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Abstract

Food waste is a major global issue, with approximately one-third of all food produced in the world wasted
annually. Food waste and by-products contain nutrients such as proteins, lipids, carbohydrates, and bioactive
compounds. Omics technologies are emerging as a powerful tools to unlock the hidden potential of food
waste and by-products, transforming them into valuable products. Omics studies are emerging in the field
of living organisms as genomics, transcriptomics, proteomics, and metabolomics. Mango, a popular tropical
fruit and its by-products can be used to extract dietary fibres, which are rich in bioactive components like
protocatechuic acids, mangiferin, and B-carotene, which have numerous biological activities. Mango kernels
are also a rich source of macronutrients and micronutrients, with high antioxidant and poly-phenolic content.
Valorisation of mango by-products serves as a powerful example of how food waste can be transformed
from a problem into a valuable resource. Valorising mango fruit by-products not only reduces environmental
pollution but also creates job opportunities and reduces waste disposal costs for processing industries.
This paper provides an overview of the nutritional composition of mango by-products and their biological
activity. It further discusses how omics technologies are being employed to make mango valorisation much
more efficient and how through various innovative approaches of proteomics, metabolomics, or nutriomics,
we can minimize waste and recover valuable resources, support industries, and foster sustainable growth.
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1 INTRODUCTION

Mango (Mangifera indica L.), often hailed as the “king
of fruits,” is renowned for its delightful fragrance, balanced
sweetness and acidity, and high nutritional value. As the most
widely consumed tropical fruit, it boasts over 400 varieties,
each offering unique flavors and textures. Originating from
South Asia, mangoes have expanded their reach to tropical

and subtropical regions worldwide. Despite belonging to the
Anacardiaceae family, known for some toxic members—
the mango is cherished for its safety and health benefits,
including rich doses of vitamins and antioxidants. India has
been growing mangoes for over 4,000 years, maintaining
its status as the world's leading producer of this popular
tropical fruit in the twenty-first century. Today it is grown
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in over 90 countries, with India, China, and Thailand being
the largest producers, and it accounts for more than half of
global tropical fruit production. It is consumed both fresh and
in a variety of processed forms, such as pulp, juice, puree,
pickles, and jams. In 2022, global mango production reached
approximately 59.2 million tons", highlighting its substantial
importance and widespread appeal in the global market. Asia
dominates mango production, with India leading the way
with an annual production of 22 million tons, making it the
world's top exporter”. Within India, Andhra Pradesh stands
out as the largest mango-producing state, accounting for
20% of the total mango production, with 4.69 million tons
produced on over 0.37 million hectares of land. The growing
global demand for mangoes and processed mango products
was evident in 2021-2022, when India exported over 28,000
tons of mangoes and 123,000 tons of its pulp'¥. Mangoes
are highly valued due to their rich composition of essential
vitamins, minerals, and bioactive compounds. The fruit is an
excellent source of vitamin C, dietary fibre, and antioxidants

such as carotenoids and polyphenols”.

A notable concern within the mango industry is the
substantial amount of by-products generated during
processing, which include peels and seeds/kernels. These
by-products can constitute 25-40% of the fruit’s total
weight®” resulting in approximately 15-24 million tons of
waste annually. Despite being considered waste, mango by-
products are rich in bioactive compounds like dietary fibre,
proteins, phenolic compounds, carotenoids, and fatty acids,
making them a valuable resource for nutrient fortification and
other functional applications.

Omics represents a transformative approach in biological
research, involving the comprehensive analysis of large
datasets that capture the structure and function of biological
systems at various levels. This has led to the advancement of
complex disorders, such as cancers, from static delineation
between cell malignant and healthy states to spatio-temporal
dynamic deconvolution of complex systems involving multi-
layer modifications at genomic, transcriptomic, proteomic, and
metabolic levels™. Since the first high-throughput technology
was developed, DNA microarray”, omics technologies
have been used to capture static genomic alterations,
temporal transcriptomic perturbations, alternative splicing,
spatio-temporal proteomic dynamics, and post translational
modifications"”. Beyond this, omics technologies have
expanded to analyse various omics at the epi-level, molecular
interactions, and disease-associated hallmarks. Building
a thorough causal link between molecular markers and
phenotypic manifestations of a certain disease has become
commonplace with the use of multi-omics integration. The
development of novel omics and related methodologies may
continue to be motivated by the intricacy of cellular behaviour
and its decision-making system.

