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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 viral 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
-1

 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 
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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
-1

 

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

et al., 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  

Aquaculture 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; Sakai, 

1999). Immunostimulant incorporated diet fed to fish and shrimps led to better performance 

of haematological, biochemical and immunological parameters (Citarasu et 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 

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
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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 
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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 killer 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 
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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, albumin 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. 
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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 
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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 
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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, 



11 
 

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 (Süheyla, et al., 2003). 

Christybapita et al. (2007) observed the immunostimulatory effect of aqueous extracted E. 

https://www.researchgate.net/profile/Sueheyla_Karatas_Steinum
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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.  

  



13 
 

 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 

javascript:;
javascript:;
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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
-1

 

(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.). Ilondu 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 (Fernández-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
-

1
of 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-II-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 (Což-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.   

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4537862/#b0220
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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, albumin 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.  

  

 

 

 

 

 

 

 

 

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. 

Figure 3.1 Satellite view of Aqua Research lab, Central 

Department of Zoology, Tribhuvan University, Kirtipur 
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3.1.1. c 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; 

Dhading to the West; Rasuwa to 

the North; and Dhading and 

Kathmandu to the South. Besides 

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. 

  

Figure 3.3 Satellite view of Sosoda Trout Farm, 

Ranipauwa, Nuwakot, Nepal 

 

Figure 3.2 Satellite view of Corona of Aquaculture at 

Gunjanagar, Chitwan, 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 l 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 l 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 (1m×1.5m×1m) 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 × 

1m × 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. 

 

Replicates 
Treatments 

T1 T2 T3 T4 T5 T6 

R1 T1R1 T2R1 T3R1 T4R1 T5R1 T6R1 

R2 T1R2 T2R2 T3R2 T4R2 T5R2 T6R2 

R3 T1R3 T2R3 T3R3 T4R3 T5R3 T6R3 
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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 – II) 

 

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: 

500μ). 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: 500μ). 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 (%) 

Ingredients 
Experimental diets (% inclusion) 

T1   T2   T3   T4 T5 T6 

Fish Meal
†
 29.31 29.31 29.31 29.31 29.31 29.31 

Soya meal
‡
 14.52 14.52 14.52 14.52 14.52 14.52 

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
†
 14.43 14.43 14.43 14.43 14.43 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)†† 0.02 0.02 0.02 0.02 0.02 0.02 

CMC  

(Carboxymethylcellulose) †† 
1 0.99 0.98 0.96 0.92 0.84 

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
-1

) without any lapsi pulp where as in 

the remaining five diets (0.1 g kg
-1

, 0.2 g kg
-1

, 0.4 g kg
-1 

, 0.8g kg
-1 

and 1.6 g kg
-1

)  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 l
-1

 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 (g) 

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:  

 

Weight Gain (%) = 
(Final  weight  – Initial  weight ) 

Initial  weight
  × 100 

 

3.2.2 Specific growth rate (SGR)  

 The Specific Growth Rate was calculated using the following formula:  

 

SGR = 
Loge  Final  weight  – Loge  Initial  weight   

Number  of  Days
 × 100 

 

 

3.2.3 Feed conversion ratio (FCR)  

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

Body  weight  gain  (Wet  weight )
 

 

3.2.4 Fish survival (%)  

 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
o
  2 ºC 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:  

 

Moisture (%) = 
W2 – W1 

W2−W
  × 100 

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 
0
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 
0
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:  

 

Ether Extract (%) = 
W3 – W

W2−W1
  × 100 

 

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 
o
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 ºC 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 ºC 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: 

 

Crude Fibre (%) = 
W1−W2 (g) 

W (g)
  × 100 

 

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 
0
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
0 

C incerated for 5 hours, cooled 

and weighted (W3). The ash contents in diets were expressed in percentage total ash as 

follows:  

 

Total Ash (%) =
W3−W1 (g)

W2−W1 (g)
 × 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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(a) Reagents 

1. Ethanol (80%) 

2. Folin-Ciocalteau reagent (1N) 

3. Sodium carbonate (20%) 

4. Standard catechol solution (100μg/ml in water) 

 

(b) Procedure 

 Sample of 0.5 g was homogenized in 10 × 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 2.0-10μg 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 (110μg/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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c) 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 for15 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
-1

 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 (10μl) 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: 

DPPH  Radical Scavenging Activity (%) = [ 
Ao−As

Ao
] × 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 
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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 H2SO4 

3. Thiourea (10%) 

4. Sulphuric acid (85%) 

5. Standard ascorbic acid solution: 100μg / 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
-1

. 

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 CaCl2, 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 HClO4 containing 5% 

trichloro acetic acid (TCA) and 0.08% ethylenediaminetetra acetic acid (EDTA). 

Homogenates were centrifuged at 27000 rpm for 30 min at 4ºC. 25 µl of 0.2% 

dichlorophenolindophenol (DCIP) was added to the 250 µl of deproteinised sample and to a 

blank. The mixture was then incubated at 37°C for 1 h after which 25 µl 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 µl of 2% thiourea  in  5% meta-

phosphoric acid was added followed by an equal volume of 2% of 2, 4-

dinitrophenylhydrazine (DNPH) in 12M H2SO4. All samples were incubated for 3 h at 60°C 

after which 0.5 ml of ice-cold 18M H2SO4 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 µg/ml) was prepared with vitamin C (l-

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/l 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 µl Biuret reagent (Aspen laboratories Pvt. Ltd., India) was added to 20 µl 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

Absorbance of standard
 × Concentration 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 µl 

Biuret reagent (Aspen Laboratories Pvt. Ltd., India) was added to 20 µl 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

Absorbance of standard
 × Concentration 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 µl reagent 

from a kit (Transasia Biomedical Limited, India) was added to 50 µl of serum and was mixed 

well. After 60 minutes of incubation at 37ºC absorbance of sample was recorded at 340 nm 

against a blank reagent.  

 

 SGOT (IU/L)   =  (Δ Activity/min.) / T.V. X 10
3
 

                     S.V. × Absorptivity x P 

 

Where, 

 T.V.   =           Total reaction volume (µl) 

 S.V.   =            Sample volume (µl) 

 Absorptivity   =    millimolar absorptivity of NADH at 340 nm = 6.22 

 P   =    Cuvette light path (cm) = 1cm 

 Activity of SGOT  =     Δ 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 µl of serum and incubated for 10 min. at 37ºC. The Absorbance was 

recorded at 405 nm against a blank reagent.  

 

ALP (IU/l) =
Aborbance of sample

Absorbance of standard
 × Concentration of standard 
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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 × 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
3
 of blood was mixed with 4 cm

3
 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
3
. 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) 

 MCV is the average volume of a single red blood cell (RBC) in cubic microns (µm
3
). 

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

MCV = 
PCV  (%)

RBC  ( millions  x cu  mm )
  ×  100 

  

3.4.8.5 Mean corpuscular haemoglobin (MCH) 

  

 MCH is the average amount of haemoglobin in a single RBC expressed in picogram 

(10
-12

 gm) and computed as:  

MCH = = 
Hb   

g

dl
 

RBC    millions  x cu  mm  x  106 
 × 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:  

MCHC (g/dL) = 
(Hb  g/dL )  

PCV  (%)
  × 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.  
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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 

µg of Lapsi 

fruit in ml 

extract  

Phenolic Flavonoids 
2, 2, diphenyl-1 

picryl-hydrazyl 
Ascorbic acid 

10 0.58±0.10a 18.26±0.56a 6.17±0.38a 6.41±0.60a 

20 1.30±0.13ab 24.37±0.71b 10.43±0.60b 11.00±0.45b 

40 2.16±0.18c 39.11±1.40c 30.75±0.64c 26.29±0.33c 

80 6.02±0.83d 47.17±1.56d 52.04±0.68d 48.17±0.16d 

160 8.92±0.66e 58.91±3.66e 67.47±0.58e 62.38±0.53e 

320 13.26±0.62f 71.23±0.98f 79.37±0.25f 78.60±0.24f 

640 23.98±0.90g 88.74±0.48f 92.98±0.68g 95.77±0.20g 
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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 

(g/kg) 

T1 

(0.0% 

LE) 

T2 

(0.1% 

LE) 

T3 

(0.2% 

LE) 

T4 

(0.4% 

LE) 

T5 

(0.8% 

LE) 

T6 

(1.6% LE) 

Dry Matter 
91.63 

±0.09a 

91.71 

±0.10ab 

91.72 

±0.01ab 

91.76 

±0.01abc 

91.79 

±0.01bc 

91.83 

±0.01bc 

Moisture 
8.37 

±0.09c 

8.29 

±0.10bc 

8.28 

±0.01bc 

8.24 

±0.01abc 

8.21 

±0.01ab 

8.17 

±0.01ab 

Crude  protein 
34.94 

±0.05c 

35.22 

±0.04c 

36.48 

±0.05e 

37.74 

±0.05f 

35.92 

±0.14d 

36.27 

±0.05e 

Ether Extract 
12.35 

±0.07c 

12.71 

±0.05d 

13.05 

±0.07de 

13.40 

±0.07ef 

13.74 

±0.07f 

13.42 

±0.27ef 

Crude Fibre  
7.51 

±0.23 

7.62 

±0.14 

7.63 

±0.20 

7.74 

±0.06 

7.50 

±0.26 

7.43 

±0.21 

Total Ash 
13.54 

±0.14d 

13.47 

±0.08d 

12.54 

±0.12c 

12.24 

±0.05bc 

12.13 

±0.51bc 

11.72 

±0.31b 

NFE  
31.66 

±0.22d 

30.97 

±0.03bcd 

30.31 

±0.30b 

28.89 

±0.16a 

30.72 

±0.33bc 

31.17 

±0.17cd 

Gross energy 

 

332.29 

±0.62a 

335.27 

±0.50b 

338.08 

±0.55c 

340.94 

±0.55d 

343.81 

±0.55e 

346.67 

±0.55f 

Note: Different letters in the same column is subscript (a, b, c, 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 

Cent per cent survival rate was 

observed in T3 and T4 diet fed common 

carp and 97.78±2.22, 97.17±2.22 and 

95.56±2.22, 91.11±2.22 in T5, T6, T2 

and T1 diet fed fish respectively (Fig. 

4.3.1) 

 

 

 

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±0.016c g) 

followed by diets T3 (6.75±0.011b g), T5 

(6.71±0.013b g), T2 (5.89±0.041a g) and 

control diet T1 (5.56±0.031a g). Final 

average weight gain of common carp fed 

with T4 diet was 28.34 % higher to that of 

control diet fed fish while it was 11.29 

times higher as compared to initial average 

body weight (Fig. 4.3.2). The weight gain % 

was significantly high (P<0.05) in T4 

(420.21±0.23c) diet fed common carp 

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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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 

(1.77±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). 

 

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±0.057b), 

Figure 4.3.2a Percentage of final average weight 

gain of C. carpio fed with diet containing six 

different doses of lapsi fruits 
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Figure 4.3.3 Specific growth rate of C. 
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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 

found between the doses of LFP in 

diets and concentration of vitamin C 

in blood serum of common carp. The 

concentration of vitamin C in blood 

serum was significantly (P<0.05) 

higher (88.90±1.28f μg/dl) in fish fed 

with T4 diet followed by fish fed with 

diets T5 (82.24±1.28de μg/dl), T6 

(75.59±1.28cd μg/dl), T3 

(67.49±1.63bc μg/dl) and T2 

(65.17±1.64b μg/dl). It was minimum in control diet (T1) fed fish (54.16±1.29a μg/dl). 

64.15% higher vitamin C level was recorded in fish fed with T4 (800 mg vitamin C kg
-1

) diet 

compared to that of control fish (Fig.4.3.5). 

 

4.3.6 Vitamin C in Brain 

  The Concentration of vitamin C 

in brain was significantly (P<0.05) higher 

in common carp fed with diet T4 (74.50 

±1.33e μg/mg) followed by T6 

(64.62±1.69d μg/mg), T5 (64.10±1.68d 

μg/mg), T3 (53.06 ±1.65c μg/mg) and T2 

(45.76±1.45b μg/mg) diets fed fish. 

Minimum vitamin C concentration was 
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found in control diet (T1) fed fish (37.68±1.73a μg/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 

concentration of vitamin C in liver 

was recorded in common carp fed 

with diet T4 (82.77±1.28e μg/mg) 

compared to the others. The 

concentration of vitamin C in carp fed 

with diets T5, T6, T3 and T2 were 

76.11±1.28de μg/mg, 69.46±1.28cd 

μg/mg, 61.36±1.63bc μg/mg and 

59.04±1.64b μg/mg, respectively. The 

lowest concentration of vitamin C 

(48.03±1.29a μg/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 

between doses of LFP and concentration 

of total serum protein (TSP) in blood of 

common carp. The concentration of TSP 

was significantly (P<0.05) higher in the 

blood sample of carp fed with diet T4 

(32.38±1.48e µg/dl) followed by carp fed 

with diets T3 (28.42±1.22d µg/dl), T5 

(23.87±0.69c µg/dl), T2 (18.93±1.98c 

µg/dl), T6 (15.57±1.204b µg/dl) and 

Figure 4.3.7 Concentration of vitamin C in liver 

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 µg/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 

protein in brain increased as the 

doses of LFP in diets increased. The 

concentration of total protein in brain 

was significantly (P<0.05) high in 

common carp fed with diet T4 

(15.66±0.48d µg/mg) followed by T5 

(11.23±0.37ab µg/mg), T3 (10.71 

±0.83c µg/mg), T6 (7.31±0.74b 

µg/mg), T2 (7.21±0.81b µg/mg). It 

was minimum in control diet T1 

(4.52±0.48a µg/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 

(P<0.05) higher (31.66±0.11d µg/mg) in 

carp fed with diet T4 followed by carp 

fed with diets T3 (29.76±0.44c µg/mg), 

T2 (27.17±0.32bc µg/mg), T5 

(26.3±0.18b µg/mg) and T6 

(25.23±0.43b µg/mg). It was minimum 

in control diet (T1) fed carp 

(19.32±0.14a µg/mg). 40.6 to 63.9 % 

higher total protein level was recorded in 

carp fed with T4 diet compared to that of 

control.  

Figure 4.3.9 Concentration of Total protein in 

brain of C. carpio fed with diet containing six 

different doses of lapsi fruits 

Figure 4.3.10 Concentration of Total protein in 

liver of C. carpio fed with diet containing six 

different doses of lapsi fruits 
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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 µg/mg) 

followed by carp fed with diet T3 (14.74±0.602d µg/mg), T5 (13.95 ±0.376a µg/mg), T2 

(10.49 ±0.515c µg/mg) and T6 (6.54±0.493b µg/mg). The minimum was in carp fed with 

control diet T1 (6.32±0.098b µg/mg). 2.9 times higher LFP level was recorded in carp fed 

with T4 diet compared to that of control.  

 

 

 

 

 

 

 

 

 

 

 

 

4.3.12 Albumin in Blood Serum 

 The concentration of 

albumin in blood serum was 

significantly (P<0.05) high in 

common carp fed with diet T4 

(12.51±1.410e µg/dl) followed by 

T3 (11.04±2.092d µg/dl), T2 

(7.72±1.264c µg/dl), T5 

(6.37±0.842c µg/dl) and T6 

(4.88±1.671b µg/dl). It was 

minimum in control diet T1 

(2.55±0.526 a µg/dl) fed carp. The 

albumin concentration in blood 

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 

found between different doses of 

LFP in diets and concentration of 

albumin in the brain of common 

carp. The concentration of albumin 

in brain was significantly (P<0.05) 

higher (5.39±0.015d µg/mg) in carp 

fed with diet T4 followed by carp fed 

with diets T3 (3.65±0.347c µg/mg), 

T6 (2.70±0.105b µg/mg), T2 

(2.23±0.015b µg/mg) and T5 

(1.50±0.036a µg/mg). It was minimum in control diet (T1) fed carp (1.73±0.133a µg/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 µg/mg) followed by carp fed with diets T3 (7.43±0.29d µg/mg), T5 

(6.98±0.63bc µg/mg), T4 (6.14±0.26b µg/mg), T6 (5.94±0.22b µg/mg) and control diet T1 

(4.15±0.51a µg/mg) (Fig.4.3.14).  
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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 µg/mg) followed by carp fed with diets T5 (6.58±0.12a 

µg/mg), diet T3 (5.64±0.35c µg/mg), T2 (5.13±0.35c µg/mg), T6 (4.13±0.38b µg/mg) and 

control diet T1 (2.37±0.23ab µg/mg). It was 91% higher in liver of T2 diet fed carp as 

compared to control (Fig.4.3.15). 

 

 

 

 

 

 

 

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. 

The concentration of globulin in blood 

serum was significantly (P<0.05) high 

(19.87±0.476d µg/dl) in carp fed with diet 

T4 (Fig. 4.3.16) followed by T3 

(17.39±2.181c µg/dl), T5 (11.50±0.468b 

µg/dl), T2 (11.21±3.24b µg/dl) and T6 

(10.68±0.46b µg/dl). It was minimum in 

carp fed with control diet T1 (4.46±1.73a 

µg/dl). The concentration of albumin level 

was 2.47 times higher in T4 diet fed carp 

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

A direct relationship was found 

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 µg/mg) in 

carp fed with diet T4 followed by carp 

fed with diets T3 (7.05±0.51c µg/mg), 

T2 (4.97±0.81b µg/mg), T6 (4.60±0.63b 

µg/mg) and T5 (3.73±0.34ab µg/mg). It 

was minimum in control diet (T1) fed 

common carp (2.79±0.35a µg/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 µg/mg) followed by carps fed with diets T3 (12.33±0.26c µg/mg), 

diet T5 (9.32±0.22b µg/mg), T6 (9.28±0.51b µg/mg) and T2 (9.28±0.51b µg/mg). It was 

minimum in control diet T1 (5.17±0.47a µg/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). 
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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±0.89e 

µg/mg) followed by carps fed with 

diets T3 (9.10±0.26d µg/mg), T5 

(7.37±0.33b µg/mg) and T2 

(5.49±0.38c µg/mg), T6 (3.41±0.21ab 

µg/mg). The minimum globulin 

concentration was in control diet T1 

(3.95±0.26b µg/mg) fed carp. 4.67 

times higher globulin level was in 

muscles of carp fed with T4 diet as 

compared to control carp (Fig.4.3.19). 

  

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% 

higher in T2 diet fed carp as compared to 

control carp (Fig. 4.3.20).  

 

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. 

 

 

 

 

 

 

 

 

 

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±0.22d). 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). 

A/G ratio was 1.5 fold higher in T2 diet 

fed carp as compared to T4 diet fed 

carps. 

 

 

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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4.3. C-II. 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 IU/L) followed by T2 (80.52±3.16c 

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).  
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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±1.276c 

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). 

 

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 IU/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). 
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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).  

SGPT level was found significantly 

(P<0.05) high in blood serum of carp 

fed with control diet T1 

(47.76±2.90d IU/L) followed by T2 

(45.99±3.34d IU/L), T4 

(34.27±0.27c IU/L), T3 (31.17±0.88c 

IU/L), T5 (19.96±1.28b IU/L) and 

T6 (13.34 ±0.21a IU/L) fed carp. 

