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Abstract: Today we live in a world where poverty, hunger and malnutrition are prevalent. It has been estimated that 14 per
cent of the global population or 852 million people are going hungry and of these 690 million are in the Asia-Pacific region.
Aquaculture is the farming of aquatic organisms in both coastal and inland areas involving interventions in the rearing
process to enhance production. It is probably the fastest growing food-producing sector and now accounts for 50 percent of
the world's fish that is used for food. Fish contributes over 20 per cent of the animal protein intake for more than 2.6 billion
people around the world. Hence, fish and fisheries make a major contribution to nutritional security and the fight against
hunger and poverty in Asia. Immunostimulants known as immunostimulators are attractive substances that activate the
immune system of humans and animals for prevention of diseases and improvement of the body's natural resistance to
various viral and bacterial infections. These biologically active substances are the products derived from natural sources or
synthetically made with different chemical properties and mechanisms of action. Lapsi, Choerospondias axillaris is
indigenous fruit tree of Nepal found growing within 900- 2000 m above sea level in many parts of the country. Native to
Nepal hills (850-1900 m asl), the tree has also been reported from India, China, Thailand, Japan and Vietnam. Nepal is
unique for processing and use of Lapsi fruits. Fruits are rich in vitamin C content, and are consumed fresh, pickled and
processed for preparing a variety of sweet and sour, tasty food products locally called as Mada and candy. It is grown in 301
village Development committees of 29 hill districts of Nepal for some socio-economic purpose. Like other medicinal fruits,
lapsi also act as immunostimulants and enhance the immunity of fish during aquaculture.
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Introduction

Aquaculture is the farming of all forms of aquatic animals and
plants in fresh, brackish and marine environments under
controlled conditions (FAO, 2018). It is the fastest-growing
food producing sector of agriculture worldwide that provides
half of all fish for human consumption (Troell ef al., 2013).
Fisheries and aquaculture remain important sources of food,
nutrition, income and livelihoods for millions of people
around the world (Allison 2011).

a) Status of Global Aquaculture

Global aquaculture production grew at an annual average rate
of 8.9 per cent since 1970, as compared to 1.2 per cent for
production from capture fisheries and 2.8 per cent for
terrestrial farmed animal meat production. While the sector
represented only 6 per cent of food fish production in 1970, its
share increased to 12 per cent in 1985 and to 32 per cent in
2003. Asia accounts for over 91 per cent of global aquaculture
production by weight and 82 per cent by value. Production
increased from 14.3 million t in 1989 to over 42 million t in
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2003, an annual growth rate of 11 per cent. Thus, it is the
fastest growing food production sector in agriculture. Much
of this growth has been in China, where the annual growth
rate was 15 per cent. In the rest of Asia, the growth rate was
only 3 per cent. Of the total aquaculture production of 42
million t in 2003, 60 per cent was from freshwater
aquaculture and the rest from mariculture, indicating the
importance of freshwater aquaculture to increased nutritional
security (Lorenzen 2008). Further, most of the species
cultured in brackish and marine waters are carnivores and
require fishmeal in their feed, which puts more pressure on
already depleted marine stocks. Nearly 80 per cent of
aquaculture production comes from small-holder operated
farms. Thus, small-holder farmers are not only consumers of
fish but also the producers. To eliminate hunger and poverty
in this segment of the population, the issue of their access to
resources, lack of skills, vulnerability and aversion to risks
have to be addressed. In the context of growing global
demand for fish, the stringent requirements for environment
and product quality, and the hope that aquaculture will bridge
the gap between demand and supply. However, world per
capita fish supply has outpaced population growth and
reached arecord high of 20 kg in 2014 (double the level of the
1960s), due to vigorous growth in aquaculture. In the last two
decades, dramatic growth in aquaculture production has
boosted average consumption of fish and fishery products
worldwide (FAO2010).