Despite significant research on mango (Mangifera indica)
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and its nutritional value, the focus of most studies has been
on the pulp, which is widely consumed and commercially
processed. Much less attention has been given to mango
by-products, especially the kernels, which are commonly
regarded as waste. Mango kernels, which account for a
significant portion of the fruit's mass, have been shown to
contain valuable bioactive compounds, including phenolics,
dietary fibres, and antioxidants””’. However, their application
in food fortification remains largely unexplored. While
existing literature touches on the nutritional value of mango
by-products, studies specifically addressing their potential
to fortify foods, are sparse. Recent studies have expanded
our understanding of the nutritional and bioactive profiles of
mango kernels. For example, a study by Torres-Leon et al.
2016 explored the detailed chemical composition of mango
kernel, highlighting its fat and protein and the high content
of antioxidants and compounds that have antimicrobial
activity!".

New research has begun investigating the broader use of
fruit by-products, particularly seeds and peels, in fortifying
staple foods. A recent review by Mandha et al. highlighted
the potential of various fruit seeds, including mango, to be
incorporated into different food products to enhance their
nutritional quality. This review discussed the high levels
of bioactive compounds in mango by-products and their
potential in addressing nutritional deficiencies when added to
commonly consumed foods like bakery goods'”.

Another novel study by Kabir et al. investigated the
incorporation of mango peel powder (MPP) as a natural
source of bioactive compounds for enhancing functional
noodles through extrusion technology. MPP was incorporated
at levels of 2.5%, 5%, and 7.5%, and the study found that
while higher MPP levels improved the nutritional content,
including increased polyphenols, carotenoids, and antioxidant
activity, they also led to changes in the colour index and
cooking properties. Noodles with 2.5% and 5% MPP
were comparable to control samples in sensory evaluation,
demonstrating that MPP can be an effective, cost-efficient
ingredient for developing nutritionally enriched noodles
without compromising sensory quality”.

As knowledge of cellular omics continues to transform
our understanding, it is time to review what has been and is
being done comprehensively in omics-relevant studies for
mango research and where more can be employed to forecast
what can be done in "omics" as a shortcut towards our goal.
This paper comprehensively reviews the rising role of omics
on the cell machinery and provides a thorough evaluation
of established high-throughput technologies as employed in
mango fruit exploration studies.

2 PROPERTIES OF MANGO FRUIT PARTS
The fruit of mango is the main economic part of the tree,
apart from timber. It has thick layer of pulp, the mesocarp
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Figure 1. A Representation of the Major Sections in the Edible and Non-edible Parts of Mango Fruit.

which covers the seed kernel (endocarp). The epicarp is the
outer covering or peel (Figure 1). The fruit has a mixture
of chemical composition, with high carbohydrates and is
reported to have high amount of antioxidants and phenols'™*.
The sections below highlight the chemical constituents of
each part of mango fruit, which are summarised in Table 1.

2.1 Mango Pulp

Mango pulp is the thick, fleshy part of a mango that has
been chopped, pureed, or sieved. It's a flexible component
that works well in both savory and sweet recipes. It also
contains essential micronutrients such vitamins and
minerals. Chemical study revealed that mango pulp has
a comparatively high number of calories (60kcal/100g
fresh weight) and is a significant source of vitamins, fibre,
and potassium!"”. According to the U.S. Department of
Agriculture database, mango pulp comprises four types
of water- and fat-soluble vitamins: A, C, B, E, and K"®.
The mango pulp contains all B complex vitamins except
biotin, which changes/decreases as the fruit matures due to
a shift in metabolic activity. It is a good source of elemental
minerals essential for various biochemical reactions.
Consumption of mango pulp provides amounts of calcium,
sodium, copper, iron, phosphorus, manganese, magnesium,
zinc, boron, and selenium. Consumption of mango regularly
can fulfil the recommended dietary intake of these vitamins.
Vitamin E and K concentrations are lower in mango pulp,
but their amounts increase as the fruit ripens. Fresh mango
pulp contains roughly 1.3 mg of a-tocopherol, an active
form of vitamin E"'”. An inverse relationship exists between
the contents of vitamin C and vitamin E in mango fruit"*".

