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ABSTRACT

Aquaculture is probably the fastest growing food-producing sector that accounts for
50% of the world's fishes that are used for food. Fish contributes over 20% 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 are attractive substances that activate the immune system to prevent
diseases and improve the body’s natural resistance to various Vviral and bacterial infections.
These biologically active substances are products derived from natural sources or are
synthetically made with different chemical properties and mechanisms of action. Lapsi,
Choerospondias axillaris, is an indigenous fruit tree of Nepal found growing within 900-
2000 m above sea level in many parts of the country. Nepal is unique for processing and use
of Lapsi fruits, which are rich in vitamin C content. Lapsi fruits are consumed fresh, pickled
and processed for preparing a variety of sweet and sour, tasty food products locally called
Mada and candy. It is grown in 301 Village Development Committees of 29 hill districts of
Nepal for socio-economic purposes. Like other medicinal fruits, lapsi also acts as

immunostimulants and enhances the immunity of fish in aquaculture.

Considering Lapsi's potential to boost immune response in fishes, three experiments
were designed to investigate the effect of Choerospondias axillaris (Roxb.) B. L. Burtt & A.
W. Hill (Lapsi fruit) on growth, biochemical and immuno-haematological performance in
three fish species: indigenous major carp rohu Labeo rohita, common carp Cyprinus carpio,
and rainbow trout Oncorhynchus mykiss under three climatic conditions, namely Gunjnagar,
Chitwan for Tarai climate, Kathmandu Valley in the Aquaculture Research Laboratory of
Central Department of Zoology, Tribhuvan University, Kirtipur for hilly climate and Sosod
Trout Farm at Ranipauwa, Nuwakot, Trishuli, Nepal, for Himalayan climate, respectively. In
each experiment six different doses of lapsi-incorporated diets were prepared as T1, T2, T3,
T4, T5 and T6 containing 0, 100, 200, 400, 800 and 1600 mg kg™ ethanol extract of lapsi
fruits along with other usual ingredients (i.e., fish meal, wheat flour and cod liver oil). Fish
were fed at 3% of their body weight daily at 9 a.m. and 4 p.m. for 90 days and at the end
survival rate, growth performances (i.e., weight gain, SGR and FCR) were measured. Total
protein, albumin, globulin and A/G ratio in blood serum, brain and muscles were quantified.
To understand the haemato-immunological parameters, SGOT, SGPT and ALP in the liver
and gills and complete blood profile were monitored. The weight gain and SGR increased as
the doses of lapsi fruit extract increased while the reverse was found for FCR. As the doses of

vii



lapsi fruit extract increased in the diets, SGOT, SGPT and ALP levels decreased in all three
experiments. Blood profile was always in the normal range. In conclusion, the 400 mg kg™
ethanol extract of lapsi fruits-incorporated diet was found to be beneficial for fish growth,
enhanced immunity and low mortality. Lapsi's vitamin C content might be the main
contributor in enhancing the quality of fish feed, thereby resulting in favorable fish
performance. Thus, farmers can use lapsi-supplemented fish feed, particularly during climate
change, to maximize production of local fish species. In Nepal, aquaculture is still in its
infancy, but has huge potential for development. However, information regarding the effect

of lapsi on various species of fish in Nepal and other countries is limited.
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CHAPTER 1

1. INTRODUCTION
1.1 Background

Aquaculture is the farming of all forms of aquatic animals and plants in fresh,
brackish and marine environments under controlled conditions. It is the fastest-growing food-
producing sector of agriculture worldwide that provides half of all fish food for human
consumption (Allison, 2011). Fisheries remain important sources of food, nutrition, income
and livelihoods for millions of people around the world (FAO, 2014). However, world per
capita fish supply has outpaced population growth and reached a record high of 20 kg in 2014
(double the level of the 1960s), due to vigorous growth in aquaculture (Troell et al., 2013). In
the last two decades, dramatic growth in aquaculture production has boosted average
consumption of fish and fishery products worldwide (FAO, 2016).

1.2 Aquaculture in Nepal

Aquaculture in Nepal started in the mid 1940s on a small scale with pond culture of
indigenous major carp seed from India (FAO, 2016). Since then, significant progress has
been made in the field of aquaculture with every passing decade. Briefly, successful farming
of Common carp Cyprinus carpio took place in the 1950s and 1960s, of three exotic Chinese
carp species: silver carp (Hypophthalmichthys molitrix), bighead carp (Aristichthys nobilis)
and grass carp (Ctenopharyngodon idellus) in the 1970s, of three indigenous major carps:
rohu (Labeo rohita), mrigal (Cirrhinus mrigala) and catla (Catla catla) in the 1980s, and of
Silver barb in the 1990s. Rainbow trout (Oncorhynchus mykiss), a cold-water fish, was
introduced in the 1960s, and reintroduced in 1970s, and 1980s.

At present, approximately 5% of Nepal is occupied by different freshwater aquatic
habitats where 239 fish species are reported to thrive (FishBase, 2018). Among the 239 fish
species, 224 are indigenous and 15 are exotic. Freshwater fisheries are mostly dominated by
capture fisheries of indigenous fish species from rivers, lakes and paddy fields. Majority of
pond fish production takes place in the Terai plain where 94% of the fish ponds are
located.Tribal groups such as Tharu, Majhi, Malaha, Dunuwar, Kewat, Bote, Musahar,

Mukhiya, Darai, Kumal, Dangar, Jalari Rai and other poverty-laden tribes are traditionally



involved in capture fishery for their livelihood and food sources (Gurung et al., 2005; Dahal
etal., 2013).

Fish farming has traditionally been practiced by a few tribal groups in Nepal.
Aquaculture in Nepal started in the mid 1940s on a small scale with pond culture of
indigenous major carp seed from India (FAO, 2016). Common carp Cyprinus carpio was
first introduced in the 1950s and its farming became very popular in the private sector after
its successful breeding in the 1960s. Major progress in aquaculture was made in the 1970s
with the introduction and farming of three exotic Chinese carp species: silver carp
(Hypophthalmichthys molitrix), bighead carp (Aristichthys nobilis) and grass carp
(Ctenopharyngodon idellus). These carps were successfully breeded in captivity. Similarly,
the successful induced breeding of three indigenous major carps: rohu (Labeo rohita), mrigal
(Cirrhinus mrigala) and catla (Catla catla) were done in the 1980s under Aquaculture
Development Project supported by the Asian Development Bank (ADB) and the United

Nations Development Programme (UNDP).

1.3 Aquaculture Production Statistics in Nepal

Agquaculture contributes 2.68% to Nepal’s Agricultural Gross Domestic Production
(AGDP). Rivers and streams are major sources of capture fishery covering 395,000 ha of
natural water resources in the country (DoFD, 2003-2004). Around 5, 83, 467 people are
directly engaged in aquaculture and capture fishery with net fish production of 83,897 MT
(aquaculture practices 62,897 MT and capture fisheries 21,000 MT) in the year 2016. Cold
water fish production from race way ponds stands about 300 MT (DoFD, 2017). The
Government of Nepal identified fisheries/aquaculture as one of the prominent sub-sector for
poverty reduction in Nepal and aims to make Nepal a self-sufficient country in fish
production. To achieve this ambitious target, the current production level needs to increase by

many folds.

1.4 Trade and Economy

Most fish produced are sold as fresh fish in market while remaining is preserved by
smoking and sun drying. Fish consumption trend is increasing in Nepal day by day. The
present consumption of fish is 2.96 kg per capita in Nepal (DoFD, 2015-2016). Price of

exotic rainbow trout is comparatively higher than local species (Rai et al., 2008). There is
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high demand of fish in the market but the country’s internal production is not sufficient to
meet the demand. Thus, most of the fishes are imported from India and China (Dahal, 1998).
Fish market infrastructure is available in few cities including Kathmandu. Certification
procedure for fresh fishes and labeling systems are not developed but monitoring is done by
Municipality consumer’s forum and the Department of Food Technology and Quality control

on a random basis.

1.5 Management Issues and Policies

Fisheries and aquaculture have high growth potential but there is low organizational
stature in Nepal. The modern aquaculture and capture fishery practices contribute nearly 1.00
% of the Gross Domestic Production (GDP) and 2.68 % of the Agriculture GDP (Gurung et
al., 2005). This positive achievement of the sub-sector suggests its popularity among farmers.
Similarly, Government of Nepal has recognized the importance of fisheries and aquaculture
for nutritional supply and poverty reduction. The primary objective of the national fisheries
and aquaculture policy is to contribute economic growth and poverty reduction through
inclusive, equity-based and Ecosystem Approach of Aquaculture (EAA). Specific laws and
legislation on aquaculture development have to be formulated or enforced to build capacity
and facilitate entrepreneurship, especially in context of the World Trade Organization
(WTO). Besides, Best Management Practices also need to be identified and adopted to
achieve sustainable growth (Gurung et al., 2012). Development, production strategies and
policies for aquaculture are strongly affected by the country’s budgetary plan, which targets
production and gross domestic production (GDP) (FAO, 2006).

1.6 Challenges in Fish Production

Aquaculture is the main source of livelihood for many low-income families in Nepal
(Shakya and Labh, 2014). Aqua farmers are facing challenges of disease outbreaks such as
bacterial, fungal, viral and protozoans (Labh et al., 2014). Thus, farmers are in great loss due
to exposure of fish in culture to pathogens and ineffective prophylactic treatment with
antibiotics (Wattes et al., 2001). Thus, expected net production is low and is unable to fulfill
the market demand. Lack of skilled and experienced manpower, poor management and
unhygienic practice of aquaculture are major causes of disease outbreak in fishes (Gurung
and Basnet, 2003). Low monetary investment, lack of good quality cage and net materials

(Gurung et al., 2005) are other challenges of aquaculture in Nepal. Disease like fin rot,
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hepatoma, fungal problems in fertilized eggs, presence of watery fluid in stomach and
physical disorders like blunt snout, twisted alevins, abnormal gills, degenerated operculum
and blindness are responsible for high mortality in rainbow trout culture (Gurung and Basnet,
2003).

1.7 Use of Medicinal Herbs in Aquaculture

Herbs and herbal products are used to overcome stress and as growth promoter,
appetite stimulator, immunostimulators in aquaculture. The herbs also have aphrodisiac and
antimicrobial properties in fisheries due to the presence of various active components such as
alkaloids, terpenoids, pigments, phenolics, tannins, steroids flavonoids and essential oils
(Citarasu, 2010). Herbal extracts are used as immunostimulants to culture fish because they
are easily obtained and act against a broad spectrum of pathogens. Most herbs and herbal
extracts are administered orally. Immunostimulants are a safer alternative to antibiotic in
curing diseases. Immunostimulating components such as poly-saccharides, proteins,
alkaloids, flavonoids, vitamin E, minerals and fatty acids are used for a long time without
resistance or accumulation of residues and are both beneficial and harmless to humans and

other animals (Ardo et al., 2008; Divyagnaneswari et al., 2007; Khanna et al, 2007).

Many plant-derived compounds have non-specific immunostimulating effects in
animals with more than a dozen evaluated in fish and shrimp (Citarasu et al., 2006; Sakali,
1999). Immunostimulant incorporated diet fed to fish and shrimps led to better performance
of haematological, biochemical and immunological parameters (Citarasuet al., 2006).
Immunostimulants enhance non-specific defense mechanism, their capacity for disease
resistance and provide complete protection against certain pathogens (Citarasu et al.,
2002, 2006). In fish, immunostimulants enhance the phagocytic capacity of neutrophils and
lymphocytes, stimulate secretion of cytokines from lymphocytes, coordinate cellular and
humoral immunity and evoke antibody and complement responses (Qin 2000; Sahoo and
Mukherjee, 2001; Wang et al., 2001). Growth rates, survival rates and disease resistance have

significantly improved by supplementation of immunostimulants in fish diet.

1.8 Status of Lapsi (Choerospondias axillaris) fruits in Nepal

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 sealevel), but is

4


https://scialert.net/fulltext/?doi=ajdd.2013.209.219#524072_ja
https://scialert.net/fulltext/?doi=ajdd.2013.209.219#53764_ja
https://scialert.net/fulltext/?doi=ajdd.2013.209.219#53764_ja
https://scialert.net/fulltext/?doi=ajdd.2013.209.219#53764_ja
https://scialert.net/fulltext/?doi=ajdd.2013.209.219#524072_ja
https://scialert.net/fulltext/?doi=ajdd.2013.209.219#524063_ja
https://scialert.net/fulltext/?doi=ajdd.2013.209.219#524063_ja
https://scialert.net/fulltext/?doi=ajdd.2013.209.219#524072_ja

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 & 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. Lapsi 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 plantation. Since then, lapsi farming has become attractive for
cultivation. 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, 1999). Lapsi has
great potential as a cash-generating tree for hill farming communities in Nepal (Gautam
1997; Paudel and Parajuli, 1999), thus reducing farmers’ reliance on subsistence food

production and improving their welfare (Tomich et al., 1994).

1.9 Lapsi as an Immunostimulant and Antioxidant

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; Shi et al., 1985). Fruits of C. axillaris contain phenolic and flavonoid compounds (Lian
et al., 2003) that possess antioxidants properties (Wang et al., 2008). Researches show that
flavonoids content of C. axillaris could inhibit dexamethasone-induced thymocyte apoptosis
(Li et al., 1998). Ao et al. (2007) have reported that flavonoids content of C. axillaris could
attenuate the serum levels of creatine kinase (CK), CK-MB and lactate dehydrogenate (LDH)
in isoproterenol-induced myocardial infarction (MI) injury in rats. Quantification of lapsi
fruit’s antioxidant properties showed that lapsi fruits possess strong antioxidant power with

higher inhibition of DPPH radical as recorded in ethanolic extracts (98%), followed by



ascorbic acid (95%) and aqueous (91%) extract (Labh et al., 2015). Lapsi fruits contain
exploitable and potent antioxidant molecules and could be promoted as a prospective dietary

supplements and a Nutraceutical for both human and animal use.

1.10 Statement of the Problem

Fishes in culture that are stressed and increasingly exposed to pathogens are given
either antibiotics or vaccines. But prophylactic treatment with antibiotics is no longer
acceptable and ineffective for many pathogens (Wattes et al., 2001). Alternative strategies are
essential to prevent diseases and sustain production. Immunostimulants enhance
immunocompetence and disease resistance (Ganguly et al., 2010). When used as dietary
supplements, some immunostimulants increase disease resistance in fish by improving the
immune defense system (Ye et al., 2011). Several immunostimulants stimulate phagocytes,
natural Kkiller cells, complement, lysozyme, and antibody responses. Many reports on
immunostimulants originated from plant, animal and bacterial sources are available. These
stimulants are safer than antibiotics and live vaccines on both the consumers and the
environment (Anderson, 1992). Since Lapsi Choerospondias axillaris (Roxb.) fruits are rich
in vitamin C content (Shah, 1978; Paudel et. al., 2002a; Labh et al., 2015), its inclusion in the

diet allows it to prove beneficial to the health sector (Paudel and Parajuli, 1999).

1.11 Rationale of the Study

Fishes cultured under high density conditions have impaired immune responses as a
result, pathogens flourish and chances of disease outbreak increase (Van Muiswinkel et al.,
1985). Control of infectious diseases in fish and maintenance of their health are most
essential to the sustainable development of aquaculture. Diseases in fishes are controlled and
treated by chemotherapy or vaccination or by a combination of both. Using chemical drugs to
treat and control diseases in fish culture contaminate and damage the ecosystem. Chemical
drugs are expensive and have negative impacts such as accumulation in tissue residues,
development of drug resistant strains, immunosuppressant and reduced consumer preference.
Vaccination of all fishes in ponds or race ways is a very tedious job. Moreover, commercial

vaccines are expensive and not available against all the emerging diseases (Raa et al, 1992).

To promote sustainable aquaculture, there is a need to find a disease preventive

measure that is eco-friendly, cheaper and practically feasible. Using medicinal fruits as



immunostimulants to prevent fish from infectious diseases and herbal compounds to activate
fish immune functions (Sahoo and Mukherjee, 2001) are the only options at present. Feeding
lapsi fruit incorporated diet may protect fishes from diseases during culture. Lapsi fruits are
cheaper and can be easily adopted by aqua farmers. Hence, an attempt has been made to
study the effect of Lapsi, Choerospondias axillaris (Roxburgh, 1832), on growth,

biochemical and immuno-haematological performance in some fishes.

1.12 Objectives of Study

The main objective of this research is to study the effect of lapsi Choerospondias
axillaris (Roxburgh, 1832) fruits on growth, biochemical and immuno-haematological
performance in common carp, rohu and rainbow trout while the specific objectives are as

follows:

1. To analyze the percent survival, percent weight gain (WG%), specific growth rate
(SGR) and feed conversion ratio (FCR) of common carp, rohu and rainbow trout fed

varied doses of lapsi fruits along with other ingredients.

2. To quantify the concentrations of vitamin C (L-ascorbic acid) in brain, liver and blood
serum of common carp, rohu and rainbow trout fed varied doses of lapsi fruits along

with other ingredients.

3. To estimate the concentrations of total protein, aloumin and globulin in brain, body
muscles and blood serum of common carp, rohu and rainbow trout fed varied doses of

lapsi fruits along with other ingredients.

4. To access the serum glutamic oxaloacetic transaminase (SGOT), serum glutamic
pyruvic transaminase (SGPT) and alkaline phosphatase (ALP) in liver, gills and blood
serum of common carp, rohu and rainbow trout fed varied doses of lapsi fruits along

with other ingredients.

5. To understand the effects of lapsi on some hematological parameters in common

carp, rohu and rainbow trout.



CHAPTER 2

2. LITERATURE REVIEW

Aquaculture is the farming of aquatic animals and plants in fresh, brackish and marine
environments for economic profit. The main goals of aquaculture industry are to increase
growth rate of fish and to protect their health (Yilmaz et al., 2015). However, diseases
outbreak among fishes is a major challenge. The high susceptibility of fish to stress and rapid
spread of diseases in water have forced aqua-culturists and aqua-scientists to concentrate their
efforts on maintaining fish in good health to achieve sustainable economic growth
performance. Growing healthy fish requires developing strong defense mechanisms against
pathogen invasion (FAO, 2014). Fish cannot synthesize vitamin C due to lack of L-
Gulonolactone oxidase (GLO). Hence, there is a need to supplement fish feed with vitamin C.

Literature survey explains that fruits of lapsi contains high amount of vitamin C.

2.1 Use of Medicinal Plants in Fish Immune System

Fish is a heterogeneous group of agnathans (lampreys and myxines), condryctians
(sharks and rays) and teleosteans (bony fish). The immune system present in multi-cellular
organisms can differentiate between “self” and “non-self” agents. The system protects the
host from infectious diseases and develops neoplastic cells (Roitt et al., 1998). As in all
vertebrates, fishes also have specific and non-specific immune mechanisms for defense that
enable them to survive in hostile environments. When pathogens enter the body, non-specific
immune mechanisms may be sufficient to stop infection. If not, disease will develop and the
specific immune mechanisms will get involved. If the fish survives, it will be protected
against re-infection of the same pathogen, owing to development of a specific immunological

memory.

Immune systems have been investigated in a small number of approximately 20,000
fish species (Zelikoff, 1994). Since the 1970s, most immunological studies have been
conducted in fishes such as rainbow trout (Oncorhynchus mykiss), Atlantic salmon (Salmo
salar), common carp (Cyprinus carpio), channel catfish (Ictalurus punctatus) and bluefin
tuna (Thunnus maccoyii). The most advanced teleost species do not possess bone marrow or

lymph nodes, but have functionally equivalent haematopoetic tissue primarily in areas of the



kidney, spleen, and thymus. In addition, fishes also have white blood cells that are
morphologically and functionally similar to mammalian lymphocytes, granulocytes, and
monocytes (Zelikoff et al., 1991; Enane et al.,1993).

Non-specific immune reactions in fishes are general responses to injury and/or
invasion by organisms from outside. Phagocytosis and inflammation are two non-specific
responses that appear to be universal in fishes (Corbel, 1975). Macrophages, along with
neutrophils and non-specific cytotoxic cells, are the principal cell types that carry out non-

specific immune reactions in fishes.

2.1.1 Non-specific immune mechanism

Non-specific immune mechanism, also called natural or innate immunity is the host
defense mechanism that responds to pathogens in a generic way (Alberts et al., 2002). The
mechanism recognizes specific antigen and is the dominant system of the host defense in
most organisms (Litman et al., 2005). This system does not confer long lasting immunity
against pathogens. Non-specific immune mechanism is the first and foremost important
response in fishes, which includes physical barriers such as skin, scales and mucus (Fletcher,
1982). In contrast to higher vertebrates, fishes are free-living organisms depending on their

non-specific immune system for survival (Rombout et al., 2005).

Non-specific immunity is a fundamental defense mechanism in fishes. It also plays a
key role in the acquired immune response and homeostasis through a system of receptor
proteins. These receptor proteins identify molecular patterns of pathogenic micro-organisms,
including polysaccharides, lipopolysaccharide, peptidoglycan bacterial DNA, viral RNA and

other molecules that are not present normally on the surface of multi-cellular organisms.

Non-specific response is divided into physical barriers and cellular and humoral
immune responses. These non-specific immune response parameters include growth
inhibitors, lytic enzymes, the classic complement pathways, the alternative and lectin
pathway, agglutinins and precipitins (opsonins and primary lectins), antibodies, cytokines,

chemokines and antibacterial peptides. External factors such as temperature changes, stress



management and density can influence non- specific immune response (Magnadottir, 2006,
2010).

2.1.2 Specific immune mechanism

Specific immune mechanism, also called adaptive immunity requires a specific
recognition of antigen to defend. It has two basic parts: cellular and humoral responses that
show specificity and memory (Van-Muiswinkel, 1992). The responses are temperature
dependent (Bly and Clem, 1992). Pathogens contain antigens such as viral particles, bacteria
and fungi. These antigens bind with lymphocytes in blood and other body secretions that
produce a large amount of antibody or immunoglobulin against the invaded antigens. Unlike
other vertebrates, fishes produce only one immunoglobin (Jurd, 1985). These antibodies
circulate and attack the antigen molecules, binding directly with them to produce neutralized

antigen-antibody complex.

Fishes possess two types of lymphocytes that result in two types of immune responses
(Jurd, 1985). Humoral immunity is mediated by B-lymphocytes that are transformed into
plasmocytes in response to an antigen. T-lymphocytes are responsible for cell-mediated
immunity. T-lymphocytes produce soluble lymphocytes that activate macrophages to
enhance their ability to Kill intracellular pathogens. The immune system requires the host to
produce a wide array of proteins to counter challenges. Thus, any nutritional imbalance that
influences protein synthesis may lead to functional impairment of certain defense
mechanisms (Lall and Oliver, 1993).

2.1.3 Medicinal plants as immunostimulants

Medicinal plants have been used in human medicine as immune boosters for
millennia. Furthermore, they are alternatives to antibiotics in aquaculture (Van Hai, 2015). A
large number of medicinal plants with antiviral, antibacterial, and antiparasitic properties are
used in the treatment of and control of many diseases in animals and fishes (Duke, 1987).
Herbal products are cheaper, safer and have greater accuracy than chemotherapeutics. These
products used as anti-stress agent, growth promoter, appetite stimulator, tonic, antimicrobial
and immunostimulator have significantly influenced cultured fishes. Herbs contain active

chemical components such as alkaloids, flavonoids, phenolics, terpenoids, steroids, pigments,
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and essential oils (Citarasu et al., 1998, 1999, 2001, 2002; Sivaram et al., 2004) that can
increase the body’s natural resistance to infection and prevent and treat various diseases
(Devasagayam and Sainis, 2002). These components have the ability to scavenge free
radicals.

Use of immunostimulants also as an alternative to chemotherapeutics and antibiotics,
IS attracting the attention of many researchers. In this context, many have focused on the use
of medicinal plants and animal-based products as potential therapeutic measures for
modulating the immune response to prevent and control fish diseases. Many researchers have
discussed the possible uses of naturally available herbal plants such as Ocimum sanctum
(Tulsi), Phyllanthus emblica (Amla), Azadirachta indica (Neem), Solanum trilobatum
(Purple Fruited Pea Eggplant), Eclipta alba (Bhringraj), Zingiber officinale (Ginger),
Echinacea purpurea (Purple coneflowers), Allium sativum (Garlic), Camellia sinensis (Green
tea), Aloe vera (Ghyukumari), Cynodon dactylon (Bermuda Grass), and Choerospondias
axillaris (Nepalese Hog Plum) and animal-based products like chitin, chitosan and fermented
products of chicken egg etc. (Bairwa et al., 2012; Shakya and Labh, 2016).

2.2 Use of Medicinal Plants In Fish Diseases

A large portion of the world population, especially in developing countries depends
on the traditional system of medicine to treat diseases. Several hundred plant genera are used
medicinally and are a vital source for potent and powerful drugs. A wide variety of secondary
metabolites present in plants contain chemicals such as tannins, alkaloids and flavonoids,
which act against different diseases (Pandey and Madhuri, 2010; Ravikumar et al., 2010).
Unfortunately, the parasitic outbreaks act as an important limiting factor for aquaculture
businesses. Pinkate et al. (2003) reported that every tilapia fish (O. niloticus) raised by
farmers in Chiang Mai, Thailand has a Trichodina parasite infection. Indian almond
(Terminalia catappa) and garlic (A. sativum) are used to treat trichodiniasis caused by
Trichodina sp. in tilapia (O. niloticus) fingerlings. Both Indian almond and garlic have low

acute toxicity to tilapia fingerlings.

Immunostimulatory effects of dietary intake of Viscum album, Urtica dioica and Z.
officinale extracts on rainbow trout (O. mykiss) have also been studied (Slheyla, et al., 2003).

Christybapita et al. (2007) observed the immunostimulatory effect of aqueous extracted E.
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alba leaf in tilapia (O. mossambicus) and found enhancement of non-specific immune
responses against A. hydrophila infection. According to Winkaler et al. (2007), A. indica
extract can be successfully used in aquaculture to control fish predators. Sharma et al. (2010)
observed stimulatory effect of Withania somnifera (Ashwagandha) root on immunity against
A. hydrophila infection in L. rohita fingerlings. Abdul Kader Mydeen and Haniffa (2011)
reported that A. indica leaf’s aqueous extract could effectively control A. hydrophila infection
in C. carpio. Furthermore, Enterobacter sp. and Escherichia coli bacteria, isolated from
Amphiprion sebae showed 15 mm zone of inhibition against neem extract. The antimicrobial
activity of aqueous extract of A. indica (leaf), Solanum torvum (fruit coat) and C. longa
(rhizome) against in vitro growth of A. hydrophila, isolated from infected fresh-water fish, C.
striatus was also noticed by Abdul Kader Mydeen and Haniffa (2011). Kolkovski and
Kolkovski (2011) reported that some herbal extracts are very effective against gills and skin
flukes like Benedenia seriolae. Nargis et al. (2011) studied the immunostimulant effects of
the dietary intake of A. sativum and Vitex negundo extracts on fingerlings of L. rohita.
Ravikumar et al. (2011) reported medicinal plants such as A. indica, Cinnamomum verum and
Eupatorium odoratum exhibited excellent antibacterial activity against 10 bacterial pathogens

from diseased ornamental fishes.

2.2.1 Plants as antioxidant agents

Antioxidants are compounds that inhibit the initiation or propagation of oxidative
chain reactions and delay or inhibit the oxidation of lipids or other molecules (Velioglu et al.,
1998). Antioxidants counter harmful reactive oxygen species (ROS) or free radicals that are
constantly generated in living organisms during regular metabolism, especially under the
stressful conditions thereby causing extensive damage to tissues and biomolecules resulting
in various disease conditions. Medicinal plants are employed as an alternative source of
medicine to mitigate diseases associated with oxidative stress (Roja and Rao, 2000).

Fish from the intensive culture systems are continuously exposed to several forms of
stressors including chemical, biological and physical disturbances, which lead to significant
physiological and biochemical changes. Changes in biochemical condition that challenges
homeostasis can be considered as an overall effect of stress and consequently a threat to the
fish health.
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Many herbs contain high amount of antioxidant compounds that help organisms deal
with oxidative stress caused by free radical damage and help improve the general
physiological condition of fishes (Ali et al., 2008; Chakraborty and Hancz, 2011). Metwally
(2009) found that fishes fed with A. sativum supplemented diets had significantly reduced
glucose concentration in blood serum. It also increased the activity of antioxidant enzymes
such as glutathione peroxidase, superoxide dismutase (SOD) and catalase (CAT) in O.
niloticus. The result was in agreement with Li et al. (2008) findings where the activities of
CAT and SOD increased significantly and activities of malonaldehyde diethyl acetal
decreased in the allicin supplemented group (Li et al., 2008). Shahsavani et al. (2010)
showed that dietary supplementation with organosulfide allicin at 10 mg/kg in common carp
was effective in reducing lead accumulation in the liver, kidney, brain, bone and blood. The
mechanism behind this effect might be due to metal-chelating ability of allicin which in turn
leads to reduced lead burden in the tissues (Chakraborty and Hancz, 2011).

Wu et al. (2007) observed the effects of Astragalus membranaceus, Portulaca
oleracea, Flavescent sophora and A. paniculata on stress resistance and immunological
parameters of C. carpio. Result showed that herbal extracts acted as an antistresser and
inducer to serum lysozyme activity, SOD, NOS, total serum protein levels, globulin and
albumin of the fishes. C. carpio fed with supplemented diets of 1.0-2.0% anthraquinone
extract from rhubarb (Rheum officinale) for 10 weeks were able to mitigate the negative
effects of crowding stress. The results showed lower blood cortisol, glucose and hepatic
malondialdehyde levels but higher hepatic CAT and SOD activities compared to the control
group after exposure to crowding stress for 1 and 7 days (Xie et al., 2008).

Herbs-derived antioxidants such as tannins, lignans, stilbenes, coumarins, quinones,
xanthones, phenolic acids, flavonols, catechins, anthocyanins and proanthocyanins possess
redox properties and could delay or prevent the onset of degenerative diseases. Such
properties allow them to act as hydrogen donors, reducing agents, hydroxyl radicals or
superoxide radical scavengers (Marwah et al., 2007) and may increase immune factors, thus
indirectly raising resistance in fishes to various stresses (Chakraborty and Hancz, 2011).
Phenolic components such as flavonoids (Pietta, 1998), phenolic acids and phenolic
diterpenes (Shahidi et al., 1992) present in medicinal plants are antioxidant compounds that
may help protect cells against oxidative damage caused by free-radicals (Kahkonen et.

al.,1999). Many herbs and medicinal plants such as oregano, rosemary, sage, Ocimum sp
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(Samson et al., 2007), Alpina calcarata, Jatropa multifida, Hyptis suaveolens, Solanum
indicum, Clitorria ternate and thyme have antioxidant properties. Ocimum sp contains a wide
range of essential oils rich in phenolic compounds and other natural products including
flavonoids and anthocycnins (Joshi et al., 2011). The high phenolic and flavonoid content of

Osmium canum explain its high free radical scavenging activity.

Phytochemicals such as vitamin E, vitamin C, beta carotene, flavonoids, and phenolic
acid present in fruits and herbs are effective and potential source of natural antioxidant
(Wang, 2003). Ascorbic acid or Vitamin C is considered as the most important water soluble
antioxidant that is capable of neutralizing reactive oxygen species (ROS) before lipid
peroxidation is initiated (Afolabi, 2009). Lack of ascorbic acid impairs the normal formation
of intercellular substances throughout the body including collagen, bone matrix and tooth
dentine (Hunt et al., 1980). The presence of adequate amount of vitamin C in the leaves of
Ocimum spp is an indication of the ability to prevent the formation of carcinogens and

scavenge free radicals that are formed during metabolic processes in fishes.

The antioxidant properties from the methanol extracted of 180 selected oriental herbs
have been determined by Kim et al. (1994). Among the herbs extracted, 44 species had
antioxidant activities. Psoralea corylifolia L. (Malaytea Scurfpea), Epimedium koreanum
Nakai, Syringa dilate Nakai (Clove), Prunus mume (Mumeplant), and Aconitum rocyanum
Raymund (Arbor Monkshood) showed particularly high antioxidant activity (Wang, 2003).
Likely, Zheng and Wang (2001) studied the antioxidant capacity of 39 culinary and medicinal
herbs and found that Catharanthus roseus, Thymus vulgaris, Hypericum perforatum, and
Mentha piperita had highest antioxidant values. Rosmarinic acid and luteolin are the major
constituents in Salvia officinalis which has medicinal properties for the treatment of various
diseases (Areias et al., 2000).

2.2.2 Medicinal Plants as antimicrobial agents

Numerous investigations have shown antimicrobial potential of herbs as an alternative
biomedicine in aquaculture (Zheng et al., 2009). Either extracted to essential oil or aqueous
or solvent extracts, herbs have excellent antimicrobial properties since they can inhibit
various microorganisms. The antibacterial active principles of herbals may break the cell

wall, block protein synthesis and DNA synthesis, inhibit enzyme secretions and interfere with
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the signaling mechanism of quorum sensing pathway (Chitrasu, 2010). Syahidah et al. (2012,
2013) found antibacterial potential of aqueous and methanolic extracts of Cosmos caudatus,
Piper betle, Justicia gendarussa, Curcuma manggaand Zingiber zerumbet against A.
hydrophilla, Pseudomonas sp and Streptococcus agalactiae. Methanol extract of Piper betle
demonstrated the highest level of antibacterial activity. Zilberg et al. (2010) showed positive
results when dried leaf and leaf extract of Rosmarinus officinalis inhibited Streptococcus
iniae in Oreochromis sp. The essential oil extracted from this herb also showed a wide
spectrum of antibacterial properties (Mangena and Muyima, 1999; Viuda-Martos et al.,
2008). Rosmarinic acid, the major polyphenol of R. officinalis (Del Bano et al., 2003), is an
antibacterial agent (Petersen and Simmonds, 2003) that accounts for the antibacterial activity

of R. officinalis against S. iniae.

Similarly, chamomile extract was used successfully as an antibacterial agent against
Streptococcus agalactiae, where the minimal inhibitory concentration was 6.25mg/ml
(Abdelhadi et al., 2012). Moreover, Alsaid et al. (2010) reported that pathogens such as
Mycobacterium sp, Staphylococcus sp, Enterococcus sp, Pseudomonas sp. and Micrococcus
sp could be effectively inhibited by (Cinnamomum sp.) cinnamon’s extract. The cinnamon’s
extract contain eugenoll, cinnamic acid and cinnamaldehyde. Its potent antimicrobial activity
could be attributed to phenolic compounds, and also eugenoll that inhibits production of

certain enzymes needed for growth of microorganisms (Parasa, 2012).

Some herbs and plant extracts are known to prevent and control infectious microbes
in culture systems. Abdel-Tawwab et al. (2010) investigated the survival of Nile tilapia (O.
niloticus) challenged by pathogenic A. hydrophila after 12 weeks of feeding diet
supplemented with green tea (C. sinensis). Results showed that green tea supplemented diet
could prevent tilapia from Aeromoniosis. This result was in agreement with a study where
administration of herbal supplemented diets showed a mortality reduction and resistance
against A. hydrophilain tilapia fed with ethanolic extract of guava, Psidium guajava
(Pachanawan et al., 2008). Another research proved that P. guajava was also able to
eliminate Vibrio infection in Black tiger shrimp (P. monodon) more effectively than with
antibiotic oxytetracycline (Direkbusarakom, 2004).

Ethanol, methanol and hexane extracts from Ocimum basilicum were investigated for

their in vitro antimicrobial properties against 146 microbial organisms. The hexane extract
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showed a stronger and broader spectrum of antibacterial activity (Adiguze et al., 2005).
Indian almond, Terminalia catappa, extract is used against A. hydrophila in tilapia. The
growth of two strains of A. hydrophila was inhibited at a concentration of 0.5 mg ml™
(Chitmanat et al., 2005).

2.2.3 Medicinal plants as antifungal agents

Herbs are also used in managing fungal infections in fishes. Gormez and Diler (2012)
successfully controlled the fungal pathogen, Saprolegnia parasitica by using essential oils of
black tyme (Thymbra spicata L.), oregano (Origanu monites L.) and savory (Saturejat ymbra
L.). llondu et al. (2009) demonstrated that the potency of inhibition of Saproleginia
parasitica growth increased with increasing concentration of Vernonia amygdalina extract in
fishes. The fishes fed with control diet had fluffy tufts of fungus growing on their bodies after
28 days. It was also elucidated that V. amygdalina has potential in suppressing fungal growth
in C. gariepinus. Sharif Rohani et al. (2013) found that essential oil extracted from Z.
multiflora has a significant antifungal effect and eliminated Candida albicans and Fusarium
solani in cultured shrimp. Herbal extracts involve fungal cell wall breakage, altering
permeability, affecting metabolism, RNA and protein synthesis which leads to death.

