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Introduction

Nutritional status among individuals pertains to the state of health in relation
to nutrient intake and utilisation. Maintaining optimal nutritional status is vital for
overall health, as it can affect energy levels, immune function, and disease
prevention. Unfortunately, global nutritional status presents a concerning trend, with
malnutrition impacting millions of individuals worldwide, leading to numerous
health issues and contributing to the disease burden (Narayan et al., 2019). It is
crucial for individuals to be mindful of their nutritional intake and make informed
choices to ensure their daily nutrient requirements are met for optimal health.
"Ensuring adequate nourishment for all” is a clear and prominent goal for developing
countries worldwide. Inadequate consumption of balanced nutrients can result in
various disorders, including malnutrition, which is closely associated with poverty
and has global repercussions. This condition stems from an unbalanced diet where
certain nutrients are deficient or consumed improperly. 1/3™ of the population in the
world is affected by malnutrition, underscoring its substantial impact (Nordin et al.,
2013).

India accounts for nearly one-third of the global population of malnourished
children. (Mansuri and Latif, 2023). Despite India's significant economic growth
over the past decade, the nutritional status of its population has yet to improve
sufficiently. Recent research indicates that although India has doubled its economic
growth rate in the past ten years compared to the previous decade, it still owns the
largest share of the world’s undernourished population (Shahnawaz and Singh,
2014). The Global Hunger Index 2018 positioned India at 103rd among 119 nations,
highlighting the concerning state of undernutrition.

Thus, incorporating diverse fruits, vegetables, whole grains, and lean
proteins into one's diet can help ensure a well-rounded nutritional profile (Cena and
Calder, 2020). To mitigate the impact of chronic illnesses and improve the health

outcomes of vulnerable populations, it is imperative to take action against the root
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causes of inadequate nutrition and assist people and families in making better choices
(Gropper, 2023).

In relation to this issue, it is vital to emphasise that vegetables and fruits are
fundamental elements of our daily diet. Fruits have long served as a natural and
nutritious source of sustenance, playing a pivotal role in promoting human health
(Hazarika et al., 2012). They supply essential vitamins and minerals, carbohydrates,
proteins, fibres, organic acids, and bioactive compounds such as secondary
metabolites. Inadequate consumption of fruits has been associated with various
health related issues. On the other hand, regularly ingesting fruits and their by-
products decreases the manifestation of various diseases including cardiovascular
ilinesses and cancer. (Hall et al., 2009). Integrating a diverse range of fruits and
vegetables into one's diet might assist in attaining a comprehensive diet by supplying
essential elements that could otherwise be deficient.

Fruits are renowned for their nutritional advantages, characterised by their
low calorie and fat content, as well as their abundance of vital elements such as
vitamins, minerals and dietary fibres (Karasawa and Mohan, 2018). A fruit-rich diet
may significantly enhance overall health by supplying vital elements such as
phytochemicals, fibres, vitamins, and minerals (Shi et al., 2022). These bioactive
compounds, which include alkaloids, glycosides, flavonoids, saponins, and tannins
derived from fruits, have been demonstrated to possess numerous beneficial health
effects and are known for their protective and restorative properties, including anti-
carcinogenic, cardio-protective, anti-inflammatory, neuro-protective, anti-allergic,

gastro-protective, anti-obesity, and anti-diabetic effects (Sultana et al., 2023).

In recent years, there has been an increasing trend to take non-conventional
plant species as potential sources of alternative foods and medicines. The presence of
low concentrations of bioactive compounds within these plants has been
demonstrated to exert positive effects on human health, leading to a burgeoning
scientific focus in this area (Abdulhadi et al., 2023). Scientific inquiries have
revealed that interventions in dietary patterns and lifestyle choices can delay the onset

and mitigate the severity of age-related diseases (Dretcanu et al., 2022). As a result,
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attention has been resurgent towards health-promoting plant varieties and their
derivatives, particularly in fruit-bearing trees exhibiting nutraceutical potential.
Among these, underutilized fruits are of particular interest due to their capacity to
facilitate improvements in human health, characterised by anti-inflammatory, anti-
microbial, metabolic syndrome, and anti-cancer properties (Al-Soufi et al., 2022).

Underutilized fruits refer to those that are not extensively utilised, have
limited availability, or are specific to certain regions. They lack a coordinated
cultivation framework nor prepared using established techniques. These fruits
typically experience seasonal demand and face low marketability due to external
appearances or poor storability (Kumari et al., 2024). These fruits are rich in
bioactive compounds, making them potential sources for nutraceutical development.
Despite their potential, much of the biodiversity of underutilized fruits remains
undocumented (Kell, 2009). They are often referred to as uncommon or hidden
hunger fruits. The nutritional benefits of underutilized fruits depend on factors such
as nutrient profiles, bioactive phytochemicals, organoleptic attributes, disease
preventive and therapeutic properties. These fruits possess significant bioactive
components that have the potential to provide health advantages and may be used to
produce nutraceuticals (Nezbedova et al., 2021). In tropical horticulture, exotic local
fruits are valuable for various compounds, including secondary metabolites with
antioxidant, anticancer, anti-inflammatory activities, and p-carotenes and
carotenoids. Therefore, focusing on underutilized fruits may contribute to the food
and nutritional security of minority groups and enhance the livelihood of
marginalised populations in remote and hilly terrains by exploring their cultivation
and commercial potential (Berni et al., 2019).

The diverse geographical features of India have a wide range of flora and
fauna. India is a major producer of fruit crops, boasting over 150 fruit species.
Tropical fruits have been a critical component of traditional medical systems viz.
Siddha, Ayurveda, and Unani (Donno et al., 2018). Despite India contributing 10.9
% of global fruit production, numerous underutilized fruit crops are yet to be
commercially explored. Many of these fruits are already extinct because of the

introduction of high-yielding varieties of economically important fruits. These
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underutilized fruits typically refer to fruits that are not prioritised as horticultural

crops and are not commercially available (Deb et al., 2019).

India, particularly in the eastern himalayan region of the Indo-Burma
biodiversity hotspot, holds significant importance in relation to species diversity and
endemism. The northeastern part of India, rich in genetic variability and diversity of
horticultural crops, is considered a critical biodiversity hotspot. This region is also

recognised for its ethnic diversity and traditional culture (Bora et al., 2024).

The Northeastern regions of India own a rich diversity of wild edible fruits,
thanks to the varied topography, altitude, soil, and climate. Many of these fruits are
found in natural forests or homestead gardens. This region also boasts one of the
highest forest coverage percentages in the country, with Mizoram having the highest
forest cover percentage at 84.53% (ISFR 2021). These fruits provide essential
nutrients, including vitamins, minerals, carbohydrates, proteins, and fats, and have
historically been important for fulfilling the nutritional requirements of rural tribal
communities. The tribal population in the northeastern states has been consuming
these fruits for generations without fully understanding their nutritive and medicinal
value (Pachuau and Dutta, 2020; Talang et al., 2023). Despite the availability of
several underutilized fruits, pressure on land due to increasing population and
prevailing shifting cultivation in these regions has led to their under-exploitation.
Due to a lack of awareness of their potential, many underutilized fruits remain
untapped. Therefore, there is a pressing need for the scientific community to explore
the genetic resources of these rare plants. Analysing these fruits' biochemical,
nutritional, antioxidant, and nutraceutical properties could pave the way for the
development of new food and health products by the food and pharmaceutical
industries (Chakravarty et al., 2016).

Mizoram, located in northeastern India, has around 25 distinct tribes with
unique cultures, languages, and traditions. This region boasts a rich biodiversity,
particularly in underutilized plant species, including various fruits (Sibiya et al.,

2021). Renowned for its abundant phyto diversity, Mizoram is a treasure trove for
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several fruits grown in nature without commercial cultivation. The genetic diversity
among the Mizo people, influenced by their diverse cultural practices, languages, and
geographical location, has significantly enriched the flora and expanded the list of
underutilized indigenous fruits, further contributing to the existing genetic resources.
Abiotic stresses, seasonal availability, low yield, and the absence of cultivation
practices have limited the domestication and commercialisation of certain fruits,
relegating them to underutilized status, primarily valued for nutrition and
sporadically for their ethnomedicinal properties. Despite various ecological
challenges, a few fruits have piqued local interest, likely due to their ready
accessibility or palatable taste, and are supporting some commercial activity (Welch,
2022). The people in Mizoram primarily rely on traditional food sources, mainly
green plants such as leaves, stems, and flowers, as well as wild edibles and certain
fruits. Despite the abundance of fruits, they are rarely consumed due to their poor
taste, as people prefer widely grown fruits. Throughout history, local tribes have used
wild fruits and other plant parts, such as leaves, barks, stems, and tubers, to prepare
traditional foods, a practice sustained mainly among the elders (Oyenihi et al., 2022).
Incorporating indigenous plants known for their nutritional and antioxidant
properties is a safe and effective approach. Mizoram, with its diverse ethnic minority
population, harbours a wide variety of unique and nutritionally valuable wild and
underutilized fruits, making it an ideal location for researching the nutrient profiling,
nutraceutical, functional food compounds, and antioxidant properties of such fruits
(Ralte et al., 2021). Moreover, cultivating and consuming underutilized fruits can
significantly benefit the local economy and environment. By promoting the growth
and utilisation of these fruits, communities in Mizoram stand to gain from increased
agricultural diversity and economic opportunities. Furthermore, given the fruits'
adaptability to local climate and soil conditions, their cultivation can support
sustainable farming practices and environmental conservation efforts.

Functional food components consist of essential nutrients such as vitamins,
minerals, healthy fats, and fiber, helping to defend against deficiencies. These food
components also include bioactive compounds like antioxidants, probiotics, and

phytochemicals, which can play a role in reducing the risk of chronic diseases
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(Gropper 2023). Probiotics and dietary fiber in functional foods support gut health,
thereby improving digestion and nutrient absorption. Including various functional
foods can contribute to overall well-being and health by providing a wide range of
beneficial nutrients. Bioactive compounds such as antioxidants, polyphenols, and
flavonoids offer protective health benefits, potentially lowering the risk of
degenerative diseases and supporting overall well-being. Research indicates that
phytochemicals may contribute to the prevention of chronic diseases, thus enhancing
public health. There is growing evidence that underscores the significance of these
micronutrients for human health (Vasco et al., 2008; Veer and Singh, 2019).

