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Abstract

Minor fruits are the lesser-known fruits found in a region. Recently they have been of
much interest in the quest for finding an alternative food source in the ever-growing
food shortage around the world. Thus this study was undertaken to document the lesser-
known fruits found in Arunachal Pradesh with objectives to analyse their antioxidant
and nutritional potential. DPPH, ABTS-TEAC, FRAP, TAC, TPC and TFC assays were
used for the antioxidant assay. Nutritional parameters such as carbohydrate, starch, total
sugar, protein, free amino acid, fat and fiber were analyzed. A total of 69 minor fruit
samples were collected from 36 families with ethnobotanical data for 33 samples.
Rosaceae family accounted for the highest number of collections. Tawang, West
Kameng, Lower Dibang Valley, East Siang, West Siang, Kra Daadi, Kurung Kumey,
Upper Subansiri, Lower Subansiri, Tirap, Anjaw, Papumpare, Changlang districts were
covered during the field survey from 2015-18. ICsq value of Livistona jenkinsiana was
found to be lowest (6.387+£0.314ug/ml) in DPPH assay. TEAC value for Quercus
semecarpifolia was highest (2.525+£0.014uMTE/gm dry extract). Livistona jenkinsiana
also had lowest EC; value (0.193£0.007pg/mL) in FRAP assay and the highest value
(50.392+1.142 mg AAE/gm) in TAC assay. Total phenol content (388.602+32.878 mg
GAE/gm dry extract) and flavonoid content (921.485+43.419 mg RE/gm dry extract)
also were highest in Livistona jenkinsiana. Minor fruits Docynia indica, Elaeagnus
latifolia, Embelia vibes, Ficus semicordata, Livistona jenkinsiana, Macrosolen
cochinchinensis, Quercus semecarpifolia, Rhus chinensis, Rosa sericea, Spondias
axillaries, Spondias pinnata and Terminalia bellerica were found to show high
antioxidant activity. Carbohydrate content in Cotoneaster microphyllus was found to be
highest (74.04+4.49%DW). Docynia indica had the highest (3.81+0.21%DW) starch
content. Highest (28.51+2.53%) total soluble sugar content was found in Annona
squamosa. Diospyros kaki had the highest protein content (29.86+8.99% DW). Highest
(3.73+£0.05%DW) free amino acid content was recorded for Terminalia bellerica. Fat
content was highest in Livistona jenkinsiana at 37.6% DW. Rhus chinensis had the
highest fiber content (68% DW). The nutritive value for Cotoneaster microphyllus
(431.92Cal/100gm), Livistona jenkinsiana (382.60Cal/100gm) and Spondias pinnata
(240.52Cal/100gm) were found to be quite high. Livistona jenkinsiana, Spondias
pinnata and Spondias axillaries were found to be promising fruits with both high

antioxidant activity and nutritive values.
Keywords: Minor fruits; Arunachal Pradesh; antioxidant; nutritional parameters.
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Chapter 1

General Introduction



Introduction

Fruits have been consumed by mankind since time immemorial. They supply hydration
and instantaneous energy. They are rich source of vitamins and other nutritional
components and possess potent antioxidant property. Their irresistible savor and vibrant
color is a complete feast to one’s eye. With all those properties, fruits have carved a
niche in our diet routine. They may be consumed raw or processed for later
consumption.
In botanical term, a fruit may be defined as the ovary which gets matured after
fertilization and bear seeds for future propagation. Sometimes the whole of the
inflorescence may turn into fruit. They may or may not include accessory parts (Mitra
et al., 2009) When a fruit is developed from ovary (mango), it is known as ‘True fruit’
and if is developed from any other part of flower such as peduncle (cashew nut) or
thalamus (apple and cucumber) then it is known as ‘False fruit’. A fruit basically
consists of the seed(s), which is developed from ovule(s) and pericarp which is
developed from wall of the ovary. If the pericarp is thick, it is further divided into
outermost epicarp, middle mesocarp and innermost endocarp.The skin denotes epicarp
while the pulpy part the mesocarp. Endocarp may be membranous or stony. Fruits can
be classified into three broad categories (Dutta, 1964):
1) Simple type
This type occurs when only one fruit is developed from a matured ovary of a simple
flower. It is further divided into
a) Dry type
e Dehiscent type- pericarp of fruit bursts upon ripening.
Example: Follice in Alstonia scholaris, Legume in Pisum sativum,

