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Abstract. To the post larvae (PL), intermediate rearing should apply before sea floating net cage 
situation(s). This understanding formed the basis of this current study, which was performed specifically 
to compare the production performance of biofloc (BFT) and periphyton (PPT) juvenile of white shrimp 
(Litopenaeus vannamei) to reach marketable size in floating net cage. The study consists of two steps, 
that is, intermediate rearing and grow-out.  In intermediate rearing phase, post larvae were respectively 
stocked in triplicate at the density of 2666 PL m-3 for BFT and 1333 PL m-3 for PPT. PL was fed five times 
daily with the blind feeding methods and reared for 21 days prior grow-out. In grow-out phase, shrimp 
juvenile were then stocked in triplicate 3x3x3 m cages at the density of 550 m-2 and reared for 120 days.  
Juvenile were fed commercial pellet six times daily with restricted feeding method refer to feeding level 
of vannamei. Following periodic sampling with subsequent analysis, it was found that, intermediate 
rearing by using BFT shows better growth rate, final weight and length, survival rate, feed conversion 
and biomass production performance compared to PPT (P<0.05). In grow-out phase, BTF juvenile reach 
marketable size and also shows better growth performance, final weight, survival, feed conversion, and 
biomass production compared to the rest. Plausibly BFT performs better than PPT in terms of 
intermediate rearing to produce better seed quality. 
Key Words: intermediate rearing, grow out, growth rate, survival rate. 

 
 
Introduction. Whilst the global demand for shrimp is expected to reach 5 million 
ton/year, such production could only provide 3.6 million ton year-1, out of which 2.37 
million ton are belivedto be Litopenaeus vannamei cultured of brackish water ponds (FAO 
GLOBEFISH 2015). Disease outbreaks also have become a major problem in pond shrimp 
production (Leano & Mohan 2012; Lightner et al 2012; Velmurugan et al 2014; 
Karthikeyan et al 2015). It is also primarily caused by poor water quality and degraded 
carrying capacity (Primavera 1994; Avnimelech & Ritvo 2003; Herbeck et al 2013; Wu et 
al 2014; Bournazel et al 2015; Rekha et al 2015). Such conditions have however resulted 
in low productivity (Kumar et al 2012) and high production cost (Paterson & Miller 2014). 
An alternative to shrimp production system are needed, among others for example sea 
floating net cage which is associated with several advantages when compared to brackish 
water pond, i.e. good water circulation and high oxygen solubility (Paquotte et al 1998; 
Zarain-Herzberg et al 2006, 2010; FAO 2007) and no accumulation of solid waste near 
the cages (Alongi et al 2003). Likewise, no energy is required for aeration or water 
exchange (Paquotte et al 1998). In addition, the production yields are higher than those 
obtained in extensive and semi intensive ponds (Walford & Lam 1987; Paquotte et al 
1998; Zarain-Herzberg et al 2006), and there is a high possibility for intensification due 
to high carrying capacity of sea water body (Zarain-Herzberg et al 2010), which enables 
the produced shrimp meat with better taste, texture, color and smell (Liang et al 2008; 
Maicá et al 2014). 
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Marine environment is different relative to inland aquaculture (brackish water 
pond) in terms of wave, current, light, transparency, plankton, suspended solid of water 
and other parameters. Thus, the shrimp seed should be prepared to be adapted with 
such prevailing conditions. The intermediate rearing or nursery should be done to the 
shrimp post larvae (PL) prior reared in the grow-out system in the sea (Zarain-Herzberg 
et al 2006, 2010). For improving production performance, Zarain-Herzberg et al (2006) 
attempted to install polystyrene substrates in floating net cage for shrimp shelter to grow 
periphyton as additional feed and shelter for the shrimp PL. For emphasis, periphyton 
refers to the entire complex of microalgae, heterotrophic bacterium, benthic organisms 
and detritus developed over submerged substrate and forms an additional food in aquatic 
production systems (Azim et al 2005; van Dam et al 2002; Anand et al 2013). Periphyton 
could increase nutrient utilization efficiency and improve shrimp immune-system 
(Bratvold & Browdy 2001; Zarain-Herzberg et al 2006; Sharma et al 2010; Zhang et al 
2010; Promya & Chitmanat 2011; Kumar et al 2015). It also can significantly increase 
the growth of vannamei shrimp (Audelo-Naranjo et al 2011; Moss & Moss 2004), tiger 
shrimp (Kumar et al 2015; Khatoon et al 2009) and brown tiger prawn (Penaeus 
esculentus) (Burford et al 2004a).  
 Another technology that could be implemented for improving the intermediate 
rearing of shrimp PL is biofloc, which is a conglomeration of microbes, alga, protozoa and 
other microorganisms together with detritus (particles from death organisms) that 
formed unique ecosystem in form of floc of suspended particle, porous characteristic, 
very light, and has a diameter of 0.1 to several mm (Avnimelech 2012). Such microbes in 
biofloc as heterotroph bacteria could decompose organic materials and shrimp 
metabolites. In addition, their proliferation would depend on the floc substrates, oxygen 
levels, pH, C:N ratio, temperatures and other parameters (Avnimelech et al 1994; 
Avnimelech  2012; Ferreira et al 2015). Not only for water quality improvement, biofloc 
also provides food supplements with high proteins, polyunsaturated fatty acid (PUFA), 
and high lipids for shrimp (McIntosh et al 2000; Burford et al 2004a; Buford et al 2004b; 
Avnimelech 2006; Wasielesky et al 2006). In addition, it can reduce the use of 
commercial feed. Other authors have considered biofloc able to improve shrimp immune 
system and reduce pathogen bacteria proliferation by food and space competition (Crab 
et al 2007; Ferreira et al 2015), and could increase seed quality (De Schryver et al 2008; 
Avnimelech 2012).  
 Relevant information about the performance comparison between biofloc and 
periphyton of white shrimp juvenile in FNC grow-out system in the sea seem unvailable. 
To supplement existent literature, the present work was performed to compare the 
production performance of biofloc (BFT) and periphyton (PPT) juvenile of white shrimp 
(Litopenaeus vannamei) with target of marketable size in sea FNC. Production 
performance parameters evaluated include growth rate, final weight and length, survival 
rate, feed conversion and biomass production. 
 
