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Abstract

The present study investigates the phytochemical composition and biological activities of fruit and vegetable waste peels,
highlighting their potential as sustainable sources of natural bioactive compounds. Peels from mango, orange, banana,
pomegranate, potato, and tomato were collected, cleaned, dried, powdered, and extracted separately using ethanol and
hexane. The prepared extracts were subjected to qualitative phytochemical screening to identify major secondary
metabolites. Biochemical characterization was carried out using Fourier Transform Infrared Spectroscopy (FT-IR) and Gas
Chromatography—Mass Spectrometry (GC-MS) to characterize functional groups and identify bioactive compounds
present in the extracts. The antibacterial activity of the extracts was evaluated against selected bacterial strains using the
agar well diffusion method. Antioxidant activity was assessed using the DPPH radical scavenging assay, and the anti-larval
activity of the extracts was evaluated against mosquito larvae by recording larval mortality after exposure. Overall, the
study evaluates the phytochemical constituents and antibacterial, antioxidant, and anti-larval activities of fruit and
vegetable waste extracts, supporting their potential value for the utilization and valorization of waste-derived bioactive
compounds.
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Introduction

Plants have long been recognized as one of the most
valuable and affordable sources of therapeutic agents
(Jhumur Banerjee et al., 2017). Their rich diversity of
secondary metabolites—such as phenols, flavonoids,
alkaloids, saponins, tannins, and glycosides—forms the
basis of many traditional and modern medicines (Hossam
S. El-Beltagi et al., 2022). In the human diet, fruits and
vegetables play an essential role by supplying vitamins,
minerals, and phytonutrients required for maintaining
health, preventing diseases, and supporting physiological
functions (Swagata Biswas et al., 2021). However, during
harvesting, processing, transportation, storage, and
consumption, a significant portion of fruits and vegetables
is discarded in the form of peels, rinds, seeds, pomace, and
other residues. Although commonly treated as waste, these
materials are actually rich reservoirs of bioactive
phytochemicals with substantial medicinal, nutritional, and
industrial value (Caterina Russo ef al, 2021; Jhumur
Banerjee et al., 2017).

Fruit and vegetable wastes are often overlooked despite
containing higher concentrations of secondary metabolites
than the edible portions (Caterina Russo et al., 2021;
Anjali Kumari Sah et al., 2025). Numerous studies have
revealed that compounds such as phenolics, flavonoids,
tannins, glycosides, carotenoids, and alkaloids are abundant
in the discarded peels of pomegranate, orange, mango,
banana, and other fruits, as well as in vegetable residues like
tomato, potato, carrot, and onion skins (Asma Adan et al.,
2020; Swagata Biswas et al, 2021). These compounds
serve as natural defense chemicals in plants and exhibit
strong pharmacological properties including antioxidant,
antibacterial, and anti-larvicidal activities (Jefrillah
Jebaseelan et al., 2025; Subrata Mallick et al., 2016).

Due to this diverse bioactivity, phytochemicals obtained
from waste materials have received increasing attention in
recent years, particularly as sustainable, cost-effective, and
eco-friendly alternatives to synthetic drugs and chemical
additives (Caterina Russo ef al., 2021; Jhumur Banerjee
etal.,2017).
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Among these biological activities, antibacterial properties of
fruit and vegetable waste extracts have become highly
relevant in the context of rising antimicrobial resistance
(Muhammad Saleem et al., 2023; Heena Bajaj et al.,
2024). Pathogens including Staphylococcus aureus,
Escherichia coli, Pseudomonas aeruginosa, and Klebsiella
pneumoniae have developed resistance to multiple
antibiotics, resulting in widespread clinical challenges.
Extracts derived from mango peel, pomegranate rind, citrus
waste, and tomato residues have demonstrated broad-
spectrum antimicrobial activity due to their rich content of
phenolic acids, tannins, flavonoids, and alkaloids (Anjali
Kumari Sah et al., 2025; Muhammad Saleem ez al., 2023;
Mohamed A. Salem et al, 2023). These phytochemicals
inhibit bacterial growth through mechanisms such as
disruption of cell wall integrity, alteration of membrane
permeability, inhibition of protein and nucleic acid
synthesis, and prevention of biofilm formation (Arti
Pandey et al, 2018). While Gram-positive bacteria are
generally more susceptible due to their simpler cell wall
structure, several fruit- and vegetable-based extracts have
also proven effective against Gram-negative strains,
suggesting their potential role as natural antimicrobial
agents (Li Fu et al., 2016; Swagata Biswas et al., 2021).