Fruits serve as a significant source of dietary antioxidants (Liu, 2003; Kolar
et al., 2011), highlighting the need for increased consumption in contemporary diets
(Hall et al., 2009). The overall antioxidant activity of fruits is primarily due to the
additive and synergistic effects of intrinsic phytochemicals, particularly phenolic
compounds (Liu, 2003; Cartea et al., 2011). Numerous natural antioxidants,
particularly flavonoids, demonstrate a range of biological effects, such as
antibacterial, antiviral, anti-inflammatory, anti-allergic, anti-thrombotic, and
vasodilatory actions (Cook and Sammon, 1996). Antioxidant activity is a crucial
characteristic essential for a healthy life. This property underlies numerous biological
functions, including anti-mutagenicity, anti-carcinogenicity, and anti-ageing (Cook
and Samman, 1996; Huang et al., 1992). Beyond their antioxidant properties,
phytochemicals provide additional unique beneficial toxicological and
pharmacological effects in humans. Therefore, assessing the free radical scavenging
activity and phytochemical composition of fruits reveals the potential health benefits
associated with their consumption (Liu, 2003; Pisoschi et al., 2009; Vera de Rosso,
2013). Natural sources of antioxidants, including fruits and vegetables, are more
beneficial to health compared to synthetic alternatives or supplements (Liu, 2003).
The presence of various phytochemicals, including phenolics, thiols, carotenoids,
anthocyanins, and tocopherol, has been proposed to provide chemopreventive
(Dragsted et al., 1993) and cardioprotective (Vita, 2005) effects, in addition to
safeguarding the human body from oxidative damage caused by free radicals

(Halliwell, 1997). Antioxidants play a significant role in deciding the pharmaceutical
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effect of plants and making them potent drugs against chronic diseases. These
antioxidants are taken in our diet from plant compounds, which is a rapid and
straightforward method. (Robinson et al., 2017)

Cancer is a prominent contributor to mortality rates and a significant obstacle
to improving life expectancy worldwide. Cancer is an assortment of disorders
marked by various genetic and cellular abnormalities that lead to unrestrained cell
proliferation, invasion, and progression (Hanahan & Weinberg, 2000). According to
2019 estimates from the World Health Organisation (WHO), cancer is recognised as
the main or additional cause of death for individuals under 70 in 112 of 183
countries. According to GLOBOCON 2020, data were obtained from 185 countries
encompassing 36 different forms of malignancies; approximately 19.3 million new
cancer diagnoses and 10 million cancer-related deaths occurred worldwide (Deo et
al., 2022). Although all types of cancer pose a tremendous health fatality, among
them, lung cancer is a highly fatal form of cancer that has a significant impact on
both rates of morbidity and mortality (Ellis et al., 2015). The elevated mortality rate
and unfavourable prognosis are attributed to challenges in early diagnosis and the
significant capacity for local invasion and distant metastasis. Lung cancer accounted
for 1.6 million deaths globally in relation to all cancer-related fatalities (Torre et al.,
2015). The A549 cell line comprises hypotriploid alveolar basal epithelial cells. The
establishment of this cell line was first accomplished by Giard et al. (1973) by the
extraction and cultivation of lung carcinoma tissue from the excised tumour of a 58-
year-old Caucasian man. These cells proliferate as a single layer in a laboratory
setting and are often used to evaluate the anticancer effects of various plant extracts
in vitro (Kumar et al., 2017).

The recognition of natural products as potential anti-cancer agents began in
the 1950s at the U.S. National Cancer Institute, which initiated a large-scale
screening program utilising leukemic mice. Subsequently, in 1985, an in vitro
screening panel was established, comprising over 60 distinct human tumour cell
lines. Over the past fifty years, the majority of novel clinical applications of plant

secondary metabolites and their derivatives have focused on cancer treatment (Asma
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et al., 2022). Plants and natural products remain a significant reservoir of anti-cancer
substances because of their safety, effectiveness and reduced adverse effects. Since
the beginning of ancient medicine, plant-derived chemical substances have been used
to treat human ailments. Over the last three decades, there has been a growing
interest in natural products which possess the potential as innovative agents for
the prevention and treatment of cancer (Newman, 2008; Newman et al., 2003). There
have been reports of over 3000 plants from around the world possessing properties
that may be effective against cancer. On a global scale, using plant-derived products
for cancer treatment ranges from 10% to 40%, increasing to 50% among Asian
patients (Solowey et al., 2014). The current clinical application includes four primary
categories of plant-derived anticancer agents: Catharanthus alkaloids,
epipodophyllotoxins, taxanes, and camptothecins. Catharanthus alkaloids and various
semi-synthetic derivatives induce metaphase arrest, inhibiting mitosis through
binding to tubulin specifically, which leads to its de-polymerization (Okouneva et
al., 2003). Vinblastine and vincristine were isolated from Catharanthus roseus (L.),
G. Don (Apocynaceae), previously known as Vincarosea L, and have been utilised in
clinical settings for over 40 years (Jacobs et al., 2004). Epipodophyllotoxins interact
with tubulin, leading to DNA strand breaks in the G2 phase of the cell cycle through
the irreversible inhibition of DNA topoisomerase 1l (Damayanthi and Lown, 1998).
Podophyllotoxin was extracted from the resin of Podophyllum peltatum L.
(Berberidaceae) (Gordaliza et al., 2004). Due to its high toxicity in mice, derivatives
were developed, with etoposide being the first podophyllotoxin-derived drug
approved for clinical use (Damayanthi and Lown, 1998).

The available information on the nutrient composition, functional food
components, antioxidants and anticancer properties of commonly consumed fruits
are widely reported. However, very little data is accessible regarding the above
aspects of underutilized fruits in the country. These fruits may contain substantial
levels of phytochemicals and distinct compounds that confer health benefits. Their
level of antioxidant capacity could potentially surpass that of the more extensively

studied fruits. In light of this background information, the current investigation aims
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to explore the nutrient composition, functional food components, and antioxidant
properties of selected wild edible fruits in Mizoram, North-East India.

The proposed research aimed to comprehensively analyse the state's nutrient
composition, functional food components, and anticancerous and antioxidant
properties of certain underutilized fruits. This study will significantly enhance our
understanding of these fruits and assist their genetic resource management and
mainstreaming. The findings will provide valuable insights for researchers to pursue
more in-depth studies on these fruits and aid policymakers in developing targeted
development programs for this area.

Taking into account the background information mentioned above, the
current study aimed to address the following objectives:
1.2 Objectives
1. To analyse the nutrient composition of selected underutilized fruits.
2. To analyse the functional food components of the selected underutilized
fruits.
3. To evaluate the anti-cancerous and antioxidant properties of the selected

fruits.
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Review of Literature

The discovery of wild fruits in remote areas offers valuable sustenance and
economic opportunities for indigenous communities, yet these fruits are often
overlooked and underexploited. There is significant economic potential in these fruits
and opportunities for sustainable harvesting and commercialization within local
communities in Mizoram, north-east India. This research emphasizes the need to
conserve and promote the consumption of underutilised fruits for both nutritional and
economic purposes in Mizoram NE India.

This literature review covers various aspects of investigating underutilized
fruit species from different parts of India and the world.

2.1 Nutrient composition of selected underutilized fruits

Sundriyal and Sundriyal (2001) conducted a study analysing the nutritional
values of 27 commonly consumed wild edible plants in the Sikkim Himalaya. Of the
27 plant species examined, 22 were found to have edible fruits, while five had edible
leaves and shoots. The crude fibre content exhibited significant variation among
different species, with values ranging from 2.15% to 39.90%. The total soluble salts
ranged from 4.66% to 21.0%, and the vitamin C content varied from 6 to 286 mg per
100 g. The carbohydrate content in the fruits of various wild edibles exhibited
significant variation, ranging from 32.00% to 88.00%. The reducing sugar content
varied between 1.25% and 12.42%, whereas the total sugar content ranged from
2.10% to 25.09%. The lignin content ranged from 9.05% to 39.51%, hemicellulose
content from 25.63% to 55.71%, and cellulose content from 9.57% to 33.19% across
various species.

Seal (2011) analysed the nutritional values of few wild edible fruits from
Meghalaya and explored their significance in ethnobotany. According to his findings,
fruits are a significant source of fats, protein, carbohydrates, and calories. Wild fruits
were rich in potassium, followed by calcium and sodium. They are also a great

source of micronutrients like zinc, iron, copper, manganese, and chromium.
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Nandal and Bhardwaj (2014) investigated the role of underutilised fruits in
enhancing the nutritional and economic status of tribal communities. The use of
underutilised horticultural crops can potentially mitigate social issues including
health and nutrition insecurity, poverty, and unemployment. Investigating lesser-
known fruit crops is essential for meeting the nutritional requirements of
marginalised communities, especially those facing economic challenges.
Underutilised fruits, nuts, and vegetables provide a rich source of carbohydrates, fats,
proteins, energy, vitamins, and minerals, as well as dietary fibre. Consequently, they
possess the nutritional potential to effectively address and manage a range of health
conditions, such as kwashiorkor, marasmus, night blindness, diabetes, anaemia,
hypertension, cancer, and hidden hunger. Consuming seasonal, locally sourced, and
affordable fruits is acknowledged as a means to sustain health and nutritional
security.

Vino and Harshita (2016) examined the lesser-known fruits in India and
found that these fruits are not only affordable but also packed with essential
nutrients. The local tribes have been utilising these plants for their medicinal and
therapeutic benefits, effectively treating various ailments. In traditional Indian
medicine and ayurveda, multiple fruits, seeds, and plant leaves are utilised as healing
foods which possess significant nutritional and medicinal properties. Thus, they have
an impressive ability to thrive in challenging climates.

In an investigation conducted by Cheema et al. (2017), they examined the
nutritional value of specific underutilised fruits from the Terai region of Uttarakhand,
India. The protein content was elevated in Solanum nigrum, Broussonetia papyrifera,
and Aegle marmelos. Simultaneously, Terminalia bellerica, Ficus racemosa, and
Artocarpus heterophyllus exhibited high lipid content. The observed range of
reducing sugars was 1.1% to 68.2%, whereas non-reducing sugars varied from 0% to
6.4%. The analysis of vitamins indicates that Emblica officinalis and Pithecellobium
dulce possess elevated ascorbic acid levels, while Broussonetia papyrifera and Ficus
palmata exhibit significant riboflavin content. Additionally, Artocarpus lakoocha

and Solanum nigrum were noted for their high thiamine concentrations.
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Rajalakshmi et al. (2017) analysed the nutritional parameters of three wild
edible fruits. These fruits, namely Syzygium jambos, Trema orientalis, and Rubus
ellipticus, were collected from the natural strands of the Nilgiris in Tamil Nadu. The
total ash content of Rubus ellipticus was 4.02 + 0.16 %. Trema orientalis had the
highest levels of total carbohydrates, fats, fibre, and vitamin A, while Syzygium
jambos had higher protein content and vitamin C.

Amadi et al. (2018) investigated the nutrient and phytochemical composition
of various parts of the jackfruit (Artocarpus heterophyllus). The study demonstrated
that jackfruit seeds contained significantly elevated levels of fat (4.29 + 0.12 %),
crude protein (10.09 = 0.11 %), and carbohydrate (7.89 + 0.13 %). The jackfruit
leaves exhibited significantly elevated levels of crude fibre (4.91 = 0.06 %) and ash
(253 = 0.06 %). The analysis of micronutrient composition indicates that the
potassium content in jackfruit pulp was significantly higher at 0.33 mg per 100 g.
The vitamin C content was significantly elevated at 2.1 mg 100 g*, while the zinc
content was also notably higher at 9.28 mg 100 g™*. The amount of calcium in the
leaves was higher at 0.52 mg 100 g*. The manganese concentration was 12.75 mg
100 g, while the iron concentration was 59.50 mg 100 g*.

Acharya (2018) conducted the biochemical profiling of Citrus macroptera, an
underutilized citrus species in north-eastern India. The analysis revealed the fruit's
nutrient composition, including carbohydrates (40.5 g 100 g?), crude fibre (1.4 g 100
g), ascorbic acid (50 mg 100 g?), total carotene (14 ng 100 g*), anthocyanin (10
mg 100 g?), flavonoids (0.30 mg 100 g*), total phenolic content (0.10 mg 100 g™),
and total protein (1.5 g 100 g?).

A study by Raj (2018) assessed the food and nutritional potential of the wild
edible fruit Alangium salviifolium ssp sundanum (Mig.) Bloemp, utilised by the Kani
tribe in the Southern Western Ghats. The findings indicated that the fruits possess a
high moisture content of 83.9 + 1.49 % and a carbohydrate content of 11.67 %. The
fruit contains 62.46 mg of ascorbic acid, 0.71 mg of vitamin E 100 g, and has an
energy value of 81 kcal 100 g. The research indicated that the fruit contains a

significant amount of anthocyanin, quantified at 157.37 mg 100 g™*.
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Bhutia et al. (2018) analysed the chemical composition of various wild edible
fruits of Sikkim. Their study revealed that Machilus edulis had highest fat content
21.5 £ 0.02%. Prunus cerasoides contained highest protein (10.0 = 0.6%).
Castanopsis hystrix was the least acidic (0.5 %), whereas Elaeocarpus sikkimensis
was the highest (4.2 %). Diploknema butyracea had the maximum TSS (18 °Brix),
while Machilus edulis had the lowest (3.55 ©Brix).

