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Abstract. The consumer of seafood relates the potential development of animals to the constant use of 
commercial growth promoters. Nevertheless, nowadays with the development of non antibiotic feed 
additives, cultured shrimps performance has improved to great level. Present experiment was carried 
conducted from 27th May 2009 to 11th October 2009 in shrimp grow out ponds at Diu (U.T) region of 
Saurashtra coast. The stocking density of tiger shrimp Penaeus monodon Fabricius, 1798 was 7.5 no/m2 
in both the culture ponds. Good survival rate (89.70%), average daily growth (0.277), total biomass 
(2007.48 kg) and less Feed Conversion Ratio (FCR) (1.26:1) were obtained from Kappaphycus alvarezii 
(Doty) Doty ex P. C. Silva, 1996 sap incorporated in pellet fed shrimps of pond 2, compare to control 
pond survival rate (73.70%), average daily growth (0.242), total biomass (1476.9) and high FCR 
(1.52:1) from control pellet fed shrimps of pond 1. There was no significant differences in temperature, 
pH, dissolved oxygen, turbidity and salinity, whereas micro-nutrients in water parameter vary during last 
month of culture period. The present investigation concluded that used of K. alvarezii sap to the shrimp 
feed has enhanced growth in term of survival rate from 73.70% to 89.70%, average daily growth from 
0.242 to 0.277 and total biomass weight from 1476.9 kg to 2007.48 kg when compare to control pond 
shrimps and is economically viable approach in terms of profit. K. alvarezii is rich in micro nutrient, which 
can boost up the tiger shrimp growth in fewer days of culture. 
Key words: Penaeus monodon, Kappaphycus alvarezii sap, pelleted feed.  

 
 
Introduction. Aquaculture is one of the fastest growing industries around the world.  
Capture fisheries and aquaculture supplied the world with about 106 million tonnes of 
food fishes in 2004; of this total, aquaculture accounted for 50% in 2004 (FAO 
2006).Total global herbal drug market is estimated as US $62 billion and it is expected to 
grow to US$ 5 trillion by the year 2050 (Kalpana et al 2004). The global pharmaceutical 
market was worth US $ 550 billion in 2004 and is expected to exceed US $900 billion by 
the year 2008 (Maggon 2005). The herbal industry shares about US $ 62 billion with 
good growth potential (Citarasu 2010). Presently, the Unites States is the largest market 
for Indian botanical product accounting for about 50% of the total export.  
 Herbs may be used as preparations containing herbal mixture or as individual 
ingredients in the diet (Czech et al 2009). Hormones, antibiotics, vitamins and several 
other chemicals have been tested as growth promoters, antibacterial and other purposes 
in mari-culture (Jayaprakas & Sambhu 1996). Research has proven that certain herbal 
extracts act as a growth promoters in intensive systems of production (Czech et al 2009; 
Garcia et al 2007; Muniruzzaman & Chowdhury 2004), however the results are still 
contradictory. 
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 At the global level, people have understood the bad effects of antibiotics and they 
are now shifting over to the natural products (Fauci 1993). Plants are the storehouse and 
sources of safer and cheaper chemicals. Herbal preparations are prescribed to cure 
various diseases, as they contain active principles. Herbal preparations are known to 
have an important role in disease control due to their antioxidant and anti-microbiological 
activities (Prasad & Variyur 1993). Natural plant products have been reported to promote 
various activities like antistress, growth promotion, appetite stimulation, tonic and 
immune-stimulation and to have aphrodisiac and antimicrobial properties in finfish and 
shellfish larviculture due to active principles such as alkaloids, flavonoids, pigments, 
phenolics, terpenoids, steroids and essential oils (Citarasu et al 1998, 1999, 2001 and 
2002; Sivaram et al 2004). In feeding farm animals the actual research is aimed at 
finding natural feed additives that can replace antibiotics with natural occurring growth 
promoters (probiotics, feed enzymes, organic acids, herbs) to achieve the production 
goal (Buchanan et al 2008; Czech et al 2009).   
 Our aim is to check the impact of natural liquid extract from the seaweed called 
Kappaphycus alvarezii (Doty) Doty ex P. C. Silva, 1996 on Penaeus monodon Fabricius, 
1798 growth, survival rate and economical feasibility by adding as feed supplement.  
 