Material and Method. This study was conducted in two steps: shrimp PL intermediate 
rearing and grow-out. The intermediate rearing was conducted in indoor hatchery tanks 
for BFT at Karang Congkak Island and in FNC for PPT at Semak Daun Island waters, at 
Thousand Islands Jakarta, Indonesia. The grow-out rearing was conducted in FNC at 
Semak Daun Island waters. The location is a part of Sea Farming Station, Center for 
Coastal and Marine Resources Studies, Bogor Agricultural University. Semak Daun Island 
waters has a water depth of 0.5-12.1 m, salinty of 31-32 ppt, dissolved oxygen of 7.4-
9.4 mg L-1, temperature of 28.6-30.4ºC and current water of 1.2-552 cm sec-1. The 
research was conducted on June-August in calmed West Seasson. 
 
Intermediate rearing. Intermediate rearing of shrimp PL with BFT was done in 
2.5x1.2x1.1 m of fiber glass tanks. The tank was filled with 1.5 m3 (0.5 m depth) of sea 
water and added with 10% of biofloc inoculant, and the water were aerated during 
rearing period and no water exchange. After 14 days when the culture media become 
brownish-red in color and good smells, PL10 shrimp (specific pathogen free, SPF-
certified) were stocked in triplicate tanks with density of 2,666 shrimp per m3. The 
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shrimp PL supplied by a reputable (private) hatchery was fed commercial pellet-powder 
with 40% protein. The feeding rate was 16% of the total biomass and the feeding 
frequency was five times daily. After 10 days of rearing, half portion of daily feed were 
changed to molasses and rice brans (with ration of 1:1) as carbon source to maintain C:N 
ratio in culture media around 1:12 to 1:15. Dolomites lime was added into the culture 
media between 10-15% of total feed when any drop in pH appeared. Intermediate 
rearing with PPT was conducted in triplicate of 3x3x1.5 m polyethelene cages with mesh 
size of 1 mm, equipped with 4 units of periphyton substrate made from 5 sheet of 50x50 
cm PE net. Substrate were hanged 50 cm under surface sea water two weeks before 
stocking of shrimp PL. The cages were covered with net to illuminate the light. PL10 were 
stocked in cage with density of 1333 shrimp m-2 and fed commercial pellet-powder with 
40% protein, about six times daily. The feeding rate of PL was referred to standard of 
white shrimp culture (blind feeding method) which is about 16% daily. In both system, 
shrimp PL were reared for 21 days and at the end of rearing shrimp juvenile were 
counted and measured for length and weight. 
 
Grow-out rearing. Six polyethylene floating net cages with dimension of 3x3x3 m were 
used for shrimp grow out. The mesh size of net cages was adjusted to shrimp size, i.e. 1 
mm for shrimp juvenile of 3-5 cm, 5 mm for 6-10 cm and 0.5 inch for 11-13 cm. The 
bottom of cages was layered by additional net with mesh size of one mm to protect the 
shrimp from predators and to prevent feed loss. Each cage equipped with one 1x1 m 
feeding tray made from wood frame and net with mesh size of 1 mm. The feeding tray 
were hanged horizontally at about 1 meter below the water surface. Biofloc juvenile 
(BFT) and periphyton juvenile (PPT) with size of 3-4 cm in length were reared in triplicate 
of cages with stocking density of 550 shrimp m-2. Treatments were randomly assigned to 
cages. Shrimp juvenile were fed commercial pellet with 36-38% protein. The feeding rate 
during the first month of rearing was 6% of the total biomass. It was reduced to 5, 4 and 
3% during the second, third and fourth month, respectively. The feeding frequency was 
six times daily. During rearing period (120 days) a part of wall surface of the cage nets 
were cleaned periodically from biofouling using plastic brush to ensure free water flow 
through the cage. In addition the remained biofouling has been maintained as natural 
food for the shrimp juvenile (Zarain-Herzberg et al 2006). 
 