In a study by Islam et al. (2018) in Tripura, they analysed six types of
monkey jackfruit (Artocarpus lakoocha Roxb.). The biochemical analysis showed
that Type-5 had the highest moisture content (87.11 %), Type-6 had highest TSS
(20.20 ©Brix), with TSS/acid ratio of 23.22 and lowest acidity 0.87%. Additionally,
Type-4 exhibited the highest content of ascorbic acid (182.04 mg 100 g?).

The proximate study carried out by Kabra and Baghel (2018) revealed that
Myrica esculenta fruit had greater levels of moisture content, carbohydrates and
crude lipids with values of 72.33 + 0.23%, 4.93 £+ 0.06%, and 78.03 £ 0.14%
respectively. In contrast, Myrica esculenta leaves had lower levels of moisture
content, carbohydrates and crude lipids with values of 3.54 + 0.11%, 1.38 + 0.54%,
and 46.19 £ 0.21%, respectively. The leaves had greater levels of total ash, crude
fibre, and crude protein, with values of 8.3 = 0.28%, 22.45 + 110.17%, and 10.55 +
0.22%, respectively. In comparison, the fruit had lower levels of total ash, crude
fibre, and crude protein, with values of 2.18 + 0.02%, 5.22 + 0.08%, and 9.62 *
0.03% respectively. Therefore, the research concluded that the leaves and fruits of
Myrica esculenta have the potential to be a beneficial nutraceutical supplement and a
cost-effective source of critical nutrients for the human diet.

Pandey et al. (2018a) conducted the nutritional composition of Eleaocarpus
sikkimnesis and Baccaurea sapida. The study found that Eleaocarpus sikkimnesis has
a greater calorific value (389.56 +3.29 kcal 100 g!) compared to Baccaurea sapida
(377.44 + 3.26 kcal 100 g1). The dry matter content of Eleaocarpus sikkimnesis was
found to be 31.33 + 0.40 %, while the crude protein content was 6.93 £+ 0.03% and
the carbohydrate content was 88.17 + 0.80 %. Baccaurea sapida exhibited greater
levels of ash content (3.59 £ 0.72 %), fibre (3.60 £ 0.03 %), and crude fat (1.24 £
0.09 %).
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Pandey et al. (2018b) analysed the nutritional composition and
phytochemical content of two lesser-known fruits, Spondias axillaris and Eriolobus
indica, originating from Sikkim Himalaya region. The fruit of Spondias axillaris
exhibited elevated levels of dry matter (21.40 = 0.43 %), crude protein (6.31 £ 0.58
%), and crude fat (2.10 + 0.28 %) in comparison to Eriolobus indica. Eriolobus
indica exhibited elevated levels of fibre (4.57 + 0.06 %), total carbohydrate (89.06
0.52 %), and energy value (393.14 + 1.96 kcal 100 g™).

Rana et al. (2018) conducted a research to assess the nutritional value of five
wild edible fruits viz, Rubus ellipticus, Rubus paniculatus, Benthamidia capitata,
Coriaria nepalensis, and Pyracantha crenulate. The research revealed that
Pyracantha crenulata and Coriaria nepalensis had the greatest carbohydrates (80.71
g 100 g?) and protein (10.49 g 100 g*). The most significant values for fat, sugar,
and energy content were observed in Rubus paniculatus, with 4.56 g of fat, 27.95 g
of sugar, and 373.28 Cal 100 g, respectively. The research found that these wild
fruits have high nutritional content and they might be utilised as supplemental food
in mountain regions and should be encouraged to protect and improve their genetic
variety.

Soe and Lin (2018) examined the nutritional composition of Dillenia indica L
fruit. Their study revealed that the fruit is a good source of protein (1.58%), fat
(8.00%), fibre (29.32%), carbohydrate (43.23%), moisture (12.16%), and ash
(5.71%). The ripe fruit was found to have an ascorbic content of 19.81 mg 100 g* of
fresh sample.

Surya et al. (2018) conducted a nutritional study of five distinct wild Rubus
species. The findings indicate that Rubus fraxinifolius has the greatest concentration
of total carbohydrate (11.48%), sugar (5.05 g 100 g? of fruits), and calorie content
(45.92 calories). The raw fibre content of Rubus chrysophyllus was the highest (8.43
%). The ripening fruit of Rubus fraxinifolius (stage I1) had the largest amount of
vitamin C (83.65 mg 100 g?). Conversely, Rubus rosifolius reported maximum
content of vitamin C (54.30 mg 100 g™2).
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Loukrakpam et al. (2019) analysed the nutritional and phytonutrient
composition of Rhus semialata. The fruit had protein (8.13 %), fat (16.70 %), ash
(2.86 %), total dietary fibre (44.91 %), and carbohydrate (24.29 %).

Sibiya et al. (2020) investigated the mineral composition of several
indigenous wild fruits from southern Africa. The study identified substantial levels of
potassium and calcium in the majority of fruits, with concentrations varying from
522 to 14,289 mg/kg. Cordyla africana is distinguished among fruits for its
remarkable mineral content. Various fruits, such as Dovyalis longispina, Manilkara
mochisia, Garcinia livingstonei, and Syzygium guineense, exhibit significant levels
of vitamin A.

Abifarin et al. (2021) analysed the nutritional composition and antinutrient
content of Heteromorpha arborescens (Spreng.) Cham. & Schltdl leaves. The study
revealed that the leaves comprised several constituents: total ash (8.5 %), crude fat
(4.92 %), moisture (8.41 %), crude protein (15.74 %), crude fibre (21.48 %),
carbohydrates (40.95 %), and an energy value of 271.04 kcal 100 g. The leaves of
H. arborescens exhibited elevated levels of potassium, calcium, and iron. Substantial
amounts of Mg, Mn, Na, P, Cu, and Zn were identified. It contains substantial levels
of vitamins A, C, and E. Antinutrients such as phytate, oxalate, saponin, and
alkaloids were found in non-toxic concentrations, with the exception of saponin,
which was identified at a moderately elevated level. The findings indicate that the
leaves of H. arborescens are rich in nutrients and may serve as a beneficial
component of daily nutrient consumption.

Bayang et al. (2021) examined the distinctions in physical properties,
nutritional content, and bioactive components between dried and fresh wild edible
fruits across twenty-three species from the northern region of Cameroon. A
significant difference was observed among twenty-eight fruits. Ziziphus mauritiana
and Ziziphus spinachristi exhibited the highest dry matter content among both dry
and fresh fruits, recording values of 99.39 g 100 g and 56.78 g 100 g, respectively.
The dry and fresh forms of Phoenix reclinatum demonstrated markedly higher
carbohydrate content, measuring 52.34 g GE 100 g and 60.95 g GE 100 g%,

respectively, compared to the other fruits. Balanites eagyptiaca had significantly
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higher protein value of 165.98 mg 100-g among dry fruits, whereas Phoenix
reclinatum had a lower amount of protein 124.17 mg 100 g among fresh fruits. In
addition, dried fruits exhibited greater energy content (ranging from 141.08 to 244.50
Kcal/100g) compared to fresh fruits (ranging from 39.70 to 307.48 Kcal/100g), with
the exception of Phoenix reclinatum and Hyphaene thebaica. The current research
demonstrates that the wild edible fruits available in the Far North region of
Cameroon serve as excellent novel sources of bioactive and nutritional components.
Therefore, their regular intake may be used to combat malnutrition, maintain good
health, and avoid a range of illnesses. Moreover, they may serve as novel food
constituents for the aim of food composition.

Peduruhewa et al. (2021) reviewed the potential of underutilized wild edible
plants found in Sri Lanka as a food source for the future. Their studies indicated that
underutilized wild food plants have significant nutritional value. These plants
provide a great reservoir of protein, fat, fibre, vitamins, carbohydrates, minerals, and
antioxidants. In addition to its nutritional properties, several scientific research
conducted worldwide have established this substance's therapeutic and
pharmacological significance. Underutilized species of wild food plants exhibited
constant productivity even in the face of unfavourable circumstances and limited
resources. Hence, it is essential to focus on fostering the cultivation, processing, and
pharmaceutical manufacturing of underutilized wild food plants.

Meena et al. (2022) investigated 19 underutilised fruits that exhibit resilience
to climate conditions in arid and semi-arid regions of India. The crops encompass
lasora, Indian gooseberry, bael, khejri, karonda, wood apple, custard apple, jharber,
kair, tamarind, Jamun, mahua, pilu, chironji, manila tamarind, mulberry, Indian
jujube, timroo and khirni. The researchers concluded that these underutilized fruits
possess excellent nutritional properties, containing a high concentration of

phytochemicals and exhibiting medicinal value.

Kamdem Bemmo et al. (2023) studied the nutritional value, physicochemical
properties and antioxidant properties of the pulp and seeds of jackfruit (Artocarpus

heterophyllus) from the eastern forests of Cameroon. The results indicated that the
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pulp of jackfruit exhibited moisture content of 89.85 % + 0.49, which was
significantly greater than that of the seeds at 60.07 % £ 0.12. The jackfruit pulp pH
was (5 = 0 °B) which was significantly lower compared to the seeds (6 + 0 °B).
Jackfruit pulp exhibited higher content of carbohydrates (54.39 % + 0.47) compared
to the seeds (49.01 % + 0.43). The protein content (18.35% = 0.04) was lower for
jackfruit pulp, when compared to the seeds (21.66 % * 0.31). The jackfruit pulp
exhibited maximum mineral contents of K (848 mg/100 g + 10.34) and Na (69.53
mg/100 g £ 0.12). In contrast, the seeds contained maximum levels of Ca (132
mg/100 g £ 9.42), Mg (43.73 mg/100 g £ 9.12), and P (101.51 mg/100 g + 4.02). All
extracts contained antioxidant compounds, specifically phenols and flavonoids, as
well as antioxidant activities. In conclusion, jackfruit has the potential to enhance the

nutritional status of populations in eastern Cameroon.

Kanfon et al. (2023) studied the ethnobotanical and nutritional significance of
the pulps, leaves, seeds, and kernels of Tamarindus indica L. Their study revealed
that pulp of Tamarindus indica L. contains 60.99 g of sugars, 4.05 g of raw ash,
18.40 g of tartaric acid, and 6.12 g of total fibre in 100 g. Tamarindus indica L. seeds
contain significant amounts of protein (20.21g), potassium (217.04mg), calcium
(45.33mg), magnesium (31.32mg), and iron (14.28mg). These parts of fruits possess
a well-balanced composition of a-amino acids and secondary metabolites.

Angami et al. (2024) evaluated the nutritional value and
antinutritional compositions of wild edible fruits from the eastern himalayas.
Elaeagnus umbellata exhibited a high concentration of soluble solids (24.50 +
0.41°Brix), free fatty acids (67.79 + 1.75 mg KOH g™), and vitamin A (136.22 +
1.44 mg 100 g!). Terminalia chebula exhibited significant reducing sugars (8.38 *
0.07%) and total flavonoids (445.20 + 1.18 mg 100 g1). Spondias pinnata exhibited
elevated levels of total carbohydrates (12.51 *+ 0.22%) and vitamin C (74.16 + 5.33
mg per 100 g). Castanopsis hystrix exhibited highest starch content (1764.84 + 8.85
mg 100 g-1) and cellulose (711.62 + 7.68 mg 100 g-1), while Machilus edulis
demonstrated a significant fat content (36.44 + 1.23%). Canarium strictum exhibited
the highest concentration of phenols among the studied plants, measuring 902.00 +

5.72 mg per 100 g. Terminalia chebula exhibited the highest tannin content (1059.33
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+ 17.46 mg 100 g1), while Streblus asper showed the highest alkaloid concentration
(274.27 + 6.31 mg 100 g1). Castanopsis hystrix recorded the highest cyanogen level
(31.04 = 1.28 mg 100 g1), and Viburnum foetidum had the highest phytic acid
content (10.64 + 0.30 mg 100 g!). The results indicate that all analysed fruit species
display both nutritional and antinutritional properties, rendering them potentially
beneficial for the nutraceutical and pharmaceutical industries.