Materials and Methods. Experiments were carried out at Unit No 3 shrimp grow out 
ponds situated at North latitudes 22º 44’ and 22º 41’ and East longitudes 71º00’ and 
70º52’ Patelwadi village of Diu regions, Saurashtra. Experiment was conducted from 27th 
of May 2009 to 11th of October 2009 in ponds no. 1, 2 & 3, of 0.8 hector WSA (water 
spread area); the third pond was used as a reservoir. Sea water was pumped from 
Chassi creek by 10 HP motor. Initial water filling was to the level of 1.1 m. Pond 
preparation, addition of fertilizer and supplementary feeds were applied as per the 
standard (Kotiya et al 2010).  
 The P. monodon seeds post larvae (PL 16) were procured from a commercial 
hatchery and transported in oxygenated polythene bags (1500 no/bag) of initial weight of 
0.05 g. They were acclimatized to Fibreglass Reinforced Plastic (FRP) tank of 1000 L 
capacity, after one to two hours of acclimatization, the seeds were released into two 
ponds by 2” diameter hose pipe. Immediately after stocking the seeds were fed with 
commercial starter feed twice in a day as per standard. Pond no 1 acted as control 
whereas pond no 2 was K. alvarezii sap mixed with pelleted feed treatment pond.  
 From 25th DOC (days of culture) K. alvarezii sap was sprinkled over commercial 
feed @ 50 mL kg-1 of feed. Growth in term of weight (g) were assessed every fortnightly 
with Shimazu electro–balance (model AEL200) as per Ching & Lo-Chai (1990). Average 
daily growth (ADG) and biomass were calculated as per Chanratchakool et al (1998). 
Water quality parameters were recorded every fortnightly like temperature (ºC), pH and 
dissolved oxygen (mg L-1) were measured as per Trivedy & Goel (1986) whereas salinity 
(‰) as per Katznelson (2004). Estimation of nitrate nitrogen (NO3-N) (mg L-1) and total 
phosphate (PO4) (mg L-1) were as per Trivedy & Goel (1986) and Gupta (2009), 
respectively. Ammonia was determined as described by Allan et al (1990). 
Extraction of K. alvarezii sap. Mass cultivation on K. alvarezii was transported from 
Simar village (seaweed cultivation site, Gujarat) where from we procured 425-430 kg of 
wet weight K. alvarezii, grinded in a commercial juice extracting machine; extracted juice 
was collected in a 200 lit plastic barrel. Ten milliliters acetic acid (analytical grade) was 
added as preservative. This extract was sprinkled over a required quantity of shrimp feed 
@ 50 mL Kg-1 of feed. Around 310–330 mL of K. alvarezii sap were extracted by 
squeezing one kg of K. alvarezii seaweed. Total sap collected was around 132 L, which 
was utilized as feed supplement for experiment.  
 Eswaran et al (2005) reported the chemical constituent of K. alvarezii as follow 
(Table 1): sample of the grains oven dried at 70oC to constant weight, ground to pass 
through a 0.5 mm sieve and used for chemical analysis. Fat was estimated by soxhlet 
method according to Zodape et al (2009). Carbohydrate was extracted and determined 
using spectrophotometer (Smith et al 1964; Murphy 1958). Protein was estimated by 
multiplying N with the factor 6.25 while N was determined by semi-micro Kjeldahl 
method (AOAC, 1970). Phosphorus was determined by vanadomolybdate yellow method 
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spectrophotometrically, Na and K by flame photometer (Jackson 1973) and minerals by 
inductively coupled plasma optical emission spectroscopy (Richards 1954). All 
determinations were performed in triplicate and data represented on dry weight basis as 
mean values ± standard deviations. 

Table 1 
Chemical constituents of K. alvarezii extract (Eswaran et al 2005) 

 

Constituent of pristine sap Values 
Nitrogen (%) 0.45-0.70 

Phosphorus (%) 0.007-0.01 
Potassium (%) 1.60-2.10 

Organic matter (%) 1.05- 1.40 
Sodium (%) 0.45-0.70 
Calcium (%) 0.04-0.06 

Magnesium (%) 0.06-0.07 
Manganese(ppm) 6-9 

Iron (ppm) 100-160 
Copper (ppm) 7-11 

Zinc (ppm) 19-25 
Cobalt (ppm) 2-5 

Molybdenum (ppm) 2 
Sulphate (%) 1.06 - 1.20 
Chloride (%) 2.36 - 2.70 
IAA (ppm) 25.14 