Capsule in Rhododendron sp., Silique in Brassica sp.
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e Indehiscent- pericarp of fruit does not open up on maturing and resort to
decaying for seed dispersal.
Example: Cypsella in Helianthus annuus, Caryopsis in Zea mays,
Achene in Mirabilisjalapa, Utricle in Chenopodium sp., Nut in Quercus
sp.
e Schizocarpic- Fruits which split into indehiscent individual carpellary
components (mericarp) upon maturing. Example: Cremocarp of
Coriandrum sativum, Samara in Dioscorea sp., Regma in Ricinus
communis, Lomentum in Mimosa sp., Carcerule in Ocimum sp.
b) Fleshy type (always indehiscent).
Example: Drupe in Prunus domestica, Berry in Phoenix sylvestris,
Hesperidium in Citrus sp., Pepo in Cucurbit sp., Pome in Malus
sylvestris.
2) Aggregate type
It comprises of cluster of fruitlets which are formed from respective free carpels. For
example: aggregate of berries (Annona squamosa), Achenes (Clematis sp), Follicles
(Michelia champaca), Drupes (Fragaria vesca).
3) Multiple or Composite type
Fruits formed from the whole of inflorescence. For example:Syconus of Ficus sp. and
Sorosis of Ananas comosus.
Based on the climate type of a region a fruit may be broadly classified as tropical type,
sub-tropical type, temperate type or arctic type (Joy et al., 2016). Tropical types grow in
high temperature climatic zone and evergreen in nature (Joy et al., 2016) and cannot
withstand low temperatures (Yahia, 2006) such as are mango, banana, papaya. About

300 tropical fruit species have been reported from the Indian subcontinent (Paull and
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Duarte, 2011). Subtropical types need comparatively milder temperature to grow and
can survive slight cold temperature and may be evergreen or deciduous in nature (Joy et
al., 2016; Encyclopedia of Food and Culture, 2018). For example, oranges, grapes,
lemons and limes etc. The temperate fruit trees can survive very low temperatures and
are deciduous in nature (Joy et al., 2016) such as apples, peaches, pears, cherries etc.
Arctic types are prone to extremely low temperature throughout the year (Joy et al.,
2016). However, it may be noted that there is no hard and fast rule for growing them in
those particular climatic zone. For example, banana and avocado can be grown in both
tropical and subtropical regions (Encyclopedia of Food and Culture, 2018).

When it comes to layman, there is often confusion differentiating between fruits and
vegetables. The International Agency for Research on Cancer (IARC, WHO, 2003) has
designated vegetable as any edible part of a plant. In such case fruits automatically fall
under the vegetable category. But they, IARC, had also defined fruit as the pulpy part of
plant containing seed(s) with particular taste which can be consumed as meals. So this
thesis will focus on fruits based on the second context.

Fruits serve as functional food and keep diseases at bay (Joy et al., 2016). The
antioxidants present in them have been known to fight against various diseases such as
cancer, cardiovascular disorder, type 2 diabetes, blood pressure disorder and other
chronic aging related diseases (Doll, 1990; Ames et al., 1993; Dragsted et al., 1993;
Willett, 1994; Seal, 2011). Consuming fruits also help in rebuilding of tissues and fetal
development (ChooseMyPlate.gov, United States Department of Agriculture, 2015).
Such beneficial characteristic feature come from their antioxidant property which is
generally composed of polyphenolics, flavonoids, anthocyanin, vitamin C, E and beta
carotenoids such lutein and beta carotene (Steinberg et al., 1989, 1991;Gey, 1993;

Olsson et al., 2004; Gulcin, 2010; Harput, 2011; Singh et al., 2014).
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An antioxidant is a molecule capable of inhibiting oxidation process. During oxidation
reaction, reactive oxygen species (ROS) such as hydrogen peroxide (H202),
hypochlorous acid (HOCL) and free radicals such as the hydroxyl radical (*OH) and
the superoxide anion (O%) are produced (Valko ef al., 2007) which is quite normal and
indispensable for important physiological function. But an imbalance between these
radicals and antioxidants leads to a degenerative condition. These unstable molecules
can easily react rapidly and initiate a chain reaction resulting into oxidative stress.
Antioxidants can terminate such chain reactions by removing free radical intermediates
and inhibiting further oxidation by oxidizing themselves. This property of antioxidant
has been a crucial factor in Research and Development Area. Thus they have been of
great significance to mankind both in health and cosmetic sector (Fukumoto & Mazza,
2000). Catechins, anthocyanins, ellagic acid, beta carotene, vitamin E, resveratrol,
lycopene, vitamin C are few examples of popular antioxidants found in fruits.