b) Status of Aquaculture in India

India offers a huge potential for aquaculture development.
The country has a coastline of 7,517 km and an extensive
river and canal system of about 195.210 km, consisting of 14
major rivers, 44 medium rivers and numerous small rivers
and streams. In addition, pond and tank resources are
estimated at 2.36 million ha.l India experienced an eleven
fold increase of fish production in the past six decades. In
India, the annual fisheries and aquaculture production
increased from 0.75 million tonnes in 1950-51 to 9.6 million
tonnes in 2013-2014. Globally the country now takes the
second position, after China, with regard to annual fisheries
and aquaculture production. 2 According to the FAO, the total
aquaculture production in 2012-2013 was 4.21 million
tonnes. This constituted over a third of the country's total fish
production. This quantity is almost fully consumed on the
domestic market, except for shrimps and freshwater prawns,
which are mainly exported (Lorenzen 2005). India is the
largest exporter of shrimps to the Netherlands. Specifically
freshwater aquaculture experienced over a tenfold growth in
the past three decades, 0.37 million tonnes in 1980 to 4.03
million tonnes in 2010.5 Over ten percent of the global fish
diversity can be found on or near the Indian subcontinent and
more than 14.5 million people depend on fisheries activities.
Nevertheless, the national average annual consumption of
fish and fish products in 2010 was 2.85 kg/capita. In the
coastal state of Kerala, fish is consumed the most, with 22.7
kg/per capita and in the mountainous state of Himachal
Pradesh consumption is with 0.03 kg/capita relatively low. 6

About 40% of the Indian population does not eat fish since
they are vegetarian and the remaining 60% only occasionally
consumes fish.7 Lower income and rural families consume
less fish than higher incomes or urban families (Verdegem et
al.,2009).

¢) Status of Aquaculture in Nepal

Nepal is a land-linked federal democratic republic country
situated between China to the north and India to the south,
east and west. It covers an approximate area of 147,181
square kilometers and stretches 885 kilometers East to West
and about 193 kilometers North to South. In the south the
altitude is about 60 m above sea level, while at north elevation
goes up to 8,848 m (Mt. Everest), the highest peak of the
world (Nargis et al., 2011). High geographical variations,
abundant freshwater resources and low labor cost are positive
benefits to develop aquaculture in Nepal. There are a lot of
water resources in Nepal with about 6,000 rivers flowing
north to south. These rivers are characterized by low water
temperature, high dissolved oxygen, high turbulent fast
current in higher mountainous and hilly region. On the other
hand, high water temperature, low dissolved oxygen, low
turbulence is normal for the river in Terai (low land) region
(Paudel 2003). In Nepal, aquaculture contributes 2.68% to
Agricultural Gross Domestic Production (AGDP). Rivers
and streams are a major source of capture fishery covering
395000 ha of natural water resources in the country. Around
5, 83, 467 people are directly engaged in aquaculture and
capture fishery with net fish production of 83,897 MT.
(Culture fisheries 62,924 MT and capture fisheries 20,973
MT) in the year 2016 (DoFD 2017). Approximately 5% of
Nepal is occupied by different freshwater aquatic habitats
where 232 fish species are reported to thrive (Shrestha 2008).
Among the 232 fish species 217 are indigenous and 15 are
exotic. The aquatic habitats and varied fish species are the
prospects for fisheries and aquaculture development in the
country (Dahal et al.,2013). The present aquaculture status of
Nepal can be improved by adopting long-term sustainable
plan, scientific and technological studies on indigenous fish
species, proper hygiene management and better disease
control (Gautam 1997). Total fisheries production (metric
tons) in Nepal was reported at 69500 in 2015, according to the
World Bank collection of development indicators, compiled
from officially recognized sources.

2. Challenges in Fish Production During Aquaculture

Today we live in a world where poverty, hunger and
malnutrition are prevalent. It has been estimated that 14 per
cent of the global population or 852 million people are going
hungry and of these 690 million are in the Asia-Pacific region.
Micronutrient deficiencies or hidden hunger in one form or
the other are affecting more than 2 billion people worldwide.
Each year, 5.5 million children are dying of causes related to
hunger and malnutrition. Over 1.1 billion people live on less
than US$1 a day, of which 700 million are in Asia. Fifty per
cent of the hungry are in smallholder farming households and
20 per cent among the landless poor. These statistics reveal
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the unpalatable truth that in a world that has resources and
knowledge, the situation remains a continuing travesty of the
recognized fundamental human right to adequate food and
freedom from hunger and malnutrition. The Millennium
Development Goals adopted by the world's governments in
2000 set a target of halving the hungry and malnourished
population by 2015 (Labh et al.,2015).