2.2 Mango Peel

Mango peels have significant potential for reuse as
sources of functional ingredients and natural preservatives.
They are well-known for their high content of fibre,
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ascorbic acid (vitamin C) tocopherols (vitamin E) phenolic
compounds, and carotenoids'"®”. Mango peel comprises
between 7% — 24% of the total mango weight. This
significant portion of the fruit can actually be a valuable
resource, containing dietary fiber, antioxidants, and other
beneficial compounds””. Mango peel, a byproduct of
the mango processing industry, has potential as a source
of food-grade mango peel pectin™!. Mango peel pectin's
effectiveness depends on its size and chemical structure.
This emphasizes the need to refine and study this pectin
from this new source””. Mango peel can be used as a
source of many valuable substances because of its high
concentration of bioactive components, and it is a promising
material for the production for nutraceuticals and other
types of functional food"”. Mango processing discards a
hefty 35-50% of the fruit as peel. This massive amount
of biodegradable waste pollutes landfills and is a growing
concern due to its environmental impact”™. Protocatechuic
acids, mangiferin[C,,H,;O,,], and B-carotene are among
the functional components in the peel that have been linked
to antibacterial, anti-diabetic, anti-inflammatory, and anti-
carcinogenic effects'".

2.3 Mango Kernel

The mango kernel, also called the seed coat or stone,
is the pit found at the centre of a mango fruit. The mango
kernel, often discarded as a waste product, is actually
a treasure trove of antioxidants''*. These antioxidants
come in the form of polyphenols, vitamin E, and vitamin.
Mango seeds kernel (MSK) extract is abundant in natural
elements such as antioxidants and fatty acids, rendering it
highly prized in the realms of food science and nutritional
exploration””. MSK powder is a better option that can act
as a natural filter, removing methylene blue and basic red
dyes from water’””. The antioxidant activity of mango seed
kernel powder has been studied, showing that it contains
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phenolic compounds and other bioactive molecules that
have potential health benefits, including anti-inflammatory,
antimicrobial, and anticancer effects””. Mango seed kernel
flour (MSKF) is an exciting development in the world of
healthy eating. Mango seed kernels can be processed into a
flour or butter that can be used in some recipes. Mango seed
flour has a slightly nutty flavour that can be used in cookies,
breads, and other baked goods. Mango seed butter is similar
in flavour and texture to peanut butter, but with a more
subtle sweetness and a hint of nuttiness. MSKF contains a
good amount of carbohydrates, essential minerals and some
healthy fats. MSKF is rich in antioxidants, which can help
protect your cells from damage. These antioxidants come in
the form of polyphenols, vitamin E, and vitamin C**”.

The mango kernel is made up of three main parts: outer
seed coat, which is hard and fibrous, the inner seed coat,
which is thin and membranous. The cotyledon, which is the
fleshy inner part of the kernel. The cotyledon is the most
interesting part of the mango kernel, as it contains a number
of nutrients and bioactive compounds. Notably, starch takes
centre stage as the primary carbohydrate source within the
kernel. Furthermore, mango kernels boast a significant
amount of plant-based protein, making them a valuable
addition to vegetarian and vegan diets. Dietary fibre also
finds a prominent place in the cotyledon's composition,
aiding digestion and promoting gut health. Additionally,
the presence of healthy fats, like oleic acid, contributes to
a well-balanced nutritional profile. The mineral content of
the cotyledon is equally impressive, offering a rich supply
of potassium, magnesium, and phosphorus, essential for
various physiological functions. Capping off this impressive
array are the potent antioxidants, mangiferin and gallic acid,
which shield the body from cellular damage. In essence, the
cotyledon of the mango kernel presents a compelling case

as a multifaceted source of dietary goodness'*.

