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1.0 Introduction

Aquaculture is the farming of aquatic organisms such as fishes, crustaceans, molluscs and aquatic plants. It involves cultivating fresh water and salt water populations under controlled conditions and can be contrasted with commercial fishing, which is the harvesting of wild fish. Aquaculture is developing, expanding and intensifying in almost all regions of the world

India is the second largest producer of fish through aquaculture next to China. India accounted for 4.7% of world fish production and 2.5% of global market. The annual export earnings from fish and shellfish are more than Rs.8000 crores. India has rich potential for aquaculture and the production definitely can be multiplied by utilizing the available reservoirs, lakes, ponds etc. The average fish production in India is around 7 million tons equally contributed by fresh water and marine  (Thirunavukkarasu, 2008).

Fish furnishes first mass protein, which are superior to meat and almost equal to milk. On an average, fish contain 18 - 20 percent proteins. Most fish contain less than two percent fat in their flesh. Fish is rich in all essential amino acids such as lysine (10%), methionine (3%) etc. and minerals are present in fair amounts. It is also rich in omega-3-fatty acids. 
Fish livers are rich in vitamins A, D, E and certain B vitamins. It is the only animal protein rich in PUFA and hence advisable for consumption by arteriosclerotic persons (Shubhangini, 2004). Fish are also a good source of calcium. Fish protein concentrate (fish flour) is a very rich source of proteins (containing about 70 -80%) and calcium (Swaminathan, 1990).

The Mozambique tilapia, Oreochromis mossambicus is a tilapine cichlid fish native to southern Africa. It is a popular species and now found in tropical and subtropical habitats around the globe, where it can become an invasive species. The Mozambique tilapia is laterally compressed and has a deep body with long dorsal fins, the front of which has spines. Colouration is typically yellow, although this is variable and there may be weak banding. They are omnivorous and they can consume detritus material, diatoms, invertebrates, small fry and vegetation ranging from macro algae to rooted plants (Mook, 1983). 

Oreochromis mossambicus grows fast and attains a maximum size of about 3 Kg. It grows fast and reproduces under salinities as high as 35 percent. The lower lethal temperature for this species is 10o.                                                   O. mossambicus is a good candidate for hybridization if salinity tolerance is desired in the offspring generation. This species constitutes about 4% of the total tilapia aquaculture production worldwide, but is more commonly hybridized with other tilapia species (Gupta and Acosta. 2004). Tilapia is very susceptible to diseases such as whirling disease and itch (Popma, 1999).

Probiotics are quite common in health promoting “functional foods” now a day for humans, as well as therapeutic, prophylactic and growth supplements in animal production and human health (Senok et al., 2005).  It is a live microbial adjunct, which has a beneficial effect on the host by modifying the host associated or ambient microbial community, by ensuring improved use of the feed or enhancing its nutritional value, by enhancing the host response towards disease or by improving quality of its ambient environment. The beneficial effects of probiotics include higher growth and feed efficiency, immuno-stimulatory functions, prevention of intestinal disorders and pre-digestion of anti nutritional factors present in the ingredients (Watson, 2008).

The use of antibiotics and other chemotherapeutics for controlling diseases has been widely criticized for their negative impacts. At the global level, people have understood the bad effects of antibiotics and they are now shifting over to natural products. Plants are store houses and sources of safer and cheaper chemicals. Herbal preparations are known to have an important role in disease management and antimicrobial activies. Application of medicinal herbs in disease management is gaining success, because herbal treatment is cost effective, eco-friendly and has minimal side effects. Traditional herbal medicines seem to have the potential of immunostimulation. Use of medicinal plants is an attractive to antibiotics in fish health management (Sudhakaran et al., 2006). These herbs are not only safe for consumers but also widely available throughout Asia and they also have a significant role in aquaculture (Direkbusarakom, 2004).

Medicinal herbs have been used as popular medicines to secure health and longevity in land mammals and humans in Asia, especially China, India, Japan and Korea. There is a developing interest in using medicinal herbs, as kind of dietary supplement in aquaculture and in showing the positive results on growth and immune response. Medicinal herbs can improve digestibility, quantity of microflora in the intestine by increasing some good microbes and inhibiting some microbial pathogens and they have growth promoting, anti-stress and antimicrobial characteristics (Ji et al., 2007). 

To maximize the growth of fish in normal condition, it must either be genetically manipulated or given a drug, which will act on physiology to improve the metabolic and digestive efficiency. Growth promoters are non-nutritive materials, which at very low levels of incorporation in the feed increase the efficiency of feed utilization. 

To meet the dietary demand of fish, one should know the nutritional requirements of fish such as proteins, carbohydrates, fats, vitamins, micronutrients etc. In addition to this the knowledge should be essential relating to digestibility and utilization of the compounded feeds by the fish for yielding protein as a final metabolized product in the intensive fish culture practices (Srinivasulu Reddy and Rao, 1999). 

Hence the present study was undertaken in order to evaluate the possibility of using cheaper source of supplementary fish feeds and efficacy of graded levels of probiotics and medicinal herbs as a feed additive on growth and nutritional indices of tilapia, Oreochromis mossambicus. The objectives of the present study include: 
· Formulation of different types of fish feeds using commercial probiotics and herbal extracts.
· Impact of selected feeds on growth parameters (weight gain and length gain) in Oreochromis mossambicus during 15, 30, 45 and 60 days of the experiment.

· Estimation of nutritional indices such as protein, carbohydrate and fat content in the muscle tissues of Oreochromis mossambicus fed with selected diets before and after treatment.
· To assess the different physiochemical parameters of water used for the culturing of Oreochromis mossambicus.
2.0 Review of literature

The review of literature pertaining to the present study entitled, “Effect of herbal biomedicine on the growth of fresh water fish Oreochromis mossambicus’’ are presented in this chapter.

2.1 Feed supplementation

Food is considered as an important factor influencing the population dynamics of fishes. Food intake is a vital factor for fish growth and is dependent upon the quality and chemical composition of food (Halver, 1972). Food intake is a important factor governing the growth and reproduction. The growth represents the net outcome of a series of biological processes such as food intake, assimilation, metabolism and excretion (Breamish et al., 1975 and Brett et al., 1979).  Length – weight relationship in Catla catla was estimated by Agarwal and Saxena (1979).