2.2 Functional food components of the selected underutilized fruits

Khomdram et al. (2014) found that Phyllanthus emblica exhibited the highest
concentration of ascorbic acid, (375.68 + 110.6 mg 100 g!). Spondias pinnata
exhibited (86.16 +11.04 mg 100 g*), while Citrus phouheiri displayed the lowest
concentration (36.33 +6.56 mg 100 g!). The ascorbic acid levels in these fruits
exhibited a strong correlation with their I1Cso values, with correlation coefficients (r)
of -0.940, -0.924, and -0.915, respectively. Elaeagnus pyriformis, Elaeocarpus
floribundus, Prunus armeniaca, Punica granatum and Prunus persica demonstrated
substantial levels of ascorbic acid, which correlated with their 1Cso values. The
correlation coefficients (r values) were -0.896, -0.864, -0.726, -0.726, -0.703, and -
0.704, respectively. This suggests a correlation between antioxidant activities and
ascorbic acid content.

Fungo et al. (2015) examined the nutritional and bioactive component levels
in Trichoscypha abut, Baillonella toxisperma, and Pentaclethra macrophylla from
Cameroon. They reported that Trichoscypha abut was a valuable reservoir of
bioactive substances, including flavonoids, polyphenols, proanthocyanins, vitamin C,
and total oxalates. P. macrophylla had high concentration of total fat, protein, fibre,
and some beneficial components, including vitamin E and proanthocyanins. B.
toxisperma possessed a significant amount of carbohydrates, potassium, and calcium.

Mann et al. (2015) investigated the bio-protective properties of the
underutilised Myrica esculenta Buch.—-Ham. ex D. Don fruit from Meghalaya. The
study demonstrated that the fruit had notable concentrations of phenolic, flavonoid,
and flavonol compounds of 26.21+0.1 GAE ug/mg, 38.00+0.5 RE pg/mg, and
122.75+0.1 RE pg/mg, respectively. The MeOH extract demonstrated a dose-

dependent radical scavenging activity, achieving maximum inhibition of 91.91+0.2%
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for DPPH and 82.57£2.9% for ABTS. The GC/MS analysis identified multiple
compounds, such as 4H-Pyran-4-one, pentadecanoic acid, 2-furancarboxaldehyde,
phytol, and hexadecanoic acid. The compounds demonstrate potential antimicrobial
and antioxidant properties. LC-MS data reveals the presence of ferulic and gallic
acid, indicating their potential role in the compound's anticancer properties. The
MeOH extract of Soh-phie fruits may serve as a valuable resource for the food
industry, functioning as a natural antioxidant and preservative.

In another study, Vino and Harshita (2016) examined the potential of
underutilized fruits in India. Their findings suggest that these fruits are affordable
and packed with essential nutrients. It is widely acknowledged that these plants
possess medicinal and therapeutic properties, which indigenous communities have
utilised to treat a range of ailments. In Indian traditional medicine and ayurveda,
various plants' fruits, seeds, and leaves are utilised for their healing properties. Minor
fruits, often called 'less known fruits' or ‘underutilized fruit', possess significant
nutritional and medicinal properties. Thriving under challenging weather conditions,
these organisms demonstrate remarkable adaptability and tolerance. These
underutilised fruits have the potential to contribute to sustainable agriculture.

Bakar et al. (2016) investigated the biological activities and phytochemical
composition of selected wild berries. The study found that Rubus alpestris
demonstrated the highest total phenolic content at 24.25 + 0.1 mg gallic acid
equivalent (GAE)/g and carotenoid content at 21.86 * 0.63 mg p-carotene
equivalents (BC)/g. Rubus alpestris exhibited the highest DPPH scavenging and
FRAP activities. Rubus moluccanus exhibits the highest total flavonoid content at
18.17+0.20 mg catechin equivalents (CE)/g and anthocyanin content at 36.96+0.39
mg cyanidin-3-glucoside equivalents (c-3-gE)/g. The extracts of Rubus moluccanus
and Rubus alpestris demonstrated a mild inhibitory effect on Bacillus subtilis,
Staphylococcus aureus, Escherichia coli, and Salmonella enteritidis in antibacterial
assays. The extracts demonstrated anticholinesterase activity between 23% and 26%.
The GC-MS analysis identified at least 12, 21, and 7 unigue organic compounds in

the 80% methanol extracts of Rubus alpestris, Rubus moluccanus, and Rubus
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fraxinifolius respectively. These compounds may contribute to the observed

bioactivity.

Cheema et al. (2017) examined the nutritional value of 25 commonly
consumed wild and underutilised fruits from the Terai region of Uttarakhand, India.
The protein content was higher in Broussonetia papyrifera, Solanum nigrum, and
Aegle marmelos, whereas higher lipid content was observed in Ficus racemosa,
Terminalia bellerica, and Artocarpus heterophyllus. The concentration of reducing
sugars varied from 1.1% to 68.2%, while non-reducing sugars ranged from 0% to
6.4%. Analysis of vitamins indicated elevated levels of ascorbic acid in Emblica
officinalis and Pithecellobium dulce, significant riboflavin concentrations in
Broussonetia papyrifera and Ficus palmata and notable thiamine content in
Artocarpus lakoocha and Solanum nigrum. The phenolic content ranged from 32.9 to
2662.4 mg per 100 g, flavonoids from 1.2 to 93.8 mg per 100 g, and carotenoids
from 0 to 85.7 mg per 100 g. The phenolic content was found to range from 32.9 to
2662.4 mg per 100 g, flavonoids from 1.2 to 93.8 mg per 100 g, and total carotenoids
from 0.11 to 85.7 mg per 100 g.

Seal et al. (2017) researched the water-soluble vitamins in five different wild
edible fruits. These fruits, namely Docynia indica, Elaeagnus latifolia, Elaeagnus
pyriformis, Flemingia vestita, and Myrica esculenta, are commonly consumed in the
North-eastern region of India by the tribal people. The experimental findings
revealed that the vitamin C content varied significantly across various fruits, ranging
from 37.31 + 0.10 to 95.54 + 3.33 mg 100 g dry matter. The B1 content in
Elaeagnus latifolia was found to be high (1.20 + 0.007 mg 100 g*). Elaeagnus
pyriformis contains a substantial amount of B3 (70.75 + 0.002 mg 100 g?). Docynia
indica contained a significant amount of B2 (0.525 + 0.004 mg 100 g*), while
Myrica esculenta had a notable amount of B9 (5.36 + 0.03 mg 100 g).

Amadi et al. (2018) investigated the nutrient and phytochemical composition
of the pulp, seeds, and leaves of Jackfruit (Artocarpus heterophyllus). Jackfruit pulp
exhibited the lowest concentrations of phytic acid, oxalate, alkaloids, tannin, and
flavonoid, measured at 6.14, 3.69, 7.88, 0.03, and 3.91 mg per 100 g, respectively.

Jackfruit seeds exhibited elevated levels of phytic acid (8.11 mg 100 g-1) and oxalate
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(5.53-13 mg 100 g-1), whereas the leaves contained higher concentrations of
alkaloids (7.88 mg 100 g-1), tannins (0.06 mg 100 g-1), and flavonoids (2.03 mg 100
g-1). This study demonstrated that jackfruit pulp, seeds, and leaves possess a high
nutrient content. Phytochemicals present in jackfruit pulp, seeds, and leaves
contribute to health improvement, particularly in combating non-communicable
diseases.

Bhutia et al. (2018) analysed the chemical makeup of several wild edible
fruits in Sikkim. Machilus edulis have the greatest carotenoid concentration (62.9 £
0.5 mg 100 g*) and the highest chlorophyll level (2.29 + 0.06 mg 100 g*). Ascorbic
acid content was highest in Spondias axillaris at 32.0 + 4.0 mg 100 g*, whereas
Rubus ellipticus had a significant amount of anthocyanin (3.8 + 0.05 mg 100 g%).

Pandey et al. (2018b) analyzed the nutritional composition and
phytochemical content of two lesser-known fruits, Spondias axillaris and Eriolobus
indica, obtained from the Sikkim Himalaya region. Spondias axillaris exhibited
higher levels of phytochemicals, specifically total phenol (71.83 + 0.76 mg GAE g?)
and ascorbic acid (34.54 + 0.99 mg 100 g?). In contrast, Eriolobus indica exhibited
the highest total flavonoid concentration (17.48 + 0.31 mg QE g™).

Loukrakpam et al. (2019) examined the phytonutrient content of Rhus
semialata. The fruit exhibited 21.26 mg of Vitamin C 100 g*, 314 mgs of folates,
628 mg of carotenoids, and 2.94 mg of a-tocopherol 100 g of sample. The protein
included 31.43 mg of essential amino acids 100 g*. The fruit mainly consisted of
linoleic acid as its principal fatty acid. The fruit showed a 7.5 mg/mL of ICs in the
DPPH test and 1226 mmol FeSO4equivalent/100 g in the FRAP assay.

Veljkovic et al. (2019) investigated the antioxidant and anticancer properties
of extracts derived from the leaves and fruits of the wild raspberry (Rubus idaeus L.).
The total phenolic content varied from 59.68 to 96.83 mg GA g* in leaf extracts and
from 24.29 to 38.71 mg GA g* in fruit extracts. A population in east Serbia were
found to have the maximum concentrations of tannins and anthocyanins in leaf
extracts 1.27 mg mL™ and 9.00 mg mL™, respectively.

Bayang et al. (2021) conducted a study on the differences in physical

qualities, bioactive components and nutritional value between twenty-three dried and
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fresh wild edible fruit species from the north area of Cameroon. They found a
substantial (p < 0.01) variance among twenty-eight fruits. The bioactive elements
lutein, a-carotene, B-carotene, and vitamin C were found to be high in dry fruits, with
respective levels of 123.65 mg 100 g*, 74.43 mg 100 g?, 72.88 mg 100 g?, and
780.16 mg 100 g*. On the other hand, fresh fruits exhibited high concentrations of
lycopene (70.61 mg 100 g*) and vitamin A activity (0.54 pg RAE 100 g?). High
levels of bioactive nutrients are a significant signal of good bioactive qualities, which
may aid in protecting the body against illnesses. Their research demonstrates that
untamed edible fruits serve as promising novel sources of nutritional and bioactive
constituents. Therefore, their regular intake may be used to combat malnutrition,
maintain good health, and avoid a range of illnesses. Moreover, they may serve as
novel food components for the aim of food composition.

In another study, Borgohain et al. (2022) reviewed the selected
unconventional fruits found in the upper Brahmaputra valley, Assam. viz. Heloch
(Antidesma acidum), Bon-pitha (Chrysophyllum roxburghii), Bilombi-tenga
(Averrhoa bilimbi), Korja-tenga (Carissa carandas), and Thereju (Prunus jenkinsii),
are abundant in various macro and micronutrients. Phytochemical analyses of
different components revealed the existence of phenols, flavonoids, terpenes, and
other associated chemicals. These underutilised fruits have several traditional uses,
especially in folkloric medicine, although they are not well recognised in the
pharmaceutical industry. Furthermore, due to insufficient public awareness, several
non-traditional fruits are on the brink of extinction. Therefore, more scientific
research is required to preserve and enhance their worth.

