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Abstract

This document explores the potential
of underutilized fruits in India, focusing on
their nutritional, medicinal, and cultural
significance. These fruits, often specific to
particular regions, have faced post-harvest
challenges that hinder their widespread
utilization. To address these challenges,
innovative post-harvest processing machines
have been developed. These machines offer
tailored solutions to labour-intensive tasks,
spoilage prevention, and preservation issues.
By integrating traditional knowledge and
modern technology, these machines not only
enhance productivity and economic growth
but also contribute to the preservation of
indigenous practices. The synergy between
tradition and technology unveils a promising
avenue for harnessing the untapped potential
of underutilized fruits, promoting health,
livelihoods, and cultural heritage.
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I. INTRODUCTION

India is a land of diverse flora and fauna, a treasure trove of biodiversity. Among its
vast natural resources, fruits hold a special place. The country's tropical climate supports the
growth of a wide variety of fruits, many of which are not only delicious but also rich in
nutritional and medicinal properties. While some fruits like mangoes, bananas, and oranges
have gained immense popularity, there exists a plethora of underutilized fruits that are often
overlooked. This is particularly true in the northeastern region of India, a region known for its
unique biodiversity. These underutilized fruits have significant potential, not only in terms of
addressing nutritional needs but also in contributing to local economies and preserving
indigenous knowledge.

India's diverse agro-climatic conditions have given rise to numerous indigenous fruits
that have been part of traditional diets for centuries. However, as modern agriculture and trade
practices have evolved, the focus has shifted towards commercially viable fruits, leaving
behind several underutilized species. These fruits are often native to specific regions and
have been overshadowed by the more popular varieties. In the northeastern states of India,
this phenomenon is particularly evident due to the region's unique climatic and ecological
conditions. Many fruits that grow abundantly in this region remain relatively unknown to the
rest of the country.

The sources of underutilized fruits in India, particularly in the northeastern region, are
deeply intertwined with the region's rich biodiversity and cultural heritage. These fruits are
often native to specific ecological niches and have been cultivated or collected by local
communities for generations. The Himalayan region, for instance, is home to Myrica Nagi
(Kaiphal), a small clustered fruit with antioxidant properties (Panthari et al., 2012). The arid
and semi-arid regions host Ziziphus Mauritiana (Ber), a hardy fruit that is a source of vitamin
C and is used in various culinary applications (Patel et al., 2022). Moving further east, the
northeastern states embrace Phyllanthus Acidus (Thekera), a sour fruit used in Assamese
cuisine (Borah et al., 2023). The underutilized potential of dried Terminalia chebula
(myrobalan), a medicinal gem, is hindered by processing challenges arising from its resilient
texture, bitter taste, and fibrous composition. Tapping into its abundant benefits requires
innovative methods to preserve its nutrients and ensure consistency, addressing its status as
an underutilized resource (Pandet et al., 2017). The underutilized Dillenia indica (elephant
apple) possesses extensive medicinal value, but its post-harvest processing is hindered by
traditional methods leading to significant losses during peak seasons, necessitating the
development of suitable technologies based on the analysis of its physical properties (Nayak
etal., 2016).

Underutilized fruits possess a range of remarkable properties that make them valuable
additions to both diets and local economies. These fruits are often rich in essential nutrients,
including vitamins, minerals, and antioxidants. Their nutrient density can contribute
significantly to meeting daily nutritional requirements, potentially addressing micronutrient
deficiencies. Moreover, many underutilized fruits boast unique flavors, textures, and aromas
that can diversify culinary experiences and promote dietary variety. Beyond their nutritional
value, these fruits often possess medicinal properties that have been recognized and utilized by
local communities for generations. Some fruits exhibit anti-inflammatory, antimicrobial, or
digestive benefits, which form the basis of traditional remedies. By promoting the
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consumption of underutilized fruits, not only can the overall health of communities be
improved, but traditional knowledge and cultural heritage can also be preserved (Meena et
al., 2022).