Test parameters. Test parameters for intermediate and grow-out rearing include 
resultant weight and length, daily growth, survival rate, feed conversion ratio (FCR) and 
biomass production. Weight and body length of shrimp in grow-out rearing were 
periodically measured using 30-40 shrimp samples every 10 days. Daily growth was 
calculated according to Ricker (1979), and FCR by Zonneveld et al (1991). At the end of 
the experiment, the survival rate was calculated by counting the total number of shrimp 
in each cage. Water quality consist of temperature, dissolved oxygen (DO), salinity, 
ammonia and pH were measured daily in the morning.   
 
Data analysis. All data were presented as the mean ± standard deviation (SD) of 
replicated measurements (n = 3). Growth rate, final weight and length, survival rate, 
feed conversion ratio and biomass production were analyzed by analysis of variance 
(ANOVA) using the statistical software SPSS version 16 (paired t-test). Significance of 
differences was defined at p<0.05. 
 
Results and Discussion. In the intermediate rearing, the final weight and length, daily 
growth, survival rate, FCR and biomass production of vannamei juvenile in BFT showed 
better performance compared to PPT (p<0.05) as presented in Table 1. In the grow-out 
rearing, the weight of BFT juvenile remained higher compared to PPT during 120 days of 
rearing as depicted by the growth curve in Figure 1. Final weight and length, daily 
growth, survival rate, FCR and biomass production of BFT juvenile showed better 
outcomes compared to PPT, as in the intermediate rearing (P<0.05) (Table 2).   
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Table 1 
Production performance of white shrimp (Litopenaeus vannamei) in intermediate rearing 

using biofloc (BFT) and periphyton (PPT) technology 
 

Production performance BFT PPT 
Final weight (g) 0.37±0.03a 0.24±0.06b 
Final length (g) 3.73±0.12a 3.23±0.23b 

Daily growth (g day-1) 0.018±0.002a 0.011±0.003b 
Survival rate (%) 83.96±2.96a 74.48±2.80b 

Feed conversion ratio (FCR) 0.76±0.067b 3.43±0.03a 
Biomass production (kg m-2) 0.80±0.07a 0.20±0.01b 

Different letters indicate significant differences (p<0.05). 
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Figure 1.  Growth curve of biofloc (BFT) and periphyton (PPT) juvenile of white shrimp 

(Litopenaeus vannamei) in sea net cages of grow-out rearing. 
 

Table 2 
Production performance of white shrimp (Litopenaeus vannamei) in sea net cages of 

grow-out rearing using biofloc (BFT) and periphyton (PPT) juvenile 
 

Production performance BFT PPT 
Final weight (g) 22.54±1.77a 18.79±1.44b 

Daily growth (g day-1) 0.19±0.02a 0.15±0.01b 
Survival rate (%) 58.93±1.67a 27.36±4.47b 

Feed conversion ratio (FCR) 2.88±0.06b 2.925±0.06a 
Biomass production (kg m-²) 6.45±1.63a 2.700±0.28b 

Different letters indicate significant differences (p<0.05). 
 

Water quality in grow-out cages appeared within tolerance range for white shrimp with 
some resemblances between treatments (P>0.05) (Tabel 3). Temperature ranged 
between 28.1-30.9oC, DO 5.6-6.6 mg L-1, salinity 31-33 ppt; ammonia 0.01-0.03 mg L-1 
and pH 7.1-8.2. Data of water quality resembled both inside and outside of the cage 
(P>0.05). 
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Table 3  
Water quality parameters inside and outside the floating net cage in grow-out rearing of 

white shrimp (Litopenaeus vannamei) 
 

Inside rearing cage Parameters 
BFT PPT 

Outside rearing 
cage 

Temperature (oC) 28.3-30.9   28.1-30.7   28.0-31.5   
Dissolved oxygen (mg L-1) 5.0-6.1   5.9-6.6   6.1-7.2   

