vivo systems is crucial for determining their efficacy in providing
health benefits to consumers. This step will help bridge the gap between the potential health
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advantages and practical applications of citrus waste-derived compounds in functional foods and
dietary supplements[10].

Citrus Waste-Derived Edible Packaging Materials

In the quest for sustainable solutions, one of the intriguing areas of future research lies in the
development and applicability of citrus waste-based edible packaging materials. The traditional
packaging industry is grappling with the environmental repercussions of non-biodegradable
materials, and citrus waste offers a renewable and eco-friendly alternative. However, this endeavor
requires substantial advancements in material science and engineering. Future research should
focus on enhancing the mechanical properties, shelf life, and barrier functions of citrus waste-
derived packaging materials to meet industry standards and consumer expectations. Moreover, the
exploration of novel processing techniques, such as nanotechnology and biopolymer modification,
can pave the way for innovative and sustainable packaging solutions.

Toward a Circular Economy

To truly harness the potential of citrus waste valorization and realize a sustainable future, the
development of an industrial framework based on the principles of the circular economy is
imperative. Such a framework would promote a holistic approach to citrus waste utilization,
aiming for zero waste generation. This entails not only the efficient extraction of high-value
compounds but also the responsible management of by-products and waste streams. Future
research should focus on designing integrated systems where citrus waste is transformed into
multiple value-added products, ranging from functional ingredients for the food and
pharmaceutical industries to bioenergy sources and agricultural inputs [11]. Additionally, the
development of supply chains and logistics optimized for citrus waste valorization will be crucial
in ensuring scalability and economic viability. Ultimately, this circular economy framework will
not only mitigate environmental pollution but also contribute to economic growth and
sustainability, aligning with the global imperative for responsible resource management.

In conclusion, the valorization of citrus waste represents a multifaceted opportunity with far-
reaching implications for waste reduction, environmental sustainability, and economic growth.
Future research endeavors should prioritize safety assessments, compound interactions, and
bioavailability studies in the context of food applications. Furthermore, the development of citrus
waste-based edible packaging materials holds promise for reducing the environmental footprint of
the packaging industry[12]. Lastly, the establishment of a circular economy framework for citrus
waste utilization is essential for achieving zero waste and maximizing the potential of this valuable
resource. As researchers, industry stakeholders, and policymakers collaborate on these future
research directions, they can pave the way for a more sustainable and responsible approach to
citrus waste management.
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Conclusion

The journey towards fully realizing the potential of citrus waste is ongoing, with several avenues
for future exploration. Firstly, further research is needed to optimize the recovery and purification
processes of valuable compounds from citrus waste. Enhanced extraction techniques, such as green
and sustainable extraction methods, can be developed to maximize the yield and quality of
bioactive compounds. Moreover, the development of integrated processes that can simultaneously
recover multiple valuable components from citrus waste, such as pectin, essential oils, and
antioxidants, would be a significant advancement. Secondly, the safety and regulatory aspects of
utilizing citrus waste-derived compounds in various applications need to be thoroughly
investigated. This includes assessing the potential presence of contaminants or residues in the
extracted compounds and ensuring that they meet the safety standards and permissible limits for
consumption or use in different industries. Additionally, understanding the interactions between
citrus waste-derived compounds and the matrices they are incorporated into, such as food products
or packaging materials, is crucial for ensuring product quality and safety. Furthermore, the
bioavailability and bioactivity of citrus waste-derived compounds need to be studied
comprehensively. Research should focus on how these compounds are absorbed and metabolized
in the human body, as well as their potential health benefits and therapeutic applications. This will
require both in vitro and in vivo studies to establish the efficacy of these compounds in promoting
human health.

Lastly, the development of a holistic and sustainable approach to citrus waste management is
essential. This includes the establishment of circular economy models that minimize waste
generation, maximize resource recovery, and create economic value from citrus waste. Such
models can involve collaborations between citrus processing industries, waste management
facilities, research institutions, and policymakers to create a closed-loop system for citrus waste
utilization. In conclusion, citrus waste is a valuable resource that can be transformed into various
value-added products with wide-ranging applications in the food, pharmaceutical, cosmetic, and
packaging industries. However, realizing the full potential of citrus waste requires continued
research and innovation in extraction technologies, safety assessments, bioavailability studies, and
sustainable waste management practices. By addressing these challenges, citrus waste can become
a driver of sustainability, environmental protection, and economic growth.
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