The challenges faced in the post-harvest phase, which includes the processing and
preservation of underutilized fruits, underscore the necessity for innovative solutions. These
fruits, abundant with unexplored benefits, motivate the development of specialized
machinery. Post-harvest obstacles, such as spoilage, loss of nutritional value, and the detailed
processes of preservation, find resonance in the capabilities of machines customized for these
tasks. The combination of technology and these fruits becomes essential, where the positive
aspects of machines emerge prominently. Machines bring cost-effectiveness, offering
efficiency that can significantly reduce economic loads. The ability to operate without
extensive human engagement addresses labor- demanding processing concerns. Moreover, the
uncomplicated operational principle of machines ensures that even individuals without
specialized skills can effectively engage in post-harvest tasks. These machines, thus, serve as
a pathway to unlock the full potential of underutilized fruits, transforming challenges into
opportunities and presenting a route towards sustainable utilization, reduced wastage, and
improved livelihoods.

II. FUNCTIONAL PROPERTIES OF UNDERUTILISED FRUIT

The functional properties of underutilized fruits encompass antioxidant, anti-
inflammatory, antimicrobial, digestive health, cardiovascular support, neuroprotective
potential, and immune system enhancement benefits (Yadav et al., 2018). Understanding
these functional attributes enriches our appreciation of the potential of these fruits to
positively impact health and preservation goals.

1. Antioxidant Properties: Many underutilized fruits boast a remarkable antioxidant
capacity due to their high content of natural antioxidants like polyphenols, flavonoids,
and carotenoids. These compounds play a crucial role in reducing oxidative stress and the
risk of chronic diseases such as cardiovascular diseases, diabetes, and certain types of
cancer. The antioxidants not only contribute to human health but also aid in extending the
shelf life of these fruits, enhancing their potential for consumption.

2. Anti-Inflammatory Properties: The bioactive compounds present in underutilized fruits
often exhibit anti-inflammatory properties. These compounds can help regulate
inflammatory responses within the body, potentially mitigating chronic inflammation, a
significant contributor to various diseases. Incorporating these fruits into diets could
contribute to reduced inflammation, promoting overall health and well-being.

3. Antimicrobial Properties: Certain underutilized fruits showcase natural antimicrobial
properties, historically used for both food preservation and medicinal purposes. The
presence of antimicrobial compounds can inhibit the growth of harmful microorganisms,
improving the safety and longevity of the fruits themselves and other food products when
used as additives.

4. Digestive Health: The dietary fiber content in underutilized fruits enhances their
functional role in promoting digestive health. Fiber supports regular bowel movements,
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prevents constipation, and contributes to gut health. Specific fibers within these fruits
may also help regulate blood sugar levels and decrease the risk of type 2 diabetes.

5. Cardiovascular Support: Many underutilized fruits contain bioactive compounds that
contribute to cardiovascular health. These compounds may help regulate blood pressure,
reduce cholesterol levels, and improve blood vessel function, collectively supporting
heart health.

6. Neuroprotective Potential: Some underutilized fruits possess bioactive components with
potential neuroprotective effects. These compounds may contribute to maintaining brain
health, reducing the risk of neurodegenerative diseases, and supporting cognitive
function.

7. Immune System Enhancement: The functional attributes of underutilized fruits extend
to potential immune system enhancement. Bioactive compounds found in these fruits can
strengthen immune responses, aiding the body in defending against infections and
diseases.

II.CHALLENGES IN POST-HARVEST PROCESSING OF UNDERUTILISED
FRUIT

The challenges faced in post-harvest processing highlight the importance of
integrating design and technology into the creation of machines customized for the post-
harvest processing of underutilized fruits. Emphasizing cost-effectiveness, user-friendly
operation, and the reduction of time-consuming activities, these machines can play a pivotal
role in overcome obstacles and unlocking the complete potential of these fruits. This as a
result can significantly contribute to improving nutrition and livelihoods (Wijeratnam et al.,
1998) (Ravani et al., 2014). Incorporating some design principles into the machine's
development transforms challenges into opportunities, ultimately benefiting the socio-
economic well-being of rural communities. The machine's ability to enhance productivity,
reduce labor requirements, and minimize losses directly addresses the challenges faced in the
post-harvest processing of underutilized fruits, unlocking their full potential.