Rawat et al. (2023) researched the changes in the physicochemical,
nutritional, phytochemical composition, and antioxidant potential of the fruits
Mahonia nepaulensis during the ripening process. Significant and sequential changes
were observed in the nutritive phytochemicals, including riboflavin, lycopene, -
carotene, and total carotenoids, as well as in the antioxidant potential of the species
throughout various ripening stages. The concentrations of phenolic, flavonoid, and
flavonol compounds initially decreased and subsequently increased consistently

throughout the ripening process. In contrast, tannin content reduced as the fruit
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ripened. The acidified methanolic extract exhibited higher levels of flavonoid,
flavonol, total phenolic, tannin contents, and antioxidant activity than the methanolic
extract. These fruits contain a significant amount of glycosides rather than aglycones.
The presence of abundant and beneficial plant compounds, strong antioxidant
properties, carefully selected extraction solvent, and optimal harvesting stage in
Mahonia nepalensis berries may be used as alternative sources of nutrition,
prospective nutraceuticals, and effective post-harvest management.

Pan et al. (2023) investigated the fruit quality and volatile compounds of
Liuyuezao pummelo. The study revealed that it contained elevated levels of organic
acids (12.01 mg/g), phenols (669.01 mg/L), and vitamin C (75.73 mg/100 mL), along
with superior antioxidant capacity (77.65 mg/100 mL) relative to other pummelo
varieties. Nonetheless, it exhibited reduced concentrations of soluble sugars (62.85
mg/g), carotenoids (0.25 mg/L), and flavonoids (46.3 mg/L). Furthermore, it
exhibited a reduced quantity of fruit volatiles (49) and a significantly lower content
(7.63) compared to Guanxi, Sanhong, and Hongrou. The flavour profile of
Liuyuezao, characterised by a balance of sweetness and moderate sourness, is
attributed to its relatively high levels of fructose (20.6 mg/g) and organic acids. The
subtle fragrance of pummelo is due to its minimal concentration of volatile
compounds.

In another research, Bachheti et al. (2023) reviewed the bioactive elements
and health-promoting chemicals found in underutilized fruits from the northern
Himalayas of India. They revealed that these fruits, derived from wild and
underutilized plants, had significant nutritional value. They serve as significant
sources of fat, protein, carbohydrates, macronutrients, and micronutrients. These
fruits contain various phytochemical substances, such as flavonoids, terpenoids,
glycosides, saponins, tannins, and alkaloids. These chemicals have several uses and
treat numerous health issues in humans and cattle. Their phytochemical components
also showed properties such as reducing fever, relieving pain and inflammation,
preventing cancer, fighting against microorganisms, combating malaria, and reducing
sensitivity to pain. These fruits, which are not used to their full potential, can provide

dietary supplements, various phytochemical components, and minerals. Their
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inherent components have significant antioxidant, antibacterial, antidiabetic, and
anti-inflammatory properties. Neglected fruits can also provide carbohydrate, fat,
vitamins, and fibre. The nutritional profiles of these fruits are sometimes superior to
those of their exotic and native counterparts. A substantial number of these fruits are
necessary for the industry, which poses a barrier to their utilisation.

Angami et al. (2024) investigated the bioactive compounds and functional
dietary compositions in various wild edible fruits from the eastern Himalayas.
Research indicates that Elaeagnus umbellata contains a significant concentration of
vitamin A (136.22 + 1.44 mg 100 g%). Terminalia chebula exhibited a substantial
concentration of total flavonoids (445.20 + 1.18 mg 100 g-1), while Spondias
pinnata demonstrated elevated levels of total carbohydrates (12.51 + 0.22%) and
vitamin C (74.16 = 5.33 mg 100 g-1). Castanopsis hystrix exhibited the highest
starch content (1764.84 + 8.85 mg 100 g?). The Phoebe cooperiana exhibited the
highest chlorophyll concentration, Rhus semialata demonstrated the greatest
carotenoid content, and Prunus nepalensis showed the highest anthocyanin level.
Artocarpus lakoocha (84.58 + 2.38%) and Spondias pinnata (84.09 + 0.62%) were
recognised as significant sources of antioxidants. The results indicate that all
analysed fruit species display both nutritional and antinutritional properties,
rendering them potentially beneficial for the nutraceutical and pharmaceutical
industries.

2.3. Anti-cancerous properties of the underutilized fruits.

Solowey et al. (2014) assessed the anticancer properties of medicinal plants,
specifically Artemesia monosperma, Urtica membranacea,and Origanum dayi. The
study revealed that three complete plant extracts (obtained via ethanol extraction)
from Artemesia monosperma (Asteraceae), Urtica membranacea (Urticaceae), and
Origanum dayi post (Labiatae) exhibited dose- and time-dependent cytotoxic effects
on various human tumour cell lines and primary cultures derived from patient
biopsies. These extracts specifically targeted tumour cells while leaving healthy
human cells unaffected. Cell death was attributed to apoptosis. Plant extract (Urtica

membranacea) demonstrated significant anticancer effects, effectively inhibiting

24| Page



tumour progression in a mouse model having breast adenocarcinoma. This study
indicates that whole plant extracts may serve as potential anticancer agents.

Hsieh et al. (2016) investigated the anticancer properties of Kalanchoe
tubiflora extract against human lung cancer cells through both in vitro and in vivo
methods. The research demonstrated that the water-soluble fraction of Kalanchoe
tubiflora (KT-W) caused cell cycle arrest and senescence in A549 cells. Through 2-
dimensional PAGE, the researchers examined protein expression levels post-KT-W
treatment and identified alterations in proteins associated with energy metabolism
and senescence. In vivo experiments indicated that KT-W significantly inhibited
tumour growth in A549-xenografted nude mice. The findings indicate that KT-W
may serve as a potential antitumor agent by inducing cell cycle arrest and
senescence.

El-Hallouty et al. (2015) investigated the in vitro anticancer activity of
specific Egyptian plant extracts against multiple human cancer cell lines. A total of
20 plants from 5 distinct families were collected in Egypt. Among the 25 methanol
extracts evaluated, 7 exhibited potential cytotoxic activities against cancer cells. The
extract derived from the leaves of Harpophyllum caffrum exhibited significant
efficacy across all cancer cell lines, with an 1C50 range of 21-29 pg/ml and a
selectivity index (SI) of 4.5 specifically against the MCF-7 breast cancer cell line.
Furthermore, it demonstrated selectivity indices of 3.3 against HepG2, A549, and
HCT-116, respectively.

The study carried out by Beg et al. in 2016 examined Ziziphus's in vitro
anticancer activity. The researchers used MTT assay to detect the cytotoxic effects of
the fruit's methanolic extract from three Ziziphus varieties: Z. nummularia, Z.
mauritiana, and Z. jujube. The phytochemical profiling of the fruit's methanolic
extract revealed the presence of various phytochemicals. The study observed that the
wild variety of Ziziphus exhibited significant cytotoxicity in HelLa cells (cervical
carcinoma cells). At the same time, Z. mauritiana also showed cytotoxic effects on

cancer cells, highlighting the extract plant potential in cancer treatment.

Tuzcu et al. (2017) examined the anticancer properties of extracts obtained

from the leaves and roots of the wild edible plant Eremurus spectabilis. In PC-3 cells
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treated with E. spectabilis, there was an increase in the expression of Bax and
caspase-3 genes, whereas the expression of the Bcl-2 gene decreased. This indicates
that the apoptosis of PC-3 cells was induced through the mitochondrial pathway, in
contrast to the control group. The research findings indicate the efficacy of E.
spectabilis as an anticancer agent targeting prostate cancer cells.

Wu et al. (2018) conducted a study examining the anti-cancer properties of
polysaccharides derived from Glehnia littoralis on the A549 human lung cancer cell
line. The findings from the MTT test demonstrated that the polysaccharide
significantly inhibited the growth of A549 cells, with effects contingent upon the
duration of exposure and the dosage administered. PGL demonstrated inhibitory
effects on the migration of A549 cells in the Transwell migration assay. The results
from flow cytometry analysis and Hochst 3342 staining of apoptotic cells indicate
that PGL can promote apoptosis and induce cell cycle arrest in A549 cells. The
immunofluorescence experiment demonstrated that PGL reduces the expression of
proliferating cell nuclear antigen (PCNA). The findings indicated that PGL exhibited
a significant anticancer effect by inhibiting the migration and proliferation of A549
cells while enhancing cell death. Their discovery may function as a novel natural
anticancer agent for lung cancer treatment and could be significant for the

development of supplements and pharmaceuticals.

Robinson et al. (2017) examined the cytotoxic activity of Tecoma stans in
relation to lung cancer cells (A549) in their experiment. The research investigated
cytotoxic activity using the MTT assay, demonstrating a relationship between extract
concentration and cell death rate. At a concentration of 100ug/mL, there was a

significant increase in cytotoxic activity, leading to a 99% inhibition of cell growth.

Biswas et al. (2018) conducted a study to examine the potential anticancer
effects of Asparagus racemosus root extracts on non-small cell lung cancer A549
cells. The research indicated that the methanol extract demonstrated a notable
cytotoxic effect, with an ICso value of 100.5 pg/ml, in contrast to the
chloroform:methanol extract, which had an 1Cso value of 136.5 pg/ml. The cells
exhibited a marked alteration in morphology, and their migratory capacity was
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considerably diminished after treatment with the root extracts. The findings indicate
that extracts from Asparagus racemosus root can induce cytotoxic effects, alter cell
morphology, and inhibit growth in A549 cells. Consequently, it may be further
investigated as a pharmaceutical option for treating NSCLC patients in the future.

Bukke et al. (2018) examined the effects of extracts from the heartwood and
leaves of Caesalpinia sappan L. on MCF7 and A549 cell lines. The findings
indicated that Brazilin A, a natural bioactive compound derived from the heartwood
of Caesalpinia sappan L., has the potential to induce apoptosis in MCF-7 breast
cancer cells. Further evidence of therapeutic potential was shown through the
docking of the Brazilin A molecule with the BCL-2 protein, recognised for its role in
inhibiting apoptosis. The docking was conducted utilising AutoDock tools.

Veljkovic et al. (2019) investigated the anticancer properties of leaf and fruit
extracts from the wild raspberry (Rubus idaeus L.). Both leaf and fruit extracts
demonstrated significant efficacy against Escherichia coli (ATCC 8739). The
research indicated that the leaf extracts exhibited anticancer activity, with 1Cso values
of 162.38 ug mL-1 at 24 hours and 95.69 ug mL-1 at 48 hours. Wild raspberry leaf
and fruit extracts contain various secondary metabolites that contribute to their

notable antioxidant, antimicrobial, and anticancer properties.

In an investigation carried out by Damodaran et al. (2019) they reported the
chemical composition of Calotropis gigantea leaf extract and its potential effects on
cancer cells. The extract was found to contain compounds including steroids,
alkaloids, terpenoids, flavonoids, tannins, and phenols. The research concentrated on
the cytotoxic effects of the extract on MCF7, HeLa, and A549 cancer cell lines. The
extract demonstrated notable cytotoxic effects on HeLa, MCF7, and A549 cancer cell
lines in vitro. The research indicates that Calotropis gigantea may serve as a viable
candidate for cancer therapy, particularly targeting cervical, breast, and lung cancer

cell lines.

Kumar et al. (2019) examined the anticancer properties of five plant species:

Moringa oleifera, Calotropis procera, Basela alba, Millettia pinnata, and Euphorbia
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neriifolia. Cytotoxicity assessments indicated that the chloroform and ethyl acetate
extracts of Millettia pinnata exhibited comparatively greater cytotoxic effects on
certain cell types. Phytochemical analysis utilising UPLCESI-MS/MS revealed the
presence of B-sitosterol, lanceolatin B, karanjin, and stigmasterol in the chloroform
and ethyl acetate extracts of Millettia pinnata. The findings indicate the potential of

Millettia pinnata extracts as anticancer, antioxidant, and antimicrobial agents.