SGPT level was five times higher in 

control diet fed carp as compared to 

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 IU/L), T3 

(86.83±1.69c IU/L), T6 (81.94 ±1.72c IU/L), T5 (75.61 ±1.37b IU/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). 
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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%) 

in gills of common carp fed with 

control diet T1 (76.15±1.35e IU/L) 

followed by T6 (69.16±1.34d 

IU/L), T2 (62.17 ±1.34c IU/L), T5 

(55.55±3.32b IU/L), T5 

(75.61±1.37b IU/L) and the lowest 

was in carp fed diet T4 

(37.34±0.81a IU/L). The SGPT level 

was 1.56 times higher in control diet 

fed common carp as compared to T4 

carp (Fig.4.3.29). 

 

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 IU/L), T5 (113.26 ±0.55bc 

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 

compared to that of T4 carp (Fig.4.3.30).  
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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 IU/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).  

 

 

 

 

 

 

 

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±1.69e IU/L), T3 (190.36±5.53d IU/L), T6 (160.45±2.17c IU/L) and T5 (147.09 

±2.43b IU/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).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.3.31 Alkaline phosphatase (ALP) level 

in liver of C. carpio fed with diet containing six 

different doses of lapsi fruits 
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4.3. C-III 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 

(18.68±0.69 mg/dl) as compared to 

other treated and control diets fed carps. 

The concentration of haemoglobin in 

T5, T6, T3, T2 and T1 diets fed carps 

were 15.21±0.69, 11.55±0.78, 

7.43±0.87, 5.19±0.60 and 3.38±0.83 

mg/dl respectively. The concentration of 

haemoglobin in T4 diet fed common 

carp was 8.45 times higher than T1 diet 

fed common carp. 

 

4.3.34 Erythrocytes (RBCs) 

The number of RBCs in blood 

was significantly (P<0.05) higher in 

common carp fed with diet T2 

(2.92±0.01 million/mm
3
) as compared 

to other treated and control carps. The 

number of erythrocytes in T4, T6, T5, 

T3 and T1 diets fed carps were 

2.90±0.04, 2.74±0.05, 2.73±0.06, 

2.73±0.02 and 1.80±0.12 million/mm
3
, 

respectively. The number of RBCs in 

T2 diet fed fish was 1.2 times higher 

as compared to T1 carps (Fig.4.3.34). 
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Figure 4.3.34  Erythrocytes in C. carpio fed with 

diet containing six different doses of lapsi fruits. 
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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 

(11040±77.38 10
3
 /m

3
) in common carp 

fed with diet T2 as compared to other 

treated and control groups. The numbers 

of leucocytes in T5, T1, T6, T3 and T4 

diets fed carps were 9700±68.59, 

9700±68.59, 8568±67.60, 8568±67.29, 

and 7840±77.38 10
3
/mm

3
 respectively. 

The number of WBCs in blood was 1.2 

times higher in carp fed with T2 diet 

compared to T4 diet fed carps.  

b) Absolute Values 

4.3.36 Haematocrit or Packed Cell Volume (PCV) 

 The PCV level in blood 

(Fig.4.3.36) was significantly (P<0.05) 

higher in common carp fed with diet T4 

(29.27±1.10 %) as compared to other 

treated and control groups. The PCV 

level  in T5, T3, T6, T2 and T1 diets fed 

carp were 27.43±0.87, 27.60±0.38, 

26.59±0.38, 26.29±0.62 and 21.43±2.24 

% respectively.  

 

 

  

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±4.67μm³). 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 μm³ 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. 

Figure 4.3.35 Leucocytes in C. carpio fed with 

diet containing six different doses of lapsi fruits 
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4.3.38 Mean Corpuscular Haemoglobin (MCH) 

 Significantly (P<0.05) higher level 

of MCH (49.35±1.66 pg) was recorded 

in common carp fed with diet (T4) 

compared to others (Fig.4.3.38). The 

MCH levels were 47.34±1.26, 

47.31±0.44, 46.57±1.95, 42.63±0.16 and 

36.25±0.77pg in T2, T5, T3, T6 and T1 

diets fed common carp, respectively. 

MCH level was one time higher in 

control diet fed common carp compared 

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 4.3.38 MCH level in C. carpio fed with 

diet containing six different doses of lapsi fruits 
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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 were 63.67±6.36, 

63.67±4.31, 62.67±4.98, 53.00±6.35 

and 43.00±3.35%, respectively. 

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 

23.33±5.78 %, respectively.  

 

 

Figure 4.3.39 MCHC level 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±1.31%) in 

common carp fed with diet T5 

(Fig.4.3.42). The percentage of 

monocytes in T4, T6, T3, T2, and T1 

diets fed common carp were 3.43±0.94, 

3.13±0.48, 2.97±0.48, 2.87±1.31 and 

2.13±0.94 %, respectively. 

 

4.3.43 Eosinophils (%) 

 Significantly (P<0.05) higher 

eosinophil level was recorded (Fig. 

4.3.43) in fish common carp fed with 

T6 diet (1.00±0.26) compared to the 

treated and control groups. Among the 

treatments, the value of eosinophils % 

in common carp fed with diets T4, T3, 

T5 T2 and T1 were 0.97±0.01, 

0.90±0.20, 0.83±0.24, 0.83±0.24 and 

0.73±0.22 respectively. 

4.3.44 Basophils (%) 

  Significantly (P<0.05) higher 

basophils % (0.07±0.09) was recorded in 

common carp fed with diet T4. In T5 diet 

fed carp, basophils level was 0.06±0.18 

followed by 0.06±0.03 (T2), 0.06±0.18 

(T3) and 0.05±0.22 (T6) diets fed common 

carp. The lowest basophils level was found 

in carp fed with diet T1 (0.03±0.03) (Fig. 

4.3.44). 
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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).  

 

 

 

 

 

 

 

 

 

 

 

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 

g. After 90 days of culture, a direct 

relationship was found between final 

average weight gain of rohu and diet 

containing different doses of LFP. 

  

 The final average weight gain of 

rohu fed with diet T4 was found 

significantly (P<0.05) high (19.06±0.51d 

g) followed by groups fed with diets T3 

(16.23±0.62c g), T5 (15.32±0.92bc g), T2 
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Figure 4.4.1 Survival rate of L. rohita fed with 

diet containing six different doses of lapsi fruits 

Figure 4.4.2 Final average weight gain of L. 

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 

(472.62±18.11c), T5 (446.46 

±29.25bc), T2 (397.95 ±18.46ab), T6 

(366.31±9.28a) and control diet T1 

(359.73±11.098a). Similarly, 54.13 % 

increased in weight gain % was 

observed in fish fed with T4 diet as 

compared to control group (Fig. 

4.4.2a). 

 

4.4.3 Specific Growth Rate (SGR) 

A direct relationship was found 

between SGR and LFP doses (Fig. 4.47). 

SGR was significantly (P<0.05) high in 

rohu fed with diet T4 (2.08±0.027d) 

followed by rohu fed with diets T3 

(1.94±0.037c), T5 (1.88±0.068bc), T2 

(1.78±0.041ab), and T6 (1.71±0.021d). 

Lowest SGR was found in rohu of control 

group T1 (1.69±0.026a). SGR was 23.03 

% higher T4 diet fed rohu compared to 

control group (Fig. 4.4.3). 

 

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). 

 

 

 

 

 

 

 

 

 

 

 

 

4.4 (B) Biochemical Parameters 

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

were recorded. 

 

4.4.5 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 blood serum was 

significantly (P<0.05) higher 

(15.38±0.19e μg/dl) in rohu fed with 

T4 diet followed by rohu fed with diets 

T5 (14.46±0.16d μg/dl), T6 

(13.34±0.16c μg/dl), T3 (12.52±0.25b 

μg/dl) and T2 (12.16±0.39b μg/dl). 

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

μg/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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Figure 4.4.5 Vitamin C in blood serum of L .rohita 

fed with diet containing six different doses of lapsi 
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4.4.6 Vitamin C in Brain 

 Concentration of vitamin C in brain was significantly (P<0.05) higher in rohu fed 

with diet T4 (91.20±1.21d μg/mg) 

followed by rohu fed with diets T3 

(81.87 ±1.81c μg/mg), T2 (78.93±0.65c 

μg/mg), T5 (65.87±3.41b μg/mg) and 

T6 (59.02±1.35a μg/mg).  The control 

diet (T1) fed group had the lowest 

vitamin C concentration in the brain 

(57.37±1.17a μg/mg). Vitamin C 

concentration was 58.95 % higher in 

rohu fed with T4 diet compared to rohu 

fed with control (T1) diet (Fig.  4.4.6) 

 

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 μg/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 

μg/mg, 142.63 ±7.72b μg/mg, 136.72 ±0.36ab μg/mg and 135.49±4.94ab μg/mg respectively. 

The lowest concentration of vitamin C (127.52±1.93a μg/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). 

 

 

 

 

 

 

 

Figure 4.4.6 Vitamin C in brain of L. rohita fed 

with diet containing six different doses of lapsi 

fruits 

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-I PROTEIN PROFILE  

 

4.4.8 Total Serum Protein 

 A direct relationship was 

found between LFP doses and 

concentration of total serum protein 

(TSP) in the blood of rohu. 

Concentration of serum protein was 

significantly (P<0.05) higher in blood 

sample of rohu fed with diet T4 

(17.13±0.45c µg/dl) followed by rohu 

fed with diets T3 (14.95 ±0.95bc 

µg/dl), T6 (14.41 ±0.38bc µg/dl), T5 

(13.74±0.22bc µg/dl) and T2 

(13.09±0.31b µg/dl). Lower serum protein concentration was in rohu fed with control diet T1 

(10.21±0.61a µg/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). 

4.4.9 Total Protein in Brain 

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

with diet T4 (47.96±0.27c µg/mg) 

followed by rohu fed with diets T6 

(35.66±1.92c µg/mg), T5 (33.87±1.24b 

µg/mg), T3 (32.73±2.22b µg/mg), and 

T2 (30.27±4.02a µg/mg). Rohu fed 

with control diet T1 had the lowest 

protein concentration (21.76±5.21a 

µg/mg). Total protein concentration in 

brain was 3.07 times higher in rohu fed 

with T4 diet compared to rohu fed with 

control diet (Fig. 4.4.9).  

 

Figure 4.4.8 Concentration of Total serum protein 

in blood of L. rohita fed with diet containing six 

different doses of lapsi fruits 
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Fig.ure 4.4.9 Concentration of Total protein in 
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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 µg/mg) in rohu fed with diet 

T4 followed by rohu fed with diets T2 

(20.19±0.29c µg/mg), T5 (17.26±0.44bc 

µg/mg), T3 (17.14±0.43b µg/mg) and T6 

(14.75±0.34b µg/mg).  Lowest liver 

protein concentration was measured in 

control diet (T1) fed rohu (14.74±0.53a 

µg/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 

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 µg/mg) followed by 

rohu fed with diets T4 (15.08 ±0.29c µg/mg), T6 (14.14±0.12c µg/mg), T3 (10.16±0.16b 

µg/mg) and T2 (8.16±0.24b µg/mg) and control diet T1 (4.77±0.27a µg/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).  

 

 

 

 

 

 

 

Figure 4.4.10 Concentration of Total protein in 

liver of L.rohita fed with diet containing six 

different doses of lapsi fruits 
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Fig.ure 4.4.11 Concentration of Total protein in 
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4.4.12 Albumin in Blood Serum 

Concentration of albumin 

in blood serum was significantly 

(P<0.05) high in rohu fed with 

diet T4 (6.64±0.59b µg/dl) 

followed by rohu fed with diets T5 

(6.05±0.23b µg/dl), T3 

(5.98±0.33b µg/dl), T6 

(5.71±0.67a µg/dl) and T2 

(5.70±0.54ab µg/dl). ). Lowest 

albumin concentration was 

recorded in rohu fed with control 

diet T1 (4.20±0.11a µg/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 

and concentration of albumin in the 

brain of rohu. Concentration of 

albumin in the brain was 

significantly (P<0.05) higher 

(19.18±0.11c µg/mg) in rohu fed 

with diet T4 followed by rohu fed 

with diets T6 (14.25±0.74b µg/mg), 

T5 (13.55±0.49b µg/mg), T3 

(13.09±0.047b µg/mg) and T2 

(12.11±0.28ab µg/mg). Lowest albumin concentration was measured in the control group T1 

(8.71±0.67a µg/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).  

 

Figure 4.4.12 Concentration of Albumin in blood 

serum of L. rohita fed with diet containing six 

different doses of lapsi fruits 
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Figure 4. 4.13 Concentration of albumin in brain 

of L. rohita fed with diet containing six different 

doses of lapsi fruits 

a

ab b

c

b b

0

5

10

15

20

25

A
lb

u
m

in
 i

n
 B

ra
in

 (
μ

g
/

m
g

) 

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

T1 T2 T3 T4 T5 T6



72 
 

4.4.14 Albumin in Liver  

 Similarly, albumin concentration 

was high in liver of rohu fed with diet T4 

(9.12±0.17b µg/mg) followed by rohu fed 

with diets T2 (8.08±0.12b µg/mg), T5 

(6.90±0.55aµg/mg), T3 (6.86±0.57a 

µg/mg), T6 (5.94±0.22b µg/mg). Liver 

albumin concentration was lowest in the 

control diet fed rohu (5.90±0.21a µg/mg). 

Liver albumin concentration was 54.58 % 

higher in rohu fed with T4 diet compared 

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

4.4.14).  

4.4.15 Albumin in Muscles 

 Albumin concentration was high in 

muscles of rohu fed with diet T4 

(6.27±0.25c µg/mg) followed by rohu fed 

with diets T5 (5.95 ±0.24c µg/mg), diet 

T6 (5.62 ±0.41c µg/mg), T3 (4.06±0.46b 

µg/mg), T2 (3.26±0.49b µg/mg) and T1 

(1.94±0.13a µg/mg).  Albumin 

concentration was 3.2 times higher in rohu 

fed with T4 diet as compared to rohu fed 

with control (T1) diet (Fig. 4.4.15).  

 

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 µg/dl) in rohu fed with diet T4 followed by rohu fed with diets T3 

(8.98±0.96bc µg/dl), T6 (8.69±0.29bc µg/dl), T5 (7.68±0.46ab µg/dl) and T2 (7.39±0.40ab 

µg/dl). Blood globulin concentration was measured lowest in control diet (T1) fed rohu 

Figure 4.4.14 Concentration of albumin in liver 

of L. rohita fed with diet containing six different 

doses of lapsi fruits 
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Figure 4.4.15 Concentration of albumin in 

muscles of L. rohita fed with diet containing six 

different doses of lapsi fruits 
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(6.02±0.68a µg/dl). Concentration of albumin 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) . 

 

 

 

 

 

 

 

 

 

 

 

 

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 µg/mg) in rohu fed with diet T4 followed by rohu fed with diets T6 

(21.41±0.15c µg/mg), T5 (20.32±0.74b µg/mg), T3 (19.64±0.33b µg/mg) and T2 

(18.16±0.41ab µg/mg). Lowest brain globulin concentration was found in the control diet 

(T1) fed rohu (13.05±0.12a µg/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). 

  

 

 

 

 

 

 

 

 

 

 

Figure 4.4.16 Concentration of globulin in blood 

serum of L. rohita fed with diet containing six 

different doses of lapsi fruits 
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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 µg/mg) followed by rohu fed 

with diets T2 (12.12 ±0.17b µg/mg), T5 

(10.36±0.86a µg/mg), T3 (10.28 ±0.86a 

µg/mg) and T6 (8.85±0.25b  µg/mg). 

Control diet T1 fed rohu had the lowest 

liver globulin (8.84±0.32a µg/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  

 Globulin concentration in muscles was significantly (P<0.05) high in rohu fed with 

diet T5 (9.42± 0.67c µg/mg) followed by rohu fed with diets T4 (8.81±0.36c µg/mg), T6 

(8.53±0.71c µg/mg), T3 (6.09± 0.69b µg/mg) and T2 (4.89±0.74b µg/mg). Lowest globulin 

concentration was in the control diet T1 (2.83±0.14a µg/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). 

 

 

 

 

 

 

 

Figure 4.4.18 Concentration of globulin in liver of 

L. rohita fed with diet containing six different 

doses of lapsi fruits 
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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 

was higher in rohu fed with diet T5 

(0.79±0.075). The A/G ratio was 

0.77±0.037 in T2, 0.69±0.086 in T1, 

0.67±0.055 in T3, 0.66±0.054 in T6 

and 0.63±0.017 in T4 diets fed rohu 

(Fig. 4.62). Lowest A/G ratio was 

found in T4 diet fed rohu. A/G ratio 

was 21% lower in T4 diet fed rohu 

compared to rohu fed with control 

(T1) diet (Fig. 4.4.20). 

 

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

 The A/G ratio in brain was 

higher in rohu fed with diet T5 

(0.62±0.033). The ratios were 

0.61±0.032 in T1, 0.57±0.084 in T3, 

(0.53±0.048) in T2, (0.47±0.072ab) in 

T6 and (0.51±0.012 in T4 diets fed 

rohu. Lowest A/G ratio in brain was 

found in T4 diet fed rohu. A/G ratio 

was 29.1% higher in T5 diet fed rohu 

compared to rohu fed with T4 diet (Fig. 

4.4.21). 

 

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). 

Figure 4.4.20 Ratio of albumin and globulin in 

blood serum of L. rohita fed with diet containing six 

different doses of lapsi fruits 
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Figure 4.4.21 Ratio of albumin and globulin in 

brain of L. rohita fed with diet containing six 

different doses of lapsi fruits 
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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, 0.69±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).  

 

 

 

 

 

 

 

 

4.4. C-II 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 IU/L) diets fed rohu. 

Figure 4.4.22 Ratio of albumin and globulin in 

liver of L. rohita fed with diet containing six 

different doses of lapsi fruits 

Figure 4.4.23 Ratio of albumin and globulin in 

muscles of rohu fed with diet containing six 

different doses of lapsi fruits 
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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).  

 

 

 

 

 

 

 

 

 

 

 

 

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).  

  

 

 

 

 

 

 

 

 

 

 

 

 

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 
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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 

(64.67±0.62d IU/L), T5 (62.80±0.65c 

IU/L) and T6 (55.42±0.25b) diets fed 

rohu. The lowest SGOT in gills was 

found in rohu fed with diet T3 

(54.92±0.14a IU/L). SGOT level in 

gills was 1.38 times higher in control 

diet (T1) fed rohu compared to rohu 

fed with T3 diet (Fig.4.4.26).  

 

 

4.4.27 Serum Glutamic Pyruvate Transaminase (SGPT) in Blood Serum 

 SGPT level was found 

significantly (P<0.05) high in blood 

serum of rohu fed with control diet T1 

(83.78±1.31b IU/L) followed by T3 

(73.13±1.35b IU/L), T4 (65.35±1.53b 

IU/L), T5 (54.92±1.56ab IU/L), T2 

(51.20±2.61ab IU/L) and T6 

(25.09±1.16a IU/L) diets fed rohu. 

SGPT level was 3.3 times higher in 

control diet (T1) fed rohu compared to 

rohu fed with T6 diet (Fig.4.4.27). 

  

 

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 IU/L) followed by T2 (164.39±1.49e IU/L), T5 (140.24± 1.76d 

IU/L), T3 (133.35±1.45c IU/L), T4 (125.44±1.64b IU/L) and T6 (117.83±1.42a IU/L) diets 

Figure 4.4.26 Serum glutamic oxaloacetic 

transaminase (SGOT) level in gills of L. rohita fed 

with diet containing six different doses of lapsi 

fruits 
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Figure 4.4.27 Serum glutamic pyruvate 

transaminase (SGPT) level in blood serum of L. 

rohita fed with diet containing six different doses 

of lapsi fruits 
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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). 