Salinity (ppt) 31-33  31-33  31-32  
Ammonia (mg L-1) 0.01-0.02   0.01-0.03   < 0.01   

pH 7.1-8.2   7.4-8.2   7.8-8.8   
 
Intermediate rearing with BFT produced improved production performance compared to 
PPT, given by data of final weight, final length, daily growth, survival rate, FCR and 
biomass production of shrimp PL (P<0.05) (Table 1). The bacteria are intentionally 
cultured to become bioremediator that convert nitrogen waste (metabolites and feed 
waste) into microbes protein in biofloc system (Crab et al 2007). BFT also provide food 
supplement with high proteins, PUFA, and high lipids for PL (McIntosh et al 2000; Buford 
et al 2004a; Buford et al 2004b; Avnimelech 2006; Wasielesky et al 2006). Biofloc 
contains approximately, 0.9-16% poly-β-hydroxybutyrate to fulfill shrimp needs but not 
more than 1% (De Schryver & Verstraete 2009; De Schryver et al 2010; Sarmin et al 
2013). Poly-β-hydroxybutyrate is an intracellular polimer product that produced by 
several kind of microorganisms as energy source and carbon. With the nutrition quality 
mentioned above, biofloc not only gives a high PL growth (0.018 g day-1) but also can 
help save farmer from the use of commercial feed. It can be seen on the value of FCR 
was relatively low on shrimp with BFT compared to PPT. In addition, half portion of 
expensive commercial pellet feed of intermediate rearing with BFT was replaced with 
cheaper carbohydrates source feed ingredients (rice bran and molasses).  

Herein also, production performance of intermediate rearing with PPT remained 
below BFT, even though the process technology have been tried in shrimp culture (Moss 
& Moss 2004; Burford et al 2004a, 2004b; Khatoon et al 2009; Audelo-Naranjo et al 
2011; Kumar et al 2015). Periphyton is a cheap food source for the PL and easy to 
produce. Phytoplankton colonies are considered able to provide food for shrimp. In PL 
stage, vannamei consumes diatom, then algal filament, seagrass, zooplankton, then 
small molusca, tiny shrimp, polychaeta, other invertebrate and detritus aggregate (Azim 
et al 2005). Herein, poor production performance of the intermediate rearing with PPT 
may be caused by environment of sea FNC which more dynamic than rearing tanks of 
BFT. The water currents (about 11.1-12.4 cm) in the net cages made the PL shrimp hard 
to consume the attached periphyton which might have made the substrate to swing 
consistent with currents/waves, amidst the absence of data on feed intake of shrimp PL. 

Survival rate of PL in BFT intermediate rearing (83.96%) was higher than PPT 
(74.48%). The result might be owed to a combination of factors: intermediate rearing 
tanks environment and presence of decomposer (microbes). The environment of rearing 
tanks of BFT seemed more tolerable compared to PPT in sea FNC.  This could make it 
more favorable for shrimp PL. The presence of decomposer in rearing tank probably 
inhibits the proliferation of pathogenic bacteria amidst food and space competition (Crab 
et al 2007; Ferreira et al 2015). Biofloc contains poly-β-hydroxybutyrate that not only 
could enhance cultured shrimp growth but also exerts prevention and treatment effects 
on Vibro infection (Defoirdt et al 2007; De Schryver et al 2008; Ekasari et al 2014). With 
the superiority of survival and growth causing intermediate rearing of PL with BFT (0.8 kg 
m-3) there would be a higher productivity than PPT (0.2 kg m-3).   

Excellent shrimp production performance was obtained by BFT juvenile of grow-
out rearing in sea FNC. The production performance of BFT juvenile seemed improved 
compared to PPT juvenile in term of daily growth, final weight and length, survival rate, 
FCR and production biomass (Table 2). Better nutrition intake of PL during intermediate 
rearing lead BFT juvenile has higher performance than PPT juvenile in sea FNC. The daily 
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growth and final weight of BFT juvenile reached 0.19 g day-1 and 22.54 g shrimp-1 (size 
44, mean 44 shrimp in one kg) respectively, while PPT juvenile only 0.15 g day-1 and 
18.79 g shrimp-1 respectively. In addition, daily growth data herein seemed in good 
agreement with data reported by Zarain-Herzberg et al (2006, 2010), seemingly higher 
to data reported by Paquotte et al (1998). The daily growth of BFT juvenile seemed lower 
than standard growth for vannamei culture in intensive brackish water pond (Wyban & 
Sweeney 1991). With daily growth of 0.19 g day-1 of BFT juvenile, about 105 days was 
than required to reach export size of shrimp (size 50-60) while for PPT juvenile, an 
increased rearing period needed amounted to about 134 days. Biomass production of BFT 
juvenile of 6.45 kg m-2 or 64.5 ton ha-1 would equal to intensive white shrimp production 
standard in brackish water pond (Wyban & Sweeney 1991). 
 Herein also, the survival rates both BFT and PPT juveniles (27.36-58.93%) 
seemed lower compared with those of Zarain-Herzberg et al (2006, 2010) that reported 
range of between 77.4-95.0%. The low survival rate could be associated with the longer 
rearing period (120 days) compared to those of Zarain-Herzberg et al (2006, 2010) i.e. 
58-63 days and the incidence of lost shrimp. Shrimp mortality was determined by 
counting live shrimps at the end of rearing. The reason of lost shrimp is still unknown. It 
can be that the died shrimp bodies might well have been consumed by wild fish outside 
the cage in the night. Shrimp lost is also possibly owed to predator at outside of cage 
consuming small shrimp just from between the mesh. Stressed and weak shrimp 
probably found after sampling and net changing, usually became an easy target for the 
predator. Muscle damage would be observed followed by necrosis in the body of died 
shrimp. Before death, the shrimps showed the following symptoms: jerky movement in 
circular shape and stretching their body. Increased mortality seemed apparent when the 
shrimp reached above 10 g shrimp-1 in weight. When reached that size, the shrimp may 
stress due to high stocking density (550 shrimp m-2). In intensive brackish water pond 
the stocking density could only reach 60-300 shrimp m2 and 30-50 shrimp m-2 for semi-
intensive system (Wyban & Sweeney1991).   