3 OMICS STUDIES FOR MANGO FRUIT VALORISATION
3.1 Proteomics

Proteomics is study of protein, proteomics technologies
combining with advanced bioinformatics are extensively
used to identify molecular signatures of diseases based on
protein pathways and signalling cascades. An analysis
was conducted on the proteins in different parts of avocado
seeds at various stages of ripeness. A total of 1,968 proteins
were identified, with the highest number in the testa (933),
followed by the embryo axis (167), and the cotyledons (23).
This suggests that the test plays a major role in avocado
seed protein structure™.

Proteomics can help us identify and characterize
potentially bioactive proteins present in the kernel. This
information is valuable for understanding the health
benefits or other functional properties of the seed””. A study
found that mango kernel flour is a good source of protein,
containing all the essential amino acids at levels exceeding
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recommendations by the FAO/WHO. When compared to
apricot and peach kernel flours, mango kernel flour has the
highest total essential amino acids (36.46g/100g protein).
Leucine was the most abundant essential amino acid, while
glutamic acid was the most common non-essential amino

acid present in all three flours™",

Mango peels are unique plant tissues with a variety
of chemicals that obstruct the extraction of proteins. To
identify the proteins present Proteomic analysis requires a
good separation using two-dimensional electrophoresis (2-
DE). In one study to analyse the proteins present in mango
peels, four extraction techniques were tried in order to
assess the 2-DE mango peel protein extraction efficiencies:
1) 2-D clean-up kit; 2) precipitation of trichloroacetic acid/
acetone; 3) extraction of phenol; 4) precipitation of phenol
with methanol/ammonium acetate. The outcome showed
that the proteins from mango peels could be prepared
using any one of these four techniques. The highest quality
protein extraction and separation was achieved with phenol.
Proteins were more effectively isolated in the 30-70 kDa
and >70 kDa ranges compared to the other techniques™.
Maxtrix-assisted laser desorption/ionization time-of-flight
tandem mass spectrometry (MALDI-TOF/TOF-MS/MS)
was used to identify sixteen proteins. The outcome showed
that the proteins from mango peels could be prepared using
any one of these four techniques. For the proteome study of
mango peel, the phenol with methanol/ammonium acetate

precipitation proved to be the optimal option*”,

3.2 Genomics

Genomics technologies are revolutionizing how we
understand and utilize this genetic data to improve mango
cultivation and potentially even product development'*".
Mango kernels are often discarded as waste. However,
they contain valuable oils and other bioactive compounds.
Genomics can aid in identifying genes responsible for
these beneficial compounds, potentially leading to the
development of new products derived from mango
kernels™”. Researchers investigated the potential of mango
kernels for industrial uses. They first analysed the DNA
of 32 mango varieties to choose genetically distinct ones.
Then, they focused on 10 of these varieties and studied
the biochemical makeup of their kernels to assess their
industrial potential. Significant variation in phytochemicals
was found between genotypes based on biochemical
examination of the kernel. The kernel was rich in minerals
(1.15%), oil (9.235%), starch (50%), and crude protein
(10.36%)™). According to the research mango genetics
have significantly enhanced our understanding through
molecular analyses of germplasm collections, development
of single-nucleotide polymorphism genotyping assays, and
construction of comprehensive genetic maps encompassing

(44]

all 20 linkage groups™ .