 

 

 

 

 

 

 

 

 

 

 

  

4.4.29 Serum Glutamic Pyruvate Transaminase (SGPT) in Gills  

 SGPT level was found 

significantly (P<0.05) high in gills of 

rohu fed with control diet T1 

(110.06±1.61f IU/L) followed by T2 

(94.30±0.46e IU/L), T6 (89.87±0.39b 

IU/L), T3 (85.44±0.85c IU/L), T5 

(80.52±0.63b IU/L) and T4 

(71.72±1.27a IU/L) diets fed rohu. 

SGPT level in gills was 1.23 times 

higher in control (T1) diet fed rohu 

compared to rohu fed with T4 diet 

(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 IU/L) in blood serum of 

rohu fed with diet T1 followed by T2 (65.77±1.24e IU/L), T3 (54.70±1.16 IU/L), T4 

(47.40±1.52b IU/L), T5 (37.94±0.25d IU/L) and T6 (30.38±1.51a IU/L) diets fed rohu. ALP 

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 
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Figure 4.4.29 Serum glutamic pyruvate 

transaminase (SGPT) level in gills of L. rohita fed 

with diet containing six different doses of lapsi 

fruits 
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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).   

 

 

 

 

 

 

 

 

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 (29.32±0.85d 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).   

  

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 IU/L), T5 (19.29±0.56 c IU/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). 

    

Figure 4.4.30 Alkaline phosphatase (ALP) level 

in blood serum of L. rohita fed with diet 

containing six different doses of lapsi fruits 
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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 
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4.4. C-III 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) 

compared to other treated and control 

diets fed rohu. The concentration of 

haemoglobin in T5, T6, T3, T2 and T1 

diets fed rohu were 23.04±0.36de, 

20.71±0.47cd, 18.27±0.33bc, 15.58 

±0.15ab and 12.95±0.91a mg/dl 

respectively. The concentration of 

haemoglobin in T4 diet fed rohu was 1.9 

times higher compared to rohu fed with 

control (T1) diet (Fig. 4.4.33). 

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
3
) 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
3
 (Fig.4.4.34).    

   

Figure 4.4.32 Alkaline phosphatase (ALP) level 

in gills of L. rohita fed with diet containing six 

different doses of lapsi fruits 
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Figure 4.4.33 Haemoglobin level in L. rohita fed 

with diet containing six different doses of lapsi 
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4.4.35  Leucocytes (WBCs) 

 Leucocytes number in blood was significantly (P<0.05) higher (45.95±0.70f 

10
3
/mm

3
) in rohu fed with diet T1 

compared to other treated and control 

diet fed rohu. The numbers of WBCs in 

T2, T6, T3, T5 and T4 diets fed rohu 

were 42.56±0.48e, 38.69±0.69d, 34.65± 

0.04c, 31.42±0.06b, and 27.40±0.11a 

10
3
/mm

3
 respectively. Leucocytes 

number in blood was 1.67 times higher 

in rohu fed with T1 diet fed compared 

to rohu fed with T4 diet (Fig. 4.4.35). 

  

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). 

Figure 4.4.34 Erythrocytes in L. rohita fed with diet 

containing six different doses of lapsi fruits 
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Figure 4.4.35 Leucocytes in L. rohita fed with 

diet containing six different doses of lapsi fruits 
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4.4.37 Mean Corpuscular Volume (MCV) 

 Significantly (P<0.05) higher 

MCV level in the blood was recorded 

in rohu fed with diet T1 (179.24±1.62c 

μm³). MCV levels in rohu fed with 

diets T4, T2, T3, T5 and T6 diets were 

125.08±1.53b, 123.15±1.79b,  

121.96±1.57b, 99.38±1.75a and 88.57 

±1.06a μm³ respectively. MCV level in 

blood of T1 diet fed rohu was 2.1 times 

higher compared to rohu fed with T6 

diet (Fig. 4.4.37). 

       

4.4.38 Mean Corpuscular Haemoglobin (MCH) 

 Significantly (P<0.05) higher level 

of MCH (56.90±1.77b pg) was recorded 

in rohu fed with diet (T4). MCH levels in 

rohu fed with T1, T5, T3, T2 and T6 

diets were 53.93±1.31ab, 48.73±1.78ab, 

48.41±1.96ab, 46.96±1.35ab and 

40.24±1.96a pg respectively (Fig.4.4.38). 

  

Figure 4.4.36 PCV level in L. rohita fed with diet 

containing six different doses of lapsi fruits 
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Figure 4.4.37 MCV level in L. rohita fed with diet 

containing six different doses of lapsi fruits 
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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 T5 (48.99±0.51c %) compared to 

other treated and control groups. The 

percentage of MCHC in rohu fed with 

diets T4, T6, T3 and T2 were 

45.61±1.97bc, 45.38±0.76c, and 

39.51±1.46b and 38.10±1.40ab % 

respectively. Lowest MCHC level was 

recorded in rohu fed with diet T1 

(30.12±1.57a %). MCHC level in T5 

diet fed rohu was 1.6 times higher 

compared to control (T1) diet fed rohu 

(Fig. 4.4.39).  

  

c) Differential counts  

4.4.40 Neutrophils (%) 

 Neutrophils % was 

significantly (P<0.05) higher 

(58.56±1.75c %) in the rohu fed with 

diet T3. Neutrophils % in T6, T4, T5, 

T1 and T2 diets fed rohu were 

53.93±1.31b, 51.82±0.33b, 

43.68±0.30a, 43.04±0.27a and 

42.10±0.14a % respectively. 

Neutrophils % in T3 diet fed rohu 

was 1.3 times higher compared to 

rohu fed with control (T1) diet 

(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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Figure 4.4.39 MCHC level in L. rohita fed with 

diet containing six different doses of lapsi fruits 

Figure 4.4.40 Neutrophils (%) in L. rohita fed with 

diet containing six different doses of lapsi fruits 
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38.69±0.68d, 26.77±0.26c, 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). 

   

 

 

 

 

 

 

 

 

   

 

 

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 4.55±0.10d, 2.02±0.47bc, 

2.26±0.25c, 1.50±0.10ab 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. 

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). 

Figure 4.4.41 Lymphocytes (%) in L.rohita fed 

with diet containing six different doses of lapsi 

fruits 

Figure 4.4.42 Monocytes (%) in L. rohita fed with 

diet containing six different doses of lapsi fruits 
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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). 

   

           

  

 

 

 

 

 

Figure 4.4.43 Eosinophils (%) in L. rohita fed with 

diet containing six different doses of lapsi fruits 

Figure 4.4.44 Basophils (%) in L. rohita fed with 

diet containing six different doses of lapsi fruits 
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4.5 Performance of rainbow trout Oncorhynchus mykiss Walbaum, 1792 

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

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 

significantly (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 g), T5 

(121.36±0.82ab g), T2 (112.46±0.77bc 

g) and T1 (105.76±0.51a g) (Fig. 4.5.1).  

  

4.5.2 Final Weight Gain (%) 

Final weight gain % was high in 

rainbow trout fed with T4 diet 

(371.39±0.11dc) followed by trout fed 

with T3 (351.37 ±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). 
Figure 4.5.2 Weight gain percentages of O. 

mykiss fed with diet containing six different doses 

of lapsi fruits 
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Figure 4.5.1 Final average weight gain 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 

between SGR and LFP doses. SGR was 

significantly (P<0.05) high in trout fed 

with diet T4 (1.72±0.024dc) followed by 

trout fed with diets T3 (1.67 ±0.051abc), 

T6 (1.67±0.035abc), T5 (1.61±0.020ab), 

and T2 (1.54 ±0.059bc). Lowest SGR 

was found in trout of control group T1 

(1.49±0.011a). SGR was 15.17 % 

higher in T4 diet fed rainbow trout 

compared to control group (Fig. 4.5.3). 

 

4.5.4 Feed Conversion Ratio (FCR) 

An inverse relationship was 

found between FCR and LFP doses in 

diets. FCR level was high in trout fed 

with diet T1 (0.95±0.013c) followed by 

trout fed with diets T2 (0.91±0.060ab), 

T5 (0.83±0.023bc) T6 (0.78±0.036abc), 

T3 (0.77± 0.023abc) and T4 

(0.73±0.023a). FCR in T4 fed trout was 

30.56 % lower compared to the control 

diet fed trout (Fig. 4.5.4). 

 

4.5. (B) Biochemical Parameters 

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

were recorded. 

 

4.5.5 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 

Figure 4.5.3 Specific growth rate of O. mykiss fed 

with diet containing six different doses of lapsi 

fruits 

 

Figure 4.5.4 Feed conversion ratio of O. mykiss 

fed with diet containing six different doses of 

lapsi fruits 
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significantly (P<0.05) higher (76.34±3.31e  μg/dl) in rainbow trout fed with T4 diet 

followed by trout fed with diets T5 (66.64±5.93d μg/dl), T3 (54.32± 5.16c μg/dl), T6 (51.37± 

1.56c μg/dl) and T2 (41.98±1.35b μg/dl). The control diet fed trout had the least amount of 

vitamin C in blood serum (39.65±0.93a μg/dl). Vitamin C concentration was 92.5% higher in 

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

 

 

 

 

 

 

 

 

 

 

 

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 μg/mg) followed by trout fed with diets T3 (38.54±0.68d 

μg/mg), T6 (35.57±0.77c μg/mg), T5 (35.11 ±0.43c μg/mg) and T2 (29.82 ±1.18b μg/mg). 

The control diet (T1) fed group had the lowest vitamin C concentration in the brain 

(27.84±1.27a μg/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). 

 

 

   
 
 
 
 
 
 
 
 
 
 
  

Figure 4.5.5 Vitamin C in blood serum of O. 

mykiss with diet containing six different doses of 

lapsi fruits 

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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4.5.7 Vitamin C in Liver 

  Vitamin C concentration in 

liver was significantly (P<0.05) 

higher in rainbow trout fed with T4 

diet (86.71±1.32e μg/mg) compared 

to trout fed with all other treatment 

and control diets. Concentration of 

vitamin C in rainbow trout fed with 

diets T5, T3, T6 and T2 were 

81.6±1.04d, 79.95±1.32c, 78.45 

±1.32c and 76.35±1.53b μg/mg 

respectively. The lowest concentration 

of vitamin C in liver was recorded in trout fed with T1 diet (71.29±0.68a μg/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-I PROTEIN PROFILE  

4.5.8 Total Serum Protein 

 A direct relationship was 

found between LFP doses and 

concentration of serum protein in 

the blood of rainbow trout. 

Concentration of serum protein was 

significantly (P<0.05) higher in the 

blood sample of rainbow trout fed 

with diet T4 (14.14±0.36e µg/dl) 

followed by trout fed with diets T5 

(12.05±0.42d µg/dl), T6 (10.21 

±0.33c µg/dl), T3 (8.58±0.31bc 

µg/dl), and T2 (7.14±0.97b µg/dl). Lowest serum protein concentration (5.05±0.77a µg/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). 

Figure 4.5.7 Concentration of vitamin C in liver 

of O. mykiss fed with diet containing six different 

doses of lapsi fruits 

Figure 4.5.8 Concentration of Total serum protein 

in blood of O. mykiss fed with diet containing six 

different doses of lapsi fruits 
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4.5.9 Total Protein in Brain 

 The concentration of total 

protein was significantly (P<0.05) high 

in brain of trout fed with diet T4 

(7.69±0.32d µg/mg) followed by trout 

fed with diets T6 (6.54±0.24cd µg/mg), 

T3 (6.03±0.32c µg/mg), T5 

(5.57±0.46bc µg/mg) and T2 

(4.38±0.32b µg/mg). Trout fed with 

control diet T1 had the lowest protein 

concentration (2.72±0.32a µg/mg). Total 

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 µg/mg) followed by trout fed with diets T6 

(22.31±0.25d µg/mg), T5 (19.62 ±0.26c 

µg/mg), T3 (17.38±0.69c µg/mg) and 

T2 (14.55±1.75b µg/mg).  Lowest liver 

protein concentration was measured in 

the control group (T1) fed trout 

(7.52±0.40a µg/mg). Total protein level 

was 2.3 times higher in trout fed with 

T4 diet compared to trout fed with 

control diet T1 (Fig.4.5.10).  

  

 

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 µg/mg) followed by trout fed with diets T3 (9.35±0.32c µg/mg), T5 (9.04±0.26c 

Figure 4.5.9 Concentration of Total protein in 

brain of O. mykiss fed with diet containing six 

different doses of lapsi fruits 

Figure 4.5.10 Concentration of Total protein in 

liver of O. mykiss fed with diet containing six 

different doses of lapsi fruits 
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µg/mg), T2 (8.39±0.56bc µg/mg) and T6 (7.02±0.46b µg/mg). Lowest muscle protein 

concentration (5.50±0.56a  µg/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. 

 

 

 

 

 

 

 

 

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  µg/dl) 

followed by trout fed with diets T5 

(5.55±0.07d µg/dl), T6 (4.57±0.27cd 

µg/dl), T3 (3.95±0.16bc µg/dl) and T2 

(3.40 ±0.39b µg/dl). Lowest albumin 

concentration was recorded in trout fed 

with control (T1) diet (2.26±0.44a 

µg/dl). Serum albumin concentration 

was 3.64 times higher in trout fed with 

T4 diet compared to trout fed with 

control (T1) diet (Fig. 4.5.12).  

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 µg/mg) in rainbow trout fed with diet T4 followed by trout fed with diets 

Figure 4.5.11 Concentration of Total protein in 

muscles of O. mykiss fed with diet containing six 

different doses of lapsi fruits 

Figure 4.5.12 Concentration of Albumin in blood 

serum of O. mykiss fed with diet containing six 

different doses of lapsi fruits 
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T6 (2.93 ±0.41cd µg/mg), T3 (2.85 ±0.08cd µg/mg), T5 (2.38±0.28bc µg/mg) and T2 

(1.69±0.28ab µg/mg). Lowest albumin concentration was measured in the control group T1 

(1.14±0.02a µg/mg). Albumin concentration in brain was 4.52 times higher in trout fed with 

T4 diet compared to trout fed with control (T1) diet. 

 

 

 

 

 

 

 

4.5.14 Albumin in Liver  

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

(9.34±0.36c g/mg) followed by trout fed 

with diets T4 (9.31±0.56c µg/mg), T6 

(8.48±0.24c µg/mg), T3 (8.14±0.32c 

µg/mg), diet T2 (6.29±1.07b µg/mg). 

Liver albumin concentration was lowest 

in the control diet fed trout (3.34±0.16a 

µg/mg). Liver albumin concentration 

was 2.12 times higher in trout fed with 

T5 diet compared to trout fed with 

control (T1) diet (Fig.4.5.14).  

 

4.5.15 Albumin in Muscles 

 Concentration of albumin was high in muscles of trout fed with diet T4 (5.34±0.13e 

µg/mg) followed by trout fed with diets T5 (4.34±0.10d µg/mg), diet T3 (3.88±0.36cd 

µg/mg), T2 (3.57±0.07bc µg/mg), T6 (3.21±0.28b µg/mg) and control diet T1 (2.44±0.13a 

Figure 4.5.13 Concentration of albumin in brain 

of O. mykiss fed with diet containing six different 

doses of lapsi fruits 

Figure 4.5.14 Concentration of albumin in liver 

of O. mykiss fed with diet containing six different 

doses of lapsi fruits 
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µg/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).  

     
       

 

 

 

 

 

 

 

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 µg/dl) in trout fed 

with diet T4 followed by trout fed with 

diets T5 (6.50±0.46d µg/dl), T6 

(5.64±0.05c µg/dl), T3 (4.63±0.23bc 

µg/dl) and T2 (3.74±0.63ab µg/dl). 

Blood globulin concentration was 

measured lowest in control diet fed 

trout (2.79±0.34a µg/dl). Concentration 

of globulin in blood serum was 2.54 

times higher in trout fed with T4 diet 

compared to trout fed with control (T1) 

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 

µg/mg) in trout fed with diet T4 followed by trout fed with diets T6 (3.62±0.24cd µg/mg), T5 

Figure 4.5.15 Concentration of albumin in 

muscles of O. mykiss fed with diet containing six 

different doses of lapsi fruits 

Figure 4.5.16 Concentration of globulin in blood 

serum of O. mykiss fed with diet containing six 

different doses of lapsi fruits 
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(3.20±0.34bc µg/mg), T3 (3.19 ±0.25bc µg/mg) and T2 (2.69±0.04b µg/mg). Lowest brain 

globulin concentration was found in the control diet (T1) fed group (1.58±0.30a µg/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). 

   

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

4.5.18 Globulin in Liver  

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

µg/mg) followed by trout fed with diets 

T6 (13.83±0.06d µg/mg), T5 

(10.28±0.36c µg/mg), T3 (9.24±0.42bc 

µg/mg) and diet T2 (8.25±0.69b  

µg/mg). Control diet fed trout had the 

lowest liver globulin (4.18±0.26a µg/mg). 

Globulin concentration in liver was 2.12 

times higher in trout fed with T4 diet 

compared to trout fed with control (T1) 

diet (Fig.4.5.18).    

   

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 µg/mg) followed by trout fed with diets T3 (5.47±0.10c µg/mg), T2 

(4.82±0.55bc µg/mg), diet T5 (4.70±0.16bc  µg/mg), and T6 (3.81± 0.23ab µg/mg). Lowest 

Figure 4.5.17 Concentration of globulin in brain 

of O. mykiss fed with diet containing six different 

doses of lapsi fruits 

Figure 4.5.18 Concentration of globulin in liver of 

O. mykiss fed with diet containing six different 

doses of lapsi fruits 
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muscle globulin concentration was measured in the control group T1 (3.06±0.44a µg/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). 

         
    
 
 
 
 
 
 
 
 
 
 
 
 
 
  
   

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

 The A/G ratio in blood serum 

was higher in trout fed with diet T2 

(0.94±0.12) followed by trout fed with 

diets T5 (0.86±0.07), T3 (0.85±0.05), 

T4 (0.84±0.03), T6 (0.81±0.04) and 

T1 (0.79±0.08). Lowest A/G ratio was 

found in T1 diet fed trout. A/G ratio 

was 18.9 % lower in control diet fed 

(T1) trout compared to trout fed with 

diet T2 (Fig. 4.5.20). 

  
 

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. 

Figure 4.5.19 Concentration of globulin in 

muscles of O. mykiss fed with diet containing six 

different doses of lapsi fruits 

Figure 4.5.20 Ratio of albumin and globulin in 

blood serum of O. mykiss fed with diet containing 

six different doses of lapsi fruits 
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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 

diet T6 (0.61±0.02). The ratio was 

0.88±0.03 in T3, 0.80±0.03 in T2, 

0.75±0.07 in T3 and 0.75±0.07 in T5 

(Fig. 4.108). A/G ratio was 48.37 % 

higher in T5 diet fed group compared 

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

4.5.22). 

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

 The A/G ratio in muscles was 

highest in trout fed with diet T4 

(0.93±0.13) and lowest in trout fed with 

diet T3 (0.71±0.07). The ratio was 0.93 

±0.01 in T5, 0.84±0.06 in T6, 0.82±0.08 in 

T1 and 0.76±0.08 in T2. A//G ratio was 

30.52% higher in T4 diet fed group 

compared to trout fed with control 

(T1).diet (Fig. 4.5.23). 