The FCR obtained in our trials resembled those estimated by Paquotte et al 1998 
and were higher than those found by Zarain-Herzberg et al (2006, 2010). In brackish 
water pond, white shrimp FCR can reach 1.3-1.6 (Wyban & Sweeney 1991), which was 
seemingly lower than our study in sea FNC plausibly attributable to water productivity. 
Especially in pond situations, aquatic systems may produce higher water productivity 
compared with the sea FNC, which may well also facilitate the use of natural feed 
resource for the shrimp in view to reduce the use of commercial pellet feed. Sea water of 
FNC can be classified as oligotrophic waters, so shrimp relying only on the commercial 
pellet feed. 
 Water quality parameters inside rearing cage were still within a tolerant range, 
according to biological standard for white shrimp culture in ponds and marine-organisms.  
Water quality parameters inside and outside the cages seemingly differed only in 
ammonia and DO levels. Ammonia levels inside the FNC seemed higher compared with 
those outside the FNC. It is probably caused by the un-eaten food that gathered at the 
bottom of the cage, which might have produced some food waste that contained protein. 
The food waste would then decompose, producing ammonia that probably contributed to 
facilitate the blockage of the current owed to the increased biofuoling. Biofouling also 
blocked water circulation in the bottom, supported by DO and pH levels measurement. 
DO and pH levels inside the cage were lower than outside cage.  
 
Conclusions.  Production performance of BFT overall seemed improved compared with 
those of PPT in terms of intermediate rearing as it produced better seed quality for sea 
FNC culture of L. vannamei.  BFT juvenile are recommended as useful candidate for white 
shrimp culture in sea FNC. Further study should be directed towards the increase of 
survival rate to reduce the FCR of white shrimp culture in sea FNC. Further study to 
resolve the “lost-shrimp” may also be useful especially for improving cage engineering 
because it may well facilitate shrimp sampling and net changing which can suppress the 
mortality. The study about shrimp feeding management including application of improved 
periphyton technology in sea FNC may serve as a clue to suppress FCR. 



AACL Bioflux, 2016, Volume 9, Issue 4. 
http://www.bioflux.com.ro/aacl 829 

Acknowledgements.  The authors thank to Ministry of Research, Technology and Higher 
Education of the Republic of Indonesia for the financial support. 
 
References 
 
Alongi D. M., Chong V. C., Dixon P., Sasekumar A., Tirendi F., 2003 The influence of fish 

cage aquaculture on pelagic carbon flow and water chemistry in tidally dominated 
mangrove estuaries of peninsular Malaysia. Marine Environmental Research 
55(4):313–333. 

Anand P. S., Kohli M. P. S., Roy S. D., Sundaray J. K., Kumar S., Sinha A., Pailan G. H., 
Sukham M. K., 2013 Effect of dietary supplementation of periphyton on growth 
performance and digestive enzyme activities in Penaeus monodon. Aquaculture 
392-395:59-68. 

Audelo-Naranjo J. M., Martínez-Córdova L. R., Voltolina D., Gómez-Jiménez S.,  2011 
Water quality, production parameters and nutritional condition of Litopenaeus 
vannamei (Boone, 1931) grown intensively in zero water exchange mesocosms with 
artificial substrates. Aquaculture Research 42(9):1371–1377. 

Avnimelech Y., 2006 Bio-filters: the need for a new comprehensive approach. 
Aquacultural Engineering 34(3):172–178. 

Avnimelech Y., 2012 Biofloc technology – a practical guide book. Second edition, The 
World Aquaculture Society, Baton Rouge, Louisiana, United States, 272 pp. 