2.2.4 . Medicinal Plants as antiviral agents

Herbal plants and their extracts are used in controlling viruses. Olive tree leaf (Olea
europaea) extracts successfully controlled Salmonid rhabdovirus, and Viral Haemorrhagic
Septicaemia virus (Harikrishnan et al., 2010 a & b; Micol et al., 2005). Punica granatum
solvent extracts showed antiviral effectiveness against Lymphocystis Disease virus (LDV) in
Paralichthys olivaceus (Harikrishnan et al., 2010a). Direkbusarakom (2004) found that in
shrimp supplementing ethanol extracted Clinacanthus nutans with polyvinylpyrolidone
increased resistance to the Yellow Head virus (YHV). Balasubramanian et al. (2007)
reported that the use of petroleum ether, benzene, diethyl ether, chloroform, ethyl acetate,
methanol and ethanol extracts of 20 species of Indian traditional medicinal plants such as
Aegle marmelos, C. dactylon, Lantana camara, Momordica charantia and Phyllanthus
amarus have antiviral activity against White Spot Syndrome Virus (WSSV). This finding was
similar to the recent report by Yogeeswaran et al. (2012) where methanolic extracts of herbal
immunostimulants such as Acalypha indica, C. dactylon, Picrorrhiza kurrooa, W. somnifera

and Z. officinalis when incorporated in shrimp diets and fed for 60 days after vaccination,
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successfully protected them from WSSV. Generally, herbal active compounds inhibit or
block the transcription of the virus to reduce its replication in host cells, thereby enhancing

host’s non-specific immunity (Citarasu, 2010).

2.2.5 Medicinal plants as anti-parasitic agents

In farm fishes, herbs and their products are used in the treatment of parasitic diseases
such as myxobolasis, trichodiniasis, gyrodactylosis, argulosis, and scuticociliates (Micol et
al., 2005; Harikrishnan et al., 2010 a, b). Garlic extract has been reportedly effective against
intestinal protozoan parasites such as Opalina ranarum, O. dimidicita, Balantidium entozoon,
Trypanosoma, Leishmania, Leptomonas, Crithidia (Reuter et al., 1996), Entaemoeba
histolytica and Giardia lamblia (Ankri and Mirelman, 1999).

Madsen et al. (2000) demonstrated that raw and squeezed garlic at 200 ppm had
potential to treat Trichodiniasis in eel fish. According to Chitmanat et al. (2005) crude
extracts of either Indian almond (Terminalia catappa) or garlic at 800 ppm was able to
eliminate all Trichodina sp from tilapia after two days of treatment. This is similar to
Pandey’s (2013) findings. Bartolome et al. (2010) also reported that garlic extract at 10—
100% could effectively control or delay Ichthyopthirius multifiliis infection, the most
pathogenic parasites affecting freshwater fishes. Yao et al. (2010) recorded decreased in
number of Ichthyopthirius multifiliis in gills of infected grass carp, Ctenopharyngodon idella

treated with leaves of Macleaya cordata.

Additionally, crude extracts of green tea were reported to be useful in controlling the
flagellate fish parasites, Ichthyobodon ecator in Chum salmon, Oncorhynchus keta and Masu
salmon, O. masou (Suzuki et al., 2006). Abdel-Hadi (2007) has successfully used purified
Commiphora myrrha extract in the feed to treat and control the monogenetic trematodes (gill
flukes) infesting the gills of common carp fingerlings. However, he reported that the
Commiphora myrrha extract had no effect when added to water and impaired survival of the
fishes because the extract caused white clouds that precipitated on the gills of carp fingerlings

thereby blocking the process of oxygen exchange.
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2.2.6 Medicinal plants as appetite stimulators

Many reports have documented the effect of herbs and their extracts as appetite
stimulators in fishes and in aquaculture. The flavor of herbs influence eating patterns, total
feed intake, stimulates the secretion of saliva, digestive enzymes, bile and mucus (Lee and
Gao, 2012). Olfactory feed ingredients enhance fish to consume more feed than normal
(Adams, 2005). Various extracts from herbs and spices are reported to stimulate action on gut
secretions or have a direct bactericidal effect on gut microflora. Use of hot spices from
peppers (e.g., capsaicin and piperine) and other essential oils (e.g., cinnamon) containing
cinnamaldehyde have been demonstrated to stimulate salivation (amylase production). The
increases in enzyme production improved digestibility and availability of nutrients from
feedstuffs (Chesson, 1987).

Livol-incorporated diet stimulated digestive enzyme activity and led to increased
consumption in L. rohita (Maheshappa, 1993). Papain present in papaya leaf meal increased
protein digestion, food conversion ratio, specific growth rate and weight gain in the 16%
unsoaked papaya meal diet fed to Penaeus monodon postlarvae (Penaflorida, 1995).
Venketramalingam et al. (2007) reported a significant improvement in digestive enzyme
activities in post-larvae of P. monodon when fed with herbal appetizer, Zingiber officinalis
enriched Artemia. Garlic contains an active allicin which can induce fishes to ingest and
increase feed intake. Harada (1990) found that garlic had a strong food calling effect on
Oriental weather loach (Misgurnus anguillicaudatus) and Japanese amberjack (Seriolaquin
queradiata). This is similar with what was reported by Lee and Gao (2012) on most aquatic
animals including Pelodiscus sinensis, C. idellus, C. carpio, Carassius auratus and O.

niloticus.

2.3 Use of Medicinal Plants as Fish Growth Promoter

Fishes of commercial importance are farmed in captivity under controlled conditions
to fulfill the demand of white meat for human consumption. Fish production is maximized by
increasing weight of individual fish (Schuchardt et al., 2008). Artificial feed used in
aquaculture improves fish growth and maximizes weight in a short period of time (Bhosale et
al., 2010). New substances are added in fish feed to improve feed conversion efficiency that
result in fish growth (Fernandez-Navarro et al., 2006). Many studies have shown that

inclusion of herbs in fish diet has positive effects on fish growth and health.
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Excess use of antibiotics, hormones and other synthetic drugs to control diseases and
improve fish growth in aquaculture has led to emergence of drug resistant bacteria,
production of toxic substances harmful to environment and human health (Esiobu et al.,
2002) and suppression of host immunity (Panigrahi and Azad, 2007). Thus, their use has
been criticized all over the world (Baruah, 2008). Since herbs are cheaper, eco-friendly and
have with minimum side effects, herbs are used as alternative to antibiotics in fish health
management. The World Health Organization (WHO) encourages supplemental diets
incorporated with medicinal herbs or plants and minimum use of chemicals in fish diet
(Dada, 2015). In this context, herbs and herbal products can be used in fish diet to increase

feed consumption in cultured fish (Levic et al., 2008).

Various herbs such as Hygrophila spinosa, Withania somnifera, Zingiber officinalis,
Solanum trilobatum, Andrographis paniculata, Psoralea corylifolia, Eclipta erecta, Ocimum
sacnctum, Picrorhiza kurooa, Phyllanthus niruri and Tinospora cordifolia are used to reduce
stress, increase immunity and control bacterial activities. Penaeus monodon that were in
culture fed with diet containing these herbs improved growth under culture condition
(Citarasu et al., 2002). Similarly, garlic, onion, marjoram, caraway, basil, anise, fennel,
licorice, black seed and fenugreek are known to promote growth (Sivaram et al., 2004), feed
conversion (Shalaby, 2004), improve protein digestibility and retain energy (El-Dakar et al.,
2004a; 2004b) in aquatic animals. Promising results were achieved when Harada (1990) used
garlic as stimulatory effect on olfaction instead of chemotherapeutics on Oriental weather
loach (Misgurnus anguillicaudatus) and Japanese amberjack (Seriolaquin queradiata)
(Harada, 1990). This is similar to findings of Lee and Gao (2012) on Pelodiscus sinensis, C.
idellus, C. carpio, Carassius auratus and O. niloticus. Allicin is an active compound of garlic
which induces increase in feed intake. Zeng et al. (1996) also reported that adding 50 mg kg
lof synthesized allicin to tilapia diet increased its weight gain by 2-3% after 45 days of
culture. Uses of other culinary herbs such as red clover (Trifolium pratense), caraway (Carum
carvi) and basil (Ocimum basilium) have shown positive results as growth promoting agents
in O. niloticus (Ahmad and Abdel-Tawwab 2011). Methanol extract of green tea (Camellia
sinensis) enhanced growth, survival rate, feed utilization and protein content in black rockfish
(Sebastess chlegeli) (Hwang et al., 2013). Garlic supplemented diet improved weight gain
(WG) and specific growth rate (SGR) in O. niloticus (Soltan and El-Laithy, 2008). Feed
containing 3% garlic powder improved WG, feed efficiency (FE), and SGR in O. niloticus

(Shalaby et al., 2006). In the same species high growth rate was observed with feeding diet
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that contained 2.5% garlic (Diab et al., 2002). Garlic supplemented diet increased weight and
SGR in tilapia (Abou-Zeid, 2002). Diet containing 3.2% garlic powder showed best growth in
O. niloticus (Metwally, 2009). Similarly, O. niloticus that were fed with garlic supplemented
diets showed significant improvement in weight gain, feed conversion and protein efficiency
(Abdel-Hakim et al., 2010). Rainbow trout fed with 1.0% garlic showed increased growth
and improved feed utilization (Nya and Austin, 2009). L. rohita that was given herbal
supplemented diet improved feed consumption which resulted in better growth due to high
protein synthesis (Johnson and Banerji, 2007).

Leaves of Sesbania grandiflora, Moringa oleifera, Coleus aromaticus, Ocimum
basilium and Solanum verbascifolium have been found to promote growth in Oreochromis
mossambicus (Karpagam and Krishnaveni, 2014). O. mossambicus that were fed with diet
containing Moringa oliefera showed maximum increased weight and SGR. Maximum
increase in length was observed in fishes that were fed with Ocimum basilicum supplemented
diet. Thus, plant ingredients are included in fish diet to promote better growth. Red clover
(Trifolium pretense) in fish diet enhanced growth in Oreochromis aureus (Turan, 2006).
Juvenile pike perch (Sander lucioperca) that were fed on diets supplemented with medicinal
plants grew faster than those fed with the control diet (Zakes et al., 2008). In common carp C.
carpio, guppy Poecilia reticulata, cichlid Cryptoheros nigrofasciatus, and red seabream
Pagrus major diet supplemented with medicinal plants improved growth. The use of Ginseng
herb (Ginsana G115) in diet also enhanced the growth in Oreochromis niloticus fingerlings
(Yilmaz et al., 2006; Ceket al., 2007a, 2007b; Ashraf and Goda, 2008). The use of antibiotics
can be replaced by optimized dose of garlic to enhance growth performance and meat quality
(Shakya and Labh, 2014). Metwally (2009) recommended garlic supplementation in fish feed
to promote growth and increase survival rate. Inclusion of Phyllantus emblica in fish feed at
any doses results in maximum growth (Sivagurunathan et al., 2012). John et al., (2007) used
four different plants such as Eichinacea purpurea, Allium sativum, Nigella sativa, and
Origanum marjoranaas as feed additives, which enhanced growth and improved survival of

O. niloticus.

In Catla catla, 5% inclusion of Cynodon dactylon in the diet improved growth, feed
efficiency, body composition, digestive enzyme and anti-protease activity (Kaleeswaran et
al., 2011). Significant increase in SGR, FCR and 100% survival rate in the experimental

groups were due to the presence of essential amino acids in C. dactylon (Stewart, 2011).
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Catla catla fed with C. dactylon incorporated diet showed the increased activity of digestive
enzymes such as amylase and protease which enhanced digestion and absorption of nutrients
essential for fish growth (Kaleeswaran et al., 2011). O. niloticus fingerlings fed with dietary
herbal powder (Superliv®) improved weight gain, FCR, PER, and SGR (Adekunle, 2012).
Superliv® powder contains bioflavonoids with estrogenic activity stimulated growth in

common carp (Kocour et al., 2005).

Sambhu and Jayaprakash (2000) recommended using 1% of Livol (IHF-1000) to
enhance maximum growth and improve nutrient digestibility in prawn. Livol (IHF-1000) is a
purely herbal product containing different plant ingredients that improve digestion thereby
leading to better growth in cultivable fishes (Unnikrishnan, 1995; Jayaprakash and
Euphrassia, 1997). Maheshappa (1993) studied the effect of Livol (IHF-1000) on L. rohita.
The Livol incorporated diets stimulated digestive enzyme activity and led to increased

consumption.

Fishes fed with different doses of ImmuPlus improved growth and inflammatory
responses (Priyadarshini et al., 2012). Higher growth in fish fed with ImmuPlus is a result of
better utilization of feed due to improved secretion of digestive enzymes and higher

deposition of fats and protein in carcass (Priyadarshini et al., 2012).

Herbal products, stressol-I- and stressol-11-enriched Artemia nauplii fed with Penaeus
indicus postarvae significantly increased growth, efficiencies and reduced osmotic stress
(Chitra, 1995). Tefroli contains ingredients such as Tephrosia purpurea, Eclipta alba,
Phyllanthus niruri, Andrographis paniculata, Ocimum sanctum and Terminalia chebula
enriched with Artemia. Penaeus monodon postlarvae fed with Tefroli improved survival,
growth and moulting efficiencies. Also, Trasina, a commercial herbal product, enriched with
Artemia when consumed by P. monodon postlarvae improved the growth and stress
efficiencies significantly (Rani, 1999). Various herbal products such as Hygrophila spinosa,
Withania somnifera, Zingiber officinalis, Solanum trilobatum, A. paniculata, Psoralea
corylifolia, Eclipta erecta, Ocimum sacnctum, Picrorhiza kurooa, P. niruri, Tinospora
cordifolia, purified Silajit and cod-liver oil have the characteristics of growth promotion, anti-
stress, immunostimulation, and anti-bacterial. These preparations had a good influence in the
Penaeus larviculture (Citarasu et al., 1998, 2002). Papaya leaf meal contains papain, an

enzyme which increases protein digestion, FCR, SGR and weight gain in 16% unsoaked
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papaya meal diet which was fed to P. monodon postlarvae (Penaflorida, 1995). The dietary
ginseng herb (Ginsana G115) greatly enhanced the growth performance, diet utilization
efficiency and haematological indices in Nile tilapia fingerlings (Ashraf and Goda, 2008).
Quillaja saponins have the potential to increase growth in culture fish species and reduce
their metabolic rate in tilapia (Francis et al., 2005). These herbal growth promoters help to
induce transcription rate, which leads to increased RNA, total amino acids and finally,

increased proteins production in the cells.

2.4 Use of Medicinal Plants in Fish Haematological and Biochemical Parameters

Hematological and biochemical parameters are influenced by environmental and
physiological factors and are important indicator of fish health. These parameters are used
assessing health, nutritional status, physiological disturbances and pathological changes in
fishery management and diseases investigation in intensive aquaculture (Gabriel et al., 2004;
Satheesh Kumar et al., 2011). Many factors such as stress due to capturing, transportation,
sampling, fish species, age, sex, the cycle of sexual maturity, nutritional status, population
density, and disease changes fish hematology (Arnold, 2005; Fazio et al. 2016). Changes in
haematological parameters, such as haemoglobin content, hematocrit (Hct) and the number of
erythrocytes, can be used to monitor stress caused by pollutants such as heavy metals
(Romani et al., 2003; Barcellos et al., 2004). The most common parameters consistently
influenced by diet are Hct and Hb levels (Ologhobo, 1992). Ferguson et al. (2010) reported
some variation (but not significant) in Hb and Hct content among the control and groups fed
diet enriched with probiotics in O. niloticus. Moreover, blood parameters of fish are highly
sensitive to environmental changes. Quality of water, oxygen, temperature and salinity are
directly reflected in blood parameters (Luskovav 1997; Sheikh and Ahmed 2016), as well as
basic ecological factors such as feeding regime and stocking density (Coz-Rakovac et al.
2005; Ferri et al. 2011).

Stress reaction involves various physiological changes including alteration in blood
composition and immune mechanisms (Svoboda, 2001; Witeska, 2003). It has also been
linked as one major factor of disease outbreak, low productivity and mortality in aquaculture.
The most common hematological variables measured during stress included red and white

blood cells count, hemoglobin content, hematocrit value and red blood cells indices.
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Plasma proteins also termed as serum proteins or blood proteins, transport of lipids,
hormones, vitamins and metals in the circulatory system and regulate the functioning of a
cellular activity and the immune system. Serum albumins account for 55% of blood proteins
transports lipids and steroid hormones. Globulins make up 38% of blood proteins transport
ions, hormones and lipids to assist in immune function. Fibrinogens are 7% of the blood
proteins and convert fibrinogen to insoluble fibrin in blood clotting. The remaining of plasma
proteins (2%) is made up of regulatory proteins such as enzymes, pro-enzymes and
hormones. All blood proteins except for the gamma globulins are synthesized in liver.
Immanuel et al. (2009) observed increased in protein content in O. mossambicus after feeding
diet supplemented with acetone extracts of four medicinal plants (C. dactylon, A. marmelos,
W. somnifera and Z. officinales). Globulins such as gamma globulin are essential for
maintaining a healthy immune system. Albumin—globulin ratio is a measurable humoral
component of the non-specific defenses. Serum albumin and globulin values were always
higher in fish treated with different immunostimulants than those in the control (Choudhury
et al., 2005). Kaleeswaran et al. (2010) observed significantly higher serum protein, albumin
and globulin in C. catla that were fed with C. dactylon ethanol extract supplemented diet.
Increases in the serum protein, aloumin and globulin levels are associated with a stronger
innate response in fishes (Wiegertjes et al., 1996). Manju and Nair (2004) have reported an
increase in serum protein and albumin content in A. testudineus fed with aqueous leaf, stem
and root extracts of A. marmelos. Many medicinal plants are basically used as feed
supplements for fish growth or for medicinal purposes thereby becoming involved in a
cascade of physiological reactions, that in turn lead to the alteration of haematological and

serum biochemical parameters (Ewuola and Egbunike, 2008).
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CHAPTER 3

3. MATERIALS AND METHODS

3.1 Experimental Design and Set Up

3.1.1 Selection of sites and study area

Three experiments were conducted at the following locations: First experiment in the
Wet Research Laboratory of Central Department of Zoology, Tribhuvan University, Kirtipur;
Second experiment in Corona of Aquaculture, Gunjanagar, Chitwan and the third experiment
in Sosoda Trout farm situated in Ranipouwa, Nuwakot.

3.1.1. a Site for Experiment 1: Central Department of Zoology in T. U., Kirtipur

Tribhuvan University, CDZ is located in Kirtipur Municipality of the Kathmandu
District and lies in the hilly region. Kirtipur lies between longitude 27° 38” 30” and 27° 41’
30” E and latitude 85° 13° and 85° 19’ N, at altitudes ranging from 1284 m to 1524 m above
mean sea level. The Kathmandu Metropolitan City lies in the northern side, while the

Bagmati River separates the Lalitpur district on the eastern side.
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Aqua Research Lab.of,
Central Départment of ©
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Figure 3.1 Satellite view of Aqua Research lab, Central
Department of Zoology, Tribhuvan University, Kirtipur

3.1.1.b Site for Experiment 2: Corona of Aquaculture at Gunjnagar, Chitwan, Nepal

Corona of Agriculture Fish Farm lies in Gunjanagar VCD in Chitwan Municipality of
Chitwan district of southern Nepal. The farm spreads over an area of 4 ha has a total of 12
ponds of different sizes for various purposes. It lies within 84°25” and 27° 42’ E and N
longitude and latitude respectively.
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Figure 3.2 Satellite view of Corona of Aquaculture at
Gunjanagar, Chitwan, Nepal

3.1.1. ¢ Site for Experiment 3: Sosoda Trout Farm, Ranipauwa, Nuwakot, Nepal

Nuwakot district is located
in Bagmati zone in Mid
Development Region of Nepal. It
lies within latitude 27°48” N to
28°06° N and longitude 84°58” E to
85°30” E with an altitude from 518
m to 4876 m. Sindhupalchowk and
Kathmandu districts are to the East;

the North; and Dhadlng and
Kathmandu to the South. Besides

Figure 3.3 Satellite view of Sosoda Trout Farm,
Ranipauwa, Nuwakot, Nepal
the agriculture farming, small scale

livestock is the main source of occupation and livelihood of the majority of population.

Ranipauwa is existing key culture center for trout fish at elevation of 1800 m.

3.1.2 Fish species: sources and maintenance
Common carp Cyprinus carpio, major carp rohu Labeo rohita, and rainbow trout
Oncorhynchus mykiss were used as test fish species in experiments 1, 2 and 3, respectively.
Common carp fingerlings were procured from central Fisheries laboratory, Balaju,
Kathmandu, while rohu from Corona of Agriculture farm, Gunja Nagar, Chitwan, and
rainbow trout from Sosoda Trout farm, Ranipouwa, Nuwakot, Nepal.
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3.1.3 General classification of the fishes used

General classification of common carp, rohu and rainbow trout are given below:

Cyprinus carpio (Linnaeus,1758)
Kingdom : Animalia
Phylum : Chordata
Sub Phylum : Vertebrata
Series : Pisces
Class : Teleostomi
Order : Cypriniformes
Family: Cyprinidae
Genus: Cyprinus

Species: carpio
Labeo rohita (Hamilton,1822)

Kingdom : Animalia
Phylum : Chordata
Sub Phylum : Vertebrata
Series : Pisces
Class : Teleostomi
Order : Cypriniformes
Family : Cyprinidae
Genus: Labeo

Species: rohita

Oncorhynchus mykiss (Walbaum,1792)
Kingdom : Animalia
Phylum : Chordata
Sub Phylum : Vertebrata
Series : Pisces
Class : Teleostomi
Order : Salmoniformes
Family : Salmonidae
Genus: Oncorhynchus

Species: mykiss
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3.1.4 Experiment design and set-up

In all three experiments there were six treatments in triplicate forms; hence fishes
were divided into eighteen groups. In experiment 1 eighteen rectangular glass aquaria (100 L
capacity) were kept in indoor culture conditions for the application of six different diets each
with replicate forms. Glass aquaria were filled with 80 | of dechlorinated water and covered
with nylon net to prevent the escape of fish. Adequate aeration facility was provided in each
aquarium. About 400 healthy farm-raised fingerlings of Cyprinus carpio were procured from
the nursery ponds of Central Fisheries Laboratory at Balaju, Kathmandu, Nepal. Fingerlings
were packed in 10 | polyethylene bags filled with oxygenated water and were transported to
Central Department of Zoology at Kirtipur, Kathmandu. After that 270 fingerlings (1.7+£0.37
g) were selected and distributed randomly in 18 glass aquaria at the rate of 15 fingerlings in

each aquarium.

In experiment 2 eighteen rectangular nylon happas (1mx1.5mx1m) were suspended in
the experimental pond using ropes and bamboos for fixing them properly. 270 fingerlings of
rohu (3.43+0.13 g) were selected and distributed randomly into 18 happas at the rate of 15
fingerlings in each happa.

In experiment 3 the main source of water was the stream which was perennial with
clean and cold water suitable for trout culture. Altogether eighteen square nylon cages (1m x
1m x 1m capacity) were placed in the cemented race way pond with an inlet and an outlet for
flow of water. The cages were placed in three parallel rows with six in each row. About 270
trouts (37.24+0.39 g) were selected and distributed randomly into 18 cages at the rate of 15
trout in each cage. T represents treatment and R represents replicate.

) Treatments
Replicates
T1 T2 T3 T4 T5 T6
R1 T1R; TRy T3R; T4R; TsR; TsR1
R2 T:R, T,R, T3R, T4R, TsR, TsR>
R3 T1R3 T,R;3 T3R3 T4R;3 TsR3 TsR3
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3.1.5 Collection and identification of lapsi fruits

Lapsi Choerospondias axillaris (Roxb.) fruits used in the experiment were obtained
from local market, and confirmed by the National Herbarium and Plant laboratories,
Department of Plant Resources, Ministry of Forests and Soil Conservation, Government of

Nepal located at Godavari, Nepal. (Appendices — Annexure — 1)

3.1.6 Preparation of lapsi pulp

Lapsi fruits were taken to laboratory soon after their collection. Crude extract of lapsi
pulp was prepared using ethanol (70%) as described by Arabshahi-Delouee and Urooj (2007).
A known quantity (10 g) of lapsi powder was transferred to 500 ml conical flask (500 ml) and
500 ml of 70 % ethanol was added. The flask with its content was sealed using a cotton plug
and aluminum foil and kept in an orbital shaker for 48 hrs. The mixture was then filtered
using Whatman filter paper No.1 and the filtrate was centrifuged at 10,000 rpm for 5 minutes
to collect the supernatant. The supernatant was concentrated at 70° C using a water bath.
Finally, a greasy substance (crude extract) of the lapsi pulp was obtained and transferred to a

screw-cap bottle and stored at 4° C until use.

3.1.7 Preparation of lapsi supplemented artificial diets

Dry fishes from the local market were grounded in a grinder and sieved (mesh size:
500p). The obtained fish powder was then dried in sun and stored. Ingredients were procured
from the local market and grounded in a grinder and then sieved (mesh size: 500p). The fish
powder was mixed thoroughly with wheat flour, other ingredients and lukewarm water to
make dough which was steamed for 30 minutes to make gelatinous. The dough was left to
cool after which cod liver oil, sunflower oil, premix of vitamins and minerals, Betaine
Hydrochloride, Butylatedhydroxytoluene (BHT) and Carboxymethylcellulose (CMC) were
added and mixed. For the control diet, no lapsi extract was added, but for treatment diets 0.1,
0.2, 0.4, 0.8 and 1.6 % of lapsi pulp were added to the final dough separately. The final
gelatinous dough was again mixed and passed through a feed maker using a 1 mm die. The
obtained threads were spread on a white cardboard paper and kept in an oven at 30 °C for
drying. Finally, the dried threads were chopped into small pieces of pellets and passed

through a sieve to obtain equal sized particles.
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Table 1 Ingredients and proximate composition of experimental diets (%)

Experimental diets (% inclusion)

Ingredients

T1 T2 T3 T4 T5 T6
Fish Meal’ 29.31 2931 2931 2931 2931 29.31
Soya meal* ) 1452 1452 1452 1452 1452 1452
Groundnut oil cake' 9.17 9.17 9.17 9.17 9.17 9.17
Rice Powder' 14.16 14.16 14.16 14.16 14.16 14.16
Wheat Flour? 1443 1443 1443 1443 1443  14.43
Corn flour' 11.37 11.37 11.37 11.37 11.37 11.37
Sunflower oil 3 3 3 3 3 3
Cod liver oil’ 2 2 2 2 2 2
Vitamin & Mineral Premix® 1 1 1 1 1 1
C. axillaris extract’ 0 0.01 0.02 0.04 0.08 0.16
Betain Hydrochloride 0.02 0.02 0.02 0.02 0.02 0.02

BHT(Butylatedhydroxytoluene)7 0.02 0.02 0.02 0.02 0.02 0.02
CMC

1 0.99 0.98 0.96 0.92 0.84
(Carboxymethylcellulose) 1+

Total 100 100 100 100 100 100

Using standard calculation, altogether six practical diets (40% protein) were prepared
for each experiment. Diet 1 was control diet (0.0 g kg™) without any lapsi pulp where as in
the remaining five diets (0.1 g kg™, 0.2 g kg™, 0.4 g kg™, 0.8g kg™ and 1.6 g kg™®) lapsi pulps
were supplemented against NFE along with other important ingredients. All six diets were
prepared and called T1, T2, T3, T4, T5 and T6, respectively (Table 1). All six types of test

diets were stored at normal temperature until used.
3.1.8 Culture period and conditions

Fishes were acclimatized for one week and were fed the control diet. For indoor
culture lab dissolved oxygen was maintained above 5 mg I with help of aerators. Faecal
matter was siphoned every evening at 6 p.m. Two third of water was replenished at weekly
intervals. Dechlorinated tap water was used in the first experiment. For cage culture and
raceway cage culture the entire system was natural. Temperature, pH and dissolved oxygen

were measured on weekly intervals.
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3.1.9 Feeding and duration of experiments

The total time period for each experiment was 90 days. Fishes were fed with either
control diet at the rate of 3% of their body weight. Their daily feed was divided into two
equal parts and was fed twice daily, once in the morning (9 a.m.) and next in the afternoon (4

p.m.). Five fishes were randomly weighed every fifteen days to adjust feeding rate.

3.1.10 Sample collection and examination

After the experiment was complete, individual fish length (cm) and weight (Q)
increment were recorded using a measuring scale and digital balance. Fish mortality was

monitored to determine the survival rate during the experimental periods.

3.2 Growth Performance

Sampling for growth was done at every 15 days to assess body weight of the fishes.
Fishes were starved overnight to measure weight in a digital balance. Growth performance

was assessed by using the following parameters:
3.2.1 Percentage weight gain

The percentage weight gain was calculated using the following formula:

(Final weight - Initial weight )

x 100

Weight Gain (%) = Initial weight

3.2.2 Specific growth rate (SGR)
The Specific Growth Rate was calculated using the following formula:

Loge Final weight - Loge Initial weight

SGR = x 100

Number of Days

3.2.3 Feed conversion ratio (FCR)
The Feed Conversion Ratio was calculated using the following formula:
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Feed given (Dry weight )

FCR =
Body weight gain (Wet weight )

3.2.4 Fish survival (%0)
Difference in number of fishes between stocking and at harvest was determined for

the estimation of survival. This was expressed in percent of the initial number of fishes.
3.3 Biochemical Parameters
3.3.1 Proximate analysis of experimental diets

Proximate analysis of the 6 experimental diets was determined following the methods
described in AOAC (1995) at Fish Nutrition Laboratory, ICAR-CIFE, Versova, Mumbai,
India.

3.3.1.1 Moisture

Moisture content of experimental diets was determined by taking a known weight of
powdered sample in tarred aluminium dishes and heated in a hot air oven at 105° + 2 2C C till
a constant weight was obtained. The moisture contents were expressed in percentage and

calculated from loss in weight of the sample using the formula below:

. W2 -w1
Moisture (%) = x 100

w2-w
Where W2 and W1 are weights of aluminium dishes with the samples before and after

heating respectively. W is the weight of empty aluminum dish.

3.3.1.2 Crude Protein (CP)

Crude protein of experimental diets was determined by Kjeldahl method using
Tecator Kjeltec autoanalyser (Foss, Warrington, UK) using titration. The crude protein

percentage was obtained by multiplying the nitrogen percentage with a factor of 6.25.

Crude Protein (%) = N2 (%) % 6.25
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3.3.1.3 Ether Extract (EE)

Ether extract of dried experimental diets was estimated using Soxhlet apparatus with
petroleum ether (boiling point 40-60 °C) as the solvent. The empty thimble was weighed
(W1) and known sample (10 g) was added and weighed (W2) again. Weight of the empty
flask was noted (W) and the thimbles were placed in Soxhlet apparatus and extracted with
petroleum ether for 14-16 hours. The excess solvent in the flask was evaporated on a steam
bath and the residual fat was dried at 80 °C in hot air oven for 1 hour, cooled in a desiccators,
weight of the flask (W3) was noted. The EE was calculated using the formula below:

W3 -wW
wWz2-w1i

x 100

Ether Extract (%) =

3.3.1.4 Crude Fibre (CF)

Crude fibre was estimated using fibra plus instrument. Sample (1 g) was weighed into
a glass crucible, weight noted (W) and the crucible fixed into the digestion tubes. Thereafter,
1.25% sulphuric acid (200 ml) was added and heated at 400 °C for 30 min. The crucibles
were cooled and acid solution was filtered off. The residue was washed thrice with hot
distilled water. The same procedure was repeated with 200 ml of 1.25 % of sodium
hydroxide. The crucibles were removed and kept for drying in air oven at 100 °C for 1 h.
Thereafter, the crucibles were cooled in a desiccator. The cooled crucibles were weighed
(W1) and kept for ashing in muffle furnace at 550 + 5 °C for 4 h. After ashing the crucibles
were cooled in a desiccator and weighed (W2). The results were expressed in percentage

crude fibre as follows:

W1-W2 (g)

W 100

Crude Fibre (%) =

3.3.1.5 Total Ash (TA)

Total ash content of the experimental diets was estimated by AOAC (1984)
procedure. The clean silica crucible was kept in a muffle furnace at 400 °C for half an hour,

followed by cooling in a desiccator. Weight of the empty crucible was noted (W1).
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Thereafter, known weight of dried sample (5 g) was taken in a crucible and weight was noted
(W2). The crucible with the sample was heated over bunsen burner till the sample got charred
and later transferred to muffle furnace maintained at 650 + 10° C incerated for 5 hours, cooled
and weighted (W3). The ash contents in diets were expressed in percentage total ash as

follows:

Total Ash (%) :% x 100

3.3.1.6 Organic Matter

Organic matter of experimental diets was calculated by subtracting the ash (%) from
100.

3.3.1.7 Total Carbohydrate (TC)

The total carbohydrate (TC) of the experimental diets was calculated by subtracting

the percentage of other nutrients from 100 (Hasting, 1967).

Total Carbohydrate (TC) % = 100 — (Crude Protein % + Ether Extract % + Total Ash %)

3.3.2 Antioxidant Activities of Lapsi Fruit

Antioxidant activities of lapsi fruits were done using standard protocols at Division of
Fish Nutrition, Biochemistry and Physiology, ICAR-CIFE, Versova, Mumbai, India.

3.3.2.1 Estimation of Total Phenols

Total phenols in the lapsi pulp were estimated using the method proposed by Mallick
and Singh (1980) as described below. Phenols react with phosphomolybdic acid in Folin-
Ciocalteau reagent to produce a blue-coloured complex in an alkaline medium, which can be

measured in a spectrophotomet at 650 nm.
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(@) Reagents

Ethanol (80%)
Folin-Ciocalteau reagent (1N)

Sodium carbonate (20%)

A

Standard catechol solution (100pg/ml in water)

(b) Procedure

Sample of 0.5 g was homogenized in 10 x volume of 80% ethanol, and the
homogenate was centrifuged at 10,000 rpm for 20 minutes. The extraction was repeated with
80% ethanol. Supernatants were pooled and evaporated to dryness. The residue was then
dissolved in a known volume of distilled water. Different aliquots were pipetted out and the
volume in each tube was made up to 3.0 ml with distilled water. Folin-Ciocalteau reagent
(0.5ml) was added and the tubes were placed in a boiling water bath for exactly one minute.
The tubes were cooled and the absorbance was read at 650 nm in a spectrophotometer
(Genesys10-S, USA) against a blank reagent. Standard catechol solutions (0.2-1ml)
corresponding to 2.0-10ug concentrations were also treated as above. Concentration of

phenols is expressed as mg/g lapsi pulp.

3.3.2.2 Estimation of Flavonoids

Flavonoids present in the lapsi fruit was extracted and estimated using a method
proposed by Cameron et al. (1943). Flavonoids react with vanillin to produce a coloured

product that can be measured in a spectrophotometer.

a) Reagents

1. Vanillin reagent (1% in 70% sulphuric acid)
2. Catechin standard (110pg/ml)

b) Extraction of flavonoids

Samples of lapsi fruit pulp (0.5g) were first extracted with ethanol: water mixture first
in a 2:1 and second in 1:1. Extracts were shaken well and allowed to stand overnight.
Supernatants were separated and the volume was measured. The supernatant was

concentrated and then used for the assay.
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¢) Procedure

A known volume of the extract was pipetted and evaporated to dryness. Vanillin
reagent (4.0 ml) was added and the tubes were heated in a boiling water bath forl5 minutes.
Varying concentrations of the standard were also treated in the same manner. Optical density
was read in a spectrophotometer (Genesys 10-S, USA) at 340nm. A standard curve was
constructed and the concentration of flavonoids in each sample was calculated. Values of

flavonoids were expressed as mg g™ sample.

