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II Review of Literature



M. rosenbergii is the most important and economically cultured palaemonid in the world and it is now farmed on large scale in different parts of the world including India. In 2002, the freshwater prawn production showed a significant increase, reaching an all time high of 30,000 tonnes in 2003. Freshwater prawn culture has expanded considerably in recent years, especially in Asian countries (New, 2005). Global production of giant river prawn, M. rosenbergii, increased from 17,129 to 180,221 tonnes between 1993 and 2003 (FAO, 2005). This rapid increase may be mainly due to the dramatic developments in culture technologies, and the great environmental sustainability of freshwater prawn farming (Valenti and Tidwell, 2006).



The farming of the giant freshwater prawn M. rosenbergii popularly known as 'scampi' has been expanding in India recent years. Scampi farming gained momentum after the set-back in shrimp farming



due



to



disease



outbreaks



and



other



factors.



The



infrastructure available to produce shrimp seed and process the shrimp was helpful in providing support to scampi farming. The existing culture system includes both monoculture and polyculture with Indian major carps in ponds. Grow out stocking densities range from 0.5 to 2.5 scampi per m2 in polyculture and 1-5 per m2 in monoculture. The culture period is 6-8 months starting at the beginning of southwest monsoon (June-July, 27-30°C). The scampi are fed with farm-made or commercial feeds. This article summarizes the nutrition and feeding of freshwater prawns (grow out), with special reference to culture conditions in India.



The beginning of modern rearing of M. rosenbergii was the observation by the FAO expert Shao-Wen Ling that freshwater prawn larvae need brackish water for survival beyond 5 days; after larval stages they can be cultured in freshwater. These observations were the key to success of prawn culture and within a decade, a number of development projects were in existence in many Asian countries and also in Europe, Africa and the Americas. Now, China and Southeast Asia are the leading producers of M. rosenbergii, and the global production approaches some 130,000 tons, with a value of some US$800 million. Although M. rosenbergii farming is mostly performed in areas where year-round grow-out is possible, development of culture in more temperate areas is also going on in North America, China, etc.



In the analysis of sustainability, the freshwater prawn farming is seen as highly suitable for programmes designed for promotion of sustainable rural development, mostly in a semi-intensive form. Furthermore, it appears that prawn culture may carry fewer adverse ecological effects than, say, marine shrimp culture, though by any means it is not without its risks. Also, polyculture of prawns is rapidly developing and looking for new ‘partners’. Furthermore, common use of local feeds in prawn farming also makes possible environmental effects more manageable.



2.1 Macrobrachium farming in India



It has been reported that Andhra Pradesh produces 27000 mt of M. rosenbergii (according to MPEDA) which could be doubled in 2 or 3 years if farmers take up this type of farming (Anonymous 2003a). An earlier phase of the boom in freshwater prawn farming in India, mainly in the coastal provinces of Tamil Nadu and Andhra Pradesh, was described by Fegan and Sriram (2001), who reported more profitable than sugarcane or rice production. Jain and Diwan (2002)



stated that M. rosenbergii can be cultured in waters of 15 ppt and is therefore a suitable species for culture in saline wastelands in India. Merican and Vasudevan (2003) noted that about 1.2million ha was available and only about 13 % had been used to date. These authors forecast that Indian production of Macrobrachium would rise by about 30% per year over the next 2 or 3 years.



Murthy (2002) reported that the polyculture of freshwater prawn with carps has almost entirely been replaced by prawn monoculture. He reported that about 35000 ha of ponds were devoted to freshwater prawn culture in India and about 22000 ha in Nellore district of Andhra Pradesh alone. Selvaraj and Kumar (2003) predicted that freshwater prawn production in India could increase to 50000 mt/year by 2010. Several established freshwater prawn farmers and hatchery operators in Andhra Pradesh and Tamil Nadu have been promoting and assisting similar development in other Indian states (Nandeesha 2003; Susheela, pers. comm 2004).



2.2 Nutrient requirements



A successful semi-synthetic brood stock diet (44 % protein, 9 % lipid) for M. rosenbergii was used in reproductive performance trials by Cavalli et al. (2001). Roustaian et al (2001) have demonstrated the importance of lipid as the major metabolic energy source for growing larvae of M. rosenbergii and postulated that research on the effects of the lipid composition of brood stock diets would be beneficial. Roustaian et al (2000) found that the amino acid composition of M. rosenbergii larvae appeared to be relatively unchanged during larval stages I-IX, suggesting that their dietary amino acid requirements could be satisfied by a feed having a similar amino acid profile to the larvae



themselves.



D’Abramo



(2002)



reported



the



successful



development of a formulated micro bound feed to replace the use of Artemia for larval stages V-XI and for PL of M. rosenbergii.



Hari and Kurup (2003) found that highest growth rate and maximum protein utilization was obtained with a 30% protein level. Posadas et al (2001 & 2002) compared different feeds and feeding regimes for the grow-out of M. rosenbergii in Mississippi. A daily ration of cottonseed (approximately 3.7 kg/ha) was applied to all four treatments for the first 30 days of rearing. Ali and Sahu (2002) found that the use of fermented fish silage as a feed ingredient showed better weight gain, FCR and PER than freshwater prawns fed 35 % protein, 8 % lipid diets containing fish meal or acid fish silage. Using ascorbyl-2monophosphate, Hari and Kurup (2002) found that dietary vitamin C levels have a perceptible influence on the survival of M. rosenbergii juveniles and recommended an inclusion rate of 135 mg/kg of ascorbic acid equivalent.



Gonzalez-Penz et al (2002) showed that the specific growth rate, feed efficiency conversion and protein efficiency ratios of small and large adult M. rosenbergii improved as levels of dietary fibre were increased (substituting cellulose for starch in semi-purified diets) from 0.4 % to 8 %; they concluded that the inclusion of fibre up to 10 % increases growth rates in adult prawns by increasing nutrient residence time, thus increasing absorption. Mendoza et al (2001) found significant attractive properties when argnine, cadaverine, freeze-dried red crab extract and coconut extract were added to a commercial diet for M. rosenbergii. It is reported that anti-nutritional tannins affect M. rosenbergii far less than in fish (Anonymous 19992000).



2.2.1 Protein and amino acid requirement



Diets with about 35-40 % protein and gross energy level of about 3.2 kcal/g diet and protein:energy ratio of about 125-130 mg protein/kcal are suitable for growth of M. rosenbergii in clear water



systems that do not have any supply of natural foods. Broodstock reared in ponds having natural food (benthic micro- and macro fauna) require about 30 % protein in the diet. Many commercial feeds for grow-out contain 24-32 % crude protein. Protein/starch ratio of 1:1 is known to be effective for better feed efficiency and growth rate. The prawn requires the same ten essential amino acids as that of crustacean and fish species, but quantitative requirements have not been determined. The amino acid composition of the prawn muscle is used to provide guidance values in feed formulation (Mukhopadhyay et al., 2005).



2.2.2 Lipid and free fatty acid requirement



Freshwater prawn uses dietary carbohydrate efficiently as energy source, protein sparing by lipids is not considered to be crucial. The dietary lipid level in prawn diets can be as low as 5 % provided the lipid source contains sufficient levels of essential fatty acids. There is a dietary requirement for highly unsaturated fatty acids (HUFA) although in very small quantities. Both n-3 and n-6 HUFAs at dietary levels of 0.075 % are known to increase weight gain and feed efficiency remarkably. Further both 18:2 n-6 and 18:3 n-3 are also required. M. rosenbergii, like other crustaceans, is unable to synthesize cholesterol due to the absence of the enzyme 3-hydroxy-3 methylglutaryl CoA reductase. The dietary requirement for cholesterol is approximately 0.3-0.6 % in diet. Substitution with 0.6 % ergosterol or stigmesterol is generally not so effective compared to 0.6 % cholesterol. However, a mixture of phytosterols (sitosterol, campesterol and dihydrobrassi-casterol) has been found to be as effective as cholesterol. So, unlike in penaeid shrimp feeds, there is no need to add high levels of purified cholesterol in feeds of freshwater prawn feeds provided the ingredients contain sufficient levels of phytosterols.



Low level of dietary cholesterol in broodstock diet is known to adversely affect egg quality resulting in inferior quality of seed production. The cholesterol content in the eggs and hepatopancreas, and total lipid content in the ovary and hepatopancreas of pond reared broodstock fed with a diet containing 30 % crude protein and 5 % lipid was significantly lower when compared to the eggs from wild broodstock collected from the lower reaches of the river Brahmini in Orissa, India. Higher levels of lipids and cholesterol are probably key factors in egg maturation and egg quality. The freshwater prawn also has limited ability to biosynthesize phospholipid (PL) de novo. A basal level of 0.8 % dietary PLs is required to meet the demand of the scampi broodstock. A dietary source of phosphatidylcholine (PC) in the form of soy-lecithin is essential for larval growth and survival. Supplementation of larval diets with 5 % soy-lecithin along with 1 % cod liver oil and 1% groundnut oil improved growth rate by 164 %. In the absence of sufficient levels of bile salts during development, dietary PC may also enhance the assimilation of ingested fats by acting as temporary emulsifier (Mukhopadhyay et al., 2005).



2.2.3 Carbohydrate requirement



The comparatively high specific activity of amylase found for M. rosenbergii supports the fact that the species efficiently utilizes carbohydrates as



a source



of energy. During



fasting, energy



metabolism in the prawn is dominated by carbohydrates, followed by lipids and proteins. Complex polysaccharides including starch and dextrin are more effectively utilized than simple sugars. Dietary glucosamine (an amino sugar and intermediary between glucose and chitin) facilitates molting followed by enhanced growth. Dietary protein is efficiently utilized at dietary lipid-carbohydrate ratio of 1:31:4. The prawns are also known to utilize as high as 30 % dietary fiber (Mukhopadhyay et al., 2005).