There has been rapid increase in fruit consumption due to increasing awareness about
its beneficial effects. The market thus tries to maintain the availability of fruits in
market whole year round (Retamales, 2011). However, cost and accessibility have been
identified as key barriers to fruit consumption (International Food Information Council
Foundation, 2018). In such situation the locally available minor fruits could be used in
place of conventional fruits. About 50% of the world’s fruit production is fulfilled by 5
countries and India is one among them, the other four are China, Brazil, USA and
European Union (Retamales, 2011). According to Agricultural and Processed Food
Products Export Development Authority, Ministry of Commerce and Industry,
Government of India, (APEDA, 2015) India is the largest supplier of fruits in the world
with Maharashtra, Andhra Pradesh, Tamil Nadu, Gujarat, Karnataka, Uttar Pradesh,

Bihar, Madhya Pradesh, West Bengal, Kerala, Jammu & Kashmir, Orissa and Assam
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categorized as the key producer states while USA, UK, Germany, Holland and Russia
as active importers of fruits (Retamales, 2011).

Apart from some major fruits of the North East Region such as apple, orange, kiwi,
peach and pear, it is also a home to many minor fruits as well (Mitra and Roy, 2014).
Arunachal Pradesh is biodiversity hotspot region and is a storehouse to different kinds
of fruits of which many are lesser known or underutilized. Fruits such as Kiwi,
mandarin Orange, Pine apple are few examples of major fruits of Arunachal Pradesh
(APEDA, 2015). There is a need for more exploration among the lesser known fruits in
the state to study about their potency in both antioxidant as well as nutritional
dimension. Such way people will have more ideas about those lesser known fruits and
could commercialize at larger scale and Arunachal Pradesh could be one among the key

producers of fruits in India.

OBJECTIVES

1. Documentation on the wild minor fruit plants of Arunachal Pradesh and their
ethnobotanical accounts.

2. Preliminary qualitative phytochemical screening for nutritional and antioxidant
components. Selection of the maximum possible number of minor fruits based
on the preliminary test and also by taking into account the ethnobotanical and
literature reports.

3. Quantitative estimation of nutrients like total Protein, aminoacids, carbohydrate,
starch, total sugar, fat, fiber etc. of the selected fruit.

4. Quantitative estimation of antioxidant activity of the selected fruits from their

solvent and essential oil extracts and comparison among them.



Hypothesis of the Proposed Research

Minor fruits of Arunachal Pradesh, consumed by the local people could possess high
nutritive values and antioxidant agents. If any minor fruit with such values is discovered
it could be cultivated for commercial purpose and be converted into major fruit crop.
This study therefore would help us understand the nutritive parameters and antioxidant

potential of the various minor fruits found here.



Chapter 2

Literature Review



According to Fuleky (2009) about 80,000 plant species on Earth are fit for human
consumption. They are endowed with rich nutrients essential for our health (Liu et al.,
2000; Duyn & Pivonka, 2000; Agudo, 2004). As per Hoejskov (2014), sufficient fruits
and vegetables consumption help boost immunity, safeguard eyes, cardiovascular
system and give protection against cancer, obesity, and stroke and could save about 2.7
million deaths around the world. Edible fruits comprise about 3000 species as reported
by Mohapatra and Panda (2009). They can be consumed directly in raw form or
processed for later consumption with value addition. Consuming fruits is related with
decreased rates of kidney stones, bone density loss and enhancement of brain cells,
bowel movement etc (Ridgewell, 1998; Mintah et al., 2012; Urology Care Foundation
(UCF), 2016).
Plant based foods generally contain phytochemicals. These are naturally occurring
chemicals within plants and are produced by primary or secondary metabolism in plants
(Harborne et al., 1999; Molyneux et al., 2007). Primary metabolites are essential for
growth and development of plant while secondary metabolites protect them from harsh
environmental stresses such as predation and pathogen attack etc (Keeling, 2006). Patra
(2012) has reported about 200,000 phytochemicals discovered by researchers of which
20,000 are known to have been derived from fruits, vegetables and grains. They are
generally reported to be bioactive and have influence human health in outstanding ways
(Schreiner, 2006).
Huang et al., (2016) has grouped phytochemicals into 5 categories:

o Carbohydrates: comprising of  monosaccharides, disaccharides,

polysaccharides, oliogosaccharides and sugar alcohols
e Lipids: comprising of monosturated fats, saturated fats, polysaturated fats

andfatty acids.



Terpenoids: comprising of carotenoids, monoterpenoids, diterpenoids,
sesquiterpenoids, triterpenes, triterpenoidsaponins, sesquiterpene lactones,
polyterpenoids.

Phenolic compounds: comprising of flavonoids, phenolic acids, stillbenoids,
tannins, lignans, xanthones, quinines, coumarins, phenylpropanoids,
benzofurans.

Alkaloids and other nitrogen containing metabolites:  comprising of
glucosinolates, betalain, indole, peptide, amino acids, ateroidal, cyanogenic

glycosides, proteins, quinoline, purine, pyrimidine etc.
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Fig 2.1: Diagrammatic representation of production of secondary metabolites

These phytochemicals have substantial role in pharmacognosy, perfumery, cosmetics,
agro-industries and food industries (Hill, 1993; Newman et al., 2000; Tucci, 2010;
Patra, 2012; Varma et al., 2017; Saleem et al., 2018). Bioactivities reported from

phytochemicals comprise antimicrobial, anti-inflammatory, anti-tumor, anticancer, anti-

N9N



diarrhoeal, anti-HIV, anti-diabetic, anti-viral, hepatoprotection, cholesterol-lowering,
cardiovascular protection, and various non-communicable diseases etc (Selway, 1986;
Gould et al., 1997, Kren & Martinkove, 2001; Schreiner, 2006; Ee et al., 2010;
Sasidharan ef al., 2011; Godlaski, 2011; Xia ef al., 2011; Tanwar and Modgil, 2012).
Among all these bioactivities antioxidant activity has gained tremendous interest in
scientific community (Delaquis et al., 2002; Rufino et al., 2011; Basumatary et al.,
2015; Santos and Goncalves, 2016). Studies have reported that antioxidant content in
fruits and vegetables can lessen the chances of oxidative stress which leads to
cardiovascular diseases, degenerative diseases such as cancer and other aging related
diseases and some chronic diseases (Ames ef al., 1993; Cao et al., 1996; Wang et al.,
1996; Dragsted et al., 2003). According to Larson (1988) ascorbic acid, carotenoids
such as carotenes and xanthophylls, vitamin E such as tocopherols and tocotrienols,
phenolic compounds such as phenolic acids, flavonoids, stilbenes, coumarins, lignans
and lignin and other sulphur derived antioxidants are the chief components of
antioxidant property in fruits and vegetables. Studies made by other workers (Gulcin,
2010; Harput, 2011; Singh et al., 2014) also support the role played by phenolics,
anthocyanins and flavonoids as antioxidants in various fruits. Weiss (2005) has reported
the role of vitamins and carotenoids in prevention of fatty acid peroxidation chain
reactions. According to Sandmann (2001) the conjugated double bonds are the reason
for antioxidant activity of carotenoids. In plants, polyphenolics have been reported to
have significant role in protecting the integrity of plants by providing resistance against
pathogen attacks, extreme temperature conditions, radiations etc (Haslam, 1996; Lira et
al., 2007). Many biological activities such as antifungal, anti-histamine, antibacterial,
antiviral, anti-inflammatory, anticancer, antioxidant activities and lessening the chances

of diseases such as diabetes, osteoporosis and neurodegenerative diseases have been



associated with phenolic content in fruits and vegetables (Kim et al., 1998; Carb et
al.,1999; Wang et al., 1999; Harborne & Williams 2000; Graf et al., 2005; Soobrattee et