Fish and fisheries can play an important role in addressing
hunger and poverty in Asia. Fish are a rich source of protein,
essential fatty acids, vitamins and minerals. The fats and fatty
acids in fish, particularly the long chain n-3 fatty acids (n-3
PUFA), are highly beneficial and difficult to obtain from
other food sources. Fish contributes over 20 per cent of the
animal protein intake for more than 2.6 billion people around
the world. For example, the contribution of fish to animal
protein intake is estimated at 34.5 per cent in Malaysia, over
53 per cent in Indonesia and Sri Lanka, and 84.4 per cent in
the Maldives. However, these national averages hide the
importance of fish to the rural poor and coastal communities.
In many countries of the Asia-Pacific region, rural poor
household depend on fish for as much as 60-80 per cent of
their animal protein intake. In addition to contributing to
nutritional security, the sector has been providing
employment to over 35 million people in Asia directly and
many more when the support sector is included (Dabrowski
1984).

3. UseofMedicinal Plants as Immunostimulants
Immunomodulators are natural or synthetic materials that
regulate the immune system and induce innate and adaptive
defense mechanisms. These substances are classified into
two types, immunostimulants and immunosuppressants.
Immunostimulants can enhance body's resistance against
various infections through increasing the basal levels of
immune response (Jian 2004). These agents could increase
the oxidative activity of neutrophils, augment engulfment
activity of phagocytic cells, and stimulate cytotoxic cells as
necessary defense mechanisms. Many disorders could be
treated using some immunostimulants such as autoimmune
diseases, viral infections, and cancer (Yin et al., 2009).

The immunomodulation of larval fish has been proposed as a
potential method for improving larval survival by increasing
the innate responses until its adaptive immune response is
sufficiently developed for effective response against the
pathogen. To this end, it has been proposed that the use of
immunostimulants as a dietary supplement to larval fish
could be of considerable benefit in boosting the animal's
innate defences with little detriment to the developing animal
(Bricknell et al., 1997). Galeotti (1998) suggested that in vitro
screening methods should be used to elucidate the
mechanisms of immune-stimulation and then in vivo methods
should be used to establish whether the benefits occur in live
fish. The addition of various food additives such as vitamins,
carotenoids and herbal remedies to the fish feed has been
tested in aquaculture. Reducing the stress response,

increasing the activity of innate parameters and improving
disease resistance (Amar et al., 2004) are the overall
beneficial effects.

Immuno-modulation is a procedure that can alter the immune
system of an organism by interfering with its functions; if it
results in an enhancement of immune reactions it is named as
immune-stimulatory drug which primarily implies
stimulation of non-specific system, i.e. granulocytes,
macrophages, complement, certain T-lymphocytes and
different effector substances. Immuno-suppression implies
mainly to reduce resistance against infections, stress and may
occur on account of environmental or chemotherapeutic
factors. Immuno-stimulation and immune-suppression both
need to be tackled in order to regulate the normal
immunological functioning. Hence both immune-stimulating
agents and immune-suppressing agents have their own
standing and search for better agents exerting these activities
is becoming the field of major interest all over the world
(Ardod et al.,2008).

Medicinal plants have been known as immunostimulants,
growth promoters, immune enhancers, where they act as
antibacterial and antiviral agents to the host immune system.
Natural plant product promote various activities such as anti-
stress, growth promotion, appetite stimulation, immune-
stimulation, aphrodisiac and antimicrobial properties, due to
the active substances such as alkaloids, flavanoids pigments,
phenolics, terpenoids, steroids, and essential oils. Herbal
extracts are used as immunostimulants to culture fish because
they are easily obtained and act against a broad spectrum of
pathogensdue to the presence of various active components
such as alkaloids, terpenoids, pigments, phenolics, tannins,
steroids flavonoids and essential oils (Citarasu 2010).