Shendge et al. (2020) conducted a study examining the anti-inflammatory
properties of Terminalia chebula fruit and its ability to inhibit the proliferation of
lung and breast carcinoma cells by regulating the Bax/Bcl-2 and caspase-cascade
pathways. Their research reported that Terminalia chebula fruit modulates the
Bax/Bcl-2 and caspase-cascade pathways associated with cell death. The cytotoxic
effects were demonstrated on A549 cells (IC50 — 359.06 + 20.04 pug/ml) and MCF-7
cells (IC50 — 61.02 + 5.55 pg/ml). The flow cytometer analysis revealed an increase
in the sub G1 population and apoptotic cells, as indicated by cell cycle analysis and
annexin-V-FLUOS staining. Confocal microscopy demonstrated DNA fragmentation
in both cell lines following TCME treatment. The administration of Terminalia
chebula activates apoptosis-related caspase-cascade pathways in both cell lines.
TCME therapy applied to RAW 264.7 cells effectively regulated nitrite and TNF-a
production, as well as the levels of INOS and COX-2, and the translocation of NF-xB
protein, thereby demonstrating anti-inflammatory effects. The HPLC analysis
confirmed the presence of bioactive phytocompounds in TCME. The findings
collectively indicate the significant anti-cancer and anti-inflammatory properties of

Terminalia chebula fruit.

Sairi et al. (2020) conducted an experiment to examine the effects of
Donkioporiella mellea on MRC5 and A549 cell lines. The findings indicated that the
survival rates of MRC5 cells were significantly greater than those of A549 cells
when subjected to varying concentrations of polypore extracts. This study elucidates
the potential cytotoxic effects and anticancer properties of Donkioporiella mellea.
The survival performance of MRC5 cells was notably high when subjected to hot and
cold aqueous extracts. The cytotoxicity activities of the cold agueous extract were
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significantly greater than those of the hot aqueous extract. The inhibitory
concentration (ICso) values for the cold and hot aqueous extracts were found to be
414.29 pg/ml and greater than 1000 pg/ml, respectively. The cell lines exhibited
necrotic characteristics upon treatment with tamoxifen as a control. The findings
suggest that Donkioporiella mellea possesses significant pharmacological properties
that warrant further investigation as a potential bioresource for human consumption.
This discovery may encourage additional research in mycology and nutraceutical
studies.

Gibbert et al. (2021) investigated the anticancer properties of Syzygium
cumini (L.) and Syzygium malaccense (L.). Their findings indicated that these fruits
demonstrate antiproliferative activity against lung carcinoma cells. The maximum
concentration evaluated (2 mg/mL) resulted in nearly 80% inhibition of cell
proliferation. Furthermore, the evaluation of S. cumini in HEK-293 demonstrated that
all tested concentrations exhibited cell viability exceeding that of the positive
control. In summary, the advantageous nutritional properties of both S. cumini and S.

malaccense position them as potential nutraceuticals in complementary therapies.

Madhavan (2021) conducted an investigation on the phytochemical analysis
and anticancer properties of an ethanolic extract from Azadirachta indica. The
research examined the impact on the A549 human lung cancer cell line. The study
indicated that the ethanolic extract of Azadirachta indica exhibited notable
anticancer activity against the A549 cell line, with efficacy contingent upon the
dosage administered. The treatment of A549 cells with Azadirachta indica ethanolic
extract for varying durations (6, 12, 24, and 36 hours) resulted in effective growth
control. A study indicated that the ethanolic extract of Azadirachta indica exhibited a
notable inhibition rate of 68% against A549 lung cancer cells at a concentration of
500pg/ml. At a concentration of 100 pg/ml, the minimum inhibition observed was
12%. The ethanolic extract of Azadirachta indica exhibited a notable inhibition of
68% against A549 lung cancer cells at a concentration of 500 pg/ml At a

concentration of 50 pg/ml, the observed minimum inhibition was 12%.
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Nghakliana et al. (2021) examined the potential anticancer effects of
Elaeagnus caudata (Schitdl) on Type-1I human lung adenocarcinoma A549 cells.
The research examined the impact of the aqueous extract of the plant, particularly its
capacity to trigger caspase-mediated apoptotic cell death. The effect of Elaeagnus
caudata on A549 cells was found to be contingent upon the dosage and duration of
exposure. Elaeagnus caudata was found to enhance antioxidant levels and activities
while decreasing lipid peroxidation (LPO) in A549 cells. This study investigates the
impact of Elaeagnus caudata treatment on A549 cells, highlighting its potential anti-
cancer effects via the induction of DNA damage and enhanced caspase-6 activity.

Calderon-Montafio et al. (2021) assessed the anticancer potential of multiple
plant extracts sourced from western Andalusia, Spain. A total of 65 extracts from 45
distinct plant species were examined, leading to an intriguing observation. An extract
from the leaves of Tetraclinis articulata (Vahl) Mast (Cupressaceae) demonstrated
notable cytotoxicity (ICso = 0.37+£0.03 g/mL) and selectivity (selectivity index =
378.3) against lung cancer cells. Cisplatin, 5-fluorouracil, and an extract from the
leaves of Taxus baccata L. (Taxaceae) exhibited reduced cytotoxicity and selectivity
in comparison. The extracts from Cascabela thevetia (L.) Lippold (Apocynaceae),
Frangula alnus Mill. (Rhamnaceae), Iberis ciliata subsp. contracta (Pers.) Moreno
(Brassicaceae), Juniperus macrocarpa Sm (Cupressaceae), and Pancratium
maritimum L. (Amaryllidaceae) demonstrated notable selective cytotoxicity,
indicated by a selectivity index exceeding 10. Active extracts were tested on various
cancer cell lines derived from different tissues. This study identifies plants that may
serve as potential sources of natural compounds with selective toxicity against cancer

cells.

Kausar et al. (2021) assessed the antimicrobial and anticancer properties of
specific medicinal plants indigenous to the Himalayas in Pakistan. The study
concentrated on the analysis of Prunus cornuta and Quercus semicarpifolia species.
The preliminary phytochemical screening identified the presence of alkaloids,
tannins, saponins, flavonoids, glycosides, and quinones. The extracts from Prunus
cornuta and Quercus semicarpifolia exhibited notable inhibition of breast (MDA-
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MB-231) and lung carcinoma cells, with cell viabilities between 19% and 30% and
22% and 39%, respectively. Furthermore, Q. semicarpifolia demonstrated significant
inhibition of gut cell line survival, with a range of 24% to 34%. The findings offer
significant insights for the development of novel anticancer medicinal agents derived

from extracts of Prunus cornuta and Quercus semicarpifolia.

2.4 Antioxidant properties of the underutilized fruits.

Loganayaki and Manian (2010) investigated the antioxidant properties of
several underutilised fruits through various in vitro models. The evaluated fruits
comprised Syzygium cumini, Morus alba, Murraya koenigii, Opuntia dillenii,
Carissa carandus, Kirganalia reticulata, Canthium parviflorum, Alangium
lamarckii, Lantana camara, and Coccinia grandis. The researchers employed
established methodologies, including ferric reducing antioxidant power (FRAP), 2,2-
diphenyl-1-picryl-hydrazyl (DPPH), 2,2'-azinobis (3-ethylbenzothiozoline-6-sulfonic
acid) diammonium salt (ABTS), hydroxyl radical (OH), nitric oxide radical (NO),
superoxide radical (O2) scavenging, and metal chelating activities, to evaluate the
antioxidant activity of the fruits. Significant levels of total phenolics, tannins, and
flavonoids were observed in the fruit extracts. The extracts of O. dillenii, M. koenigii,
K. reticulata, L. camara, and M. alba demonstrated significant activity in DPPH,
ABTS, and FRAP assays. The antioxidant capacity of these fruits correlates
significantly with their phenolic content. All extracts demonstrated significant
scavenging activities against nitric oxide, superoxide, and hydroxyl radicals in a
dose-dependent manner, particularly in comparison to the standard butylated
hydroxyl anisole (BHA). Their research revealed that these frequently neglected
fruits have considerable potential as important sources of natural antioxidants and
nutraceutical compounds.

Maria do Socorro et al. (2010) studied the bioactive components and
antioxidant properties of polyphenolic extracts from 18 fresh and dried native non-
traditional fruits in Brazil. They used many techniques, including ABTS, DPPH,
FRAP, and beta-carotene bleaching. The results indicated the possibility for using

non-conventional tropical fruit species owing to their significant nutritious content
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and antioxidant capability. The research highlighted the substantial antioxidant
potential of Malpighia emarginata (acerola), Myrciaria dubia (camu-camu), and

Mouriri pusa (pucga-preto).

Rawat et al. (2011) conducted a study on the antioxidant capabilities of the
fruits of Myrica esculenta, a recognised wild edible in the Indian Himalayan area. A
significant discrepancy existed in the total phenolic and flavonoid concentrations
across different groups. The total phenolic content ranged from 1.78 to 2.51 mg of
gallic acid equivalent per gramme of fresh weight (FW) of fruits. The total flavonoid
concentration ranged from 1.31 to 1.59 mg quercetin equivalent per gramme of fresh
weight. The efficacy of antioxidants was assessed by many methodologies, including
radical scavenging and ferric-reducing antioxidant power (FRAP). The findings
demonstrated a significant antioxidant capacity, significantly associated with the
total phenolic and total flavonoid concentrations. Substantial variance in phenolic
compounds, such as gallic acid, catechin, hydroxybenzoic acid, and p-coumaric acid,
was detected across populations, as shown by high-performance liquid
chromatography analysis. This research indicates that the consumption of M.
esculenta fruits may possess antioxidant characteristics, possibly reducing the levels

of free radicals in the body.

In an investigation carried out by Kolar et al. (2011) analysed the
phytochemical composition and antioxidant capacity of three obscure fruits:
Averrhoea bilimbi, Muntingia calabura, and Artocarpus altilis. The research
examined the total phenolic and flavonoid concentrations, along with the antioxidant
activity of these fruits, using several solvent systems including methanol, ethanol,
acetone, and distilled water. The phenolic and flavonoid concentrations in M.
calabura varied from 1.356 to 3.872 mg tannic acid equivalents per gramme of fresh
weight (TAE/g fw) and 0.026 to 0.068 mg rutin equivalents per gramme of fresh
weight (RE/g fw), respectively. The results for A. bilimbi varied from 0.581 to 1.334
mg TAE/g fw and 0.021 to 0.037 mg RE/g fw, while A. altilis exhibited ranges from
0.689to 1.723 mg TAE/g fw and 0.013 to 0.043 mg RE/g fw.
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Gordon et al. (2011) investigated the phenolic compounds and antioxidant
potential of four underappreciated fruits indigenous to the Amazon area. Research
indicated that jambolao (Syzygium cumini), Araca (Psidium guineense), muruci
(Byrsonima crassifolia), and cutite (Pouteria macrophylla) are exceptional sources
of hydrolysable tannins and flavonols. The researchers detected several flavanonols
and proanthocyanidins in some fruits. The total oxidant scavenging capacity (TOSC)
experiment evaluated antioxidant capability, indicating that cutite exhibited the
highest antioxidant capacity, followed by jambolao, araca, and muruci.

Singh et al. (2012) analysed the phytochemicals and antioxidant activities of
underutilised fruits from the Andaman Islands, India. Their results indicated that
various fruits from a limited number of underutilised species, including Averrhoa
carambola L., Annona squamosa L., Dillenia indica L., Averrhoa bilimbi L., Annona
muricata L., and Ficus racemose L., were identified. Their findings indicated that
they had diverse antioxidant activity, spanning from 74.27% to 98.77%. The
methanol extract of M. glabra exhibited the maximum antioxidant activity at
98.77%, with an inhibitory concentration (ICso) of 262.46 mg/ml. The research
demonstrated that methanol surpassed acetone and aqueous solvents in assessing
antioxidant activity. The phytochemical examination of M. glabra indicated elevated
concentrations of polyphenols (355.74 mg/100 g), anthocyanins (91.31 mg/100 g),
carotenoids (109.16 mg/100 g), tannins (24.39 mg/100 g), and ascorbic acid (394.23
mg/100 g). M. glabra had the greatest carbohydrate content at 548 mg/100 g. The
research identified a positive link between antioxidant activity and the levels of
phenols, tannins, anthocyanins, and carotenoids, with correlation values (r2) of
0.846, 0.864, 0.915, and 0.806, respectively. The authors proposed that this
knowledge may be beneficial for the bioprospecting of underutilised fruits from the

Andaman Islands.