Factors such as solvent polarity, extraction duration,
temperature, and storage conditions significantly influence
antibacterial potency, highlighting the importance of
optimized and standardized extraction  methods
(Muhammad Saleem et al, 2023; Roudaina Abdel
Samad et al., 2023).

Another major medicinal property associated with fruit and
vegetable waste is their strong antioxidant potential (Anjali
Kumari Sah er al., 2025; Caterina Russo et al., 2021).
Oxidative stress, caused by an excess of reactive oxygen
species (ROS), leads to the damage of cellular lipids,
proteins, and DNA. Persistent oxidative stress promotes
chronic diseases like cancer, cardiovascular disorders,
diabetes, aging, inflammation, and neurodegenerative
conditions such as Alzheimer’s and Parkinson’s disease.
Phytochemicals such as polyphenols, flavonoids,
carotenoids, anthocyanins, and vitamin-rich compounds
from orange peels, carrot waste, mango peel, grape skin, and
pomegranate rind exhibit exceptional antioxidant activity
(Tingjing Zhang et al., 2016; Li Fu et al., 2016; Swagata
Biswas et al., 2021).

Standard assays such as DPPH radical scavenging and
FRAP (Ferric Reducing Antioxidant Power) have
repeatedly confirmed their ability to neutralize free radicals,
donate hydrogen atoms or electrons, chelate metal ions, and
enhance endogenous antioxidant enzymes including
superoxide dismutase (SOD) and catalase (Li Fu et al,
2016; Hossam S. El-Beltagi et al., 2022). Unlike synthetic
antioxidants such as butylated hydroxyanisole (BHA) and
butylated hydroxytoluene (BHT), natural antioxidants from
plant waste are biodegradable, non-toxic, and
environmentally compatible, making them attractive for use
in  pharmaceuticals, nutraceuticals, and cosmetic

formulations (Caterina Russo et al., 2021; Jhumur
Banerjee et al., 2017).

Phytochemical screening is therefore an essential tool for
assessing the medicinal significance of fruit and vegetable
waste (Anjali Kumari Sah et al., 2025; Mohamed A.
Salem et al., 2023).

Qualitative tests for flavonoids, tannins, saponins, alkaloids,
terpenoids, and phenolic compounds help determine the
presence and relative abundance of secondary metabolites
(Asma Adan et al., 2020; Niloy Das et al., 2023). These
phytochemicals are responsible for most of the biological
effects, including radical scavenging, antimicrobial action,
enzyme inhibition, and anti-inflammatory responses
(Hossam S. El-Beltagi et al., 2022; Arti Pandey et al.,
2018). By combining phytochemical profiling with
advanced instrumental techniques such as UV-VIS
spectroscopy, FTIR  (Fourier Transform Infrared
Spectroscopy), and chromatographic separation researchers
can identify specific functional groups and compounds
responsible for therapeutic properties (Humaira Rizwana
et al., 2019; Mostafa H. Baky et al., 2024; Preeti Singh et
al., 2023). Such analytical approaches pave the way for
isolating active molecules and enhancing the scientific and
industrial utility of fruit and vegetable waste (Jhumur
Banerijee et al., 2017; Caterina Russo et al., 2021).

Valorization of waste materials aligns with global
sustainability goals by reducing environmental pollution,
minimizing agricultural waste, and converting low-cost
byproducts into high-value bioactive ingredients (Jhumur
Banerjee ef al., 2017; Caterina Russo ef al., 2021). The
transformation of biodegradable waste into useful biological
extracts contributes not only to health benefits but also to
eco-friendly waste management strategies (Jhumur
Banerjee et al., 2016; Maran JP et al., 2015). Industries
such as pharmaceuticals, nutraceuticals, cosmetics, food
packaging, and biopesticides increasingly rely on natural
compounds due to concerns over chemical toxicity,
regulatory restrictions, and consumer preference for organic
and plant-based products (Caterina Russo et al., 2021;
Jhumur Banerjee et al., 2017). Extracts from fruit and
vegetable wastes can be incorporated into antimicrobial
coatings, antioxidant supplements, functional foods, herbal
medicines, skincare formulations, and biodegradable films
(Swagata Biswas et al., 2021; Mohamed A. Salem et al.,
2023).

