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Abstract 

   
Nursery production of shrimp is usually done in small ponds; however, the use of small and circular tanks with plastic liners is 

gaining popularity. From an industry standpoint, there is still a need to assess how nursery systems can be of benefit to the 

shrimp production cycle. Hence, the use of small circular tanks coupled with the incorporation of biofloc technology was 

assessed in terms of its viability during the nursery production of the Pacific whiteleg shrimp, Penaeus vannamei. A 450m2 

plastic lined circular tank was installed and prepared for the stocking of P. vannamei postlarvae (PLs) at a density of 500 PLs 

per m2. Biofloc was produced and maintained throughout the nursery phase using brown sugar as carbon source at a carbon to 

nitrogen (C:N) ratio of 10. Water quality was monitored daily, while presumptive Vibrios were enumerated weekly. Sampling 

for growth was done at the 14th day post-stocking and weekly until harvest on the 30th day. The different water quality 

parameters were within optimum levels required for shrimp growth. Presumptive Vibrios were dominated by the yellow 

colonies. At the end of the nursery phase, there was 100% survival and the shrimp attained an average body weight of 1.26 g 

and a feed conversion ratio (FCR) of 0.43. Our results indicate that the use of small circular tanks with biofloc during the 

nursery production phase of whiteleg shrimp is feasible and can be incorporated in the grow-out culture of this shrimp species.     
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Introduction 

Biofloc technology offers a viable approach towards 

high-density culture of shrimp because it can 

maintain good water quality with minimal or no water 

exchange through nutrient recycling (Avnimelech, 

1999; Kuhn et al., 2009; Fatimah et al., 2019). In 

particular, nitrogenous wastes are converted into 

microbial biomass that can be used in situ by the 

cultured animals (Kumar et al., 2020). The 

sustainability of this system relies heavily on the 

growth of microorganisms in the culture medium 

coupled with minimum or zero water exchange. The 

microorganisms that are present in a biofloc system 

has two important roles: (1) maintenance of water 

quality as a result of the uptake of nitrogenous waste 

materials, thereby producing microbial protein “in 

situ”; and (2) improved nutrition efficiency through 

reduction of feed conversion ratio and a decreased 

feed costs (Emerenciano et al., 2013). Through 

addition of carbohydrate sources to the water and 

adjusting the carbon to nitrogen ratio (C/N), the 

heterotrophic bacteria are able to absorb nutrients 

and maintain the production of bioflocs (Khanjani et 

al., 2017), which in turn facilitate the removal of 

ammonia-nitrogen and nitrite (NO2-N) 

(Asaduzzaman et al. 2008; Gao et al. 2012). 

Moreover, as disease outbreaks and their impact on 

commercial shrimp farming operations during the 

past years have greatly impacted the operational 

management of shrimp farms, the use of biofloc 

technology is increasingly identified as one possible 

approach for disease prevention in shrimp culture 

(Hargreaves, 2013). Short- and long-term nursery 

trials in shrimp demonstrated the importance of 

bioflocs as a means of preventing the negative effects 

of ammonia in the culture system as well as a source 

of natural food for the shrimp post-larvae 

(Emerenciano et al., 2011; Correia et al., 2014; Mishra 

et al., 2008; Samocha et al., 2007; Suita et al., 2016; 

Wasielesky et al., 2013; Schveitzer et al., 2017).  

 

The nursery system is an intermediate step between 

the post-larval (PL) stage and the grow-out phase in 

shrimp culture (Mishra et al., 2008). During this 

phase, shrimps PLs are reared at high densities for 15 

- 60 days that involves precise technical management, 

feeding and water quality monitoring (Jory and 

Cabrera, 2012; Samocha, 2010; Schveitzer et al., 

2017). Here in the Philippines, traditional shrimp 

farmers carry out shrimp nursery activities in small 

ponds; however, with issues on disease outbreaks and 

biosecurity issues during the grow-out phase, the use 

of small and circular tanks with plastic liners is 

gaining popularity among shrimp growers. From an 

industry standpoint, there is still a need to assess how 

nursery systems can be of benefit to the shrimp 

production cycle. Hence, the use of small circular 

tanks coupled with the incorporation of biofloc 

technology was assessed in terms of its viability 

during the nursery production of the Pacific whiteleg 

shrimp, Penaeus vannamei. 