Water, protein, lipid, carbohydrate and ash contents in relation to body weight were studied in an air breathing fish, Anabas testudineus (Bloch) by Kumar et al. (1995). Gomes (1995) carried out an experiment to estimate the digestibility and growth performance for a number of ingredients of plant and animal origin in rainbow trout (O.mykiss). Gallaghar and LaDouceur (1995) analyzed the partial replacement of fish meal by the use of blood meal and poultry by-products in the diets for juvenile palmetto bass (Morone saxatilis X M.chrysops).  Efficiency of dietary lipid levels on the growth, feed conversion and muscle composition of the walking catfish, Clarias batrachus was reported by                          Anwar and Jafri (1995). 

Influence of dietary lipid levels on the growth and body composition of fingerlings of an Indian major carp Cirrhinus mrigala was analyzed by Jafri et al. (1995). Mukhopadhyay and Ray (1996) tested the potential of deoiled sal (Shorea robusta) seed meal as a feed stuff in pelleted feed for Indian major carp, rohu, Labeo rohita (Hamilton) fingerlings. Nutritional requirements of Indian major carp, L.rohita and the effects of dietary lipid on growth, food conversion and body composition was reported by Hosan et al. (1996). Webster et al. (1997) conducted a feeding trial with juvenile channel catfish, Ictalurus punctatus to examine the effects of partially substituting canola meal for soybean meal in prepared diets. 

Formulation, processing and water stability of two new pelleted fish feeds was discussed by Jayaram and Shetty (1981). The feed ingredients of both plant and animal origin available in India with their proximate composition have been described in detail by Chow (1983) and Singh (1984). Among oil cakes, a good source of methionine is sesame oil cake and among animal feed stuffs fish meal has high content of methionine as well as lysine. Both sesame oil cake and fish meal were used to balance EAA content of carp diets and such feeds gave better growth rate of Indian major carps than the feeds composed of groundnut oil cake and rice bran (Singh et al., 1986).  The importance of natural food on growth of fresh water fishes have been emphasized by Arunachalam and Palanichamy(1986) and Baskaran et al. (1999). 

2.2 Probiotic feed supplementation

Singh et al. (1980) observed that the yeast-incorporated feeds are more readily acceptable by the rohu fry (Labeo rohita). Charlon and Bergot (1984) achieved more than 89% survival and good growth of carp larvae fed exclusively on dry diets having yeast powder and pork / beaf freez dried liver. Sugita et al. (1990) observed the vitamin B12 producing ability of intestinal bacteria isolated from tilapia and channel catfish. Alami-Durante et al. (1991) reported the highest survival of 95% and growth of 189 mg in larvae of common carp fed on yeast based diet supplemented with vitamins and minerals each at 5% level in a 21 day experiment.

Aso et al. (1992) reported that probiotics might suppress the growth of bacteria that convert pro-carcinogen into carcinogen, thereby reducing the amount of carcinogen in the intestine. The activity of enzyme that converts pro-carcinogen into carcinogen is often used as indicator of the effect of probiotics on the intestinal microflora. Mohanty et al. (1993) reported 100% survival using liver based diet containing goat liver, probiotics, cod liver oil, starch, vitamin and mineral mixture with average growth in rohu reared from spawn to fry. 
Noh et al. (1994) found out the effect of antibiotics, enzyme, yeast culture and probiotics on the growth performance and survival of Israeli carp. Pilet et al. (1995) showed the evidence for two bacteriocins produced by Carnobacterium piscicola and C.divergens isolated from fish and active against Listeria monocytogenes. Probiotic effect of lactic acid bacteria in the feed on growth and survival of fry of Atlantic cod, Gadus morhua was assessed by Gilberg (1997). Suyanandana et al. (1998) isolated new probiotic Lactobacilli and Enterococci from fish intestine and studied their effect on fish production. 

Effects of supplementing the feed to  Atlantic cod (Gadus morhua) fry with lactic acid bacteria and immunestimulant peptides during a challenge trial with Vibrio anguillarum had been attempted by Gilberg and Mikkelsen (1998). Influence of probiotic Streptococcus faecium on growth and content of intestinal microflora in carp, Cyprinus carpio was tested by Bogut et al. (1998). Rengpipat et al. (1998) reported that the probiotics treated groups enhancing growth rate of shrimps and fishes. Efficacy of graded levels of G-probiotics on growth, survival and feed conversion of tilapia, O.mossambicus was analyzed by Naik et al. (1999).
Verchuere et al. (2000) reported in aquatic systems, probiotic bacteria may be active on gills, skin or ambient environment of the host and bacteria may be ingested with water or feed. Bogut et al. (2000) analyzed the effects of Enterococcus faecium on the growth rate and content of intestinal microflora in sheet fish, Silurus glanis. Efficacy of feeding probiotic bacteria, L.cremoris on growth and survival of 
M.rosenbergii postlarvae was studied by Suralikar and Sahu (2001). Schwarz et al. (2001) found out the use of antimicrobial agents in veterinary medicine and food animal production. 
Oliver-Novoa et al. (2002) explained the utilization of torula yeast (Candita utilis) as a protein source in the diets of tilapia, O.mossambicus peters fry. Lara-Flores (2003) identified the use of bacteria, Streptococcus faecium and L.acidophilus and the yeast, S.cerevisiae as growth promoters in Nile tilapia O.niloticus. Nikoskelainen et al. (2003) had suggested the enhanced immune response in rainbow trout, O.mossambicus fed with potential prtobiotic bacteria L.rhamnosus. Effect of dietary probiotics on apparent digestibility coefficients of white shrimp,  L.vannamei (Boone) was reported by Balcazar (2003). Effect of feeding Lactobacillus based probiotics on the gut microflora, growth and survival of post larvae of M.rosenbergii was conducted by Venkat et al. (2004).     