3.3.2.3 DPPH Radical Scavenging Activity

Radical scavenging activity of the lapsi fruit extract was tested against 2,2-diphenyl-
1- picryl-hydrazyl (Sigma-Aldrich) radical (DPPH) as described by Brand-Williams et al.
(1995) with slight modification. Each lapsi fruit extract sample’s stock solution (0.5g/ml) was
diluted to final concentrations of 0.005, 0.01, 0.015, 0.02 and 0.025 g/ml in ethanol and
water. Ten microlitre (10ul) of crude lapsi fruit extract was placed in test tubes and 2ml of
0.06M DPPH solution in methanol was added. Test tubes were incubated for 30 minutes in
the dark at room temperature and the UV absorbance was read at 517 nm. A blank solution
containing the same amount of methanol and DPPH was prepared and measured. Lower
absorbance of the reaction mixture indicates higher free radical scavenging activity.
Measurements of samples were taken in triplicate and the mean values were calculated. The
% radical scavenging activity was calculated using the following formula:

Ao —As
Ao ]

DPPH Radical Scavenging Activity (%) = [ x 100

Where Ao is the absorbance of positive blank (without sample) and As is the

absorbance of the lapsi fruit pulp extract solution (tested sample).

3.3.2.4 Estimation of ascorbic acid (vitamin C) from lapsi fruits extract
For proximate analysis ascorbic acid was analyzed using a spectrophotometer as

described by Roe and Keuther (1943). On treatment with activated charcoal, ascorbate is

converted into dehydroascorbate that reacts with 2, 4-dinitrophenyl hydrazine to form

35



osazones. These osazones when dissolved in sulphuric acid produce an orange coloured

solution that can be measured in a spectrophotometer at 540 nm.

a) Reagents

1. TCA (4%)

2. 2, 4-dinitrophenyl hydrazine reagent (2%) in 9N H,SO,
3. Thiourea (10%)

4. Sulphuric acid (85%)

5. Standard ascorbic acid solution: 100pug / ml in 4% TCA

b) Extraction of ascorbic acid

Ascorbate was extracted from 1g of the lapsi fruit pulp extract using 4% TCA and the
volume was made up to 10ml with the same. The supernatant obtained after centrifugation at
2000 rpm for 10 minutes was treated with a pinch of activated charcoal and shaken
vigorously using a cyclomixer and kept for 5 minutes. Charcoal particles were removed by

centrifugation and aliquots were used to estimate ascorbic acid.

c) Procedure

Standard ascorbate ranging between 0.2-1.0ml and 0.5ml and 1.0ml of the supernatant
were taken and the volume was made up to 2.0 ml with 4% TCA. DNPH reagent (0.5ml) was
added to all tubes followed by 2 drops of 10% thiourea solution. Contents were mixed and
incubated at 37°C for 3 hours resulting in the formation of osazone crystals. The crystals
were dissolved in 2.5ml of 85% sulphuric acid, in cold. To the blank alone, DNPH reagent
and thiourea were added after a addition of sulphuric acid. The tubes were cooled on ice and
absorbance was read at 540 nm in a spectrophotometer (Genesys 10-S, USA).A standard
graph was constructed using an electronic calculator set at linear regression mode.

Concentration of ascorbate in samples were calculated and expressed in terms of mg g™.

3.3.3 Collection of Tissues and Estimation of Vitamin C

At the end of the experiment randomly selected fishes from all the treatments (T1 to
T6)) were anaesthetized using MS 222 (0.2% solution) for 2-3 minutes. Fishes were then

dissected and tissues such as brain and liver were immediately removed aseptically. Vitamin
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C was estimated from brain and liver only. A 5% tissue homogenate was prepared in chilled
sucrose buffer (0.25M sucrose (MW=342), 3 mM CaCl,, 1 mM Tris pH 8.0, 0.5% NP-40).
The whole procedure was done under ice cold condition. Homogenized samples were
centrifuged at 10,000 rpm for 10 minutes at 4°C and supernatants were collected in 10 ml
vials and stored in deep freezer (-20°C) for further assay.

Assay of vitamin C was based on a method described by Dabrowski and Hinterleitner
(1989). Pre-weighed tissues were homogenized in ice-cold 250 mM HCIO4 containing 5%
trichloro acetic acid (TCA) and 0.08% ethylenediaminetetra acetic acid (EDTA).
Homogenates were centrifuged at 27000 rpm for 30 min at 4°C. 25 pl of 0.2%
dichlorophenolindophenol (DCIP) was added to the 250 pl of deproteinised sample and to a
blank. The mixture was then incubated at 37°C for 1 h after which 25 pul of 1% potassium
bromate (KBrO3) was added and the mixture was incubated at 37°C for a another 1 h. The
blank was prepared in the same manner as described above but using only deproteinising
buffer. After incubating for 1 h at room temperature, 250 pl of 2% thiourea in 5% meta-
phosphoric acid was added followed by an equal volume of 2% of 2, 4-
dinitrophenylhydrazine (DNPH) in 12M H,SO, All samples were incubated for 3 h at 60°C
after which 0.5 ml of ice-cold 18M H,SO, was added. Samples were transferred into
Eppendorf tubes and centrifuged at 11300 rpm for 3 min. Absorbance was recorded at 524
nm with a spectrophotometer. Standard (20-200 pg/ml) was prepared with vitamin C (I-
ascorbic acid from Hi-media).

3.4 Immuno-Haematological Parameters

3.4.1 Collection of Blood Sample from Fish

After the feeding trial, analysis of biochemical and immuno-haematological
parameters were performed. Fish from each replicate of a group were netted and
anaesthetized with 50 mg/I of tricaine methanesulfonate (MS 222, Sigma Chemical Co. St.
Louis, MO, USA). 1-2 ml of blood was drawn from the vena caudalis with disposable
hypodermic needle (26 gauge). Half of the blood samples were then transferred immediately
to sterile penicillin vial containing a pinch of lithium heparin powder and shaken gently and
kept at 4°C for haematological profiles. For serum separation, the remaining blood samples
were transferred to sterile Eppendorf tubes without anticoagulant and then stored at -20°C for
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immunological assay. The stored blood serum and blood plasma were used for further
analysis.

3.4.2 Estimation of Total Protein from Fish
Concentrations of total protein levels in tissues such as brain, body muscles and blood
serum were determined using a spectrophotometer by the biuret method (Henry et al., 1957).
1000 pl Biuret reagent (Aspen laboratories Pvt. Ltd., India) was added to 20 pl of sample and
incubated for 5 min at room temperature. Absorbance was recorded at 546 nm against a blank
reagent. The concentration of sample was expressed as g/dl for serum.

Concentration of total protein in test sample (g/dl) =

Aborbance of sample

= X Concentration of standard
Absorbance of standard

3.4.3 Estimation of Albumin from Fish

Concentrations of albumin levels in fish tissues like brain, body muscles and blood
serum were determined in a spectrophotometer using BCG method (Webster, 1977). 1000 pl
Biuret reagent (Aspen Laboratories Pvt. Ltd., India) was added to 20 ul of sample and
incubated for 5 min at room temperature. Absorbance was recorded at 630 nm against a blank

reagent.

Concentration of albumin in test sample (g/dl)

Aborbance of sample

= X Concentration of standard
Absorbance of standard

3.4.4 Estimation of Globulin

Serum globulin was calculated as shown below.
Globulin (g/100ml) = Total protein — Albumin
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3.4.5 Serum glutamic oxaloacetic transaminase (SGOT)

SGOT was determined using Reitman and Frankel’s (1957) method. 500 ul reagent
from a kit (Transasia Biomedical Limited, India) was added to 50 pl of serum and was mixed
well. After 60 minutes of incubation at 37°C absorbance of sample was recorded at 340 nm

against a blank reagent.

SGOT (IU/L) = (A Activity/min.) / T.V. X 10°
S.V. x Absorptivity x P

Where,
T.V. = Total reaction volume (ul)
S.\V. = Sample volume (ul)
Absorptivity = millimolar absorptivity of NADH at 340 nm = 6.22
P = Cuvette light path (cm) = 1cm
Activity of SGOT = A Abs/min x 1768

3.4.6 Serum glutamate pyruvate transaminase (SGPT)

SGPT was also determined using Reitman and Frankel’s (1957) method and

calculated the same way as SGOT.

3.4.7 Alkaline phosphatase (ALP)

Alkaline phosphatase (ALP) was determined by the p-Nitrophenyl Phosphate (PNPP)
method (Reitman and Frankel, 1957) using kit from Bayer Diagnostics India Ltd., India. 1 ml
reagent was added to 30 ul of serum and incubated for 10 min. at 37°C. The Absorbance was

recorded at 405 nm against a blank reagent.

ALP (TU/1) = Aborbance of sample “C trati f standard
v/l = Absorbance of standard oncentration of standar
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3.4.8 Haematological Parameters

For hematological determinations, total 1 ml blood was collected from each sample
and a drop of blood was smeared on a grease free clean glass slide. Haemoglobin, differential
cell counts (erythrocytes, leucocytes, lymphocytes, neutrophils and monocytes) and the
hematocrit (Hct) or packed cell volume (PCV) were assayed on the same day of sampling.
The rest of the samples were stored overnight at 4°C for further study. On the next day blood

serum was obtained by centrifugation at 3000 rmp for 15 min and was used for further assay.

Leishman’s stain is generally used to stain blood smears in order to differentiate and
identify leucocytes. It has excellent staining quality as it provides a better stain for
cytoplasmic details and granules. Leishman’s stain is prepared using 1.5 gm Leishman
powder in 1 litre of methyl alcohol. Hence, in order to determine differential leucocytes
count, standard laboratory procedure was followed. A drop of blood was placed on a clean
glass slide and the blood smear was made with the help of a spreader slide placed at an angle
of 45° and then stained by Leishman’s stain for 5-7 minutes. The excess stain was drained,
washed with tap water, air dried before observing under microscope. By using 40 x objective
lens, 100 leucocytes were counted in the blood smear of each sample. The percentage of each

of the leucocyte (lymphocytes and monocytes etc.) was determined.
3.4.8.1 Haemoglobin (Hb)

Hemoglobin was determined using the Cyanmet-haemoglobin method (Larsen and
Snieszko, 1964). 0.02 cm® of blood was mixed with 4 cm® Drabkin’s reagent. The solution
was gently mixed by inversion and was allowed to stand for 10 minutes for full conversion of
haemoglobin to Cyanmet-haemoglobin. Transmittance was read on a spectrophotometer at
540 nm and the reading was converted to haemoglobin concentration in mg/dl with help of

commercially available Cyanmet-haemoglobin standards.

3.4.8.2 Erythrocyte and leukocyte counts

For erythrocyte count, blood samples were diluted in Hendricks’ fluid (1: 200) and
cells counted on a Neubauer-haemocytometer (Dacie and Lewis, 1966). For leukocyte count,

blood samples were diluted in Shaw’s solution (1:100).and counted using similar procedure.
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3.4.8.3 Hematocrit or Packed cell volume

Blood was drawn into a microhaematocrit tubes and centrifuged for 5 minutes at
10500 rpm. Readings were recorded with the help of a microhaematocrit reader and
expressed as the volume of the erythrocytes per 100 cm?®. Snieszko (1960) reported the use of
this procedure, mainly used in human hematology, in fishery research and management was
reported by. Mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH) and
mean corpuscular hemoglobin concentration (MCHC) were calculated by using Dacie and
Lewis (1984) formulae.

3.4.8.4 Mean corpuscular volume (MCV)

MCYV is the average volume of a single red blood cell (RBC) in cubic microns (um?).

It is expressed in fentoliter (fL) and computed as follows:

MCV = PCV (%)

" RBC (millions x cu mm)

x 100

3.4.8.5 Mean corpuscular haemoglobin (MCH)

MCH is the average amount of haemoglobin in a single RBC expressed in picogram
(10" gm) and computed as:

MCH = =  (G)

" RBC (millions x cu mm x 106)

X 100

3.4.8.6 Mean corpuscular haemoglobin concentration (MCHC)

MCHC is the average concentration of haemoglobin in a single RBC. It is expressed

as g/dL and computed as:

(Hb g/dL)

MCHC (g/dL) = POV (%)

X 100

3.5 STATISTICAL ANALYSIS

All data were presented as means + standard error (n = 3). Statistical analyses for all
experiments were performed using SPSS 20. Duncan’s multiple range test (DMRT) was used
for post hoc comparison of mean (P<0.05) between different variables.

41



CHAPTER 4

4. RESULTS AND DISCUSSION

4.1 Antioxidant Properties of Lapsi Fruits

Significant (P< 0.05) results for antioxidant properties of lapsi were observed and as
the concentration of extracts were increased the antioxidant compounds such as phenolic,
flavonoids, 2, 2, diphenyl-1 picryl-hydrazyl (DPPH) and Ascorbic acid (AA) also increased.
It clearly shows that lapsi fruits are rich with antioxidant compounds and useful for fish
growth.

Table 2 Antioxidant properties of ethanol extracts of lapsi fruits (C. axillaris) collected
from the local market of Kathmandu

ANTIOXIDANTS

i;?u(ﬁ il;marasii Phenolic Flavonoids 2’. 2, diphenyl-1 Ascorbic acid
extract picryl-hydrazyl

10 0.58+0.10, 18.26+0.56, 6.17+0.38, 6.41+0.60,
20 1.30+0.13ay 24.37+0.71, 10.43+0.60p 11.00+0.45,
40 2.16+0.18; 39.11+1.40, 30.75+0.64, 26.29+0.33;
80 6.02+0.83y 47.17+1.564 52.04+0.684 48.17+0.164
160 8.92+0.66, 58.91+3.66 67.47+0.58, 62.38+0.53,
320 13.26+0.62¢ 71.23+0.98¢ 79.37+0.25¢ 78.60+0.24¢
640 23.98+0.90, 88.74+0.48; 92.98+0.68, 95.77+0.20,
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4.2 Proximate Analysis of Fish Feed

Proximate analysis of fish feed was carried out through proper biochemical analysis
before the feeding trial. Dry matter, moisture, crude protein (CP), ether extract (EE), crude
fibre (CF), total ash (TA), Nitrogen-free extract (NFE) and gross energy were studied through
standard protocols during the feed preparation and found that all the nutrients were at

optimum level considered for a normal growth of the fish (Table 3).

Table 3 Proximate analysis of fish feed

Ingredients Tl T2 T3 T4 T5 T6
9( ko) (0.0% | (01% | (02% | (04% | (08% | g0’ &
9/kg LE) LE) LE) LE) LE) 070
Drv Matter 91.63 91.71 91.72 91.76 91.79 91.83
y +0.09, +0.10, +0.01,, +0.01,c +0.01¢ +0.014c
Moisture 8.37 8.29 8.28 8.24 8.21 8.17
Crude orotein 34.94 35.22 36.48 37.74 35.92 36.27
P +0.05, | #0.04. | +0.05, | #0.05 | +0.144 +0.05,
Ether Extract 12.35 12.71 13.05 13.40 13.74 13.42
+0.07, +0.054 +0.074e +0.07¢¢ +0.07¢ +0.27¢¢
Crude Fibre 7.51 7.62 7.63 7.74 7.50 7.43
+0.23 +0.14 +0.20 +0.06 +0.26 +0.21
Total Ash 13.54 13.47 12.54 12.24 12.13 11.72
+0.144 +0.084 +0.12, +0.05¢ +0.51¢ +0.31p
NEE 31.66 30.97 30.31 28.89 30.72 31.17
+0.224 +0.03bqg +0.30, +0.16, +0.33¢ +0.17
Gross energy 332.29 335.27 338.08 340.94 343.81 346.67
+0.62, +0.50, +0.55, +0.554 +0.55, +0.55¢

Note: Different letters in the same column is subscript (a, b, ¢, d, e & f) indicate the
significant statistical difference (p<0.05, Tukey’s test) during One Way ANOVA.
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4.3  Performance of common carp Cyprinus carpio (Linnaeus, 1758) (Cyprinidae) fed
varied doses of ethanol extract of Lapsi Choerospondias axillaris fruit’ pulp
(LFP)

4.3 (A) Growth Performances

4.3.1 Survival rate ET]1 T2 WT3 ET4 WT5 MT6

Cent per cent survival rate was e
observed in T3 and T4 diet fed common 100 - I
carp and 97.78+2.22, 97.17+2.22 and 595 |
95.56+2.22, 91.11+2.22 in T5, T6, T2 g
and T1 diet fed fish respectively (Fig. |& 90 ]
4.3.1) oc |

C. carpio fed varied doses of lapsi (mg/kg)

Figure 4.3.1 Survival rate of C. carpio fed with
diet containing six different doses of lapsi fruits

4.3.2 Final average weight gain and weight gain (%)

The average weight of common carp in the beginning of the experiment was 1.7+0.37
g. After 90 days of culture, a direct relationship was found between final average body
weight of common carp and diets containing different doses of ethanol extracts of lapsi fruit’s
pulp (LFP). The final average weight gain of common carp fed with diet T4 was found
significantly (P<0.05) high (7.14+0.016¢c g) | ®T1 MT2 4T3 MT4 GT5 4T6
followed by diets T3 (6.75+0.011b g), T5

(6.71£0.013b g), T2 (5.89+0.041a g) and | 3 b b
— a
control diet T1 (5.56£0.031a g). Final |26 2
: . T
average weight gain of common carp fed ;‘3{ ]
with T4 diet was 28.34 % higher to that of § 2
1 .
control diet fed fish while it was 11.29 0 -

C. carpio fed varied doses of lapsi (mg/kg)

times higher as compared to initial average
body weight (Fig. 4.3.2). The weight gain % Figure 4.3.2 Final average weight gain of C.
was significantly high (P<0.05) in T4 carpio fed with diet containing six different
(420.21+0.23c) diet fed common carp doses of lapsi fruits

followed by 397.32+0.44b, 394.38+0.16b, 349.02+0.53a, 346.66+0.41a and 327.25+0.87a in

T3, T5, T6, T2 and T1 diet fed fish respectively (Fig. 4.3.2a).
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ET]1 ET2 WT3 ET4 WTS5 ET6
500 -
g 400 -
£
E” 300 A
% 200 -
(3]
= 100 -
0 J
C. carpio fed varied doses of lapsi (mg/kg)

Figure 4.3.2a Percentage of final average weight
gain of C. carpio fed with diet containing six
different doses of lapsi fruits

4.3.3 Specific growth rate (SGR)

A direct relationship was found between SGR and LFP doses. However, SGR was
significantly (P<0.05) high in common carp fed with diet T4 (1.83+0.67d) followed by T5
(1.774£0.17c), T6 (1.67+0.38b), T3 (1.78+0.13c), T2 (1.66+0.35ab). The lowest SGR was
found in control diet fed fish T1 (1.61+0.24a). The SGR was 13.43 % higher in common carp
fed with T4 diets compared to that of control T1 diet fed fish (Fig. 4.3.3).

MT1ET2MT3 ET4 TS5 4T6 WT1ET2 HT3 T4 MTS MT6
d S 1.00 A
S 1 T
s 190 c c Z 080 -
= 1.80 - T =]
E ab b 2 0.60 -
e 170 1 a v
g _
E 1.60 - 3 0.40
b= =
g 150 - 8 0.20 -
7 140 - 0.00 -
C. carpio fed varied doses of lapsi (mg/kg) C. carpio fed varied dose of lapsi (mg/kg)

Figure 4.3.3 Specific growth rate of C. Figure 4.3.4 Feed conversion ratio of C.

carpio fed with diet containing six different carpio fed with diet containing six different
doses of lapsi fruits doses of lapsi fruits

4.3.4 Feed conversion ratio (FCR)
An inverse relationship was found between FCR and LFP doses. FCR level was found
high in common carp fed with T1 (0.82+0.033a), followed by fish fed with T2 (0.78+0.057Db),
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T6 (0.77£0.011b), T3 (0.68+0.071a), T5 (0.68+0.031a). The lowest FCR was recorded in T4
(0.64+0.012a) diet fed fish (Fig. 4.3.4).

4.3 (B) Biochemical Parameters

The amount of vitamin C in blood serum, brain and liver of common carp fed with six

different diets were recorded.

4.3.5 Vitamin C in Blood Serum

A direct relationship was [g11 mT2 wT3 ET4 &T5 @T6
found between the doses of LFP in |
diets and concentration of vitamin C % 1:2 L de od
in blood serum of common carp. The § o | a b T
concentration of vitamin C in blood &é 20
serum was significantly (P<0.05) l;
higher (88.90+1.28f pg/dl) in fish fed |5 20
with T4 diet followed by fish fed with - 0 . carpio fed varied doses of lapsi (mg/kg)

diets TS5 (82.24+1.28de pg/dl), T6 o _
Figure 4.3.5 Vitamin C in blood serum of C.

(75.59+1.28cd ngrdi), T3 carpio fed with diet containing six different doses
(67.49+1.63bc  pg/dl) and T2 Of lapsifruits

(65.17+1.64b pg/dl). It was minimum in control diet (T1) fed fish (54.16x1.29a pg/dl).
64.15% higher vitamin C level was recorded in fish fed with T4 (800 mg vitamin C kg™) diet
compared to that of control fish (Fig.4.3.5).

4.3.6 Vitamin C in Brain BT1 T2 T3 @T4 WTS WT6
The Concentration of vitamin C |
£ 100
in brain was significantly (P<0.05) higher E’f 80
in common carp fed with diet T4 (74.50 g 60
+1.33¢  pg/mg) followed by T6 E 40
(64.62£1.69d pg/mg), TS (64.10+1.68d E 20
ug/mg), T3 (53.06 +1.65c pg/mg)and T2 | §
i . S
(45.76x1.45b pg/mg) diets fed fish. C. carpio fed varied doses of lapsi (mg/kg)

Minimum vitamin C concentration was Figure 4.3.6 Vitamin C in brain of C. carpio fed
with diet containing six different doses of lapsi

fruits
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found in control diet (T1) fed fish (37.68+1.73a pg/mg). Vitamin C concentration was
97.71% higher in the fish fed with T4 diet compared to that of control fish (Fig.4.3.6).

4.3.7 Vitamin C in Liver

Significantly (P<0.05) higher [ gt1 mT2 uT3 @T4 uT5 4T
concentration of vitamin C in liver | __
) 2 100
was recorded in common carp fed |3
= 80
with diet T4 (82.77+1.28¢ pg/mg) g o0
compared to the others. The 2 20
concentration of vitamin C in carp fed |9 20
with diets T5, T6, T3 and T2 were E 0
S
76.11£1.28de pg/mg, 69.46+1.28cd C. carpio fed varied doses of lapsi (mg/kg)

/mg, 61.36+1.63b / and . : o o
HEmE © HEmE Figure 4.3.7 Concentration of vitamin C in liver

59.04£1.64b pg/mg, respectively. The of C. carpio fed with diet containing six different
lowest concentration of vitamin C d0ses of lapsi fruits

(48.03+1.29a pg/mg) was recorded in carp fed with diet T1. Vitamin C concentration was
72.34% higher in carp fed with T4 diet compared to that of control carp (Fig. 4.3.7).

4.3(C) Immuno-Haematological Parameters

4.3. C-1 PROTEIN PROFILE
4.3.8 Total Serum Protein

A direct relationship was found
MT1IEMT2LT3ET4MTS UT6
between doses of LFP and concentration
. . = 40
of total serum protein (TSP) in blood of !é 35
common carp. The concentration of TSP |g 3(5J
2 2
was significantly (P<0.05) higher in the |& ;g
blood sample of carp fed with diet T4 é 1‘3
(32.38+1.48e pg/dl) followed by carp fed |£ 5
with diets T3 (28.42+1.22d pg/dl), T5 | °
= C. carpio fed varied doses of lapsi (mg/kg)

(23.87+0.69c pg/dl), T2 (18.93+1.98c . . )
Figure 4.3.8 Concentration of Total serum protein

po/dl), T6 (15.57+1.204b pg/dl) and jn blood of C. carpio fed with diet containing six
different doses of lapsi fruits
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minimum was in control diet fed carp T1 (11.01+1.27a pg/dl). Serum protein level was 2.7

times higher in carp fed with T4 diet compared to that of control carp (Fig.4.3.8).

4.3.9 Total Protein in Brain

The concentration of total R —
protein in brain increased as the 18
doses of LFP in diets increased. The |2 15
concentration of total protein in brain a‘-: 12 e
was significantly (P<0.05) high in |z & ° b
common carp fed with diet T4 EE o I u
(15.66+0.48d pg/mg) followed by T5 g (3)
(11.23+0.37ab pg/mg), T3 (10.71 C. carpio fed varied doses of lapsi (mg/kg)

$0.83c ug/mg), T6 (7.31#0.74b Figyre 4.3.9 Concentration of Total protein in
pg/mg), T2 (7.21+0.81b pg/mg). It brain of C. carpio fed with diet containing six
- : _ different doses of lapsi fruits

was minimum in control diet T1
(4.52+0.48a pg/mg) fed carp. Total protein concentration in brain was 4.14 times higher in

the carp fed with T4 diet compared to that of control (Fig.4.3.9).

4.3.10 Total Protein in Liver
A direct relationship was found between different doses of LFP in the diet and

concentration of total protein in liver of common carp (Fig.4.3.10). The concentration of total

protein in liver was significantly L e T2 w13 814 9 TS5 = T6
(P<0.05) higher (31.66+0.11d pg/mg) in | _
carp fed with diet T4 followed by cap |§ 5. 4
N—r C
fed with diets T3 (29.76+0.44c pg/mg), | % ;g be b b
-
T2  (27.17£0.32bc ~ pg/mg), T5 i 20 a
(26.3+0.18b pg/mg) and T6 |& 15
510
(25.23+0.43b pg/mg). It was minimum % 5
in control diet (T1) fed cap |F O
C. carpio fed varied doses of lapsi (mg/kg)

(19.32+0.14a pg/mg). 40.6 to 63.9 %

higher total protein level was recorded in Figure 4.3.10 Concentration of Total protein in

liver of C. carpio fed with diet containing six
carp fed with T4 diet compared to that of different doses of lapsi fruits

control.
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4.3.11 Total Protein in Muscles

Like in liver and brain, concentration of total protein in muscles was found increased
with increase in doses of LFP extracts in diet (Fig. 4.3.11). The concentration of total protein
in muscles was significantly (P<0.05) high in carp fed with diet T4 (18.41 £0.762e pg/mg)
followed by carp fed with diet T3 (14.74+0.602d pg/mg), T5 (13.95 +0.376a pg/mg), T2
(10.49 £0.515¢ pg/mg) and T6 (6.54+0.493b pg/mg). The minimum was in carp fed with
control diet T1 (6.32+0.098b pg/mg). 2.9 times higher LFP level was recorded in carp fed
with T4 diet compared to that of control.

ET] T2 T3 T4 ET5 HT6

Total Protein in Muscles
ug/m
=
N

.

C. carpio fed varied doses of lapsi (mg/kg)

Figure 4.3.11 Concentration of Total protein in
muscles of C. carpio fed with diet containing six
different doses of lapsi fruits

4.3.12 Albumin in Blood Serum

The concentration of

albumin in blood serum was |®T1 ®T2 UT3 T4 MT5 MT6

significantly  (P<0.05) high in % »

common carp fed with diet T4 ? 12

(12.51+1.410e pg/dl) followed by |5 10

T3 (11.04+2.092d pgid), T2 |B i

(7.72+1.264c pg/dl), T5 < 4

(6.37£0.842c pg/dl) and T6 § 2

(4.88+£1.671b  pg/dl). It was < ° C. carpio fed varied doses of lapsi (mg/kg)

minimum in  control diet  T1 Figure 4.3.12 Concentration of Albumin in blood

(2.55+0.526 a pg/dl) fed carp. The serum of C. carpio fed with diet containing six

i : . ifferent f lapsi fruit
albumin concentration in blood different doses of lapsi fruits

serum 1.92 times higher in T4 as compared to that of control carp (Fig. 4.3.12).
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4.3.13 Albumin in Brain

A direct relationship was
ET1 ET2 MT3 HT4 ET5 BT6
found between different doses of
LFP in diets and concentration of Eé
aloumin in the brain of common ?5
'z 4
carp. The concentration of albumin 23
in brain was significantly (P<0.05) :éz
higher (5.39+0.015d pg/mg) in carp %1
fed with diet T4 followed by carp fed 0
C. carpio fed varied doses of lapsi (mg/kg)

with diets T3 (3.65£0.347¢ pg/mg), Figure 4.3.13 Concentration of albumin in brain
T6 (2.70+0.105b pg/mg), T2 of C. carpio fed with diet containing six different

(2.23+0.0150 pg/mg) and TS doses of lapsi fruits
(1.50+0.036a pg/mg). It was minimum in control diet (T1) fed carp (1.73+0.133a pg/mg).
7.32 times higher albumin level was recorded in carp fed with T4 diet compared to that of

control carp (Fig.4.3.13).

4.3.14 Albumin in Liver

Similar results were recorded in albumin concentration in liver of common carp fed
with different doses of LFP. The albumin concentration was found high in liver of carp fed
with diet T2 (7.93+£0.47e pg/mg) followed by carp fed with diets T3 (7.43+£0.29d pg/mg), T5
(6.98+0.63bc pg/mg), T4 (6.14+0.26b pg/mg), T6 (5.94+0.22b pg/mg) and control diet T1
(4.15+0.51a pg/mg) (Fig.4.3.14).

HETIET2EHT3ET4ETS ET6
=)
£
g 10
— e
g 3 d be
3 b b
£ 6 :
£ ‘
E 4
2

0

C. carpio fed varied doses of lapsi (mg/kg)

Figure 4.3.14 Concentration of albumin in liver of
C. carpio fed with diet containing six different
doses of lapsi fruits
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4.3.15 Albumin in Muscles

Similar results were recorded in albumin concentration in muscles of common carp
fed with different doses of LFP. The albumin concentration was found high in muscles of
carp fed with diet T4 (7.27+0.56d pg/mg) followed by carp fed with diets T5 (6.58+0.12a
pg/mg), diet T3 (5.64+0.35¢ pg/mg), T2 (5.13+0.35¢ pg/mg), T6 (4.13+£0.38b pg/mg) and
control diet T1 (2.37+£0.23ab pg/mg). It was 91% higher in liver of T2 diet fed carp as
compared to control (Fig.4.3.15).

ET] §T2 T3 MT4 ET5 HT6

10

Albumin in Muscles (pug/mg)

C. carpio fed varied doses of lapsi (mg/kg)

Figure 4.3.15 Concentration of albumin in muscles
of C. carpio fed with diet containing six different
doses of lapsi fruits

4.3.16 Globulin in Blood Serum

A direct relationship was found between doses of LFP in diets and concentration of

globulin in blood serum of common carp.

. . MT1 T2 WT3 MT4 TS5 WET6
The concentration of globulin in blood

N
o

serum was significantly (P<0.05) high
(19.87+0.476d pg/dl) in carp fed with diet
T4 (Fig. 4.3.16) followed by T3
(17.39+£2.181c pg/dl), T5 (11.50+0.468b
po/dl), T2 (11.21+3.24b pg/dl) and T6
(10.68+0.46b pg/dl). It was minimum in
carp fed with control diet T1 (4.46+1.73a

pg/dl). The concentration of albumin level Figyre 4.3.16 Concentration of globulin in

was 2.47 times higher in T4 diet fed carp Plood serum of C. carpio fed with diet
containing six different doses of lapsi fruits

N
o

=
vl

Ul

o

Globulin in Blood Serum (ug/dl)
—_
o

C. carpio fed varied doses of lapsi (mg/kg)

as compared to that of control carp.
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4.3.17 Globulin in Brain

A direct relationship was found

) o ET1 ET2 WT3 HT4 ET5 HT6
between different doses of LFP in diets

and concentration of globulin in brain of
common carp. The concentration of
globulin in brain was significantly
(P<0.05) higher (10.27+£0.47d pg/mg) in
carp fed with diet T4 followed by carp
fed with diets T3 (7.05£0.51c pg/mg),

Globulin in Brain (ug/mg)

C. carpio fed varied doses of lapsi (mg/kg)

T2 (4.97+0.81b pg/mg), T6 (4.60+0.63b
Figure 4.3.17 Concentration of globulin in

ug/mg) and TS (3.73£0.34ab ug/mg). It prain of C. carpio fed with diet containing six
was minimum in control diet (T1) fed different doses of lapsi fruits

common carp (2.79+0.35a pg/mg). 3.41 times higher globulin level was recorded in common

carp fed with T4 diet as compared to T1 diet fed common control carp (Fig.4.3.17).

4.3.18 Globulin in Liver

Similar results were recorded in globulin concentration in liver of common carp fed
with different doses of LFP. The globulin concentration was found high in liver of carp fed
with diet T4 (15.52+0.63d pg/mg) followed by carps fed with diets T3 (12.33+£0.26¢ pg/mg),
diet T5 (9.32+0.22b pg/mg), T6 (9.28+0.51b pg/mg) and T2 (9.28+0.51b pg/mg). It was
minimum in control diet T1 (5.17+0.47a pg/mg) fed carp. 2.54 times higher globulin level in

liver was recorded in T4 diet fed carp as compared to control carp (Fig.4.3.18).

ETIET2HET3 ET4 ET5 ET6

= = N
(=) ul =)

ul

Globulin in Liver (ug/mg)

0

C. carpio fed varied doses of lapsi (mg/kg)

Figure 4.3.18 Concentration of globulin in liver of
C. carpio fed with diet containing six different
doses of lapsi fruits
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4.3.19 Globulin in Muscles

Globulin concentration in muscles was found significantly (P< 0.05) high in common

carp fed with diet T4 (11.14+0.89¢
pg/mg) followed by carps fed with
diets T3 (9.10£0.26d pg/mg), T5
(7.37£0.33b pg/mg) and T2
(5.49+0.38c pg/mg), T6 (3.41+0.21ab
pg/mg). The minimum globulin
concentration was in control diet T1
(3.95+0.26b pg/mg) fed carp. 4.67

ET]1 ET2 T3 ET4 ET5 ET6

times higher globulin level was in
muscles of carp fed with T4 diet
compared to control carp (Fig.4.3.19).

=)
£
(=]
=2
3
(&]
3
=
£
£
=
Q
i
O
C. carpio fed varied doses of lapsi (mg/kg)
as Figure 4.3.19 Concentration of globulin in

muscles of C. carpio fed with diet containing six
different doses of lapsi fruits

4.3.20 Ratio of Albumin and Globulin (A/G) in Blood Serum

The A/G ratio in blood serum
was higher in common carp fed with diet
T2 (0.71+0.356). The ratio A/G was
0.64+0.18 in T3, 0.63+0.75 in T4,
0.61+0.338 in T1, 0.56+0.089 in T5 and
0.46£0.173 in T6 diets fed carps. The
lowest A/G ratio was found in T6 diet
fed carp. The A/G ratio was 37.6%

ET]1 ET2 WT3 ET4 ET5 ET6

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

A/G Ratio in Blood Serum

C. carpio fed varried doses of lapsi (mg/kg )

higher in T2 diet fed carp as compared to

control carp (Fig. 4.3.20).

Figure 4.3.20 Ratio of albumin and globulin in
blood serum of C. carpio fed with diet containing
six different doses of lapsi fruits

4.3.21 Ratio of Albumin and Globulin (A/G) in Brain

The A/G ratio in brain was higher in common carp fed with diet T1 (0.63+£0.034c).
The ratios were 0.60+£0.058bc in T6, 0.53+0.023abc in T4, 0.52+0.023abc in T3,
0.47+0.072ab in T2 and 0.41+0.035a in T5 diets fed carp (Fig. 4.3.21). The lowest A/G ratio
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in brain was found in T5 diet fed carp. The ratio was 53.7% higher in T1 diet fed group as

compared to T5 fed carp.

0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

A/G Ratio in Brain

ET] T2 WT3 ET4 WT5 ETe6

I I

C. carpio Ted varied doses of lapsi (mgkg)

Figure 4.3.21 Ratio of albumin and globulin in
brain of C. carpio fed with diet containing six
different doses of lapsi fruits

4.3.22 Ratio of Albumin and Globulin (A/G) in Liver

The A/G ratio in liver was higher
in common carp fed with diet T2
(0.85+0.224d). The ratios  were
0.82+0.63c in T1, 0.74+0.29bc in T5,
(0.62+0.51b) in T3 and (0.39£0.47a) in
T4 diets fed common carp (Fig. 4.3.22).
AJG ratio was 1.5 fold higher in T2 diet
fed carp as compared to T4 diet fed

carps.