Avnimelech Y., Kochva M., Diab S., 1994 Development of controlled intensive aquaculture 
system with a limited water exchange and adjusted carbon to nitrogen ratio. Israel 
Journal of Aquaculture–Badmidgeh 46:119-131. 

Avnimelech Y., Ritvo G., 2003 Shrimp and fish pond soils: processes and management. 
Aquaculture 220:549-567. 

Azim M. E., Asaeda T., Verdegem M. C. J., van Dam A. A., Beveridge M. C. M., 2005 
Periphyton structure, diversity and colonization. In: Periphyton: ecology, 
exploitation and management. Azim M. E., Verdegem M. C. J., van Dam A. A., 
Beveridge M. C. M. (eds), pp. 207–222, CABI Publishing, UK. 

Bournazel J., Kumara M. P., Jayatissa L. P., Viergever K., Morel V., Huxham M., 2015 The 
impacts of shrimp farming on land-use and carbon storage around Puttalam lagoon, 
Sri Lanka. Ocean & Coastal Management 113:18-28. 

Bratvold D., Browdy C. L., 2001 Effect of sand sediment and vertical surfaces 
(AquaMats™) on production, water quality and microbial ecology in an intensive 
Litopenaeus vannamei culture system. Aquaculture 195:81-94. 

Burford M. A., Sellars M. J., Arnold S. J., Keys S. J., Crocos P. J., Preston N. P., 2004a 
Contribution of the natural biota associated with substrates to the nutritional 
requirements of the post-larval shrimp, Penaeus esculentus (Haswell) in high 
density rearing systems. Aquaculture Research 35:508–515. 

Burford M. A., Thompson P. J., McIntosh R. P., Bauman R. H., Pearson D. C., 2004b The 
contribution of flocculated material to shrimp (Litopenaeus vannamei) nutrition in a 
high-intensity zero-exchange system. Aquaculture 232:525–537. 

Crab R., Avnimelech Y., Defoirdt T., Bossier P., Verstraete W., 2007 Nitrogen removal in 
aquaculture towards sustainable production. Aquaculture 270(1-4):1–14. 

Defoirdt T., Halet D., Vervaeren H., Boon N., Van de Wiele T., Sorgeloos P., Bossier P., 
Verstraete W., 2007 The bacterial storage compound of poly-β-hydrobutyrate 
protects Artemia fransiseana from pathogenic Vibrio campbellii. Environmental 
Microbiology 9(2):445-452. 

De Schryver P., Crab R., Defoirdt T., Boon N., Versrtaete W., 2008 The basic of biofloc 
technology: the added value for aquaculture. Aquaculture 277:125-137. 

De Schryver P., Verstraete W., 2009 Nitrogen removal from aquaculture pond water by 
heterotrophic nitrogen assimilation in lab-scale sequencing batch reactors.  
Bioresource Technology 100:1162–1167.  

De Schryver P., Sinha A. K., Baruah K., Verstraete W., Boon N., De Boeck G., Bossier P., 
2010 Poly-beta-hydroxybutyrate (PHB) increases growth performance and intestinal 



AACL Bioflux, 2016, Volume 9, Issue 4. 
http://www.bioflux.com.ro/aacl 830 

bacterial range-weighted richness in juvenile European sea bass, Dicentrarchus 
labrax.  Applied Microbiology and Biotechnology 86:1535–1541.  

Ekasari J., Azhar M. H., Surawidjaja E. H., Nuryati S., De Schryver P., Bossier P., 2014 
Immune response and disease resistance of shrimp fed biofloc grown on different 
carbon sources. Fish & Shellfish Immunology 41:332-339. 

Ferreira G. S., Bolívar N. C., Pereira S. A., Guertler C., Vieira F. N., Mouriño J. L. P., 
Seiffert W. Q., 2015 Microbial biofloc as source of probiotic bacteria for the culture 
of Litopenaeus vannamei. Aquaculture 448:273–279. 

Herbeck L. S., Unger D., Wu Y., Jennerjahn T. C., 2013 Effluent, nutrient and organic 
matter export from shrimp and fish ponds causing eutrophication in coastal and 
back-reef waters of NE Hainan, tropical China. Continental Shelf Research 57:92–
104. 

Karthikeyan V., Selvakumar P., Gopalakrishnan A., 2015 A novel report of fungal pathogen 
Aspergillus awamori causing black gill infection on Litopenaeus vannamei (Pacific 
white shrimp). Aquaculture 444:36–40. 

Khatoon H., Banerjee S., Yusoff F. M., Shariff M., 2009 Evaluation of indigenous marine 
periphytic Amphora, Navicula and Cymbella grown on substrate as feed supplement 
in Penaeus monodon. Aquaculture Nutrition 15:186–193. 