Given the medicinal, economic, and environmental
importance of these materials, it is crucial to explore the
phytochemical richness and biological activities of fruit and
vegetable waste (Caterina Russo et al, 2021; Anjali
Kumari Sah et al., 2025). The present study focuses on
identifying, analyzing, and evaluating the bioactive
potential of selected waste materials through phytochemical
tests, spectral characterization, antibacterial assays,
antioxidant assays, and anti-larval experiments (Mohamed
A. Salem et al., 2023; Roudaina Abdel Samad et al.,
2023; Jefrillah Jebaseelan et al., 2025). By examining the
relationship between phytochemical constituents and
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biological functions, the research aims to uncover the
therapeutic significance of waste-derived compounds and
promote their efficient utilization (Jhumur Banerjee et al.,
2017; Tingjing Zhang et al., 2016). This approach not only
contributes to drug discovery and natural product research
but also supports sustainable waste valorization practices
that benefit both human health and environmental
conservation (Caterina Russo et al., 2021; Jhumur
Banerjee et al., 2017).

Materials and methods:
2.1 Sample Collection

Waste materials, including peels, seeds, and pomace from
various fruits and vegetables, were collected from different
sources (Anjali Kumari Sah et al., 2025; Asma Adan et
al., 2020). The collected samples were thoroughly washed
with water to remove adhering dirt and other impurities. The
samples were then sun-dried properly to reduce moisture
content and powdered into a fine form (Swagata Biswas et
al.,2021; Muhammad Saleem et al., 2023). The powdered
samples were stored at 4 °C until further extraction and
analysis (Mohamed A. Salem et al., 2023).

2.2 Extraction

Approximately 40 g of the powdered sample was extracted
separately using ethanol and hexane as solvents for 72 h
(Muhammad Saleem ez al., 2023; Mostafa H. Baky et al.,
2024). After the extraction period, the extracts were filtered
to remove the solid residues (Mohamed A. Salem et al.,
2023). The obtained filtrates were concentrated and stored
at 4 °C until further analysis (Roudaina Abdel Samad et
al., 2023).

2.3 Phytochemical Screening

The extracts were subjected to qualitative phytochemical
screening to detect the presence of major secondary
metabolites (Anjali Kumari Sah et al., 2025; Asma Adan
et al., 2020). The tests confirmed the presence of saponins,
tannins, phenols, glycosides, flavonoids, and alkaloids in
the extracts (Niloy Das et al., 2023; Mohamed A. Salem et
al., 2023).

2.4 Biochemical Characterization

The extracts were characterized using FT-IR and GC-MS
techniques (R. Hemalatha et al., 2016; Humaira Rizwana
et al., 2019).while FT-IR analysis was performed to detect
the functional groups associated with key secondary
metabolites (Humaira Rizwana et al., 2019).GC-MS was
used to identify the major bioactive compounds present in
the extracts (Mostafa H. Baky et al., 2024; Preeti Singh et
al., 2023).

2.5 Antibacterial Activity

The antibacterial activity of the extracts was evaluated
against selected bacterial strains, including Staphylococcus
aureus, Bacillus subtilis, Escherichia coli, Streptococcus
pyogenes, and Bacillus cereus, using the agar well diffusion
method (Anjali Kumari Sah ez al., 2025; Li Fu et al.,
2016). The extracts were tested for their ability to inhibit
bacterial growth, and the antibacterial activity was
determined by measuring the zones of inhibition after 24 h
(Heena Bajaj et al., 2024; Swagata Biswas et al., 2021).