Genome sequencing of the mango kernel involves
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Table 1. Nutritional and Functional Phytochemical Composition of Mango Pulp, Peel, and Kernel

Compounds Amount in Fresh Fruit Parts (in g/100 g)

Mango Pulp Ref. Mango Peel Ref. Mango Kernel Ref.
Total Energy (kcal) 60 -190 Bl 380 vl 325-420 -
Lipids 03 o 22 u 1143
Organic Acids 05-07 o - -
Macro nutrients (g)
Carbohydrate 14.98 wl 20 u 64 &l
Sucrose 1-105 o 8.25 (1430 - -
Glucose 01-15 16 - -
Fructose 4-94 0.5 - -
Palmitic acid 560-1933 el 2680-3460 o 511 o
Stearic acid 29-75 116 -238 25-47
Linoleic acid 80-139 422-1956 3.6-104
Arachidic acid 3.2-19 30-55 0.67-2.48
Total Proteins 0.82 0l 30 o 6.61-7.53 (42
Fibers 1.6 o 41.0-725 s 2328 (421
Micro nutirients (g)
Thiamine (Vit B1) 0.027 o - 0.08
Riboflavin (Vit B2) 0.00003 - 0.00013
Niacin (Vit B3) 0.00066 - 0.00019 4]
Pantothenic acid (Vit 0.00019 0.00012
B5)
Pyridoxine (Vit B6) 0.00005-0.00016 Bl - - - -
Folic acid 0.00002-0.00006 - - - -
Vitamin A 0.000054 04l 0.000100 4] - -
Vitamin C 0.0364 o 0.018 - 0.257 ) 0.017 )
Vitamin K 0.0000042 rel - - - -
Mineral (g)
Calcium 0.011 o 0.15 ) 0.17-0.45
Tron 0.00016 0.0406 0.012
Magnesium 0.01 0.1 0.095-0.21
Phosphorus 0.014 - 0.02-0.14 [1429]
Potassium 0.168 0.075 0.022-0.36
Sodium 0.001 0.05 0.0029-0.15
Zinc 0.00008 0.00174 0.0011-0.0056
Copper 0.00004-0.00032 0.0104 -
Manganese 0.00003-0.00012 B - - - -
Other Phytochemicals (g)
Flavanoids 0.0009 -0.0092 3l 0.0191-0.0753 =l - -
Polyphenols 01-22 o 3.6-321 u - -
Phenolic acids 0.022 -0.097 ) 0.462-4.07 ) - -
B-carotene 0.2 (4 - - - R

determining its complete DNA sequence, offering a
comprehensive view of its genetic makeup. This process
can help identify genes associated with desirable traits such
as oil composition, resistance to pests, and tolerance to
diseases. Understanding these genetic factors can support
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breeding programs, improve kernel utilization, and enhance
the overall value of mango byproducts'™’. Gene expression
analysis helps identify which genes are actively being
transcribed in the mango kernel and at what levels. This
information is crucial for understanding the molecular
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mechanisms underlying kernel development, nutrient
storage, and metabolic activity. By pinpointing when and
where specific genes are expressed, researchers can gain
insights into key biological processes and potentially target
genes for crop improvement or value-added uses of the
kernel. Marker-assisted selection is a technique which
could be used to identify mango trees with desirable traits in
the kernel, such as high fat content or low fibre content*”.

3.3 Transcriptomics

The scarcity of genomic data is the main barrier
preventing mango genetic research from moving
forward. Nonetheless, the development of genomic and
transcriptomic analytical tools and resources is being
aided by next-generation DNA sequencing techniques and
bioinformatic pipelines. Many of the mysteries surrounding
cuticle biology is clarified by using such methods to

investigate cuticle-associated genes™.

Cold storage is the main postharvest strategy used to
extend the shelf-life of mango fruit since low temperatures
decrease its metabolic activity. However, the storage of this
fruit below 13°C can lead to physiological deterioration
and chilling injury (CI) development. CI symptoms include
lenticel darkening, pitting, uneven colour development, and
decay in mango. CI is a physiological disorder associated
with membrane damage and increased production of
reactive oxygen species (ROS). The ratio of unsaturated
to saturated fatty acids in the membranes is reduced
during storage under cold stress, making the membranes
stiffer and more vulnerable to lipid peroxidation by ROS
produced during cold stress. If this stress is prolonged, the
membrane damage is irreversible, and the fruit develops!*”.
Metabolomic studies have shown that in mango
fruit, phospholipases C and D, diacylglycerol kinase,
lipoxygenase, and other genes involved in the synthesis of
sugars and phenylpropanoids and the breakdown of fatty
acids appear to be up regulated in response to cold stress"™”.
This leads to the accumulation of phenolic compounds in

damaged lenticels and lipid peroxidation".