Improved growth rate and disease resistance in farmed Haliotis midae through probiotic treatment was observed by Macey and Coyne (2005). Wang et al. (2005) reported the effects of Bacillus sp. used as biocontrol agent in northern white shrimp, P.vannamei. Kuhle et al. (2005) conducted an in vitro screening of probiotic properties of S.cerevisiae and food borne S.cerevisiae strains. Kumar et al. (2006) reported B.subtilis bacteria used as a probiotic to Indian major carp, L.rohita (Hamilton). Bomba et al. (2006) reviewed the improvement of probiotics efficacy by synergistically acting components of natural origin. The effect of live and dead probiotic cells on the non-specific immune response, tolerance to stress and resistance to disease in tilapia, O. niloticus was investigated by Taoka et al. (2006). 

Ghosh et al. (2007) observed the effect of dietary supplementation of probiotic bacterial strain B.subtilis isolated from the intestine of C.mrigala (Hamilton) on reproductive performance in female live bearing ornamental fish. Effect of dietary yeast supplementation to McConaughy strain of rainbow trout, O.mykiss was analyzed by Barnes et al. (2007). Lunger et al. (2007) examined the impacts of dietary NuPro® an organically certified yeast-derived protein source on the growth, feed efficiency, biological indices, fillet proximate composition and fillet quality in juvenile cobia, Rachycentron canadiaum. The effect of probiotic bacterium, E.faecium on growth performance and immune responses of tilapia, O.niloticus was analyzed by Wang et al. (2008). 

Aly et al. (2008) reported the characterization of some bacteria (B.pumilus, B.firmus and Citrobacter freundii) isolated from O.niloticus and their potential use as probiotics. The need, principles and mechanisms of action and screening processes of probiotics in aquaculture was reported by Watson et al. (2008). Son et al. (2009) studied the effect of dietary administration of probiotic L.planatarum enhanced the growth, innate immune responses and disease resistance in the grouper, E.coioides. 

2.3 Herbal feed supplementation

Shangliang (1990) reported that antimicrobial activity of five Chinese herbal extracts from Stellaria aquatica, impatiens biflora, Oenothera biennis, Artemisia vulgaris and Lonicera japonica against 13 bacterial fish pathogens. Herbal products, Stressol - I and Stressol - II enriched    Artemia nauplii fed to P.indicus post larvae increased the growth and feed efficiencies significantly and reduced the osmotic stress  (Chitra, 1995). Efficacy of papaya leaf meal on weight, feed conversion ratio and specific growth rate of P.monodon  postlarvae was identified by Penaflorida (1995). 

Efficacy of an herbal product, Livol (IHF-1000) on growth, feed utilization efficiency and body composition of Indian major carp, C.catla (Ham.) was reported by Unnikrishnan (1995). Navarro et al. (1996) reported the plant extracts from Eucalyptus globules, Punica granatum, Artemisia mozicana and Bovvania arborea posses strong in vitro antimicrobial activity against the Staphylococcus aureus, Eschericia coli, Pseudomonas sp. and Candida sp. Several herbal principles have been tested for their growth promoting activity in aquatic animals by Jayaprakash and Eupharsia (1996). 

Ayurvedic products and herbal products known for their antimicrobial properties especially in terms of treating bacterial disease and growth promoting, anti-stress and immune stimulating activities had been screened by Abraham et al. (1997). Sahoo et al. (1999) reported the effect of immunomodulators on hematological parameters and immunity level in rohu, L.rohita. Kim et al. (1999) suggested the use of Aloe vera as a disease suppressing agent and antibacterial agent in juvenile rock fish. Oral administration of Ocimum sanctum positively influenced the immunostimulatory effect and enhanced the antibody response and disease resistance against A.hydrophila in tilapia, O.mossambicus. Lee et al. (2001) was observed the effects of dietary herbs on growth and body composition of   juvenile abalone, Haliotis discus hannai. 

Efficacy of oral administration of medicinal herbs extract as a dietary supplement on non-specific immune responses, haematology and disease resistance on olive flounder, P.olivaceus was analyzed by Jung et al. (2002). Maheshappa (2002) studied the effect of Livol IHF-1000 on growth and digestive enzyme activity of rohu, L.rohita.  Immunostimulatory properties of the Indian medicinal plants were reported by Devasagayam and Sainis (2002).

Jian and Wu (2003) observed the efficacy of traditional Chinese medicine on non-specific immunity and disease resistance of large yellow croaker, Pseudoscianena crocea (Richardson). Effects of five Chinese herbal medicines as feed additive on the growth and intestinal microflora in common carp, C.carpio was observed by Liu et al. (2004). Francis et al. (2005) reported the effect of Quillaja saponin, a natural growth promoter as a feed additive in the diets of Nile tilapia, O.mossambicus. Wang et al. (2006) analyzed the effects of Chinese herb additives on growth, digestive enzyme activity and non-specific immunity in flounder, P.olivaceus. 

Sudhakaran et al. (2006) explained the immunostimulatory effects of the medicinal herb Tinospora cordifolia Miers leaf extract in O.mossambicus. Kumari et al. (2007) investigated the effects of polyherbal formulation ‘Immuplus‘ on immunity and disease resistance of Indian major carp, L.rohita at different stages of growth. Effects of dry and fresh Azolla pinnata were evaluated as feed ingredients for fingerlings and adult Nile tilapia, O niloticus by EL- Sayed (2008).

Efficacy of dietary medicinal herbs and Bacillus on survival, growth, body composition and digestive enzyme activity of the white shrimp, Litopenaeus vannamei had been observed by Yu et al. (2008). Citarasu (2009) reviewed more than 50 herbal plants for their biological effects such as growth promotion, immunostimulation, antistress, antibacterial, antifungal, antivirals, appetite stimulators and aphrodisiac in aquaculture operations. Balasubramanian et al. (2008) examined the antiviral activity of a large scale produced plant extract of C.dactylon on white spot syndrome virus in black tiger shrimp, P.monodon by in vivo testing after administration through oral route. 
Even though a voluminous literature is available on the feed supplements of fresh water and marine fishes, studies relating to the low cost supplementary diet and nutritional indices of O.mossambicus have not been carried out so far. The present investigation was therefore undertaken to study the, “effect of herbal biomedicine on the growth of fresh water fish, Oreochromis mossambicus’’. 
3.0 Materials and methods

The present study was conducted to find out the “effect of probiotics and medicinal herbs on the growth of fresh water fish Oreochromis mossambicus”. The materials and methods used in the present study were presented as follows:

3.1 Experimental fish

The common fresh water fish, Oreochromis mossambicus (Plate 1) belonging to the order Perciformes was chosen for the present study.     The fish was selected because of its quicker growth rate, easy availability, breeding capacity throughout the year, economic value and easy acclimatization to laboratory conditions. Healthy fingerlings of uniform size were collected and acclimatized to laboratory conditions with ground water for two weeks in glass aquaria (Plate 2). The water was changed on alternative days and fishes were fed with control feed.