al., 2005; Nitta et al., 2007)
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It is reported that 3.4 million deaths worldwide could be due to low fruit consumption
(Lancet, 2015) where non-communicable diseases (NCDs) alone accounts for 70% of
deaths according to World Health Organization (WHO, 2017). To keep diseases at bay
and keep one’s body hale and hearty (WHO, 2019) recommends daily intake of at least
400 grams of fruits and vegetables. But with about 7.7 billion (World Bank, 2019)
people around the world, there is an ever-growing need of fruits. Mitra (2014) has
reported that awareness about the commercial and nutritional values has led to global
demand of fruits. In such state of affairs minor fruits become excellent alternatives
(Patel et al., 2010; Paul, 2013; Mahato and Chhetri, 2015; Srivastava et al., 2017).
Minor fruits are those fruits which are lesser known than conventional popular fruits.
According to Mazumdar (2004) minor fruit may be defined as those fruits which can be
consumed but are less palatable in comparison to other fruits available in a region. They
are also known as “lesser known” or “less exploited” fruits and sometimes as “wild
fruit”. Roy (2014) states that a minor fruit is defined by factors such as use value related
geographical availability, adaptation to agro-ecological niches, scarcity in scientific
knowledge and current economic importance.

But it is to be noted that there is a thin line between a fruit being major type or minor
type. For example, a popular fruit at temperate region may be a minor fruit in a tropical
region. Thus no sharp demarcation can be drawn between them. Use value, popularity
among people, low market value, dearth in scientific knowledge, climatic and edaphic
factors may be some of the contributing factors for unpopularity of these fruits among
the people (Mazumdar, 2004; Beluhan and Ranogajee, 2010; Roy, 2014). It is also
reported that people have hardly any idea about their nutritional value. Being short of
such knowledge people may domesticate them but not necessarily cultivate them

(Beluhan and Ranogajee, 2010; Mahato and Chhetri, 2015). Many of them are thus



found in feral state and are stigmatised as “Food of the Poor” (Dandin and Kumar,
2016). Such ignorance leads to less demand in market automatically. They might,
however, sometimes have economic values at regional market only (Anang and Chan,
1999) or may have an important part in socio-cultural life of the indigenous people
(Arora, 1998). Inconvenience in eating such as unpleasant taste or too many seeds or
storing problem are considered some of the common problems associated with their
negligence. It is reported that poor documentation on their distribution, cultivation,
needs, uses, poor commercial status, processing status, under estimation of their
potentiality along with vanishing ecosystem etc., are some of the major setbacks of
these minor fruits (Gajanan, 2010; Roy, 2014; Dandin and Kumar, 2016).

The above limitations are hindrance to the fact that minor fruits can be a popular potent
dietary supplement. Such limitations conceal some exceptional qualities in them such as
hardiness, defiance to pathogen attack and their ability to utilize the naturally available
nutrients in nature without much effort (Mazumdar, 2004).

Despite such hindrances their potentiality as medicinal, therapeutic and industrial value
has been identified by the indigenous communities (Rai ef al., 2005). At present world
their relevance has been noted by the researchers around the world due to their climate
pliant nature, natural adaptation to stress, neutraceutical and medicinal significance etc
(Dandin and Kumar, 2016). Reports suggest that these fruits have the possibility of
balancing the growing food and nutritional insecurity around the world (Kunkel, 1984;
Bhag et al., 1997; Paul, 2013; Dandi and Kumar, 2016; Srivastava et al., 2017).
Antioxidant activity and nutritional information has been reported for some of the
minor fruits (Guinand & Dechasa, 2001; Mitra et al., 2008; Chalise et al., 2010; Seal,
2012; Paul, 2013; Diengngan and Hasan, 2015; Dasgupta et al., 2017; De, 2017;

Basumatary and Narzary, 2017). It is also reported that nutritional value of these minor



fruits show discrepancy from species to species depending on the climatic and edaphic
factors (Mitra et al., 2008; Seal, 2012; Paul, 2013).