2.2.4 Vitamin requirement



Vitamin requirements of M. rosenbergii are probably similar to other crustaceans and fish species. The prawn requires 60-150 mg vitamin C/kg diet. Levels of 60mg ascorbic acid and 300 mg tocopherol



per



kg



diet



are



considered



sufficient



for



proper



reproduction and offspring viability in prawn broodstock. However, feeding female prawn with higher levels of both these vitamins (each around 900 mg/kg) might improve larval quality including higher tolerance to ammonia stress. It has been reported that vitamin E at 200 mg/kg diet modulated some of the antioxidants defense system by



decreasing



lipid



peroxidation



in



the



hepatopancreas



(Mukhopadhyay et al., 2005).



2.2.5 Mineral requirement



Information on quantitative mineral requirement of freshwater prawn is limited. Dietary supply of calcium seems to improve growth of freshwater prawn. Performance of the prawns was better when calcium was provided at 3 % level in soft water (Calcium concentration at 5 ppm). Even when the calcium concentration was higher at 74 ppm, performance improved when calcium was provided at 1.8 %. The optimum level of zinc is at 50-90 mg/kg diet. Growth and feed conversion efficiency declined at higher dietary doses (> 90 mg/kg) of zinc (Mukhopadhyay et al., 2005).



2.3 Other additives 2.3.1 Binders



Chemicals that act as binders include agar and alginate (extracts from seaweed), guargum, carboxymethyl cellulose and gelatin. Most binders primarily are comprised of starch. Storebakken (1985) found that feed intake and digestibility of protein and fat were



reduced in rainbow trout fed diets containing alginate or guargum as binders. In most cases, 1 or 2 % of the diet is comprised of binder; however, added water stability can be obtained by increasing that percentage. Animal that feed slowly by nibbling pieces or feed pellets (e.g., shrimp) should be served with pellets that remain intact for several hours.



2.3.2 Pigments



Lipid



soluble



compounds



known



as



caratenoids



impart



pigmentation in aquatic animals. The carotenoids are responsible for such colors as yellow, orange and red. These chemicals are not produced by fish and should be provided through the food. Examples of



carotenoids



are



astaxanthin,



canthaxanthin,



zeaxanthin,



xanthophyll and astacene. Common sources of carotenoids are crustaceans, yeast and plants (including algae).



Chemical structures of selected carotenoids, sources of the pigments and their use in salmonid aquaculture have been reviewed by Torrissen (1989). The levels of pure carotenoids as feed additives range from traces to a few hundred milligrams per kg of diet. Torrissen (1989) found that astaxanthin is deposited more efficiently in the flesh of rainbow trout than canthaxanthin. Torrissen (1989) determined that there was differential absorption of the two pigments in the digestive tract. He also observed that higher total carotenoid concentrations in trout could be achieved from diets containing a combination of the two pigments.



2.3.3 Antibiotics



Sykhoverhov (1967) reported that 20000 units of Terramycin given every three days raised growth by 9.5 % in Cyprinus carpio. “Nitrovin” was found to be a better growth promoter than 17α–MT in



Epinephalus salmoides (Chua and Teng, 1980). Virginamycin at 40 ppm was found to be optimum in Pangasius sutchi (Pathmasothy, 1987). Utama and Musa (1991) reported that the difference in the average survival rate, wet and dry body weight and body length between post larvae fed diet containing virginamycin (80 ppm) and those fed diets without virginamycin were small. However, there was no statistical significance. Stafac–20 (having 2 % virginamycin) incorporated at 80 ppm and 20 ppm levels gave the highest SGR in rohu and common carp fingerlings respectively (Keshavanath et al., 1991), whereas 60 ppm and 100 ppm gave superior growth in catla and rohu fry respectively (Manojkumar, 1994).



2.3.4 Feed attractants



The use of feed attractants in manufactured aqua feeds has received considerable attention in the recent years. The reason behind their use has been to improve dietary food intake and at the same time by promoting quicker food intake. The time interval between feed offered and intake by the animal is minimized in water and thereby the leaching of water soluble nutrients. Further, attractants provide additional nutrients for protein and energy metabolism so that aqua feeds are ingested with minimum wastage and maximum feed efficiency, which also helps to reduce water pollution. The commonly used feed attractants are reviewed below. Pavadi and Murthy 2004 reported that aquasavor as dietary feed attractant enhances growth, survival and feed utilization.



2.3.4.1 Betaine



Betaine



(Glycine



betaine,



trimethyl



Glycine



and



Betaine



hydrochloride) is a highly water soluble and therefore diffusible compound which has the ability to stimulate the olfactory bulb of fish. It is found in high quantities in marine invertebrates (Meyers, 1987),



microorganisms and some plants. They also constitute an important part to the natural diet of marine carnivorous fish and crustacean species. However, under culture conditions farmed fish usually have little or no chance of obtaining sufficient quantities of Betaine from aquafeeds composed of conventional feed ingredients, unless the diet is supplemented with exogenous Betaine.



Like Betaine, free amino acids are also highly water soluble and easily diffused in water. In particular, L-alanine, L-glutamic acid, Larginine and glycine has been reported to have dietary attractant properties; alanine, glutamic acid and glycine being non-essential amino acids and L-arginine being an essential dietary amino acid for fish. Polat (1996) studied the early amino acid metabolism of African catfish (Clarias gariepinus) and reported that alanine was a very important energy source in the fish, together with valine, serine, leucine and isoleucine. However, it is important to note that L-alanine, L-glutamic acid, L-arginine and glycine individually are not very effective in terms of attractant properties, but are very effective attractants when mixed with glycine, Betaine or inosine.



2.3.5 Probiotics



The term, probiotic, simply means “for life”, originating from the Greek words “pro” and “bios” (Gismondo et al., 1999). The most widely quoted definition was made by Fuller (1989). He defined a probiotic as “a live microbial feed supplement which beneficially affects the host animal by improving its intestinal balance”.



Today probiotics find a commonplace in health promoting “functional foods” for humans, as well as therapeutic, prophylactic and growth supplements in animal production and human health (Mombelli and Gismondo, 2000; Ouwehand et al., 2002; Sullivan and Nord, 2002; Senok et al., 2005). Typically, the lactic acid bacteria



(LAB) have been widely used and researched for human and terrestrial animal purposes, and LAB are also known to be present in the intestine of healthy fish (Ringo and Gatesoupe, 1998; Hagi et al., 2004). Interest in LAB stems from the fact that they are natural residents of the human gastrointestinal tract (GIT) with the ability to tolerate the acidic and bile environment of the intestinal tract. LAB also function to convert lactose into lactic acid, thereby reducing the pH in the gastro intestinal tract and naturally preventing the colonization by many bacteria (Mombelli and Gismondo, 2000; Klewicki and Klewicka, 2004). The most widely researched and used LAB is the lactobacilli and bifidobacteria (Corcoran et al., 2004; Ross et al., 2005; Senok et al., 2005).



Multiple ways exist in which probiotics could be beneficial and these could act either singly or in combination for a single probiotic. These include: inhibition of a pathogen via production of antagonistic compounds, nutrients,



competition alteration



for



of



attachment



enzymatic



sites,



competition



activity



of



for



pathogens,



immunostimulatory functions, and nutritional benefits such as improving feed digestibility and feed utilization (Fuller, 1989; Fooks et al., 1999; Bomba et al., 2002).



Other commercially trade produced probiotics include the spore forming Bacillus spp. and yeasts. Bacillus spp have been shown to possess



adhesion



abilities,



produce



bacteriocins



(antimicrobial



peptides) and provide immunostimulation (Cherif et al., 2001; Cladera-Olivera et al., 2004; Duc et al., 2004; Barbosa et al., 2005). The strains appear to be effective probiotics and commercial products containing such strains have been demonstrated to improve shrimp production to a level similar to that when antimicrobials are used (Decamp and Moriarty, 2006). Bacillus spp hold added interest in probiotics as they can be kept in the spore form and therefore stored indefinitely on the shelf (Hong et al., 2005). The yeast, Saccharomyces



cerevisiae,



also



has



been



commonly



studied



whereby



immunostimulatory activity was demonstrated and production of inhibitory substances shown (Castagliuolo et al., 1999; Dahan et al., 2003; Van der Aa Kühle et al., 2005).



2.4 Immunostimulants



Treatments for diseases in aquatic medium are very less effective due to interaction of soil and water with the animal’s physiology. This some times makes the situation worst and forcing the farmers to go for dreadful antibiotics, which is not good for the aquaculture development. In this context, tackling the diseases through



enhancing



the



immunity



gains



importance.



Immunostimulants do the job of improving the host immunity to fight the invading diseases.



An immunostimulants is a biological or synthetic compound administered either orally or through body fluids into the body of the fish or shrimp for enhancing the immune status of the host, to over come the adverse environmental conditions, stress, pathogens and opportunistic microbes. Various natural and synthetic compounds known as immunomodulators or immunostimulants which have been commonly used to potentiate the immune system in every sphere of life. Application or use of immunostimulants is more common in animal husbandry and human health care. But in aquaculture the concept of immunostimulants is of recent origin and it is mainly to replace the use of antibiotics. Never the less, the success rate is as comparable with the land animals as the immunostimulants do work well in the fishes too. With shrimps also this gives a boost to nonspecific immunity thereby the health management has become possible in aquaculture too. Immunostimulants are recommended to prevent the development of resistant strain and the less success and non-availability of suitable vaccines for controlling infectious diseases.



Earlier in aquaculture, chemotherapy was the only way for controlling the



infectious



diseases.