Figure 4.5.21 Ratio of albumin and globulin in 

brain of O. mykiss fed with diet containing six 

different doses of lapsi fruits 

Figure 4.5.22 Ratio of albumin and globulin in 

liver of O. mykiss fed with diet containing six 

different doses of lapsi fruits 

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-II 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 IU/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).  

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 

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).  

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 IU/L), T4 (58.82±1.84b IU/L), T5 (51.25 ±5.18ab) and T6 (47.83±4.47a IU/L). 

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 

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 
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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).  

   
 
 
 
   
 
 
 
 
 
 
 
 
 

 

 

 

 

 

4.5.27 Serum Glutamic Pyruvate Transaminase (SGPT) in Blood Serum 

 SGPT level was found 

significantly (P<0.05) high in blood 

serum of trout fed with control diet T1 

(117.23±1.53d IU/L) followed by trout 

fed with diets T2 (98.71±1.21c IU/L), 

T5 (89.59 ±1.27b IU/L), T6 

(87.34±1.11b IU/L), T3 (85.41±1.65b 

IU/L) and T4 (69.77±1.29a IU/L). SGPT 

level was 68% higher in control diet (T1) 

fed group compared to group with T1 

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 IU/L) followed by trout fed with diets T2 (164.39±1.49e 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 

Figure 4.5.27 Serum glutamic pyruvate 

transaminase (SGPT) level in blood serum of O. 

mykiss fed with diet containing six different 

doses of lapsi fruits 

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 
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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). 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
   

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 

(70.14±3.78d IU/L) followed by trout 

fed with diets T2 (68.13±0.87cd IU/L), 

T3 (63.60± 0.87bc IU/L), T5 (59.06± 

0.17ab IU/L), T6 (56.98±0.36 a IU/L) 

and T4 (54.53±0.79a IU/L). SGPT 

level in gills was 28.63 % higher in 

trout fed with control (T1) diet 

compared to trout fed with T4 dirt 

(Fig.4.5.29). 

      

4.5.30 Alkaline Phosphatase (ALP) in Blood Serum 

ALP level was significantly (P<0.05) high (49.01±0.15c IU/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 

Figure 4.5.28 Serum glutamic pyruvate 

transaminase (SGPT) level in liver of O. mykiss 

fed with diet containing six different doses of 

lapsi fruits 

Figure 4.5.29 Serum glutamic pyruvate 

transaminase (SGPT) level in gills of O. mykiss 

fed with diet containing six different doses of 

lapsi fruits 
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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).  

 

 

 

 

 

 

 

      

4.5.31  Alkaline Phosphatase (ALP) in Liver 

ALP level was significantly 

(P<0.05) high (67.60±0.75d IU/L) in 

liver of rainbow trout fed with diet T1 

followed by trout fed with diets 

(64.87±0.19cd IU/L), T3 (52.37 

±0.39bc IU/L), T5 (48.85±0.62ab 

IU/L), T4 (47.25±1.49ab IU/L) and 

T6 (35.43±10.61a IU/L). ALP level in 

liver was 90.79% higher in control diet 

(T1) fed trout compared to T4 diet fed 

trout (Fig.4.5.31).   

 

4.5.32 Alkaline Phosphatase (ALP) in Gills 

 ALP level was significantly (P<0.05) high (44.87±0.19e 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 IU/L) T6 (38.83 ±1.69bc IU/L), T3 (38.34±0.53b IU/L) and T4 

(34.85±0.15aIU/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).     

Figure 4.5.30 Alkaline phosphatase (ALP) level 

in blood serum of O. mykiss fed with diet 

containing six different doses of lapsi fruits 

Figure 4.5.31 Alkaline phosphatase (ALP) level 

in liver of O. mykiss fed with diet containing six 

different doses of lapsi fruits 
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4. 5. C-III 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 

diets fed trout. Concentration of 

haemoglobin in T5, T6, T3, T2 and T1 

diets fed trout were 16.24±0.36e, 

13.55±0.38d, 10.94±0.77c, 8.40±1.06b 

and 3.52±0.74a mg/dl respectively. 

Concentration of haemoglobin in T4 

diet fed trout was 4.8 times higher 

compared to trout fed with control (T1) 

diet (Fig.4.5.33).  

         

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
3
) 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
3
 respectively. The 

Figure 4.5.32 Alkaline phosphatase (ALP) level 

in gills of O. mykiss fed with diet containing six 

different doses of lapsi fruits 

Figure 4.5.33 Haemoglobin level in O. mykiss fed 

with diet containing six different doses of lapsi 

fruits 
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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).      

  
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
         

4.5.35  Leucocytes (WBC) 

 Leucocytes number in blood was significantly (P<0.05) higher (40.93±1.33c 

10
3
/mm

3
) in trout fed with diet T4 

compared to other treated and control 

diets fed groups. Leucocytes number 

in T5, T3, T2, T6 and T1 diets fed 

trout were 27.52± 1.86b, 25.90±1.21b, 

19.60±1.21ab, 14.82±1.54a and 

13.40±1.21a 10
3
/mm

3 
respectively. 

Leucocytes number in blood was 3.1 

times higher in trout fed with T4 diet 

compared to trout fed control (T1) diet 

(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 

Figure 4.5.34 Erythrocytes in O. mykiss fed with 

diet containing six different doses of lapsi fruits 

Figure 4.5.35 Leucocytes in O. mykiss fed with 

diet containing six different doses of lapsi fruits 
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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). 

 

 

 

 

 

 

 

 

 

 

 

4.5.37 Mean Corpuscular Volume (MCV) 

 Significantly (P<0.05) higher 

MCV level in the blood was recorded 

in rainbow trout fed with diet T4 

(84.57±1.76d μm³). MCV levels were 

57.58±1.55c, 55.51±1.68c, 37.87± 

1.33b, 30.94± 1.33ab and 23.16± 

2.68a μm³ in T5, T6, T2, T1 and T3 

diets fed trout, respectively. MCV 

level in the blood of T4 diet fed trout 

was 2.7 times higher compared to trout 

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).  

Figure 4.5.36 Packed Cell Volume level in O. 

mykiss fed with diet containing six different doses 

of lapsi fruits 

Figure 4.5.37 MCV level in O. mykiss fed with 

diet containing six different doses of lapsi fruits 
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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 

compared to control (T1) diet fed trout 

(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, 

47.36±0.44c, 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). 

Figure 4.5.38 MCH level in O. mykiss fed with 

diet containing six different doses of lapsi fruits 

Figure 4.5.39 MCHC level in O. mykiss fed with 

diet containing six different doses of lapsi fruits 
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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). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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). 

Figure 4.5.40 Neutrophils (%) in O. mykiss fed 

with diet containing six different doses of lapsi 

fruits 

Figure 4.5.41 Lymphocytes (%) in O. mykiss fed 

with diet containing six different doses of lapsi 

fruits 
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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, 

respectively. Eosinophils (%) in T4 diet 

fed trout was 1.4 times higher 

compared to trout fed with control (T1) 

diet (Fig. 4.5.43). 

     

4.5.44 Basophils (%) 

 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± 0.55a), T3 (0.21±0.73a), T1 

(0.19± 0.49a) and T2 (0.16±0.67a). 

Basophils (%) in T4 diet fed trout was 

3.8 times higher compared to trout fed 

with control (T1) diet (Fig. 4.5.44).  

Figure 4.5.42 Monocytes (%) in O. mykiss fed with 

diet containing six different doses of lapsi fruits 

Figure 4.5.43 Eosinophils (%) in O. mykiss fed 

with diet containing six different doses of lapsi 

fruits 

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
-1

 

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
-1

) 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).  

 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4092909/#b19-ajas-25-4-577-16
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4092909/#b19-ajas-25-4-577-16
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4092909/#b19-ajas-25-4-577-16
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4092909/#b6-ajas-25-4-577-16
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4092909/#b36-ajas-25-4-577-16
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4092909/#b33-ajas-25-4-577-16
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4092909/#b33-ajas-25-4-577-16
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4092909/#b13-ajas-25-4-577-16
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4092909/#b14-ajas-25-4-577-16
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4092909/#b34-ajas-25-4-577-16
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4092909/#b13-ajas-25-4-577-16
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4092909/#b14-ajas-25-4-577-16
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4092909/#b32-ajas-25-4-577-16
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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
-1

 diet). The minimum 

requirement to support optimal growth was estimated to be between 10 and 25 mg AA kg
-1

 

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
-1

 diet showed the highest weight gain compared to fish fed 25 to 150 mg AA kg
-1

 diet. 

Gouillou-Coustans et al. (1998) reported maximum growth of common carp larvae fed with 

AA level of 90 mg kg
-1

 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
-1

 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
-1

 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
-1

. 
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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
-1

 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 et al.’s (1997) finding that 2000 mg AA kg 
-1

 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
-1

) 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, albumin and globulin levels in all groups 

when compared to control (T1) group. The serum proteins like albumin 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 μg g
-1

 

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, 



117 
 

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
-1

 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 ⁰C to 32 ⁰C, 

provided temperature fluctuation is not sudden and for longer duration (Faramanfarmain and 

Moore, 1980).  For this study, the water temperature ranged from 26.3 ⁰C to 28.3 ⁰C in 

experiment 1, 25
o
C to 27.8

o
C in experiment 2 and 12.5 ⁰C to 18 ⁰C 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 l
-1

 can be tolerated by 

fishes in ponds. Banerjee (1972) mentioned that oxygen concentration of above 5 mg l
-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 l
-1

 in experiment-1, 5.6 to 8.4 mg l
-1

 in 

experiment-2 and 6.4 to 7.8 mg l
-1

 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
-1 

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. 

2. Farmers must select good quality lapsi to prepare extracts for fish diets since lapsi quality 

varies by species.  

3. Evaluation of antioxidant properties when selecting lapsi pulp can be beneficial.  

4. To prepare fish feed, using quality ingredients such as fish meal powder and wheat flour 

are important.  

5. Lapsi tree can be evaluated for fruit production.  

 

Recommendations for future researchers  

1. Future studies can investigate the quality of lapsi and its effect on fish growth. 

2. Antibacterial, antifungal and antioxidant properties of lapsi collected from unknown area 

or newly cultivated area can also be studied. 

3. 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.  

4. A challenge test to study the effect of lapsi on stress in fishes needs to be done.  

5. 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, albumin, 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 
-1

) and called T1. In the 

remaining five diets, 100, 200, 400, 800 and 1600 mg kg
-1

 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.  
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Altogether eighteen glass aquaria (100 l) for experiment one and 18 cages (1m 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
rd

 every alternate day in experiment1. 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. 

 



126 
 

REFERENCES 

 

Abasali, H., and Mohamad, S. (2010). Immune response of common carp, Cyprinus carpio 

fed with herbal 12 immunostimulants diet. Journal of Animal and Veterinary 

Advances. Journal of Animal and Veterinary Advances. 9(13): 1839-1847. 

 

Abdelhadi, Y.M., Khairie Izwan, B.M.I., and Mohd Safuan, B.N. (2012). Chamomile; 

Matricaria chamomilla; the magic herb in aquaculture. Aquaculture. Prague, Czech 

Republic. September 1-5, 2012.  

 

Abdel-Hadi, Y.M. (2007). Prevalence of some parasites infecting the gills of fingerlings of 

common carp, Cyprinus carpio with trials for treatment. Egyption Journal of 

Aquaculture Biology and Fish. 11: 589 - 601.  

 

Abdel-Hakim, N., Lashin, M., Al-Azab, A., and Ashry, A. (2010). Effect of fresh or dried 

garlic as a natural feed supplement on growth performance and nutrients utilization 

of the Nile Tilapia (Oreochromis niloticas). Egyptian Journal of Aquatic Biology and 

Fishies. 14(2): 19-38.  

 

Abdel-Tawwab, M., Ahmad, M.H., Seden, M.E.A., and Sakr, S.F.M. (2010). Use of green 

tea, Camellia sinensis L, in practical diet for growth and production of Nile Tilapia, 

Oreochromis niloticus (L) against Aeromonas hydrophila  infection. Journal of the 

World Aquaculture Society. 41: 203–213.  

 

Abdul Kader Mydeen, K.P., and Haniffa, M.A. (2011). Evaluation of antibacterial activity of 

medicinal plants on fish pathogen, Aeromonas hydrophila. Journal of Research in 

Biology. 1: 1- 5. 

 

Abou-Zeid, S.M. (2002). The Effect of Some Medical Plant on Reproductive and Productive 

Performance of Nile tilapia Fish. Ph.D. Thesis. Cairo University, Faculty of 

Agriculture; Cairo, Egypt.  

Abutbul, S., Golan-Goldhirsh, A., Barazani, O., and Zilberg, D. (2004). Use of Rosmarinus 

officinalis  as a treatment against in tilapia. Aquaculture. 238: 97-105. 



 
 

127 
 

Adams, C.A. (2005). Nutrition-based health. Feed International. 2: 25-28.  

 

Adekunle, A.D. (2012). Effects of herbal growth promoter feed additive in fish meal on the 

performance of Nile tilapia (Oreochromis niloticus (L.). Egyptian Academic Journal 

of Biology Sciences. 4: 111-117.  

 

Adewoye, S.O. (2010). Haematological and biochemical changes in Clarias gariepinus 

exposed to Trephosia vogelii extract. Advances in Applied Science Research. 1(1): 

74-79. 

 

Afolabi, A.A. (2009). Biochemistry: Consequent seemingly inconsequential. Inaugural lecture 

series 56, FUT Akure. 29-30. 

 

Agbebi, O.T., Ogunmuyiwa, T.G., and Herbert, S.M. (2013). Effect of dietary garlic source 

on feed utilization, growth and Histopathology of the African catfish (Clarias  

gariepinus). Journal of Agricultural Science.  5(5): 26–34. 

 

Ahilan, B., Nithiyapriyatharshini, A. and Ravaneshwaran, K. (2010). Influence of certain 

herbal additives on the growth, survival and disease resistance of goldfish, Carassius 

auratus (Linnaeus). Tamilnadu Journal of Veterinary and Animal Science. 6(1): 5-

11. 

 

Ahmad, M.H., and Abdel-Tawwab, M. (2011). The use of caraway seed meal as a feed 

additive in fishdiets: Growth performance, feed utilization, and whole-body 

composition of Nile tilapia, (Oreochromis niloticus) (L.) fingerlings. Aquaculture. 

314:110-114.  

 

Ai, Q., Mai, K., Tan, B., Xu, W., Duan, Q., Ma, H., and Zhang, L. (2006).  Replacement of 

fish meal by meat and bone meal in diets for large Yellow croaker (Pseudosciaena 

crocea). Aquaculture. 260: 255 -263. 

 

Ai, Q., Mai, K., Zhang, C., Xu, W., Duan, Q., Tan, B., and Liufu, Z. (2004). Effects of 

dietary vitamin C on growth and immune response of Japanese seabass, Lateolabrax 

japonicus. Aquaculture. 242: 489–500.  



 
 

128 
 

Ai. Q., Mai. K., Zhang, L., Tan, B., Zhang, W., Xu, W., and Li, H. (2007). Effects of dietary 

β-1, 3-glucan on innate immune response of large yellow croaker, Pseudosciena 

crocea. Fish and shellfish Immunology. 22(4): 394-402. 

 

 Ajeel, S.G., and Al-Faragi, J.K. (2013). Effect of ginger, Zingiber officinale and garlic, 

Allium sativum to enhance health of common carp, Cyprinus carpio. The Iraqi 

Journal of Veterinary Medicine. 37: 59-62. 

 

Alberts, B., Alexander, J., Julian, L., Martin, R., Keith, R., and Peter, W. (2002). Molecular 

Biology of the Cell; Fourth Edition. New York and London: Garland Science.   

 

Ali, S.S., Kasoju, N., Luthra, A., Singh, A., Sharanabasava, H., Sahu, A., and Bora, U. 

(2008). Indian medicinal herbs as sources of antioxidants. Food Research 

International. 41: 1-15.  

 

Alishahi, M., Ranjbar, M. M., Ghorbanpour, M., Peyghan, R., Mesbah, M., and Razijalali, M. 

(2010). Effects of dietary Aloe vera on some specific and nonspecific immunity in 

the common carp (Cyprinus carpio). International Journal of Veterinary Research. 

4: 189-195.  

 

Allison, E.H. (2011). Aquaculture, Fisheries, Poverty and Food Security. The World 

Fish Center, Penang, p. 62. Working Paper 2011-65.  

 

Alsaid, M., Daud, H., Bejo, S.K., and Abuseliana, A. (2010). Antimicrobial activities of some 

culinary spice extracts against Streptococcus agalactiae and its prophylactic uses to 

prevent streptococcal infection in red hybrid tilapia (Oreochromis sp.). World 

Journal of Fish and Marine Sciences. 2: 532-538.  

 

Aly, S.M., and Mohamed, M.F. (2010). Echinacea purpurea and Allium sativum as 

immunostimulants in fish culture using Nile tilapia (Oreochromis niloticus). Journal 

of Animal Physiology and Animal Nutrition. 5: 31-39.  

 

Anderson, D.P. (1992). Immunostimulants, adjuvant and vaccine carrier in fish: application 

to aquaculture. Annual Review of Fish Diseases. 2: 281-307. 



 
 

129 
 

Ao, J., Feng, H., and Xia, F. (2007). Transforming growth factor and nuclear factor Kappa B 

mediated prophylactic cardioprotection by total flavonoids of fructus Chorspondiatis 

in myocardial ischemia. Cardiovascular Drugs and Therapy. 21: 235–241. 

 

AOAC. (1995). Official methods of analysis, 16
th

 Ed. Association of official analytical 

chemists, In: Cunniff, P. (Ed.), AOAC International, Airlington, VA. 

 

Arabshahi-Delouee, S., and Urooj, A. (2007). Antioxidant properties of various solvent 

extracts of mulberry (Morus indica L.) leaves. Journal of Food Chemistry. 102 (4): 

1233-1240.  

 

Ardo, L., Yin, G., Xu, P., Aradi, V.L., Szigeti, G., Jeney, Z., and Jeney, G. (2008). Chinese 

herbs (Astragalus membranaceus and Lonicera japonica) and boron enhance the 

non-specific immune response of Nile tilapia (Oreochromis niloticus) and resistance 

against Aeromonas hydrophila. Aquaculture. 275: 26–33.  

 

Arnold, J.E. (2005). Hematology of the sandbar shark, Carcharinus plumbeus: 

standardization of complete blood count techniques for elasmobranches. Veterinary 

Clinical Pathology. 34(2): 115–123.  

 

Ashraf, M.A., and Goda, S. (2008). Effect of dietary Ginseng herb (Ginsana® G115) 

supplementation on growth, feed utilization, and hematological indices of Nile 

Tilapia, Oreochromis niloticus (L.), fingerlings. Journal of the World Aquaculture 

Society. 39(2): 205–214. 

Avault, J.W. (1986). “Seven years of pond research with the prawn Macrobrachium 

rosenbergii in Louisiana,”  Aquaculture Magazine. 12(4): 51-55.  

 

Bairwa, M.K., Jakhar, J.K., Satynarayana Y., and Reddy, A.D. (2012). Animal and plant 

originated immunostimulant used in aquaculture. Journal of National Products and 

Plant Resources. 2: 397-400. 