International Perspective

Dandin and Kumar (2016) has mentioned 1750 edible underutilized edible fruits and
nuts in 11 regions of the world, namely- Chinese- Japanese (222), Indochinese-
Indonesia (226), Australian (57), Hindustani-Indian (344), Central Asian and Near
Eastern (38), Mediterranean (30), African (131), European-Siberian (62), South
American (263), Central American and Mexican (122) and North American (255).
Minor fruits have been identified as a major food supplement for developing countries
(Cook et al., 2000; Lockeett et al, 2000; Ogle et al., 2001). Minor fruits such as
Ziziphus spina-christi, Balanites aegyptiaca, Grewia flavescens have been studied to be
important food supplement in the Semiarid Parts of East Shewa Zone, Ethiopia (Feyssa,
2011).Aegle marmelos, Arbutus unedo, Asimina triloba, Berberis aristata, Castanea
sativa, Choerospondias  axillaris,Cornus kousa var.chinensis,Cipadema bacifera,
Crataegus monogyna, Diospyros embryopteris, Diospyros kaki,Diospyros virginiana,
Diplokemna butyracea, Eryobotria japonica,Lithocarpus pachylepis, Melastoma
malabathricum, Morus spp, Phyllanthus emblica, Prunusmartima, Prunus persica,
Prunus spinosa, Pyrularia edulis, Rubus ulmifolius, Sorbus domestica, Sambucus
canadensis, Spondias pinnata, Terminalia bellirica, Terminalia chebula, Ziziphus
incurve, Ziziphus mauritiana, are some of the minor fruits reported from various
countries such as Nepal, America, Ethiopia, China, Iberian peninsula and
Mediterranean regions etc. (Bellini & Giordani, 1998; Chalise et al, 2010; Feyssa,
2011). Ikram et al., (2009) has reported on the antioxidant capacity and total phenol
content on 58 underutilized fruits from Malaysia with higher antioxidant capacity for

Averrhoa bilimbi, Phyllantus emblica, Pomentia, Salacca conferta, Syzyzium jambos,



Sandoricum macropodum, Maipighia punicirolia and Garcinia atroviridis among the
collections. Fu et al.,(2010) has reported on antioxidant and total phenolic content of 56
wild fruits from South China with highest antioxidant activity and potentiality as
functional food recorded for Fucalyptus robusta, Eurya nitida, Melastoma sanguineum,
Melaleuca leucadendron, Lagerstroemia indica, Caryota mitis, Lagerstroemia speciosa
and Gordonia axillaris.

National Perspective

In India About 27% of the fruit production have been reported to be contributed by
minor fruits (Srivastava et al., 2017). Mazumder (2004) has reported about 150
palatable minor fruit species in India. Aegel marmelos, Anacardium occidentale,
Annona reticulata, Averrhoa carambola, Borassus flabellifer, Cassiac aranda,
Chrysophyllum cainito, Dillenia sp., Feronia limonea, Grewia subinaequals etc have
been reported to be some of the minor fruits of India (Mazumdar, 2004).Protein, crude
fibre, carbohydrate, Ca., K, Na., P, Vit, C, Vit A have been reported from some of the
wild minor fruits viz, Aegle marmelos, Averrhoa bilimbi, Baccaurea sapida,Cordia
myxa, Elaeangnaus latifolia, Eriobotrya japonica, Grewia asiatica, Myrica esculenta,
Syzygium cumini, Zizyphus mauritiana (Mitra et al., 2008; Seal, 2012; Paul, 2013).
Antioxidant activity of Ficus palmata, Pyrus pashia and Ficus auriculata have been
reported from Uttarkhand and were reported to be potential tonic for reducing oxidative
stress and prevention of cancer development (Saini et al., 2012). Flueggea leucopyrus
willd., Grewia tiliaefolia Vahl., Mahonia leschenaultia, Gaultheria fragrantissima,
Zizyphus rugosa and Rubus ellipticus have been reported for the same from Western
ghats (Karuppusamy et al., 2011). Shiva et al., (2017) has reported on the usage and
nutritional value of some wild fruits from Telangana area. Paul (2013) in the2nd

International Symposium on Minor Fruits and Medicinal Plants for better lives, has



reported study on minor fruits from the Eastern region such as Assam (Shadeque,
1989), Eastern Ghat region (Reddy et al, 2006), Meghalaya (Jasmine et al., 2007),
Odisha (Sinha & Lakra, 2005), Sikkim (Sundriyal & Sundriyal, 2011), Tripura
(Mazumder & Dutta, 2009) and West Bengal (Roy, 2014).