Kumar P., Jetani K. L., Yusuzai S. I., Sayani A. N., Dar S. A., Rather M. A., 2012 Effect of 
sediment and water quality parameters on the productivity of coastal shrimp farm.  
Advances in Applied Science Research 3(4):2033-2041. 

Kumar S., Anand P. S. S., Ravichandran P., Panigrahi A., Dayal J. S., Raja R. A., Deo A. D., 
Ghoshal T. K., Ponniah A. G., 2015 Effect of periphyton on microbial dynamics, 
immune responses and growth performance in black tiger shrimp Penaeus monodon 
Fabricius, 1798. Indian Journal of Fisheries 62(3):67-74. 

Leano E. M., Mohan C. V., 2012 Early mortality syndrome threatens Asia's shrimp farms. 
Global Aquaculture 4:38-39. 

Liang M., Wang S., Wang J., Chang Q., Mai K., 2008 Comparison of flavor components in 
shrimp Litopenaeus vannamei cultured in sea water and low salinity water. Fisheries 
Science 74:1173-1179. 

Lightner D. V., Redman R. M., Pantoja C. R., Tang K. F. J., Noble B. L., Schofield P., 
Mohney L. L., Nunan L. M., Navarro S. A., 2012 Historic emergence, impact and 
current status of shrimp pathogens in the Americas. Journal of Invertebrate 
Pathology 110:174-183. 

Maicá P. F., de Borba M. R., Martins T. G., Wasielesky W. Jr., 2014 Effect of salinity on 
performance and body composition of Pacific white shrimp juveniles reared in a 
super-intensive system. Revista Brasileira de Zootecnia 43(7):343-350. 

McIntosh D., Samocha T. M., Jones E. R., Lawrence A. L., Mckee D. A., Horowitz S., 
Horowitz A., 2000 The effect of a commercial bacterial supplement on the high 
density culturing of Litopenaeus vannamei with a low-protein diet in an outdoor 
tank system and no water exchange. Aquacultural Engineering 21:215–227. 

Moss K. R. K., Moss S. M., 2004 Effects of artificial substrate and stocking density on the 
nursery production of Pacific white shrimp Litopenaeus vannamei. Journal of the 
World Aquaculture Society 35:536–542. 

Paquotte P., Chim L., Martin J. L. M., Lemos E., Stern M., Tosta G., 1998 Intensive culture 
of shrimp Penaeus vannamei in floating cages: zootechnical, economic and 
environmental aspects. Aquaculture 164:151–166. 

Paterson B., Miller S., 2014 Energy use in shrimp farming: study in Australia keys on 
aeration, pumping demands. Global Aquaculture Advocate, November/December 
pp. 30-32. 

Primavera J. H., 1994 Environmental and socio-economic effects of shrimp farming: the 
Philippine experience. Infofish International 1(94):44–49. 

Promya J., Chitmanat C., 2011 The effects of Spirulina platensis and Cladophora algae on 
the growth performance, meat quality and immunity stimulating capacity of the 
African sharp tooth catfish (Clarias gariepinus). International Journal of Agriculture 
and Biology 13:77-82. 



AACL Bioflux, 2016, Volume 9, Issue 4. 
http://www.bioflux.com.ro/aacl 831 

Rekha P. N., Gangadharan R., Ravichandran P., Mahalakshmi P., Panigrahi A., Pillai S. M., 
2015 Assessment of impact of shrimp farming on coastal groundwater using 
Geographical Information System based Analytical Hierarchy Process. Aquaculture 
448:491-506. 

Ricker W. E., 1979 Fish physiology Volume VIII: Bioenergetic and growth: growth rates 
and models. Academic Press Inc., New York. 

Sarmin, Suprayudi M. A., Jusadi D., Ekasari J., 2013 Growt and immune response of 
Litopenaeus vannamei fed β-(1,3)glucan and poly-β-hidroxybutirate. Jurnal 
Akuakultur Indonesia 12(2):121-127.  

Sharma S. K., Shankar K. M., Sathyanarayana M. L., Sahoo A. K., Patil R., 
Narayanaswamy H. D., Rao S., 2010 Evaluation of immune response and resistance 
to diseases in tiger shrimp, Penaeus monodon fed with biofilm of Vibrio 
alginolyticus. Fish and Shellfish Immunology 29(5):724-732. 

van Dam A. A., Beveridge M. C. M., Azim M. E., Verdegem M. C. J., 2002 The potential of 
fish production based on periphyton. Reviews in Fish Biology and Fisheries 12:1–31. 

Velmurugan S., Palanikumar P., Velayuthani P., Donio M. B. S., Babu M. M., Lelin S. C., 
Citarasu T., 2014 Bacterial white patch disease caused by Bacillus cereus, a new 
emerging disease in semi-intensive culture of Litopenaeus vannamei. Aquaculture 
444:49-54. 