2.6 Antioxidant Activity

The antioxidant activity of the extracts was evaluated using
the DPPH radical scavenging assay (Li Fu et al., 2016;
Tingjing Zhang et al., 2016). The absorbance of the
reaction mixture was measured at 517 nm, and the
percentage inhibition was calculated (Hossam S. El-Beltagi
etal.,2022). The ICso value was also determined to evaluate
the antioxidant activity of the extracts (Anjali Kumari Sah
et al., 2025).

2.7 Anti-Larval Activity

The anti-larval activity of the extracts was evaluated against
mosquito larvae (Subrata Mallick e al., 2016; Niloy Das
et al., 2023). The extracts were tested at the selected
concentrations, and the mortality of the larvae was recorded
after 24 h of exposure (Jefrillah Jebaseelan et al., 2025;
Senthilkumar P. et al., 2025).

3. Results
3.1 Sample Collection

Fruit and vegetable waste, including peels, seeds, pulp, and
pomace, was collected from markets, homes, and juice
shops to obtain a variety of samples. The collected waste
materials were used for further extraction and analysis.

3.2 Extraction

Approximately 40 g of dried powder was extracted
separately using hexane (non-polar) and ethanol (polar) as
solvents by soaking for 72 h. Following extraction, the
extracts were filtered to remove the solid residues and were
subsequently concentrated for further analysis.

3.3 Phytochemical Analysis

Phytochemical analysis was performed to detect the
presence of alkaloids, phenols, flavonoids, tannins,
saponins, and glycosides. Various standardized qualitative
chemical tests were used, which produced observable
changes such as specific colour reactions or precipitate
formation.

Test

Hexane

Ethanol

Saponins

Positive

Negative
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Tannins No colour change Positive

Phenols No colour change Negative
Glycosides Positive Negative
Alakaloids Positive Negative
Flavonoids Positive Positive

Table 1.Phytochemical Analysis

3.4 Biochemical Characteristics

I.FT-IR Analysis

FT-IR analysis confirmed the presence of functional groups
such as —OH, C=0, —NH, C-H, and C=C, indicating the
presence of compounds such as phenols, flavonoids,
glycosides, alkaloids, and saponins
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Fig: 1 FTIR Analysis

I1. GC-MS Analysis

GC-MS analysis revealed hexadecanoic acid and its ethyl
ester as the major identified compounds in the extract. Both
compounds occurred in the highest relative amounts among

the detected constituents. Their abundance suggests that
they are important components of the extract and may
contribute to its observed biological activity. Overall, the
GC-MS profile confirms the presence of these compounds
as major constituents of the extract.
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3.5 Antibacterial Activity

The extracts showed stronger antibacterial activity at higher
concentrations. The antibacterial effect increased with
increasing extract concentration, as indicated by the larger
zones of inhibition observed against the tested bacterial
strains, including Staphylococcus aureus, Bacillus subtilis,

Escherichia coli, Streptococcus pyogenes, and Bacillus
cereus. Lower concentrations showed comparatively

weaker inhibition. These results suggest that the extracts
possess concentration-dependent antibacterial activity and
may contain bioactive compounds capable of inhibiting
bacterial growth.

Fig :3 Antibacterial Activity

Plate 10pl 20 pl 30pl
Staphylococcusaureus(1) 0.4 0.5 0.5
Staphylococcusaureus(2) 0.5 0.7 1.0
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Bacillussubtilis 0.4 0.5 0.5
Escherichiacoli 0.5 0.7 0.8
Streptococcuspyogenes 0.2 0.4 0.7
Bacilluscereus 0.5 0.6 0.8

Table 2. Antibacterial activity

3.6 Antioxidant Activity (DPPH) The sample exhibited lower absorbance (0.946) compared
with the control (1.072), indicating higher antioxidant
activity.