 

Bakopoulos, V., Volpatti, D., Gusmani, L., Galeotti, M., Adams, A., and Dimitriadis, G.J. 

(2003). Vaccination trials of sea bass, Dicentrarchus labrax (L.) against 



 
 

130 
 

Photobacterium damsela subsp. piscicida using novel vaccine mixtures. Journal 

of Fish Diseases. 26(2): 77.  

 

Balasubramani, S. P., and Michael, R. D. (2002). Immunomodulation by the fruit extract of 

Indian Gooseberry, Phyllanthus emblica (Linn) in Oreochromis mossambicus 

(Peters). M. Sc. thesis, The American College (India Madurai). 

 

Balasubramanian, G., Sarathi, M., Rajesh Kumar, S., and Sahul Hameed, A.S. (2007). 

Screening the antiviral activity of Indian medicinal plants against white spot 

syndrome virus in shrimp. Aquaculture. 263:15–19.  

 

Balasubramanian, G., Sarathi, M., Venkatesan, C., Thomas, J., and Sahul-Hameed A.S. 

(2008). Oral administration of antiviral plant extract of Cynodon dactylon on a large-

scale production against white spot syndrome virus (WSSV) in Penaeus 

monodon. Aquaculture. 279: 2-5. 

 

Banerjee, S.M. (1967). Water quality and soil condition of fish ponds in some states of India 

in relation to fish production. Indian Journal of Fisheries. 14: 115-144. 

 

Banerjee, S.M. (1972). Role of soil and water in pond fertility. Silver Jubilee Souvenir, 

CIFRI, Barrackpore. 56-62.  

 

Barcellos, L.J.G., Kreutz, L.C., Rodrigues, L.B., Fioreze, I., Quevedo, R.M., Cericato, L., 

Conrad, J., Soso, A.B., Fagundes, M., and Terra, S. (2003). Haematological and 

biochemical characteristics of male jundia (Rhambia quelen quoy and Gaimard 

pimelodidae) changes after acute stress. Aquaculture Ressearch. 34: 1465–1469.  

 

Bartolome, R.T., Ella, R.L.A., Garcia, A. A., Magboo, M.L.E., and Papa, R.D.S. (2010). 

Addition of crude methanolic Allium sativum (garlic) extracts to commercial fish 

feed can potentially prevent or delay Ichthyophthiriasisin the black molly Poecilia 

sphenops. Acta Manilana. 55: 37-42.  

  



 
 

131 
 

Baruah, K., Norouzitallab, P., Debnath, D., Pal, A.K. and Sahu, N.P. (2008). Organic acids as 

non-antibiotic nutraceuticals in fish and prawn feed. Aquaculture Health 

International. 12: 4–6. 

 

Bello, O.S., Olaifa, F.E., and Emikpe, B.O. (2014). Haematological and Blood Biochemical 

Changes in African Catfish, Clarias gariepinus Fed Walnut (Tetracarpidium 

conophorum Mull Arg) Leaf and Onion (Allium cepa Linn) Bulb Supplemented 

Diets. American Journal of Experimental Agriculture. 4(12): 1593-1603. 

 

Bello, O.S., Emikpe, B.O., and Olaifa, F.E. (2012). The body weight changes and gut 

morphometry of Clarias gariepinus juveniles on feeds supplemented with Walnut 

(Tetracarpidium conophorum) Leaf and Onion (Allium cepa) bulb residues. 

International Journal of Morphology. 30(1): 253-251. 

 

Bhandari, B. (1992). The current status of wetlands in Nepal. Country report presented at the 

Asian wetland Symposium, 14-20 October 1990, organized by Ramsar Centre Japan 

at Otsu/Kushiro, Japan. 

 

Bhosale, S.V., Bhilave, M.P., and Nadaf, S.B. (2010). Formulation of Fish feed using 

Ingredients from Plant Sources. Research Journal of Agricultural Sciences. 1: 284–

287. 

 

Binukumari, S., and Subisha, M.C. (2010). Haematological responses in a freshwater fish 

Oreochromis mosambicus exposed to Chlorpyrifos. The Ekologia. 10(1-2): 1-8. 

 

Bly, J.E., and Clem, L.W. (1992). Temperature and teleost immune functions. Fish Shellfish 

Immunology. 2: 159-171. 

 

BM, (1999). Hot and spicy business. LAPSI. In: Business manager for managers, special 

report, Kathmandu, Nepal. 38-40. 

 

Bouayed, J., and Bohn, T. (2010). Exogenous antioxidants double-edged swords in cellular 

redox state: health beneficial effects at physiologic doses versus deleterious effects at 

high doses. Oxidative Medicine and Cellular Longevity. 3(4): 228-237. 



 
 

132 
 

Boyd, C.E. (1982). Water Quality Management for Pond Fish Culture. 1st Edn. Elsevier 

Scientific Publishing Company, Amsterdam, Oxford, New York. 

 

Brand-Williams, W. (1995).  Cuvelier, M.E.; Berset, C. Use of a free radical method to 

evaluate antioxidant activity. LWT-Food Science and Technology. 28: 25–30.  

   

Brett, J.R. (1971). Energetic responses of salmon to temperature. A study of some thermal 

relations in the physiology and freshwater ecology of sockeye salmon 

(Oncorhynchus nerka). American Zoologist. 11: 99-113. 

 

Brunt, J., Newaj-Fizul, A., and Austin, B.  (2007). The development of probiotics for the 

control of multiple bacterial diseases of rainbow trout, Oncorhynchus mykiss 

(Walbaum). Journal of Fish Diseases. 30(10): 573-9.  

 

Cameron, G.R., Milton, R.F., and Allen, J.W. (1943). Measurement of flavonoids in plant 

samples. Lancet. p. 179. 

 

Carlson, R.E., Baker, E.P., and Fuller, R.E. (1995). Immunological assessment of hybrid 

striped bass at three culture temperature. Fish and Shellfish Immunology. 5: 359-373. 

 

Cek, S., Turan, F., and Atik, E. (2007a). The effects of gokshura, Tribulus terrestris, on sex 

differentiation of guppy, Poecilia reticulata. Pakistan Journal of Biological 

Sciences. 10(5): 718–725. 

 

Cek, S., Turan, F., and Atik, E. (2007b). Masculinization of convict cichlid 

(Chichlasomanigro fasciatum) by immersion in Tribulus terrestris extract. 

Aquaculture International. 15: 109–119. 

 

Chakraborty, S.B., and Hancz, C. (2011). Application of phytochemicals as 

immunostimulant, antipathogenic and antistress agents in finfish culture. Reviews in 

Aquaculture. 3: 103-119.  

 



 
 

133 
 

Chesson, A. (1987). Supplementary enzymes to improve the utilization of pig and poultry 

diets. In, Haresign W, Cole DJA (eds) Recent advances in animal nutrition. 

Butterworths, London. 

 

Chitmanat, C., Tongdonmuan, K., and Nunsong, W. (2005). The use of crude extracts from 

traditional medicinal plants to eliminate Trichodina sp. in tilapia (Oreochromis 

niloticus) fingerlings. Songklanakarin Journal of Science and Technology. 27(1): 

359-364. 

 

Chitra, S. (1995). Effect of feeding supplemented stresstol bioencapsulated Artemia 

franciscana on growth and stress tolerancein Penaeus indicus postlarvae. M.Phil 

Dissertation, MS University, Tirunelveli.  

 

Cho, C.Y., and Slinger, S.J. (1980). Effect of water temperature on energy utilization in 

rainbow trout (Oncorhynchus mykiss). In: Mount L.E. (ed.). Energy metabotism, L.E. 

Mount Ed. EAAP Publication No.26, Butterworths, London, U.K, 287-291. 

 

Cho, C.Y., and Cowey, C.B. (1993). Utilization of monophosphate esters of ascorbic acid by 

rainbow trout (Oncorhynchus mykiss). In: Kaushik SJ, Luquet P (Eds): Fish 

Nutrition in Practice. IVth International Symposium in Fish Nutrition and Feeding, 

24-27 June 1991, I N R A, pp. 149-156, Paris, France, 1993. 

 

Choi, S.W., Son, B.W., Son, Y.S., Park, Y.I., Lee, S.K., and Chung, M. H. (2001). The 

wound-healing effect of a glycoprotein fraction isolated from. British Journal of 

Dermatology. 145: 535-545. 

 

Choudhury, D., Pal, A.K., Sahu, N.P., Kumar S., Das, S.S., and Mukherjee, S.C. (2005). 

Dietary yeast RNA supplementation reduces mortality by Aeromonas hydrophila in 

rohu (Labeo rohita L.) juveniles. Fish and Shellfish Immumology. 19 (3): 281-91. 

 

Christybapita, D., Divyagnaneswari, M., and Dinakaran, M. R. (2007). Oral administration of 

Eclipta alba leaf aqueous extract enhances the non-specific immune responses and 

disease resistance of Oreochromis mossambicus. Fish Shellfish and Immunology. 

23(4): 840-852. 



 
 

134 
 

Chyu, K.Y., Babbidge, S.M., Zhao, X., Dandillaya, R., Rietveld, A.G., Yano, J., Dimayuga, 

P., Cercek, B., and Shah, P.K. (2004). Differential effects of green tea-derived 

catechin on developing versus established atherosclerosis in apolipoprotein E-null 

mice. Circulation. 109: 2448–2453. 

 

Citarasu, T, Sekar, R.R.J., Babu, M.M., and Marian, M.P. (2002). Developing Artemia 

enriched herbal diet for producing quality larvae in Penaeus monodon, Fabbricius. 

Asian Fisheries Science. 15: 21-32. 

 

Citarasu, T. (2010). Herbal biomedicines: A new opportunity to aquaculture industry. 

Aquaculture International. 18: 403-414. 

 

Citarasu, T., Babu, M. M., Punitha, S.M.J., Venket Ramalingam, K., and Marian, M.P., 

(2001). Control of pathogenic bacteria using herbal biomedicinal products in the 

larviculture system of Penaeus monodon. International Conference on Advanced 

Technologies in Fisheries and Marine Sciences, MS University, India. 

 

Citarasu, T., Immanuel, G., and Marian, M.P. (1998). Effects of feeding Artemia enriched 

with stresstol and cod liver oil on growth and stress resistance in the Indian white 

shrimp Penaeus indicus post larvae. Asian Fisheries Science. 12: 65–75. 

 

Citarasu, T., Jayarani, T.V., Babu, M.M., and Marian, M.P. (1999). Use of herbal bio-

medicinal products in aquaculture of shrimp. Aqua-Terr Annual Symposium, School 

of Biological Sciences, Madurai Kamaraj University, Madurai, India. 

 

Citarasu, T., Sivaram, V., Immanuel, G., Rout, N., and Murugan, V. (2006). Influence of 

selected Indian immunostimulant herbs against white spot syndrome virus (WSSV) 

infection in black tiger shrimp, Penaeus monodon with reference to haematological, 

biochemical and immunological changes. Fish and Shellfish Immunology. 21: 372–

384.  

 

Corbel, M.J. (1975). The fish immune response, a review. Journal of Fish Biology. 7: 539-

563. 



 
 

135 
 

Coz-Rakovac, R., Strunjak-Perovic, I., Hacmanjek, M., Topic, P.N., Lipez, Z., and Sostaric, 

B. (2005). Blood chemistry and histological properties of wild and cultured sea bass 

(Dicentrarchus labrox) in the North Adriatic Sea. Veterinary Research 

Communications. 29: 677–687. 

 

Dabrowski, K., and Hinterleitner, S. (1989). Applications of a simultaneous assay of 

ascorbic acid, dehydroascorbic acid and ascorbic sulphate in biological materials. 

Aanalyst. 114: 83–87. 

 

Dabrowski, K., Lee, K.J., Guz, L., Verlhac, V., and Gabaudan, J. (2004). Effects of dietary 

ascorbic acid on oxygen stress, growth and tissue vitamin concentration in juvenile 

rainbow trout (Oncorhynchus mykiss). Aquaculture. 233(1-4): 383-392. 

 

Dabrowski, K., Matusiewicz, K., Matusiewicz, M., Hoppe, P.P., and Ebeling, J. (1996). 

Bioavailability of vitamin C from two ascorbyl monophosphate esters in rainbow 

trout, Oncorhynchus mykiss (Walbaum). Aquaculture Nutrition. 2: 3-10. 

 

Dabrowski, K.N., El-Fiky, G., Kock Frigg, M., and Wieser, W. (1990). Requirement and 

utilization of ascorbic acid and ascorbic sulfate in juvenile rainbow trout. 

Aquaculture. 91: 317-337. 

 

Dacie, J.V., and Lewis, S.M. (1966). Practical haematology. 3
rd

 ed. London: J. and A. 

Churdhill, 435 pp. 

 

Dacie, J.V., and Lewis, S.M. (1984). Practical haematology. 6
th 

ed. Churchill Livingston, 

New York, pp. 24-36.  

Dada, A.A. (2015). Improvement of Tilapia (Oreochromis niloticus, Linnaeus, 1758) Growth 

Performance Fed Three Commercial Feed Additives in Diets. Journal of Aquaculture 

Research and Development. 6: 325. 

 

Dahal, K.R., Sharma, C.M., and Gupta, R.K. (2013). Threats on fishery resources and fishers' 

livelihood due to riverbed extraction in Tinau River, Nepal Journal of Sustainable 

Environmental Research. 2(1):1-11. 



 
 

136 
 

Dahal, S.P. (1998). An observation on fresh fish marketing in Kathmandu valley. Workshop 

for Natural Water Project, July 3-4, 1998. 

 

Dai, H.Y., Li, Q.A., Chen, L.F., and Deng, H.W. (1992). Protective effect of extract from 

Choerospondias axillaris fruit on myocardial ischemia of rats. Chinese Traditional 

and Herbal Drugs. 23: 641-643. 

 

Das, B.K., Pradhan, J., and Sahu, S. (2009). The effect of Euglena viridis on immune 

response of rohu, Labeo rohita (Ham.). Fish and Shellfish Immunoogy. 26(6): 871-6. 

 

Devasagayam, T.P.A., and Sainis, K.B. (2002). Immune system and antioxidants, especially 

those derived from Indian medicinal plants. Indian Journal of Experimental Biology. 

40: 639-655. 

 

Diab, A.S., El-Nagar, G.O.and Abd-El-Hady, Y.M. (2002). Evaluation of Nigella sativa L 

(black seeds; baraka), Allium sativum (garlic) and BIOGEN as feed additives on 

growth performance and immunostimulants of O. Niloticus fingerlings. Suez Canal 

Veterinary Medicine Journal. 745–775.  

 

Direkbusarakom, S., (2004). Application of medicinal herbs to aquaculture in Asia. Walailak 

Journal of Science and Technology. 1: 7-14.  

 

Divyagnaneswari, M., Christybapita, D., and Michael, R.D. (2007). Enhancement of 

nonspecific immunity and disease resistance in Oreochromis mossambicus by 

Solanum trilobatum leaf fractions. Fish and shellfish Immunology. 23: 249–259.  

 

DoFD. (2003-2004). Annual Progress Report. Directorate of Fisheries Development, 

Government of Nepal, Balaju, Kathmandu. 

 

DoFD. (2015-2016). Annual Progress Report, Directorate of Fisheries Development, 

Government of Nepal, Balaju, Kathmandu.  

 

DoFD. (2017). Fisheries Statistics and Annual Progress Report (Fiscal Year 2016/017). 

Government of Nepal, Ministry of Agriculture, Land management and Co-

https://www.ncbi.nlm.nih.gov/pubmed/?term=Das%20BK%5BAuthor%5D&cauthor=true&cauthor_uid=19345266
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pradhan%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19345266
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sahu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19345266
https://www.ncbi.nlm.nih.gov/pubmed/19345266


 
 

137 
 

operatives, Department of Agriculture, Directorate of Fisheries Development, 

Government of Nepal, Balaju, Kathmandu.  

 

Dugenci, S.K., Arda, N., and Candan, A. (2003). Some medicinal plants as immunostimulant 

for fish. Journal of Ethnopharmacology. 88: 99-106. 

 

Duke, J.A., (1987). CRC Handbook of Medicinal Herbs. 5
th

 ed. CRC Press, Boca Raton, FL.  

 

Duncan, P.L., and Klesius, P.H. (1996). Effect of feeding spirulina on specific and non-

specific immune response of channel cat fish. Journal of Aquatic Animal Health. 

8(4): 308–313. 

 

El-Dakar, A.Y., Hassanien, G.D.I., Gad, S.S., and Sakr, S.E. (2004a). Use of medical and 

aromatic plants in fish diets: I. Effect of dried marjoram leaves on performance of 

hybrid tilapia Oreochromis niloticus × Oreochromis auraus, fingerlings. Journal of 

Egyptian Academic Society for Environmental Development- B, Aquaculture. 5: 67–

83. 

 

El-Dakar, A.Y., Hassanien, G.D.I., Gad, S.S., and Sakr, S.E., (2004b). Effect of dried basil 

leaves on performance of hybrid tilapia Oreochromis niloticus × Oreochromis 

auraus, fingerlings. In: 3
rd

 International Conference on Animal Production and 

Health in Semi-Arid Areas. Suez Canal University, pp. 265–277. 

 

El-Husseiny, O.M., El-Din, G., Abdul-Aziz, M., and Mabroke, R.S. (2008). Effect of mixed 

protein schedules combined with choline and betaine on the growth performance of 

Nile tilapia (Oreochromis niloticus). Aquaculture Research. 39(3): 291- 300. 

 

Ellakany, H., and Gaafar, H. (2002). Effect of combined aflatoxicosis and ochratoxicosis on 

immunological, biochemical and histopathological measurements in broilers. 6
th

 

Scientific Veterinary Medicial Conference of Zagazig University, 7-9
th

 September,  

2002, Hurghada, Egypt. 

 

El–Sayed, N.H., El–Eraky, W., Ibrahim, M.T., and Mabry, T.J. (2006). Antiinflammatory and 

ulcerogenic activities of Salvia triloba extracts. Fitoterapia. 77: 333-335. 



 
 

138 
 

Enane, N.A., Frenkel, K, O‟Connor, J.M., Squibbs, K.S., and Zelikoff, J.T. (1993). Biological 

markers of macrophage activation, Application for fish phagocytes. Immunology. 80: 

63-72. 

 

Esiobu, N., Armenta, L., and Ike, J. (2002). Antibiotic resistance in soil and water 

environments. International Journal of Environmental Health Research. 12:133-144. 

 

Ewuola, E.O., and Egbunike, G.N. (2008). Haematological and serum biochemical growing 

rabbit bucks fed dietary fumonisin. African Journal of Biotechnology. 7(23): 4304-

4309.  

 

FAO (2006). Fisheries policy content and direction in Asian APFIC member countries. RAP 

Publication 2006/23. Food and Agriculture Organization of United Nations. Regional 

Office for Asia and Pacific, Bangkok, Thailand. 

 

FAO (2014). Fisheries and Aquaculture Statistics. Food and Agriculture Organization of 

United Nations. Regional Office for Asia and Pacific, Bangkok, Thailand. 

 

FAO (2016). The State of World Fisheries and Aquaculture. Food and Agriculture 

Organization of United Nations. Regional Office for Asia and Pacific, Bangkok, 

Thailand. 

 

Faramanfarmian, A., and Moore, R. (1978). “Di-seasonal thermal aquaculture-1. Effect of 

temperature and dissolved oxygen on survival and growth of Macrobrachium 

rosenbergii,” Proceedings of the annual meeting-World Mariculture Society. 9: 55-

56. 