1. Limited Infrastructure and Facilities: A sustainably designed machine, utilizing
energy-efficient components, can be developed to fit within limited spaces. Its low-cost
construction and minimal maintenance requirements ensure cost-effectiveness. The
machine's automation reduces the need for extensive human intervention, addressing
labor limitations in underutilized fruit processing.

2. Lack of Knowledge and Training: A machine designed with user-friendly controls
requires minimal training. Its cost-effectiveness and ease of operation make it accessible to
individuals with varying levels of expertise. This mitigates the challenge of knowledge
gaps, allowing more people to engage in post-harvest processing.

3. Variability in Characteristics: A versatile machine with adaptable settings can sort and
grade fruits uniformly, regardless of variations. Its sustainable design incorporates
recyclable materials, aligning with environmental considerations. By minimizing manual
sorting, the machine reduces labour demands and enhances efficiency.
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Susceptibility to Spoilage: A machine designed to handle fruits gently can prevent
damage and bruising. Its energy-efficient features reduce operational costs, contributing to
cost-effectiveness. By accelerating processing time, the machine minimizes exposure to
spoilage factors and extends the shelf life of fruits.

Lack of Preservation Methods: The machine's sustainable design can incorporate diverse
preservation techniques, reducing the need for additional equipment. Its cost-effective
operation and ability to offer multiple preservation options align with resource-efficient
processing. This promotes sustainable utilization of underutilized fruits.

Market Accessibility: A mobile machine designed for rural deployment reduces the need
for long-distance transportation. Its low energy consumption and minimal resource usage
align with sustainability goals. By minimizing transportation costs and labor requirements,
the machine enhances market accessibility.

Post-Harvest Losses: Through automated processes, the machine minimizes losses
resulting from inefficiencies. Its sustainable construction materials contribute to reduced
environmental impact. By optimizing resource usage and reducing wastage, the machine
enhances both economic and environmental sustainability.

IV.INNOVATIVE MACHINES FOR OVERCOMING PRE- AND POST

HARVESTING CHALLENGES

The "Innovative Machines for Overcoming Pre- and Post-Harvest Challenges" table

showcases a range of machines developed to address specific challenges in processing various
plant sources. From toxic seed removal to delicate handling, these machines tackle issues
faced in the pre- and post-harvest phase. These innovations aim to enhance efficiency, reduce
labor, and improve overall processing outcomes, contributing to the agricultural industry's

advancement.

Table 1: Post-Harvest Processing Machines for Underutilized Fruits

Plant source Challengf:s n Developed Machine Reference
Processing
Elephant Tough core, irregular  [Foot Operated Elephant i
Apple shape Apple Core Cutter Saikia etal,, 2021
Aloe Vera lCe}i]esextractlon, thorny Aloe Vera Gel Extractor Nayak et al., 2019
Pincapple I?ehcate harv.estmg, Mechan}cal ‘Dev1ce for Kahandage ct al., 2021
time-consuming Harvesting Pineapple
Hand-Operated
Jatrp pha Hard (.)ute'r shell, manual Decorticator for Jatropha  |Pradhan et al., 2010
Fruit decorticating Fruit
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Onion Bulb .harvestmg, labor- Omog Harvesting Indraja et al., 2019
intensive Machine

Tamarind Seed extraction, labor-|Continuous Type Karthickumar et al.,
intensive Tamarind Deseeder 2015

V. CONCLUSION

India's diverse biodiversity gives rise to numerous underutilized fruits, which offer a
rich source of nutrition, medicinal properties, and cultural heritage. However, challenges in
post-harvest processing have hindered the full utilization of these fruits. To overcome these
challenges, innovative machines tailored for specific processing tasks have been developed.
These machines address issues such as labour-intensive processes, spoilage, and preservation,
transforming challenges into opportunities. By integrating technology with traditional
knowledge, these machines enhance efficiency, reduce losses, and unlock the hidden
potential of underutilized fruits. In doing so, they not only improve nutrition and health but
also contribute to sustainable utilization, economic growth, and the preservation of
indigenous knowledge. As a result, the synergy between technology and traditional practices
holds the key to harnessing the vast potential of underutilized fruits for the betterment of
communities and the agricultural industry.
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