Kinetin (ppm) 8.50 
Zeatin (ppm) 20.10 

Gibberellins (ppm) 27.11 
     

Mixing K. alvarezii extract with feed. Take 50 mL of K. alvarezii sap sprinkled over a 
kg shrimp pelleted feed, mixed uniformly with soft hand, then feed is coated with Trubind 
(Biostat India Ltd, Mumbai) and mix uniformly, to conform that each feed pellet is coated 
well to binder, place the feed for shad drying for 10 min over plastic carpet.  
Binder coating experiment. Take 250 g of four different pelleted feed samples, treated 
with K. alvarezii sap, sprinkled over feed (Figure 1), which was then coated by a Trubind 
binder, after 10 min of shad drying (Figure 2). Feeds were weighed and placed in labeled 
beakers containing 200 mL of distilled water at room temperature for 2 hours and fifth 
sample of untreated pelleted feed alone as well. Binder coating was found efficient even 
after 2 hours of water treatment, and distilled water was clear after 2 hours. It was 
observed that feed do not leached out the nutrient coated. 
Water stability test. Three feed sample were placed in wire basket (3 x 3 in) and then 
they were gently agitated by aerated seawater for 1, 2 and 3 hours, respectively. After 
each indicated time, pellets in the basket were oven dried and weighed. Water stability 
was computed as:  % water stability = final dry weight / initial dry weight x 100. 
                                     
Results and Discussion. Feed is one of the essential inputs in shrimp production and 
increase profits. Feed management is highly subjective, as feed consumption cannot be 
directly observed. In present study commercial pelleted feeds were supplemented with K. 
alvarezii sap (pond 2) compared with growth from pelleted feed alone (pond 1). 
Comparing biometric growth parameter between two ponds, pond 2 showed excess 
growth by giving excess ADG (0.035), survival (16%) and total production (530.58 kg) 
than pond 1. Maximum FCR was recorded from pond 1 with 1.52:1 whereas pond 2 was 
1.26:1 (Table 2, Figure 3); this shows less utilization of feed in pond 2. 
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   Figure 1. Mixing of K. alvarezii sap.                 Figure 2. Shad drying. 

                     
Table 2 

Comparison between the two ponds 
 

Parameter Pond 1 Pond 2 
Pond (WSA)  0.8 ha 0.8 ha 

Stocking density (no/ha) 7.5 7.5 
Initial stocking (no) 60000 60000 

Stocking date 27 May 2009 27 May 2009 
Average daily gain (g) 0.242 0.277 

Days of culture 138 138 
Average body weight at harvest (g) 33.4 38.2 

Count (no. of specimens/kg) 29.9 26.17 
Survival (%) 73.70% 89.70% 

Total production (kg) 1476.9 2007.48 
Total feed used (kg) 2244.8 2549.3 
Feed conversion ratio 1.52:1 1.26:1 

Feed cost (Rs/kg) Avg Rs 54.5 Avg Rs 54.5 
Total seed cost (Rs) 25,200 25,200 
Total feed cost (lach) 1.23  1.39 

Selling rate (Rs) Rs 310/30 count 
(each count increase 

± Rs 8) 

Rs 310/30 count 
(each count increase 

± Rs 8) 
Other expenses (labour, pond preparation 
and fuel/electricity; major expenses are 
soil/water probiotics & medicine -60%) 

(Rs) 

71,798 29,825 

Miscellaneous expenses (Rs) 7,624 7,624 
Juicer machine rent @ Rs 750/month NA 178 
Labor no. 2 @ Rs 700/week (3.5 days 

work/head) 
NA 700 

Electricity cost (Rs) NA 138 
Seaweed transportation from cultivation 

site to godown cost (Rs) 
NA 200 

Wet weight K. alvarezii @ Rs 12/kg, so 
around 425 kg was purchased for juice 

extract 

NA 5,100 

Transportation of extracted juice barrel to 
farm site cost (Rs) 

NA 55 

Sum of total expenses (Rs) 2,50,085.3 2,34,214.6 
Gross profit from production (Rs) 4,57,839.6 6,78,501.5 

Net profit (Rs) 2,07,754.3 4,44,286.9 
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Water parameter were found suitable through out the culture period with less fluctuation 
whereas major variation was recorded in micro nutrient load like nitrate, phosphate and 
ammonia in pond 2 compare to pond 1 having 4.33 ± 1.42, 2.53 ± 1.43, 0.016 ± 0.023 
and 3.55 ± 1.29, 1.62 ± 1.21, 0.15 ± 0.10 mg L-1, respectively. Feed consumption 
through check tray observation showed that initially feed consumption was slow in both 
ponds i.e. feed remains in tray even after 2.5 hours check tray lifts, but after DOC 42 
check tray observation was found nil within 2-2.10 hours in pond 2. Periodic sampling is 
very important for successful shrimp culture. During cast net sampling around 21–43 and 
17-26 no. of P. monodon specimen were caught in pond 2 and pond 1, respectively, 
which help in calculating more precise feed management for succeeding feeding 
schedule. Sampling even help to know the average weight and estimate the total 
biomass in the pond and also better feed management. 
  