The



intensive



culture



practices



often



deteriorated the pond environmental conditions resulting in immune suppression and mortality. Due to serious threat of drug resistivity, pollution and residual effects, much attention has been paid for an alternative in aquaculture practices for better health management.



2.4.1 Advantages of immunostimulants 



Non antibiotic in nature







Protection by triggering the host immune system







Less chance for development of resistivity







Usually stable







Immunostimulants are chemical compounds that activate white blood cells (leukocytes) and hence may render animals more resistant to infections by viruses, bacteria, fungus and parasites.







Active also against human cancer, they recognize and destroy tumor cells.







During evolution of animals their immune system has developed mechanisms to detect chemical structures which are typical for potentially dangerous micro-organisms and use those structures as alarm signals to switch on the defense against infections.



Immune–stimulants may improve health and performance of farm animals, including fish and shrimp in aquaculture, if used prior to, situations known to result in stress and impaired general performance of animals, expected increased exposure to pathogenic microorganisms and parasites and developmental phases when animals are particularly susceptible to infectious agents. Specifically bind to the receptor molecule on the surface of phagocytes. Receptor for immunostimulants has been retained during evolution and is found in all animal groups. When the receptor is engaged by



immunostimulants the cells become more active in engulfing, killing and digesting bacteria and at the same time they secrete signal molecules (cytokines) which stimulate the formation of new white blood cells which are producing antibodies.



Shrimps have been shown to possess primitive immune system that relies mainly on phagocytosis, encapsulation, agglutination and the lysis activity of the haemocytes (Soderhall and Smith, 1986). Central to any active cellular or humoral response to microbial or parasitic invasion is the initial re-organization of the foreignness by the host. Crustaceans accomplish this through a complex cascade of serine protease and other known factors in the haemocytes that are specifically triggered by



foreign molecules. This



is known as



prophenoloxidase system or proPo system and is confined to the semi granular and granular cells (Soderhall and Smith, 1986).



The proPo activating cascade serves as receptors for non self signals, released from the surface of the microorganisms or parasites (Soderhall, 1982) and terminates in the conversion of pro-enzyme to activate prophenoloxidase which is needed to synthesize bactericidal melanin. It is activated by supply of minute amount of glucans, lipopolysaccharides and peptidoglycan. The need for alternative methods for regulating the number of pathogenic bacteria but also the detrimental effects of viruses in aquaculture, has led researchers to look



forward



different



methods



of



treatments



such



as



Immunostimulation and probiotics.



In decapod crustaceans, there are three types of circulating haemocytes: hyaline, semi-granular and large granular cells [Tsing 1989]. Haemocytes are involved not only in phagocytosis but also in the production of melanin via the prophenoloxidase (proPO) system, which is an important component of the cellular defense reaction [Johansson et. al 1989]. Conversion of proPO to phenoloxidase (PO) is



through proPO activating enzyme (ppA), a serine protease [Perazzolo et al., 1997]. Phenoloxidase is the terminal enzyme in the proPO system, and ppA is activated by several microbial polysaccharides, including β-1, 3-glucan from fungal cell walls [Smith et al., 1984]. During phagocytosis, contact with a pathogen activates the host’s NADPH oxidase which, in turn, increases oxygen consumption and produces several species of reactive oxygen intermediates (ROIs) including the superoxide anion (O-2), hydrogen peroxide (H2O2), singlet oxygen (O2), hydroxyl radical (OH) and numerous other reactive compounds [Roch, 1999 and Munoz, et al., 2000]. Superoxide anion is the first product released by respiratory burst, and plays an important role in microbicidal activity [Bell et al., 1993].



It is known that use of immunostimulants increases the nonspecific immunity and prevents disease in fish culture [Anderson 1992]. The immune stimulatory effects of immunostimulants like glucan, chitin and other polysaccharides have been widely studied in fish [Robertsen et al., 1994 and Sakai 1999] and crustaceans [Song and Huang 1999]. Administration of β-1, 3-1, 6-glucan extracted from the yeast, Saccharomyces cerevisiae, by immersion has been reported to increase the phenoloxidase activity of tiger shrimp, Penaeus monodon, and its resistance to Vibrio vulnificus [Sung et al., 1994]. Oral administration of schizophyllan, β-1, 3-glucan extracted from the fungus, Schizophyllum commune, has been reported to increase the resistance of P. monodon against Vibrio damsela [Liao et al., 1996], and WSSV infection [Chang et al., 2003]. Dietary administration of vitamin C and vitamin E has also been reported to increase the respiratory burst of P. monodon [Lee and Shiau 2002, 2004].



2.4.2 Immunostimulants used in aquaculture worldwide



Synthetic chemicals



Levamisol, FK- 565, MDP



Bacterial derivatives



β-glucan,



Peptidoglucan,



EF203,



LPS,



butyricum



cells,



FCA,



Clostridium Acromobacter



stenhalis cells, Vibrio angullarum cells. Polysaccharides



Chitin,



Chitosan,



Lentinin,



Schizophyllan, Oligosaccharide. Animal and plant extract



Ete, Hde, Firefly squid, Quillaja saponin, Glycyrrhizin.



Nutritional factor Hormones,



cytokines



Vitamin C, Vitamin E and Lactoferrin,



others



Interferon,



Growth



hormone, Prolactin.



2.5 Important immunostimulants 2.5.1 Lipopolysaccharides (LPS)



They are the structural components of the cell walls of Gram –ve bacteria. The serological specificity of LPS is due to ‘o’ antigens and ‘o’ specific chain is the immunostimulant part of the LPS molecule in the intact bacterial cells. It consists of a variable length chain of identical oligosaccharide subunits. Biological activity of LPS is due to it lipid moiety. It stimulates macrophage activity as well as increased production of peroxide. LPS can stimulate phagocytes directly in culture to enhance phagocytic activity. Most of the reports show potent non – specific effects in crustaceans. Studies showed that the animals could tolerate a greater level of exposure to the virus after they had been exposed to LPS. This effect lasted for at least six days and was substantial. Lipopolysachharides have been extensively



tested in the lab and the field. They have potent anti-viral and antibacterial effects (Stephen sampath kumar et al., 2007).



2.5.2 Vitamin C



Vitamin C as immunostimulant has drawn attention to aqua culturists because of the fact that the immunosuppressive effect has been reported in vitamin deficient feed and increased disease resistance



by feeding optimal level of vitamins. The



immune



stimulating properties of vitamin C have already been established in a number of animals including fish. Vitamin C is structurally one of the simplest vitamins and fish and crustaceans are incapable of biosynthesis of ascorbic acid and therefore diet is the only source of vitamin C. Elevated dietary supplement of vitamin C has been shown to enhance several immune parameters such as macrophage activity, lymphocyte proliferation, natural cytotoxicity, complement activity and lysosomal activity in a wide range of fish species (Stephen sampath kumar et al., 2007).



2.5.3 Peptidoglycan



Peptidoglycan (PG) is active on the immune system of shrimp. Peptidoglycan (PG) are a mixture of amino acids and sugars found in the cell walls of many microorganisms studies showed that there was a substantial protective effects from the peptidoglycan (PG), verifying that this material has a potent non-specific effect on the immune system of the shrimp (Stephen sampath kumar et al., 2007).



2.5.4 Chitin



It is a polysaccharide compared with the base material of glucosamine extracted from insect exoskeleton or crustacean shells and many cell walls of fungi. Both synthetic and natural chitins are



used for Immunostimulation purpose in animals and hormone as well. Chitin is normally incorporated in shrimp and fish diet as an immunostimulant (Stephen sampath kumar et al., 2007).



2.5.5 Levamisole



Levamisole is an antihelmenthic drug, which is a synthetic phenyl imidazothiazole used as an immune enhancer in several fish species. Levamisole witnessed the maximum ProPO activity at two concentrations viz., 50 and 100 mg/kg levels, highlighting the trend that Levamisole with 5 days treatment can enhanced the ProPO substantially (Stephen sampath kumar et al., 2007).



2.5.6 Yeast derived products 2.5.6.1 Glucan



β-glucan is a fibre type polysaccharides linked β 1-3 and β 1-6. There are different types of glucans used as immunostimulants like krestin, lentinan, scleroglucan and schizophyllan based on the source from which they are obtained. They are normally derived from the cell walls of yeast, mycelial fungi and cereal fibres such as oat, wheat and barely. In shrimp the enhanced phenoloxidase ProPO activity was reported when treated with β 1-3 glucan @ 1 mg/ml. In P. monodon the anti- E. coli activity of plasma, phenoloxidase as well as superoxide anion production was recorded when glucan and zymosan were injected. In many living systems glucan plays a crucial role in repairing the damaged tissue of the body by enhancing the regeneration processes. Laboratory studies have demonstrated that glucans exert a short term effect on the immune system of shrimp providing non-specific protection against bacterial and viral diseases (Stephen sampath kumar et al., 2007).



2.5.6.2 Mannan Oligosaccharides



Mode



of



action



in



contrast



to



the



readily



fermentable



oligosaccharides, which stimulate the growth of beneficial bacteria, mannan



oligosaccharide



derived



from



the



outer



layer



of



saccharomyces cerevisiae is not subject to fermentation in the intestine have been shown to inhibit pathogen colonization by blocking



type-1



fimriae.



Subsequently,



multiple



trials



have



demonstrated a reduction in intestinal pathogens in poultry, fish, pigs, dairy cows and calves when fed diet supplemented with MOS. In addition, MOS can also act as an immune stimulant to stimulate the non-specific immune system, similar to the mode of action of the better known β-glucan (Stephen sampath kumar et al., 2007).