Romojaro et al. (2013) examined the nutritional and antioxidant qualities of
numerous wild edible plants for their possible incorporation into contemporary diets.
Sanguisorba minor, Quercus ballota, and Sedum sediforme had the greatest
hydrophilic total antioxidant activity (H-TAA) and total phenolic content. Asparagus
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acutifolius, Allium ampeloprasum, Foeniculum vulgare, and Malva sylvestris had
elevated potassium concentrations. Malva and Asparagus were distinguished by their
zinc level, but Urtica urens were characterised by a significant calcium

concentration.

Song et al. (2018) performed research examining the antioxidant capabilities
of Chinese wild Passiflora foetida fruits. The UPLC-Q-TOF-MSE investigation
found 65 compounds, including 39 free phenolics, 14 insoluble glycoside-phenolics,
and 22 insoluble ester-phenolics in both extractable and non-extractable phenolics.
Moreover, non-extractable phenolics derived from alkali hydrolysis had considerable
antioxidant activity, as shown by DPPH and ABTS radical scavenging assays. Their
research indicates that Passiflora foetida fruits, rich in polyphenols, may provide

significant nutraceutical advantages.

Veljkovic et al. (2019) investigated the antioxidant characteristics of leaf and
fruit extracts from the wild raspberry (Rubus idaeus L.), assessing antioxidant
activity by quantifying the extracts' scavenging capacity on DPPH. The leaf extracts

exhibited greater antioxidant activity compared to the fruit extracts.

Kabra et al. (2019) examined the antioxidant activities of several solvent
extracts obtained from the leaves of Myrica esculenta Buch.-Ham. ex. D. Don. The
methanol extract of Myrica esculenta leaves shown the highest antioxidant activity in
scavenging DPPH and ABTS radicals, with 1Cso values of 39.29 pg/mL and 52.83
ug/mL, respectively. In contrast, the ethyl acetate and aqueous extracts had little
antioxidant action. The methanol extract exhibited a phenolic content of 88.94+0.24
mg equivalent gallic acid (GAE)/g. The aqueous extract exhibited a reduced phenolic
content of 62.38+0.14 GAE/g. The methanol extract exhibited the highest flavonoid
content (67.44+0.14 mg quercetin equivalent (QE)/g). The aqueous extract had the
lowest concentration (35.77 +0.14 QE/g). The chemicals identified using LC-MS
analysis included myricanol, gallic acid, epigallocatechin 3-O-gallate, myricanone,
quercetin, B-sitosterol, palmitic acid, p-coumaric acid, n-octadecanol, n-

pentadecanol, oleanolic acid, stigmasterol, cis-p-caryophyllene, n-hexadecanol,
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lupeol, and myresculoside. Research demonstrates that the methanolic extract from
the leaves of Myrica esculenta has significant antioxidant capabilities and may be a
beneficial natural source of antioxidants and antimicrobials for the formulation of

functional food items.

Bareh et al. (2021) examined the possible health advantages of Prunus
undulata buch. Their study concentrated on the antioxidant, anti-inflammatory, and
anti-diabetic effects of this plant. The research revealed that the methanol extract of
Prunus undulata included many phytochemicals, such as carbohydrates, flavonoids,
phenols, saponins, steroids, and triterpenoids. The methanol extracts of Prunus
undulata Buch.-Ham. ex D. Don had significant antioxidant activity across all
performed experiments. They were investigating the potential advantages of Prunus
undulata Buch. -Ham. ex D Don's confirmation was also validated. This research
concluded that the methanol extracts of Prunus undulata Buch.-Ham. ex D were
analysed. Don leaves possess significant antioxidant, anti-inflammatory, and
antidiabetic characteristics. The phytochemicals in the leaves of Prunus undulata

Buch.-Ham. ex D Don may enhance its potential pharmacological action.

Biswas et al. (2022) investigated the antioxidant properties of wild edible
fruits in Tripura, North-east India, revealing Citrus macroptera and Flacourtia
jangomas Lour. Raeusch are abundant in vitamin C, with concentrations of 220.75
mg/100 g and 223.25 mg/100 g, respectively. The antioxidant activity of Citrus
macroptera is very high, measuring 81.15 umol/g. Furthermore, it has a notable
metal chelating capacity (MCC) of 39.45 mg/mL. The total flavonoid content (TFC)
of Citrus macroptera was significant, quantified at 36.78 mg QE/g. Their results
provided a fundamental database on the nutritional makeup of these fruits and
enhance public awareness of their importance in conserving the biodiversity of the

forest region in Tripura.

Perera et al. (2022) investigated the nutritional composition and antioxidant
properties of specific underutilised fruits cultivated in Sri Lanka, namely Maha

Karamba (Carissa carandas), Madan (Syzygium cumini), Ugurassa (Flacourtia
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indica), Himbutu (Salacia chinensis), Barbados cherry (Malpighia emarginata), and
Ceylon gooseberry (Dovyalis hebecarpa). The total phenolic content (TPC) of the
fruits ranged from 6.8 + 0.4 to 10.3 + 0.3 mg of GAE g of fruit. Barbados cherry
had the greatest antioxidant activity (AOA) as determined by FRAP (0.022 £+ 0.003
mM Fe 2+/g fruit) and the highest vanillin concentration (2.4 mg/kg). The greatest
concentrations of potassium (434.60 + 0.36 mg/kg), phosphorus (16.69 + 0.46
mg/kg), and calcium (23.43 + 0.45 mg/kg) were recorded in Uguressa. Madan had
the greatest concentrations of magnesium (13.25 + 0.38 mg/kg), sodium (5.28 + 0.30
mg/kg), iron (0.65 £ 0.12 mg/kg), and aluminium (1.15 + 0.16 mg/kQ).

Rymbai et al. (2023) performed an investigation on the biochemical and
antioxidant properties of wild edible fruits in the eastern Himalayas, India.
Haematocarpus validus had the highest observed levels of ascorbic acid (63.82
mg/100 g), total carotenoids (18.47 mg/100 g), and total monomeric anthocyanin
(354.04 mg/100 g). Docynia indica had the greatest overall phenolic content (19.37
mg GAE/g), whilst H. Validus displayed the highest total flavonoid and flavanol
content. The antioxidant activities of the fruits varied from 0.17 to 0.67 1C50 for
DPPH activity and 3.59 to 13.82 mg AAE/g for FRAP. These fruits exhibited
attractive colouration in both pulp and juice, offering promise for natural edible
colour extraction in the food sector. Moreover, owing to their elevated market
pricing, these fruits serve as significant sources of antioxidants and pigments,

enhancing livelihood and nutritional security.

Yimer et al. (2023) investigated the antioxidant capacity of various wild
edible plants in Southwest Ethiopia, noting that total phenol content ranged from
0.25 =+ 0.06 mg GAE/g in Dioscorea praehensilis tuber to 35.73 £ 2.52 mg GAE/g in
Solanum nigrum leaf, while total flavonoid content varied from 0.85 + 0.03 to 11.25
+ 0.01 mg CE/g in Dioscorea praehensilis tuber and Cleome gynandra leaf. In the
DPPH experiment, the antioxidant value varied from 50.09% in Dioscorea
praehensilis tuber to 87.63% in Solanum nigrum leaf; conversely, in the FRAP assay,
the value ranged from 49.16 + 2.13 in Dioscorea praehensilis tuber to 188.12 + 1.13
mM Fe2+/100 g in Solanum nigrum leaf.
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A study conducted by Devi (2024) aimed to estimate the phytochemical
components and antioxidant capacity of underutilised ethnobotanically significant
wild edible fruits from Manipur. The phytochemical concentration was greatest in
Phyllanthus emblica, which demonstrated greater antioxidant activity and vitamin C,
although having lower tannin levels. Spondias pinnata had the greatest tannin
concentration at 67.63 + 0.97 mg/g. Vangueria spinosa demonstrated the lowest total
phenolic and tannin concentrations. P. emblica had the greatest lowering capacity in
both total in-vitro antioxidant activity (159.06 + 4.10 AAE mg/g) and the FRAP
assay (43.16 + 0.05 AAE mg/g). Conversely, Elaeocarpus floribundus exhibited the
lowest antioxidant activity in in-vitro assays, at 13.26 + 0.10 AAE mg/g. The
inhibitory percentages of the DPPH test ranked as follows: Phyllanthus emblica >
Spondias pinnata > Rhus semialata > Elaeocarpus floribundus > Microcos
paniculata > Vangueria spinosa. The fruit samples exhibited varied antioxidant
activity, demonstrating a strong reaction to radicals. Their research emphasises the
primary and secondary metabolites, together with the antioxidant characteristics of
these neglected wild edible fruits, validating their medicinal significance and

prospective applications.
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Materials and Method

This study, titled “Nutrient profiling, functional food compounds and
antioxidant properties of some underutilised fruits of Mizoram,” was conducted at the
Department of Horticulture Aromatic and Medicinal Plants, Mizoram University,
Tanhril, Mizoram, from 2021 to 2023. The underutilised fruits were sourced from
various districts in Mizoram. This chapter discusses the details regarding the selected

fruit species, materials utilised, and methods employed during the investigation.
3.1 Geographical location of the experimental site

Various underutilised fruits are widely distributed in their wild forms across
different regions of Mizoram. The experiment was carried out in seven districts of
Mizoram: Aizawl, Kolasib, Lunglei, Serchhip, Champhai, Saitual, and Khawzawl,
each representing distinct agro-climatic zones.

The laboratory analyses were conducted at the Department of Horticulture,
Aromatics and Medicinal Plants (HAMP), Department of Biotechnology, and
Department of Zoology at Mizoram University, as well as at the College of Veterinary
Sciences & Animal Husbandry, Central Agricultural University, Selesih, Aizawl. The
geographical locations of the plant samples span various districts in Mizoram,
Northeast India (Figure 3.2).

3.1.1 Mizoram

Mizoram covers an area of 21,081 square kilometres and is located between
latitudes 21°56' N and 24°31' N, and longitudes 92°16' E and 93°26' E. The state is
bordered internationally by Bangladesh to the west and Myanmar to the east and south.
It also shares borders with the Indian states of Tripura to the northwest, Assam to the
north, and Manipur to the northeast. The location is of considerable geographical and
political significance, situated between Bangladesh and Myanmar. This hilly state
features tropical and subtropical forest cover and is acknowledged as a biodiversity
hotspot. The landscape is characterised by steep gorges and mountains orientated in a

north-south direction. In winter, temperatures vary from 11°C to 21°C, whereas in
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summer, they increase to a range of 20°C to 32°C. The monsoon season occurs from
mid-May to mid-October, yielding an annual rainfall of around 250 mm (Figure 3.2).

3.1.1.1 Aizawl District

Aizawl district is located in the northern region of Mizoram, positioned
between latitudes 4°25'16.04" N and 23°18'17.78" N, and longitudes 92°37'03.27" E
and 93°11'45.69" E. Aizawl district encompasses a total geographical area of 3576.31
square kilometres, representing 16.96% of the state's overall geographical area. The
region is bordered to the east by Champhai district and the state of Manipur, to the
west by Mamit and Kolasib districts, to the north by Assam state, and to the south by
Serchhip district.

3.1.1.2 Kolasib district

Kolasib district is located in the northern region of Mizoram, positioned
between 24° 13' 52" N latitude and 92° 40' 34" E longitude, covering an area of
1382.51 km2. The area is bordered to the north and northwest by the Hailakandi district
of Assam, to the west by the Mamit district, to the south and east by the Aizawl district,
and to the northeast by the Cachar district of Assam state.