Regional Perspective

Some of the wild minor fruits from the North eastern region of India whose antioxidant
potential has been studied (Seal, 2011; Prakash et al., 2012; Singh et al., 2014) are-
Baccaurea sapida, Castanopsis tribuloides, Citrullus colocynthus, Cyphomandra
betacea, Diplokenema butyracea, Elaeagnus latifoila, FElaeocarpus Sikkimensis,
Emblica officinalis,Eriolobus indica, Ficus hookeri, Machilus edulis, Myrica
esculenta,Spondias axillaris etc. Mahato and Chhetri (2015) has documented on 10
minor fruits from Darjeeling Himalayas and discussed on their morphological as well as
nutritional aspect along with utilization and value addition. Patel et al., (2010) has
discussed the distribution and processing of minor fruits from North Eastern India.
Some of the recorded (Roy et al., 1998; Chadha, 2001; Peter, 2007; Malik ef al., 2010;
Singh et al., 2014, Mahato and Chhetri, 2015) minor and uncultivated fruits of Eastern
India are: Aegel marmelos, Annona reticulata, Annona squamosa, Artocarpaus altilis,
Artocarpus lakoocha, Averrohoe carrmbole, Baccaruea sapida, Baccaurea sapida,
Borassus flabellifer, Castanopsis hystrix, Cassia caranda, Citrus grandis, Cordia myxa,
Cyphomandrabetacea, Diospyros blancoi, Diospyrus melanoxylon, Diospyros
peregrine, Diospyros malabarica, Diploknemabutyracea, Duchesnia indica, Duraize
bethinus,  FElacocarpus floribunda, Elaeagnuslatifolia,  ElaeocarpusSikkimensis,
Elaegnus latifolia, Eriobotrya japonica, Eriolobus indica, Euphoria longan, Ficus
hookeri, Ficus racemosa, Feronia limonea, Flaocortia indica, Flacortia jangomas,

Garcinia mangostene, Garcinia xanthochymus, Grewia asiatica, Machilus edulis,



Morus alba, Malphigia punicifolia, Mimusops elengi, Mangifera sylvatica, Dillenia
india, Phyllanththus embelica, Inga dulcis, Madhuca latifolia, Madhucaindica,
Nephelium lappaceum, Nipa fruticans, Phoenix sylvestris, Phyllanthus acidus, Physalis
peruviana,  Plassiflora  edulis,  Prunus  cerasoides, = Rubus ellipticus,
Semeocarpusanacradium, Sonneratia acida, Spondias axillaris, Spondius cythera,
Spondius  pinnata, Sterculia foetida, Syzygium cuminii, Syzgium  jambos
,Syzygiumsamarengense, Tamarindus indica, Terminalia chebula, Trapa bispinosa,
Zyzyphus mauritiana etc.

Arunachal Pradesh

Hazarika and Lalruatsangi (2016) has reported the role of minor fruits such as
Nephelium lappaceum, Emblica officinalis, Zizyphus maurutiana, Dimocarpus longan,
Syzygium cumini, Aegle marmelos, Grewia subinaequalis, Averrhoa carambola,
Dillenia indica, Durio zibethinus, Carissa carandas, Diospyrous kaki, Passiflora spp,
Tamarindus indica, Ficus carica in ethno-medicine. Angami et al., (2006) has reported
the use of wild fruits for sustaining food security among local population of Arunachal
Pradesh. Documentation has been done on wild fruits of the State by Singh and Asha
(2017). De (2017) has also reported on physico-chemical properties as well as other

beneficial use of some of the underutilized fruits of Arunachal Pradesh.