A/G Ratio in Liver

BTl ET2 UT3 BT4 HT5 WT6

1.00
0.80
0.60
0.40

0.20

C. carpio fed varied doses of lapsi (mg/kg )

0.00

Figure 4.3.22 Ratio of albumin and globulin in
liver of C. carpio fed with diet containing six
different doses of lapsi fruits

4.3.23 Ratio of Albumin and Globulin(A/G) in Muscles

The A/G ratio in muscles was higher in common carp fed with diet T6 (0.92+0.113).
The ratio was 0.92+0.091 in T2, 0.69+0.119 in T6 followed by 0.67+£0.095 in T4, 0.62+0.027
in T5 and 0.61+0.104 in T1 control diet fed common carp. The ratio was 50.8% higher in T6

diet fed common carp compared to T1 diet fed common carp (Fig. 4.3.23).
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Figure 4.3.23 Ratio of albumin and globulin in
muscles of C. carpio fed with diet containing six
different doses of lapsi fruits

4.3. C-11. ENZYME PROFILE

4.3.24 Serum Glutamic Oxaloacetic Transaminase (SGOT) in Blood Serum

An inverse relationship was observed between doses of LFP and SGOT level in blood
serum of common carp. The SGOT level was found significantly (P<0.05) high in blood
serum of carp fed with control diet T1 (94.10+3.07d 1U/L) followed by T2 (80.52+3.16¢
IU/L), T3 (65.50+2. 88b IU/L), T4 (38.62+0.90a IU/L), T5 (35.64+1.21a IU/L) and the
lowest was in carp fed diet T6 (31.23+£2.78a IU/L). SGOT level was three fold higher in
control diet fed carp as compared to T6 (Fig.4.3.24).

ET] MT2 T3 @T4 ET5 ETé6

120 ~
100
80 -
60 -
40 -
20 A

0 -

SGOT in Serum (1U/L)

C. carpio fed varied doses of lapsi (mg/kg)

Figure 4.3.24 Serum glutamic oxaloacetic
transaminase (SGOT) level in blood serum of C.
carpio fed with diet containing six different doses
of lapsi fruits
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4.3.25 Serum Glutamic Oxaloacetic Transaminase (SGOT) in Liver

SGOT level was found
significantly (P<0.05) high in liver
of common carp fed with control
diet T1 (51.19+1.276d IU/L)
followed by T2 (44.55+1.276¢C
IU/L), T6 (42.81£1.49d IU/L), T5
(37.73+1.441e IU/L), T3
(31.66+£1.214b IU/L) and T4
(16.12+0.837a IU/L). SGOT level
was more than threefold higher in
control diet (T1) diet fed common
carp as compared to that of T4
carp(Fig.4.3.25).

ET1 ET2

= 60 -
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C. carpio fed varied doses of lapsi (mg/kg)

Figure 4.3.25 Serum glutamic oxaloacetic
transaminase (SGOT) level in liver of C. carpio
fed with diet containing six different doses of lapsi

fruits

4.3.26 Serum Glutamic Oxaloacetic Transaminase (SGOT) in Gills

An inverse relationship was observed between doses of LFP in diets and SGOT level
in the gills of common carp (Fig.4.26). SGOT level was found significantly (P<0.05) high in
gills of carp fed with control diet T1 (76.55+£0.925c IU/L) followed by T5 (72.76+1.88c
IU/L), T6 (63.18 £0.693b 1U/L), T2 (59.57+£0.696b IU/L), T3 (44.06 +6.503a IU/L) and the
lowest was in carp fed diet T4 (35.95+0.696a IU/L). The SGOT level was more than

threefold higher in control (T1) diet fed carp as compared to T4 carp (Fig.4.3.26).

ET] BT2 WT3 T4 WTS5 HT6

C. carpio fed varied doses of lapsi (mg/kg)

= 100 -
]
= 80 -
2 60 -
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S 40 -
(%]
20
0 J
Figure 4.3.26

Serum

glutamic  oxaloacetic

transaminase (SGOT) level in gills of C. carpio fed
with diet containing six different doses of lapsi

fruits

56



4.3.27 Serum Glutamic Pyruvate Transaminase (SGPT) in Blood Serum

An inverse relationship was observed between doses of LFP and SGPT level in blood

serum of common carp (Fig.4.27). | o1 T2 wT3 ET4 &8T5 8 T6
SGPT level was found significantly 2 o -
(P<0.05) high in blood serum of carp f;l 50 -
fed with control diet T1 | 2 40 -
[92]

(47.76+2.90d 1U/L) followed by T2 ; 30 -
(45.99+3.34d IU/L), T4 § 20 -
(34.27£0.27¢ IU/L), T3 (31.17+0.88¢ | & ' |

0 J
|U/|—)7 5 (19-9611-28b |U/|—) and C. carpio fed varied doses of lapsi (mg/kg)

T6 (13.34 20.21a IU/L) fed cap. gigure 4327 Serum glutamic pyruvate
SGPT level was five times higher in transaminase (SGPT) level in blood serum of C.
carpio fed with diet containing six different

control diet fed carp as compared t0 jyqes of lapsi fruits

T6 carp (Fig.4.3.27).

4.3.28 Serum Glutamic Pyruvate Transaminase (SGPT) in Liver

SGPT level was found significantly (P<0.05) high (71.3%) in liver of common carp
fed with control diet T1 (105.32+2.32e IU/L) followed by T2 (95.24+1.61d I1U/L), T3
(86.83+1.69c 1U/L), T6 (81.94 £1.72c IU/L), T5 (75.61 +1.37b 1U/L) and the lowest was in
carp fed diet T4 (61.58+1.11a IU/L). The SGPT level was 1.3 times higher in control diet
fed common carp compared to T4 (Fig.4.3.28).

BTl MT2 WT3 WT4 WTS5 WT6
J 120 1
-}
< 100 - d C
g Z b 7
5 80 1 T
=60 -
h
o 40 -
w
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C. carpio fed varied doses of lapsi (mg/kg)

Figure 4.3.28 Serum glutamic pyruvate transaminase
(SGPT) level in liver of C. carpio fed with diet
containing six different doses of lapsi fruits.
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4.3.29 Serum Glutamic Pyruvate Transaminase (SGPT) in Gills

SGPT level was found

significantly (P<0.05) high (71.3%) | ®T1 8T2 4T3 MT4 WT5 UTo6

in gills of common carp fed with ~ 100 +

control diet T1 (76.15+1.35e IU/L) | 2 80 - & d
followed by T6 (69.16+1.34d 5 60 - L, b

IU/L), T2 (62.17 £1.34c IU/L), T5 ; 40 - v

(55.55+3.32b IU/L), T5 @ 20 - i

(75.61+1.37b 1U/L) and the lowest 0 -

was in carp fed diet T4 C. carpio fed varied doses of lapsi (mg/kg)
(37.34+0.81a IU/L). The SGPT level rigure 4329 Serum glutamic  pyruvate

was 1.56 times higher in control diet transaminase (SGPT) level in gills of C. carpio
fed with diet containing six different doses of

fed common carp as compared to T4
carp (Fig.4.3.29).

lapsi fruits

4.3.30 Alkaline Phosphatase (ALP) in Blood Serum

ALP  level was significantly
(P<0.05) high (134.46+6.27a IU/L) in blood
serum of common carp fed with diet T1
followed by T6 (123.07+5.42cd IU/L), T3
(119.48 +2.71bc 1U/L), T5 (113.26 +0.55hbc
IU/L), T2 (109.60+1.181b IU/L) and T4
(93.89 £3.51d IU/L) diets fed common carp.

ALP level in the blood serum was 1.43

times higher in control diet fed carp as

ALP in Serum (IU/L)

ET] T2 T3 @T4 WT5 WT6

160 -
140 -
120 A
100 -
80 -
60 -

C. carpio fed varied doses of lapsi (mg/kg)

Figure 4.3.30 Alkaline phosphatase (ALP) level in

compared to that of T4 carp (Fig.4.3.30). blood serum of C. carpio fed with diet containing

six different doses of lapsi fruits

4.3.31 Alkaline Phosphatase (ALP) in Liver

ALP levels was found high (1.16 times) in the liver of common carp fed with diet T1
(383.13+1.51f IU/L) followed by diet T2 (348.09+15.374e IU/L), diet T3 (256.89+1.516d
IU/L), diet T6 (158.32+8.184c 1U/L), diet T5 (149.01 +1.516b IU/L) and T4 (125.49 +1.445a
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IU/L) diets fed rohu. ALP level in liver was significantly higher (P<0.05) in control diet (T1)
fed carp as compared to T4 diet fed common carp (Fig.4.3.31).

ET]1 T2 T3 @T4 WT5 ET6

450 ~
400 -
350 -
300 -
250 +
200 -
150 -
100 ~
50 -
0 J
C. carpio fed varied doses of lapsi (mg/kg)

ALP in Liver (IU/L)

Figure 4.3.31 Alkaline phosphatase (ALP) level
in liver of C. carpio fed with diet containing six
different doses of lapsi fruits

4.3.32 Alkaline Phosphatase (ALP) in Gills

The concentration of ALP level in gills was significantly (P<0.05) higher
(275.25+1.51f IU/L) in the common carp fed with diet T1 followed by carps fed with diets T2
(213.66+1.69¢ IU/L), T3 (190.36+5.53d IU/L), T6 (160.45+2.17c IU/L) and T5 (147.09
+2.43b 1U/L). It was minimum in T4 diet fed carp (133.72+£2.57a IU/L). Two times higher
ALP level was recorded in gills of carp fed with T1 diet as compared to others. The ALP
level in gills was (1.77) significantly higher (P<0.05) in control diet (T1) fed carp as
compared to T4 carp (Fig.4.3.32).

ET] ET2 T3 T4 ETS5 ET6
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300 | e
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C. carpio fed varied doses of lapsi (mg/kg)

Figure 4.3.32 Alkaline phosphatase (ALP) level
in gills of C. carpio fed with diet containing six
different doses of lapsi fruits
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4.3. C-111 BLOOD PROFILE

a) Complete Blood Counts

4.3.33 Haemoglobin
Haemoglobin concentration in blood (Fig.4.3.33) was significantly (P<0.05) higher in

common carp fed with diet T4 STL T2 UT3 BT4 MT5 WT6

(18.68+£0.69 mg/dl) as compared to 25

other treated and control diets fed carps. E.: 20 e

The concentration of haemoglobin in |3 Is d

T5, T6, T3, T2 and T1 diets fed carps é i I -

were 15.21+0.69, 11.55+0.78, é’ -

7.430.87, 519:060 and 3.380.83 |§ ° u H
0

mg/dl respectively. The concentration of

C. carpio fed varied doses of lapsi (mg/kg)

haemoglobin in T4 diet fed common - - -
Figure 4.3.33 Haemoglobin level in C. carpio fed

carp was 8.45 times higher than T1 diet \yjth diet containing six different doses of lapsi
fed common carp. fruits

4.3.34 Erythrocytes (RBCs)

The number of RBCs in blood
BT1 ET2 WT3 WT4 HTS5 HT6

was significantly (P<0.05) higher in
3.5
common carp fed with diet T2 T 3
(2.92+0.01 million/mm®) as compared § 2.5
to other treated and control carps. The é 12
number of erythrocytes in T4, 76, T5, | £
T3 and T1 diets fed carps were % 0.5
2.90£0.04, 2.74+005 273006, |  °

C. carpio fed varied doses of lapsi (mg/kg)

T 3
2.7320.02 and 1.8020.12 million/mm, Figure 4.3.34 Erythrocytes in C. carpio fed with
respectively. The number of RBCs in diet containing six different doses of lapsi fruits.

T2 diet fed fish was 1.2 times higher
as compared to T1 carps (Fig.4.3.34).
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4.3.35 Leucocytes (WBCs)
The number of WBCs in blood (Fig.4.3.35) was significantly (P<0.05) higher

3 3 :

(11040+77.38 10° /m?) in common carp ET] T2 HT3 T4 BTS HTE
fed with diet T2 as compared to other

14000
treated and control groups. The numbers T 12000
of leucocytes in T5, T1, T6, T3and T4 | £ ;000

(=}
diets fed carps were 9700+6859, | % 8000
9700+68.59, 8568+67.60, 8568+67.29, g 6000
and 7840+77.38 10¥mm® respectively. | & 4000
The number of WBCs in blood was 1.2 2000
0

times higher in carp fed with T2 diet C. carpio fed varied doses of lapsi (mg/kg)

compared to T4 diet fed carps. ) ) . .
Figure 4.3.35 Leucocytes in C. carpio fed with

b) Absolute Values diet containing six different doses of lapsi fruits

4.3.36 Haematocrit or Packed Cell Volume (PCV)
The PCV level in blood
(Fig.4.3.36) was significantly (P<0.05)

ET] ET2WT3 T4 ET5 ET6

higher in common carp fed with diet T4 | - 35 b
g 30 p b b p
(29.27£1.10 %) as compared to other 2 25 | a
treated and control groups. The PCV § 20
level inT5, T3, T6, T2 and T1 diets fed § 1(5)
=
carp were 27.43+0.87, 27.60+0.38, | £ 5
1
=%

26.59+0.38, 26.29+0.62 and 21.43+2.24

% respectively.

C. carpio fed varied doses of lapsi (mg/kg)

Figure 4.3.36 Packed Cell Volume level in C.
carpio fed with diet containing six different
doses of lapsi fruits

4.3.37 Mean Corpuscular Volume (MCV)

Significantly (P<0.05) higher MCV level in blood (Fig.4.3.37) was recorded in
common carp fed with diet T4 (149.33£4.67um?®). The MCV levels were 135.33+2.33,
118.67£3.28, 116.00+4.51, 114.67+1.20 and 112.00+0.58 um? in T3, T6, T5, T2 and T1
diets fed carps, respectively. The MCV level in blood of T4 diet fed carp was 1.3 times
higher as compared to carp fed with T5 diet fed common carp.
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Figure 4.3.37 MCV level in C. carpio fed with diet
containing six different doses of lapsi fruits

4.3.38 Mean Corpuscular Haemoglobin (MCH)

Significantly (P<0.05) higher level BTI BT2 BT3 T4 BTS BTG
of MCH (49.35+£1.66 pg) was recorded ‘o
in common carp fed with diet (T4) 5 50
compared to others (Fig.4.3.38). The | S 4
MCH levels  were  47.34+1.26, TE 30
47.31+0.44, 46.57+1.95, 42.63+0.16 and E 20
36.25+0.77pg in T2, T5, T3, T6 and T1 13
diets fed common carp, respectively. C. carpio fed varied doses of apsi (mg/kg)

MCH level was one time higher in
_ 9 Figure 4.3.38 MCH level in C. carpio fed with
control diet fed common carp compared diet containing six different doses of lapsi fruits

to the treated groups.

4.3.39 Mean Corpuscular Haemoglobin Concentration (MCHC)

Significantly (P<0.05) higher percentage of MCHC in blood was recorded
(Fig.4.3.39) in common carp fed with diet T4 (36.30+0.63%) compared to the control (T1)
carp. The percentage of MCHC in carp fed with diets T3, T5, T6 and T2 were 35.33+0.35,
34.77+0.24, 34.46+0.40 and 34.47+0.39 %, respectively. The lowest MCHC level

(32.77+0.23 %) was recorded in carp fed with diet T1.
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Figure 4.3.39 MCHC level in C. carpio fed with
diet containing six different doses of lapsi fruits

c) Differential counts

4.3.40 Neutrophils (%)

Neutrophils % in  blood
(Fig.4.3.40) was significantly (P<0.05)
higher (65.67+6.36 %) in the common
carp fed with diet T5. Neutrophils % in
T2, T6, T3, T4 and T1 diets fed
common  carp 63.67+6.36,
63.67+4.31, 62.67+4.98, 53.00+6.35
and 43.00£3.35%, respectively.

were

4.3.41 Lymphocytes (%)

Lymphocytes % was significantly
(P<0.05) higher (30.33+5.78%) in carp
fed with diet T4 (Fig.4.3.41).
Lymphocytes % in T3, T6, T5, T2, and
T1 diets fed carp were 26.33+£3.93,
26.33+1.93, 25.67+7.69, 24.67+7.69 and
23.3315.78 %, respectively.

ET] @T2 WT3 ET4 MTS5 HET6
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Figure 4.3.40 Neutrophils (%) in C. carpio fed with
diet containing six different doses of lapsi fruits
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Figure 4.3.41 Lymphocytes (%) in C. carpio fed
with diet containing six different doses of lapsi

fruits
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4.3.42 Monocytes (%)
Monocytes % was significantly
(P<0.05) higher (3.43%x1.31%) in

BT] T2 WT3 @T4 WTS5 WT6

common carp fed with diet T5 _ 3:
(Fig.4.3.42). The percentage of 9\;« 3
monocytes in T4, T6, T3, T2, and T1 ;‘i 2'3
diets fed common carp were 3.43+0.94, é 1--‘;
3.13+0.48, 2.97+0.48, 2.87+1.31 and 0.5

0

2.13£0.94 %, respectively.

C. carpio fed varried doses of lapsi (mg/kg)

Figure 4.3.42 Monocytes (%) in C. carpio fed with
diet containing six different doses of lapsi fruits

4.3.43 Eosinophils (%)
o ) ET1IET2UT3ET4E TS UT6
Significantly (P<0.05) higher
eosinophil level was recorded (Fig. 1.2
- 1
4.3.43) in fish common carp fed with | £ 08
T6 diet (1.00£0.26) compared to the é_ 0' .
g 0.
treated and control groups. Among the § 04
treatments, the value of eosinophils % a 0.2
in common carp fed with diets T4, T3, 0
T5 T2 and T1 were 0.97+0.01, C. carpio fed varried doses of lapsi (mg/kg)

0.90+0.20, 0.83+0.24, 0.83+0.24 and Figure 4.3.43 Eosinophils (%) in C. carpio fed
with diet containing six different doses of lapsi

0.73£0.22 respectively. fruits

4.3.44 Basophils (%)

Significantly ~ (P<0.05)  higher | =& 12T MT4 TS HTE

basophils % (0.07+0.09) was recorded in 0.08
common carp fed with diet T4. In T5 diet g 0.06
fed carp, basophils level was 0.0620.18 | 2 (04
followed by 0.06+0.03 (T2), 0.06+0.18 g 0.02
(T3) and 0.05%0.22 (T6) diets fed common .

carp. The lowest basophils level was found C. carpio fed varried doses of lapsi (mg/kg)

in carp fed with diet T1 (0.03£0.03) (Fig. gy re 4.3.44 Basophils (%) in C. carpio fed with
4.3.44). diet containing six different doses of lapsi fruits
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4.4  Performance of Indigenous major rohu Labeo rohita Hamilton, 1822
(Cyprinidae) fed varied doses of ethanol extract of Lapsi Choerospondias axillaris

fruit’ pulp (LFP)

4.4 (A) Growth Performances

4.4.1 Survival Rate
Cent per cent survival rate was observed in T4 and T5 diet fed groups. For T2, T3 and

T6, the survival rate was 97.78+6.65 % compared to 93.33+11.54 % in T1 group (Fig. 4.4.1).

ET] HT2 T3 T4 WT5 WT6

102
100
98
96
94
92
90

Survival (%)

L rohita fed with varied doses of lapsi (mg/kg)

Figure 4.4.1 Survival rate of L. rohita fed with
diet containing six different doses of lapsi fruits

4.4.2 Final Average Weight Gain and Weight Gain (%)

The average weight of rohu in the
beginning of experiment was 3.43 + 0.13 WT1HT2 MT3 HT4 HTS HT6
g. After 90 days of culture, a direct 25
relationship was found between final |2 20
=
average weight gain of rohu and diet E,, 15
containing different doses of LFP. )
§ 10
The final average weight gain of 3
rohnu fed with diet T4 was found 0
significantly (P<0 05) high (19 06:40.51d L rohita fed with varied doses of lapsi (mg/kg)

g) followed by groups fed with diets T3 Figure 4.4.2 Final average weight gain of L.

(16.2320.62¢ g), T5 (15.32+0.92hc g), T2 rohita fed with diet containing six different
doses of lapsi fruits
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(13.76+0.58ab g) and T6 (12.55+0.34a g) and T1 (12.35+0.12a g). Final average weight of
fish fed with T4 diet was 53.78 % higher compared to control group (Fig. 4.4.2).

The weight gain % was found
high in T4 (554.44+16.13d) diet fed
rohu followed by fish fed with diets T3 600

ET1 ET2 WT3 ET4 ET5 HET6

(472.62+18.11c), T5 (446.46 | = 500
= 400
+29.25bc), T2 (397.95 +18.46ab), T6 gn 300
(366.31+9.28a) and control diet T1 | -2 200
(350.73+11.098a). Similarly, 54.13 % | = 103
increased in weight gain % was L rohita fed with varied doses of lapsi (mg/kg)

observed in fish fed with T4 diet as Figure 4.4.2a Weight gain percentages of L. rohita
compared to control group (Fig. fed with diet containing six different doses of lapsi

4.4.23), fruits

4.4.3 Specific Growth Rate (SGR)
A direct relationship was found

between SGR and LFP doses (Fig. 4.47). | T1 ®T2 MT3 T4 WT5 ©T6

SGR was significantly (P<0.05) high in -

rohu fed with diet T4 (2.08+0.027d) i; S d )
followed by rohu fed with diets T3 -§ s

(1.94+0.037c), T5 (1.88+0.068bc), T2 % )

(1.780.041ab), and T6 (1.71+0.021d). % 05

Lowest SGR was found in rohu of control & 0

group T1 (1.69+0.026a). SGR was 23.03 L rohita fed with varied doses of lapsi (mg/kg)

o b .
% higher T4 diet fed rohu compared to Figure 4.4.3 Specific growth rate of L. rohita

control group (Fig. 4.4.3). fed with diet containing six different doses of
lapsi fruits

4.4.4 Feed Conversion Ratio (FCR)

An inverse relationship was found between FCR and LFP doses in diets. FCR level
was found high in rohu fed with diet T1 (0.75+0.023a) followed by rohu fed with diets T6
(0.74+0.018d), T2 (0.68+0.032cd), T5 (0.61+0.048bc), and T3 (0.57+0.021b). Lowest FCR was
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recorded in T4 (0.49+0.015a) diet fed rohu. FCR was 53.74 % lower in rohu fed with T4 diet

compared to control diet fed rohu (Fig. 4.4.4).

1
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0.6
0.4

0.2

Feed Conversion Ratio

0

BTl ET2 WT3 ET4 ETS5 HT6

L rohita fed with varied doses of lapsi (mg/kg)

Figure 4.4.4 Feed conversion ratio of L. rohita fed
with diet containing six different doses of lapsi

fruits

4.4 (B) Biochemical Parameters

Vitamin C in blood serum, brain and liver of rohu in treatment and control groups

were recorded.

4.45 Vitamin C in Blood Serum

A direct relationship was found
between LFP doses in diets and
concentration of vitamin C in blood
serum (Fig. 4.4.5). Concentration of
vitamin C in Dblood serum was
significantly (P<0.05) higher
(15.38+0.19e pg/dl) in rohu fed with
T4 diet followed by rohu fed with diets
T5  (14.46+0.16d  pg/dl),

ET] ET2 WT3 ET4 ET5 ET6

Vitamin C in Serum (pg/dl)

20

15

10

L. rohita fed with varied doses of lapsi (mg/kg)

Figure 4.4.5 Vitamin C in blood serum of L .rohita

(13.34+0.16¢ pg/dl), T3 (12.52+0.25b fed with diet containing six different doses of lapsi

ug/dl) and T2 (12.16£0.39b pg/dr). frUits

The control diet fed rohu had the least amount of vitamin C in blood serum (9.54+0.22a

ug/dl). 61.27 % higher vitamin C level was recorded in fish fed with T4 diet as compared to

rohu fed with T1 diet.
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4.4.6 Vitamin Cin Brain
Concentration of vitamin C in brain was significantly (P<0.05) higher in rohu fed

with diet T4 (91.20+1.21d pg/mg)
_ _ ET1 T2 GT3 ET4 MT5 ET6

followed by rohu fed with diets T3 _

o0
(81.87 +1.81c pg/mg), T2 (78.93:0.65c | £ '°°

@ 100
ug/mg), TS5 (65.87+3.41b pg/mg) and ~:5 80
T6 (59.02+1.35 pg/mg). The control | £
diet (T1) fed group had the lowest 5 40
vitamin C concentration in the brain E 20

2]
(57.37+1.17a pg/mg). Vitamin C | & O

L.rohita fed with varied doses of lapsi (mg/kg)

concentration was 58.95 % higher in * s - - -
Figure 4.4.6 Vitamin C in brain of L. rohita fed

rohu fed with T4 diet compared to rohu  with diet containing six different doses of lapsi
fed with control (T1) diet (Fig. 4.4.6)  fruits

4.4.7 Vitamin C in Liver

Significantly (P<0.05) higher concentration of vitamin C in liver was recorded in rohu
fed with diet T4 (191.83+1.97c pg/mg) compared to rohu fed with treated and control diets.
Concentration of vitamin C in rohu fed with diets T3, T6, T2 and T5 were 148.51+3.25b
ug/mg, 142.63 +7.72b ug/mg, 136.72 £0.36ab pg/mg and 135.49+4.94ab pg/mg respectively.
The lowest concentration of vitamin C (127.52+1.93a pug/mg) in liverwas recorded in rohu
fed with T1 diet. Vitamin C concentration was 50.43% higher in rohu fed with T4 diet
compared to rohu fed with control (T1) diet (Fig. 4.4.7).
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Figure 4.4.7 Concentration of vitamin C in liver
of L. rohita fed with diet containing six different
doses of lapsi fruits
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4.4 (C) Immuno-Haematological Parameters
4.4. C-1 PROTEIN PROFILE

4.4.8 Total Serum Protein

A direct relationship was
found between LFP doses and

BTl ET2 WT3 ET4 HETS HT6

concentration of total serum protein % 20 c

(TSP) in the blood of rohu. ? 15 b be bc  bc
Concentration of serum protein was % 10 a

significantly (P<0.05) higher in blood =

sample of rohu fed with diet T4 g >

(17.13x0.45c pg/dl) followed by rohu
fed with diets T3 (14.95 +0.95bc Figure 4.4.8 Concentration of Total serum protein
pg/dl), T6 (14.41 +0.38bc pg/dl), T5 in blood of L. rohita fed with diet containing six
(13.745022bc  pg/dl) and T2 different doses of lapsi fruits

(13.09£0.31b pg/dl). Lower serum protein concentration was in rohu fed with control diet T1
(10.21£0.61a pg/dl). Serum protein level was 67.69 % higher in rohu fed with T4 diet
compared to rohu fed with control diet T1 (Fig. 4.4.8).

L.rohita fed with varied doses of lapsi (mg/kg)

4.49 Total Protein in Brain

The concentration of total protein was significantly (P<0.05) high in brain of rohu fed

with diet T4 (47.96x0.27c pg/mg) HTL BT2 UT3 BT4 BTS & T6

followed by rohu fed with diets T6 P o

(35.66+1.92c pg/mg), T5 (33.87+£1.24b g 50

ug/mg), T3 (32.73+2.22b pg/mg), and g ? 40

T2 (30.274#4.02a pg/mg). Rohu fed | § & 30

with control diet T1 had the lowest %3 ig

protein  concentration (21.76+5.21a = 0

ug/mg). Total protein concentration in L.rohita fed with varied doses of lapsi (g/kg)

brain was 3.07 times higher in rohu fed g yre 4.4.9 Concentration of Total protein in

with T4 diet compared to rohu fed with brain of L. rohita fed with diet containing six
. . different doses of lapsi fruits
control diet (Fig. 4.4.9).
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4.4.10 Total Protein in Liver

A direct relationship was found between LFP doses and concentration of total protein

in liver of rohu. Concentration of total protein in liver was significantly (P<0.05) higher

(22.80+0.35d pg/mq) in rohu fed with diet
T4 followed by rohu fed with diets T2
(20.19+0.29c pg/mg), T5 (17.26+0.44bc
pg/mg), T3 (17.14+0.43b pg/mg) and T6
(14.75+0.34b  pg/mg). Lowest liver
protein concentration was measured in
control diet (T1) fed rohu (14.74+0.53a
pg/mg). Total protein level was 54.65 %
higher in rohu fed with T4 diet compared

to rohu fed with control T1 diet (Fig.

4.4.10).

4.4.11 Total Protein in Muscles
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Figure 4.4.10 Concentration of Total protein in
liver of L.rohita fed with diet containing six
different doses of lapsi fruits

Similar to brain and liver, concentration of total protein in muscles of rohu was found

to increase with increasing LFP doses in the diets. Concentration of total protein in muscles
was significantly (P<0.05) high in rohu fed with diet T5 (15.37£0.79c pg/mg) followed by
rohu fed with diets T4 (15.08 +0.29c pg/mg), T6 (14.14+0.12c pg/mg), T3 (10.16+0.16b
pg/mg) and T2 (8.16+0.24b pg/mg) and control diet T1 (4.77+0.27a pg/mg). Total protein
concentration in muscles was 3.13 times higher in rohu fed with T4 diet compared to rohu fed

with control (T1) diet (Fig. 4.4.11).
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Fig.ure 4.4.11 Concentration of Total protein in
muscles of L. rohita fed with diet containing six
different doses of lapsi fruits
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4.4.12 Albumin in Blood Serum

Concentration of albumin

ET1 ®ET2 T3 ®T4 ®@T5 WT6
in blood serum was significantly

(P<0.05) high in rohu fed with E j
diet T4 (6.64+0.59b pg/dl) E 6
followed by rohu fed with diets T5 % i
(6.05+0.23b pg/dl), T3 é 2
(5.98+0.33b pg/dl), T6 |2 1

< 0

(5.71+0.67a pg/dl) and T2
(5.70+0.54ab pg/dl). ). Lowest

L.rohita fed with varied doses of lapsi (mg/kg)

Figure 4.4.12 Concentration of Albumin in blood
albumin concentration was serum of L. rohita fed with diet containing six
recorded in rohu fed with control different doses of lapsi fruits

diet T1 (4.204£0.11a pg/dl). Albumin concentration in blood serum was 1.62 times higher in

rohu fed with T4 diet compared to rohu fed with control (T1) diet (Fig. 4.4.12).

4.4.13 Albumin in Brain

A direct relationship was
found between LFP doses in diets i
and concentration of aloumin in the ? 25
brain of rohu. Concentration of E 20 T
aloumin  in the brain was TE; 15 ab - b E
significantly ~ (P<0.05)  higher °E 10| 2
(19.18+0.11c pg/mg) in rohu fed é 5
with diet T4 followed by rohu fed é 0 rahita fedwith varied dosesof laoet (k)

with diets T6 (14.25£0.74b ug/mg), Figure 4. 4.13 Concentration of albumin in brain
T5 (13.55+0.49b pg/mg), T3 of L. rohita fed with diet containing six different

(13.09£0.0470 pgimg) and T 00SeS Of lapsifruits

(12.11+0.28ab pg/mg). Lowest albumin concentration was measured in the control group T1
(8.71+£0.67a pg/mg). Albumin concentration in brain was 3.08 times higher in rohu fed
with T4 diet compared to rohu fed with control (T1) diet (Fig. 4.4.13).
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4.4.14 Albumin in Liver

Similarly, albumin concentration

was high in liver of rohu fed with diet T4 MTL ®T2z WT3 MT4 WTS WT6
(9.12+0.17b pg/mg) followed by rohu fed | z312

with diets T2 (8.08+£0.12b pg/mg), T5 %10

(6.90+0.55apg/mg), T3 (6.86+0.57a § 8

pg/mg), T6 (5.94+0.22b pg/mg). Liver ; 6

albumin concentration was lowest in the E 4

control diet fed rohu (5.90+0.21a pg/mg). é 2

Liver albumin concentration was 54.58 % 0 L rohita fed with varied clsss of lapsi (mg/kg)

higher in rohu fed with T4 diet compared g \re 4.4.14 Concentration of albumin in liver

to rohu fed with control (T1) diet (Fig. Of L. rohita fed with diet containing six different
4.4.14) doses of lapsi fruits

4.4.15 Albumin in Muscles
Albumin concentration was high in

muscles of rohu fed with diet T4 | @T1 WT2 WT3 WT4 ET5 ET6
(6.27+0.25¢ pg/mg) followed by rohu fed
with diets T5 (5.95 +0.24c pg/mg), diet
T6 (5.62 £0.41c pg/mg), T3 (4.06+0.46b
pg/mg), T2 (3.26+0.49b pg/mg) and T1
(1.94+0.13a pug/mg). Albumin

concentration was 3.2 times higher in rohu

Albumin in Muscle (pg/mg)
O R N WA U1 O N

fed with T4 diet as compared to rohu fed L.rohita fed with varied doses of lapsi (mg/kg)

with control (T1) diet (Fig. 4.4.15). Figure 4.4.15 Concentration of albumin in
muscles of L. rohita fed with diet containing six
different doses of lapsi fruits

4.4.16 Globulin in Blood Serum

A direct relationship was found between LFP doses and concentration of globulin in
blood serum of rohu. Concentration of globulin in blood serum was significantly (P<0.05)
high (10.48+0.89c pg/dl) in rohu fed with diet T4 followed by rohu fed with diets T3
(8.98+0.96bc pg/dl), T6 (8.69£0.29bc pg/dl), T5 (7.68+0.46ab pg/dl) and T2 (7.39+0.40ab
pa/dl). Blood globulin concentration was measured lowest in control diet (T1) fed rohu
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(6.02+0.68a pg/dl). Concentration of aloumin in blood serum was 3.25 times higher in T4
diet fed rohu compared to rohu fed with control (T1) diet (Fig.4.4.16) .

ET1 ET2 WT3 ET4 ETS5 ET6
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L.rohita fed with varied doses of lapsi (mg/kg)

Figure 4.4.16 Concentration of globulin in blood
serum of L. rohita fed with diet containing six
different doses of lapsi fruits

4.4.17 Globulin in Brain

A direct relationship was found between LFP doses and concentration of globulin in
brain of rohu. Concentration of globulin in brain was significantly (P<0.05) higher
(28.77£0.16b pg/mg) in rohu fed with diet T4 followed by rohu fed with diets T6
(21.41+0.15¢c pg/mg), TS5 (20.32+0.74b pg/mg), T3 (19.64+0.33b pg/mg) and T2
(18.16+0.41ab pg/mg). Lowest brain globulin concentration was found in the control diet
(T1) fed rohu (13.05+0.12a pg/mg). Globulin level in brain was 3.11 times higher in rohu fed
with T4 diet compared to rohu fed with control (T1) diet (Fig. 4.4.17).

ET] ET2 WT3 ET4 ET5 HT6

NN W W
Ul © U1 © U1

Globulin in Brain (ng/mg)
- o
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Figure 4.4.17 Concentration of globulin in brain
of L. rohita fed with diet containing six different
doses of lapsi fruits
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4.4.18 Globulin in Liver

Similar results were recorded globulin concentration in liver of rohu fed with LFP

doses. The globulin concentration was found high in liver of rohu fed with diet T4 (13.68

+0.18b pg/mg) followed by rohu fed
with diets T2 (12.12 +£0.17b pg/mg), T5
(10.36£0.86a pg/mg), T3 (10.28 £0.86a
pg/mg) and T6 (8.85+£0.25b  pg/mg).

Control diet T1 fed rohu had the lowest
liver globulin (8.84+0.32a pg/mg).
Globulin concentration in liver was 1.4

times higher in rohu fed with T4 diet

compared to rohu fed with control (T1)
diet (Fig. 4.4.18).