Most herbs and herbal extracts are administered orally. In
fish, medicinal fruits as an immunostimulant enhance the
phagocytic capacity of neutrophils and lymphocytes,
stimulate secretion of cytokines from Ilymphocytes,
coordinate cellular and humoral immunity and evoke
antibody and complement responses (Jeney et al., 1993).
Growth rates, survival rates and disease resistance have
significantly improved by supplementation of immuno-
stimulants in fish diet. Some medicinal plants were described
as following:

a) Tulsi (Ocimum sanctum): Leaves of O. sanctum
containing water-soluble phenolic compounds and
various other constituents may act as an
immunostimulant. Leaves extract of O. sanctum
affected both specific and nonspecific immune
responses. It stimulated both antibody response and
neutrophil activity (Kayastha 2014).

b) Amla (Phyllanthus emblica): P. emblica has
antioxidant, anti-fungal, anti-microbial, and
antiinflammatory activities. Amla fruit pulp
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contains a large amount of vitamin C as an immuno-
stimulant (Liu ez al., 2008).

Neem (Azadirachta indica): A. indica possesses
antihuman immunodeficiency virus, anti-tumor,
and antimicrobial activities. Azadirachtin, a
triterpenoid derived from A. indica, enhanced
respiratory burst activities, the leukocyte count and
the primary and secondary antibody responses
against SRBC (sheep erythrocytes) in tilapia (Das et
al.,2002).

Pea Eggplant (Solanum trilobatum): The herbal
extract of S. trilobatum possesses a broad spectrum
of antibiotic, antibacterial and anticancer activities.
A study showed that the water-soluble fraction of S.
trilobatum significantly enhanced the production of
reactive oxygen and decreased the percentage of
mortality following a challenge with Aeromonas
hydrophila (Christybapitaetal.,2007).

Bhringraj (Eclipta alba): E. alba possesses several
medicinal properties. The methanol extracts of E.
alba significantly increased the phagocytic index,
antibody titer and WBC count in mice
(Christybapita et al.,2007).

Ginger (Zingiber officinale): The extracts of Z.
officinale contain polyphenol compounds which
have a high antioxidant activity. Moreover, it
showed a significant increase in proliferation of
neutrophils, macrophages, and lymphocytes, as
well as it enhanced phagocytic activities.

Garlic (Allium sativum): Echinacea and 4. sativum
improved the gain in body weight, survival rate and
resistance against challenge infection of Aeromonas
hydrophila. Both compounds developed resistance
to cold stress during the winter season (Nya et al.,
2009).

Green tea (Camellia sinensis): Green tea extracts
possess biological activity including antioxidant,
antiangiogenesis, and anti-proliferative activities
that are related to the prevention and treatment of
various forms of cancer (Abdel Tawwab et al.,
2010).

Ghiu kumari (Aloe vera): Oral administration of A.
vera could enhance the specific and non-specific
immune responses and increase lysozyme activity,
serum bactericidal potency, and the total protein and
IgM levels (Alishahi et al.,2010).

Bermuda Grass (Cynodon dactylon): The antiviral
activity of C. dactylon was confirmed to prevent
white spot syndrome virus (WSSV) infection with
no mortality and no signs of WSD (White spot
disease) (Direkbusarakom 2004).

Chirchita (Achyranthes aspera): A.
showed both specific and non-specific immunity
revealed by higher levels of serum antibody and also

aspera

serum antiproteases in fish. Moreover, the level of
serum globulin and RNA/DNA ratio of the spleen
were also significantly enhanced in the fish fed with
A. aspera (Vasudeva Rao et al.,2005).