Chapter 3

Study site: Arunachal Pradesh



STUDY SITE: Arunachal Pradesh
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Fig 3.1: Map of Arunachal Pradesh; shaded regions denote areas visited (Source: District

Administration Department; Credit Hage Konya Perme and Hage Yato)

Arunachal Pradesh, also known as the ‘Land of Dawn Lit Mountain’ is located on the
North Eastern region of India in between 26° 28’N to 29° 30°N latitude and 91°30’E to
97°30’E longitude. The State is largest (covering 2.39% of India’s total area) among the
north-eastern States with its total area of 83,743 sq. km and popularly known as the
‘Orchid State of India’ or the ‘Paradise of the Botanist’ (Dept. of Environment and
Forest, Arunachal Pradesh, 2014). The State is divided into 25 administrative districts at
present with Itanagar as the capital. The State shares its boundary with China in the
north, Bhutan in the west, Myanmar in the east, Assam and Nagaland in the south.

Climate type varies from Humid Subtropical to Subtropical Highland type to Alpine
climatic type owing to changing elevation at each point. The State ranks second (area
wise) in forest cover in whole of India. 79.96% of its area is under forest cover (Forest



Survey of India, 2017) and accounts for one third of the habitat area within the Eastern
Himalayan Biodiversity Region. It is the 12t mega biodiversity hotspot of the world
(Agarwal,1999) and regarded as the Ecological hotspot with about 5000 plant species of
which 238 are endemic to the state (ENVIS: Arunachal Pradesh, 2016). The vegetations
found here are divided as:

e Tropical Forest: up to the altitude of 900m from MSL.

e Sub-Tropical: up to the altitude of 1800m from MSL.

e Pine Forest: between 1000m to 1800m from the MSL.

e Temperate Forest: between 1800m to 3500 from MSL.

e Alpine Forest: at the altitude above 3000m.

e Secondary Forest: e.g. - Degraded forests, Bamboo forest and Grasslands.
Forest play significant role in the economic sector of the State as the inhabiting
populations are mostly rural, which is about 79.6% of the population of the State.

The State has 28 major tribes with 110 sub-tribes (Tag et al., 2005). Adi, Apatani, Aka,
Galo, Khampti, Mishmi, Monpa, Nocte, Nyishi, Tagin, Tangsa, Shingpo, Sherdukpen

etc are some of the major tribes of Arunachal Pradesh.



Chapter 4
Documentation of Minor Fruit Plants of
Arunachal Pradesh and their Ethnobotanical
accounts.



4.1 Introduction

Written records of uses of plants dates back from ancient times as can be seen from
renowned works of Theophrastus, Ibn al-Baitar and Burkill, to name a few
(Nirmalkumar, 2014). Such documentation has helped us trace back the forgotten
values of plants around us. As per WHO plants have procured special place in health
sector especially in developing countries where most of the population are
economically weaker and backward (Awoyemi et al., 2012). The indigenous
communities have always deemed plants as mystic on its own ways and still believe to
consider them as natural healers (Abbink, 1995). Their ecological as well as economic
importance has been well understood by them (Leonti et al., 2003). Today’s traditional
health care system is stated to be resultant of oral transcendence of primeval knowledge
system around the world (Gurib-Fakim, 2006). As such ethnobotany and traditional
knowledge system go hand-in- hand. Traditional knowledge system is passing-on of
any kind of knowledge/information that is practiced by an indigenous community in
pursuit of keeping a balanced ecology and maintaining a sustainable biodiversity
(Dennis et al., 1995; Amend, 2008). Ethnobotanical studies deal with the uses of plants
in traditional and cultural facet of the human civilization. Voeks (2017) describes
ethnobotany as “the study of the dynamic relationship between plants and people”.
Such studies have led to many drug discoveries around the world (Newman et al., 2000;
Samuelsson, 2004; Butler, 2004). Plants are always looked upon for new remedies, be it
from ancient records or a new venture into scientific world. They are inevitable part of
our life and time and again the importance of ethnobotany will surface yet again.

Various ethnobotanical surveys have been done in Arunachal Pradesh. According to
Mao and Roy (2016) 14 publications have been reported under ethnobotany category
from the State. Tangjang et al., (2011) has recorded ethnobotanical data from Adis of



Lower Dibang Valley, Noctes of Tirap district and Nyishis of Papumpare district with
special emphasis on medicinal plants. Ethnobotanical data for Hill Miri tribe has been
reported by Tag and Das (2004). Namsa et al., (2009) has reported on the anti-
inflammatory plants used by the Khamptis of Lohit area. Other such ethnobotanical
survey has been done by Namsa et al., (2011) on Monpa co