3.2 Experimental diets and preparation 

During the present study three types of experimental diets and control diet were prepared. The control feed was prepared from rice bran and ground nut oil cake in 1:1 ratio (tapioca powder used as a binder). The experimental diets were prepared from commercial probiotics and herbal mixture along with rice bran and groundnut oilcake. The different compositions of experimental diets are as follows: 
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Plate 1. Fresh water fish, Oreochromis mossambicus
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Plate 2. 
Acclimatization of Oreochromis mossambicus in the laboratory condition.
	Feed
	Treatments
	Composition (%) of rice bran and groundnut oilcake (1:1 ratio)
	Composition (%) of medicinal herbs
	Composition (%) of probiotic strains

	Control
	C
	100
	-
	-

	Probiotic diet
	T1
	98
	-
	2

	Herbal 

diet
	T2
	98
	2
	-

	Combined diet
	T3
	96
	2
	2


The different probiotic tablets and herbal formulations were collected from the local pharmaceutical store. Probiotic tablets were ground well using mortar and pestle and made into a fine powder.  The feed ingredients used in fish feed were rice bran, groundnut oilcake, powdered probiotics, herbal mixture and tapioca flour (as a binder).  All the ingredients except probiotics and herbal mixture were mixed thoroughly in a mix blender.  The required amount of water was added to mixed ingredients to form soft dough.  Then the dough was kept in an airtight polyethylene packet for one hour for proper conditioning followed by steam cooking for 20 minutes.  Herbal mixture and powdered probiotics were added to the dough separately after cooling and passed through an extruder with 0.8mm diameter holes.  Pellets thus obtained were dried in the hot sun and stored in airtight polyethylene container to prevent fungal contamination (Plate 3).
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Plate 3. 
Fish feed prepared from rice bran, groundnut oilcake, probiotics and herbal extract.
3.3 Experimental Procedure

The feeding trial was conducted in circular plastic tubs for a period of 60 days.  Each experiment was tried in duplicates. At the beginning of the experiment 4 uniform sized fish in good health and condition were stocked in each trough (Plate 4).  Each diet was randomly assigned to replicate groups of fish and fed by hand once a day.

During the experimental period, fish in control and different treatments were initially fed at a rate of 5% of body weight per day (dry -matter basis), which approached apparent satiation.  The feeding rate was gradually reduced among all dietary treatments over the course of the experiment to ensure a rate close to apparent satiation without over feeding.  The unutilized feed and faecal matter was collected before each morning feeding and stored for further analysis. Half of the water in the tanks was replaced daily throughout the experimental period after siphoning out the leftover feed and faecal matter. Experimental tubs were thoroughly cleaned every two weeks when the fish were removed for weighing.  Mortality was checked daily.
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Plate 4. 
Experimental setup shows Oreochromis mossambicus grown in the control and experimental feeds.
Analytical Methods

3.4 Growth Parameters

The weight and length of the control and experimental fishes were taken just before starting the experiment, followed by 15 days interval till the end of the experiment. The growth parameters in terms of weight gain and length gain were evaluated as follows.

                               Final weight (gm) – Initial weight (gm)

Percentage weight gain =        --------------------------------------------------- X 100

                                                                 Initial weight (gm)

                              Final length (cm) – Initial length (cm)

Percentage length gain =        ------------------------------------------------------ X 100

                                                                   Initial length (cm)

3.5 Biochemical Analysis

The proximate compositions (protein, carbohydrate and fat contents) were analyzed in control feed and different experimental feeds prepared from probiotics and medicinal herbs.  

Before starting the experiment and at the termination of 60 days of feeding trial, fishes from each experimental unit were killed and analyzed for their biochemical composition such as water, protein, carbohydrate and fat contents using standard procedures.

Protein (Lowry et al., 1957)

Reagents: 

Reagent A: 

2 percent Na2co3 in 0.1 N NaoH.

Reagent B: 

0.5 percent Cuso4 in 1.0 percent sodium potassium tartarate.

Reagent C: 

50 ml of reagent A was mixed with 1 ml of reagent B. This was prepared just before use.

1 N Folin phenol reagent: 

Folin phenol reagent was diluted with equal volume of glass distilled water. 

5 percent TCA (Trichloro acetic acid).

Standard solution:

50 mg of bovine serum albumin was dissolved in 50 ml of 0.1 N NaoH using 100 ml standard flask.

Working standard solution:

10 ml of stock solution diluted with 50 ml of distilled water in a standard flask.

Extraction of protein:

100 mg of prepared feeds and muscle tissues were homogenised with 1ml of 0.9% sodium chloride solution.1 ml of 5% trichloroacetic acid was added, and then centrifuged at 8000 rpm for 20 minutes. The precipitate was dissolved in 1ml of 0.1N sodium hydroxide. 0.1ml of this aliquot was taken and made up to a final volume of 1ml with distilled water. 5 ml of alkaline copper reagent was added, mixed and allowed to stand for 10 minutes at room temperature. 0.5ml of 1N Folin-Ciocalteau reagent was then added and shaken well. After 30 minutes the blue colour developed was read at 720 nm and percentage of protein content was calculated.

Carbohydrate (Hedge and Hofreiter, 1962)

Reagents:
1. 5 percent trichloro acetic acid 

2. Anthrone reagent: 200 mg of anthrone was dissolved in 100 ml of ice cold 95 percent sulphuric acid. This was prepared freshly before use. 