4.4.19 Globulin in Muscles
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Figure 4.4.18 Concentration of globulin in liver of
L. rohita fed with diet containing six different
doses of lapsi fruits

Globulin concentration in muscles was significantly (P<0.05) high in rohu fed with
diet T5 (9.42+ 0.67c pg/mg) followed by rohu fed with diets T4 (8.81+0.36¢ pg/mg), T6
(8.53+0.71c pg/mg), T3 (6.09+ 0.69b pg/mg) and T2 (4.89£0.74b pug/mg). Lowest globulin
concentration was in the control diet T1 (2.83+0.14a pg/mg) fed rohu. Globulin concentration

was 2.83 times higher in muscles of rohu fed with T4 diet compared to rohu fed with control

(T1) diet (Fig. 4.4.19).
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Figure 4.4.19

Concentration of globulin in

muscles of L. rohita fed with diet containing six
different doses of lapsi fruits
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4.4.20 Ratio of Albumin and Globulin (A/G) in Blood Serum

The ratio A/G in blood serum
BT1 WT2 WT3 MT4 WT5 WT6
was higher in rohu fed with diet T5
(0.79+0.075). The A/G ratio was o 0.9
0.8 T
0.774£0.037 in T2, 0.69+0.086 in T1, § 0.7 T
2 o
0.67+0.055 in T3, 0.66£0.054 in T6 |8 gg ‘
and 0.63+0.017 in T4 diets fed rohu | & o4
(Fig. 4.62). Lowest A/G ratio was | £ 8'3
g o
found in T4 diet fed rohu. A/G ratio | & 0.1
. ) < 0
was 21% lower in T4 diet fed rohu L.rohita fed with varied doses of lapsi (mg/kg)

compared to rohu fed with control _. . . -
P Figure 4.4.20 Ratio of albumin and globulin in

(T1) diet (Fig. 4.4.20). blood serum of L. rohita fed with diet containing six
different doses of lapsi fruits

4.4.21 Ratio of Albumin and Globulin (A/G) in Brain

The A/G ratio in brain was [o7 @12 w13 @74 215 & Te
higher in rohu fed with diet T5
(0.62+0.033). The ratios  were E 0.70 - .
061+0.032 in T1, 0.57+0.084 in T3, |5 g:g : T
(0.530.048) in T2, (0.47+0.072ab) in |2 0.0 -
T6 and (0.51+0.012 in T4 diets fed g g;g :
rohu. Lowest A/G ratio in brain was 010 -
found in T4 diet fed rohu. A/G ratio 0.00 = B i fed with varied doses of lapsi (mgkg)

was 29.1% higher in T5 diet fed rohu prjgure 4.4.21 Ratio of albumin and globulin in

compared to rohu fed with T4 diet (Fig. brain of L. rohita fed with diet containing six
4.421) different doses of lapsi fruits

4.4.22 Ratio of Albumin and Globulin (A/G) in Liver

The A/G ratio in liver was highest in rohu fed with diet T3 (0.69+0.026), The ratios
were 0.67+0.012 in T4, 0.65+£0.018 in T5 and 0.62+0.024 in T1, (0.62+0.014) in T6 and
(0.61+0.024) in T2 diets fed rohu. A/G ratio was 0.5 fold higher in T3 diet fed rohu
compared to rohu fed with control diet T1 (Fig. 4.4.22).
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L.rohita fed with varied doses of lapsi (mg/kg)

Figure 4.4.22 Ratio of albumin and globulin in
liver of L. rohita fed with diet containing six
different doses of lapsi fruits

4.4.23 Ratio of Albumin and Globulin (A/G) in Muscles

The A/G ratio in muscles was highest in rohu fed with diet T4 (0.78+0.072). The ratio
was 0.71+0.016 in T3, 0.694+0.011 in T1, 0.64+0.048 in T5, 0.63+0.024 in T6 and 0.62+0.012
in T2 diets fed rohu. A/G ratio was 25.8% higher in T4 diet fed rohu compared to control T1
rohu (Fig. 4.4.23).

ET] HT2 UT3 HT4 BT5 BT6
1.00 ~

0.80 -

0.60 -

0.40 - i

0.20 ~

A/G Ratio in Muscles

0.00 -

L.rohita fed with varied doses of lapsi (mg/kg)

Figure 4.4.23 Ratio of albumin and globulin in
muscles of rohu fed with diet containing six
different doses of lapsi fruits

4.4.C-11 ENZYME PROFILE

4.4.24 Serum Glutamic Oxaloacetic Transaminase (SGOT) in Blood Serum

SGOT level was found significantly (P<0.05) high in blood serum of rohu fed with
control (T1) diet (63.08+0.98d IU/L) followed by T2 (62.28 £0.28d IU/L), T4 (62.28 +0.24c
IU/L), T3 (53.35+£0.96d IU/L), T5 (44.79+0.74b) and T6 (24.05+0.41a 1U/L) diets fed rohu.
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SGOT level was 2.6 times higher in control (T1) diet fed rohu compared to rohu fed with T6
diet (Fig.4.4.24).

ET1 T2 ET3 ET4 HETS ETe6
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L.rohita fed with varied doses of lapsi (mg/kg)

Figure 4.4.24 Serum glutamic oxaloacetic
transaminase (SGOT) level in blood serum of L.
rohita fed with diet containing six different doses
of lapsi fruits

4.4.25 Serum Glutamic Oxaloacetic Transaminase (SGOT) in Liver

SGOT level was found significantly (P<0.05) high in liver of rohu fed with control
diet T1 (123.57+0.38f IU/L) followed by T2 (118.05+0.74e IU/L), T3 m(112.44+0.63d
IU/L), T5 (107.03+0.38c IU/L), T6 (101.83+0.32b) and T4 (95.98+0.18a IU/L) diets fed
rohu. SGOT level in liver was 1.21 times higher in control diet (T1) fed rohu compared to
rohu fed with T4 diet (Fig.4.4.25).

ETl EHT2 WT3 ET4 ETS5 HT6
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L.rohita fed with varied doses of lapsi (mg/kg)

Figure 4.4.25 Serum glutamic oxaloacetic
transaminase (SGOT) level in liver of L.rohita fed
with diet containing six different doses of lapsi
fruits
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4.4.26 Serum Glutamic Oxaloacetic Transaminase (SGOT) in Gills

SGOT level was found significantly (P<0.05) high in gills of rohu fed with control
diet T1 (76.59+0.84f IU/L) followed by
T2 (67.72+0.85e IU/L), T4

ETIET2 UT3ET4 WT5 HT6

100

(64.67+£0.62d 1U/L), T5 (62.80+0.65¢c E 80

IU/L) and T6 (55.42+0.25b) diets fed ?w, .
rohu. The lowest SGOT in gills was |Z

found in rohu fed with diet T3 E 0

§ 20

(54.92+0.14a IU/L). SGOT level in

gills was 1.38 times higher in control

L.rohita fed with varied doses of lapsi (mg/kg)

diet (T1) fed rohu compared to rohu Figure 4.4.26 Serum glutamic oxaloacetic

fed with T3 diet (Fig.4.4.26). transaminase (SGOT) level in gills of L. rohita fed
with diet containing six different doses of lapsi
fruits

4.4.27 Serum Glutamic Pyruvate Transaminase (SGPT) in Blood Serum
SGPT level was found

significantly (P<0.05) high in blood | “T! 1'032 MT3 MT4 WTS HT6

serum of rohu fed with control diet T1 b

(83.78+£1.31b IU/L) followed by T3 %0

(73.13+1.35b 1U/L), T4 (65.35+1.53b

IU/L), T5 (54.92+1.56ab IU/L), T2

b
I
60 ab ab
40
. a
. a
(25.09+1.16a IU/L) diets fed rohu. 0

(51.20+2.61ab  I1U/L) and T6
L.rohita fed withvaried doses of lapsi (mg/kg)

SGPT in Serum (IU/L)

SGPT level was 3.3 times higher in

control diet (T1) fed rohu compared to Figure 4.4.27 Serum glutamic  pyruvate

. . . transaminase (SGPT) level in blood serum of L.

rohu fed with T6 diet (Fig.4.4.27). rohita fed with diet containing six different doses
of lapsi fruits

4.4.28 Serum Glutamic Pyruvate Transaminase (SGPT) in Liver

SGPT level was found significantly (P<0.05) high in liver of rohu fed with control
(T1) diet (172.15+1.42f 1U/L) followed by T2 (164.39+1.49 IU/L), T5 (140.24+ 1.76d
IU/L), T3 (133.35+1.45¢ IU/L), T4 (125.44+1.64b 1U/L) and T6 (117.83+1.42a IU/L) diets
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fed rohu. SGPT level was 1.45 times higher in control (T1) diet fed rohu as compared to rohu
fed with T6 diet (Fig.4.4.28).

BTl MT2 WT3 WT4 WTS5 WT6
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Figure 4.4.28 Serum glutamic pyruvate
transaminase (SGPT) level in liver of L. rohita fed
with diet containing six different doses of lapsi
fruits

4.4.29 Serum Glutamic Pyruvate Transaminase (SGPT) in Gills
SGPT level was found

ET] T2 WT3 ET4 ET5 ETe6

significantly (P<0.05) high in gills of < 140
rohu fed with control diet T1 E 120
(110.06+1.61f 1U/L) followed by T2 é 122
(94.30+0.46e 1U/L), T6 (89.87+0.39b E 60
IU/L), T3 (85.44x0.85c IU/L), T5 | & 40

(80.52+0.63b IU/L) and T4 20

(71.72+1.27a IU/L) diets fed rohu. 0~ o _
L.rohita fed with varied doses of lapsi (mg/kg)

SGPT level in gills was 1.23 times Figure 4.429 Serum glutamic pyruvate
higher in control (T1) diet fed rohu transaminase (SGPT) level in gills of L. rohita fed

with diet containing six different doses of lapsi
compared to rohu fed with T4 diet fruits

(Fig.4.4.29).

4.4.30 Alkaline Phosphatase (ALP) in Blood Serum

ALP level was significantly (P<0.05) high (76.38£0.58f  1U/L) in blood serum of
rohu fed with diet T1 followed by T2 (65.77+1.24e 1U/L), T3 (54.70+1.16 IU/L), T4
(47.40£1.52b 1U/L), T5 (37.94+0.25d IU/L) and T6 (30.38+1.51a IU/L) diets fed rohu. ALP
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level in blood serum was 2.5 times higher in control (T1) diet fed rohu compared to rohu fed

with T6 diet (Fig.4.4.30).
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Figure 4.4.30 Alkaline phosphatase (ALP) level
in blood serum of L. rohita fed with diet
containing six different doses of lapsi fruits

4.4.31 Alkaline Phosphatase (ALP) in Liver

ALP level was significantly
(P<0.05) high (44.09+1.73f IU/L) in
liver of rohu fed with diet T1 followed
by T2 (38.18+0.81e IU/L), T5 (33.42
+0.91c IU/L), T6 (30.94+0.33b IU/L),
T3 (29.3240.85d IU/L) and T4
(23.41£0.82a IU/L) diets fed rohu.
ALP level in liver was 1.43 times
higher in control (T1) diet fed rohu
compared to T4 diet fed rohu
(Fig.4.4.31).
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Figure 4.4.31 Alkaline phosphatase (ALP) level
in liver of L. rohita fed with diet containing six
different doses of lapsi fruits

4.4.32 Alkaline Phosphatase (ALP) in Gills

ALP level was significantly (P<0.05) high (24.89+0.17f IU/L) in gills of rohu fed
with diet T1 followed by T2 (22.49+0.35e 1U/L), T5 (19.29+0.56 c 1U/L), T3 (18.49+0.46 b
IU/L), T6 (15.66+0.45d IU/L) and T4 (14.49+0.41a IU/L). ALP level in gills was 1.58 times
higher in control (T1) diet fed rohu compared to rohu fed with T4 diet (Fig.4.4.32).
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Figure 4.4.32 Alkaline phosphatase (ALP) level
in gills of L. rohita fed with diet containing six
different doses of lapsi fruits

4.4, C-111 BLOD PROFILE
a) Complete Blood Counts
4.4.33 Haemoglobin

Haemoglobin concentration in blood was significantly (P<0.05) higher in rohu fed

with diet T4 (25.02+0.42e mg/dl) ET1 BT2 BT3 MT4 TS BT6
compared to other treated and control

~ 30
diets fed rohu. The concentration of |3

o £ 25

haemoglobin in T5, T6, T3, T2 and T1 | < -

>
diets fed rohu were 23.04+0.36de, | = s

Qo
20.71+0.47cd, 18.27£#0.33bc, 1558 |%

£
+0.15ab and  12.95+0.91a mg/dl |8
respectively. The concentration of 0

L.rohita fed with varied doses of lapsi

haemoglobin in T4 diet fed rohu was 1.9 (mg/kg)

times higher compared to rohu fed with Figure 4.4.33 Haemoglobin level in L. rohita fed
with diet containing six different doses of lapsi

control (T1) diet (Fig. 4.4.33). fruits
4.4.34  Erythrocytes (RBCs)

Erythrocytes number in blood was significantly (P<0.05) higher in rohu fed with diet
T6 (5.16 +0.15e million/mm?®) compared to treated and control diets fed rohu. The number of
erythrocytes in T5, T4, T3, T3 and T1 diets fed rohu were 4.75+£0.21de, 4.41+0.16cd, 3.84%
0.32bc, 3.35 +0.16b and 2.40 +0.06a million/mm? (Fig.4.4.34).
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Figure 4.4.34 Erythrocytes in L. rohita fed with diet
containing six different doses of lapsi fruits

4.4.35 Leucocytes (WBCs)
Leucocytes number in blood was significantly (P<0.05) higher (45.95+0.70f

10%mm®) in rohu fed with diet T1

ET1 ET2 UT3 T4 WTS5 WT6
compared to other treated and control

= 60 -
diet fed rohu. The numbers of WBCs in E 50 -
T2, T6, T3, T5 and T4 diets fed rohu | &, |

\ml
were 42.56+0.48e, 38.69+0.69d, 34.65+ | o 30 -

Q
0.04c, 31.42+0.06b, and 27.40+0.11a % 20 -
10*mm®  respectively.  Leucocytes i::: 10 -
number in blood was 1.67 times higher 0 -

L.rohita fed with varied doses of lapsi (mg/kg)

in rohu fed with T1 diet fed compared

to rohu fed with T4 diet (Fig. 4.4.35). Figure 4.4.35 Leucocytes in L. rohita fed with

diet containing six different doses of lapsi fruits

b) Absolute Values

4.4.36 Haematocrit (Hct) or Packed Cell Volume (PCV)

PCV level in blood was significantly (P<0.05) higher in rohu fed with diet T4
(55.18+0.51b %) compared to other treated and control diet fed rohu. PCV level in T5, T3,
T6, T1 and T2 diets fed rohu were 47.04+0.27b, 46.49+0.13b, 45.62 +0.27ab, 42.92+0.84ab
and 41.05 +0.91a % respectively. PCV level in blood was 1.31 times higher in rohu fed with
T4 diet compared to rohu fed with control (T1) diet (Fig. 4.4.36).
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Figure 4.4.36 PCV level in L. rohita fed with diet
containing six different doses of lapsi fruits

4.4.37 Mean Corpuscular Volume (MCV)

Significantly (P<0.05) higher | @11 @T2 T3 ®T4 4TS 4T6
MCYV level in the blood was recorded 200
in rohu fed with diet T1 (179.24+1.62c

um?). MCV levels in rohu fed with ‘:’% 150
diets T4, T2, T3, TS5 and T6 diets were é 100
125.08+1.53b, 123.15+1.79b, g 50
121.96+1.57b, 99.38+1.75a and 88.57 =

0

+1.06a um? respectively. MCV level in

blood of T1 diet fed rohu was 2.1 times Figure 4.4.37 MCV level in L. rohita fed with diet
higher compared to rohu fed with T6 containing six different doses of lapsi fruits

diet (Fig. 4.4.37).

(mg/kg)

4.4.38 Mean Corpuscular Haemoglobin (MCH)
Significantly (P<0.05) higher level
of MCH (56.90£1.77b pg) was recorded

ETIET2HET3ET4ETS5 ET6

in rohu fed with diet (T4). MCH levels in Zg ab b
rohu fed with T1, T5, T3, T2 and T6 |50 b 2 ¥
diets were 53.93+1.31ab, 48.73+1.78ab, ;f:g
48.41+1.96ab,  46.96+1.35ab  and ézo
40.24+1.96a pg respectively (Fig.4.4.38). 10
0

L.rohita fed with varied doses of lapsi
(mg/kg)
Figure 4.4.38 MCH level in L. rohita fed with diet
containing six different doses of lapsi fruits
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4.4.39 Mean Corpuscular Haemoglobin Concentration (MCHC)
Significantly (P<0.05) higher percentage of MCHC was recorded in rohu fed with
diet TS (48.99+0.51c %) compared to

ET1 T2 WT3 @T4 WT5 ET6
other treated and control groups. The

percentage of MCHC in rohu fed with 00

diets T4, T6, T3 and T2 were % ig

45.61+1.97bc,  45.38+0.76c,  and ,—E 20

39.51+1.46b and 38.10+1.40ab % % 20

respectively. Lowest MCHC level was | = 10

recorded in rohu fed with diet T1 0

L.rohita fed with varied doses of lapsi (mg/kg)

(30.12+1.57a %). MCHC level in T5

Figure 4.4.39 MCHC level in L. rohita fed with
diet fed rohu was 1.6 times higher g

diet containing six different doses of lapsi fruits
compared to control (T1) diet fed rohu

(Fig. 4.4.39).

c) Differential counts

4.4.40 Neutrophils (%)

Neutrophils % was

Significanﬂy (P<005) h|gher ET]1 HT2 WT3 ET4 ETS5 ET6

(58.56+1.75¢ %) in the rohu fed with 70

diet T3. Neutrophils % in T6, T4, T5, | =60
T1 and T2 diets fed rohu were E‘SO
53.93+1.31b, 51.82+0.33b, %:g
43.68+0.30a,  43.04+0.27a  and EZO
42.10+0.14a % respectively. 18

Neutrophils % in T3 diet fed rohu L.rohita fed with varied doses of lapsi (mg/kg)

was 1.3 times higher compared to

Figure 4.4.40 Neutrophils (%) in L. rohita fed with
rohu fed with control (T1) diet dietcontaining six different doses of lapsi fruits

(Fig.4.4.40).

4.4.41 Lymphocytes (%)
Lymphocytes % was significantly (P<0.05) higher (45.95+0.13f %) in rohu fed with
diet T4. Lymphocytes % in rohu fed with T5, T6, T3, T2, and T1 diets were 42.57+0.49e,
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38.69+0.68d, 26.77+0.26¢, 23.91+0.55b and 16.29+0.54a % respectively. Lymphocytes % in

T4 diet fed rohu was 2.8 times higher compared to rohu fed with control (T1) diet (Fig.
4.4.41).

ET] ET2 T3 ET4 ET5 ET6

Lymphocytes (%)
[\ w S vl
o (e} (e} (=)

[UnN
(=}

L.rohita fed with varied doses of lapsi (mg/kg)

Figure 4.4.41 Lymphocytes (%) in L.rohita fed
with diet containing six different doses of lapsi
fruits

4.4.42 Monocytes (%)

Monocytes % was significantly (P<0.05) higher (6.07+0.10e %) in rohu fed with diet
T4 (Fig.4.84). Monocytes % in rohu
fed with T3, T2, T5, T1, and T6 diets
were  4.5510.10d, 2.02+0.47bc,
2.26+0.25c, 1.5040.10ab and
1.12+0.10a % respectively.
Lymphocyte % in T4 diet fed rohu
was 5.2 times higher compared to
rohu fed with control (T1) diet (Fig.

ET] HT2 T3 ET4 ET5 HET6

e

ab

Monocytes (%)
S R N W H» U1 O 3

L.rohita fed with varied doses of lapsi (mg/kg)

Figure 4.4.42 Monocytes (%) in L. rohita fed with
diet containing six different doses of lapsi fruits

4.4.42).

4.4.43 Eosinophils (%)

Significantly (P<0.05) higher eosinophil level was recorded (Fig. 4.85) in rohu fed
with T4 diet (0.75+ 0.43b). Eosinophils % in rohu fed with diets T2, T3, T6, T1 and T5 were
0.67£0.09ab, 0.63+£0.63ab, 0.62+ 0.04ab, 0.56+ 0.02a and 0.53+ 0.26a respectively.
Eosinophils % in T4 diet fed rohu was 1.3 times higher compared to rohu fed wityh control
(T1) diet (Fig. 4.85).
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Figure 4.4.43 Eosinophils (%) in L. rohita fed with
diet containing six different doses of lapsi fruits

4.4.44 Basophils (%)

Significantly (P<0.05) higher basophils % (1.11+0.42b) was recorded in rohu fed with
diet T4. In T5 diet fed rohu, basophils % was 0.97+0.47ab, followed by T3 (0.59+0.24ab), T6
(0.29+0.13b) and T2 (0.20+0.18ab) diets fed rohu. Lowest basophil % was found in rohu fed
with control (T1) diet (0.06+0.02a). Basophils % in T4 diet fed rohu was 19.6 times higher
compared to rohu fed with control (T1) diet (Fig. 4.4.44).

ET]1 T2 T3 ®@T4 WTS5 HT6

1.4

=
N

Basophils (%)
e e
S N B O 0O

L.rohita fed with varied doses of lapsi (mg/kg)

Figure 4.4.44 Basophils (%) in L. rohita fed with
diet containing six different doses of lapsi fruits
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mykiss Walbaum, 1792

(Salmonidae) fed varied doses of ethanol extract of Lapsi Choerospondias

45  Performance of rainbow trout Oncorhynchus
axillaris fruit’ pulp (LFP)
4.5 (A) Growth Performances

4.5.1 Survival rate and final weight gain

Cent per cent survival rate was observed in all the treated and control diet fed groups.

At the start of the experiment the average weight of rainbow trout was 37.24+0.39 g.

After 90 days of culture, a direct
relationship was found between final
average weight gain of rainbow trout and
diet containing different doses of LFP.
Final average weight gain of rainbow
trout fed with diet T4 was found
(P<0.05) high
(138.19+0.75dc g) followed by groups
fed with diets T6 (131.03+0.33abc g),
T3 (130.83 +0.29abc @), T5
(121.36+0.82ab g), T2 (112.46+0.77bc
g) and T1 (105.76+0.51a g) (Fig. 4.5.1).

significantly

4.5.2 Final Weight Gain (%)

Final weight gain % was high in
trout fed with T4 diet
(371.39+0.11dc) followed by trout fed
with T3 (35137 +0.73abc), T6
(349.93+0.77abc), T5 (325.58 +0.84ab),
T2 (301.58+0.06bc) and T1 (284.08
+0.65a). Similarly, weight gain % was
30.67 % higher in trout fed with T4 diet
compared to control (T1) group (Fig.
4.5.2).

rainbow

160
140
120
100
80
60
40
20
0

Weight gain (g)

HT1 ET2

WT3 T4 MTS5 HT6

0. mykiss fed varied doses of lapsi (mg/kg)

Figure 4.5.1 Final average weight gain of O.
mykiss fed with diet containing six different doses
of lapsi fruits

500

S
(@)
(@)

Weight gain %

ET1 ET2

MWT3 ET4 ET5 ET6

O. mykiss fed varied doses of lapsi (mg/kg)

Figure 4.5.2 Weight gain percentages of O.
mykiss fed with diet containing six different doses
of lapsi fruits
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4.5.3 Specific Growth Rate (SGR)

A direct relationship was found ETL T2 BT3 BT4 BTS BTe
between SGR and LFP doses. SGR was
significantly (P<0.05) high in trout fed E 2.00 d € e o
with diet T4 (1.72+0.024dc) followed by |E 150 | o £
trout fed with diets T3 (1.67 £0.051abc), % 1.00
T6 (1.67+0.035abc), T5 (1.61+0.020ab), g 050
and T2 (1.54 +0.059bc). Lowest SGR |“
was found in trout of control group T1 000 O. mykiss fed varied doses of lapsi (mg/kg)

(1.49£0.011a). SGR was 15.17 % Figure 4.5.3 Specific growth rate of O. mykiss fed
higher in T4 diet fed rainbow trout with diet containing six different doses of lapsi

compared to control group (Fig. 4.5.3)., TUItS

4.5.4 Feed Conversion Ratio (FCR)

An inverse relationship was MTL ET2 HT3 MT4 MTS HT6
found between FCR and LFP doses in | _ 14
diets. FCR level was high in trout fed ;&E .00 | % c " be Ly
with diet T1 (0.95+0.013c) followed by | 5 08 .
trout fed with diets T2 (0.91+0.060ab), | §

So.

T5 (0.83+0.023bc) T6 (0.78+0.036abc), | & .20
T3 (0.77+ 0.023abc) and T4 0.00
(0.73+0.023a). FCR in T4 fed trout was O. mykiss fed varied doses of lapsi (mg/kg)

30.56 % lower compared to the control Figure 4.5.4 Feed conversion ratio of O. mykiss
diet fed trout (Fig. 4.5.4). fed _Wlth diet containing six different doses of
lapsi fruits

4.5. (B) Biochemical Parameters
Vitamin C in blood serum, brain and liver of trout in treatment and control groups

were recorded.

455 Vitamin C in Blood Serum
A direct relationship was found between LFP doses in diets and concentration of

vitamin C in the blood serum (Fig. 4.5.5). Concentration of vitamin C in blood serum was
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significantly (P<0.05) higher (76.34£3.31e pg/dl) in rainbow trout fed with T4 diet
followed by trout fed with diets T5 (66.64+5.93d pg/dl), T3 (54.32+ 5.16¢ pg/dl), T6 (51.37+
1.56¢ pg/dl) and T2 (41.98+1.35b ug/dl). The control diet fed trout had the least amount of
vitamin C in blood serum (39.65+0.93a pg/dl). Vitamin C concentration was 92.5% higher in

blood serum of trout fed with T4 diet compared to the control diet fed group.

WT1 MT2 WT3 ET4 WTS5 WT6

100

S Y @
o o o

Vit C in Serum (pg/mg)
N
o

o

0. mykiss fed varied doses of lapsi (mg/kg)

Figure 4.5.5 Vitamin C in blood serum of O.

mykiss with diet containing six different doses of

lapsi fruits
4.5.6 Vitamin C in Brain

Vitamin C concentration in brain was significantly (P<0.05) higher in rainbow trout

fed with diet T4 (42.32+£1.68c pg/mg) followed by trout fed with diets T3 (38.54+0.68d
ug/mg), T6 (35.57+0.77¢c pg/mg), T5 (35.11 +0.43c ug/mg) and T2 (29.82 £1.18b pg/mg).
The control diet (T1) fed group had the lowest vitamin C concentration in the brain
(27.84+1.27a pg/mg). Vitamin C concentration was 51.95 % higher in trout fed with T4 diet
compared to trout fed with control (T1) diet (Fig. 4.5.6).

ET]1 ET2 WT3 T4 WT5 ET6
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[}

S
o
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[}

Vit C in Brain (ng/mg)
— w
o o

0. mykiss fed varied doses of lapsi (mg/kg)

Figure 4.5.6 Vitamin C in brain of O. mykiss fed
with diet containing six different doses of lapsi
fruits
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45.7 Vitamin C in Liver

Vitamin C concentration in
ET1 T2 WT3 T4 ETS5 W@T6
liver was significantly (P<0.05)
] ) . . 100
higher in rainbow trout fed with T4 | 5
. g 80
diet (86.71+1.32e pg/mg) compared E?
. S 60
to trout fed with all other treatment §
. . = 40
and control diets. Concentration of j
=20
vitamin C in rainbow trout fed with | 2
. > 0
diets T5, T3, T6 and T2 were 0. mykiss fed varied doses of lapsi (mg/kg)

81.6+£1.04d, 79.95+1.32c, 78.45 ] ] . __
Figure 4.5.7 Concentration of vitamin C in liver

$1.32c  and  76.35:1.53b  pg/mg of O. mykiss fed with diet containing six different
respectively. The lowest concentration doses of lapsi fruits

of vitamin C in liver was recorded in trout fed with T1 diet (71.29+0.68a pg/mg). Vitamin C
concentration was 21.63% higher in trout fed with T4 diet compared to trout fed with control
(T1) diet (Fig. 4. 5.7).

4.5. (C) Immuno-Haematological Parameters
4.5. C-1 PROTEIN PROFILE
4.5.8 Total Serum Protein

A direct relationship was ET1ET2 T3 ET4 ETS &T6
found between LFP doses and s
concentration of serum protein in % 15
the blood of rainbow trout. g 12
Concentration of serum protein was ﬁ 9
significantly (P<0.05) higher in the § 6
blood sample of rainbow trout fed ‘_: (3)
with diet T4 (14.14+0.36e pg/dl) 2 O. mykiss fed varied doses of lapsi (mg/kg)

followed by trout fed with diets TS Fijgure 4.5.8 Concentration of Total serum protein
(12.05+0.42d ug/dl), T6 (10.21 in blood of O. mykiss fed with diet containing six

different doses of lapsi fruits
+0.33c pg/dl), T3 (8.58+0.31bc

pa/dl), and T2 (7.14+0.97b pg/dl). Lowest serum protein concentration (5.05+0.77a pg/dl)
was found in trout fed with control diet (T1). Serum protein level was 4.34 times higher in
trout fed with T4 diet compared to trout fed with control (T1) diet (Fig. 4.5.8).
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459 Total Protein in Brain

The concentration of total | @71 @T2 WT3 BT4 TS & T6

protein was significantly (P<0.05) high | _

in brain of trout fed with diet T4 E; 30

(7.69+0.32d pg/mg) followed by trout :%: ji

fed with diets T6 (6.54+0.24cd pg/mg), £ 15

T3 (6.03+0.32c ng/mg), T5 |8 10

(5.57+0.46bc  pg/mg) and T2 %; 5

(4.38+£0.32b pg/mg). Trout fed with -0 0. mykiss fed varied doses of lapsi (mg/kg)

control diet T1 had the lowest protein Figyre 4.5.9 Concentration of Total protein in

concentration (2.72+0.32a pg/mg). Total brain of O. mykiss fed with diet containing six
_ . _ different doses of lapsi fruits
protein concentration in brain was 3.64

times higher in trout fed with T4 diet compared to trout fed with control diet T1 (Fig.4.5.9).

4.5.10 Total Protein in Liver

A direct relationship was found between LFP doses and concentration of total protein
in the liver. Concentration of total protein in liver was significantly (P<0.05) higher in
rainbow trout fed with diet T4 (23.66+0.26d pg/mg) followed by trout fed with diets T6

(22.31+0.25d pg/mg), T5 (19.62 +0.26¢ Ty —
pg/mg), T3 (17.38+0.69c pg/mg) and | _

T2 (14.55£1.75b pg/mg). Lowest liver %; 10 .

protein concentration was measured in | S 8 cd

the control group (T1) fed trout E 6 b 5 ;
(7.52+0.40a pg/mg). Total protein level é ] oa

was 2.3 times higher in trout fed with ‘—§ ’

T4 diet compared to trout fed with 2 ° O. mykiss fed varied doses of lapsi (mg/kg)
control diet T1 (Fig.4.5.10). Figure 4.5.10 Concentration of Total protein in

liver of O. mykiss fed with diet containing six
different doses of lapsi fruits

4.5.11 Total Protein in Muscles

Similar to brain and liver, concentration of total protein in muscles of rainbow trout
was found to increase with increasing doses of LFP in the diet (Fig. 4.5.11). Concentration of
total protein in muscles was significantly (P<0.05) high in trout fed with diet T4 (11.29
+0.56d pg/mg) followed by trout fed with diets T3 (9.35£0.32c pug/mg), T5 (9.04+0.26¢
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pg/mg), T2 (8.39+0.56bc pg/mg) and T6 (7.02+0.46b pg/mg). Lowest muscle protein
concentration (5.50£0.56a  pg/mg) was measured in trout fed with control diet T1. Total
protein concentration in muscles was 2.15 times higher in muscles of trout fed with T4 diet

compared to trout fed with control (T1) diet.
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O. mykiss fed varied doses of lapsi (mg/kg)

Figure 4.5.11 Concentration of Total protein in
muscles of O. mykiss fed with diet containing six
different doses of lapsi fruits

4.5.12 Albumin in Blood Serum
Concentration of albumin in blood serum was significantly (P<0.05) high in trout fed

with diet T4 (6.43+0.13c po/dl) HTL BT UT3 BT4 515 576
followed by trout fed with diets T5

(555+0.07d pg/dl), T6 (457£027cd | g Z
pg/dl), T3 (3.95:0.16bc pg/dl) and T2 § 5
(3.40 +0.39b pg/dl). Lowest albumin %% :
concentration was recorded in trout fed ;§ S
with control (T1) diet (2.26+0.44a § (1)

ug/dl). Serum albumin concentration O. mykiss fed varied doses of lapsi (mg/kg)

was 3.64 times higher in trout fed with rjq,re 4512 Concentration of Albumin in blood
T4 diet compared to trout fed with serum of O. mykiss fed with diet containing six

different doses of lapsi fruits
control (T1) diet (Fig. 4.5.12). g

4.5.13 Albumin in Brain

A direct relationship was found between LFP doses and concentration of albumin in
the brain. (Fig.4.5.13). Concentration of albumin in the brain was significantly (P<0.05)
higher (3.61+0.13d pg/mg) in rainbow trout fed with diet T4 followed by trout fed with diets
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T6 (2.93 +0.41cd pg/mg), T3 (2.85 £0.08cd pg/mg), T5 (2.38+0.28bc pg/mg) and T2
(1.69+0.28ab pg/mg). Lowest albumin concentration was measured in the control group T1
(1.14+0.02a pg/mg). Albumin concentration in brain was 4.52 times higher in trout fed with
T4 diet compared to trout fed with control (T1) diet.

ET]1 T2 UT3 T4 WTS5 ET6

Albumin in Brain (ug/mg)

0. mykiss fed varied doses of lapsi (mg/kg)

Figure 4.5.13 Concentration of albumin in brain
of O. mykiss fed with diet containing six different
doses of lapsi fruits

4.5.14 Albumin in Liver
Similarly, albumin concentration was high in liver of trout fed with diet T5

(9.34+0.36¢ g/mg) followed by trout fed

ET1 MT2 MT3 @T4 MT5 WT6
with diets T4 (9.31+0.56c pg/mg), T6 | _

2 12
(8.48+0.24c pg/mg), T3 (8.14+0.32c % "
Hg/mg), diet T2 (6.29+1.07b pg/mg). E o
Liver albumin concentration was lowest E 6
in the control diet fed trout (3.34+0.16a E 4

>
Hg/mg). Liver albumin concentration |2 2
was 2.12 times higher in trout fed with 0

O. mykiss fed varied doses of lapsi (mg/kg)

T5 diet compared to trout fed with ] .
Figure 4.5.14 Concentration of albumin in liver

control (T1) diet (Fig.4.5.14). of O. mykiss fed with diet containing six different
doses of lapsi fruits

4.5.15 Albumin in Muscles

Concentration of albumin was high in muscles of trout fed with diet T4 (5.34+0.13e
pg/mg) followed by trout fed with diets T5 (4.34+0.10d pg/mg), diet T3 (3.88+0.36¢d
png/mg), T2 (3.57+0.07bc pg/mg), T6 (3.21+£0.28b pg/mg) and control diet T1 (2.44+0.13a
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pg/mg). Albumin concentration was 2.55 times higher in trout fed with T4 diet compared to
trout fed with control (T1) diet (Fig.4.5.15).

ET]1 @T2 WT3 T4 WT5 WT6

Albumin in Muscle (ug/mg)
S P N W s U1 O

O. mykiss fed varied doses of lapsi (mg/kg)

Figure 4.5.15 Concentration of albumin in
muscles of O. mykiss fed with diet containing six
different doses of lapsi fruits

4.5.16 Globulin in Blood Serum

A direct relationship was found between LFP doses and concentration of globulin in
blood serum of trout. Concentration of globulin in blood serum was significantly (P<0.05)
higher (7.70£0.31e pg/dl) in trout fed
with diet T4 followed by trout fed with
diets T5 (6.50+0.46d pg/dl), T6
(5.64+0.05¢c pg/dl), T3 (4.63+0.23bc
pg/dl) and T2 (3.74+0.63ab pg/dl).
Blood globulin concentration was

BT] BT2 T3 WT4 WTS5 WT6

cd

Globulin in Serum (ug/dl)

measured lowest in control diet fed

OFRPNWHMOUUIO N 0O

trout (2.79+0.34a pg/dl). Concentration O. mykiss fed varied doses of lapsi (mg/kg)

of globulin in blood serum was 2.54 ) o
Figure 4.5.16 Concentration of globulin in blood

times higher in trout fed with T4 diet gorym of O. mykiss fed with diet containing six
compared to trout fed with control (T1) different doses of lapsi fruits

diet (Fig.4.5.16).

4.5.17 Globulin in Brain

A direct relationship was found between LFP doses and concentration of globulin in
brain. Concentration of globulin in brain was significantly (P<0.05) higher (4.08+0.18d
pg/mg) in trout fed with diet T4 followed by trout fed with diets T6 (3.62+0.24cd pg/mg), T5
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(3.20+0.34bc pg/mg), T3 (3.19 +£0.25bc pg/mg) and T2 (2.69+0.04b pg/mg). Lowest brain
globulin concentration was found in the control diet (T1) fed group (1.58+0.30a pg/mg).
Globulin concentration in brain was 2.15 times higher in trout fed with T4 diet compared to
trout fed with control (T1) diet trout (Fig.4.5.17).
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O. mykiss fed varied doses of lapsi (mg/kg)

Figure 4.5.17 Concentration of globulin in brain
of O. mykiss fed with diet containing six different
doses of lapsi fruits

4.5.18 Globulin in Liver
Globulin concentration was high in liver of trout fed with diet T4 (14.35+0.78d

pg/mg) followed by trout fed with diets
MT1 T2 T3 WT4 MT5 WT6
T6 (13.83+0.06d pg/mg), T5
(10.28+0.36¢c pg/mg), T3 (9.24+0.42bc \gzo
Lg/mg) and diet T2 (8.25+0.69b j;' .
pg/mg). Control diet fed trout had the 2 10
lowest liver globulin (4.18+0.26a pg/mg). | £
g 5
Globulin concentration in liver was 2.12 | ©
. . . . . 0
times higher in trout fed with T4 diet O. mykiss fed varied doses of lapsi (mg/kg)

compared to trout fed with control (T1) Figure 4.5.18 Concentration of globulin in liver of
diet (Fig.4.5.18). O. mykiss fed with diet containing six different
doses of lapsi fruits

4.5.19 Globulin in Muscles

In muscles globulin concentration was significantly (P< 0.05) high in trout fed with
diet T4 (5.95+0.68e pg/mg) followed by trout fed with diets T3 (5.47£0.10c pg/mg), T2
(4.82+0.55bc pg/mg), diet T5 (4.70+£0.16bc  pg/mg), and T6 (3.81+ 0.23ab pg/mg). Lowest
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muscle globulin concentration was measured in the control group T1 (3.06+£0.44a pg/mg).
Globulin concentration was 1.64 times higher in muscles of trout fed with T4 diet compared
to trout fed with control (T1) diet (Fig. 4.5.19).