 
 

Figure 3. Comparison of Average Daily Growth (g) among K. alvarezii sap treated and 
untreated feed. 

 
Maintenance of good water quality is essential for optimum growth and survival of 
shrimp. Water quality parameters record reveal that seawater range were conducive for 
both ponds throughout the culture period (Figure 4). The variation in water temperature 
of 27.8 ± 1.74ºC in the shrimp ponds during the study period was associated with normal 
climatic change of the experimental area (Roy 1992). The temperature was found quite 
suitable for P. monodon growth as described by Chiu (1988) and Nakra (1994). The 
salinity of the present study was maintained at 25-34‰ in all ponds (Figure 4). Gunalan 
et al (2010) recommended 22-33‰ salinity was ideal for shrimp growth. The optimal 
range of pH between 6.8 to 8.7 should be maintained for maximum growth and 
production of shrimp (Ramanathan 2005). In the present study pH was ranging between 
7.8 to 8.1 for all culture ponds. Ramakrishna (2000) recommended pH of 7.5 to 8.5 for P. 
monodon culture. Dissolved oxygen plays a major role and it affects the feed 
consumption and molting. Lack of dissolved oxygen can be directly harmful to shrimp and 
cause a substantial increase in the level of toxic metabolites. The dissolved oxygen in all 
the culture ponds in the present study was ranging between 4.7 to 5.4 mg L-1. After 24th 
of August of water analysis, ammonia, nitrate and phosphates values in pond 2 rise 
higher compare to control (pond 1) during the present study (Figure 4). 
 A good shrimp feed should have good water stability in order to reduce feed loss, 
nutrient leaching and prevent water pollution. Cuzon et al (1994) suggested that 
crustacean diets should not lose more than 10% dry matter after 1 hour. In this study, 
diets were still 80% stable after 4 hours and addition of seaweed sap did not affect diet 
stability.  
 Peikflorida & Golez (1996) reported that survival was higher in shrimp fed the diet 
with 3% K. alvarezii; same trend was observed in present study having 89.75% survival 
compare to untreated feed having 73.7% survival. Trono & Ganzon-Fortes (1998) 
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reported that K. alvarezii and Gracilaria heteroclada Zhang and Xia, 1988 are rich in 
vitamins and minerals; same trend was observed during K. alvarezii nutrient analysis. 
Percival & McDowell (1967) reported that K. alvarezii contains varying amount of pyruvic 
acid. Improvement in growth due to seaweed inclusion was also noted by Hashim & Mat 
Saat (1992); same trend was observed, that total production from sap treated feed 
(pond 2) had a harvests of 2007 kg with only 1477 kg from untreated feed (pond 1). 
 

 
 
Figure 4. Average water quality parameters in control pond (pond 1) with feed treatment 

pond (pond 2). Economics of control pond and feed treated culture pond. 
   
Sankar et al (2011) were used Ricinus communis Linnaeus, 1758 extract as feed additive 
to P. monodon seeds; the total protein (61.54 ± 7.44%), carbohydrate (33.54 ± 4.44%) 
were found higher when comparing with untreated animals (protein 45.01 ± 4.7%, 
carbohydrate 26.1 ± 2.77%). Higher values indicate better growth, so, it proves that 
some plant extracts have high impact on aquatic animals growth. We have also got 
better growth like this. 

Briggs & Funge-Smith (1996) reported that G. heteroclada above 30% in the feed 
composition, as binder has deleterious effects to P. monodon growth with compare to 
10% level. Zodape et al (2009) reported that effect of K. alvarezii extract applied as a 
foliar spray at 0.25%, 0.50% and 1.0% on wheat, the yield of grain increased by 80.44% 
compare to control and the nutritional quality of grain such as carbohydrate, protein and 
minerals also improved under the influence of treatment; same trend was observed in 
present study with P. monodon showing faster growth and less count/kg at harvest. 
  
Conclusions. Results showed that less staple food sources (seaweed) can contribute to 
the production of animal protein. This is supporting that inclusion of seaweed sap has 
resulted in higher shrimp growth and survival. Use of seaweed sap is practical for fish 
farmers, as seaweeds are washed in running water and pulverized to get sap. Sap 
quantity may be increased or decreased according to the pond productivity because feed 
may loss nutrient in seawater during feed broadcasting. Use of seaweed in animal 
production can provide livelihood for many coastal poor fishermen.  
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