Wasielesky W., Atwood H., Stokes A., Browdy C. L., 2006 Effect of natural production in a 
zero exchange suspended microbial floc based super-intensive culture system for 
white shrimp Litopenaeus vannamei. Aquaculture 258:396–403. 

Walford J., Lam T. J., 1987 Floating hatchery and net cage culture of Penaeus indicus in 
the straits of Johore, Singapore. Aquaculture 62:11–31. 

Wu H., Peng R., Yang Y., He L., Wang W., Zheng T., Lin G., 2014 Mariculture pond 
influence on mangrove areas in south China: significantly larger nitrogen and 
phosphorus loadings from sediment wash-out than from tidal water exchange. 
Aquaculture 426-427:204-212. 

Wyban J. A., Sweeney J. N., 1991 Intensive shrimp production technology. The Oceanic 
Institute Shrimp Manual, The Oceanic Institute, Honolulu, 158 pp. 

Zarain-Herzberg M., Campa-Córdova A. I., Cavalli R. O., 2006 Biological viability of 
producing white shrimp Litopenaeus vannamei in seawater floating cages. 
Aquaculture 259:283–289. 

Zarain-Herzberg M., Fraga I., Hernandez-Llamas A., 2010 Advances in intensifying the 
cultivation of the shrimp Litopenaeus vannamei in floating cages. Aquaculture 
300(1-4):87–92. 

Zhang B., Lin W., Wang Y., Xu R., 2010 Effects of artificial substrates on growth, spatial 
distribution and non-specific immunity factors of Litopenaeus vannamei in the 
intensive culture condition. Turkish Journal of Fisheries and Aquatic Sciences 
10:491-497.  

Zonneveld N., Huisman E. A., Boon J. H., 1991 Aquaculture principles. Gramedia Pustaka 
Utama, Jakarta. 

*** FAO GLOBEFISH, 2015 Shrimp. http://www.globefish.org/shrimp-may-2015.html [12 
July 2015] 

*** FAO, 2007 Cage aquaculture, regional review and global overview. FAO Fisheries 
Technical Paper, No. 498, Rome, Italy, 241 pp. 

 

 

 

 

 

 



AACL Bioflux, 2016, Volume 9, Issue 4. 
http://www.bioflux.com.ro/aacl 832 

Received: 07 May 2016. Accepted: 18 July 2016. Published online: 28 July 2016. 
Authors: 
Irzal Effendi, Bogor Agricultural University, Faculty of Fisheries and Marine Sciences, Department of 
Aquaculture, Indonesia, West Java, Bogor 16680, Darmaga Campus of IPB, Jl. Raya Darmaga; Bogor 
Agricultural University, Center for Coastal and Marine Resources Studies, Indonesia, West Java, Bogor 16680, 
Baranangsiang Campus of IPB, Jl. Raya Pajajaran, e-mail: irzalef@gmail.com 
Muhammad Agus Suprayudi, Bogor Agricultural University, Faculty of Fisheries and Marine Sciences, 
Department of Aquaculture, Indonesia, West Java, Bogor 16680, Darmaga Campus of IPB, Jl. Raya Darmaga,  
e-mail: agus.suprayudi1965@gmail.com 
Enang Harris Surawidjaja, Bogor Agricultural University, Faculty of Fisheries and Marine Sciences, Department of 
Aquaculture, Indonesia, West Java, Bogor 16680, Darmaga Campus of IPB, Jl. Raya Darmaga, e-mail:  
enang_harris@yahoo.com 
Eddy Supriyono, Bogor Agricultural University, Faculty of Fisheries and Marine Sciences, Department of 
Aquaculture, Indonesia, West Java, Bogor 16680, Darmaga Campus of IPB, Jl. Raya Darmaga, e-mail: 
eddy_supriyono@yahoo.com 
Muhammad Zairin Jr., Bogor Agricultural University, Faculty of Fisheries and Marine Sciences, Department of 
Aquaculture, Indonesia, West Java, Bogor 16680, Darmaga Campus of IPB, Jl. Raya Darmaga, e-mail: 
zairinmz@live.com 
Sukenda, Bogor Agricultural University, Faculty of Fisheries and Marine Sciences, Department of Aquaculture, 
Indonesia, West Java, Bogor 16680, Darmaga Campus of IPB, Jl. Raya Darmaga, e-mail: kenfajri@yahoo.com 

This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source 
are credited. 
How to cite this article: 
Effendi I., Suprayudi M. A., Surawidjaja E. H., Supriyono E., Zairin M. Jr., Sukenda, 2016 Production 
performance of white shrimp (Litopenaeus vannamei) under sea floating net cages with biofloc and periphyton 
juvenile. AACL Bioflux 9(4):823-832. 


