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Introduction

Every year, the global food processing industry
generates enormous quantities of by-products in the form of
peels, seeds, husks, pomace, and shells. It is estimated that
fruit and vegetable processing alone produces by-products
amounting to neatly 25 to 30 percent of the total raw material
processed. Traditionally, these residues have been treated as
waste, disposed of in landfills, or, at best, used as low-value
animal feed. However, an emerging and rapidly growing body
of research demonstrates that these by-products are far from
worthless. They are, in fact, rich reservoirs of dietary fiber,
vitamins, minerals, and bioactive compounds such as
polyphenols, carotenoids, and flavonoids (Galanakis, 2012).
The concept of transforming food by-products into value-
added ingredients, popularly summarized as "from peels to
plates," is gaining traction as a strategy that simultaneously
addresses food waste management, environmental
sustainability, and the growing consumer demand for
functional and nutraceutical foods.

This article reviews the nutritional and functional
potential of common food by-products, the extraction and
processing technologies used to recover valuable compounds
from them, their applications in the food industry, and the

challenges that must be overcome to enable large-scale
commercial adoption.

The Hidden Nutritional Wealth of By-products

Fruit and vegetable peels, which are among the most
commonly discarded by-products, often contain higher
concentrations of certain nutrients than the edible pulp itself.
Citrus peels, for instance, are rich sources of pectin,
hesperidin, and naringin, compounds known for their
antioxidant and other health benefits (Sharma et al., 2017).
Banana peels contain notable amounts of dietary fiber,
potassium, and phenolic compounds, which contribute to
their antioxidant activity (Ayala-Zavala et al, 2010).
Pomegranate peel, frequently discarded during juice
extraction, is exceptionally rich in compounds associated with
anti-inflammatory and anticancer properties (Ayala-Zavala et
al., 2010).

Similarly, oilseed cakes remaining after oil extraction,
such as those from groundnut, sesame, and flaxseed, retain
substantial residual proteins, fibres, micronutrients and
bioactive compounds (Vichare and Morya, 2024). Table 1
summarizes the nutritional composition of selected fruit and
vegetable by-products commonly generated in food
processing operations.

Table 1. Nutritional and Bioactive Composition of Selected Fruit and Vegetable By-products (Dry Weight Basis)

By-product Dietary Fiber (g/100 | Total Polyphenols | Vitamin C (mg/100 g | Key Bioactive Compounds
g DW) (g GAE/100 g | DW) (Major reported
DW) compounds)

Banana peel 45.0 2.0 12.0 Catechin, dopamine,
carotenoids

Pomegranate peel 40.0 10.0 9.5 Ellagic  acid,  punicalagin,
tannins

Tomato pomace 45.0 6.2 5.0 Lycopene, beta-carotene

Citrus peel 42.0 12.5 58.0 Hesperidin, naringin, pectin

Grape pomace 48.0 2.5 2.0 Resveratrol, anthocyanins,
tannins

As shown in Table 1, citrus peel exhibits the highest
dietary fiber content among the by-products compared, while
pomegranate peel stands out for its comparatively high
polyphenol content, underscoring the diversity of nutritional
value locked within different types of food residues. It is
important to note that these values are representative of the
mid-range values reported in the literature. However, the
actual composition can vary depending on factors such as the

cultivar, stage of ripening, extraction method, and analytical
technique used.
Extraction and Processing Technologies

Recovering bioactive compounds from food by-
products requires appropriate extraction and stabilization
technologies. Conventional solvent extraction remains widely
used, but it is increasingly being supplemented or replaced by
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greener alternatives such as ultrasound-assisted extraction,
microwave-assisted  extraction, and supercritical fluid
extraction, all of which improve yield while reducing solvent
consumption and processing time based on the depends on
the matrix and extraction conditions (Galanakis, 2012).
Enzyme-assisted extraction is also gaining popularity for its
ability to selectively break down plant cell walls and release
bound phenolic compounds.

Once extracted, by-products are commonly
converted into shelf-stable forms such as dried powders,
flours, or concentrated extracts. Drying methods, including
hot-air drying, freeze-drying, and spray drying, are selected
based on the sensitivity of the target compounds to heat and
the desired final application. Freeze-drying, although more
expensive, is preferred when preserving heat-labile
antioxidants such as vitamin C and certain flavonoids is
critical.