BTl T2 WT3 ET4 WTS5 WT6

Globulin in Muscle (pg/mg)
S P N W H» U1 O

O. mykiss fed varied doses of lapsi (mg/kg)

Figure 4.5.19 Concentration of globulin in
muscles of O. mykiss fed with diet containing six
different doses of lapsi fruits

4.5.20 Ratio of Albumin and Globulin (A/G) in Blood Serum

The A/G ratio in blood serum ETLE Tz BT3 BT2 B TS BT6
was higher in trout fed with diet T2 § L%
(0.94+0.12) followed by trout fed with g L00
diets T5 (0.86+0.07), T3 (0.85+0.05), '§ 0.80
T4 (0.84+0.03), T6 (0.81+0.04) and | T (60
T1 (0.79£0.08). Lowest A/G ratio was é 0.40
found in T1 diet fed trout. A/G ratio ; 0.20
was 18.9 % lower in control diet fed = 000
O. mykiss fed varied doses of lapsi (mg/kg)

(T1) trout compared to trout fed With pq,re 4520 Ratio of albumin and globulin in
diet T2 (Fig. 4.5.20). blood serum of O. mykiss fed with diet containing
six different doses of lapsi fruits

4.5.21 Ratio of Albumin and Globulin (A/G_) in Brain
The A/G ratio in brain was high in trout fed with diet T3 (0.90£0.05) followed by T4
(0.88+0.01), T6 (0.80+0.07), T1 (0.78+0.15), T5 (0.76+0.10) and T2 (0.62+0.10) (Fig.
4.5.21). Brain A/G ratio was lowest in T4 diet fed group. A/G ratio was 44.1% higher in
trout fed with control (T1) diet compared to trout fed with T2 diet.
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Figure 4.5.21 Ratio of albumin and globulin in
brain of O. mykiss fed with diet containing six
different doses of lapsi fruits

4.5.22 Ratio of Albumin and Globulin(A/G) in Liver

The A/G ratio in liver was
highest in trout fed with diet T5
(0.91+0.06) and lowest in trout fed with

ET] T2 T3 ET4 TS5 HT6

5
diet T6 (06140.02). The ratio was |5 o i -
0.880.03 in T3, 0.80:0.03 in T2, ; 0.6 ‘
0.75£0.07 in T3 and 0.75+0.07 in T5 f g‘z‘
(Fig. 4.108). A/G ratio was 4837 % |<

higher in TS diet fed group compared O. mykiss fed varied doses of lapsi (mg/kg)

to trout fed with control (T1) diet (Fig. Figure 4.5.22 Ratio of albumin and globulin in
4.5.22). liver of O. mykiss fed with diet containing six
different doses of lapsi fruits

4.5.23 Ratio of Albumin and Globulin (A/G) in Muscles

The A/G ratio in muscles was HTL T2 4T3 BT4 BT5 6T6
highest in trout fed with diet T4
(0.9340.13) and lowest in trout fed with | , 1.2
diet T3 (0.71£0.07). The ratio was 0.93 E 0;
+0.01 in T5, 0.84+0.06 in T6, 0.82+0.08 in .E 0:6 ‘ |
T1 and 0.76+0.08 in T2. A//G ratio was § 0.4
3052% higher in T4 diet fed group |S 02 "/I/ﬂ
compared to trout fed with control O 0. mykiss fed varied doses of lapsi (mg/kg)
(T1).diet (Fig. 4.5.23). Figure 4.5.23 Ratio of albumin and globulin in

muscles of O. mykiss fed with diet containing six
different doses of lapsi fruits
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4.5. C-11 ENZYME PROFILE

4.5.24 Serum Glutamic Oxaloacetic Transaminase (SGOT) in Blood Serum

SGOT  level was found
significantly (P<0.05) high in blood
serum of trout fed with control diet T1
(86.88+£1.38e IU/L) followed by trout
fed with diets T2 (77.53+0.86d I1U/L),
T3 (66.61 £1.18c IU/L), T5
(61.35+1.71b), and T6 (55.42+1.93a
IU/L). Lowest SGOT level was in trout

fed diet T4 (55.45+1.63a IU/L). SGOT
level was 56.7% higher in trout fed with
control (T1) diet compared to trout fed
with T6 diet (Fig.4.5.24).
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Figure 4.5.24 Serum glutamic oxaloacetic
transaminase (SGOT) level in blood serum of O.
mykiss fed with diet containing six different doses of
lapsi fruits

4.5.25 Serum Glutamic Oxaloacetic Transaminase (SGOT) in Liver

SGOT level was found
significantly (P<0.05) high in liver of
trout fed with control diet T1
(101.83+1.32d IU/L) followed by
trout fed with diets T2 (98.06+0.82d
IU/L), T3 (92.38+1.12c IU/L), T5
(84.82 +1.29b IU/L), T6
(82.29+0.53ab) and T4 (79.30+1.46a

ET] BT2 WT3 @T4 ET5 ETé6

120
100
80
60
40
20
0

SGOT in Liver (IU/L)

O. mykiss fed varied doses of lapsi (mg/kg)

IU/L). SGOT level in liver was 23.75
% higher in control (T1) diet fed trout
compared to trout fed with T4 diet
(Fig.4.5.25).

Figure 4.5.25 Serum glutamic oxaloacetic
transaminase (SGOT) level in liver of O. mykiss
fed with diet containing six different doses of lapsi
fruits

4.5.26 Serum Glutamic Oxaloacetic Transaminase (SGOT) in Gills

SGOT level was found significantly (P<0.05) high in gills of trout fed with control
diet T1 (77.49£1.69c IU/L) followed by trout fed with diets T3 (77.01+£0.48c IU/L), T2
(73.44+1.93c 1U/L), T4 (58.82+£1.84b 1U/L), T5 (51.25 +5.18ab) and T6 (47.83+4.47a IU/L).
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SGOT level in gills was 62.21 % higher in control (T1) diet fed group compared to group fed
with T6 diet (Fig.4.5.26).
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Figure 4.5.26 Serum glutamic oxaloacetic
transaminase (SGOT) level in liver of O. mykiss
fed with diet containing six different doses of lapsi
fruits

4.5.27 Serum Glutamic Pyruvate Transaminase (SGPT) in Blood Serum

SGPT  level  was found MT1 ET2 WT3 @T4 WT5 @T6
significantly (P<0.05) high in blood 140
serum of trout fed with control diet T1 S 120
(117.23+1.53d 1U/L) followed by trout g 122
fed with diets T2 (98.71+1.21c IU/L), § 60
T5 (8959 +127b IUL), T6 | £ 0
(87.34£1.11b IU/L), T3 (85.41+1.65b & 23
O. mykiss fed varied doses of lapsi (mg/kg)

IU/L) and T4 (69.77£1.29a IU/L). SGPT Eigure 4527 Serum glutamic pyruvate

level was 68% higher in control diet (T1) transaminase (SGPT) level in blood serum of O.

. mykiss fed with diet containing six different
fed group compared to group with T1 ygoces of lapsi fruits

diet (Fig.4.5.27).

4.5.28 Serum Glutamic Pyruvate Transaminase (SGPT) in Liver

SGPT level was found significantly (P<0.05) high in liver of trout fed with control
diet T1 (172.15+1.42f 1U/L) followed by trout fed with diets T2 (164.39+1.49¢e IU/L), T5
(140.24+ 1.76d IU/L), T3 (133.35+1.45c IU/L), T6 (125.44+1.64b IU/L) and T4
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(117.83+1.42a IU/L). SGPT level was 56.47 % higher in control (T1) diet fed trout compared
to trout fed with T4 diet (Fig.4.5.28).

BTl T2 T3 @T4 ET5 BT6

120 e

SGPT in Liver (IU/L)
o
(e}

O. mykiss fed varied doses of lapsi (mg/kg)

Figure 4528 Serum glutamic pyruvate
transaminase (SGPT) level in liver of O. mykiss
fed with diet containing six different doses of
lapsi fruits
4.5.29 Serum Glutamic Pyruvate Transaminase (SGPT) in Gills
SGPT level was found
significantly (P<0.05) high in gills of
trout fed with control diet T1 80

ET] T2 T3 ET4 ET5 HT6

= 70
(70.14%3.78d 1U/L) followed by trout | S ¢
fed with diets T2 (68.13+0.87cd 1U/L), § Zg
T3 (63.60+ 0.87bc IU/L), T5 (59.06+ | £ 30

& 20
0.17ab IU/L), T6 (56.98£0.36 a IU/L) | S 1o
and T4 (54.53+0.79a IU/L). SGPT 0

O. mykiss fed varied doses of lapsi (mg/kg)

level in gills was 28.63 % higher in i
Figure 4529 Serum glutamic pyruvate

trout fed with control (T1) diet transaminase (SGPT) level in gills of O. mykiss
compared to trout fed with T4 dirt fed with diet containing six different doses of

lapsi fruits
(Fig.4.5.29).

4.5.30 Alkaline Phosphatase (ALP) in Blood Serum

ALP level was significantly (P<0.05) high (49.01£0.15¢  1U/L) in blood serum of
trout fed with diet T2 followed by trout fed with diets T6 (48.94+0.32c IU/L), T1
(48.84+0.31c IU/L), T3 (38.21+£1.33b IU/L), T5 (33.01+£1.43b IU/L) and T4 (23.80+1.54a
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IU/L). ALP level in blood serum was 2.05 times higher in trout fed with control diet (T2)
compared to trout fed with T4 diet (Fig.4.5.30).

ET] T2 T3 WT4 WT5 WT6

ALP in Serum (IU/L)
[y N w S Ul (o)
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O. mykiss fed varied doses of lapsi (mg/kg)

Figure 4.5.30 Alkaline phosphatase (ALP) level
in blood serum of O. mykiss fed with diet
containing six different doses of lapsi fruits

45.31 Alkaline Phosphatase (ALP) in Liver

ALP level was significantly

ET1 ET2 T3 T4 WT5 &T6
(P<0.05) high (67.60+0.75d IU/L) in 80
liver of rainbow trout fed with diet T1 ~ 70 d cd
followed by trout fed with diets |2 gg be o ab
(64.87+0.19cd IU/L), T3 (5237 |§ 49

-
+0.39bc  IU/L), T5 (48.85+0.62ab |g 30

& 20
IU/L), T4 (47.25x1.49ab IU/L) and |= 4,
T6 (35.43%£10.61a IU/L). ALP level in 0

O. mykiss fed varied doses of lapsi (mg/kg)

. o i : .
liver was 90.79% higher in control diet Figure 4.5.31 Alkaline phosphatase (ALP) level

(T1) fed trout compared to T4 diet fed in liver of O. mykiss fed with diet containing six
trout (Fig.4.5.31) different doses of lapsi fruits

4.5.32 Alkaline Phosphatase (ALP) in Gills

ALP level was significantly (P<0.05) high (44.87£0.19¢ IU/L) in gills of rainbow
trout fed with diet T1 followed by trout fed with diets T2 (42.89+0.51de IU/L), T5
(41.64+£1.17cd 1U/L) T6 (38.83 +1.69bc IU/L), T3 (38.34+0.53b IU/L) and T4
(34.85+0.15alU/L). ALP level in gills was 15.58 % higher in control diet (T1) fed trout
compared to trout fed with T4 diet (Fig.4.5.32).
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Figure 4.5.32 Alkaline phosphatase (ALP) level
in gills of O. mykiss fed with diet containing six
different doses of lapsi fruits

4. 5. C-111 BLOOD PROFILE
a) Complete Blood Counts

4.5.33 Haemoglobin
Haemoglobin concentration in blood was significantly (P<0.05) higher in rainbow
trout fed with diet T4 (16.91+0.98e

mg/dl) compared to treated and control

ET] T2 UT3 ET4 ET5 ET6

diets fed trout. Concentration of @20
haemoglobin in T5, T6, T3, T2 and T1 %15
diets fed trout were 16.24+0.36e, Elo
13.55+0.38d, 10.94+0.77¢c, 8.40+1.06b | £
and 3.52+0.74a mg/dl respectively. % °
I 0

Concentration of haemoglobin in T4

0. mykiss fed with varied doses of lapsi (mg/kg)

diet fed trout was 4.8 times higher - . . -
Figure 4.5.33 Haemoglobin level in O. mykiss fed

compared to trout fed with control (T1) \yith diet containing six different doses of lapsi
diet (Fig.4.5.33). fruits

4.5.34 Erythrocytes (RBC)

Erythrocytes number in blood was significantly (P<0.05) higher in trout fed with diet
T5 (5.81+0.12d  million/m®) compared to trout fed with other treated and control diets. The
number of erythrocytes in T4, T6, T2, T3 and T1 diets fed trout were 5.53+0.36cd,
4.88+0.22bcd, 4.59+0.50bc, 4.28+0.48b and 1.47 +0.07a million/mm?® respectively. The
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number of erythrocytes in T5 diet fed trout was 3.9 times higher than in trout fed with
control (T1) diet (Fig.4.5.34).

BTl ET2 WT3 T4 WTS5 ET6
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Figure 4.5.34 Erythrocytes in O. mykiss fed with
diet containing six different doses of lapsi fruits

4.5.35 Leucocytes (WBC)
Leucocytes number in blood was significantly (P<0.05) higher (40.93+1.33c
10*/mm?®) in trout fed with diet T4

compared to other treated and control MTLET2 WT3 T4 ET5 1T

diets fed groups. Leucocytes number 50

in 5, T3, T2, T6 and T1 diets fed | & 40

trout were 27.52+ 1.86b, 25.90+1.21b, :; 30

19.60+121ab,  14.82t154a and | € 20

13.40+1.21a 10%mm?® respectively. § 10

Leucocytes number in blood was 3.1 = 0

times higher in trout fed with T4 diet O. mykiss fed with varied doses of lapsi (mg/kg)

compared to trout fed control (T1) diet Figure 4.5.35 Leucocytes in O. mykiss fed with
_ diet containing six different doses of lapsi fruits
(Fig.4.5.35).

b) Absolute Values

4.5.36 Haematocrit or Packed Cell Volume (PCV)
PCV level in blood was significantly (P<0.05) higher in trout fed with diet T4
(84.57+1.76d %) compared to other treated and control diets fed trout. PCV level in T5, T6,
T2, T1 and T3 diets fed trout were 57.58+1.55c, 55.51+1.68c, 37.87+£1.33b, 30.94+1.33ab
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and 23.16+2.6a % respectively. PCV level in blood was 2.7 times higher in the trout fed
with T4 diet fed trout compared to trout fed with control diet T1 (Fig.4.5.36).
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Figure 4.5.36 Packed Cell Volume level in O.
mykiss fed with diet containing six different doses
of lapsi fruits
4.5.37 Mean Corpuscular Volume (MCV)
Significantly (P<0.05) higher
MCYV level in the blood was recorded

ETIET2 UT3ET4 WT5 BT6

: . . ) 100 ‘
in rainbow trout fed with diet T4 ~ 80

(84.57£1.76d um?). MCV levels were g o0 © c
57.58+1.55¢, 55.51+1.68c, 37.87% % 10

1.33b, 30.94+ 1.33ab and 23.16% g 20 2 I u
2.68a um’ in T5, T6, T2, TLand T3 | = u

diets fed trout, respectively. MCV

O. mykiss fed with varied doses of lapsi (mg/kg)

level in the blood of T4 diet fed trout pjgyre 4537 MCV level in O. mykiss fed with
was 2.7 times higher compared to trout diet containing six different doses of lapsi fruits

fed with control (T1) diet (Fig.4.5.37).

4.5.38 Mean Corpuscular Haemoglobin (MCH)

Significantly (P<0.05) higher level of MCH (30.77+1.94b pg) was recorded in trout
fed with diet (T4). MCH levels were 27.96+1.15b, 27.97+0.05b, 26.00+0.41b, 23.50+0.33ab
and 18.23+0.71a pg in T5, T6, T3, T1 and T2 diets fed groups respectively. MCH level was
1.7 times higher in trout fed with T4 diet compared to trout fed with control (T1) diet

(Fig.4.5.38).
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MCH value (pg)

ET] HT2 4T3 @T4 WTS5 WT6

0. mykiss fed with varied doses of lapsi (mg/kg)

Figure 4.5.38 MCH level in O. mykiss fed with
diet containing six different doses of lapsi fruits

4.5.39 Mean Corpuscular Haemoglobin Concentration (MCHC)
Significantly (P<0.05) higher MCHC (%) was recorded in trout fed with diet T3

(48.94+£0.61c %) compared to other
treated and control groups. MCHC (%)
in trout fed with diets T5, T6, T2 and
T4 were 28.49+0.27b, 25.41+0.18b,
22.05+0.11ab and 19.99+0.23ab %,
respectively. Lowest MCHC (%)
(11.27+0.20a %) was recorded in trout
fed with diet T1. MCHC (%) in T3 diet
fed group was 1.8 times higher
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Figure 4.5.39 MCHC level in O. mykiss fed with

compared to control (T1) diet fed trout djet containing six different doses of lapsi fruits

(Fig.4.5.39).

c) Differential counts

4.5.40 Neutrophils (%)

Neutrophils (%) was significantly (P<0.05) higher (51.97+0.27e %) in rainbow trout
fed with T4 diet. Neutrophils (%) in T3, T6, T5, T2 and T1 diets fed fish were 49.67+0.13d,
47.3610.44c, 45.05+ 0.59b, 42.74+0.11a and 41.02+1.32a %, respectively. Neutrophils (%)
in T4 diet fed trout was 1.3 times higher compared to trout fed with control (T1) diet

(Fig.4.5.40).
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Figure 4.5.40 Neutrophils (%) in O. mykiss fed
with diet containing six different doses of lapsi
fruits

4.5.41 Lymphocytes (%)

Lymphocytes (%) was significantly (P<0.05) higher (47.95+5.91b %) in trout fed
with diet T6. Lymphocytes (%) in T5, T4, T3, T1, and T2 diets fed groups were
45.97+3.35ab, 44.66+3.78ab, 37.34+1.29ab, 36.61+ 1.13a and 35.36+1.03a% respectively.
The lymphocytes (%) in T6 diet fed trout was 1.4 times higher compared to trout fed with
control (T1) diet (Fig.4.5.41).

ET] T2 WT3 ET4 TS5 HT6

(o))
[= R ]
o)

o
o)
o

o

ab

o
[+5)
5]

o

Lymphocytes (%0)
=N W S Ul
() o

o

0. mykiss fed with varied doses of lapsi (mg/kg)

Figure 4.5.41 Lymphocytes (%) in O. mykiss fed
with diet containing six different doses of lapsi
fruits

4.5.42 Monocytes (%)

Monocytes (%) was significantly (P<0.05) higher (8.71% 0.61b %) in trout fed with
diet T4. Monocytes (%) in T6, T2, T5, T3, and T1 diets fed fish were 6.82+1.25ab,
5.71+1.44ab, 4.71+1.02ab, 3.79+1.51a and 3.30+1.49a %, respectively. Monocytes (%) in
T4 diet fed trout was 2.6 times higher compared to trout fed with control (T1) diet
(Fig.4.5.42).
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Figure 4.5.42 Monocytes (%) in O. mykiss fed with
diet containing six different doses of lapsi fruits

4.5.43 Eosinophils (%)

Significantly (P<0.05) higher
Eosinophils level was recorded in
trout fed with T4 diet (1.87+0.25b).
Eosinophils (%) in trout fed with diets
T5, T3, T1, T2 and T6 were
1.80+0.13b, 1.38+0.15ab, and 1.30+
0.19ab, 0.90+0.19ab and 0.81+0.17a,

Eosinophils (%)

ot ' !
o 1 Bk 1 N W

ET]1 ET2 WT3 T4 WT5 ET6

N

-

ab

a

O. mykiss fed with varied doses of lapsi (mg/kg)

respectively. Eosinophils (%) in T4 diet

fed trout was 1.4 times higher

fruits

compared to trout fed with control (T1)
diet (Fig. 4.5.43).

4.5.44 Basophils (%)

Figure 4.5.43 Eosinophils (%) in O. mykiss fed
with diet containing six different doses of lapsi

Significantly  (P<0.05) higher
basophils (%) (0.59+0.41b) was recorded
in trout fed with diet (T4). In T6 diet fed
trout, basophils (%) was 0.56+0.43b
followed by trout fed with diets T5
(0.24+ 0.55a3), T3 (0.21+0.73a), T1
(0.19+ 0.49a) and T2 (0.16+0.67a).

Basophils (%0)
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Basophils (%) in T4 diet fed trout was
3.8 times higher compared to trout fed
with control (T1) diet (Fig. 4.5.44).

Figure 4.5.44 Basophils (%) in O. mykiss fed
with diet containing six different doses of lapsi

fruits
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DISCUSSION

Three experiments were conducted to study the effect of dietary supplementation of
lapsi Choerospondias axillaris (Roxb.) fruit extract on survival, growth, biochemical and

immuno-haematological performances in common carp, rohu and rainbow trout.

4.6 Proximate Composition of Lapsi fruit incorporated diets

Fish feed is formulated to fulfill the requirements of nutrients and energy in fish. In
this experiment the CP content of feed varied from 19.82+0.54 to 44.86+0.56 %; EE content
from 9.7£0.04 to 10.14+0.02 %; total ash from 4.8+0.003 to 5.6+0.004%, carbohydrate from
34.95+0.72 and 60.2+0.35 % and moisture content from 5.82+0.004 to 6.7+0.002.

4.7 Antioxidant Properties of Lapsi (Choerospondias axillaris) Fruits

Antioxidants stop the activity of highly reactive free radicals and protect the cells
which otherwise cause free radicals related diseases such as cancer, diabetes, cardiovascular,
and neurodegenerative disorders (Kumar et al., 2010; Li et al., 2013; Hwang, 2013). Free
radicals are formed naturally in the body, and endogenous antioxidants interact with and
neutralize them when overproduced, thus preventing them from causing damage (Singh et
al., 2009). However, under stress or pathological condition the internal (endogenous)
antioxidant may not be sufficient to quench the damaging effect of free radicals. Therefore
the body depends on external (exogenous) antioxidant, called dietary antioxidants. Fruits,
vegetables, and grains are rich dietary antioxidants (Prakash and Gupta, 2009; Bouayed and
Bohn, 2010).

Ascorbic acid (AA) is highly bioavailable and important water soluble antioxidant
vitamin in cells. Lapsi fruits, rich in AA are consumed fresh, pickled or in processed forms.
Ethanolic extract of LFP contains phytoconstituents which exhibit high scavenging activities
compared to aqueous extracts and control (ascorbic acid). These in vitro assays indicate that
lapsi fruit is a good source of natural antioxidant that prevents oxidative stresses in vivo
(Labh et al., 2015). Significant (P < 0.05) results for antioxidant properties of LFP were
observed and as the concentrations of LFP were increased the antioxidant compounds such as
phenolic, flavonoids, 2, 2 diphenyl-1-picrylhydrazyl (DPPH) and ascorbic acid (AA) also
increased. No significant difference between the values of phenolic compounds in the LFP
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was observed (Table 2), and these values are in accordance with those reported by Rocha et
al. (2011).

4.8 Effect of lapsi (Choerospondias axillaris) on Survival and Growth of Fishes

After 90 days of feeding trials survival rate of 97% was observed in T4 and T5 diet
fed common carp and 100 % in rohu and rainbow trout. Several studies reported that survival
of infected fish increased after treatment with various immunostimulants (Sakai, 1999),
vaccines (Bakopoulos et al., 2003) and probiotics (Burnt et al., 2007). Feeding carp with
chitosan and levamisole reduced mortality of common carp after challenge with A.
hydrophila (Gopalakkanan and Arul, 2006). A similar result was reported after feeding large
yellow croaker with glucan and challenging with Vibrio harveyi (Ai et al., 2007). Citarasu et
al. (2002) developed an artemia-enriched herbal diet for Penaeus monodon with a

combination of five herbs, which significantly increased the survival during stress conditions.

Food is a major limiting biotic factor affecting growth rate in fishes (Brett, 1979).
Growth is greatly influenced by factors such as behavior of fish, quality of feed, daily ratio
size, feed intake and water temperature. Most fish species can grow as long as they live in
favorable conditions. They can survive starvation for days to months and lose very significant
amount of weight. They resume their growth, without ill-effect, with the return of favorable
conditions (Weatherley and Gill, 1987). Several herbs were tested for their growth promoting
activities in aquatic animals (Sakai, 1999; Harikrishnan et al., 2003). It was evident that feed
incorporated with garlic peel could enhance fish immunity even at a lower dose of 5 mg kg™
of feed. The results also suggested that inclusion of garlic peel in the diet would improve
non-specific immunity of fishes and prevent bacterial infections in culture systems. Final
weight gain was 28.34% higher in common carp fed with T4 diet compared to weight gain in
control group. It was 53.78 % higher in rohu and 30.6 % higher in rainbow trout. Weight gain
in rohu was 89.76 % and 75.75% higher than in common carp and rainbow trout respectively.
This finding is similar to results of Shalaby et al. (2006) who showed significantly increased
weight gain, feed efficiency, protein efficiency ratio (PER) and specific growth rate (SGR) in
Nile tilapia fed with diet containing garlic powder. Similarly, Diab et al. (2002) recorded the
highest growth performance in Nile tilapia fed diet containing 2.5% garlic. Metwally (2009)
also reported the best growth in Nile tilapia fed with garlic powder incorporated diet. Other
studies also recorded positive effects of garlic supplemented diets on the growth and feed

utilization of fishes such as African catfish, Clarias gariepinus (Agbebi et al., 2013); rainbow
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trout, Oncorhynchus mykiss (Gabor et al., 2012; Nya and Austin, 2009); Swordtail,
Xiphophorus helleri (Kalyankar et al., 2013) and Nile tilapia, Oreochromis niloticus (Shalaby
et al., 2006, Mesalhy et al., 2008, Metwally, 2009; Aly and Mohamed, 2010).

Several herbs such as garlic, onion, marjoram, caraway, basil, anise, fennel, licorice,
black seed and fenugreek have been tested for growth promoting activities (Jayaprakas and
Eupharsia 1997; Citarasu et al., 2002; Sivaram et al., 2004), feed conversion (Shalaby et al.,
2003; El-Darkar et al., 2004 a, b; Shalaby, 2004), and protein digestibility and energy
retention improvement (El-Dakar et al., 2004 a & b) in aquatic animals including fishes. In
the present study better weight gain and SGR were observed in common carp, rohu and
rainbow trout fed with LFP diets.

A significantly high (P<0.05) SGR was observed in T4 (400 mg kg™) diet fed fish,
whereas lowest SGR was observed in control diet fed fish. Shalaby et al. (2006) reported
significant SGR in Nile tilapia fed with diet containing garlic powder. Abou-Zeid (2002) also
observed a positive improvement in biomass and SGR in the same species fed with garlic

supplementation.

Feed conversion ratio (FCR) is an important indicator of fish feed quality and its
utilization. Lower FCR indicates better utilization of the fish feed (Aibek, 2013). FCR was
found to decrease with increased doses of LFP in diets. The lowest FCR was recorded in T4
diet fed common carp, rohu and rainbow trout. Decreasing FCR trend was observed in all
three experiments. However, FCR level was found to decrease the most in rohu (53.75%)
followed by trout (30.56%) and common carp (28.13%). FCR of T4 diet fed rohu was
88.67% higher than in common carp and 73.63% higher than in trout. The current FCR
values coincided with ranges reported for Nile tilapia that ranged from 1.43 to 2.30 (Khattab,
et al., 2000; El-Husseiny, et al., 2008). It is evident that lapsi supplemented diet promotes
growth in common carp, rohu and rainbow trout. FCR values recorded in the experiments are
comparable to findings of Jayaram (1998), Ramachandra Naik (1998), Srinivas (2000), and
Hanumanthappa (1998).
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4.9 Evaluation of Vitamin C in fish fed with lapsi supplemented diets

The increased growth rates and feed efficiency in several fish species fed with diets
sufficient in AA are well documented (Dabrowski et al., 1990, 1996; Lee et al., 2001).
Navarre and Halver (1989) reported that a higher weight gain was observed in rainbow trout
fed with high dietary ascorbic acid (AA) (500 to 2000 mg kg™ diet). The minimum
requirement to support optimal growth was estimated to be between 10 and 25 mg AA kg™
diet for channel catfish (Mustin and Lovell, 1992), rainbow trout (Cho and Cowey, 1993),
hybrid striped bass (Sealey and Gatlin, 1999) and hybrid tilapia (Shiau and Hsu, 1999). Lee
and Bai (1998) reported that Korean rockfish, Sebastes schlegeli (Hilgendorf), fed 1500 mg
kg™ diet showed the highest weight gain compared to fish fed 25 to 150 mg AA kg™ diet.
Gouillou-Coustans et al. (1998) reported maximum growth of common carp larvae fed with
AA level of 90 mg kg™ dry diet. Dabrowski et al. (2004) reported that dietary AA levels
significantly affected growth rates and growth of fishes that were fed the high-ascorbate diet

was greater than fishes that were fed the low ascorbate diets.

Lee and Dabrowski (2003) showed higher growth rate in fish that were fed AA
supplemented diets than fish that were fed a diet devoid of AA. Tewary and Patra (2008)
reported maximum growth in rohu fed with 1000 mg AA kg™ diet and the lowest growth in
control diet fed rohu. Japanese seabass needs adequate exogenous AA to maintain normal
growth and physiological functions (Wang et al., 2003; Ai et al., 2004). Ai et al. (2006)
found that in common carp larvae 45 mg kg™ diet was required to maximize body AA
concentration. The blood serum concentrations of AA in common carp, rohu and rainbow
trout were 64.25%, 61.27% and 92.5% respectively. The AA concentrations were higher in
treated diet fed groups compared to control group. The concentration was 1.43 times higher
in the blood serum of rainbow trout compared to common carp and rohu. However, brain AA
concentration was 97.71%, 58.95% in and 57.9 % in common carp, rohu, and rainbow trout
respectively. Similar results were recorded in liver AA concentrations. AA concentration was
72.34% higher in liver of common carp, 50.43% higher in rohu and 21.61% higher in
rainbow trout that were fed with the T4 diet compared to control diet fed fishes. Mitra and
Mukhopadhyay (2003) and Sahoo and Mukherjee (2003) also observed similar result in
healthy and AFB1-treated fishes. The present study showed as dietary LFP increased, SGR
increased and better growth was observed in fishes that were fed with diets 400 and 800 mg
LFP kg™
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AA affects fish immune system in fishes, especially the non-specific pathway
(Roberts et al., 1995; Rougier et al., 1994).The dose of AA used was based on earlier reports
that high levels of AA stimulate the fish immune system and also act as an antioxidant
vitamin; it has a high safety margin for dietary incorporation (Waagbo 1994; Sahoo et al.
1999). AA enhances some non-specific immune parameters such as bactericidal activity,
phagocytic ratio, and respiratory burst activity, when compared to fishes fed with diets
without AA supplementation. Ibrahem et al. (2010) suggested that AA could positively affect
innate immunity and resistance of Nile Tilapia (O. niloticus. Lovell (1984) reviewed the use
of AA in reducing signs of deficiencies in fishes. Lim and Lovell (1978) explained that
supplementation of AA ranging from 25 to 50 mg kg™ improved wound healing by three

times in channel catfish.

Kumari and Sahoo (2006) recommended increasing the diet concentration of AA by
ten times to stimulate the immunity against bacterial infection in Asian catfish Clarias
batrachus. Such improvement was also observed in O. niloticus (Soliman et al. 1994). Labh
and Chakrabarti (2011) also noted marked antioxidant and immunostimulants properties of
AA (LATP-Ca) in fishes. Merchie ez al.’s (1997) finding that 2000 mg AA kg ™ promoted
resistance in shrimp under stressful conditions and to Penaeus vannamei infection. Ndong
and Fall (2011) demonstrated that juvenile hybrid tilapia fed with garlic (0.5g kg™*) enhanced
total leucocytes, respiratory burst activity, phagocytic activity, phagocytic index and
lysozyme activity. According to El-Sayed et al. (2006) herbal compounds such as phenolics,
polyphenols, alkaloids, quinines, terphenoids, lectines and polypeptides have shown to be
very effective alternatives to antibiotics and other synthetic compounds as growth promotion,
immunostimulation, antistress, antibacterial, antifungal, antiviral, appetite stimulators and

aphrodisiac.

LFP in fish diets may increase growth and dietary utilization, modulate the non-
specific immune response and increase survivability against pathogenic agents. The results of
this study indicate that LFP may be useful in field situations to counteract damage caused by
pathogenic bacteria and other strains and thereby increase the general disease resistance of
the fish.
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4.10 Evaluation of Protein profiles in fish fed with lapsi supplemented diets

Dietary supplementation of LFP extracts in different concentrations had significant
(P<0.05) higher protein profiles i.e. total protein, aloumin and globulin levels in all groups
when compared to control (T1) group. The serum proteins like aloumin and globulin are good
indicators for determining immune response in fish (Siwicki et al., 1994). Globulins like
gamma globulin are absolutely essential for maintaining a potential immune system. Serum
albumin and globulin values in fish fed with garlic peel were higher than the control. Increase
in serum protein, albumin and globulin levels are thought to be associated with a stronger

innate immune response of fish (Wiegertjes et al., 1996).

This significant increase in total protein level suggests the stabilization of
endoplasmic reticulum leading to protein synthesis. This may be due to the presence of AA
and compounds such as flavonoids in LFP which act as antioxidant and immunostimulants. In
agreement with present findings, Ajeel and Al-Faragi (2012) found that Garlic (Allium
sativum) and Ginger (Zingiber officinale) or their mixture in the diet increased total plasma
protein, albumin and globulin concentration significantly (P<0.05) and concluded that they
protect the liver against deleterious agents and free radical- mediated toxic damages to the
liver cells. The same result was also agreed by who found Dugenci et al. (2003) who
observed the highest plasma protein in fishes fed with diet containing 1% ginger extract.
Siwicki (1989) observed an increase in total protein content after feeding of b-glucan (0.2%)
and chitosan (0.5%) in the diet.

Sivaram et al. (2004) used methanolic extracts of O. sanctum, W. somnifera and
Myristica fragrans in juvenile Greasy grouper, Epinephelus tauvina, and found significantly
improved immune parameters such as phagocytic activity, serum bactericidal activity,
albumin—globulin (A/G) ratio and leukocrit against Vibrio harveyi. Higher concentration of
protein in liver in the present study may be due to antioxidant property of LFP. Serum total
protein and globulin are considered as good indicators for determining immune system
activation (Siwicki et al., 1994). Certain herbal immunostimulants have been reported to
increase total protein as well as total globulin in fish. Other reports indicated a lack of
immunostimulant influence on serum proteins in such populations (Ispir and Mustafa, 2005;
Misra, et al., 2006). The increase in serum protein content might be in part due to an increase
in the WBC, which is a major source of serum protein productions such as lysozyme,

complement factors and bactericidal peptides (Misra el al. 2006).
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4.11 Evaluation of enzyme profiles in fish fed with lapsi supplemented diets

Serum glutamic oxaloacetic transaminase (SGOT) and Serum glutamate pyruvate
transaminase (SGPT) are normally localized within the cells of liver, heart, gills, kidneys,
muscle and other organs. Blood and tissues SGOT and SGPT levels have been measured to
assess the toxic impact of aflatoxicosis and ochratoxicosis (Ellakany and Gaafar, 2002). An
inverse relationship was found between the SGOT and SGPT levels and the dose of LFP in

the diet of fishes regardless of species and weight.