 

Fazio, F., Marafioti, S., Sanfilippo, M., Casella, S., and Piccione, G. (2016). Assessment of 

immune blood cells and serum protein levels in Mugil cephalus (Linnaeus, 1758), 

Sparus aurata (Linnaeus, 1758) and Dicentrarchus labrax (Linnaeus, 1758) 

collected from the Thyrrenian sea coast (Italy). Cahiers de Biologie Marine. 57: 

235–240.  

 



 
 

139 
 

FishBase. (2018). World Wide Web electronic publication. Forese, R., and Pauly. D. (eds). 

www.fishbase.org. 

 

Fletcher, T.C. (1982). Non-specific defense mechanism of fish. Developmental and 

Comparative Immunology. 2: 123-132. 

 

Francis, G., Harinder, P., Makkar, S., and Becker, K. (2005). Quillaja saponins-a natural 

growth promoter for fish. Animal Feed Science and Technology. 121(1–2): 147–157. 

 

Gabor, E.F., Sara, A., Bentea, M., Creta, C., and Baciu, A. (2012). The effect of 

phytoadditive combination and growth performances and meat quality in rainbow 

trout (Oncorhychus mykiss). Animal Science and Biotechnologies.  45(2): 43-47. 

 

Gabriel, U.U., Obomanu, F.G., and Edori, O.S. (2009). Haematology, plasma enzymes and 

organ indices of Clarias gariepinus after intramuscular injection with aqueous leaves 

extracts of Lepidagathis alopecuroides. African Journal of Biochemistry Research. 

3(9): 312-316. 

 

Ganguly, S., Paul, I., and Mukhopadhayay, S.K. (2010). Application and effectiveness of 

immunostimulants, probiotics, and prebiotics in aquaculture: a review. The Israeli 

Journal of Aquaculture—Bamidgeh. 62(3): 130 -138. 

 

Gautam, K.H. (1997). The sweet and sour tale of Lapsi-domesticating and commercializing 

Choerospondias axillaris. Agroforestry Today. 9(3): 13. 

 

Ghareghani, P. M., Akbary, P., Akhlaghi, M., and Fereidouni, M.S. (2014). Non- specific 

immune response of rainbow trout (Oncorhynchus mykiss, walbaum) fed with seed 

extract of Peganum harmala L. Indian Journal of Fundamental and Applied Life 

Sciences. 4(3): 249-255. 

 

Gopalakkanan, A., and Arul, V. (2006). Immunomodulatory effects of dietary intake of 

chitin, chitosan and levamisole on the immune system of Cyprinus carpio and 

control of Aeromonas hydrophila infection in ponds. Aquaculture. 225: 179-87. 

  

https://www.researchgate.net/journal/0145-305X_Developmental_Comparative_Immunology
https://www.researchgate.net/journal/0145-305X_Developmental_Comparative_Immunology


 
 

140 
 

Gouillou-Coustans, M.F., Bergot, P., and Kaushik, S.J. (1998). Dietary ascorbic acid needs 

for common carp (Cyprinus carpio) larvae. Aquaculture. 161(1-4): 453-461. 

 

Gupta, S., and Mishra, P. (2014). Effect of leaf extract of Eclipta alba on hematology of 

Clarias gariepinus (Burchell, 1822). World Journal of Pharmaceutical Research.  

3(3): 4860-4870. 

 

Gurung, T.B., and Basnet, S.R. (2003). Introduction of rainbow trout Onchorynchus mykiss in 

Nepal: constrains and prospects. Aquaculture Asia. 8(4):16-18. 

 

Gurung, T.B., Upadhyaya, K.K., Pradhan, G.B.N., and Shrestha, M.K. (2012). p. 6-9. In: 

Shrestha, M.K. and Pant, J. (eds.) Proceedings of the Symposium on „Small-scale 

Aquaculture for Increasing Resilience of Rural Livelihoods in Nepal’ 5-6 February 

2009, Kathmandu, Nepal. 

 

Gurung, T.B., Wagle, S.K., Bista, J.D., Dhakal, R.P., Joshi, P.L., Batajoo, R., Adhikari, P., 

and Rai, A.K. (2005). Participatory fisheries management for livelihood 

improvement of fishers in Phewa Lake, Pokhara, Nepal. Himalayan Journal of 

Science. 3(5): 47- 52. 

Hanumanthappa, H. (1998). Effect of non-hormonal feed additives on the growth. Survival 

and body composition if cultivable carps. Ph. D. Thesis, University of Agricultural 

Sciences, Bangalore. 

Harada, K. (1990). Attraction activities of spices for oriental weather fish and yellowtail. 

Bulletin of the Japanese Society for the Science of Fish. 56: 2029-2033.  

 

Harikrishnan, R., Balasundaram, C., Kim, M.C., Kim, J.S., Han, Y.J., and Heo, M.S. (2010). 

Effect of a Mixed Herbal enriched Diet on the Innate Immune Response and Disease 

Resistance of Paralichthys olivaceus against Philasterides dicentrarchi infection. 

Journal of Aquatic Animal Health. 22(4): 235-243. 

 

Harikrishnan, R., Heo, J., Balasundaram, C., Kim, M.-C., Kim, J.S., Han, Y.J. and Heo, M.S., 

(2010a). Effect of Punica granatum solvent extracts on immune system and disease 



 
 

141 
 

resistance in Paralichthys olivaceus against lymphocystis disease virus (LDV). Fish 

and Shellfish Immunology. 29: 668-673.  

 

Harikrishnan, R., Heo, J., Balasundaram, C., Kim, M.C., Kim, J.S., Han, Y.J. and Heo, M.S., 

(2010b). Effect of traditional Korean medicinal (TKM) triherbal extract on the innate 

immune system and disease resistance in Paralichthys olivaceus against Uronema 

marinum. Veterinary Parasitology. 170: 1-7. 

 

Harikrishnan, R., Rani, C.N., and Balasundaram, C. (2003). Hematological and biochemical 

parameters in common carp Cyprinus carpio following herbal treatment for 

Aeromonas hydrophila infection. Aquaculture. 221: 41-50. 

 

Hasting, W.H. (1967). Progress in sport fisheries research, 1966: feed formulation, physical 

quality of pelleted feed; digestibility. Fish Wildl. Serv. (U.S.) Res. Publ., 39: 137-

141. 

 

Henry, R.J., Sobel, C., and Berkman, S. (1957). Determination of protein by Biuret reaction. 

Analytical Chemistry. 29: 1491. 

 

Hsieh, C.H., Chao, N.H., De, O., Gomes, L.A., and Liao, I.C. (1989). “Culture practices and 

status of the giant freshwater prawn, Macrobrachium  rosenbergii in Taiwan” Paper 

presented at the 3
rd

 Brazilian Shrimp Farming Congress, Joar Pessoa, Brazil, p. 25 

(1989). 

 

Hunt, S., Groff, I.L., and Holbrook, J. (1980). Nutrition, Principles and Chemical Practice. 

John Wiley and Sons, New York, 49-52.  

 

Hwang, J.H., Lee, S.W., Rha, S.J., Yoon, H.S., Park, E.S., Han, K.H., and Kim, S.J. (2013). 

Dietary green tea extract improves growth performance, body composition, and 

stress recovery in the juvenile black rockfish, Sebastes schlegeli. Aquaculture 

International. 21: 525–538.  

 

Ibrahem, M. D., Fathi, M., Mesalhy, S., and Abd El-Aty, A. M. (2010). Effect of dietary 

supplementation of inulin and vitamin C on the growth, hematology, innate 



 
 

142 
 

immunity, and resistance of Nile tilapia (Oreochromis niloticus).Fish and Shellfish 

Immunology. 29: 241-246. 

 

Ilondu, E.M., Arimoro, F.O. and Sodje, A.P. (2009). The use of aqueous extracts of Vernonia 

amygdalina in the control of saprolegniasis in Clarias gariepinus, a freshwater fish. 

African Journal of Biotechnology. 8: 7130-7132. 

  

Immanuel, G., Uma, R. P., Iyapparaj, P., Citarasu, T., Punitha Peter, S.M., Micheal Babu, M. 

and Palavesam, A. (2009). Dietary medicinal plant extracts improve growth, immune 

activity and survival of tilapia Oreochromis mossambicus. Journal of Fish Biology. 

74(7): 1462-1475. 

Ispir, U., and Mustafa, D. (2005). A Study on the Effects of Levamisole on the Immune 

System of Rainbow Trout (Oncorhynchus mykiss). Turkish Journal of Veterinary 

and. Animal Sciences. 29(5): 1169-1176. 

 

Jayaprakash, V., and Euphrassia, C. J. (1997). Growth response of Indian major carp, 

Cirrhinus mrigala to livol (IHF-1000) - a herbal product. Proceedings of the Indian 

National Science Academy. Part B, Biological Sciences. 63: 21-26. 

 

Jeney, G., and Anderson, D.P. (1993). Glucan injection or bath exposure given alone or in 

combination with bacterin enhances the non-specific defence mechanism in rainbow 

trout Oncorhynchus mykiss. Aquaculture. 116: 315-329. 

 

Jian, J., and Wu, Z. (2004) Influences of traditional Chinese medicine on nonspecific 

immunity of Jian carp (Cyprinus carpio var. Jian). Fish and Shellfish Immunology. 

16: 185-191. 

 

John, G., Mesalhy, S., Rezk, M., El-Naggar, G., and Fathi. M. (2007). Effect of some 

immunostimulants as feed additives on the survival and growth performance of Nile 

tilapia, Oreochromis niloticus and their response to artificial infection. Egyptian 

Journal of Aquatic Biology and Fish. 11(3): 1299 -1308. 

 



 
 

143 
 

Johnson, C., and Banerji, A. (2007). Influence of Extract Isolated from the Plant Sesuvium 

portulacastrum on Growth and Metabolism in Freshwater Teleost, Labeo rohita 

(Rohu). Fishery Technology. 44(2): 229-234.  

 

Joshi, V., Bothara, B., and Surana, J. (2011). Evaluation of aqueous extract of Ocimum 

sanctum in experimentally induced parkinsonism. Journal of Chemical and 

Pharmaceutical Research. 3(1): 478-487. 

  

Jurd, R.D. (1985). In: Manning, M., and Manning, M.F. (eds.), Specialization in the teleost 

and anuran immune response: a comparative critique. Fish immunology, New York, 

Academic Press, 9: 9-28.  

 

Kahkonen, M.P., Hopia, A.I., Vuorela, H.J., Raucha, J.P., Pihlaja, K., and Kujala, T.S. 

(1999). Antioxidant activity of plant extracts containing phenolic compounds. 

Journal of Agricultural and Food Chemistry. 47: 3954–3962. 

 

Kaleeswaran, B., Ilavenil, S., and Ravikumar, S. (2011). Dietary supplementation with 

Cynodon dactylon (L.) enhances innate immunity and disease resistance of Indian 

major carp, Catla catla (Ham.). Fish Shellfish Immunology.  31(6): 953-962.  

 

Kalyankar, A.D., Gupta, R.K., Bansal, N., Sabhlok, V.P., and Singh, D. (2013). Effect of 

garlic (Allium sativum) against Aeromonas hydrophila and health management of 

Swordtail, Xiphophorus helleri. Journal of Environmental Science and 

Sustainability. 1(2): 41-48. 

 

Karpagamm, B., and Krishnaveni, N. (2014). Effect of Supplementation of Selected Plant 

Leaves as Growth Promoters of Tilapia Fish (Oreochromis mossambicus). Research 

Journal of Recent Sciences. 3: 120-123. 

 

Khanna, D., Sethi, G., Ahn, K., Pandey, M.K., Kunnumakkara, A.B., Sung, B., Aqqarwal, A., 

and Aqqarwal, B.B. (2007). Natural products as a gold mine for arthritis treatment. 

Current Opinion in Pharmacology.7: 344-351. 

 



 
 

144 
 

Khattab, Y., Ahmad, M.H., Shalaby, A.M.E., and Abdel-Tawwab, M. (2000). Response of 

Nile tilapia (Oreochromis niloticus L.) from different locations to different dietary 

protein levels. Egyptian Journal of Aquatic Biology and Fisheries. 4(4): 295-311. 

 

Kim, S.Y., Kim, J.H., Kim, S.K., Oh, M.J., and Jung, M.Y. (1994). Antioxidant activities of 

selected oriental herb extracts. Journal of the American Oil Chemists’Society. 

71(6): 633-640. 

 

Kjeldahl, J. (1883). A New Method for the Determination of Nitrogen in Organic Matter. 

Journal of Anlytical Chemistry. 22: 366-382. 

 

Kocour, M., Lynhard, O., Gela, D., and Rodina, M. (2005). Growth performance of all– 

female and mixed–sex common carp, Cyprinus carpio (L,) population in central 

European climatic conditions. Journal of the World Aquaculture Society. 36: 103–

113.  

 

Kolkovski, S. and Kolkovski, J. (2011). Herbal medicine in aquaculture. International 

Aquafeed. 14(2): 28-31. 

 

Kumar, R., Tayade, A., Chaurasia, O., Sunil, H., and Singh, S. (2010). Evaluation of anti-

oxidant activities and total phenol and flavonoid content of the hydro-alcoholic 

extracts of Rhodiola sp. Pharmacognosy Journal. 2(11): 431- 435. 

 

Kumari, J., and Sahoo, P.K. (2006). Dietary β-1, 3 glucan potentiates innate immunity and 

disease resistance of Asian catfish, Clarias batrachus (L.). Journal of  Fish Diseases. 

29: 95-101. 

 

Labh, S.N., Kayastha, B.L., and Ranjan, R. (2014). Impacts of varied proportion of dietary 

protein and feeding strategies on the growth performance of rohu Labeo rohita (H) in 

relation with RNA: DNA ratio during intensive aquaculture. European Journal of 

Biotechnology and Bioscience. 2(5): 01-08. 

 

Labh, S.N., and Chakrabarti, R. (2011). Effects of different Dietary supplements of Vitamin 

C L-Ascorbate-2-Triphosphate Calcium LATP-Ca) on growth, tissue vitamin C and 

https://link.springer.com/journal/11746


 
 

145 
 

liver ultrastructure of Indian major carp Mrigal, Cirrhinus mrigala (H) during 

intensive aquaculture. Journal of Theoretical and Experimental Biology. 7(4): 195-

201. 

 

Labh, S.N., Shakya, S.R., and Kayasta, B.L. (2015). Extract of Medicinal lapsi 

Choerospondias axillaris (Roxb.) exhibit antioxidant activities during in vitro 

studies. Journal of Pharmacognosy and Phytochemistry. 4(3): 194-197. 

 

Lall, S.P., and Oliver, G. (1993). Role of micro nutrients in immune response and disease 

resistance in fish. Fish Nutrition in Practice (Kaushik, S.J, Luquet, P., Eds.), pp.101-

118. INRA, Paris. 

 

Lee, J. K., Lee, M. K., Yun, Y.-P., Kim, Y., Kim, J. S., Kim, Y. S., et al. (2001). Acemannan 

purified from Aloe vera induces phenotypic and functional maturation ofimmature 

dendritic cells. International Immunopharmacology. 1(7): 1275–1284. 

 

Lee, J.Y. and Gao, Y. (2012). Review of the application of garlic, Allium sativum, in 

aquaculture. Journal of the World Aquaculture Society. 43: 447-458.  

 

Lee, K.J., and Dabrowski, K. (2003). Interaction between vitamins C and E affects their 

tissue concentrations, growth, lipid oxidation and deficiency symptoms in yellow 

perch (Percaflavescens). British Journal of Nutrition. 89: 589-596. 

 

Lee, K-J., and Bai, S.C. (1998). Different dietary levels of L-ascorbic acid affect growth and 

vitamin C status of juvenile Korean rockfish (Sebastes schlegelii). Aquaculture. 161: 

475-477. 

 

Levic, J., Sinisa, M., Djuragic, O., and Slavica, S. (2008). Herbs and organic acids as an 

alternative for antibiotic growth promoters. Archiva Zootechnica. 11(2): 5-11.  

 

Li, B., Tian, G., Lin, N.J., Jin, B., and Cui, S.L. (1998). Effects of total flavones of 

Choerospondias axillaris (TFC) on thymocyte apoptosis and ADA activation of 

mice. Chinese Journal of Microbiology and Immunology. 5: 386-391. 

 



 
 

146 
 

Li, C., Xu, Q.Y., Xu, H., and Zhang, T.Q. (2008). Effects of different feed additives on 

immunity and antioxidation on rainbow trout (Oncrhynchus mykiss Walbaum). 

Journal of Anhui Agricultural University. 35: 456-461.  

 

Li, H., Horke, S., and Förstermann, U. (2013). Oxidative Stress in Vascular Disease and Its 

Pharmacological Prevention. Trends Pharmacological Sciences. 34(6): 313-319. 

 

Lim, C., and Lovell, R.T. (1978). Pathology of the vitamin C deficiency syndrome in channel 

catfish  Ictalurus punctatus.  The Journal of Nutrition. 108(7): 1137-1146. 

 

Litman, G.W., Cannon, J.P., and Dishaw, L.J. (2005). Reconstructing immune phylogeny: 

new perspectives.  Nature Reviews. Immunology. 5(11): 866-79. 

 

Logambal, S.M., Venkatalakshmi, S., and Michael, R.D. (2000). Immunostimulatory effect 

of leaf extract of Ocimum sanctum Linn. in Oreochromis mossambicus (Peters). 

Hydrobiologia. 430: 113-120.  

 

Lovell, R.T. (1984). Ascorbic acid metabolism in fish. In Wegger, I., Tagweker F.F., and 

Moustgaard (Eds.) Ascorbic acid metabolism in Domestic Animals (pp. 196-295). 

Copenhagen: The Royal Danish Agriculture Society.   

 

Madsen, H.C.K., Buchmann, K., and Mellergaard, S. (2000). Treatment of trichodiniasis in 

eel (Anguilla anguilla) reared in recirculation systems in Denmark: alternatives to 

formaldehyde. Aquaculture. 186: 221-231.  

 

Magnadottir, B. (2006). Innate immunity of fish (overview). Fish and Shellfish Immunology. 

20: 137-151.  

 

Magnadottir, B. (2010). Immunological control of fish diseases. Journal of Marine 

Biotechnology. 12(4): 361-379. 

 

Maheshappa, K. (1993). Effect of different doses of livol on growth and body composition of 

rohu, Labeo rohita (Ham.) M.F. Sc Thesis, University of Agricultural Science, 

Bangalore, p 59. 



 
 

147 
 

Mangena, T., and Muyima, N.Y.O. (1999). Comparative evaluation of the antimicrobial 

activities of essential oils of Artemisia afra, Pteronia incana and Rosmarinus 

officinalis on selected bacteria and yeast strains. Letters in Applied Microbiology. 28:  

291-296.  

 

Manjrekar, P.N., Jolly, C.L., and Narayanam, S. (2007). Comparative studies of the 

immunomodulatory activity of Tinospora cordifolia and Tinospora sinensis. 

Fitoterapia.71: 254-257. 

 

Manju, K., and Nair, G. R. J. (2004). Effect of Indian beal tree extract on protein metabolism 

in the fish Anabas testudineus. Journal of Ecotoxicology and. Environmental 

Monitoring. 14: 221-226.  

