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Banana peel, which accounts for approximately 30-40% of the total fruit weight and contributes to an estimated 114 million

tonnes of agro-industrial waste annually, represents one of the most abundant yet underutilized by-products worldwide. Banana peel represents one of the most abundant agro-industrial by-products generated by the global banana
Despite its substantial nutritional and functional profile - including dietary fiber, resistant starch, phenolic compounds, industry, accounting for approximately 30-40% of the total fruit weight. Although commonly discarded or
+ carotenoids, pectin, and phytosterols - banana peel is predominantly discarded, generating significant environmental and used as low-value animal feed, banana peel contains valuable compounds such as dietary fiber, resistant
4 ﬁ economic burdens. This review examines the scientific advances in the valorization of banana peel waste within a circular starch, pectin, cellulose, phenolics, flavonoids, carotenoids, and tannins, which support its use as a functional
- economy framework, focusing on two principal application pathways: the extraction of functional food ingredients and the and sustainable raw material.
V= development of packaging materials. Regarding functional ingredients, we discuss conventional and emerging extraction Within a circular economy framework, banana peel can be valorized through two main pathways: the recovery
' methodologies, biosustainableactive compound characterization, and evidence of antioxidant, antimicrobial, and prebiotic of bioactive compounds for functional food and nutraceutical applications, and the development of
properties, as well as potential applications in food fortification and nutraceutical formulation. Concerning sustainable biodegradable, active, and sustainable packaging materials. Recent studies highlight its potential in food
packaging, we address the use of banana peel-derived pectin, cellulose nanofibers, and bioactive extracts in the formulation product reformulation, green extraction technologies, and innovative biopolymer-based packaging systems,
of biodegradable films and coatings, highlighting their mechanical, barrier, and antimicrobial performance. Techno- offering promising alternatives to conventional waste management and petroleum-based plastics.

ly, the evidence supports banana peel as a promlsmg raw materlal for the development of value added products

~r"

| ﬂlgu with circular economy princip' / N
J',‘, 0od supply chain. 4A. FUNCTIONAL FOOD INGREDIENTS

4 | 2. KEY COMPOSITION OF BANANA PEEL

SULTS AND o= @ L ¥ contt -
g IONS CONSUMPTION "" e fow "fﬁ Lirin 3. PROCESSING AND VALORIZATION Flour - S R U Ol‘

economic and life cycle considerations are also reviewed to assess the feasibility of industrial-scale implementation.
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\‘_ lewed studies highlight banana peel as a
' Ictional agro-industrial by-product with
|t|pant potential for food, packaging, and
biomaterial applications. Its valorization is
ainly supported by its rich composition in
dietary fiber, resistant starch, pectin, cellulose,

""""""""""""""""""""""""" and bioactive compounds, banana peel can be
GREEN EXTRACTION TECHNOLOGIES | / valorized through two major pathways: functional

. “phenolic compounds, flavonoids, carotenoids, _ _ :
and tannins, which provide antioxidant, % Cellulose @ Carotenoids food ingredient development and sustainable
antimicrobial, prebiotic, and film-forming 4B. SUSTAINABLE PACKAGING MATERIALS packaging production.
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\ In food applications, banana peel flour and
From a processing perspective, green extraction Banana peel: .
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. & _extracts improve the nutritional and functional
‘t. a% > profile of bakery, gluten-free, and fortified
°' O \7 products by increasing d|etary fiber, phenolic
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technologies such as  ultrasound-assisted 0
| extraction, microwave-assisted  extraction, 30-40% of
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a | reducing solven_t use, processing tlme,_and |\ : N\ , : , , ,
. thermal degradation. However, drying remains a \\ = === =tmmmmm oo - =N carbon dots contribute to the development of
| critical step due to the high moisture content of N @ ) biodegradable films, active coatings, smart
banana peel and its impact on energy ‘ Coatings Active Smart packaging systems, wrapping paper, and
consumption and compound stability. packaging packaging biocomposites with improved mechanical, barrier,

l In food applications, banana peel flour and
extracts have been successfully incorporated into
bakery, gluten-free, fortified, and functional
D products, contributing to increased dietary fiber,

antimicrobial, antioxidant, and UV-blocking

properties.
However, industrial-scale implementation still

requires further optimization of drying, extraction,
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~, phenolic content, antioxidant activity, and Carbon dots Biocomposites N . . : )
' " hrebiotic potential. These findings support the B|0ECON0M K i j standardization, biorefinery mtegradon, I|fe_-c_y_cle
3 use f banana peel as a sustainable ingredient for assessment, and techno-economic feasibility.
foe rmulatlon and nutritional enhancement. Overall, banana peel valorization represents a
pa @ag ng applications, banana peel-derived N\ ( \ \ / \ ( \ promising strategy for reducing food waste,
ectin, cellulose, powder, bioactive extracts, and Reduced = improving resource efficiency, and supporting the
arbo \, s shave been used to develop Waste 7 Value-added Resource dependence on Sustainability transition toward sustainable and circular food and
J: ms, biocomposites,  active reduction products efficiency petroleum-based = across the food packaging systems.
,-._._,;..\- kaging systems, and UV- lastics , supply chain
materials. These systems showed # * P
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Sug potentia alternatives to peel waste from into high-value renewable biomass renewable and low-carbon and
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