Standard solution:

100 mg of glucose was dissolved in 100 ml of distilled water.

Working standard solution:

10 ml of stock was diluted with 100 ml of distilled water in a standard flask.

Extraction of carbohydrates:

100 mg of prepared feeds and muscle tissues were homogenised in 1ml of 0.9% sodium chloride solution. 1 ml of 5% trichloroacetic acid was added to 1ml of each extract. The homogenate was centrifuged at 8000 rpm for 20 minutes. To 1ml of the supernatant 5 ml of anthrone reagent was added. The series of test tubes were kept in boiling water bath for 10-15 minutes and then cooled in dark. After 30 minutes the OD value was read at 620nm and percentage of carbohydrate was calculated.

Fat (Folch et al., 1957)

Reagent: 
Chloroform methanol mixture (3:1 ratio).

100 mg of prepared feeds and muscle tissues were weighed and ground well with 5 ml of chloroform methanol mixture. The homogenate was centrifuged, taken in a small weighed beaker and the beaker was placed inside a large beaker and filled with water along the sides and kept overnight in hot air oven without any disturbance. In between the methanol with dissolved protein layer and chloroform with dissolved fat, a white precipitate was formed. The methanol layer was removed without disturbing the chloroform layer. The chloroform was evaporated in an oven at about 600C. The beaker was weighed. The difference between the final weight and initial weight of the beaker elucidate the fat content of the tissues and its percentage was calculated.

3.6 Water quality monitoring

Water samples were collected fortnightly prior to daily feeding from all the experimental tubs and analyzed for physiochemical parameters such as temperature, pH, dissolved oxygen, total dissolved solids, total alkalinity, BOD, COD, and carbon dioxide level.
Isolation of bacterial and fungal colonies

Bacterial and fungal colonies were diluted by serial dilution technique. For isolation of bacterial colonies, 1 ml of the sample was serially diluted and different dilutions were plated on nutrient agar and incubated at 37o C for 24 hours. The well grown colonies were picked up and stored in nutrient agar slants at 4o C. The purified bacterial cultures were identified based on gram staining and use of selective medium – EMB agar medium and starch agar medium (Pate 5).


For isolation of fungal colonies, 1 ml of the sample was serially diluted and different dilutions were plated on rose bengal chloramphenicol agar medium and incubated at room temperature for 7 days. The well grown colonies were picked up and stored on rose bengal chloramphenicol agar slants at 4o C. The purified fungal colonies were identified based on Lactophenol cotton blue staining (plate 6). 
3.7 Statistical analysis

The results of the entire study were analyzed statistically   using one way ANOVA and the level of significance was defined at P < 0.05.
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Plate 5. 
Bacterial populations in water samples.
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Plate 6. 
Fungal populations in water samples.

4.0 RESULTS

The results of the present investigation on the effect of probiotics and medicinal herbs on the growth and nutritional indices of fresh water fish, Oreochromis mossambicus are presented below.

4.1 Nutritional assessment

Proximate composition such as protein, carbohydrate and fat contents in the control and three different experimental feeds prepared for the present experiment were estimated and are presented in Table 1 and fig 1.

Protein content

Probiotics and herbal extracts incorporated feeds (T1-T3) contain                    higher protein content than the control feed. Of all the different feeds, maximum protein content (36.23%) was recorded in T3 feed, prepared from 2% commercial probiotics and 2% herbal extract along with rice bran and groundnut oilcake. The minimum protein content (26.42%) was estimated in the control feed, prepared from rice bran and groundnut oil cake             (1:1 ratio). 

Carbohydrate content

Among all the experimental feeds, maximum carbohydrate content was recorded in T2 feed (34.55%), which is prepared from 2% commercial herbal extracts followed by T1 (30.92%) and T3 (25.65%). The minimum carbohydrate content of 24.46% was observed in control  feed. 

Fat content

Highest fat content (17.62%) was noticed in fishes fed with T3 diet, followed by T1 (13.78%) and control feed (10.98%). Feed prepared from herbal extract showed minimum fat content (9.25%) than the other treatments. 

4.2 Growth parameters

Weight gain

Table 2 and fig 2 revealed that weight gain in O.mossambicus during different days of the experiment in the control and three different treatments. Medicinal herbs and probiotics incorporated feeds boosted weight gain in the experimental fishes than the control feed. However, the maximum weight gain (8.580, 8.733, 9.577 and 9.910%) was recorded in T2 fishes fed with 2% herbal extract and minimum weight gain (7.597, 7.797, 8.647 and 8.830%) was observed in control diet fed fishes during 15, 30, 45 and 60 days of the experiment. The difference in weight gain noticed in O.mossambicus in the different treatments was found to be statistically significant (P<0.05) when compared with control.

Length gain

Length gain in O.mossambicus during different days of the experiment in the control and three different treatments are shown in Table 3 and fig 3. Both herbal and probiotic supplemented feed improved the length gain in experimental fishes than the control diet. Among the different treatments, the maximum length gain (7.567, 8.067, 8.667 and 9.167%) was recorded in T2 fishes and minimum length gain (6.967, 7.567, 8.200, and 8.800%) was noticed in the control fishes. Length gain recorded in the experimental fishes when analyzed statistically, the values were found to be statistically significant (P<0.05).

4.3 Biochemical composition

Protein content

Protein content estimated in the muscle tissues of O.mossambicus grown in the control and different treatments before and after the experiment are presented in Table 4 and figure 4. Before experiment, protein content estimated in the control fishes was 26.33%. After the experimental period of 60 days, fishes fed with 2% herbal extract supplemented diet showed the highest protein content (38.10%), followed by T3 (35.33%) and T1 (33.97%). Fishes grown in the control feed showed lowest protein content of 33.57%. 

Carbohydrate content
Table 5 and figure 5 indicates that carbohydrate content in the muscle tissues of O.mossambicus grown in control feed before experiment was 10.40%. After 60 days feeding of experimental diets, fishes grown in T2 feed obtained maximum carbohydrate content (23.17%), followed by T3 (22.20%) and T1 (20.50%). The minimum carbohydrate content of 20.50% was observed in the control feed fed fishes. 