Many parts of the plant materials possess medicinal
properties and numerous plant materials are widely used in
aquaculture for preventing diseases by controlling the
pathogenic microbes and enhancing the immunity. 4.
hydrophila infection in rainbow trout (Oncorhyncus mykiss)
was controlled by garlic (Corzo-Martinez et al., 2007). Garlic
can help in the control of bacteria and fungi and increase the
welfare of fish (Logambal et al., 2000). Nya and Austin
(2009) used ginger to control an experimental infection of A.
hydrophila in rainbow trout, and mortality was reduced to
zero compared with the control group. Achyranthes aspera
seed was incorporated into the diet of Labeo rohita, rohu
fingerlings, and the results indicated that 4. aspera seed
stimulated immunity and increased resistance to A.
hydrophila infection in fish (Logambal et al., 2000). Dorucu
etal.,(2009) reported that black cumin seed extract enhances
the total immunoglobulin level in Oncorhynchus mykiss after
3 weeks feeding period. Rainbow trout fed with Z. officinale
(ginger) extract had significantly higher extracellular activity
of phagocytic cells in blood and in trout fed with nettle, and
mistletoe extracts increased the production of extracellular
superoxide anion (Dugenci et al., 2003).

4. Use of Lapsi (Choerospondias axillaris) fruits as an

Immunostimulant
Lapsi (Choerospondias axillaris) is a large, deciduous fruit-

bearing tree of the family Anacardiaceae. A native of the hilly
regions of Nepal (850-1900 m above sea level), but is also
found in India, China, Thailand, Japan and Vietnam. Lapsi
wood is used as light construction timber and fuelwood; seed
stones are used as fuel in brick kilns and the bark has
medicinal value (Nguyen et al., 1996). Lapsi is rich in vitamin
C content (Shah 1978). It is generally consumed fresh and
processed to prepare a variety of sweet and sour, tasty food
products called Mada and Achar locally (Labh et al., 2015).
Nowadays, other products such as candy, jam, squash and
powder are also prepared from Lapsi and its fruits are used in
rituals as an offering to the Gods and Goddesses.

Lapsi is cultivated in 301 Village Development Committees
(VDCs)in 29 hill districts of Nepal (Paudel 2003). Lapsi trees
are found in small patches in forests in mid hills of central
Nepal and scattered in private farmlands and at different
religious sites. It is a potential agro-forestry tree species to
generate income and to provide nutrients in the mid hills of
Nepal. With increase in demand for lapsi fruit, popularity of
lapsi tree has also increased. It has become a commercially
important tree mainly in districts surrounding Kathmandu
valley. The increased demand for lapsi as a fruit in
Kathmandu led the forestry program to expand the tree
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plantation. Since then, lapsi farming has become attractive
for cultivation (Chakraborty et al., 1998).

The annual transaction of lapsi fruit in Kathmandu alone is
estimated to be worth over 50 million Nepalese Rupees
(approximately US$0.65 million (BM, Hot and spicy
business 1999). Lapsi has great potential as a cash-generating
tree for hill farming communities in Nepal (Gautam 1997),

thus reducing farmers' reliance on subsistence food
production and improving their welfare (Tomich ez al.,1994).
In Mongolia, fruits of Choerospondias axillaris are used to
treat myocardial ischemia, to calm nerves, to ameliorate
blood circulation and to improve microcirculation (Dai et al.,
1992). Fruits of lapsi contain phenolic and flavonoid
compounds that possess antioxidants properties (Wang et al.,
2008).

"

ol

Fig.1: Lapsi Choerospondias axillaris fruits in the tree (photo from Amrit Campus, Kathmandu).

CONCLUSION
Lapsi fruits are rich in essential amino acids, minerals and

vitamin C. Lapsi is processed to make candies of various
compositions and taste. There is a tremendous market
opportunity for processed lapsi, both in domestic and
international market. The participatory approach used in the
occurrence and distribution of Lapsi in Nepal has been
effective to draw a distribution map of a single species of
farmers' interest. Lapsi has been growing in 301 VDCs in 29
hill districts of Nepal and is further expanding. Information
on distribution of lapsi would help to identify better stands,

individual trees for tree improvement. In aquaculture, ethanol
extracts of lapsi has been used in fish diets for growth and
immunity in fishes. Experiments on tilapia, common carp,
major carp, pangasius and rainbow trout have been done
successfully. Use of lapsi in the fish diets are the alternate of
vaccine and suitable for aquaculture.
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