2.5.6.3 Nucleotides



Nucleotides are among the basic building blocks of life. They are low molecular weight biological compounds consisting of a nitrogenous base linked to a pentose sugar with at least one phosphate group attached. A group of nucleotides linked together forms nucleic acids and when the sugar is ribose, the result is ribonucleic acid (RNA) or, if 2’-deoxyribose, deoxyribonucleic acid (DNA) (Fegan 2004).



2.6 Sources of nucleotide



Most ingredients of animal and plant origin contain nucleotides. The nucleotide content is particularly high in ingredients such as fish solubles, animal protein solubles, fishmeal, legumes, yeast extracts and unicellular organisms such as yeasts and bacteria that are rich in RNA or DNA (Fegan, 2004). The content, proportion and availability of nucleotides differ between ingredients. Among marine protein sources, anchovies and sardines, for example, have much higher guanine levels than squid, clams or mackerel. Availability and digestibility are also important issues. Whole yeast is much less digestible than yeast extract, possibly due to the need to digest the yeast cell wall and yeast extract having much higher levels of soluble protein. Fish and animal protein solubles are highly digestible but they do leach easily affecting overall availability.



2.7 Chemoattractant properties of nucleotides



Certain nucleotides act as taste enhancers for many fish and some crustaceans such as lobsters, although fish such as aigo rabbit



fish do not respond to any nucleotides (Ishida and Hidaka, 1987). Dietary supplementation with 2.5 and 4.1 % yeast RNA extract, 1.85 % guanine, or 2.17 % xanthin significantly increased the cumulative feed intake of rainbow trout over a 12-week period (Rumsey et al., 1992). Dietary supplementation of inosine monophosphate (IMP) at 2800 mg/kg was reported to enhance the feed intake of large mouth bass by 46% compared to a non supplemented soybean meal-based diet (Kubitza et al., 1997).



2.8 Growth enhancement and immune property of nucleotides



The



growth



enhancing



effects



of



nucleotide



mixtures



occasionally have been observed in freshwater fish such as tilapia larva and juvenile rainbow trout. Research on fish also has shown that exogenous nucleotides can influence both humoral and cellular components of the innate immune systems of fish. Exogenous nucleotides increase serum complement and lysozyme activity, as well as phagocytosis and the super oxide anion production of head kidney phagocytes in common carp (Sakai et. al., 2001). Li et al. (2004) reported that hybrid striped bass fed a diet with a commercial oligo nucleotide supplement had higher blood neutrophil oxidative radical production than fish fed a basal diet. Ramadan et al., (1994) first observed that dietary supplementation of nucleotides had a marked immuno potentiating effect on antibody titers after vaccination as well as mitogenic responses of lymphocytes of tilapia after intramuscular injection



or



direct



immersion



with



formalin-killed



Aeromonas



hydrophila.



2.9 Stress responses



One of the most widely accepted hypotheses on the beneficial effects of dietary nucleotides in fish is that stressors such as poor water quality, crowding and handling in aquaculture place demands



on nucleotides beyond those synthesized by the fish or provided in typical feeds. Exogenous nucleotides can result in beneficial effects (Burrells et al., 2001). Dietary nucleotides can enhance stress tolerance through studies comparing the osmoregulatory capacity and growth performance of Atlantic salmon fed a nucleotide-supplemented diet or a control diet after acute stress by seawater transfer. However, a study with juvenile red drum cultured in brackish water failed to confirm this result (Li et al., 2005).



2.10 Disease resistance property of nucleotides



Enhanced resistance to various pathogenic bacteria also has been reported for several fish species including salmonids against Vibrio anguillarum and Piscirickettsia salmonis, common carp against Aeromonas hydrophila and hybrid striped bass against Streptococcus iniae. Dietary supplementation with commercial nucleotide products can enhance the resistance of Atlantic salmon and rainbow trout against Infectious Salmon Anemia (ISA) Virus (Burrells et al., 2001). In addition, dietary supplementation of nucleotides in conjunction with cypermethrin has been reported to reduce numbers of sea lice and prevent cross-infestations to other fish.



2.11 Administration concerns



Estimation of optimal age, timing and specific nucleotide type is very difficult. Early studies showed that over administration of nucleic acids severely depressed the growth and feed intake of rainbow trout (Rumsey et al., 1992). There has been little research on the doseresponse relationship between nucleotides and their beneficial effects. It is recommended that feed formulators start with a dietary level of between 2 and 5 % of hydrolyzed additives based on single cell protein or yeast. However, nucleotide levels as low as 0.03 % has been shown to result in significant improvements in performance although this



may depend on nucleotide source, species and culture environment (Fegan, 2004).



Many metabolic



processes which are



important



in high



performance animals are characterized by a quick cell proliferation. Most of the cells can themselves produce the necessary molecules for the DNA and RNA for the cell division. This process however, is slow and requires high levels of energy. But, by supplementing the cells of important organs with the constituent of DNA and RNA they can be more rapidly renewed and with lower energy requirements. Their functions are therefore optimized. Nucleotides are the building blocks of DNA and RNA. A gene is a set of nucleotides which constitutes a unit of hereditary information. Nucleotides are involved in almost all cellular processes and play a major role in structural, energetic and regulatory functions Peng Li et al., 2005.



2.12 Mode of action of nucleotides 2.12.1 Cell multiplication: Cell division is central to life of all organisms. During the meta-phase all cell organells are doubled and finally distributed between the two new formed sister cells. The multiplication of cells starts with a doubling of the information stored in form of DNA into the cell nucleus during the interphase. This is the longest part in the cell multiplication. One reason is that DNA of a normal animal cell consists of 3x109 nucleotides.



The production of nucleotides in the cells requires both time and energy. The synthesis of the purines in the cells is a very complicated step. The supplementation of nucleotides reduces both energy and time for the cell proliferation in the body.



2.12. 2 Effect on the proliferation of cells



It was assumed that all living cells are capable of covering their requirement for nucleotides by de novo synthesis. Studies revealed that in many tissues, except the liver, the requirement for nucleotides is covered not only by de novo synthesis but also by the salvage pathway. Important cells of the immune system, such as bone marrow cells, lymphocytes and erythrocytes are not able to synthesize the purines. Other tissues, like intestinal mucosa, are not able to produce enough purines to cover their requirements.



2.13 Importance of Nucleotides



Present in all important organs having rapid cell multiplication, such as, 



Immune-competent cells







Gastrointestinal cells







Cells of the intestinal flora







Liver cells



2.14 Diseases of freshwater prawn in larval stages 2.14.1 Idiopathic Muscle Necrosis (IMN) This disease is known by various names, white muscle disease, muscle necrosis, spontaneous muscle necrosis, muscle opacity or milky



prawn



disease.



It



causes



massive



larval



mortalities in



hatcheries. Nash et al., (1987) reported that IMN caused sudden mortality up to 60 % of 28 day old post larvae in intensive rearing systems in Thailand. The disease appears as multifocal diffuse opacity of striated muscle. (Akiyama et al., 1982; Nash, et al., 1987; Brock, 1988). IMN of M. rosenbergii is considered to be associated with environmental



stressors



including



salinity



and



temperature



fluctuation, hypoxia, hyperactivity and overcrowding. (Nash, 1987; Brock, 1988). Mortalities are associated with extensive necrosis of muscle fibers. It has been observed in various hatcheries that if necrosis has not progressed extensively, the disease process is reversible once the water is changed. IMN may occur within one or two day following stocking in production ponds. This is considered to be associated with stressful pond conditions. Stocking post larvae into nursery ponds before release into grow-out pond may reduce this problem.



2.14.2 Larval Mid Cycle Disease (MCD) This disease generally occurs in the early larval stages (IV to XI). Anderson et al. (1990) reported mass larval mortalities of M. rosenbergii cultured in Malaysia at about 16 days after hatching. The clinical signs were similar to bacterial necrosis. Larvae lose their appetite and moribund individuals are eaten by the healthier larvae. Affected larvae are often blue grey in colour and swim weakly, often in spirals. The etiologic agent has not been identified but it is considered to be infectious in nature. A possible cause may be the bacterium Enterobacter aerogenes (Johnson, 1978; Brock, 1988). Proper sanitation procedures have proven to be effective in eliminating the disease (Brock, 1983). Attention should also be paid to nutrition, ensuring that good quality artemia are used, (Johnson, 1982). 2.14.3 Bacterial Necrosis Clinical



signs



of



this



disease



are



a



bluish



colour



or



discoloration, empty stomach, weak larvae falling to the bottom of the tank, and brown spots on antennae and newly formed appendages. Mixed bacterial infections were observed, with filamentous Leucothrix spp., and non filamentous bacilli and cocci present on the setae, gills and appendages. This disease is more serious in younger larvae. Aquacop (1977) has reported this disease affecting Macrobrachium larvae (stages IV-V) in Tahiti causing up to 100% mortality in 48 hours. 2.14.4 Luminescence Disease Early Macrobrachium larval stages are susceptible to vibriosis caused by Vibrio harveyi. This disease is very common in hatcheries of both freshwater and marine shrimps. The unique clinical sign of this disease is the luminescence of infected larvae which can be observed at night. Infected larvae also show fouling, opacity, swim slowly,



aggregation and they ultimately die. Mortalities may reach 100 %. In Thailand, luminescent bacteria are often observed in the sea or salt water farms. When this appears, there is almost complete failure of post larval production at the hatchery. Treating the salt water with chlorine or formalin before use does not seem to be effective during such an incident. Sae-oui et al., (1987) tested antibiotic sensitivity of V. harveyi found in P. merguiensis and reported that the bacterium was sensitive to chloramphenicol and novobiocin but resistant to streptromycin. They also found that the bacteria were completely killed by treating with Ca(HOCl)2 at 20-30 ppm or formalin at 50 ppm. 2.14.5 Exuvia Entrapment Disease (EED) This disease affects late stage larvae and early post larvae. It is also known as metamorphosis moult mortality syndrome. Affected larvae are unable to free appendages, eyes or rostrum from the exuvia in which they become entrapped. Other larvae which shed the exuvia have malformed appendages and die shortly after moulting (Brock, 1983; 1988). Mortalities caused by this disease are not usually severe. The cause of the disease is unknown but it is thought that poor water quality or nutritional inadequacy may be responsible. 2.14.6 Diseases caused by protozoa Protozoa that cause diseases of prawns are Zoothamnium sp., Epistylis sp., Vorticella sp. and Acineta sp. Larvae with protozoa infestation are slightly opaque. With mild infestations the protozoa are removed with moulting, but with heavy infestations they can obstruct moulting, suppressing the growth and causing death. Larvae are more susceptible to infestation with protozoa than adults. When protozoa are observed on the larvae, the water quality must be improved. Treatment with formalin at 20-30 ppm as a 24 hour static bath is effective and safe in controlling larval Zoothamnium infestation (Roegge et al., 1979). Acetic acid at 2.0 ppt as a one minute dip with repeat



treatment is recommended for Epistylis sp. on larvae (Sindermann, 1977).