Fat content

At the beginning of the experiment fat content recorded in the muscle tissues of control fish was 0.993% (Table 6 and figure 6). At the end of the experiment, highest fat content (3.233%) was noticed in fishes fed with T2 diet, followed by T3 (2.727%) and T1 (2.293%). Fishes grown in the control feed showed minimum fat content (1.820%) than the other treatments. 


Fishes grown in the probiotics and herbal extract supplemented diets differ significantly (P< 0.05) in their nutritional indices.

4.4 Water quality parameters
The water quality parameters in the experimental tubs used for the growth studies were given in table 7. These parameters were within the optimum range for the growth of O.mossambicus irrespective of the different types of diets given. The water temperature ranged from 25o C and total suspended solids was 12 g / l. The colour of the water was visually observed. 

The chemical parameters such as pH were in the alkaline range (7.5). The total alkalinity varied from 315 – 330 ppm. BOD and COD ranged from 65 mg/l and 200 mg/l respectively. The dissolved oxygen ranged from        5.69 mg/l and the free carbon dioxide was 14 mg/l. Also the fungal colonies identified in the water samples were Aspergillus flavus, A.niger, Fusarium, and Rhizopus.
TABLE - 1

Proximate composition (%) of control and experimental diets.

	Feed
	Treat

ments


	Concen

trations

(%)
	Protein
	Carbohydrate
	Fat

	Control
	C
	---
	26.42
	24.46
	10.98

	Probiotics
	T1
	2
	28.31
	30.92
	13.78

	Herbal extract
	T2
	2
	28.75
	34.55
	9.25

	Combined diet
	T3
	4
	36.23
	25.65
	17.62


TABLE - 2
Weight gain (%) in Oreochromis mossambicus during different days of the experiment in the control and experimental feeds.
	Feed


	Treat

ments


	Concen

trations

(%)
	No. of days during experiment



	
	
	
	15
	30
	45
	60

	Control
	C
	---
	7.597
	7.797
	8.647
	8.830

	Probiotics
	T1
	2
	7.667
	8.247
	8.733
	8.920

	Herbal extract
	T2
	2
	8.580
	8.733
	9.557
	9.910

	Combined diet
	T3
	4
	7.920
	8.370
	9.053
	9.373

	SED
	0.129
	0.149
	0.076
	0.064

	CD (0.05)
	0.315
	0.364
	0.186
	0.157


Values are the mean of three replicates
TABLE - 3
Length gain (%) in Oreochromis mossambicus during different days of the experiment in the control and experimental feeds.

	Feed


	Treat

ments


	Concen

trations

(%)
	No. of days during experiment



	
	
	
	15
	30
	45
	60

	Control
	C
	---
	6.967
	7.567
	8.200
	8.800

	Probiotics
	T1
	2
	7.100
	7.600
	8.367
	9.100

	Herbal extract
	T2
	2
	7.567
	8.067
	8.667
	9.167

	Combined diet
	T3
	4
	7.567
	7.900
	8.533
	9.033

	SED
	0.165
	0.183
	0.240
	0.159

	CD (0.05)
	0.404
	0.448
	0.587
	0.390


Values are the mean of three replicates
TABLE - 4
Protein content (%) in the muscle tissues of Oreochromis mossambicus in the control and experimental feeds before and after experiment.

	Feed


	Treat

ments


	Concen

trations

(%)
	Protein content (%)

	
	
	
	Before experiment
	After experiment

	Control
	C
	---
	26.33
	33.57

	Probiotics
	T1
	2
	26.17
	33.97.

	Herbal extract
	T2
	2
	24.57
	38.10

	Combined diet
	T3
	4
	25.33
	35.33

	SED
	0.113
	0.109

	CD (0.05)
	0.276
	0.268


Values are the mean of three replicates
TABLE - 5
Carbohydrate content (%) in the muscle tissues of Oreochromis mossambicus in the control and experimental feeds before and after experiment.
	Feed


	Treat

ments


	Concen

trations

(%)
	Carbohydrate content (%)

	
	
	
	Before experiment
	After experiment

	Control
	C
	---
	10.40
	20.50

	Probiotics
	T1
	2
	10.60
	22.00

	Herbal extract
	T2
	2
	11.53
	23.17

	Combined diet
	T3
	4
	12.30
	22.20

	SED
	0.050
	0.022

	CD (0.05)
	0.122
	0.054


Values are the mean of three replicates
TABLE - 6
Fat content (%) in the muscle tissues of Oreochromis mossambicus in the control and experimental feeds before and after experiment.
	Feed


	Treat

ments


	Concen

trations

(%)
	Fat content (%)

	
	
	
	Before experiment
	After experiment

	Control
	C
	---
	0.993
	1.820

	Probiotics
	T1
	2
	1.323
	2.293

	Herbal extract
	T2
	2
	1.210
	3.233

	Combined diet
	T3
	4
	1.420
	2.727

	SED
	0.030
	0.117

	CD (0.05)
	0.074
	0.286


Values are the mean of three replicates
TABLE - 7

Physicochemical parameters of water samples
	S.no.
	Parameters
	Values

	
	Physical

	1
	Colour
	Visual

	2
	Odour
	Normal

	3
	Temperature
	25oC + 2o C

	4
	Total solids
	16 g/l

	
	Total dissolved solids
	4 g/l

	
	Total  suspended  solids
	12 g/l

	
	Chemical

	5
	PH
	7.5

	6
	Total alkalinity
	315 – 330 ppm

	7
	Biological oxygen demand (BOD)
	65 mg/l

	8
	Chemical oxygen demand (COD)
	200 mg/l

	9
	Dissolved oxygen
	5.69 mg/l

	10
	Free carbondioxide
	14 mg/l
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Figure 1.
 Proximate composition (%) of control and experimental diets.
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Figure. 2. Weight gain (%) in Oreochromis mossambicus during different days of the experiment in the control and experimental feeds
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Figure. 3. Length gain (%) in Oreochromis mossambicus during different days of the experiment in the control and experimental feeds.
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Figure 4. Protein content (%) in the muscle tissues of Oreochromis mossambicus in the control and experimental feeds before and after experiment.
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Figure 5. Carbohydrate content (%) in the muscle tissues of Oreochromis mossambicus in the control and experimental feeds before and after experiment
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Figure 6. Fat content (%) in the muscle tissues of Oreochromis mossambicus in the control and experimental feeds before and after experiment.
5.0 Discussion

The effect of herbal extract and probiotics supplementation on growth and biochemical composition of Oreochromis mossambicus are discussed in this chapter. 