The concentration of SGOT in blood serum was 55.7%, 23.7% and 62.7% higher in
the control diet fed common carp, rohu and rainbow trout respectively compared to fishes
that were fed with T4 diet. The concentration of SGOT was 2.6, 1.21 and 1.38 times higher
in blood serum, liver and gills respectively of rohu fed with control diet compared to rohu
fed with T4 diet. It showed that SGOT level was two times higher in blood serum of rohu
fed with the control diet compared to the liver and gill. A similar result was observed in

rainbow trout.

SGPT was five times higher in the blood serum of control diet fed common carp
compared to T4 diet fed carp. In rohu and rainbow trout the SGPT concentration was 3.3 and
6.8 times respectively. In liver and gills of common carp the SGPT levels were 1.3 and 1.56
times higher in the control compared to T4 diet fed carp. SGPT levels in liver and gills were
1.45 and 1.23 times higher in the control diet fed rohu compared to the T4 diet fed rohu. In
rainbow trout SGPT levels were 68.13%, 56.47% and 28.63% in blood serum, liver and gills
respectively in control trout.

Alkaline phosphatase (ALP) level in blood serum, liver, and gills of common carp
was 1.43, 1.16 and 1.77 times higher in control diet fed group compared to the T4 diet fed
group. In rohu ALP level in blood serum, liver and gill was 2.5, 1.43 and 1.58 times higher
in the control diet fed rohu compared to T4 diet fed group. Similarly ALP level was 20.05%,
90.79% and 15.58% in blood serum, liver and gills respectively in trout that were fed the

control diet compared to trout that were fed the T4 diet.

As LFP doses in the diet increased, trends in the concentration of SGOT, SGPT and

ALP in blood serum, liver and gills in common carp, rohu and trout decreased. In T4 diet fed
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fishes, low concentrations of these enzymes were recorded compared to control and other
treated diet fed fishes. The presence of SGOT and SGPT in blood plasma is an indication of
tissue injury or organ dysfunction (Wells et al., 1986) which is only released into the blood
in pathological situations only. SGOT, SGPT and ALP levels were found higher in control

diet fed fishes compared to fishes fed with diets containing LFP.

4.12 Immune response and blood profile of fish fed with lapsi supplemented diets

Haematological profiles or Haemato-immunological parameters such as
hemoglobin concentration (Hb), number of erythrocytes, packed cell volume (PCV), and
leucocytes were normal. Aditionally, differential leucocyte counts (lymphocytes, monocytes,
neutrophils and basophils as leucocyte %), blood indices such as mean cell volume (MCV),
mean cell hemoglobin (MCH), and mean cell hemoglobin concentration (MCHC) were also
found normal. The concentration of haemoglobin was 8.45, 1.91 and 4.8 times higher in T4
diet fed fishes than control diet fed fishes. Erythrocyte’s number was 1.21, 2.15 and 3.91
times higher in T4 diet fed fish than control diet fed group PCV. in rohu and rainbow trout
was 1.3 and 2.7 times higher in the T4 diet fed group respectively when compared to the
control diet fed group. MCV were 1.3, 2.1 and 2.7 times higher in T4 diet fed fishes while
MCHC were 1.6 and 1.8 times higher in rohu and rainbow trout that were fed T4 diet
respectively, compared to the control diet fed fishes. Neutrophils were 1.3 times higher in all
fishes fed with treated diets. Monocytes were 5.2 times higher in rohu and 2.6 times higher in
rainbow trout fed with the T4 diet compared to the control diet fed fishes. Similarly, percent
eosinophil was 1.3 times higher in T4 diet fed rohu compared to the control diet fed rohu.
Bello et al. (2012) showed that incorporation of low level (0.5%) garlic peel in feed enhanced
hematological parameters in Clarias gariepinus fingerlings and made them highly

immunopotent and more resistant to infection by A. hydrophila.

Gabriel et al. (2009) reported increased haematological parameters such as
leucocytes, erythrocytes, PCV, haemoglobin, MCH, MCV and MCHC in cat fish that were
fed with aqueous leaf extracts of Lepidagathis alopecuroides. Binukumari and Subisha
(2010) observed increased haemoglobin, erythrocytes and leucocytes in tilapia (O. niloticus)
fingerlings exposed to lethal concentration of Moringa oleifera when compared to control.
Christybapita et al. (2007) showed that Eclipta alba incorporated diet significantly enhanced

the haematological parameters and reduced mortality rate against A. hydrophila in tilapia (O.
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mossambicus). Abasali and Mohamad (2010) reported that diet with herbal immunostimulant
significantly increased haemoglobin content in disease induced common carp. Rao et al.
(2006) demonstrated increased production of haemoglobin and resistance to A. hydrophila in
rohu fingerlings fed with diet containing Achyranthus aspera. Bello et al. (2014) reported
increased levels of haematological parameters such as haemoglobin content, erythrocytes and
leucocytes and PCV in Juvenile Clarias gariepinus fed with diets that contained onion bulb
and walnut leaf residues. Results obtained showed that packed cell volume and haemoglobin
content were significantly different (P<0.05) among the treated groups and boost immune
response of cultured Clarias gariepinus juveniles. Similar to Bello et al. (2014), Shalaby et
al., (2006) reported a significant (P<0.05) increase in erythrocytes, heamoglobin content and
PCV value in tilapia (O. niloticus) that were fed different levels of garlic (Allium sativum)
and chloramphenicol.

The increase in total leucocytes of fishes fed with lapsi extract was high compared to
the control group. High leucocyte count in fishes that were fed with LEP is similar to findings
in Paralicthys olivaceus injected with Hericium erinaceum (Harikrishnan et al., 2003); in
cultured fin and shell fish injected with Punica granatum (Harikrishnanv et al., 2010); in Jian
carp injected with Chinese medicinal plants (Jian and Wu, 2004); in O.mossambicus
administered with O. sanctum (Logammal et al., 2000) and in tilapia injected with 8 pg g™
hot-water extract of T.sinensis (Wu et al., 2010). Subeenabegum and Vaseekaran (2017)
reported significant increase in total leucocytes in fresh water fish Channa striatus that were
fed with the aqueous methanolic extract of Solanum trilobatum and Ocimum sanctum. Thus,
increased total leucocytes in fishes may be due to non-specific immune response (Manjrekar
et al., 2007) or due to interdependent mechanism of an innate resistance and adaptive
immunity (Mishra et al., 2009). Subeenabegum and Navaraj (2016) studied the individual
and combined effect of Solanum trilobatum and Ocimum sanctum extracts against A.
hydrophila in Channa striatus. Hematological parameters such as WBC, RBC and
haemoglobin content were enhanced (P<0.05) in fish fed with herbal extracts compared to the
control group. The MCV and MCH values of exposed fish showed a significant increase
(P<0.05), while the MCHC values of both groups were not significantly different from each
other.

The haematological study results revealed that the Cyprinus carpio fed with diets

containing leaf extract of Euphorbia hirta significantly enhanced the haemoglobin content,
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erythrocytes and leucocytes compared to control fish. It was also observed that erythrocytes,
haemoglobin content and leucocytes were maximum in fish fed with diet that contain 50 g
leaf extract of Euphorbia hirta (Pratheepa and Sukumaran, 2014). Harikrisnan et al. (2003)
reported that mixed herbal extract supplementation diets for goldfish restored the altered
haematological parameters and triggered the non-specific immune system (Ahilan et al.,

2010) against A. hydrophila infection. .

Prasad and Mukthiraj (2011) studied that increased levels of leucocyte, thrombocytes,
Hb, PCV, MCHC could be due to the action of A. paniculata present in the diets. Adewoye
(2010) observed increased level of leucocytes in Clarias gariepinus that received the
Tephrosia vogelii extract compared to the control. Jeney and Anderson (1993) observed an
increase in leucocytes after injection or bath administration of abarly extracted glucan in
rainbow trout. They reported an initial decrease in leucocytes, 6 hours after
immunostimulation followed by an increase at 12 hours and a greater increase at day 2 after
injection and at day 3 after bath treatments. Furthermore, leucocyte count was always higher
in fish that received immunostimulants. Muthu (2015) mentioned that leucocyte count
increased in groups of common carps that were administered extracts from Andrographis
paniculata. High concentration of plant extract of A. paniculata in feed showed maximum

number of leucocytes.

Serum leucocyte count, antibody level, lysozyme and bactericidal activity were
significantly high in fishes treated with Aloe vera (P<0.05). No significant differences were
seen in the erythrocyte count, PCV or complement activity among the groups. The relative
percent survival (RPS) increased in fish that were fed with Aloe vera. The study reported that
oral administration of Aloe vera enhanced some specific and non-specific immune responses
in the common carp (Alishahi et al., 2010). Gupta and Mishra (2014) observed significant
increases in erythrocyte, haemoglobin and leucocyte in C. gariepinus that were fed with
varied concentrations of aqueous and alcoholic extracts of leaf of E. alba. Significant
differences were observed in PCV with alcoholic extract only. WBCs are the main
components of the immune system. Ghareghani et al. (2014) showed that feeding rainbow
trout (Oncorhynchus mykiss) with low (100 mg kg™ feed) dose of Peganum harmala seed
extract enhanced leucocyte and erythrocyte counts of rainbow trout compared to the control

and can act as immunostimulants to enhance the immune response of cultured fish.
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Das et al. (2009) evaluated the use of Euglena viridis in Labeo rohita diets and
reported a significant (P<0.05) increase in leucocytes and erythrocytes in groups fed with
treated diets containing different levels of Euglena viridis compared to the control. Onion
bulb (Allium cepa) and walnut leaves (Tetracarpidium conophorum) have constituents such
as alkaloids, flavonoids, tannin and thiosulfinates that may play a role in stimulating the
immune system and in functions of the thymus, spleen and bone marrow, organs related to
blood cell formation. The findings of the present study were similar to the results to Shalaby
et al. (2006) who reported a significant (P<0.05) increase in erythrocyte count, heamoglobin
content and hamatocrit value in O. niloticus fed with different levels of garlic (Allium
sativum) and chloramphenicol. Ardo et al. (2008) also reported that feeding O. niloticus with
two herbal extracts (Astragalus membranaceus and Lonicera japonica) alone or in
combination significantly enhanced phagocytic cells. Pavaraj et al. (2011) reported that O.

sanctum leaf extract enhanced phagocytic activity in C. carpio infected with A. hydrophila.

Aly et al. (2010) reported that garlic improved the immune response of O. niloticus
through rapid increase in monocytes and enhanced phagocytic activity which afforded
increased protection against immediate challenge infection. These findings are also similar to
Gopalakannan and Arul (2006) who reported increase in leucocytes count after feeding the
common carp with immunostimulants like chitin. Similar results have also been reported in
tilapia following oral administration of Rosmarinus officinalis leaf powder (Abutbul et al.,
2004), leaf aqueous extract (Christybapita et al., 2007), and Zataria multiflora essential oil
(Soltani et al., 2009).

Leucocytes play an important role in non-specific (innate) immunity and their count
can be considered as an indicator of the health status of a fish (Harikrishnan et al., 2003).
Choudhury et al (2005) found an increase in the Leucocyte count in Labeo rohita juveniles
fed with immunostimulants like levamisole and ascorbic acid. The erythrocyte count was
higher in garlic peel fed groups when compared to control group. The erythrocyte count
increased with administration of garlic peel, which might indicate an immunostimulant effect.
Similarly Duncan and Klesius (1996) reported significantly greater number of erythrocytes in
channel catfish fed with a diet containing b-glucan. Duncan and Klesius (1996) reported that
the number of erythrocytes in channel cat fish fed with a diet containing b-glucan was
significantly (P<0.05) greater. It is known that the amount of leukocyte cells is normally

lower in healthy fishes and can be used as a significant indicator for infectious diseases.
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When infectious disease agents such as bacteria enter the fish body, the non-specific
(cellular) defense system gets stimulated during the first stage of disease manifestation. In
this situation, the leucocytes get increased (leucocytosis) initially to protect the fish body by
phagocytosis and produce antibacterial chemicals to stop the agent from spreading. The
significant increase in the total leucocytes count and the number of different leucocytes i.e.
neutrophil, large lymphocytes, monocytes etc, observed in this present study signifies that the
non-specific immunity of the fishes were stimulated to fight against the bacterial pathogen as
the primary line of defense.

4.13 Water quality parameters

Water quality and aquatic productivity is a prerequisite for optimum growth and
survival of fishes (Boyd, 1982). Water quality parameters such as temperature, pH, and
dissolved oxygen were measured through the experimental period at fortnightly intervals.

Water was replenished in all the aquaria to maintain its quality.

4.13.1 Temperature

Temperature is one of the most important environmental variables that influence the
oxygen content of water. Every aquatic animal has its own tolerance limit for temperature.
Increase in temperature accelerates growth up to a certain level, beyond which it is lethal.
Optimum temperature for metabolism varies from species to species. It influences survival as
well as growth of aquatic organisms depending on climate, sunlight and depth of water. Food
intake increases with increasing temperature since higher energy is required for maintenance
purposes (Cho and Slinger, 1980). Fish can tolerate temperature ranging from 18 °C to 32 °C,
provided temperature fluctuation is not sudden and for longer duration (Faramanfarmain and
Moore, 1980). For this study, the water temperature ranged from 26.3 °C to 28.3 °C in
experiment 1, 25°C to 27.8°C in experiment 2 and 12.5 °C to 18 °C in experiment 3. These
ranges were within the acceptable limits for growth of freshwater fish as reported by
Ramachandra Naik et al. (2000), Srinivasa (2000) and Prakash (2004).
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4.8.2 pH

The pH is an expression of hydrogen ion concentration in water and serves as an
indicator of acidity and alkalinity. It is an important parameter to consider because it affects
metabolism and other physiological processes of aquatic animals. If water is too acidic it
decreases fish appetite, and eventually affect growth and immunity. According to Swingle
(1961) and Banerjee (1967), near neutral to slightly alkaline pH range was mst favorable for
fish ponds. Ideal range for culture of freshwater fish is between 7.0 and 8.5 (Hsieh et al.,
1989). In the present study, pH values were near neutral to alkaline and ranged from 7.2 to
7.9 in experiment 1, 6.8 to 7.6 in experiment 2 and 6.8 to 8.0 in experiment 3. These recorded

values of pH during the course of experiments were within the desirable limits for fishes.

4.8.3 Dissolved oxygen

Dissolved oxygen in ponds is very crucial for aquatic life and survival of fishes
(Boyd, 1982). For the best fish growth, the optimum level of dissolved oxygen is 5.65 ppm.
Avault (1986) reported that dissolved oxygen levels down to 5 mg I can be tolerated by
fishes in ponds. Banerjee (1972) mentioned that oxygen concentration of above 5 mg 1™ is an
indication of productivity and below that level the water is unproductive. In this study, the
recorded dissolved oxygen ranged from 6.2 to 8.2 mg I™* in experiment-1, 5.6 to 8.4 mg 1™ in
experiment-2 and 6.4 to 7.8 mg I in experiment 3. These recorded levels could be

considered suitable for optimum growth of fish.
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CHAPTER 5

5. CONCLUSION AND RECOMMENDRATION
5.1 Conclusion

The purpose of this study was to investigate the effect of Lapsi Choerospondias
axillaris (Roxb) on fish growth, better-feed conversion ratio, and enhanced immunity of
fishes. We found that lapsi fruits are rich in antioxidant compounds such as phenolic,
flavonoids, DPPH and AA and might be useful for fish growth.

Fishes, common carp, rohu and rainbow trout, that were fed diet containing lapsi
showed enhanced growth and normal blood profile. Thus, diet supplemented with lapsi fruits
promoted fish growth regardless of species and weight groups. Fishes fed with lapsi-
incorporated diets also showed weight gain. Higher weight gain was observed in fishes fed
with 400 mg lapsi extract per kg of diet. Final weight gain was 28.34% higher in common
carp fed with T4 diet compared to weight gain in control group. It was 53.78 % higher in
rohu and 30.6 % higher in rainbow trout. Weight gain in rohu was 89.76 % and 75.75%

higher than in common carp and rainbow trout respectively.

Vitamin C concentration increased in treated group of fishes compared to control.
Immunostimulatory parameters such as protein and enzyme profiles exhibited good results.
In the treatment group, total protein, albumin and globulin level increased while SGOT,
SGPT and ALP profiles decreased. The most favorable results were found in 400 mg kg™
lapsi extract fed groups. Similarly, in the treated groups, haematological parameters such as
blood profile were found within normal range. Finally, lapsi-incorporated diet not only
showed better growth, SGR and FCR for fishes, but also exhibited increased protein profile
and decreased liver enzyme profile. Blood indices were found to be normal in all control and

treated fish groups.

Hence, based on these results, we can conclude that lapsi fruits are useful for fish
growth since it contains a rich amount of vitamin C. Lapsi is found to be a potential

supplement for fish diets.
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5.2 Recommendations

This section offers recommendations to fish farmers and future researchers based on

the results of this study.

Recommendations for fish farmers

1.

Fish farmers might consider using lapsi as a supplement to promote fish growth and to
increase fish production.

Farmers must select good quality lapsi to prepare extracts for fish diets since lapsi quality
varies by species.

Evaluation of antioxidant properties when selecting lapsi pulp can be beneficial.

To prepare fish feed, using quality ingredients such as fish meal powder and wheat flour
are important.

Lapsi tree can be evaluated for fruit production.

Recommendations for future researchers

1.
2.

Future studies can investigate the quality of lapsi and its effect on fish growth.
Antibacterial, antifungal and antioxidant properties of lapsi collected from unknown area
or newly cultivated area can also be studied.

We only studied three fish species to evaluate the effect of lapsi on fish growth and non-
specific immunity. Future researchers might consider looking at other fish species.

A challenge test to study the effect of lapsi on stress in fishes needs to be done.

While we extracted lapsi fruit pulp using ethanol, future researchers can try to use

methanol and other compounds.
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CHAPTER 6

6. SUMMARY

In Nepal, aquaculture plays an important role in the country's economic development.
Since carps are a major component of the freshwater aquaculture, promotion of carp and
demand for healthy stockable carp seeds are of paramount significance. However, issues such
as high fish mortality, stunted growth rate, skeletal deformities and frequent diseases are
commonly seen in aquaculture. Knowledge of fish nutrition and feeding are essential for

sustainable aquaculture.

Vitamin C (Ascorbic acid, AA) is an important antioxidant. In fishes, it is assumed
that vitamin C is an essential nutrient for optimum growth and maintenance. In most bony
fishes, vitamin C biosynthesis does not occur due to lack of L-gulonolactone oxidase (GLO).
Major signs of ascorbate deficiency include reduced growth, scoliosis, lordosis, internal and
fin haemorrhage, fin erosion and increased mortality. Another beneficial effect of vitamin C
is to stimulate the non-specific immune response. Vitamin C deficiency has caused
significant losses in fish farming, especially during the sensitive start period. Although few
research suggest that the use of dietary vitamin C in fish improves their natural resistance to
infections, the possible mechanism and doses are not well established.

Vitamin C-rich lapsi, Choerospondias axillaris (Roxb.) is native to Nepal and is also
reportedly found in South-East Asian countries. Lapsi fruits containing vitamin C, phenol and
flavonoid compounds are consumed to enhance immunity and to neutralize free radicals
formed in the body. Therefore, this research aims to study the effect of lapsi-incorporated

diets on growth, biochemical and immuno-haematological performance in fishes.

The entire study is described in seven chapters. Chapter one contains preface of
nutrition and its place in aquaculture followed by rationale of study and the main objectives
of research, chapter two portrays a brief review of literature, chapter three presents a detailed
account of tools and procedures used during the study, chapter four explains experiment
outcomes, chapter five provides a discussion of outcomes, chapter six includes summary,
conclusion and recommendations, and chapter seven covers bibliography and appendices

with supporting documents.
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Methodology of this thesis is divided into three parts. The first part covers growth
performances including total weight gain, weight gain percentages, specific growth rate, and
feed conversion ratio and survival rate of fishes. The second part examines the biochemical
parameters that include quantification of vitamin C in blood serum, brain and liver of fishes.
Lastly, the third part evaluates the immuno-haematological part protein, enzyme and blood
profiles. The protein profile includes total protein, aloumin, globulin and the ratio of albumin
and globulin in various tissues such as blood serum, brain, liver and muscles. The enzyme
profile monitors SGOT, SGPT and ALP from blood serum, liver and gills. Finally, to
understand the health status of fish, a complete blood profile has been evaluated along with

blood indices and absolute values.

To begin the investigation, lapsi fruits were collected from local markets and sent to
National Herbarium and Plant Laboratories, Godawari, for taxonomic identification. After
identification, ethanol extract of lapsi fruits were prepared followed by analysis of the
extract’s antioxidant properties such as phenolic, flavonoids, 2,2, diphenyl-1 picryl-hydrazyl
(DPPH) and ascorbic acid (AA). The study found that lapsi fruits are highly rich in
antioxidant compounds. Vitamin C analysis was also done from the ethanol extract of lapsi
fruits. According to previous literature, it is well known that lapsi fruits are very rich in
essential amino acids, especially arginine, glutamine acid, glutamine, vitamin C and minerals

such as potassium, calcium and magnesium.

Six practical diets (40% protein) were prepared for the experiment. Diet without any
extract of lapsi fruit pulp (LFP) was used as control diet (0.0 mg kg ™) and called T1. In the
remaining five diets, 100, 200, 400, 800 and 1600 mg kg™ of ethanol extract of lapsi fruits’
pulp (LFP) were supplemented along with dry fish powder, wheat flour, cod liver oil and
called T2, T3, T4, T5 and T6, respectively. Before the feeding trial, proximate analysis of
fish feed was carried out using biochemical analysis. Dry matter, moisture, crude protein,
ether extract, crude fiber, total ash, nitrogen-free extract and gross energy were tested using
standard protocols. Three experiments were conducted for this study in three climatic
conditions: first with common carp Cyprinus carpio in Kathmandu, second with indigenous
major carp rohu Labeo rohita in Narayanghat, Chitwan, and the third with rainbow trout

Oncorhynchus mykissin Ranipauwa, Nuwakot.

124



Altogether eighteen glass aquaria (100 I) for experiment one and 18 cages (Im x 1m X
1m) of nylon net for experiments two and three were prepared. Fishes were divided in six
groups with three replicates for the six treatments. Dechlorinated tap water was used during
the experiment and replaced 2/3™ every alternate day in experimentl. During the
acclimatized period, fingerlings were fed with diet without lapsi (control). After that,
fingerlings were fed with test and control diet at the rate of 3% of their body weight daily at 9
a.m. and 4 p.m. Temperature, pH and dissolved oxygen were monitored. Faecal matter was
siphoned daily in experiment 1. Initial weight and length were recorded at the start of
experiment, and then to balance the feeding system, weight of whole body mass were taken
every fifteen days. At the end of the experiment, sampling was done by measuring individual
weights. Mortality was recorded to understand the survival rate during the entire

experimental periods.
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ANNEXURE-II
LAPSI FRUIT PULP POWDER PREPARATION AND ITS EXTRACT

Lapsi fruit

Dry Lapsi pulp

165



Coarse Lapsi pulp Powder Lapsi pulp
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Ethanol Extract of Lapsi fruit pulp
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ANNEXURE-III
FISH MEAL PREPARATION

Fish Meal
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WHEAT POWDER PREPARATION

Wheat Powder
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Feed Preparation - Six Treatments
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ANNEXURE-IV

PHOTOS FROM LAB CULTURE

Glass aquaria with cover

Water filled aquaria
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Weighing machine Water pump with aerator

Siphoning

172



PHOTOS FROM FIELDS

Weighing machine Collection tissues from samples in the field
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Weighing brain

174



Blood of trout
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ANNEXURE-V:
AWARDS AND PRESENTATIONS

National Seminar on Sustainable Fisheries and Aquaculture
Development in Nepal: Challenges and Opportunifies
(20 March, 2017)

Poster Award

Presented to
Mr. Subha Ratna Shakya

Department of Zoology, Ammt Science Campus
Tnbhuvan University

For the poster entitled

Survival, growth and protein profile of Major carp Labeo rohita (H) cultured at Gunja Nagar.
Chitwan and fed vaned doses of Lapsi fruits (Choerospondias axillaris)

Prof. Dr. Jivan Shrestha
s
Co-ordinator. Biological Sciences Sub-commuttee
Nepal Academy of Science and Technology
Khumaltar, Lalitpur

176



CUEE BT
b untuw -
soikin Bhapsd

With my Supervisor Prof. Dr. S.N.Labh

Receiving award for poster presentation from the Minister of Science and
Technology-Prem Bahadur Singh

177



4 & . o e — — —— —— —
1N

%
¥

Anis 7 . In Associoton wih'

.
[ ®©
| el . April 25 - $

|

{

Weérld

DNA

i DAY

| 2017

of Ercellence

v
This is to certify that Prof./Dr./Mr./Ms.
_ Shubha Ratra & hakya
A Professor/ScieTnﬁst/Acaderrﬂdan/Researcher/Entrepreneur/

Scholar/Student from
Amirk Science Campus, TU

T T T T e e e Vot

———

has participated in DNA day national symposium on
Bioscience and Biotechnology April 24 and 25, 2017 held at Nepal

Academy of Science and Technology (NAST) and awarded the

------------------------------

H— A

: ~ Mr. Anil Uprett
pecial Guest Chief Coordinator

T T T

Y
e

178

-

iy —,

T

e

e —— e —— —— ——— ——— e ——— e —— e —— e —— —— ——— ———_~——_—_

1
by
e
S o L



Receiving award for oral presentation from Vice Chancellor of NAST-Prof.
Dr. Jib Raj Pokharel
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ABSTRACT

We found that vitanun C is an essential nutnient for cold water fish, the
rambeow trout (Oneorhynchus mykiss). This was demonstrated by the
abzence of L-gulonoclactone oxidase (GLO) activity, the enzyme
responsible for the biosynthesiz of vitanun C, m brain or liver of
rambow trout and by a feeding trial i which trout without vitamm C
dietary supplementation developed poor growth rate. Vitamin C
(Ascorbic acid or AA) 13 heat labile so directly cannot be given and 1t
1z found that lapsi (Cheerospondias axillaris) contains rich amount of
vitanmin C in it. Thus, trout weighmg 37.24+0.39 g were divided into
six groups (T, Ta, Ts, Ty, Ts and T,). and each group was fed an

ethanol extract of lapsi fruits (EELF) supplemented semu purified diet containng 0, 100, 200,
400, 800 and 1600 mg equivalent (EELF)kg diet for 12 wk. The experiment was conducted
m cold water raceways environment designed in recirculation system of water through nylon
cages at S0O50D trout farm at Nuwakot, Nepal and vitamin C was supplemented in the diets
as EELF which is found more stable to oxidation than AA . At the end of 90 days, trout fed no
EELF had significantly lower weight gain than fish fed the EELF supplemented diets (F =
0.05). The concentration of AA in brain (51.95%:) and in lrver (21.63%) was higher in T4 diet
group compared to trout fed with control.

KEYWORDS: Rainbow trout (Oncorhymchus mykiss), ascorbic acid deficiency, L-
gulonolactone oxidase (GLO), lapsi (Choerospondias axillaris), ethanol extract.
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MEDICINAL USES OF GARLIC (Allium sativum L) IN
HUMAN HEALTH

Shubha Ratna Shakya™ el Soprive Shukyas®
Depaenment of Zoclogy, Amne Campos, Tobboven Ustsersey, Nepal
Tauzud Usiversty Schood of Derted MoScne, Jagpen

*E-mail: sbbarstnobatyaOgmal ooms

Abstract Garlir (Alliaw sofreus L foedy Liluawd b sqpoed & sgratataen ix difevent traditives
maquyk&auﬂam-ﬁadﬁnﬂrm-j_ﬁnlp&mm
ey pocking or Sying WEE o salfer amtonony corgunmdl, Ripe oy suncesl , snd fmoyrocs,
Darke e s mmt-sinal, sty Bacterial, oets-Sonped end entimidat propertios. It hoe beex veed ©
nut infection, couniy Joeohe o, ardivoecods Scses induling sfherosdorod, stk
Ay, This ey fncses ore Realls bemagin of porific o= busmse

Keywonda Allimn, Jidvio, lml poowssey, esdaterdd. ardevoscsls Seoes

Introduction

Garlic, Ailiuse sacrvee L comemondy called Lashan in Nepall and “laba™ in Newari
s usad both &5 food and 5 mediciee in Ellerent pants of the world. 15 strong amell
and deiicious taste makes &t 4 popedar ngeediond In cooling,. The beawdicial effects of
garlic consumption s eating 2 wide variety of bumsun diseases and disorders haw
been known (or corturies. The health bonefd of gartic is MANTY due 10 the peesence of
arganosulphurous compocnd Callied 20uin Quelror of o 2005,

Anciert Chinese and laparese msed it 0 Geat headache, Bue, dyvsentery, codds,
coughs and fever. Even today @ 5 ewd in some Chinese herbal lorsoulas for eating
similar conditions, Durieg Woeld War | e gaslic was appliod 1o the womnds ol
injured soldiers 10 preverd infoctions (Paland of o, 2019). 1n World War Il It was
apain used exiensivwly Soe B antdicts properties (Kashwap o al, 2006). Garlic is
nickramed as Rusdan pentcillie for 55 widespread use 25 astimicrobial agent (Timbo
& i, 20063 Wih the deselopmacnt of eliective aatdiotics, its antibacterial eflicts are
shifted in teating cootroliing choleterol and ahesoclerasis. Carlic has aracted
parnticular attention of modern medicine becssse 35 X has bown proven o be
hypolipidemic Sumdyoshi, 1997 antiesdosobial  (Komar & Berwal,  1996)
antihypeetersive (Socisuea, 1958) hepatopestoctive, and socticidal (Wang o o,
T998) agent in varioos buman and anienal herapies. The wse of gadic extracts seduces
serum chalesterad levels and tnoreses Mood coapulition tme (Bordia & o', 1975)
These effects of gaelic ase dee 9 the peesence of variow: organossipherous
compounds, including allica (Augasitl & Muthew, 1974
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International Journal of

Fisheries and Aquatic Studies

Effects of lapsi fruits (Choerospondias axillaris
Roxburgh, 1832) on immunity and survival of juvenile
tilapia (Oreochromis niloticus Linnaeus, 1758) infected

with Aeromonas hydrophila

Shyvam Narayan Labh, Shubha Ratna Shakyva, Sanjay Kumar Gupta,
Neera) Kumar and Babla Labh Kavastha

Abstract

Lapu St (a mative from Nepal) o opudent source of evsential anmno sods, nunerals sod awcortne acd
and i couunoaly used for the treatment of candiovmcular diseases | Vietnam, Mongolia and Chuna et

The pintochenncal comtituents of lapu frust extracts (LFE) are phenal and Bavonosd compounds wheh
exlubat potent anboxadant activety o scavenge vanous free mdicals and thun profect from foxac and
harmful A sotal of 252 fingerbangs of O miloncie (averape wesght 354 = 017 g) were randoenly
doenbuted m four treatiment groups TT (Basal feed = 0% LFE) control. T2 (Basal feed « 0 1IN LFE)L T3
(Basal feed = 0 2% LFE) and T4 (Basal feed = 04% LFE) each m mphcate form Afler 60 days of
feoding tradd Dughest (0 0%) weaght gam™ (273 03%) protemn efficisxy mate (1 82) s specilic
growth rate (2 19) and lowest feod comvervon ratwo (1 43) m the T3 group fod fnh were recorded Lowest
(-0 05) alasoe acunctrapsferase and aspartate ansnotranaferase activaty wins found m the T3 group m
both liver and guncle Incorporaton of 0 2% LFE = the feed incremed the il vuperonude dianutase
actrvaty by 3.fold compared 1o coutrel group (T1) Haghewt (-0 05) revpuratory burst sctivaty (0 36)
albuzan (1 21) and globuls (3 28) contents were observed @ the T3 poup Whes challenged wath 4
ivdropheia after 60 days, maxnaam relative %% of ssnaval was poticed | T3 (83 34%) group. Ovenall
rewddty indicoted mgwovement @ e growth beanwto mumnnological responses and protected the
anuals apamt (eromonay Mdvrophile mfection at 0 2% LFE moeorporation m O neloncus whide lugher
dove of LFE meorporation ded 1o stress and wsnunowappe eswon

Keyworda: Lapst prowth nlapuoa ety deromonas nadvopicia wnvival

Introduction

Aquacultuze plays a wphicant role i chinunating mger, malnutrition and promoting the
socioecononue statias of the poorest of the poor among most of the developing coumtries.
Due to increasing global population and swarencss about health benefits, demand for food fish
has made tremendous progress over the last two decades. To encounter the desnand of fish as
the cheapest sorrce of ammal protein, aquaculturisty are forced 10 practice “hugh wmput hugh
output’ intensive cultire. Nevertheless, intensification of aquaculture increases stress level an
fish which impairs growth and imemmne responses agamnst pathogens and eventally leads to
outhreak vanioos daseases, resulting (100 enomons econonuc losses to the poor farmers. - ' To
achieve the sustaimable desvelopment of aguaculmure, control of mfectous discases and
maintenance of health of cudtured fish is the utmost essential concem. lnunmne-protection by
dictary manipulation bas cmerged as an unportant arca of research. wiuch s an ideal and
sistanable means for enhancing the non-specific mumumsty of fish Substaces sich
chemucal azents. herbal exvacts. and manntonal factors, stummlate the non-specific defense
mechanisms and thos are proved to be efficient in resisting mfections diseases in fish ™/ caused
by various pathogens

Acvomonas  hvdrophila, he mam bactenal pathogen of freshwater aquaculitiure, catises
hacmoarhagic septicactsa, dropsy, tropical uiceration and winmately Jeads 10 heavy morality
in cultured fishes Althoagh a large number of costier chenscal foruntlations such as
antibsotics, drugs, pesticides, vaccmes, and chemotherapeutics have been attenpted to cope up
with this sthaations, but these are not o effective from ecologically safe and enviromnentally
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B REVIEW ARTICLE

Effect of Herbs and Herbal Products Feed Supplements on
Growth in Fishes: A Review

Shubha Ratna Shakya
Department of Zoology, Tribhuvan University, Anuit Campus, Kathmandu, Nepal

Abstract

The herbs and herbal products added to the feed cure many diseases, promote growth, reduce
stress, improve immunity and prevent infections in fish under culture. The addition of herbs and
herbal products in fish diet is cheaper and environmental friendly with low side effect to the tish
and consumers. Hence, their use as drugs in disease management in aquaculture is gaining
popular. They are better than various antibiotics and vaccines used in the treatment of diseases.
The present review highlights the importance of herbs and herbal products supplementation in tish

feed for better fish production.

Keywords: Aquaculture, growth promoter, herb, fishes

“Corresponding author

Email: shubharatnashakya@gmail.com
Introduction
Fish of commercial importance are farmed in
captivity under controlled conditions to tulfill the
demand of white meat tor human consumption. In
commercial fish farming, the production is
maximized by increasing the weight of individual
fish [1, 2]. An

aquaculture improves fish growth with maximum

artificial feed wused in the
weight in short time [3]. New substances are
added in ftish teed to improve feed conversion
efficiency that result in fish growth [4]. Many
studies show that inclusion of herbs in fish diet
has positive effect on growth and disease free
tishes,

Excess use of various antibiotics, hormones and
other synthetic drugs to control diseases and
improve fish growth in aquaculture is the reason
behind the emergence of drug resistant bacteria
and production of toxic substances harmtul to the
environment and human health [5] and suppress
inmunity in the host [6]. Thus, their use has been
criticized all over the world [7]. The herbs being
cheaper, eco-friendly with minimum side eftects
are used as alternative to antibiotics in fish health
management. World Health Organization (WHO)
encourages supplemented diets incorporated with
medicinal herbs or plants which minimizes the use
of chemicals in fish diet [8]. In this context herbs
and herbal products can be used in fish diet to
increase feed consumption in fish under culture

©N]JE, Biotechnology Society of Nepal

[9]. Thus, this review is an informative collection
in relation to fish growth through herbal feed
supplements which may be useful for aqua
farmers.

Bioactive compounds present in various plants are
used in animal nutrition to stimulate feed intake,
improve secretion of digestive enzyme and
activate immune responses, These plants are also
known antibacterial, antiviral and

[10]. In
practices many herbs and herbal products are

to possess

antioxidant  properties aquaculture
included in the tish diet to cure diseases, promote
growth, reduce stress, stimulate appetite, boost
immunity and prevent infections in producing
healthy fishes [11- 15].

The flavor imparted by herbs and herbal products
added in fish diet changed the eating patterns,
increased feed consumption and stimulated
digestion by increasing the secretion of saliva,
various  digestive bile,

enzymes, pdncree\tic

enzymes activity and mucus in tishes [16,17].