2.14.7 Viral disease Anderson et al. (1990) reported a parvo-like virus in post larvae in prawn hatcheries in Malaysia. This is the first reported virus in M rosenbergii. 2.14.8 Shell Disease A CaCO3 level of 50-100 mg/l is generally considered the optimum range for Macrobrachium (Cripps and Nakamura, 1979). Juvenile M. rosenbergii accidentally exposed to total water hardness between 160 and 320 CaCO3 mg/l in a heated recirculation system showed cuticular lesions (Nash pers. comm.). 2.15 Common Diseases in Grow-out Ponds 2.15.1 Shell Disease This disease is known by several names, brown spot, black spot, or burn spot. The cause of this disease is considered to be a multifactorial complex of epicuticle - cuticle damage or abnormality from mechanical, nutritional, chemical or other factors, followed by secondary bacterial and/or fungal infection. Infected prawns show progressive necrosis, inflammation and subsequent melanization on body and appendages. Mortalities may not occur, but it makes the prawn less marketable. Shell disease, along with epibiont fouling, is one of the most common disease problems in cultured prawn (Sandifer and Smith, 1985) and is more prevalent in intensive systems with high stocking densities (Johnson, 1978; Burns et al., 1979; Sandifer and smith, 1985). Poor water quality and high organic loading are associated with shell lesion-inducing bacteria (Cook and Lofton, 1973). A variety of



bacterial species, producing extracellular lipases or proteases such as Aeromonas sp, Pseudomonas sp, Vibrio sp, Benekea sp have been implicated in shell disease. 2.15.2 Black Spot Disease The disease is usually found on the gills, carapace, appendages, uropods and telson or body cuticle. They are self-limiting and shed with the exuvia in healthy prawns. In severe cases infection may spread to the epithelium, muscle and viscera, resulting in septicaemia and mortalities (Brock, 1983; 1988). 2.15.3 Branchiostegite Shell Disease This



disease



presents



itself



as



diffuse



ulceration



and



melanization on the medial surfaces of the carapace (Johnson, 1982). The disease is not considered to be communicable, and any organisms which may be involved are ubiquitous in the environment (Brock, 1983; 1988). 2.15.4 Black Gill Disease This



disease



is



caused



by



precipitating



chemical



and



nitrogenous waste products which are implicated in melanization of the gills (Johnson, 1982). Increasing levels of ammonia and nitrite in grow-out



ponds results



in growth



suppression and mortality.



Macrobrachium is more susceptible to high nitrite and nitrate concentration than penaeid shrimps (Wickens, 1976). Sub-lethal effects of nitrite could be fatal in chronic exposure, and may occur at less than 2 mg/l (Armstrong et al., 1976). Levels of nitrogenous compounds should be routinely monitored. When the level of nitrogenous compounds approaches the toxic level, the water must be changed. Data concerning the toxicity of nitrogenous compounds to various stages of Macrobrachium have been summarised by Brock (1983) and Smith and Sandifer (1985). Histopathological studies of Black Gill Disease of prawns collected from ponds in Thailand



(Suphanburi Province) appeared to show that it was due to iron precipitation. This was probably the result of acid soil.



2.15.5 White Prawn Disease (WPD) This is a disease of adult Macrobrachium, mainly females. Johnson (1978) has reported whitening in M. ohioni adults in Texas. The subcuticular tissues appeared milky but the muscle was normal. No



micro-organisms



were



demonstrated.



Delves-Broughton



and



Poupard (1976) described a disease in M. rosenbergii which they called white syndrome and was characterised by a dense opaque white colour with soft skeleton. Microscopically, there was diffuse necrosis of striated body musculature with haemocyte infiltration. WPD, observed in adult prawn in Thailand (Areerat, pers. comm.) was similar to that described by Johnson (1978) and incidence of this disease in ponds is very low. WPD has only been reported in prawns maintained under artificial sunlight and fed formulated diets over extended periods (Brock, 1983). Artificial sunlight cannot be regarded as the cause in Thailand, but a nutritional cause seems likely. 2.15.6 Red Discoloration A reddish abdominal discoloration affecting adult prawns is often observed in rearing ponds, but the etiology is unknown. Johnson (1982) has reported this disease in Florida and explained that the abnormal pigmentation resulted from pigment that had dispersed from chromatophores which had lost their usual integrity. Too much light, diet and stress have been considered to be responsible for these abnormalities. 2.16 Parasitic Diseases 2.16.1 Protozoa Hall (1979) found that Corthunia sp, Epistylis sp. and Vorticella sp. were the most common peritrichous ciliates in cultured prawns.



Common sites of infestation are the body, eye stalk, antenna, uropods and egg masses. Zoothamnium prefers the gills (Johnson, 1978). Only rare incidences of heavy fouling affected the prawns adversely. Prawns have an increased oxygen demand just prior to moulting and heavy fouling can be associated with mortality due to anoxia (Fisher, 1977). Thelohania, a microsporidian, has been reported in various species of marine shrimps but rarely in freshwater prawns. Areerat (1988) reported one case of microsporidia infection in the opaque muscular tissue of Macrobrachium. 2.16.2 Metazoan Johnson (1978) reported Macrobrachium spp. serving as a second intermediate host for the metacercariae of Carnaeophallus choanophallus. Metacercariae of an unidentified species of trematode have been found in adult M. rosenbergii in grow out ponds in Thailand (Nash 1987). 2.16.3 Isopod Isopods that infest freshwater prawns belong to the family Bopyridae (Johnson, 1978). An unidentified isopod was reported in the gill cavity of Macrobrachium in grow out ponds in Thailand. (Areerat, pers. comm.). This species may be Probopyrus buitendijki as this was reported as parasitic on M. rosenbergii in South East Asia. Austoargathona spp.



has



been



reported



on



Macrobrachium



in



Australia. (Brock, 1983).



2.17 White muscle disease



A new viral disease similar to white tail disease (WTD), reported by Arcier et al. (1999) has been observed in freshwater prawn hatcheries and nursery ponds in different parts in India, causing high mortalities and huge economic losses (Sahul Hameed et al., 2004a). Before its occurrence in India, this disease was reported from the



French West Indies (Arcier et al., 1999), Taiwan (Tung et al., 1999) and China (Qian et al., 2003). The causative agent of WTD was originally reported to be a virus, subsequently identified as M. rosenbergii nodavirus (MrNV) (Arcier et al., 1999). MrNV is a small, icosahedral, non-enveloped virus 26–27nm in diameter. The genome is formed by two pieces of ssRNA (RNA1 and RNA2) of 2.9 and 1.26kb, respectively, and there is a single polypeptide of 43kDa in the capsid. Qian et al. (2003) subsequently reported the occurrence of an additional extra small virus (XSV) in prawns with WTD collected from China. Sahul Hameed et al. (2004a) have reported the presence of XSV in addition to MrNV in WTD-infected post larvae of freshwater prawns in India. Various diagnostic methods have been developed to detect these viruses including histopathology, immunological methods, reverse transcriptase-polymerase chain reaction technique (RT-PCR) and in-situ dot blot hybridization method using nucleic acid probes.



Romestand and Bonami (2003) have developed a sandwich enzyme-linked immunosorbent assay to detect MrNV in freshwater prawns. Recently, genome-based methods, dot-blot hybridization and RT-PCR have been developed to detect MrNV (Widada et al., 2003) and XSV (Widada et al., 2004; Sahul Hameed et al., 2004a, b). The pathogenicity of these two viral particles in post-larvae and adult freshwater prawns, and distribution of these two viruses in different tissues and organs of experimentally infected prawns have been studied out using RT-PCR assay (Sahul Hameed et al., 2004b).



Healthy and cortisol treated fish after chitosan treatment had significantly higher responses in almost all assays as non-specific immunity in comparison to their healthy control or cortisol treated counterparts respectively without chitosan treatment (Sahoo and Mukherjee., 1999). The use of immunostimulants in fish culture for the prevention of disease is a promising new development (Anderson, 1992; Raa et al., 1992). Reports on use of chitosan a deacetylated



chitin of low molecular weight, as an immunostimulant is meager (Anderson and Siwiki, 1994; Siwiki et al., 1994).