Herbal supplemented diet fed fishes showed highest growth performances and nutritional indices than the control and other experimental diets. Because Mentha piperita incorporation improved the nutritive value of the experimental feeds due to its highest ascorbic acid, vitamin C and volatile oil contents, which helps to boost the functioning of immune system of the experimental fishes, thereby helps in preventing a wide range of diseases. It also improved the weight gain, length gain and protein accumulation due to the positive nitrogen balance. Essential minerals such as chromium, zinc, copper, iron and cobalt content of Mentha piperita help in maintaining proper functioning of the metabolic activities of the experimental fishes. 

The medicinal herbs incorporated feed induced the digestive ability and absorption thereby increase the maximum growth rate in the experimental fishes. The experimental diets were well accepted and digested by the experimental fishes. Digestibility of feed is an important factor to consider in determining the utilization of feed. Medicinal herbs contain potent bioactive substances, which may influence digestive process by enhancing or impairing enzyme activity and improving the digestibility of nutrients. Medicinal herbs included diets stimulated digestive enzyme activity and feed intake, thereby leading to better growth, feed utilization efficiencies and health in the experimental fishes. These results are in harmony with the findings reported by Unnikrishnan (1995) and Jeyaprakas and Euphrasia (1996).             

The active principles present in mint have stimulating the action on gut microflora. The increases in enzyme production can result in improvements in digestibility and availability of nutrients from feed stuffs. Medicinal herbs also reduce the amount of undigested material passing into the large intestine, led to limit the amount of substrate available for proliferation of pathogenic microbes. This may be the reason for the enhanced appetite, food consumption, feed utilization efficiencies and overall health of the experimental fishes in the present study. 

Medicinal herbs promote lipid metabolism that catabolizes body fatty acids as main energy expenditure, resulting in efficient protein accumulation and growth performances in fishes (Ji et al., 2007). Zakes et al. (2008) explained increased growth rate, muscle protein content and polyunsaturated fatty acids in juvenile pikeperch (Sander lucioperca) when fed with formulated diet containing medicinal herbs, Astragalus radix and Lonicera japonica. 

Medicinal herbs supplementation improved the digestive enzyme activity of protease and amylase in hepatopancrease and intestines, which led to enhance digestion and absorption of food, this in turn could contribute to the improved growth in L.vannamei (Yu et al., 2008). Further, Liu et al. (2004) reported that the improved digestion, absorption and growth rate of common carp, C.carpio fed with Chinese herbal medicines was due to the increased beneficial microflora in the intestine.  Papaya leaf meal contains an enzyme papain, which increased the protein digestion, food conversion ratio, specific growth rate and weight gain in P.monodon postlarvae fed with 16% unsoaked papaya leaf meal diet               (Penaflorida, 1995). 

Similar work was carried out by Citarasu et al. (2006), who used herbal medicinal plants including C.dactylon as a dietary supplement and found that improved immunological (phogocytic activity and bactericidal activity), haematological and biochemical parameters in the shrimp, P.monodon. Dietary supplementation of herbal immunostimulants P.amarus and C.dactylon enhanced the immune system and reduced the viral infection in P.monodon (Balasubramanian et al., 2007 and 2008). Punitha et al. (2008) inferred that grouper, Epinephelus tauvina fed diets containing P.niruri and C.dactylon improved the non-specific defense mechanism including extracellular and intracellular respiratory burst activities, phogocytosis in blood leucocytosis, total plasma protein level, which influenced specific growth rate and condition factor.       

Components present in the medicinal herbs and ayurvedic products provide vigor in a system worn out by disease, they also provide energy by acting as tonic to the body. Dietary supplementation of medicinal herbs improved the overall growth performances and health of O.mossambicus fingerlings.

Mint is an appetite stimulant, which stimulate the digestive enzyme activity and thereby increase the feed intake. Apart from enhancing the growth rate medicinal herbs also acts as immunostimulants to elevate the non-specific defense mechanism and prevent disease outbreaks. So, there was no mortality observed during the feeding trial and all the experimental fishes were active and healthy throughout the experimental period. This may be due to the incorporation of microbial supplement not only improved the growth rate of O.mossambicus and also released the antibiotics, thereby not being affected by certain opportunistic pathogens.

In the present feeding experiment, probiotics incorporation also enhanced higher growth rate and biochemical compositions in the experimental fishes. Probiotics used as the alternatives of antibiotics to promote fish growth and health in aquaculture systems. Commercial probiotics used in the present study composed of single strains (Sporlac), which enhanced the growth performances, nutritional indices and feed utilization efficiencies in O.mossambicus than the control fishes. All the experimental diets prepared from different probiotics were well accepted and ingested by the experimental fishes. Hence, the palatability of the test diets was not affected by the use of probiotics as supplement.   

A compound additive containing lactic acid bacteria, L.acidophilus, S.faecium and S.cerevisiae were proved to increase the protein and fat absorption, decrease feed conversion ratio and reduce disease in fishes     (Lara-Flores et al., 2003).  Taoka et al. (2006) also observed that mixed strains of probiotics (B.subtilis, L.acidophilus, C.butyricum and S.cerevisiae) stimulated the food digestibility and non-specific immune response by improving its enzyme activity such as lysozyme and protease.   