Absorbance at 517 nm with Error Bars
Paired t-test p = 0,025
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Fig: 4 Antioxidant Activity

Parameter Mean SD
Control 1.072 0.023
Sample 0.946 0.030

Table3.Antioxidant Activity
3.7 Anti-Larval Activity

Both 10 pL and 20 pL extract concentrations exhibited mosquito larvae within 24 h, whereas no mortality was
100% larvicidal activity, resulting in complete mortality of  observed in the control group.
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4. Discussion

The present study evaluated the biological properties of fruit
and vegetable waste peels, including mango, orange,
banana, pomegranate, potato, and tomato, with particular
emphasis on their antibacterial, antioxidant, and larvicidal
activities (Anjali Kumari Sah et al., 2025; Mohamed A.
Salem et al., 2023; Swagata Biswas et al., 2021). The
findings indicate that these commonly discarded plant
materials contain a diverse range of phytochemicals and
bioactive constituents, demonstrating their potential
biological significance (Asma Adan et al., 2020; Caterina
Russo et al., 2021; Muhammad Saleem et al., 2023). The
utilization of fruit and vegetable waste as a source of
bioactive compounds also highlights its potential value in
waste valorization and sustainable biotechnological
applications (Jhumur Banerjee et al, 2017; Caterina
Russo et al., 2021).

The phytochemical analysis of the peel extracts confirmed
the presence of important secondary metabolites, including
alkaloids, flavonoids, phenols, tannins, saponins, and
glycosides (Anjali Kumari Sah et al., 2025; Asma Adan
et al., 2020; Hossam S. El-Beltagi et al., 2022). These
phytochemical constituents are associated with various
biological activities and may contribute to the observed
antibacterial, antioxidant, and larvicidal properties of the
extracts (Li Fu et al., 2016; Niloy Das et al., 2023; Subrata
Mallick et al., 2016). The presence of multiple classes of
secondary metabolites suggests that the biological activity
of the extracts may be attributed to the combined effects of
different phytoconstituents rather than a single compound
(Caterina Russo ef al., 2021; Mohamed A. Salem et al.,
2023).

The extracts obtained using hexane and ethanol showed
differences in their biological activities, which may be
related to the polarity of the solvents and their ability to
extract different classes of phytochemicals (Muhammad
Saleem et al., 2023; Mostafa H. Baky et al., 2024). Ethanol
extracts exhibited stronger antibacterial and antioxidant
effects compared with the hexane extracts (Anjali Kumari

Sah et al., 2025; Muhammad Saleem et al., 2023). This
observation suggests that the ethanol solvent was effective
in extracting polar bioactive constituents that may
contribute to the observed biological activities (Li Fu et al.,
2016; Hossam S. El-Beltagi et al., 2022). The antibacterial
activity also increased at higher extract concentrations,
indicating a concentration-dependent inhibitory effect on
bacterial growth (Heena Bajaj et al., 2024; Syed Ali Raza
Naqyvi et al., 2020).

The antioxidant activity of the extracts was evaluated using
the DPPH radical-scavenging assay (Li Fu et al, 2016;
Tingjing Zhang et al., 2016). The sample exhibited lower
absorbance compared with the control, indicating higher
antioxidant activity (Anjali Kumari Sah et al., 2025). The
observed antioxidant potential may be associated with the
presence of phenolic and flavonoid compounds detected
during phytochemical screening (Hossam S. El-Beltagi et
al., 2022; Asma Adan et al., 2020). These compounds are
known to contribute to antioxidant activity through their
ability to interact with free radicals (Arti Pandey et al.,
2018; Syed Ali Raza Naqvi et al, 2020). The findings
therefore indicate that fruit and vegetable peels can serve as
potential sources of naturally occurring antioxidant
constituents (Caterina Russo et al., 2021; Swagata Biswas
etal,2021).

Characterization using GC—MS and FT-IR further supported
the presence of bioactive compounds and functional groups
in the extracts (Mohd Fahim et al., 2019; R. Hemalatha et
al., 2016). FT-IR analysis confirmed functional groups such
as —OH, C=0, -NH, C-H, and C=C, which are associated
with different classes of bioactive compounds, including
phenols, flavonoids, glycosides, alkaloids, and saponins
(Humaira Rizwana et al., 2019; Mostafa H. Baky et al.,
2024). GC-MS analysis further supported the identification
of major bioactive compounds present in the extracts
(Preeti Singh ef al., 2023; Roudaina Abdel Samad et al.,
2023). These analytical findings provide additional support
for the phytochemical composition of the selected fruit and

1JDDT, Volume 16 Issue 88s, 2026

Page 885



Phytochemical and Biological Evaluation of Fruit and Vegetable Waste

vegetable waste materials (Anjali Kumari Sah et al., 2025;
Muhammad Saleem et al., 2023).