Quaternary ammonium compounds like benzalkonium chloride (BKC) are used as antibacterial for controlling bacterial diseases in aquaculture (Anderson and Conroy., 1969). BKC is a non specific antibacterial chemical used for the treatment of columnaris disease in juvenile freshwater fish and bacterial gill disease in juvenile salmonids at 1-2mg/l (Anderson and Conroy., 1969; Amend 1970; Bullock and Conroy, 1971). BKC and hyamine benzethorium chloride have been used for the treatment of bacterial black spot and red gill disease of juvenile and adult shrimps (Baticados et al., 1990). Jeney and Anderson (1993) developed a method to enhance the immune response



in



rainbow



trout



for



protection



against



Aeromonas



salmonicida by using a bacterin after prior immersion for 30min in an immunostimulant



solution



containing



levamisol,



quaternary



ammonium compound and ISK, a short chain polypeptide of fish extract. This elevated both the specific and nonspecific immune responses.



Azadirachtin



is



a



triterpenoid



derived



from



neem



tree,



Azadirachta indica. It has also been reported that A. indica possesses the anti-HIV, anti-tumour and anti-microbial activities (Arunachalam, 1996). The ability of A. indica to enhance immune responses of healthy mice (Ray et. al., 1996) and immunocompromised hen (Sadekar et al., 1988) has been documented.



Ascorbic acid deficiency increases disease susceptibility in different species such as rainbow trout (Blazer, 1982), channel catfish (Li and Lovell, 2005) and Atlantic salmon (Hardie et al., 1991) and affects the immune system. Several effects of vitamin C deficiency have been reported, such as reduction of antibody production and complement activity in Atlantic salmon (Hardie et al., 1991) and



reduction of macrophage function in channel catfish (Li and Lovell, 2005) and rainbow trout (Blazer, 1982). Supplementation of vitamin C enhances antibody production against Edwarsiella tarda in channel catfish (Li and Lovell, 2005) and against Vibrio anguillarum in rainbow trout (Navarre and Halver, 1989) and also enhances phagocytic activity and serum lysozyme levels in turbot (Roberts et al., 1995). Vitamin C also has been suggested as having a positive role in the amelioration of stress (Fletcher 1997).



Vitamin E deficiency reduces lymphocyte T and B function in rainbow trout sensitized against Yersinia ruckeri (Blazer and Wolke, 1984), peritoneal macrophage function in rainbow trout (Blazer, 1982) and serum complement function and the ability of serum to opsonize bacteria in Atlantic salmon (Hardie et al., 1990) and the activity of alternative complement pathway in gilthead sea bream (Montero et al., 1998). Vitamin E supplementation seems to enhance antibody production against Yersinia ruckeri in rainbow trout (Ndoye et al., 1990) and phagocytic activity in turbot (Pulsford et al., 1995). The haemocytic activity is mainly based on the alternative complement pathway that is a very important non-specific defense mechanism in fish which has been shown to occur at much higher levels than in mammals (Sunyer and Tort, 1995).



The most widely studied of these immunostimulants are the glucans, particularly yeast glucans and their use in fish has been reviewed (Robertsen et al., 1994; Robertsen et al., 1999; Sakai, 1999). The majority of reports have described increased resistance to mainly bacterial infections such as Vibrio anguillarum, V. salmonicida or Yersinia ruckeri (Robertsen et.al., 1990). LaPatra et al. (1998) also reported



increased



haematopoietic



resistance



necrosis



(IHN)



to virus.



challenge Increases



with in



infectious non-specific



resistance have been demonstrated to challenge-infections with V. anguillarum and V. salmonicida (Raa et al., 1992), A. salmonicida (Nikl



et al., 1993; Siwiki et al., 1994) and Pasteurella piscicida (Noya et al., 1995), but no benefit has been shown against A. salmonicida and V. salmonicida (Dalmo et al., 1998), Entercoccus species in turbot (Toranzo et al., 1995).



Nucleotides, precursors of DNA replication, have long been recognized as important elements in mammalian nutrition (Uauy, 1989; Barness, 1994; Van Buren et al., 1985; Life Sciences Research Office Report, 1998). With regard to resistance to infections, it has been shown that groups of mice fed diets supplemented with nucleotides had less mortality following challenge infection with Staphylococcus aureus (Kulkarni et al., 1986 a, b; Carver, 1994) and Candida albicans (Carver, 1994) compared with groups of mice fed nucleotide free diets. The increase in resistance to infection is reported to be as a consequence of increased phagocytic activity of murine peritoneal macrophages (Kulkarni et al., 1986a), increased T-cell dependent



antibody



production



(Jyonouchi,



1994),



enhanced



interleukin-2 production (Carver, 1994) and elevated bone marrow cell and peripheral netrophil numbers (Matsumoto et al., 1995).



The immune system (Quan, 1992; Carver, 1994; Jyonouchi, 1994), the intestinal tract (Bueno et al., 1994; Bustamante et al., 1994; Grimble, 1994), gut flora (Gil et al., 1985; Uauy, 1994), liver function (Carver, 1994; Uauy, 1994), lipid metabolism (Sanchez-Pozo et al., 1986; De Lucchi et al., 1987) and disease resistance (Kulkarni et al., 1986 a, b) have all been shown to be positively affected by the external supplementation of nucleotides. Kubitza et. al., (1997) described a significantly enhanced feed uptake by largemouth bass when diets were supplemented with nucleotides.



The following table outlines the research work on different nucleotides and their resistant effect on various fish species.



Increased growth rates of rainbow trout (Adamek et al., 1996) and elevated immune responses of tilapia to Aeromonas hydrophila vaccine (Ramadan et al., 1994) were achieved with diets supplemented with nucleotides. Recently, it has been demonstrated that supplementation of standard aquaculture diets with additional dietary nucleotides (Burrells et al., 2001) can improve the health status of salmonids by increasing the resistance of fish to various bacterial, viral and rickettsial infections and reducing the severity of ectoparasite infestation.



Vici et al. (2000) hypothesized that bacterins and yeast glucans can be effectively used in protecting the larvae of Macrobrachium rosenbergii also from vibriosis as has been in the case of penaeids. By applying bacterins and the extracellular glucan producing yeast Acremonium dyosporii, Vici et al. (2000) could enhance the post-larval production by 15%.



Yeast by-products the brewing industry are natural diet additives that have been shown to positively influence non-specific immune responses (Siwiki et al., 1994; Anderson et al., 1995) as well as growth (Rumsey et al., 1991; Oliva-Teles and Goncalyes, 2001) of some fish species. In addition, doses and time of administration have been recognized to have important effects on immunostimulant function, and efficacy of oral administration of immunostimulants has been reported to decrease over time (Sakai, 1999).



DL-alpha-Tocopheryl acetate (DL- alpha - TOA), a stable form of alpha-tocopherol, is the most commonly used vitamin E supplement in animal feeds (National Research Council, 1973). Aquatic animals have high levels of unsaturated fatty acids to maintain cell membrane fluidity especially at low temperatures; it is assumed that vitamin E plays an important role (Blazer, 1992). A dietary requirement for Vitamin E has been demonstrated in a number of fish including



salmon (Woodall et al., 1964), channel catfish (Wilson et al., 1984), bass (Kocabas et al., 1999), carp (Takeuchi et al., 1993) and tilapia (Shiau et al., 2001). For shrimp, (Kanazawa et al., 1985) and (He et al., 1992) reported that addition of vitamin E to diets resulted in improved survival of Marsupenaeus japonicus and Litopenaeus Vannamei, respectively. The role played by vitamin E in several immunological responses has been studied in mammals (Panush et al., 1985; Moriguchi et al., 1990; Beharka et al., 1997) and teleost (Blazer, 1984; Hardei et al., 1990; Ortuno et al., 2000), where it enhances both humoral and cellular defenses, whilst vitamin E deficient diets have been related to reduce immune responses.



It has been observed to be capable of enhancing immune responses (Siwiki et al., 1994; Ortuno et al., 2002) as well as growth (Lara-Flores et al., 2002) of various fish species and thus may serve as an excellent health promoter for fish culture. Li and Gatlin (2003) established the beneficial effects of partially autolyzed brewers yeast on immune responses of hybrid striped bass and resistance to S. iniae infection. GroBiotic-A, a mixture of partially autolyzed brewers yeast, dairy



ingredient



components and dried fermentation products,



significantly enhanced feed efficiency of juvenile hybrid striped bass was observed (Li and Gatlin, 2004). Supplementation of this prebiotic also enhanced respiratory burst of head kidney leucocytes and resistance



against



Streptococcus



iniae



infection;



however,



the



interpretation of these beneficial influences was complicated by the presence of brewer’s yeast, which is generally considered to be an immunostimulant for fishes (Siwiki et al., 1994; Ortuno et al., 2002; Li and Gatlin, 2003).



The immune stimulatory effects of immunostimulants like bacteria, glucans, peptidoglycans, lipopolysaccharides and other polysaccharides have been widely studied in fish and crustaceans (Smith et al., 2003; Sakai1999; Song et al., 1999). Sodium alginate



extracted from brown algae has been reported to enhance the resistance of common carp, Cyprinus carpio against Edwardsiella tarda infection (Fujiki et al., 1994), and increase the non-specific defense system of Cyprinus carpio (Fujiki et al., 1997). Administration of sodium alginate by injection at 50 µg per g body weight or less has been reported to increase the phenoloxidase activity and respiratory burst of L. vannamei and enhance its resistance



against V.



alginolyticus (Cheng et al., 2004). Dietary zinc is an essential element required for normal growth and is indispensable in the diet (Yamaguchi, 1998).



Dietary supplementation of commercial nucleotide products in various freshwater fish has shown to improve growth in early life stages, increase stress tolerance and disease resistance and modulate innate and adaptive immune responses (Peng Li et al., 2005). In earliest studies with fish, certain nutrients such as linoleic acid, linolenic acid and soluble carbohydrates were investigated as to their effects on the aerobic/facultative anaerobic intestinal microbiota of Atlantic char, Salvelinus alpinus (Ringo et al., 1998; Ringo and Catecoul 1989).