Some herbal feed supplements used
in Aquaculture

Various herbs such as Hygroplula spimosa, Withana
sommifera, Zmgiber offictnalis, Solamman  trilobatum,
Andrograplus pamiculata, Psoralea corylifolia, Eclipta
crecta,  Qcimon sacnctum,  Picrorluza  kurooa,
Phyllanthus niruri and Tinospora cordifoliaare used
to reduce stress, increase immunity and control

bacterial activities. Penacus monodon in culture fed

58 Nepjol.info/index.php/njb
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Medicinal importance of fruits of indigenous lapsi
Choerospondias axillaris (Roxb.) in Nepal

Shyam Naravanu Labh and Shubha Ratna Shakyva

Abstract

Choerosporshias wiliars (Roadb ), 2 large, decaduouns and subtropucal fnat tree has been recognned as 2
potential agroforestry tree for oo proeration for wibstence farmen @ Nepal The ey, locally called
Laps:, produces frusty with hugh vitanun C content. whach are convumed Sesh, peciled and processed for
prepanng vaneties of yweet and sour, tasty food products that are marketed locally and have potentialy
for exportmng A total of 301 Village Developoent Comuutiers m 29 hadl distcts have seporied
cultsvation and protechon of Lapwu trees for some socio-econouur purpose  Lagn: was grown from eadt to
wesl Nepal frosn 550 m aud 8o up 1o 1900 m. Dovtnbutson of Lapa has boen Sound i much wider sivas m
the coumtry than reported carlier. Over 40 000 trees e af St beanng stage and more than 450 000 new
trees are planted n varous destncts of Nepal

Keywerdh: Chowrugpondias muliarys, lapsi. vepetative propagation fnet frees. ter. domestication,
agrofoeestry

1. Introdaction
1.1 Background of the country
Nepal s a landlocked country situated in the central part of the Humalayas between Chasa to
the north and India to the south, the cast and the west. The country has been geographscally
dvided mio tuee ecolomcal belts: Mountaaas, Hills and Terai All three ecologacal belts
extend lengthwise from cast 1o west across the country. The clisnate vanies from alpune cold
semi-desert type in the trans-Himalayan zone 1o tropical humid type @ the tropical lowlands in
the south, It has an area of 147,181 square kilometers, average length of £55 kom east 10 west,
and average width of 193 kms porth 1o south. The country has an inuncnse vaniety of
topography, maging from lowland plans in the south with clevation as low as 90 metens 1o the
Humalayan mountain range i e north with elevation up 10 S848 meters ot the Mot Everest
The clunate varies from alpme cold semi-desert type mn the trans-Hunalayan 2ooe 1o tropocal
humed type n the tropscal lowlands in the south. Nepalese economy heavily relies on
agniculture and contributes 33 percent 10 Gross Domestic Product (GDP) that generates direct
10 67 percent population and ‘63 agnicudtural households, the nssjor
source of livelithoods of the Nepalese people There are altogether 75 distncts and $
developusent regsons: MCMWM\MWN@MP-WMMM%
of the total population ressdes n the Central Development Region, which covers 19 daenicts
including Kathaandha valley .

L Distribation of lapst in Nepal
mcmosyondnnwl&wnnmwwo(\?l found growing withan 900~
2000 m above sea level im many parts of the coumtry llnmnwlwmr
Developusent conmmnittees of 29 hall distncts of Nepal for some soCo-oConomis puarpose
Lmummmmodyfaﬂnmmmuxmm(mxm
Panchihal, Namobuddha, Kavre, Panauti and Dbulikbel of Kavrepalanchowk district as well
s in Juri. Chankot of Dholka district and Chautara of Sindhupalchowk district. The tree Jus
long been cultivated in rual Nepal for s fruit. The lapsi tree is widely used for private
planting m hills, as part of coummmity forestry program . In the natural forest Lapsi trees are
sparsely distributed. Over 40,000 trees at fruit bearing stage and more than 450,000 pew trees
were planted in these districts of the country. There is a tremendous opportunity for income
and cmployment generation through proper management and use of Lapsi troe in Nepal 14
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Medicinal importance of Choerospondias axillaris (Roxb.) Burtt &
Hill fruits in Nepal

Shyam Narayan Labh'* and Shubha Ratna Shakya®

'Division of Fish Nutrition, Biochetmistry and Physiology (FNBP), Central Institute of Fisheries Education.
ICAR-CIFE, Mumba:, Maharashtsa, Indua
*Central Department of Zoology. Triblmvan University. Kirtipur, Kathmandu, Nepal
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Abstract: Choerospondies axtllarss, a large, deciduous and subtropical frwat tree has been
recognized as a potential agroforestry tree for income generation for subsistence farmerns m Nepal
The tree, locally called “lapsi’, . produces fruts with high vitamun C content, which are consuned
fresh, packled and processed for prepanng vaneties of sweet and sowr. tasty food products that are
marketed locally and have potentials for exporting A total of 301 Village Development
Commuttees inn 29 hull distiscts have reported cultivation and protection of Lapsi trees for some
socio-economic purpose. Lapat was grown from east 10 west Nepal from $50 m 1o 1900 masl
Distnbution of Laps: bhas been found i much wider arcas i the country than reported carlier. Over
40,000 trees are at frt beanng stage and more than 450000 pew trees are planted mn vanous
districts of Nepal.

Keywords: Choerospondias axillors - Laps: - VVegetative propagation - Fruit tree - Agro forestry

[Cite as: Labh SN & Shakya SR (2016) Medicunal mmportance of Choerospondias axellarss (Roxb ) Burtt & Hill
frwits in Nepal. Tropucal Plant Research 3(2). 463-369)

INTRODUCTION

Nepal 15 a landlocked country situated s the central pant of the Humalayas between China to the north and
India 1o the somth. the cast and the west. The commtry has been geographically divided o three ecological belts:
Mountains, Hills and Terma All three ecological belts extend lengthwise from east 10 west across the country.
The chmate vanes from alpine cold semi-desert type i the trans-Himalayan zone to tropical humad type mn the
wopical lowlands n the south It has an area of 147,181 Km’, average length of 888 km east 10 west, and
average widih of 193 ki porth to south. The country has an munense vanety of topography, mnging from
lowland plasns in the south with elevation as low as 90 meters to the Humalayan mountan range in the north
with elevation up to 8848 meters ot the Mount Everest. The chumate vanes from alpine cold senu-desert type m
the trans-Husalayan zone to nopical humud type wn the tropical lowlands in the south Nepalese economy
heavily selies on agniculture and contnbutes 33 percent to Gross Domestic Product (GDF) thar gencrates direct
employment 1o 67 percent population and 76 3 percent agncultural howscholds, the major sowrce of hvelihoods
of the Nepalese people (LSS 2010-2011). There are altogether 75 districts and S development regions: Eastern,
Central, Western, Mid-Western and Far Western and about 36% of the total population resides mn the Central
Development Region. which covers 19 dismcts including Katlunandu valley (Shakya 2011)

DISTRIBUTION

Lapsi, Choerospondsas axilloriy (Roxb. ) Burtt & Hill s indigenous fruit tree of Nepal found growing
within 900-2000 m above sea level i many parts of the country (Poudel ef o/ 2001). It is grown in 301
village Development commitices of 29 hall disiricts of Nepal for some socio-economic purpose (Poudel er
al 2001). Lapss trees are commonly found in places ke Pharpmng. Machhaya gaon (Kirtipus), Phulban,
Panchkhal. Namobuddha. Kavre. Panauti and Dhulakbel of Kavrepalanchowk district as well as in Jure
Chankot of Dholkha distnct and Chantara of Sindupalchowk district (Fig. 1)
The tree has long been cultivated in rural Nepal for its fruit. The lapsi tree s widely used for private
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Effects of lapsi Choerospondias axillaris (Roxb.) on
survival, growth and hepatic enzyvme activities in
Cyprinus carpio fingerlings

Shyam Narayan Labh and Shubha Ratna Shakya

Abstract

Altogether, two Iundred seventy :'mgalm;s of C. carpio (4.71=0.012g) were mndomly disaibuted in
sk o=aed groups I tiplicates form Carp were &=d with basal di=t coomaiming 40°: protein
sappiementad with ethano] exmact of lapsi frait at 0, 0.1, 02, 0.4. 0.8 and 16 gkz -1 @ 3% of their
body weight twice daily for 70 days \empercemnmnnlmemobsen‘adm]" and T4 dit fad
group white the survival rate was 91.11% in T control diet fad group. For growth profile final weizht
gain, final length zan specifx growth me= and feed comversion rato were measured Smelary,
peosinate amalyses of all the meated diets were assayed with SGOT. SGPT and ALP. There was
significant (p<0.03) dm-a;mwm;hxmlengmammdspecxﬁc growth rate in weated dist fed
group to that of control diet fad zroup Ca:p*a'lwnhl‘-ldm(@ :~hawmh1gherlen£lhmum
gain and SGR. as compared to others while k2 gher decreasing trend were observed in feed conversion
ntio (FCR) of T4 diet. Growth rate was 87.89% higher in T4 diet fed group while it was only 53.68%
mcomm.dmtfecg:wp stmﬁ:xnuecmneuendmeobsened:nSGOT SGPT and AP m all
the treated diet fod group but the lowest decreasing trend were in T4 diet fed zroup. It can be concluded
thar a munineen amount of 0 4 g lapsi fmat extracts ke is sufficent to be added m diet for pood seram
enzymes J=vels and growth performances of coommon carp

Kevwords: Carp growth, prosamave analysis, sarvival, SGOT, SGPT and ALP

1. Infroduction

Agquaculnure is probably the fastest Zrowing food-producng sector, now accounts for nearly
30 parcent of the worlds food fish Aquaculture in Nepal is basically small but conmibutes
3% o the agnculmral GDP. River is the major source of capture Sshery covering 3. 95. 000
ba. of the swface of namwal water resouwrces. Around 75,000 people are engaged In
agquacultare with net Ssh producton of 64.900 M. (culnme fishenies 43 400 Mt. and caphze
Ssheries 21,500 M) m the year 2014 ') agamst 57.500 tonnes in fiscal 2012-13. The present
anmmal fish production in Nepal 15 69,500 Mt =/, The country’s fish production has not been
able to meaet local demand despite a rapid growth in fish farming however; around 80 percent
of the domestic requirement of fish is fulfilled by local producton while the rest 15 met by
mports. In Nepal many Sshermen their fanubes and others are engaged in caphure Ssheries,
which represent nearly 0.28% of the total population of Nepal Lapa Choarospondias
axtiiors (Roxb.) of fapuly Anacardizceae is 3 large. dioecious and deciduous fruit oee The
tree is native to Nepal | found srowing m hlls between 850-1900 m above the sea level and
has zlso been reported from vanous counmies like India, China, Thailand. Japan Viemam
and Mongzoliz 1. The fots are nich in vitamin C content ' and are usad as @ madicinal plant
to enhance the immune system of the body **/. The lapsi futs consain phenolic and favonoid
compounds 7 . The secondary products of medicinal plants and many edible plants contain
phenolic compounds ' which serve a: antioxidants. So there are potential benefits of
consuming phenolic nch foods ', Thms, keeping these things in nund an experiment was
camed ow in the wet laboratory of Cengal Department of Zoology, Tribbuvan University,
Kirtpur to understand the antioxidant actvites of laps: fuits on carp growth.
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Effects of dietary lapsi, Choerospondias axillaris

(Roxburgh, 1832) fruit extract on haematological

parameters in Cyprinus Carpio (Linnaeus, 1758)
fingerlings

Shyam Narayvan Labh and Shubha Ratna Shakya

Abstract

An mndoor expenment was conducted to study the effects of Laps1 Choerospondias axillaris on some
haematological parameters of common carp Qyprinus carpio fingerlings

Two hundred seventy fingerlings (average weight 4.71+0.012g) were randomly distnbuted mn six
treatment groups in trplicates of control (T1), 0.1 g kg (T2), 0.2 g kg'! (T3), 0.4 g kg'! (T4), 0.8 g kg!
(T5) and 1.6 g kg'! (T6) supplemented with ethanol extract of lapsi fruits i the diet containing 40%
protem. Fingerhngs were fed at 3% of body weight twice daily. Significant differences (P<0.05) were
observed in haematological parameters of treated diets fed groups to that of control diet fed group.
Haemoglobin (Hb), red blood cells (RBC), packed cell volume (PCV), White blood cells (WBC) and
other blood indices were observed to be sigmificantly ugher i the treated groups as compared to the
control Tt was concluded that a minimum amount 0.4% (0.4g kg?) of lapsi fruit extracts i fish feeds
ehcited more mcrease n haematological parameters of common carp. Inclusion of lapsi fruit extract at
0.4% concentration 15 therefore beneficial for use mn aquaculture to enhance unmunity mn common carp

Keywords: Aquaculture, haemoglobin, packed cell volume, ethanol extract

1. Introduction
Common carp, Cyprinus carpio, is one of the most important fish species in aquaculture [,
Common carp is an economically significant fish species cultivated mainly in Asia and
Europe. Global production of cultivated comumon carp was about 6.14% of the global
aquaculture production 1. It is a warm water freshwater fish species that is native to Asia. It is
cultivated commercially P! in other parts of the world, including Nepal, because of its fast
growth rate, facile cultivation and high feed efficiency ratio 1], China is by far the widest
commercial manufacturer of common carp, which reports nearly 70% of the country's
freshwater fish production 1. In the last two decades the annual production of common carp
raised exponentially and obtained more than 3 million tons in 2010 ®1. Currently. it represents
14% of the total world freshwater aquaculture production and is mostly cultivated in Asian
countries, especially in China which accounts for 70% of the total global production ¥/,
Lapsi (Choerospondias axillaris) is one of the known medicinal plants rich in vitamin C
content ') and used as a medicinal plant to enhance the immune system of the body ®), The
constituents of lapsi fruits have been investigated chemically and shown to include phenolic
compounds and flavonoid content ], The ability of phenolic compounds to serve as
antioxidants has been recognized, leading to speculation about the potential benefits of
ingesting phenolic rich foods 1% 1t is assumed that the antioxidant activity of fruits of lapsi
Choerospondias axillaris (Roxb.) may enhance the blood parameters of carp by improving
immunity in the body so that carp can survive in adverse conditions and have capacity to fight
against the diseases.
The haematological parameters are used as health indicators in aquatic medicine following
different stress conditions "' 1?1, Haematological parameters are therefore ready tools used by
fish biologists and researchers in many parts of the world. The knowledge of the
haematological characteristics can be used as an effective and sensitive index to monitor
physiological and pathological changes in fishes '3, These parameters are also closely related
to the response of the animal to the environment, an indication that the environment where

~ 427~
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Fruits of lapsi Choerospondias axillaris enhances
ascorbic acid level in brain and liver of common carp
(Cyprinus carpio L) during intensive aquaculture

Shubha Ratna Shakya and Shyam Narayan Labh

Abstract
Teleost fish lack the enzyme for endogenous synthesis of ascorbic acid (AA). an essential micronmtrient
for fish and fruits of lapsi are rich in vitamin C. Thus, the aim of this study was to examine the effect of
higher levels of dietary vitamin C on growth and protein levels in the brain and hiver of common carp,
Cyprinus carpio through lapsi fruits supplemented in the diets. Six groups of C. cavpio were fed with
| diets comtaming lapsi fruits supplementsd at Omgkg"(rl) 100 mg kg™ (T2).
200 mg kg™' (T3), 400 mg kg™ (T4). 800 mg kg™ (T5) and 1600 mg kg™ (T6) for 70 days. Growth
parameters (WG, SGR and FCR) and concentrations of vitamin C in brain and liver were estimated. Fish
fed wath lapsi fruits supplemented diet showed higher weight zain and specific growth rate (SGR) up to
400 mg kg™' compared with coatrol fish. Concentrations of vitamin C was found higher in liver of T4
diet fed group as compared to brain. In both tisswes (brain and Liver) the Jowest vitanun C concentrations
were always in control T4 diet fed carp. Results from this study help to establish the benaficial effect of
lapsi frusts on growth and immmamodulation in C. carpio

Keywords: Growth, vitamin C, brain, Liver, lapsi, Choerospandias axiilaris, cap

1. Introduction

Vitamins are the important essential muments for most animal species. Vitamin deficiencies in
fish under aquaculture are known to produce biochemical dysfumction, leading to tissue and
cellular level clinical manifestations. Several morphological and functional abnormalities have
been reported in various fish species deprived of vitamins. Vitanun C is synthesized mn animals
from either D-ghicose or D-galactose as part of the glucuronic acid pathway ). Branching
from L-gulonic acid. the biosynthetic pathway of vitamin C comprises three consecutive steps:
first, the enzymatic lactonization of L-gulonic acid catalyzed by L-gulonolactona hydrolase [%);
second, the oxidation of L-gulonolactone catalyzed by L-gulonolactone oxidase (GLO); and
third, the spontaneous isomerization of 2- keto-L-gulonolactone leading to vitamin C P). The
general view is that the amimals lacking GLO are not able to synthesize vitamin C and thus
depend upon a dietary source of the vitamin ). Among the fishes analyzed to date, only those
retaining numerous ancestral characters, such as lamprey, shark, ray, hmgfish and sturgeon *
'] have been shown to have GLO in the kidney, whereas teleost fish lack GLO activity '),
Lapsi Choerospondias axillaris (Roxb.) ') of family Anacardiaceae is a large, dioecious and
decidnous fruit tree found growing in hills between 850-1900 m above the sea level in Nepal
and has also been reported from various countries like India, China, Hong Kong, Thailand,
Japan, Vietnam, Thailand, and Mongolia ['¥). The fruits are rich in vitamin C content ¥ and
are used as 3 medicinal plant to enhance the imnmmne system of the body (*. Phenol and
flavonoid compounds (" 'l present in the fruit of lapsi serve as antioxidants. So there are
potential benefits of consuming phenolic rich foods [*¥). Thus, keeping these things in mind an
experiment was conducted to understand the effects of lapsi fruits supplemented diets on carp
growth and the concentrations of vitamin C (ascorbic acid) in some tissues (bram and Liver) of
common carp C. carpio fingerlings.

2. Materials and Methods

2.1 Preparation of ethanol extract of lapsi fruits

The ethanol extract of lapsi fruits was prepared as described by Labh er al.. 'l with slight
modifications.

~ 455~
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Effects of dietary lapsi (Choerospondias aallaris Roxb.) on survival, growth and protein profile of

common carp (Cyprinus carpro L) fingerlings
‘1 Shubha Eatna Shalova, *Shyam Naravan Labh

! Central Department of Zoology Triblunan University Campus University, Eattmamdu, Wepal
* Deparment of Zoology, Amrit campus, Tribbuvan University, Kathmandn, Mepal

Abstract

This study was conducted to evalnate the effects of dietary lapsi Choerospondias axilaris (Roxb.) on survival, growth and protein
profile of Cyvprinus carpio (L) fingerlings. Six practical diets were formmlated to contain 0.0 (control), 100, 200, 400, 200, and 1600
mg ethanol extract of lapsi fruits equivalent kg (') dier. Each diet was fed to miplicate groups of fingerlings of C. carpio (4.71+
0.012 g)in 100-L glass aquaria 25 T1, T2, T3, T4, T3 and T8 (@ 3% of their body weight twice daily for 70 days. The ragults showad
statistically significant (P<0.05) increased in weight gain SGR. total protein and globulin which may be considered as a sign of
improvement in immune system It may be due to presence of antioxidant properties (vitamin C) in lapsi fruit exiract which act as
an antioxidant. Fimally, it has been conclnded that 2 mininnarm amount of 0.4 g lapsi frut extracts kz-* is sufficient o be added in
diet for mcrement of good growth and semm protein in common carp.

Eeywords: Carp, protein, growth, SGE lapsi, Choerozpondiar axillaris

1. Introduction

Aguaculbore is the fastest-growing food-production sector in the
world, now providing almost half of the zlobal fish supply.
Increaszes in demand for fish ndicate that aquaculture needs to
expand, paricnlarly in Asia. To meet this prowng demand,
World Fizh uses it technical and scieniific expertise in fisheries
and aguacnlture to promote evidence-based development
solotions  and incresse aguacultre  productvity, while
minimizing mmpacts on the eovironment by developing
technologies, IMproving Tesource Manigement, SeCUNLE SCCess
to essemfial mputs and mproving connectons to markets.
Development of sustzinable fish feeds represemiz a key
component of fomure program. Aquaculture in Mepal is basically
small and new that conmibutes 3% to the agricolnral GDP.
Rivers are the major source of capture fishery covering 395000
ha. of the surface natural water resources. Around T5000 people
are engaged in agquaculiure with net fish production of 64,900
Mt {mlture fisheries 43,400 Mt and captore fisheries 21,500
Mt) in the year 2014 [V against 57,500 Mt. in fiscal 2012-13.
The present annual fish production in Mepal is 62,500 Mt The
conmtry”'s fish production has not been able to mest local demand
despite 8 rapid growth in fish fapming however; aroumd 80
percent of the domestic requirement of fish is fulfilled by local
production while the rest is met by imports. In MNepal, many
fishermen, their fanulies and others are engaged I caphuoe
fisheries, which represent nearly 0.28% of the total populstion
of Mepal

Lapsi Choororpondior axillaris (Roxb) ™ of family
Anacardiscese is 3 large, dicecious and deciduons fruit tee
found prowing in hills between 850-1900 m sbove the sea level
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in Mepal and has also been reported from various countries like
India, China, Hong Kong, Thailand, Japan, Vietnam Thailand,
and Momgolia M. The froits are rich in vitamin C content and
are used a5 3 medicinal plant to enhance the inwmme system of
the body [, Phenol and flavonoid compounds (78 present in the
fruit of Lapsi serve as antioxidants. So there are potential benefits
of consuming phenclic rich foods ¥, Thus, keeping these things
i mind an experiment was carried out in the wet laboratory of
Central Deparment of Zoology, Tribhuvan University, Eirtipur
(Mepal) to smdy the effect of lapsi exiract supplemented diets on
survival, growth and protein profile of conumon carp Cyprimus
carpio fimgerlings.

2. Materials and Methods

1.1 Preparation of lapsi fruits supplemented artificial diets
The cmde extract of the pulp of lapsi fruits was prepared by
using ethawol (70%) as described by Labh e al., ¥.10 g of lapsi
finuit powrder was taken in comical flask and sdded 500 ml of 70
%% ethanol. The flask was sealed by cotton plug and ahmoinnm
finil and then kept in orbrtal shaker for 48 hrs. The mixture was
then filtered using Whatman filter paper No.l and filrate was
cenmifuged ar 10000 rpm for 5 mimies o collect the
supernatant. The supematant was concentrated ar 70 °C using
the water bath. Finally, a greasy substance (crude extract) of the
lapsi fouit was obtamed which was transferred to soew-cap
bottle labeled and stored at 4° C unfil nse. Altopether six weated
diers T1, T2, T3, T4, T5 and T were prepared in which T1 was
trexted a5 control while rest of the dists were supplemented with
100, 200, 400, 200 and 1600 mg kg -* lapsi fruit extracts. Other
standard ingredients were used during feed preparation (Tablel).
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Medicinal uses of ginger (Zingiber officinale
Roscoe) improves growth and enhances immunity
in aquaculture

Shubha Ratna Shakya

Abstract

The medicinal plants are of great use in pharmaceutical, cosmetic, agricultural and food industry. The
efficacy of some herbal products is beyond doubt, the most recent examples being Silybum marianiom
(Linn.) Gaertn (Silymarin), Artemisia annua Lann. (Artemesinn) and ZTavus baccata Linn.(taxol)
Randonuzed, controlled trials have proved the efficacy of some established remedies, for instance
Zingiber officinale Roscoe, commonly known as ginger. Ginger contains natural organic materals
beneficial to health and enhances resistance to infectious diseases by mereasing non-specific and specific
inmune mechamsms. The rhizome of ginger has shown to be effective i the control of a range of
bacterial, viral, fungal and parasitic diseases in humans, poultry and aquaculture owing to its
antimucrobial, antioxidant, growth promoter and as immunostimulant properties to health. Hence, thus
review focuses on the use of ginger as growth promoter, antimicrobial agent, and antioxidant and as
unmunostimulant i aquaculture.

Keywords: Ginger, Zingiber officinale, gingerols, antioxidant, aquaculture

1. Introduction

I'he world trend to improve food security and to use natural products will drive the chemically
synthesized antibiotics and growth promoters out of use. Aquaculture is therefore an emerging
industrial sector which requires continued research with scientific technical development and
innovations (Ibrahem er al., 2010) 24, Extensive use of antibiotics in aquaculture leads to the
emergence of antibiotic-resistant bacteria and generation of toxicants, which may cause risks
to the environment (Esiobu ef al., 2002) U3 and immunosuppression in the host (Panigrahi &
Azad, 2007) B8, There are a large number of feed additives available to improve fish growth
performance. Some of these additives used in feed mill are chemical products, especially
hormones and antibiotics, which may cause unfavorable side effects. To alleviate these
problems. increasing attention is being given to the use of natural alternative feed additives
such as ginger for disease-control strategies in aquaculture. Ginger enhances resistance to
infectious disease by increasing non-specific and specific immune mechanisms (Harikrishnan
et al., 2011) P, Ginger contains natural organic materials that facilitate growth. anti-stress,
environmentally friendly and antimicrobial properties in fish (Magsood et al.. 2011) B3,
Ginger as a natural antibiotic is the earliest known medicinal plant. It has shown to be effective
in freating diseases i humans, poultry and aquaculture owing to its antimicrobial, antioxidant.
growth promoter and immunostimulant properties. An optimized dose of ginger is
recommended in the diet. Ginger (Zingiber officinale (L..) Roscoe) has been used as a spice for
over 2000 years (Bartley & Jacobs. 2000) ), It is also called “The Great Medicament™ in
Aywrvedic medicines (Tan & Vanitha, 2004) M and is generally considered as a safe herbal
medicine (Weidner and Sigwart. 2000) 146,

Ginger (Zingiber officinale Roscoe) is a creeping perennial underground rhizome belonging to
family Zingiberaceae (Sharma.ef al.. 2010) 1], Nepal is the third biggest producer of ginger in
the world (FAO, 2012). In the first year. a green. erect reed like stem about 60 cm high grows
from this rhizome. The plant has narrow: lanceolate to linear-lanceolate, 15-30 cm long leaves
which die of each year. The odour and taste are characteristic, aromatic and pungent. Ginger
valued as a spice has been used through ages in almost all systems of medicine against many
maladies, The plant is indigenous to Southeast Asia and is cultivated in a number of countries
including Nepal. The smell and taste of the drug are typical and aromatic. The medicinal part
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Extract of Medicinal lapsi Choerospondias axillaris (Roxb.)
exhibit antioxidant activities during in vitro studies

Shyam Naravan Labh, Shubha Ratna Shakya, Babita Labh Kayasta

Abstract

Lagsi Choevospondias avillars (Roxb.) frust has a soft whitisly vour flesh and green to yellow dan used
1o make packles. frvt tarts and spacy candy m Nepal The present study evaluated the asnoxsdant setivity
of the frust of lapsi Chocrospondans axillaris (Roxb ) Ja vitre mvng two different solvents: aqueous and
cthanol The snboxsdant propertses of the lapu frnt extracty was quantified by the DPPH radical (2. 2-
diphenyls | pierylhbydrazyl) sand the results showed that lapsd fruit possess & strong antioxidast power with
h P ge of miub of DPPH radigal recorded in cthanobic extracts (98%). followed by
ascorbic acid (95%) and aqueouns extract (91%) The resulty cleacly showed that lapys frwes contain
explostable and potent ambiossdant molecules, and ceald be promoted as a prospective dhetary
sipplements and or Nutrageutical for both buman and anmal use
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Totroduction
Lapst. Choevospondias axillarts (Roxb. ) 15 a popular frust tree of Nepal and many other Asian
countries ' This deciduous tree can grow up to 20 meters tall and has smalles purple-brown
branches Lapss frant o abott 3 centumeters long with green-yellow sk, and 15 meredibly sour
if eaten raw, Tuside the frnt is a large seed that 1s segmented o that it looks hike a star @ To
prepare the fruit. the skin is pecled. sometimes the seeds are also removed. and the fruit is
mnxed with salt, spsces, or sugar to make vanons aachan. Lapy achar can be mtensely sweet,
salty, sugary or spicy as depending on how it is prepased. The lapai fruit 18 rich e Vitanun € V)
and known for its antibactenal. antumicrobial and antioxidant properties 14, Pl
Fruits are tmportant sources of minerals. fibers and vitamins, which provide essential nutnents
for the human bealth. Increased consumption of frt and vegetables sigmificantly reduce the
wcidence of cluonic diseanes. such as cancer, cardiovascular diseases and other agmg-related
pathologies ) The wild underutilized edible fruits can also play an tmportant role as food
supplement. Fruits offer protection against free radicals that damage hignds, protemns, and
nuclesc aculs. Polyphenols, carotenods (provitasun A). vitamans € and E present i fruts
have antioxidant and free radical scavenging activities and play a significant role m the
prevention of many diseases I The antioxidant activity of polyphenols is mainly due to their
redox properties. which can play an important role in absorbmng and neutraliting free radscals,
singlet and miplet oxygen, or decomposing peroxsdes I,
Aatioxidants are chemicals that block the activity of other chemicals known as free radicals ¥
Free radicals are lughly seactive and have the potential to catne damage to cells ™1 that may
lead 1o cancer. Free radicals are formed naturally m the body. and antoxidants mteract with
and nevtralize them when overproduced. thus preventing them from causing damage '™ These
annioxidants are called endogenous antoxidants enzyme However, under stress or
pathological condition the endogenous antioxidant may not be wifficient to quench the
danaging effect of free radicals, therefore the body relies on external (exogenous) sonsces,
primaniy the diet, to obtaiy the rest of the antioxidants it needs " These exomenous
annoxidants are conunonly called dictary antioxidants Fruin, vegetables, and grains are nch
sources of dietary antioxidants ' Some dietary astioxidants are alvo avarlable "7 ay dietary
supplements
In recent times natural antoxsdants are gaimng considerable mterest among nutnhonists. food
manufacturers, and comsumers because of their perceived safety, potential therapeutic value,
and long shell ife. Plant foods are kuown 1o protect agamst degenerative diseases and agemzg
due to their antioxidant activity (AOA) attributed to theit high polyphenolic content (PC) 14
Eprdennological stuches have shown that lugh commuuption of frats and vegetables w
assocated with a lower mcidence of cancer, beart disease. influnmation, anthntis, mmmnne
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Medicinal uses of garlic (Allium sativum) improves fish
health and acts as an immunostimulant in aquaculture

Shubha Ratna Shakya, Shyam Narayan Labh

Abstract

Aquaculture is a source of livelihood for many economically under privileged people in the least
developed countnes including Nepal In recent years. with intensification and rapid development of
aquaculture entérprises. occurrence of mfectious diseases has cause huge econonuc losses. The main
disease cansative agents are bactena. virus and parasites. The excess use of antibiotics and various
synthetic chemicals have resulted in drug residue and resistant pathogens in treated fish. Drug residue
pollutes the environment and threatens humans consuming them. Antibiotics that accumulate in the
environment and fish pose a potential threat to consumers and to the environment, Increased public
awareness of the negative effects caused by overexposure to synthetic chemicals has led to search for
tgreen drugs”” such as organic and synthetic chemical-free food products. In this regard. garlic (Alliom
ranvum) as a natural annibiotic s the eadiest known medicinal plant. has shown to be eftective for the
treatment of many diseases i humans and ammals owing to its annmucrobsal. antoxidant. anti-cancer.
and antihypertensive propernies. In aquacultural operations. optinuzed dose of garlic is strongly
recommended. Hence, this review focuses on the application of garlic 1 on growth performance. flesh
quality, antinucrobial activity. as an unmusostimulant and antiprotozoal agent in aquaculture

Keywords: Garlic extract, aquaculture. growth. resistance. challenge. fish

1. Introduction

Garlic, Alltm sartvum L. has been used for cenfuries in many societies against parasitic,
fungal, bacterial and viral infections . Garlic has been proven effective as a
hypolipidemic Pl antimicrobial Pl antihypertensive ¥l hepatoprotective, and insecticidal
) agent in various human and animal therapies. The use of garlic extracts reduces serum
cholesterol fevels *) and increases blood coagulation time I’). In aquacultural operations.
garlic promotes growth, enhances immunity, stimulates appetite. and strengthens the
control of bacterial and fungal pathogens. Many reports have documented that garlic can
effectively eliminate principal pathogenic bactena such as Pseudomonas fluorescens,
Mwxococcus piscicola, Vibrio anguillarum, Edwardsiella tarda. Aeromonas punctata,
Fibrobacter intestinalts and Yersinia ruckeri m freshwater fish. Garlic improves flesh
quality i fishes. These effects of garlic are due to the presence of various organosulphur
compounds, including allicin

Garlic extracts and most commercial garlic food supplements in the form of tablets and
capsules containing garlic powder are based on either the allicin content or the potential
to produce allicin 1. The content of allicin and other sulfurous chemicals in garlic varies
significantly and depends on several factors. For medicinal applications, higher levels of
allicin are favorable 0% The utilization of garlic in aquaculture has developed alongside
the application and popularization of Chinese herbs in aquaculture. Most aquatic garlic
researches have involved fresh garlic extracts. with experimental subjects either fed a
garlic-added feed or reated with a garlic juice mmmersion. Allicin is the most powerful
component pressnt in garlic that actively and directly kills parasites P Freshly pressed
garlic. liqud garlic products are made for aquarium use, and even most food items
contaming garlic can be effective. Some people consider garlic to be an immune system
booster and compare it to Vitamin € in humans 21,
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Application of immunostimulants as an alternative to
vaccines for health management in aquaculture

Shyam Narayvan Labh and Shubha Ratna Shakya

Abstract

Aquaculture, one of the fastest growing food producing sectors, is gaming momentum in several parts of
the world, Diseases in fish constitute one of the most important problems and challenges for
aquacultunists. Hence, aquaculturists undertake good management practices to ensure the production of
healthy fish. Intensification has become a common practice mn both finfish and shellfish culture to
optimize the returns. High stocking densities, artificial feeding and fertilization have become common
husbandry practices m carp culture systems. Due to mtensification of culture practices, diseases mn
rearing of fishes have become major threat to the sustamability of aquaculture mdustry. Use of synthetic
chemicals and antibiotics has been partially successful in preventing or treating fish diseases. Vaccination
15 an important tool in preventing mfections disease in humans and anumals and both passive and active
vacciations are extensively employed m fish. A vaccine targets the specific immune response. It
requires primary challenge with antigen and 1s dependent upon the clonally derived lymphocytes subsets
to be implemented. Vaccnes aganst some specific pathogens have been developed recently against some
particular diseases. Thus, an alternative approach to boost or stunulate the mnate immune system of
farmed fish 1s an apphication of immunostimulants. Immunostimulants are considered as attractive and
pronusing agents for prevention of diseases in fish and shellfish. In recent years, the proven beneficial
effects of immunostimulants in many living systems promote their application for disease management in
aquaculture practices.

Keywords: Immunostimulants; Immune system; Aquaculture, Vaccine, fish

1. Introduction

Aquaculture has been growing rapidly for food production in the last few decades, Several
conunercial fish species have been cultured intensively in narrow or enclosed spaces such as
ponds. cages or tanks under overcrowding or high density conditions, thereby causing adverse
effect on their health with a potentially stressful environment and infectious diseases U1 The
outbreaks of infectious disease in cultured fish have emerged as constraints for the
development of aquaculture. These occurences have spread through the uncontrolled
movement of live aquatic animals resulting in the transfer of pathogenic organisms among
countries 1. Antibiotics and chemotherapeutics have been used to prevent or control bacterial
infections in aquaculture for about 20 years Bl Unforrunately. antibiotics treatment is not
successful and sustainable due to increase antibiotic-resistant in bacteria. negative effects on
the indigenous microflora of juveniles or adult fish ¥/, accumulation of antibiotic residues in
fish tissue and environment causing human and animal health issues. Vaccination is an
effective prophylactic treatment for infectious diseases in fish culture, but it may be very
expensive and stressful to the fishes. A single vaccine is effective against only one specific
type of pathogen, but limits the effectiveness for wide range of pathogens due to the complex
antigenic structure 1), Therefore. eco-friendly disease-preventive alternative techniques have
to be taken into account. One such promising alternative technique to strengthen fish immune
systems is the application of immunostimulants in aquaculture U,

1.1 Concept of Inmunostimulant

Immunostimulants, also known as immunostimulators, are substances comprising of drugs and
nutrients that activate the immune system by increasing activity of any of its components.
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