The present results showed that feed utilization efficiencies were increased in probiotics supplemented diet fed fishes than the control fishes, because probiotics increased the digestive ability by producing extra cellular enzymes such as proteases, lipases and necessary growth factors. The present findings were coincided with the results of Song et al. (2006) and Yang. (1998), who reported enhanced feed utilization efficiencies in Miichthys miiuy fed with dietary Clostridium butyricum, which influenced digestive enzyme activity. Dietary administration of S.faecium M74 improved the intestinal microflora and digestive enzyme activity (protease and lipase), resulted in highest feed utilization efficiencies and muscle proximate composition in Cyprinus carpio (Bogut et al., 1998).  
Oreochromis mossambicus grown in probiotics supplemented diets exhibited maximum values of growth and muscle proximate composition than the control fishes. The increased nutritional indices found in the experimental fishes probably indicated that supplemented diets induced the feed intake, protein and fat absorption. Yu et al. (2008) also reported increased biochemical composition in L.vannamei fed with dietary Bacillus which can produce α–glucosidase and β–glucosidase enzymes and thereby it increased the digestion, feed utilization efficiencies and absorption. Probiotics may stimulated the activity of hydrolytic enzymes including proteases and amylases, which positively influenced the weight gain, specific growth rate and feed efficiencies in O.mossambicus fed with commercial probiotics,  Sporlac, which contains bacterial cultures.

Oliver-Novoa et al. (2002) showed that dietary supplementation of torula yeast, Candida utilis to Nile tilapia, O.niloticus improved the nutritional indices and feed utilization efficiencies due to the production of vitamins and amino acids and enhanced the digestive metabolism by the secretion of α -amylase enzyme. Naik et al. (1999) used a commercial premix, G-probiotic in tilapia, O.mossambicus feed and determined that food conversion ratio and protein efficiency was best at a dose of 7.5 g G-probiotic kg-1of diet. In the present study weight gain and length gain showed higher values in O.mossambicus fed with probiotics supplemented fed than the control feed. 

Sporlac, which contain lactic acid bacteria, boosted the growth rate, biochemical composition and feed utilization efficiencies in the experimental fishes. Lactic acid bacteria has the ability to tolerate the acidic and bile environment of the intestinal tract and also convert lactose into lactic acid, thereby reducing the pH in the gastro intestinal tract and naturally preventing the colonization by many bacteria. This may be the reason for the improvement of feed digestibility and utilization efficiencies of O.mossambicus fingerlings during the present study. In support, Suyanandana et al. (1998) used Lactobacillus sp. as a feed additive in the diets for O.niloticus and found out improved gut microflora and digestive enzyme activity, which in turn influences growth performances and feed utilization efficiencies.   

During the experimental period, fishes were active, healthy and disease free. This may be due to the incorporation of microbial supplement not only improved the growth rate of O.mossambicus and also released antibiotics, thereby not being affected by certain opportunistic pathogens. The present findings were in accordance with Son et al. (2009), who noticed that L.plantarum incorporated diets increased the percent weight gain and feed efficiency in Epinephelus coioides.

In the present investigation, overall growth performance and biochemical composition was observed in herbal diet followed by combined. In addition to this water quality was not affected by the inclusion of experimental feed ingredients. Thus the present study clearly indicates that suitability of herbal extracts and probiotics for inclusion of fish feeds. The present findings revealed that medicinal herbs and probiotics are a positive dietary supplement to induce effective technical and economical propagation for carp culture industry.

6.0 Summary and conclusion

The present study has been undertaken to investigate the effect of formulated feeds on the growth performance and nutritional indices of fresh water fish, Oreochromis mossambicus. Nutrient values (protein, carbohydrate and fat contents) were estimated in the control feed and different experimental feeds prepared from probiotics and herbal extracts. 

Biogrowth parameters such as weight gain and length gain were studied in the control and experimental fishes during 15, 30, 45 and 60 days of the experimental period. Proximate composition such as protein, carbohydrate and fat contents were estimated in the muscle tissues of O.mossambicus grown in the control and different treatments before and after the experimental period. Water quality parameters are also analyzed during the experimental period.

· Probiotics and herbal extract enriched the nutritional quality (protein, carbohydrate and fat contents) of the experimental feeds (T1-T3). Among the three different feeds highest protein (28.75%) and carbohydrate contents (34.55%) were estimated in T2 feed prepared from 2% herbal extract incorporated feed. Lowest protein and carbohydrate contents (26.42 and 24.46%) were estimated in the control feed. Fat content was maximum (17.62%) in T1 feed and lowest value (9.025%) observed in T3 feed.
· Growth rate was increased in O.mossambicus fed with experimental diets (T1-T3) than the control fishes. T2 diet enhanced maximum weight gain (8.580, 8.733, 9.557 and 9.910%) and length gain (7.567, 7.900, 8.067 and 9.167%) in experimental fishes during 15, 30, 45 and 60 days of the experiment. At the end of the experiment, minimum weight and length gain (8.830 and 8.800%) were recorded in the control fishes.

· O.mossambicus grown in the different experimental diets showed an enhanced biochemical composition in their muscle tissues. Highest protein (38.10%), carbohydrate (23.17%) and fat content (3.233%) were estimated in the fishes fed with T2 diet and lowest values (33.57, 20.50 and 1.820%) were recorded in the control fishes.

· Water quality was not affected by the inclusion of experimental feed ingredients. Optimum water quality parameters were observed during the feeding trial. Water temperature ranged from 25o C and total suspended solids were 12 g/l. BOD and COD level ranged from 65 mg/l and 200 mg/l respectively.
· Both probiotics and herbal extract improved the better growth performances in the experimental fishes. However, T2 diet boosted highest growth and biochemical composition in experimental fishes.

The following conclusions may be drawn from the present investigation:

· Fish feeds prepared from commercial probiotics and herbal extract were proved to be an effective supplement for the enhancement of nutritional quality of the experimental feeds and overall growth performance of Oreochromis mossambicus. 

· Probiotics included diets were able to improve the growth and nutritional quality of O.mossambicus.  

· Dietary supplementations of medicinal herbs were efficient for the improvement of muscle proximate composition, growth rate and dietary utilization of O.mossambicus.

· O.mossambicus fed with probitics, herbal extract and combined diets were found to boost the growth rate and biochemical composition.

· All the selected feed ingredients were well accepted and digested by the experimental fishes and were found to ensure the nutritional quality of the experimental feeds.


Present study clearly hold promise for the effective, economical and eco-friendly farm made feed preparation and production of safe-aqua food. 
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