A better growth of Siberian sturgeon and African catfish was also observed when fed diets supplemented with inulins and oligofructose. In the first in vitro prebiotic study ever conducted in fish (Burr et al., 2006), a FOS concentration of 0.375 % was determined to significantly alter the microbial community of red drum, Sciaenops ocellatus.



The



prebiotics



(MOS,



GOS,



FOS



and



GroBiotic-A)



supplementation of 1 % in diet of red drum results in increased protein and organic matter digestibility, particularly GroBiotic-A gave significant result (Gatlin et al., 2005).



The effect of potential prebiotic (GroBiotic-A) was most recently investigated in hybrid striped bass, Morone chrysops x M. saxatilis (Li



and Gatlin, 2004; 2005). In addition Gatlin et. al. (2005) documented the enhanced resistance to pathogens acquired in rainbow trout and golden shiner fed with prebiotic (GroBiotic-A). Recent in vitro studies with both red drum and hybrid striped bass have established changes in VFA production with the addition of GroBiotic-A and FOS (Gatlin et al., 2005). The effect of diets supplemented with another potential prebiotic “PROFEED” a raw material extracted from sugar beet, was investigated by Robert (2005) in turbot, tilapia and shrimp.



Itami et al. (1998) reported that dietary administration of the peptidoglycan



(β,



1-3



glucan)



derived



from



Bifidobacterium



thermophilum increases the resistance of Marsupenaeus japonicus against vibriosis. Using a different glucan, β 1-3-1-6 glucan extracted from the yeast cell wall. Sung et al. (1998) demonstrated enhanced resistance of P. monodon to vibriosis and white spot syndrome virus (WSSV) infection. Chang et al. (2000) showed that β, 1-3 glucan enhances hemocyte phagocytic activity, cell adhesion, and superoxide anion production when added to P. monodon diets. Proteins are involved in recognizing foreign glucans through lipopolysaccharide binding protein (LPSBP) and β-glucan binding protein (BGBP) (VargasAlbores and Yepiz-Plascencia, 2000). The clotting protein is involved in engulfing foreign invading organisms and prevents blood loss upon wounding (Hall et al., 1999; MontanoPerez et al., 1999). According to Catacutan and Lavilla-Pitogo (1994) and Merchie et al. (1998), vitamin C plays a role as immunostimulant, as evidenced by the ability of P. monodon post larvae and juveniles to avoid vaculovirus and to resist disease (Vibrio harvey) and saline shock. Teshima (1998) reported that vitamin C was effective in increasing resistance of F. japonicus to Vibrio spp. Enhanced immune response was observed in P. monodon fed for 30 days with fresh Bacillus S11 mixed with a commercial feed at 1:3 wet weight proportion (Rengpipat et al., 1998).



In decapod crustaceans, circulating haemocytes are generally classified into three types: hyaline, semigranular and large granular cells [Tsing et al., 1989]. Haemocytes are involved not only in phagocytosis but



also in the



production of melanin via the



prophenoloxidase (proPO) system [Johannson et al., 1989; Soderhall et al., 1996]. Both semi-granular and granular cells carry out the functions of the proPO system [Johannson et al., 1989]. Phenoloxidase is the terminal enzyme in the proPO system and is activated by several microbial polysaccharides, including β -1, 3-glucan from fungal cell walls



[Smith.1984].



The



immunostimulatory



effects



of



immunostimulants like levamisole, glucan, and other polysaccharides have been widely studied in fish [Robertsen et al., 1994; Sakai 1999] and crustaceans [Song 1999]. It is known that some red algae contain antitumour polysaccharides. Porphyran extracted from red alga Porphyra yezoensis has been shown to have antitumour activity [Noda et al., 2005]. Hot-water extracts from several species of red algae including Porphyra yezoensis and Gloiopeltis furcata have been reported to increase the resistance of common carp, Cyprinus carpio against Edwardsiella tarda, and yellowtail Seriola quinqueradiata against Streptococcus infection [Fujiki et al., 1992].



The use of NuPro® as a protein source has been investigated for a number of fish and shrimp species including tilapia, cobia, black tiger prawn and Pacific white shrimp. In a series of trials to develop organically certifiable feeds for fish and shrimp, it has been shown that complete replacement of fish and soybean meal with NuPro® is possible, although cobia, a marine carnivore, showed a reduced growth rate at levels of 50 % replacement and higher (Craig and McLean, 2005). NuPro® represents a rich source of nucleotides, estimated to be around 5% of the dry weight. Most of the nucleotides in NuPro® are soluble, making them much easier to assimilate than nucleotides bound in insoluble (D’Souza, personal communication).



forms such as



nucleoproteins



Inosine monophosphate, for example, increased feeding in a number of fish species, including mackerel, turbot and largemouth bass and specific receptors for nucleotides are found in the olfactory organs of fish (Mackie, 1978; Ishida and Hidaka, 1987; Ikeda et al., 1988, 1991; Kubitza et al., 1997; Kiyohara et al., 1975). Synthetic nucleotide mixtures were also found to be highly attractive to crustaceans, including shrimp, crabs and lobster (Mackie, 1973; Carr et al., 1984). Takeda and Takii (1992) later reported that diet supplementation with amino acids and nucleotides stimulated feed intake in the Japanese eel (Anguilla japonica) as well as enhanced growth performance. Free amino acids have also been shown to be powerful attractants and feeding stimulants for a range of fish species. Kasumyan and Doving (2003) reported on the response to common free amino acids for 21 fish species and found that most fish species showed a stimulant response to a number of amino acids.



Several non-essential amino acids such as L-alanine, L-glutamic acid and glycine have been reported to have dietary attractant properties. However, it should be noted that the individual amino acids are less effective than mixtures, especially with synergistic compounds such as glycine, betaine or inosine (Polat and Beklevik, 1999). Commercial trial data (Mendoza et al., 2001, unpublished report) from a farm in Ecuador also suggested that NuPro® may play a role in reducing the severity of shrimp viral diseases such as White Spot Syndrome Virus (WSSV).



In mammals, dietary nucleotide supplementation has been shown to influence immune function and appears to facilitate phagocytosis, increase natural killer cell activity and cytokine production (e.g., interleukin (IL)-2) (Carver, 1994). In fish, an elevated immune response was seen in tilapia vaccinated with Aeromonas hydrophila vaccine (Ramadan et al., 1994) and increased growth rates



of rainbow trout (Adamek et al., 1996) were achieved with diets supplemented with nucleotides.



Further trials with Atlantic salmon (Salmo salar) indicated that fish fed supplementary nucleotides at a combined inclusion level of 0.03% (equivalent to 300g per tones of feed) significantly increased antibody titres following vaccination against Aeromonas salmonicida (the causative organism of furunculosis) and reduced mortality following a subsequent challenge. An increase in red blood cells and a significant increase



in growth rate following feeding with the



nucleotide-supplemented diets, possibly due in part to an increase in gut mucosal surface area through a significant enhancement in intestinal fold morphology (Burrells et al., 2001b), was also observed.



Various studies showed that farmed fish performance might be ameliorated by using feed additives such as aromatic plants extracts including spices, digestive enzymes and probiotics. Spice and natural herbs such as marjoram, basil, licorice root, black seed and peppermint have been shown to be beneficial on growth (Sakr, 2003; Shalaby et al., 2003 and El Dakar et al., 2004 a, b, c). Through improving



gut



health



and



the



immune



status



mannan



oligosachharides has been shown to improve animal performance in broilers (Hooge 2004 a), turkeys (Hooge 2004 b) and rabbits (Fonseca et al., 2004).



In fish, several immunostimulants such as chitin (Sakai et al., 1992; Esteban et al., 2001), lactoferrin (Sakai et al., 1993), dimerized lysozyme (Siwicki et al., 1998), CpG oligodeoxynucleotides (Tassakka and Sakai, 2002, 2003), Nisin (Villamil et al., 2003) and recombinant transferring (Stafford et al., 2004) have been reported and these substances play a promising role in aquaculture by enhancing the resistance of cultured fish against diseases. Spirulina (Spirulina plantensis) is a blue-green filamentous alga that grows in carbonate-



rich



lakes



in



Torrid



Zones.



This



cyanobacterium



has



been



commercially produced for more than 10 years as a human food supplement because it contains high-quality protein and other nutritional components such as vitamins, minerals, essential fatty acids and β-carotene (Hayashi et al., 1998).



Recently, Spirulina has been speculated to be associated with modulation of the host immune system. S. plantensis is surmised to potentiate the immune system leading to suppression of cancer development and viral infection (Hirahashi et al., 2002). In mice, Spirulina enhanced IL-1 and antibody production (Hayashi et al., 1994, 1998). Oral administration of a hot water extract of Spirulina was shown to activate the human innate immune system by augmenting the production of interferon and cytolysis in human NK cells (Hirahashi et al., 2002). Several published studies have shown significant therapeutic effects of Spirulina or its extracts on animals and on humans (Belay et al., 1996).



Garlic



has



shown



hypolipidemic



(Sumiyoshi,



1997),



antimicrobial (Kumar and Berwal, 1998), antihypertensive (Suetsuna, 1998), hepatoprotective (Wang et al., 1998) and insecticidal (Wang et al., 1998) properties. Garlic extract has also been shown to reduce serum cholesterol levels (Bordia et al., 1975; Augusti, 1977) and increase blood coagulation time (Bordia et al., 1975). An antifungal activity of garlic bulbs (Fromthing and Bulmer, 1978) is also on record. S-allyl cysteine present in crushed garlic was found to inhibit tumor metabolism and enhance immune response (Sumiyoshi, 1997). Allyl sulfides also enhance glutathione S-transferase enzyme systems, which through their dependent biochemical pathways enhance the liver’s detoxification of carcinogenic substances. Allium species also have



immune



enhancing



activities



that



include



promotion



of



lymphocyte synthesis, cytokine release, phagocytosis and natural killer cell activity (Kyo et al., 1998).