 

Marwah, R.G., Fatope, M.O., Mahrooqi, R.A., Varma, G.B., Abadi, H.A., and Al-Burtamani, 

S.K.S. (2007). Antioxidant capacity of some edible and wound healing plants in 

Oman. Food Chemistry. 101: 465-470.  

 

Merchie, G., Lavens, P., Vrreth, J., Ollevier, F., Nelis, H., Leenheer, De A., Storch, V., and 

Sorgeloos, P., (1997a). The effect of supplemental ascorbic acid in enriched live food 

for Clarias gariepinus larvae at start feeding. Aquaculture. 151: 245-258. 

 

Mesalhy, S., Abdelatti, N. M., and Mohamed, M.F. (2008). Effect of garlic on the survival, 

growth, resistance and quality of Oreochromis niloticus. 8
th 

 International 

Symposium on Tilapia in Aquaculture, 12–14, October 2008, Cairo, Egypt, pp. 277-

295. 

 

Metwally, M.A.A. (2009). Effects of garlic (Allium sativum) on some antioxidant activities in 

Tilapia nilotica (Oreochromis niloticus). World Journal of Fish and Marine 

Sciences. 1: 56-64. 

 

Micol, V., Caturla, N., Pe´rez-Fons, L., Mas, V., Pe´rez, L., and Estepa, A. (2005). The olive 

leaf extract exhibits antiviral activity against viral haemorrhagic septicaemia 

rhabdovirus (VHSV). Antiviral Research. 66(2–3): 129-136. 

 



 
 

148 
 

Mishra, U.S., Mishra, A., Kumari, R., Murthy, P.N., and Naik, B.S. (2009). Antibacterial 

activity of ethanol extract of Andrographis paniculata. Indian journal of 

Pharmaceutical Sciences. 71(4): 436- 438. 

 

Misra, C.K., Das, B.K., Mukherjee, S.C., and Pattnaik, P. (2006). Effect of multiple 

injections of Beta-glucan on non-specific immune response and disease resistance in 

Labeo rohita fingerlings. Fish and Shellfish Immunology. 20: 305-319. 

 

Mitra, G., and Mukhopadhyay, P.K. (2003.) Dietary essentiality of ascorbic acid in rohu 

larvae: quantification with ascorbic acid enriched zooplankton. Aquaculture 

International. 11:81-93. 

 

Mustin, W.G., and Lovell, R.T. (1992). Na-L-ascorbyl-2- monophosphate as a source of 

vitamin C for channel catfish.  Aquaculture. 105: 95-100.  

 

Muthu, R., Pavaraj, M., Balasubramanian, V., and Rajan, M.K. (2015). Haematological 

Studies on Disease induced Common Carp, Cyprinus carpio fed with formulated 

feed with plant extract of Andrographis paniculata. World Journal of Zoology. 

10(1): 09-12. 

 

Nargis, A., Khatun, M., and Talukder, D. (2011). Use of medicinal plants in the remedy of 

fish diseases. Bangladesh Research Publication Journal. 5(3): 192-195. 

 

Navarre, O., and Halver, J. E. (1989). Disease resistance and humoral antibody production in 

rainbow trout fed high levels of vitamin C. Aquaculture. 79: 207-221. 

 

Ndong, D., and Fall, J. (2011): The effect of garlic (Allium sativum) on growth and immune 

responses of hybrid tilapia (Oreochromis niloticus x Oreochromis aureus). Journal 

of Clinical Immnunology and Immunopathology Research. 3(1): 1-9. 

 

Nguyen, D.D., Nguyen, N.H., Nguyen, T.T., Phan, T.S., Nguyen, V.D., Grabe, M., 

Johansson, R., Lindgren, G., Stjernstrom, N.E., and Soderberg, T. A. (1996). The use 

of water extracts from the bark of Choerospondias axillaris in the treatment of 



 
 

149 
 

second degree burns. Scandinavian Journal of Plastic and Reconstructive Surgery 

and Hand Surgery. 30: 139-144. 

 

Nya E.J., and Austin, B. (2009). Use of garlic, Allium sativum, to control Aeromonas 

hydrophila infection in rainbow trout, Oncorhynchus mykiss (Walbaum). Journal of 

Fish Diseases. 32(11); 963-970. 

   

Ologhobo, A.D. (1992). Nutritive values of some tropical (West African) legumes for 

poultry. Journal of Applied Animal Research. 2: 93-104. 

 

Pachanawan, A., Phumkhachorn, P., and Rattanachaikunsopon, P. (2008). Potential of 

Psidium guajava supplemented fish diets in controlling Aeromonas hydrophila 

infection in tilapia (Oreochromis niloticus). Journal of Bioscience and 

Bioengineering. 106: 419-424. 

 

Pandey, G. (2013). Some medicinal plants to treat fish ectoparasitic infections. International 

Journal of Pharmacy and Research Sciences. 2: 532-538.  

 

Pandey, G., and Madhuri, S. (2010). Significance of fruits and vegetables in malnutrition 

cancer. Plant Archives. 10(2): 517-522. 

 

Panigrahi, A., and Azad, I.S. (2007). Microbial intervention for better fish health in 

aquaculture: the Indian scenario. Fish Physiology and Biochemistry. 33: 429-40. 

 

Parasa, L.S., Tumati, S.R., Prasad, C.S., and Kumar, L.C.A. (2012). In vitro antibacterial 

activity of culinary spices aniseed, star anise and cinnamon against bacterial 

pathogens of fish. International Journal of Pharmaceutical Science. 4: 667-670. 

  

Paudel, K.C. (2003). Domesticating Lapsi, Choerospondias axillaries Roxb. (B.L. Burtt and 

A.W. Hill) for fruit production in the middle mountain agroforesty systems in Nepal. 

Himalayan Journal of Science. 1: 55-58. 

 

Paudel, K.C., and Parajuli, D.P. (1999). Domestication and Commercialisation of Lapsi tree: 

A potential income source through agroforestry in the middle hills of Nepal. In: 



 
 

150 
 

Ministry of Science and Technology, Kathmandu, Nepal, Scientific World. 1(1): 116-

120. 

 

Paudel, K.C., Pieber, K., Klumpp, R., and Laimer Da Câmaramachado, M. (2002a). 

Collection and evaluation of germplasm of lapsi (Choerospondias axillaris (Roxb.) 

B.L. Burtt and A.W. Hill), an inigenous fruit tree of Nepal. Plant Genetic Resources 

Newsletter. 130: 1-6. 

 

Paudel, K.C., Pieber, K., Klumpp, R., and Laimer, M. (2003). Evaluation of lapsi tree 

Choerospondias axillaris (Roxb.) for fruit production in Nepal,Bodenkultur-Wien 

and Munchen. 54(1): 3-10. 

 

Pavaraj, M., Balasubramanian, V., Baskaran, S., Ramasamy, P. (2011). Development of 

Immunity by Extract of Medicinal Plant Ocimum sanctum on Common Carp 

Cyprinus carpio (L.). Research Journal of Immunology. 4: 12-18. 

 

Penaflorida, V.D. (1995). Effect of papaya leaf meal on the Penaeus monodon post larvae. 

The Israeli Journal of Aquaculture—Bamidgeh. 47(11): 25–33. 

 

Petersen, M., and Simmonds, S.J.M.  (2003). Rosmarinic acid. Phytochemistry. 62: 121-125. 

 

Pietta, P., Simonetti, P., and Mauri, P. (1998). Antioxidant activity of selected medicinal 

plants. Journal of Agricultural and Food Chemistry. 46: 4487-4490. 

 

Pinkate, C., Wannasorn, N., and Chitmanat, C. (2003). Effect of different culture systems on 

some water parameters and parasitic prevalence in tilapia (Oreochromis niloticus). 

Thai Fisheries Gazette. 56(1): 35-39. 

 

Prakash, D., and Gupta. K.R. (2009). The antioxidant phyto-chemicals of nutraceutical 

importance. Open Nutraceuticals Journal .2:20-35. 

 

Prakash, P. (2004). Effect of feed attractant on growth, survival and fed utilization in 

freshwater prawn, Macrobrachium rosenbergii (de Man). M.F.Sc. Thesis Submitted 

to University Agricultural Sciences, Bangalore. 



 
 

151 
 

Pratheepa, V., and Sukumaran, N. (2014). Effect of Euphorbia hirta plant leaf extract on 

immunostimulant response of Aeromonas hydrophila infected Cyprinus carpio. Peer 

Journal. 13(2): 671-674.   

 

Priyadarshini, M., Manissery, J.K., Mohan, C.V., and Keshavanath, P. (2012). Effect of 

ImmuPlus on Growth and Inflammatory Response to Fruend‟s Complete Adjuvant in 

Common Carp, Cyprinus carpio (L.). Turkish Journal of Fisheries and Aquatic 

Sciences. 12: 291-299.  

 

Qin, Q.W. (2000). Non-specific immunomodulatory effects of dietary vitamin C on green 

grouper. Tropical Ocean. 19: 58-63.  

 

Raa, J.G., Rorstad, G., Engstad, R., and Robertson, B. (1992). The use of immunostimulants 

to increase resistance of aquatic organisms to microbial infections. In: Diseases in 

Asian Aquaculture. M. Shari., R.P. Subasinghe, and J.R. Arthur (Eds). Fish Health 

Section, Asian Fisheries Society, Manila, Phillippines, 26–29 November 1990, Vol. 

1, pp. 39-50.  

 

Ramachandra Naik, A.T, Murthy, H.S., Rajesh, M., and Mendon, M. R. (2000). Stability in 

water and sinking rate of pelleted feeds formulated from locally available 

ingredients. Fishery Technology.  38: 121-129. 

 

Ramchandra Naik, A.T. (1998). Studies on partial replacement of the fish meal by soya flour 

in the diets of freshwater prawn and carps. M.F.Sc. Thesis submitted to University 

of Agricultural Sciences, Bangalore. 

 

Rani, T.V.J. (1999). Fourth year annual report (CSIR Research Associateship) submitted to 

Council of Scientific and Industrial Research, New Delhi. 

 

Rao, Y.V., Das, B.K., Jyotrymayee, P., and Chakrabarti, R. (2006).  Effect of Achyranthes 

aspera on the immunity and survival of Labeo rohita infected with Aeromonas 

hydrophila. Fish and Shellfish Immunology. 20:263-273. 

 



 
 

152 
 

Ravikumar, S., Anitha Anandha Gracelin, N., Palani Selvan, G., and Kalaiarasi, A. (2011). In 

vitro antibacterial activity of coastal medicinal plants against isolated bacterial fish 

pathogens. International Journal of Pharmaceutical Research and Development. 

3(4): 109-116. 

 

Ravikumar, S., Palani Selvan,G., and Anitha Anandha, G.N. (2010). Antimicrobial activity of 

medicinal plants along Kanyakumari coast, Tamil Nadu, India. African Journal of 

Basic and Applied Sciences. 2(5-6): 153-157. 

 

Reitman, S., and Frankel, A.S. (1957). A colorimetric method for the determination of serum 

glutamic oxaloacetic and glutamic pyruvic transaminase. American Journal of 

Clinical Pathology. 28: 53-56. 

 

Reuter, H.D., Koch, H.P., and Lawson, L.D. (1996). Therapeutic effects and applications of 

garlic and its preparations. Garlic: The science and therapeutic application of 

Allium sativum L. and related species. 2
nd

 ed. (Koch, H.P., and Lawson, L.D. Eds.). 

Williams and Wilkins, Baltimore, MD, pp. 135-213. 

 

Roberts, M.L., Davis, S.J., and Pulsford, A.L. (1995). The influence of ascorbic acid (vitamin 

C) on non-specific immunity in the turbot Scophthalmus maximus. Fish and Shellfish 

Immunology. 5(1): 27-38. 

 

Rocha, W.S., Lopes, R.M., Silva, D.B., Vieira, R.F., Silva, J.P., and AgostiniCosta, T.S. 

(2011). Total phenolics and condensed tannins in native fruits from Brazilian 

savanna. Revista Brasileira de Fruticultura. 33(4): 1215-1221. 

 

Roe, J. H., and Keuther, C.A. (1943). The determination of ascorbic acid in whole blood and 

urine through 2, 4-dinitro phenyl hydrazine derivative of dehydro ascorbic acid. 

Journal of Biological Chemistry. 147: 399-407. 

 

Roitt, I.M., Brostoff, J., and Male, D.K. (1998). Immunology. Fifth Edition. Mosby 

International, London. 

 



 
 

153 
 

Roja, G., and Rao, P.S. (2000). Anticancer compounds from tissue cultures of medicinal 

plant. Journal of Herbs, Spices and Medicianl Plants. 7: 71-102. 

 

Rombout, J.H., Huttenhuis, H.B.T., Picchietti, S., and Scapigliati, S. (2005). Phylogeny and 

ontogeny of fish leucocytes. Fish and Shellfish Immunology.19: 441-455. 

 

Rougier, F., Troutaud, D., Ndoye, A., and Deschaux, P. (1994). Non-specific immune 

response of Zebra fish, Brachydanio rerio (Hamilton–Buchanan) following copper 

and zinc exposure. Fish and Shellfish Immunology. 4:115-127. 

 

Roxburgh, W. (1832). Didynamia Angiospermia. "Hora Indica". W. Thacker and Co.: 

Serampore, Calcutta, 2
nd

 ed. 3: 1-116. 

 

Sahoo, P.K., and Mukherjee S.C. (2001). Effect of dietary b-1,3 glucan on immune 

responses and disease resistance of healthy and aflatoxin B1-induced 

immunocompromised rohu (Labeo rohita Hamilton). Fish and shellfish 

Immunology. 11: 683-695.  

 

Sahoo, P.K., and Mukherjee S.C. (2003). Immunomodulation by dietary vitamin C in healthy 

and alphatoxin B1-induced immunocompromised rohu (Labeo rohita). 

Comparative immunology, microbiology and infectious diseases. 26: 65–76. 

 

Sakai, M. (1999). Current research status of fish immunostimulants. Aquaculture. 172: 63-92. 

 

Samson, J., Sheeladevia, R., and Ravindrana, R. (2007). Oxidative stress in brain and 

antioxidant activity of Ocimum sanctum in noise exposure. NeuroToxicology. 

28(3): 679-85. 

Satheeshkumar, P., Ananthan, G., Senthil Kumar, D., and Jagadeesan, L. (2011). 

Haematology and biochemical parameters of different feeding behaviour of teleost 

fishes from Vellar estuary, India. Comparative Clinical Patholology. 21(6): 1-5. 

 

Schuchardt, D., Vergara, J.M., Palaciso, H. F, Kalinowski, C.T., Cruz, C.M.H., Izquierdo, 

M.S., and Robaina, L. (2008). Effects of different dietary protein and lipid levels on 



 
 

154 
 

growth, feed utilization and body composition of red porgy (Pagruspagrus) 

fingerlings.  Aquaculture Nutrition. 14(1): 1-9. 

 

Sealey W.M., and Gatlin III, D.M.  (1999). Dietary vitamin C requirement of hybrid striped 

bass (Morone chrysops ♀ × M. saxatilis ♂. Journal of the World Aquaculture 

Society. 30(3): 297-30. 

 

Shah, D.J. (1978). Ascorbic acid (Vitamin C) content of Lapsi-pulp and peel at different stage 

of maturation. Research Bulletin 2035 B. S. Food Research Section, HMG/N, 

Department of Food and Agricultural Marketing Services, Kathmandu. 

 

Shahsavani, D., Kazerani, H.R., Kaveh, S., and Gholipour-Kanani, H. (2010). Determination 

of some normal serum parameters in starry sturgeon (Acipenser stellatus Pallas, 

1771) during spring season. Comparative Clinical Pathology. 19: 57-61.  

 

Shakya. S.R. and Labh, S.N. (2014). Medicinal uses of garlic (Allium sativum) improves fish 

health and acts as an immunostimulant in aquaculture. European Journal of 

Biotechnology and Bioscience. 2(4): 44-47. 

 

Shakya, S.R., and Labh, S.N. (2016). Effects of dietary lapsi (Choerospondias axillaris 

Roxb.) on survival, growth and protein profile of common carp (Cyprinus carpio L) 

fingerlings. International Journal of Zoology Studies.1(5): 36-415. 

 

Shalaby, A.M., Khattab, Y.M., and Abdel rahman, A.M. (2006). Effects of garlic (Allium 

sativum) and chloramphenicol on growth performance, physiological parameters and 

survival of Nile Tilapia (Oreochromis niloticus). Journal of Venomous Animals and 

Toxins including Tropical Diseases. 12(2):172-201. 

 

Shalaby, S.M.M., A.I. Abd Elmonem., and A.Y. El-Dakar. (2003). Enhancement of growth 

performance, feed and nutrient utilization of nile tilapia (Oreochromis niloticus), 

using of licorice roots (Erksous) as a feed attractive. Journal of Egyptian Academic 

Society for Environmental Development. (B-Aquaculture).  4: 119-142. 

 

http://www.scielo.br/scielo.php?script=sci_serial&pid=1678-9199&lng=en&nrm=iso
http://www.scielo.br/scielo.php?script=sci_serial&pid=1678-9199&lng=en&nrm=iso
http://www.scielo.br/scielo.php?script=sci_serial&pid=1678-9199&lng=en&nrm=iso


 
 

155 
 

Shalaby, S.M. (2004). Response of Nile tilapia, Oreochromis niloticus, fingerlings to diets 

supplemented with different levels of fenugreek seeds (Hulba). Mansoura University 

Journal of Agricultural Sciences. 29(5): 2231-2242.  

 

Shambhu, C., and Jayaprakas, V. (2000). Livol (IHF-1000), a new herbal growth promoter in 

white prawn, Penaeus indicus (Crustacea). Indian marine Science. 30: 38-43. 

 

Sharif Rohani, M., Dashtiannasab, A., Ghaednia, B., Mirbakhsh, M., Yeganeh, V. and 

Vahabnezhad, A. (2013). Investigation of the possibility use of Zataria multiflora 

(Avishan-e Shirazi) essence in control of fungal contamination of cultured shrimp, 

Litopenaeus vannamei. Iranian Journal of Fisheries Sciences. 12: 454-464.  

 

Sheikh, Z.A., and Ahmed, I. (2016). Seasonal changes in hematological parameters of snow 

trout Schizothorax plagiostomus (Heckel 1838). International Journal of Fauna and 

Biological Studies. 3: 33-38. 

 

Shi, S., Li, Z.X., Tian, F.J., Bai, Y.F., Tian, L., and Yang, Y.M. (1985). Effect of flavanoid 

from Choerospondias axillaries fruit on left ventricle function and hemodynamics of 

anaesthesia dog. Inner Mongolia Pharmaceutical Journal. 2: 14-15. 

 

Shiau, S.Y., and Hsu, T.S. (1999). Quantification of vitamin C requirement for juvenile 

hybrid tilapia, Oreochromis niloticus, with L-ascorbyl-2-monophasphate Na and L-

ascorbyl-2-monophasphate Mg. Aquaculture. 175: 317-326. 

 

Singh, B.N., Singh, B.R., Singh, R.L, Prakash, D., Dhakarey, R., Upadhyay, G., and Singh, 

H.B. (2009). Oxidative DNA damage protective activity, antioxidant and anti-

quorum sensing potentials of Moringa oleifera. Food and Chemical Toxicology. 

47(6): 1109-1116. 