3.4 Metabolomics

Metabolomics is a field that focuses on identifying and
quantifying all endogenous and exogenous small molecules/
metabolites in biological systems. It is a complementary
approach to genomics, transcriptomics, and proteomics, as
it is closely related to an organism's genotype, physiology,
and environment”>**). The metabolome is the final
downstream product, reflecting changes and interactions
between gene expression, protein expression, and the
environment”*. Metabolomics strategies cover two
primary analysis platforms: "untargeted-discovery-global"
and "targeted-validation-tandem." Untargeted discovery
metabolomics allows for full scanning of the metabolome,
pattern identification, and "metabolic fingerprinting" for
global classification of phenotypes with interacting pathway
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interactions. Targeted metabolomics is hypothesis testing
and is performed for validation of an untargeted analysis™".

Metabolomics fingerprint examines a global snapshot of
the intracellular metabolome, while metabolomics footprint
analysis explores a global snapshot of the extracellular
fluid metabolome. Metabolomics strategies for validation
purposes refer to quantitative tandem/targeted analysis
and diagnostic analysis of a known clinical associated
compound/biomarker (Figure 2)". For precise metabolite
identification and absolute quantification, targeted and
untargeted techniques should be used one after the other™.

For instance, metabolomic studies have revealed that
abscisic acid plays a crucial role in modulating mango fruit
ripening, influencing changes in metabolite accumulation
that correlate with taste formation and other ripening-
related physiological changes””. Some studies also focused
on the use of mangoes affected by Internal breakdown (IB)
to create edible films through continuous solution casting.
The films were produced using pulps with different IB
levels and pectin as a matrix. The highest IB level yielded
films with low thickness, water vapor permeability, and

elongation, with a short composting time"".

To track mangiferin and lupeol in mangos, a novel
technique called uni-dimensional double-development
high-performance thin-layer chromatography (HPTLC)
was created. It is a chromatography technique well-suited
for analysing complex biological samples like mango pulp.
The method was validated in four Indian cultivars, namely
Bombay green, Dashehari, Langra, and Chausa. Following
post-chromatographic derivatization, densitometric
quantification of lupeol was carried out at 610nm and
mangiferin at 390nm™. By comparing the HPTLC profiles
of valorised mango pulp, researchers can assess the impact
of processing techniques on the retention. HPTLC data can
guide the optimization of valorisation processes to minimize
metabolite losses and maximize the functional properties of
the derived products.

Mango pulp has a lower amount of lipids and fatty acids
than protein and much lower than the carbohydrates. While
broader than lipidomics, metabolomics still captures a
significant portion of the lipidome. It analyses a wider range
of small molecules, including metabolites, lipids, and other
intermediates involved in cellular processes. Triglycerols
were discovered to be the main component of pulp made
from a variety of mango cultivars, with smaller amounts of
mono- and diglycerols also present. The range of the overall
content is 0.8% to 1.36%*”. Essential fatty acids are present
in mango pulp; their amounts rise as the fruit ripens and
eventually level off at 1%, A ratio of one for the palmitic
to palmitoleic acid indicates that the mango is fully ripened.
The fatty acid concentration is utilized as an indicator of the
maturity of the fruit.

J Mod Agric Biotechnol 2025; 4: 3
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Liquid Chromatography (LC) is used to separate complex metabolites based on polarity
— LC_ M S and size, followed by Mass Spectrometry (MS) to identify and quantify these components.
Omics ics - allows comprehensive profiling of small molecules
within a cell, tissue, or organism.
Gas Chromatography (GC) is used to separate volatile and thermally stable compounds,
- G C_M S while MS is used for identification and ification of these particularly
for small volatile molecules.
Omics application: Lipidomics - allows detailed analysis of the lipid profile within a New
biological system.
Product
This method offers detailed structural information about molecules through strong magnetic
(ma ngo field interaction, providing excellent qualitative analysis for identifying unknown metabolites,
— N M R but is limited in high-throughput analysis compared to MS techniques.
Ju lce) Omics application: Metabolomics - valuable for confirming the identity of unknown
metabolites detected by MS.
Capillary Electrophoresis (CE) is used to separate biomolecules based on size and charge,
L with MS analysis for i ification, offering high i ion for certain
CE—MS metabolites.