In mammals, chitin and chitosan have been reported to increase macrophage activity [Nishimura et al., 1986 and Shibata et al., 1997]. The protective effects of chitin and chitosan by injection or immersion have been reported in rainbow trout, Oncorhynchus mykiss, against Aeromonas salmonicida and Vibrio anguillarum [Sakai et al., 1992; Siwicki et al., 1994 and Anderson et al., 1995], brook trout, Salvelinus fontinalis, against A. salmonicida [Anderson et al., 1995], and in yellowtail,



Seriola



quinqueradiata,



against



Pasteurella



piscicida



[Anderson et al., 1994]. Administration of chitin by immersion and orally has also been reported to increase both humoral and cellular immune responses of gilthead seabream, Sparus aurata [Esteban et al., 2000; Esteban et al. 2001; Cuesta et al., 2003]. It is assumed that penaeid shrimp, when receiving chitin or chitosan, may enhance their immune ability and increase their resistance to Vibrio infection. Accordingly, several immune parameters were examined including total haemocyte count (THC), phenoloxidase activity, respiratory burst, superoxide dismutase (SOD) activity, and phagocytic activity of L. vannamei, and its resistance to Vibrio alginolyticus when the shrimp were injected with chitin or chitosan.



Studies have demonstrated the requirement of lipids, proteins, carbohydrates, vitamins, minerals and carotenoid pigments for shrimp reproduction (Harrison 1990; Wouters et al., 2001). Recently, carotenoid pigments have received much interest as one of the vital dietary ingredients for successful shrimp reproductive performance (Wouters et al., 2001; Linan-Cabello et al., 2003). In addition to its role in pigmentation, carotenoids play a number of nutritional and nono-nutritional roles in aquatic animals, particularly fishes and crustaceans (Torrissen 1990; Latscha 1991). Crustaceans accumulate carotenoids throughout sexual maturation (Harrisson 1997). But, as crustaceans like shrimp are unable to synthesis caretenoids de novo, the diet is the exclusive source (Harrisson 1997). So, evaluating the



effectiveness of different sources of dietary carotenoids and analyzing its effect on reproductive fitness including the larval quality is a much-needed research.



Spirulina, a filamentous, microscopic, blue – green algae, is a rich source of carotenoids namely, β- carotene, xanthophylls (Miki et al., 1985; Mathew et al., 1995). Carotenoid content in commercially available spirulina arranges from 3.5 to 5.7 g/kg and could be used as low – cost carotenoid source in brood stock diet to surmount the pigment deficiency problem.



Prawn shell waste protein is rich in essential amino acids (Forster 1975; Penaflorida 1989) and the oil extracted from shrimp head contains polyunsaturated fatty acids (PUFA) essential for shrimps (Joseph and Meyers 1975; Joseph and Williams 1975). Dietary glucosamine was also found to be a growth promoting factor in shrimp (Kitabayashi et al., 1971). Shrimp waste seems to be act as an attractant in shrimp diets (Pascual and Destajo 1978) and the shell (chitin) in shrimp waste is found to have a growth promoting effect in Penaeus indicus (Vaitheswaran and Ahamad Ali 1986; Clarke et al., 1993).



The utilization of shrimp waste in shrimp diets has been studied by various workers (Venkitaramaiah et al., 1978; Ahamad Ali 1982; Ahamad Ali and Mohamed 1985; Akiyama et al., 1989; Penaflorida 1989; Lim and



Dominy 1990; Nwanna



2003). Differences in



performance were attributed to differences in quality and shrimp waste was considered a potential feed ingredient having high biological value. The effect of dietary chitin on the growth and survival of juvenile P. monodon was studied by various workers (Fox 1993; Lan and Pan 1993; Das et al., 1995; Sudaryono et al., 1996). Fermentation is a process that enhances the nutritive quality of the substrate. The lactic acid fermented fish silage has been successfully used as aqua



feed ingredient (Fagbenro et al., 1995; Hall and De Silva 1994; Fagbenro and Jauncy 1994; Fagbenro et al., 1997). The enhanced nutritional value and digestibility of fermented shrimp head waste by fish was reported by Plascencia-Jatomea et al. (2002) and Nwanna (2003).



Anas et al. (2003) reported that the combination of bacterins and yeast glucans gave better results with 37 % increased post larval production of freshwater prawn, M. rosenbergii. Baruah et al. (2001) reported that immunostimulant Levamisole introduced in to the diet of M. rosenbergii increases their resistance to infectious diseases and minimizes mortality. The lipopolysaccharides, (LPS) at 0.002 % and peptidoglycan (PG) at 0.4 % added to the haemocyte lysate fraction (HLF) of P. monodon



were reported to enhance the activity prophenol



oxidase (PPO) system in vitro condition. Chang, et al., (1999) observed that dietary supplementation of β-1, 3 glucans enhanced resistance to white spot syndrome virus (WSSV) in post larval and juvenile Peneasus monodon. Goswami et al, (2000) reported that benzalkonium chloride (BKC) could be used as an effective antibacterial and immunostimulant in M. rosenbergii. Chen et al. (2001), reported that Lactococcus garvieae infection in the giant freshwater prawn, M. rosenbergii was conformed by polymerase chain reaction and 16S rDNA sequencing. Dietary supplementation of β-glucan enhanced immune response in pacific white shrimp, litopenaeus vannamei (Murthy et al., 2006).



Peptidoglycans are cell wall fragments of microorganisms that render animals more resistant to microbial infections. Shrimp fed with peptidoglycans responds to an immunostimulants in the same manner as to a microbe aggression. Shrimp immune system has a strong proteinic base. Proteins are involved in recognizing foreign glucans through lipopolysaccharide binding protein (LPSBP) and βglucan binding protein (BGBP) (Vargas-Albores and Yepiz-Plascencia,



2000). The clotting protein is involved in engulfing foreign invading organisms and prevents blood loss upon wounding (Hall et al., 1999; Montano-Perez et al., 1999). Defense reactions in shrimp are often accompanied by melanization.



Nutritional status is considered as one of the important factors that determine the ability of animals to withstand infections; hence, nutritional status is considered a good health indicator of shrimp (Merchie et al., 1998; Bachere, 2000). Some blood metabolites and hemocyanin, together with growth and survival in Litopenaeus vannamei, L. stylirostris, and L. setiferus to assess the nutritional role of dietary carbohydrates and proteins (Rosas et al., 2000, 2001a, b, 2002). The results demonstrated that blood glucose, triacylglycerides, cholesterol, and lactate together with blood protein, hemocyanin [Hc], and osmotic pressure are good indicators of nutritional health, the latter understood as a dietary and environmental condition in which shrimp growth is maximal under experimental conditions.



Vitamin C plays an important role in animal health as an antioxidant by inactivating damaging free radicals produced through normal



cellular



activity



and



diverse



stressors



(Halver,



1995).



Inadequate dietary levels of vitamin C in juvenile shrimp may result in black dead syndrome, reduced growth rates, poor feed conversion ratios, and decreased resistance to stress, and reduced capability to heal wounds (Lightner et al., 1979; Magarelli et al., 1979). According to Catacutan and Lavilla-Pitogo (1994) and Merchie et al. (1998), vitamin C plays a role as immunostimulant, as evidenced by the ability of P. monodon post larvae and juveniles to avoid vaculovirus and to resist disease (Vibrio harveyi) and saline shock. Teshima (1998) reported that vitamin C was effective in increasing resistance of F. japonicus to Vibrio spp. Although the optimal supplemental level of vitamin C for L. vannamei shrimp is around 100 mg/kg diet, a level of 2000 mg/kg has been proposed to ensure high resistance of shrimp



post larvae to stressful environmental conditions and as protection against bacterial infection (Kontara et al., 1995; Montoya and Molina, 1995; Lavens et al., 1999). The mode of action of vitamin C as an immunostimulant is not clear, although its antioxidant role and in consequence cell protection could be a mechanism to preserve hemocytes, improving the general immunological system of shrimp.



The circulating haemocyte or total haemocyte count (THC) of decapod crustaceans plays an important role in regulating the physiological functions and varies with intrinsic or extrinsic factors (Cheng et al., 2001). The activity of phenoloxidase has been detected in a wide range of crustaceans (Soderhall et al., 1996). The production of superoxide anion known as respiratory burst plays an important role in microbicidal activity (Bell et al., 1993). Song and Hsieh 1994) first



demonstrated



a



respiratory



burst



in



Penaeus



monodon



haemocytes. It has been reported in haemocytes of Penaeus stylirostris (Le Moullac et al., 1998), Penaeus vannamei (Munoz et al., 2000), Macrobrachium rosenbergii (Cheng et al., 2002) and Litopenaeus vannamei (Campa Cordova et al., 2002).



Copper sulphate is commonly applied to shrimp ponds to eradicate filamentous algae. It is also very effective in reducing the abundance of blue-green algae like Oscillatoria that synthesize and excrete aversive flavored compounds, such as geosmin. Fish and shrimp acquire an unpleasant flavor when held in water containing blue-green algae. The application rate of copper sulphate varies from 0.025 to 2 mg/l and is directly related to water total alkalinity (Boyd et al., 1990). Shrimp farmers often apply excess amounts of copper sulfate in pond management. Therefore, the concentration of copper sulfate remaining in the water and its effect on the resistance of cultured shrimps are of primary concern.
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