 

Sivagurunathan, A., Innocent, B.X., and Muthulakshmi, S. (2012).Immunomodulatory effect 

of dietary Nelumbo nucifera (lotus) in growth and haematology of 

Cirrhinusmrigalachallenged with Pseudomonas aeruginosa. Journal of Applied 

Pharmaceutical Science. 2: 191-195. 

 



 
 

156 
 

Sivaram, V., Babu, M.M., Citarasu, T., Immanuel, G., Murugadass, S., and Marian, M.P. 

(2004). Growth and immune response of juvenile greasy groupers (Epinephelus 

tauvina) fed with herbal antibacterial active principle supplemented diets against 

Vibrio harveyi infections.  Aquaculture. 237: 9-20. 

 

Siwicki, A.K. (1989). Immunostimulating influence of levamisole on non-specific immunity 

in carp (Cyprinus carpio). Developmental and Comparative Immunology. 13: 87-91. 

 

Siwicki, A.K., Anderson, D.P., and Rumsey, G.L. (1994). Dietary intake of 

Immunostimulants by rainbow trout affects non-specific immunity and protection 

against furunculosis. Veterinary Immunology and Immunopathology.  41: 125-139. 

 

Snieszko, S. F. (1960). Microhaematocrit as a tool in fishery research and management. U.S. 

Department of Interior Fish and wildlife Service, Special scientific Report-fisheries. 

314: 15-33. 

 

Soliman, A.K., Jauncey, K., and Roberts, R.J. (1994). Water-Soluble Vitamin  Requirements  

of  Tilapia,  Ascorbic  Acid (Vitamin  C)  Requirement  of  Nile  Tilapia,  

Oreochrmis niloticus  (L.).  Aquaculture and Fisheries Management. 25: 269-278. 

   

Soltan, M.A., and El-Laithy, S.M. (2008). Effect of probiotics and some spices as feed 

additives on the performance and behaviour of the Nile tilapia, Oreochromis 

niloticus. Egypt Journal of Aquatic Biology and Fish.12: 63-80.  

 

Soltani, M., Esfandiary, M., Khazraeenia, S. and Sajadi, M. M. (2009). Effects of Zataria 

multiflora essential oil on Rainbow trout (Oncorhynchus mykiss) egg hatchability 

and survival of larvae compared with hydrogen peroxide and malachite green. 

Journal of Veterinary Research. 64(2): 127-134. 

 

Srinivas, D.S. (2000). Effect of G-probiotic on growth, body composition and survival of 

giant freshwater prawn, Macrobrachium rosenbergii (de Man) and Indian major 

carp, Labeo rohita (Ham). M.F.Sc. Thesis submitted to University of Agricultural 

Sciences, Bangalore. 

 

https://www.researchgate.net/journal/0165-2427_Veterinary_Immunology_and_Immunopathology


 
 

157 
 

Stewart, W.D.P. (2011). Nitrogen Fixation. In: The Biology of Blue-Green Algae, Botanical 

Monographs, diets: Growth performance, feed utilization, and whole-body 

composition of Nile tilapia, (Oreochromis niloticus) (L.) fingerlings. Aquaculture. 

314: 110-114. 

 

Subeenabegum, S., and Navaraj, P.S. (2016). Studies on the immunostimulatory effect of 

extract of Solanum trilobatum and Ocimum sanctum in Mystus keletius. International 

journal of fisheries and aquatic studies. 4(2): 376-381. 

 

Subeenabegum, S., and Vaseekaran, B. (2017).  Synergistic effect of medicinal plant leaf 

extracts supplemented diet on non-specific immune responses in fresh water fish 

Channa striatus. International Journal of Zoology Studies. 2(2): 16-21. 

 

Süheyla K.D., Nazlı A., and Akın, C. (2003). Some medicinal plants as immunostimulant for 

fish. Journal of Ethnopharmacology. 88(1): 99-106. 

 

Suzuki, K., Misaka, N., and Sakai, D.K. (2006). Efficacy of green tea extract on removal of 

the ectoparasitic flagellate Ichthyobodo necator from chum salmon, Oncorhynchus 

keta, and masu salmon, O. masou. Aquaculture. 259: 17-27. 

 

Svoboda, M., Kourh, J., Hamackova, J., Kalab, P., Savina, L. Svobodova, Z., and Vykusova, 

B. (2001). Biochemical profile of blood plasma of tench Tinca tinca during pre and 

post spawning period. Acta Vet Brno.  70: 259-268. 

 

Swingle, H.S. (1961). Relationship of pH ofpond waters to their suitability for fish  culture.  

Proceeding of the Pacific Science Congress. 10: 72-75. 

 

Syahidah, A., Saad, C.R., and Daud, H.M. (2012). Potential antibacterial activity of local 

herb extracts on fish pathogenic bacteria. 31
st
 Symposium of the Malaysian Society 

for Microbiology. Microbiology Research in the Omics Era, 63. Kota Kinabalu, 

Sabah, Malaysia, December 13-15, 2012.  

 

Syahidah, A., Saad, C.R., Daud, H.M., and Rukayadi, Y. (2013). Penentuan aktiviti 

antibakteria ekstrak herba tempatan, Sireh (Piper betel) terhadap patogen ikan. 



 
 

158 
 

Forum IPIMA 2013. Agriculture and Food Sovereignty in Indonesia and Malaysia, 

pp.192-196. IPB International Convention Centre, Bogor, Indonesia, November 18-

20, 2013.  

 

Tewary, A., and Patra, B.C. (2008). Use of vitamin C as an immunostimulant. Effect on 

growth, nutritional quality, and immune response of Labeo rohita (H.) Fish 

Physiology and Biochemistry. 34: 251-259. 

 

Tomich, T.P, Roemer, M., and Vincent, J. (1994). Development from a participatory export 

base in Asia and Africa: legacies and opportunities in development, (ICS Press, San 

Francisco, USA), 151. 

 

Troell, M., Kautsky, N., Beveridge, M., Henriksson, P., Primavera, J., Ronnb back, P., and 

Folke, C., (2013). Aquaculture. In: Levin, S.A. (Ed.), Encyclopedia of Biodiversity. 

Academic Press, Waltham, MA, pp. 189-201. 

 

Turan, F. (2006). Improvement of growth performance in tilapia (Oreochromis aureus 

Linnaeus) by supplementation of red clover Trifolium pratensein diets. The Israeli 

Journal of Aquaculture. 58: 34-38.  

 

Unnikrishnan, G. (1995). Effect of Livol on growth, food utilization and body composition of 

the Indian major carp, Catla catla (Ham.). M.Sc. Dissertation, University of Kerala, 

India, p 34. 

 

Van Hai, N. (2015). The use of medicinal plants as immunostimulants in aquaculture: A 

review. Aquaculture. 446: 88-96. 

 

Van Muiswinkel, W.B., Anderson, D.P., Lamers, C.H., Edberts, E., Van Loon, J.J., and 

Ijssel, J.I. (1985). Fish immunology and fish health. In: Manning, M. J. and Tatner, 

M. F. (eds.), Fish Immunology. Academic Press, pp.1-8. 

 

Van Muiswinkel, W.B. (1992). Fish immunology and health. Netherlands Journal of 

Zoology. 42(2- 3): 494-499. 

 



 
 

159 
 

Velioglu, Y.S., Mazza, G., Gao, L., and Oomah, B.D. (1998). Antioxidant activity and total 

phenolics in selected fruits, vegetables, and grain products. Journal of Agricultural 

Food and Chemistry. 46: 4113-4117. 

 

Venketramalingam, K., Christopher, J.G., and Citarasu, T. (2007). Zingiber officinalis an 

herbal appetizer in the tiger shrimp Penaeus monodon (Fabricius) larviculture. 

Aquaculture Nutrition. 13(6):  439-443.  

 

Viuda‐Martos, M., Ruiz‐Navajas, Y., Fernández‐López, J., and Pérez‐Álvarez, J.A. (2008). 

Antibacterial activity of different essential oils obtained from spices widely used in 

Mediterranean diet. International Journal of Food Science and Technology. 43: 526-

531.  

 

Waagbo, R. (1994). The impact of nutritional factors on the immune system in Atlantic 

salmon. Salmo salar L: A review. Aquaculture Research.  25(2): 175–197. 

 

Wang, H., Gao, X.D., Zhou, G.C., Cai, L., and Yao, W.B. (2008). In vitro and in vivo 

antioxidant activity of aqueous extract from Choerospondias axillaris fruit. Food 

Chemistry.106: 888-895.  

 

Wang, J., Yan, Q.P., Su, Y.Q., Zhou, Y.C., and Shao, X. (2001). Effect of immune additives 

on white blood cell number and phagocytosis in large yellow croaker. Marine 

Science. 9: 17-19.  

 

Wang, X., Kim, K., Bai, S.C., Hub, M., and Cho, B. (2003). Effects of the different levels of 

dietary vitamin C on growth and tissue ascorbic acid changes in parrot fish 

(Oplegnathus fasciatus). Aquaculture. 215: 203-211. 

 

Wattes, M., Munday, B.L., and Burke, C.M. (2001). Immune responses of teleost fish. 

Australian Veterinary Journal. 79: 570-574. 

 

Weatherley, A.H., and Gill, H.S. (1987). The Biology of Fish Growth. London, UK: 

Academic Press. 

 



 
 

160 
 

Webster, D. (1977). The immediate reaction between BCG and serum as a measure of 

albumin content. Clinical Chemistry. 23: 663-665. 

 

Wells, R.M.G, McIntyre, R.H., Morgan, A.K. and Davie, P.S. (1986). Physiological stress 

responses in big gamefish after capture: observations on plasma chemistry and blood 

factors. Comparative Biochemistry and Physiology-Part A: Physiology.  84(3): 565-

571. 

 

Wiegertjes, G.F., Stet, R.M., Parmentier, H.K., and Vas Muiswinkel, W.B. (1996). 

Immunogenetics of disaease resistance in fish: a comparable approach. 

Developmental and Comparative Immunology. 20(6): 365-381. 

 

Winkaler, E.U., Santos, T.R.M., Machado-Neto, J.G., and Martinez, C.B.R. (2007). Acute 

lethal and sub-lethal effects of neem leaf extract on the neotropical freshwater fish, 

Prochilodus lineatus. Comparative Biochemistry and Physiology - Part C: 

Toxicology and Pharmacology. 145: 236-244. 

 

Witeska, M. (2003). The effects of metals (Pb, Cu, Cd, and Zn) on hematological parameters 

and blood cell morphology of common carp. Rozprawa naykowa nr 72, 

Wydamnictwo Akademii Podlaskiej Siedlce. 

 

Wu, G., Yuan, C., Shen, M., Tang, J., Gong, Y., Li, D., Sun, F., Huang, C., and Han, X. 

(2007). Immunological and biochemical parameters in carp (Cyprinus carpio) after 

Qompsell feed ingredients for long-term administration. Aquaculture Research. 

38(3): 246-255. 

 

Xie, J., Liu, B., Zhou, Q.L., Su, Y.T., He, Y.J., Pan, L.K., Ge, X.P., Xu, P. (2008). Effects of 

anthraquinones extract from rhubarb R. officinale Bail on the crowding stress 

response and growth of common carp (Cyprinus carpio var. Jian). Aquaculture. 281: 

5-11. 

 

Yao, J.Y., Shen, J.Y., Li, X.L., Xu, Y., Hao, G.J., Pan, X.Y., Wang, G.X., and Yin, W.L. 

(2010). Effect of sanguinarine from the leaves of Macleaya cordata against 

https://www.sciencedirect.com/science/journal/03009629
https://www.researchgate.net/journal/0145-305X_Developmental_Comparative_Immunology


 
 

161 
 

Ichthyophthirius multifiliis in grass carp (Ctenopharyngodon idella). Parasitology 

Research. 107: 1035-1042. 

 

Ye, J.D., Wang, K., Li, F.D., and Sun, Y.Z. (2011). Effects of long-term dietary 

administration of β-glucan on tissue enzyme activity and disease resistance in 

common carp, Cyprinus carpio. The Israeli Journal of Aquaculture-Bamidgeh. 63: 

650. 

 

Yilmaz, E., Ergün, S., and Yilmaz, S. (2015). Influence of Carvacrol on the Growth 

Performance, Hematological, Non-Specific Immune and Serum Biochemistry 

Parameters in Rainbow Trout (Oncorhynchus mykiss). Food and Nutrition Sciences. 

6: 523-531.  

 

Yilmaz, E., Genc, M.A., Cek, S., Mazlum, Y., and Genc, E. (2006). Effects of orally 

administered Ferula coskunii (Apiaceae) on growth, body composition and histology 

of common carp, Cyprinus carpio. Journal of Animal and Veterinary Advances. 5: 

1236-1238.  

 

Yogeeswaran, A., Velmurugan, S., Punitha, S.M.J., Babu, M.M., Selvaraj, T., Kumaran, T. 

and Citarasu, T. (2012). Protection of Penaeus monodon against white spot 

syndrome virus by inactivated vaccine with herbal immunostimulants. Fish and 

Shellfish Immunology. 32: 1058-1067. 

 

Zakes, Z., Kowalska, A., Demska-Zakes, K., Jeney, G., and Jeney, Z. (2008). Effect of two 

medicinal herbs (Astragalus radix and Lonicera japonica) on the growth 

performance and body composition of juvenile pike perch (Sander lucioperca). 

Aquaculture. 39: 1149-1160.  

 

Zelikoff, J.T. (1994). Fish immunotoxicology. In, Dean JH, Luster MI, Munson AE, Kimber I 

(eds.), Immunotoxicology and immunopharmacology, Vol. 2. Raven Press. New 

York, pp.71-95. 

 

Zelikoff, J.T., Enane, N.A., Bowser, D., Squibb, K.S., and Frenkel, K. (1991). Development 

of fish peritoneal macrophages as a model for higher vertebrates in 



 
 

162 
 

immunotoxicological studies. I. Characterisation of trout macrophage morphological, 

functional and biochemical properties. Fundamental and Applied Toxicology. 16(3): 

576-589. 

 

Zeng, H., Ren, Z.L., and Guo, Q. (1996). Application of allicin in tilapia feed. China Feed. 

21: 29-30.  

 

Zheng, W., and Wang, S.Y. (2001). Antioxidant activity and phenolic compounds in selected 

herbs. Journal of Agricultural and Food Chemistry. 49: 5165-5170. 

 

Zheng, Z.L., Tan, J.Y.W., Liu, H.Y., Zhou, X. H., Xiang, X., and Wang, K. Y. (2009). 

Evaluation of oregano essential oil (Origanum heracleoticum L.) on growth, 

antioxidant effect and resistance against Aeromonas hydrophila in channel catfish 

(Ictalurus punctatus). Aquaculture. 292:  214-218. 

 

Zilberg, D., Tal, A, Froyman, N., Abutbu, S., Dudai, N., and Goldhirsh, A.G. (2010). Dried 

leaves of Rosmarinus officinalis as a treatment for Streptococcosis in tilapia. Journal 

of Fish Diseases. 3(4): 361-369. 

 

 

 



163 
 

ANNEXURE-I  

EXPERT REPORT

 



164 
 

 

 



  

165 
 
 
 

ANNEXURE-II 

LAPSI FRUIT PULP POWDER PREPARATION AND ITS EXTRACT 

                      

  

  

 

  

 

 

Lapsi  Choerospondias axillaris (Roxb.1832)Tree 

 

 

 

  

  

  

 

Lapsi fruit 

 

 

 

 

 

Dry Lapsi pulp 



  

166 
 
 
 

 

 

 

 

 

 

 

Dry Lapsi pulp in grinder 

  

 

 

 

 

 

 

Grinded Lapsi pulp 

 

 

 

 

 

 

    Coarse Lapsi pulp                                   Powder Lapsi pulp 



  

167 
 
 
 

 

  

 

 

 

 

 

 

 

 

Ethanol Extract of Lapsi fruit pulp 



168 
 

ANNEXURE-III  

FISH MEAL PREPARATION  

                      

  

  

 

 

Dry Fish 

  

  

 

 

  

    

 

 

 

 

 

             Fish Meal 



169 
 

WHEAT POWDER PREPARATION 

 

 

 

 

 

 

 Grinding Machine  

 

 

 

 

 

 

 

Wheat Grain 

 

 

 

 

           

 

  

Wheat Powder 

 



170 
 

 

 

 

 

 

 Feed Preparation - Six Treatments 

 

 

 

 

 

 

 

 

 

 



171 
 

ANNEXURE-IV 

PHOTOS FROM LAB CULTURE 

  

Cleaning glass aquarium 

 

 

 

 

 

 

Glass aquaria with cover 

 

 

 

 

 

 

Water filled aquaria 



172 
 

 

 

 

 

 

 

 

 

                     Weighing machine     Water pump with aerator  

 

 

 

DO meter, pH meter and thermometer for testing water 

 

Siphoning 



173 
 

PHOTOS FROM FIELDS 

  

Experimental pond 

 

Happas with support of bamboo sticks erected in the pond 

 

                Weighing machine               Collection tissues from samples in the field                         



174 
 

 

 

Feeding the trout Measuring length of the trout 
 

 

 

 

 

 

 

 

 

Dissecting trout Removing liver 
 

 

 

 

  

 

 

Weighing brain 



175 
 

 

 

 

 

 

 

 

  

 

 Withdrawing blood from the caudal vein 
 

  

 

 

 

 

 

 

            Blood of trout 
 

 



176 
 

ANNEXURE-V:  

AWARDS AND PRESENTATIONS 

              

 

 

 

 

 

 

 

 

 

 

 

     

 

 

 

 

 

 

 

 

 



177 
 

   

  With my Supervisor Prof. Dr. S.N.Labh 

 

Explaining about the poster 

 

Receiving award for poster presentation from the Minister of Science and 

Technology-Prem Bahadur Singh  



178 
 

 

 

 



179 
 

 

 

 

 

 

Receiving award for oral presentation from Vice Chancellor of NAST-Prof. 

Dr. Jib Raj Pokharel 

  

 

 

  



180 
 

 

Certificate 

 

 

Oral Presentation, India  

 



181 
 

 

Certififate for best performance 

 

 

Receiving Medal from Prof. Dr. Satyendra D Tripathi, Former Director & 

VC, ICAR-CIFE, Mumbai, India 

 



182 
 

 

Receiving Certificate from Prof. Dr. S. D. Tripathi, Prof. Dr. B. N. Pandey 

and Prof. Dr. B. K. Das, India 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



183 
 

 ANNEXURE-VI 

  
          PUBLICATIONS 

 

 



184 
 

 



185 
 

 



186 
 

 



187 
 

 



188 
 

 



189 
 

 



190 
 

 



191 
 

 



192 
 

 



193 
 

  



194 
 

 



195 
 

 



196 
 

 


	0.  Cover Page
	0. Inner cover
	01. Pre Chapters
	1. Chapter 1 INTRODUCTION correction 30 May 2020 c Iju JUNE 5,202
	2. Chapter 2 Literature Review
	3. Chapter-Materials and Methods
	4.  Chapter 4 RESULTS (A) 
	4.  Chapter 4 RESULTS (B) 
	4.  Chapter 4 RESULTS (C) and discussion
	5. Chapter 5  CONCLUSION
	6. Chapter 6 SUMMARY
	7. Chapter 7 REFERENCES
	ANNEXURE-I
	ANNEXURE-II
	ANNEXURE-III
	ANNEXURE-IV
	ANNEXURE-V
	ANNEXURE-VI