3.1.1.3 Lunglei district

Lunglei District, the largest district in Mizoram, is bordered to the north by
Mamit and Serchhip districts, to the south by Lawngtlai and Saiha districts, to the east
by Myanmar, and to the west by Bangladesh. The town is the second largest after the
capital, Aizawl, situated 165 km (102 miles) to the south of Aizawl. Lunglei is situated
at coordinates 22.88°N latitude and 92.73°E longitude. The average elevation is 722
meters (2368 feet).

3.1.1.4 Serchhip district

Serchhip district is bordered to the north and northwest by Aizawl District, to
the west and south by Lunglei District, to the southeast by Myanmar (Burma), and to
the east by Champhai District. Geographically, Serchhip is situated between 23.3°N
and 92.83°E. The average elevation is 888 meters (2913 feet).

3.1.1.5 Champhai district
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The district is bordered to the north by the Churchandpur district of Manipur
state, to the west by Aizawl and Serchhip districts, and to the south and east by
Myanmar. The district covers an area of 3,185.83 km?, with an average annual rainfall
of 1,814 millimetres (71.4 inches).

3.1.1.6 Saitual district

The Saitual district was established by the Government of Mizoram on June 3,
2019, and is one of the eleven districts within the state of Mizoram, India. The district
was delineated from the pre-existing administrative districts of Aizawl and Champhai.
The Saitual district is situated at a latitude of 23°41°20.18"N and a longitude of
92°57°49.71"E. Saitual district is located in the northern region of Mizoram, adjacent
to the neighbouring districts of Champhai and Aizawl. The district covers an area of
96,024 square kilometres. The distance from Saitual to Aizawl, the state capital, is 77

kilometres.

3.1.1.7 Khawzawl district

The district is bordered to the north by Serchhip, to the south by Lawngtlai, to
the southeast by Saiha, and to the east by Myanmar. Khawzawl town serves as the
administrative headquarters of the district. The distance from Khawzawl to Aizawl is
152 kilometres. The district covers an area of 1,089 km? and has an elevation of 1,187
m (3,894 ft).

3.2 Climatic condition

The higher elevations of Mizoram maintain consistently low temperatures,
exhibiting cool conditions during the summer, whereas the lower regions experience
warmer and more humid climates. Storms typically occur in March and April,
preceding or coinciding with the summer season. The maximum average temperature
in summer is 30°C, whereas winter has a minimum average temperature of
approximately 11°C. Winter in Mizoram spans from November to February,
succeeded by spring. In mid-April, storms signify the impending onset of summer. The
temperature rises, resulting in a haze surrounding the hills. The interval from June to

August is commonly designated as the rainy season. The climate reaches its optimal
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temperate condition during the two months of autumn. The temperature during
September and October ranges from 19 to 24°C (Figure 3.3).

41| Page



Jahmu &_Ka mir Indla

| OSrinagar

@ National plctrlml ’
L . . 0 st.tec. ‘ |

ig‘ggs S IS © Union Terrtory Capital ==
josr -

Figure 3.1 Map of India and Mizoram
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Collection Site

Figure 3.2 District-wise site for sample collection
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3.3. EXPERIMENTAL MATERIALS

The experimental material for the current investigation consisted of 21 distinct
underutilized fruits from Mizoram. The specimens were gathered from various regions
of Mizoram. Table 3.1 provides a list of fruits, along with their common and botanical
names.
3.3.1. Collection of underutilized fruit species for the study

Fruit samples were obtained from several sites in Mizoram according to their

seasonal availability from the sites mentioned in Figure 3.2. A total of 21 underutilized
fruit species (Table 3.1) were gathered from different districts of Mizoram and were
taken as a replication of 3 where each replication consists of fruits from 3 different
sites to ascertain minimization of errors in sampling. These species were represented
by 15 families, with the Rosaceae family having the largest representation with 3
species. The Phyllanthaceae, Rutaceae, and Clusiaceae families each had 2 species,
and so on (Fig. 3.4). The fruit samples were analysed at the Department of Horticulture
Aromatic and Medicinal Plants Mizoram University Aizawl, Department of
Biotechnology, and Department of Zoology at Mizoram University, as well as at the
College of Veterinary Sciences & Animal Husbandry, Central Agricultural University,
Selesih, Aizawl, for the analysis of nutritional and biochemical characters along with

their antioxidant and antinutritional properties.
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Table 3.1 List of underutilized fruit species collected.

SL L . . Parts
No Scientific Name Local Name Family Maturity Used
Queensland cherry, Full
1 Antidesma bunius wild cherry, Bignay Phyllanthaceae Uiy Fruits
" Ripen
berry/Tuaitit
2. Jackfruit/ Fully .
Artocarpus heterophyllus Lamkhuang Moraceae Ripen Fruits
3. . . Kanthekera, . Fully .
Carallia brachiata karalli/Theiria Rhizophoraceae Ripen Fruits
4. Citrus grandis Pumelo/Sertawk Rutaceae Ripen Fruits
5. . . L Rough Lemon/ Mature .
Citrus jambhiri Chawngbawla Rutaceae Green Fruits
6. Emblica officinalis Aonla/ Sunlu Phyllanthaceae Fully Fruits
matured
7. . ; Poimuri ; :
Embelia subcoriacea Tenga/Tling Myrsinaceae Matured Fruits
8. Elaeocarpus lanceifolius Saklong/ Kharuan Elaeocarpaceae Matured Fruits
9. Garcinia kydia Tuaihabeh Cluciaceae Matured Fruits
10. - False Mangosteen/ : Fully .
Garcinia xanthochymus Tuaithleng Cluciaceae Ripened Fruits
11 . . I Fully .
: Mahonia nepaulensis Nepal Berry/Pualeng Beriberidaceae - Fruits
Ripened
12. Morus nigra Blackberry/Theihmu Moraceae I_:ully Fruits
Ripened
13. Myrica esculenta Bayberry/ Keifang Myricaceae I_:ully Fruits
Ripened
: Prunus jenkinsii Thereju/ Keihpui Rosaceae - Fruits
Ripened
15. Laurel Cherry/ Fully .
Prunus undulata Theiarlung Rosaceae Ripened Fruits
Wild Full
16. Rubus treutleri raspberry/Sialinuchh Rosaceae rully Fruits
y Ripened
Spondias pinnata Mango/Tawitaw Anacardiaceae Ripened Fruits
18. . - . Fully .
Syzygium cumini Jamun/ Lenhmui Myrtaceae Ripened Fruits
19. Tamarindus indica Tamarind/ Tengtere Fabaceae Ng::;ﬁd Fruits
20. Terminalia chebula Black Myrobalan/ Combretaceae Fully Fruits
Reraw Matured
21. Ziziphus mauritiana Wild Ber/ Borai Rhamnaceae Fully Fruits
Matured
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3.3.2 Botanical description of selected underutilized fruit species

The underutilized fruit trees are distributed sporadically throughout many
states, ranging from family gardens to marginal locations. Nevertheless, these fruits,
which are often overlooked, are cultivated without adequate management practices,

sometimes as part of a mixed crop with other forest trees or fruit crops.

3.3.2.1. Antidesma bunius L. Spreng.
Family: Euphorbiaceae
Common name: Bignay berries
Vernacular name: Tuaitit (Mizo)

The tree is an evergreen, dioecious species that may reach a height of up to 10
meters. It has a straight trunk and often branches out at the base. The leaves have an
oval form and are leathery, measuring 20 cm in length and 7 cm in width. The
inflorescence is located at the end or in the axil of the plant, and it is slender and spike-
like or arranged in a raceme. It contains numerous flowers and is 6-20 cm in length.
The fruit is a spherical or oval-shaped drupe, about 8-10 mm in diameter. It has a
yellowish-red to blue-violet colour and contains a single seed. The fruit is arranged in
clusters that resemble grapes and hang down. The seed is shaped like an oval oblong
and is 6-8 mm in length and 4.5-5.5 mm in width. When consumed, ripe fruits may

leave stains on the lips and fingers.

3.3.2.2 Artocarpus heterophyllus Lam

Family: Moraceae

Common name: Jackfruit

Vernacular name: Lamkhuang (Mizo)

Artocarpus heterophyllus is an evergreen tree that reaches a height of 15 to 20
m (50 to 70 feet) when fully grown. It is characterised by its enormous, rigid, and shiny
green leaves, which are around 15 to 20 cm (6 to 8 inches) in length. The small
unisexual blossoms are carried on compact clusters that arise straight from the main
stem and branches. The jackfruit is the most sizable fruit that grows on trees,
measuring up to 60 cm (about 2 ft) in length and weighing as much as 18 kg. The
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object has an ellipsoidal shape and comprises several seed-containing flesh "bulbs"
around a fibrous core, all of which is covered by a rough rind.

3.3.2.3 Carallia brachiata (Lour.) Merr.

Family: Rhizophoraceae

Common name: Freshwater mangrove

Vernacular name: Theiria (Mizo)

An evergreen tree that can grow up to 25 m tall. The bark is 10-12 mm thick,
dark grey, corky, furrowed, and has prominent pustular-lenticellate patterns. When the
bark is removed, the inner layer is pink. The petiole, which connects the leaf to the
stem, is stout and glabrous, measuring 6-10 mm in length. The leaf blade is obovate or
obovate-oblong in shape, measuring 4-11 cm long and 2-7 cm wide. The base of the
leaf tapers or is acute, while the apex is either acute or obtuse. The leaf has an entire
margin that is recurved, and it is thick and glossy. There are 6-10 pairs of slender,
pinnate lateral nerves, with secondary laterals also present. The veins in between the
lateral nerves form a reticulate pattern, which is not easily visible. The flowers are
bisexual, cream-coloured, sessile, tiny, and arranged in trichotomous axillary
branching cymes. The bracteoles are very small, and the calyx tube is bell-shaped with
5-8 ovate and pointed lobes that are arranged in a valvate manner. The petals, which
are 5-8 in number, have a clawed base and are orbicular-cordate in shape with deeply
lacerated margins. They are reddish in colour and are inserted on a crenulate disc. The
disc itself is divided into 10-16 lobes. The stamens, also numbering 10-16, are inserted
along with the petals on the disc. One of each pair of stamens is opposite to a sepal
and is slightly longer than the other filament. The filaments are thread-like, and the
anthers are small in size. The ovary is partially inferior and has 3-5 cells. Each cell
contains 2 ovules. The style is subulate in shape, and the stigma is divided into 4 lobes.
The fruit is a little drupe, about 5-6 mm in diameter. It is red in colour and has a
filament-like appearance. The fruit contains a single seed, which is brilliant orange and

has a somewhat kidney-shaped structure.
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3.3.2.4 Citrus grandis Osbeck

Family: Rutaceae

Common name: Pummelo

Vernacular name: Sertawk (Mizo)

The tree has a maximum height of 5 to 15 m and has low, uneven branches.
Plants that are reproduced by seeds have branches with lengthy spines measuring up
to 5 cm in length. However, plants that are propagated through vegetative methods do
not have these spines. The juvenile tertiary branches exhibit angularity and are often
covered in fine hairs. The leaves have an obovate that is elliptical in shape. The blooms
are yellow-white in colour and have a bisexual nature. They have a pleasant fragrance
and grow either individually or in groups of 2 to 10 blossoms on the leaf axils. In
tropical regions, the plant blooms biannually or triannually. The blooming period
aligns with the periods of rapid shoot growth. The fruit has a rounded or pear-shaped
(pyriform) appearance. The peel of this fruit is thick but soft, measuring between 1 to
4cm in thickness. The outer surface of the peel has a greenish-yellow to yellow colour

and is adorned with green glands.

3.3.2.5 Citrus jambhiri Lush

Family: Rutaceae

Common name: Rough Lemon

Vernacular name: Chawngbawla, Serbawl (Mizo)

Citrus jambhiri is a tree of moderate to significant size, reaching a height of 3-
6 meters. Branches are wide and possess pointed thorns. The leaves are little and have
a pale green hue. The leaves