From Peels to Plates: A Circular Valorization Pathway
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Figure 1. Conceptual Pathway for the Valorization of
Food Processing By-products

Applications in the Food Industry

The functional properties of by-product-derived
ingredients make them attractive additives across a wide range
of food products. Citrus pectin extracted from peels is
extensively used as a natural gelling and thickening agent in
jams, jellies, and confectionery (Sharma et al., 2017). Banana
peel flour is incorporated into bakery products and extruded
snacks to enhance fiber and mineral content while also
improving water-holding capacity in dough formulations.
Tomato pomace, rich in lycopene, is being explored as a
natural colorant and nutritional fortificant in sauces, soups,
and pasta products.

Grape pomace extracts, owing to their high
antioxidant capacity, are being incorporated into bread and
processed meat products to extend shelf life and reduce lipid
oxidation, offering a natural alternative to synthetic
preservatives (Deng et al., 2011). Pomegranate peel extracts
have shown promise as antimicrobial agents in beverages and
dairy products, consistent with their reported role in extending
the shelf life of minimally processed foods (Ayala-Zavala et
al., 2010). Table 2 outlines some of the key functional
applications of these by-products across different food
categories.

Table 2. Functional Applications of Selected Food By-products in the Food Industry

By-product Processed Form

Food Application

Functional Benefit

formulated foods

Citrus peel Dried powder / pectin extract | Bakery products, jams, jellies, | Gelling, thickening and
confectionery stabilizing properties; dietary-
fibre enrichment
Banana peel Flour / powder Biscuits, muffins, bakery | Dietary-fibre and  mineral
products enrichment; modification of
functional and textural
properties
Tomato pomace Dried powder / extract Sauces, pasta, bakery | Lycopene and antioxidant
products and other | enrichment; potential colour

enhancement

Flour / powder / polyphenol-
rich extract

Grape pomace

Bread, bakery products and
meat products

Polyphenol and dietary-fibre
enrichment; antioxidant
activity and improved oxidative

stability

Pomegranate peel Aqueous / hydroalcoholic

extract or powder

Beverages, dairy products and
other functional foods

Antioxidant enrichment;
potential antimicrobial activity

Consumer Perception and Market Trends

Growing consumer awareness of sustainability and
clean-label products has created favourable market conditions
for by-product-derived ingredients. Upcycled food products,
those made using ingredients that would otherwise go to
waste, are increasingly being marketed as premium,

environmentally conscious choices rather than inferior
substitutes. This shift in perception, combined with regulatory
support for food waste reduction in many countries, is
encouraging both established food companies and startups to
invest in by-product valorization technologies.
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Figure 2. Dietary Fiber and Polyphenol Content of
Selected Fruit and Vegetable By-products
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Challenges and Future Outlook

Despite their promise, several challenges hinder the
widespread commercial utilization of food by-products.
Seasonal and geographical variability in raw material
composition can result in inconsistent nutrient and bioactive
content, complicating standardization. Microbial
contamination risk during collection and storage of wet by-
products necessitates rapid processing or preservation, which
can add to operational costs. Additionally, regulatory
frameworks governing the wuse of by-product-derived
ingredients in food products are still evolving in many regions,
creating uncertainty for manufacturers.

Looking ahead, continued research into cost-effective
extraction technologies, coupled with supportive policy
frameworks and growing consumer acceptance, is likely to
accelerate  the mainstream adoption of by-product
valorization. Collaborative efforts between food processors,
researchers, and policymakers will be essential to build
efficient supply chains that connect by-product generators
with ingredient manufacturers, closing the loop in a truly
circular food system.

Conclusion

Food by-products, long regarded as waste, represent
an underutilized source of nutrition and functional ingredients
with significant potential to benefit both the food industry and

public health. Peels, pomace, and other residues are rich in
dietary fiber, vitamins, and bioactive compounds that can be
recovered through appropriate extraction and processing
technologies and incorporated into a wide range of food
products. Realizing the full potential of this approach will
require continued innovation in processing technology,
supportive regulation, and consumer education, ultimately
transforming what was once discarded into ingredients that
genuinely go "from peels to plates."
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