Overall, the findings demonstrate that fruit and vegetable
waste peels possess notable antibacterial, antioxidant, and
larvicidal properties (Anjali Kumari Sah et al., 2025;
Mohamed A. Salem et al., 2023; Jefrillah Jebaseelan et
al., 2025). The presence of diverse phytochemicals and
bioactive compounds highlights the potential of these waste
materials as valuable natural resources (Caterina Russo et
al., 2021; Asma Adan et al., 2020). Their biological
activities may support future applications in the
development of natural drugs, nutraceutical products, and
eco-friendly biocontrol agents (Swagata Biswas et al.,
2021; Subrata Mallick et al., 2016). Thus, the utilization
of fruit and vegetable waste peels can contribute to the
recovery of valuable bioactive compounds while supporting
sustainable approaches to waste management and
biotechnology (Jhumur Banerjee et al., 2017; Jhumur
Banerjee et al., 2016).

5. Conclusion

Fruit and vegetable waste peels represent an underutilized
and biologically valuable source of naturally occurring
bioactive compounds. Although these materials are
commonly discarded as household, agricultural, or food-
processing waste, their chemical composition indicates
considerable potential for biological applications. The
present study demonstrated that fruit and vegetable peel
extracts possess appreciable antibacterial, antioxidant, and
larvicidal activities, confirming that these waste-derived
materials can serve as promising sources of multifunctional
bioactive agents. Among the different extraction systems
evaluated, ethanol extracts exhibited comparatively greater
biological effectiveness, suggesting that ethanol may
facilitate the efficient recovery of a broad range of
biologically active phytoconstituents from the peel matrix.

The observed biological activities can be associated with the
presence of diverse phytochemical constituents, including
phenolic compounds, flavonoids, tannins, alkaloids,
terpenoids, glycosides, saponins, and other secondary
metabolites. These compounds are known to exhibit a wide
range of biological functions through different mechanisms,
including microbial growth inhibition, free-radical
scavenging, membrane disruption, enzyme modulation, and
interference with essential cellular processes. The
antioxidant potential of the extracts further indicates their
ability to neutralize reactive oxygen species and reduce
oxidative stress, while the antibacterial activity highlights
their possible application as natural

Alternatives to conventional antimicrobial agents.Similarly,
the larvicidal activity suggests that selected peel-derived
compounds may have potential for environmentally
compatible vector-management strategies.

The findings are particularly significant from the
perspective of waste valorization and sustainable resource
utilization. Converting fruit and vegetable peels into
biologically active extracts provides an alternative to

conventional disposal practices and simultaneously
generates value from an otherwise discarded biomass. Such
an approach supports the principles of the circular
bioeconomy by transforming organic waste into useful
bioresources with potential applications in pharmaceutical,
agricultural, environmental, and biotechnological sectors.
The utilization of peel-derived bioactive compounds could
therefore reduce the environmental burden associated with
organic waste accumulation while promoting the
development of renewable and naturally derived products.

Furthermore, the multifunctional nature of these extracts
provides opportunities for their incorporation into value-
added products such as natural antimicrobial formulations,
antioxidant-based preparations, eco-friendly agricultural
inputs, and botanical larvicidal agents. However, the
practical application of these extracts requires further
investigation to identify and characterize the specific
compounds responsible for the observed activities,
determine their mechanisms of action, evaluate dose-
dependent responses, and establish their safety and stability
profiles. Advanced analytical approaches such as
chromatographic and spectroscopic techniques may be
employed to identify the major bioactive constituents and
correlate their chemical composition with biological
activity.

Overall, the present findings support the concept that fruit
and vegetable waste peels should not be regarded merely as
disposable residues but as renewable sources of biologically
active compounds with considerable functional potential.
Their systematic recovery, characterization, and application
could contribute to sustainable waste management, natural

product development, resource recovery, and green
biotechnology. Further in-depth studies, including
compound-level characterization, toxicity assessment,

formulation development, and in vivo or field-based
validation, are warranted to translate the demonstrated
biological potential of these waste-derived materials into
safe, effective, and commercially viable value-added
products.
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