Omics

y i to LC-MS and GC-MS for

specific metabolite analysis.

Figure 2. A Schematic Overview of the Application of Metabolomics in Mango Valorisation. (The Blue Line Represents the
Multiple Steps that Might be Needed to Generate the Final Product).

3.5 Nutriomics

This emerging field specifically focuses on the relationship
between nutrition and the genome, transcriptome, and
metabolome. It utilizes various omics technologies to
understand how dietary intake influences gene expression,
metabolite profiles, and ultimately, physiological functions®”.
Currently, nutriomics research is in its early stages, with
promising applications emerging in understanding the role
of diet. As research progresses and technology advances,
nutriomics holds immense potential for transforming the
field of nutrition by providing a deeper understanding of the
relationship between food, genes, and health, paving the way
for personalized and preventive dietary strategies for optimal

well-being®.

Nutriomics is a valuable tool in the valorisation
of mango pulp, providing insights into the impact of
processing techniques on the nutritional and health-
promoting properties of the derived products. It can be
applied by understanding the mango pulp metabolome,
evaluating processing effects, optimizing valorisation
processes, tailoring valuing to specific health benefits, and
developing functional food ingredients. By understanding
how different valorisation methods affect the bioactive
profile, researchers can create products with targeted
health benefits, such as a product rich in antioxidants for
chronic diseases'®. Nutriomics data can also inform the
development of functional food ingredients, which can
enhance the nutritional value of final food products and
deliver specific health benefits associated with identified
bioactive compounds. For example, nutriomics analysis can
reveal how different processing methods affect the levels
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of specific antioxidant compounds in the final product,
allowing researchers to optimize the processing method to
maximize the retention of these compounds.

Mango pulp's nutritional composition is influenced
by the mango variety, locality and climatic conditions,
and fruit maturity”"*". It contains a variety of macro-
and micronutrients, including carbohydrates (16-18%),
proteins, amino acids, lipids, organic acids, and dietary
fiber'®. Carbohydrates in mango include fructose, glucose,
sucrose, starch, and pectin. Protein content in mango fruit
is low (0.5-5%), with variations depending on the region of
cultivation. The amino acids content varies with maturity
level, region, and species.

4 FUTURE PERSPECTIVE

Mango waste is increasingly recognized as a valuable raw
material for food compositions that are not only nutritional
but also functional and nutraceutical, addressing critical
economic, societal, and environmental issues. Mango by-
products, such as peels and seeds, can be directly used as
food ingredients or serve as sources of antioxidants, proteins,
fats, vitamins, fibers, and minerals. More biomolecules can
be extracted physically or chemically from mango waste to
enhance its use in food products. To ensure microbiological
and physicochemical stability, unitary drying operations are
crucial during the valorisation process, reducing microbial
hazards. Governments should actively promote the
development of technologies and infrastructure necessary
to support the utilization of food waste and by-products,
particularly in areas dedicated to production and storage!™’".
Omics technologies play a pivotal role in agricultural

J Mod Agric Biotechnol 2025; 4: 3



Table 2. Average Nutrient Content of Mango
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Nutrient Content Ref.
Moisture (%) 70.3-86.7 el
Energy (Kcal) 60 7
Carbohydrate (g) 16.20-17.18 (681
Protein (g) 0.82 1
Total lipid (g) 1.40-2.48 =2
Fiber (g) 16 )
Total sugars (%) 8.7-179 sl
Minerals

Calcium (mg) 11.0 (6]
Magnesium (mg) 10.0 7
Potassium (mg) 168 )
Sodium (mg) 1.0 0l
Zinc (mg) 0.06-0.15 Bl
Copper (mg) 0.04-0.32

Selenium (mg) 0-0.6

Vitamins

Ascorbic acid (Vit C) 13.2-92.8mg e
Thiamine (Vit B1) 0.03mg (%1
Riboflavin (Vit B2) 50.0mg (el
Nicotinic acid 0.3mg

Niacin( Vit B3) 0.2-1.31mg B

Organic acids
Citric acid (%)
Mallic acid (%)

[14]

waste valorisation by enabling the molecular analysis of
DNA, transcriptomics, proteomics, and metabolomics, thus
identifying valuable biomolecules, optimizing microbial
strains for waste conversion, and understanding the effects
of processing. This approach can lead to the development
of new functional and nutritive products from various waste
streams, fostering a circular bioeconomy that maximizes
resource value. Advanced metabolomic profiling can uncover
novel bioactive compounds from lesser-explored mango
varieties, expanding their applications in nutraceuticals
and cosmetics. Integrating proteomics, metabolomics, and
nutriomics to assess the bioavailability and stability of these
compounds during processing will enhance the nutritional
retention of functional foods. Precision fermentation and
biotransformation through microbiome research and
synthetic biology could optimize microbial strains for
producing probiotics, bioactive peptides, or biofuels from
agriculture and fruit waste. Genomic selection should focus
on improving high-value traits in mango breeding programs,
enhancing the nutritional quality of by-products. Sustainable
extraction techniques using green chemistry methods, such as
enzyme-assisted and supercritical fluid extraction, will further
improve eco-friendly biomolecule recovery. Future research
should also investigate nutrigenomics to tailor mango by-
products for personalized nutrition, targeting metabolic

pw* Innovation Forever Publishing Group Limited

diseases like diabetes and obesity. Conducting comprehensive
Life Cycle Assessments and developing circular economy
models will help evaluate the environmental and economic
impacts of mango waste valorisation, ensuring sustainability.
Expanding the application of mango by-products to non-food
sectors, such as biomaterials, bioplastics, and biofuels, could
also drive innovation across multiple industries. However,
it is essential to consider the removal of toxic materials and
anti-nutritional factors to fully capitalize on the potential of
mango waste. Addressing these areas will not only unlock the
health benefits of mango by-products but also contribute to
sustainability, economic growth, and resource efficiency.

5 CONCLUSION

The rise of omics technologies has brought about a
revolution in our understanding of biological systems
by enabling the analysis of vast datasets across multiple
biological layers. These technologies have provided a deeper
understanding of complex disorders, such as cancers, and
have expanded to include the analysis of various omics at
the epigenetic level, molecular interactions, and disease-
associated hallmarks. Their application has now extended
to the study of mango fruit components—peels, pulp, and
kernels—unlocking valuable insights into their nutritional
composition, bioactive compounds, and potential health
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benefits. Nutriomics, metabolomics, and genomics, emerging
fields that examine the relationship between nutrition
and the genome, transcriptome, and metabolome, offer
promising avenues for personalized and preventive dietary
strategies. Proteomics technologies have been employed to
identify bioactive proteins in mango kernels and other plant
tissues, illuminating their potential health benefits. These
advancements highlight the ability of omics technologies to
bridge nutrition and genomics, thus fostering innovations in
the development of functional foods and enhancing human
health.

In particular, the utilization of omics in studying mango
by-products has demonstrated their broad potential in
the food, health, and industrial sectors. By revealing their
rich content of antioxidants, proteins, fibres, and essential
nutrients, omics studies contribute significantly to mango
waste valorisation, transforming these by-products into
high-value ingredients for nutraceuticals, functional foods,
and other applications. Ultimately, the application of omics
technologies into the research of mango fruit components
holds great promise for the development of sustainable
functional food products and the efficient valorisation of
waste materials for diverse industrial uses, contributing to a
more circular and bio-based economy. This approach will not
only elevate the economic and nutritional value of mango by-
products but also drive innovation across multiple industries,
aligning with global sustainability goals.
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MPP, Mango peel powder

MSK, Mango seeds kernel
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