 

Materials and methods 

Preparation of nursery tank 

Round-shaped tank with an area of 450 m2, framed 

with steel, padded with plastic liner, and surrounded 

by oxygen diffusion system at 3 horsepower (hp) 

capacity and paddlewheel aerators (2 units with a 

total capacity of 2 hp) was used for the nursery 

production of whiteleg shrimp (Fig. 1). Farming 

super-intensive white leg shrimp in steel frame round 

tank with plastic liner offers the following advantages: 

ability to control environmental problems and 

stabilizes environmental parameters to reduce 

environment pollution. Moreover, the use of small 

circular tanks facilitates rapid installation and 

removal of the structures and at the same time these 

tanks are able to maximize space for culture of the 

organisms. The tank has a central drain or a shrimp 

tank toilet that facilitates efficient removal of sludge 

as well as shrimp wastes and uneaten feeds that 

settled at the central portion of the tank as a result of 

water circulation. 

 

Water culture and biofloc production 

A short water cultivation phase was done prior to 

stocking and this involved the addition of a 

commercially available probiotics following the 

manufacturer’s instructions, brown sugar at a C:N 

ratio of 6:1 to support heterotrophic bacteria and a 
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commercially available pond water colorant to 

provide shade to the shrimp PLs. The addition of the 

colorant was followed using the protocol provided by 

the manufacturer. After 5 days of water cultivation, 

the tank was stocked with  L. vannamei postlarvae 

(PLs) at a density of 500 PLs per m2. Biofloc was 

produced and maintained throughout the 30-day 

nursery phase using brown sugar as carbon source 

and applied by completely dissolving in water at 

carbon to nitrogen (C:N) ratio of 10. The amount of 

brown sugar that was added to the nursery tank was 

calculated based on the amount of daily feeds given to 

the PLs using a biofloc calculator (Fig. 2). The biofloc 

calculator was specially prepared for the shrimp 

farmers by just providing details including amount of 

feed per day, the crude protein and moisture content 

of the feeds. The values of the crude protein and 

moisture content were obtained from the feed 

proximate data that are printed on the feeding bags. 

Once these details are provided, the amount of brown 

sugar that will be added for that day is immediately 

known. There was daily application of brown sugar 

for the first week after stocking, followed by 

application every 2 days from the 8th day of culture 

(DOC) until the 14th DOC. From 15th until 23rd DOC, 

the application was done every 3 days and finally, 

every 4 days from 24th DOC until the day before 

transfer to the grow-out ponds. Brown sugar was 

completely dissolved in pond water and broadcasted 

directly to the tank. The amount of brown sugar to be 

added daily is divided equally and is applied one hour 

after the morning feed and at the afternoon feeding. 

The application schedule of brown sugar to maintain 

biofloc production in a 450 m2 nursery tank during 

the 30-day nursery production phase is shown in 

Table 1.  

 

Monitoring of water quality and bacterial analysis 

Water quality was monitored twice daily using 

commercially available kits. The parameters that were 

monitored include: dissolved oxygen, pH, salinity, 

ammonia-N, nitrite-N and nitrate-N. Presumptive 

Vibrios were enumerated weekly using thiosulfate-

citrate-bile salts-sucrose (TCBS) agar and the ratio of 

the green (presumptive pathogenic) and yellow 

(presumptive non-pathogenic) colonies were 

obtained.  The seeded agar media were placed in an 

incubator at 30°C. After a 24-h incubation period, the 

colony forming units per milliliter (CFU mL−1) were 

counted. Sampling for growth was done at the 14th 

day post-stocking and weekly until harvest on the 

30th day.  

 

Shrimp sampling 

During sampling, shrimp were checked for gut 

fullness, external appearance and the presence of any 

mortalities in the feeding trays. The average weight, 

survival and feed conversion (FCR) ratio of the 

shrimp during the nursery production phase were 

computed prior to transfer of the shrimp juveniles to 

the grow-out ponds. 

 

Results and discussion 

During the 30-day nursery phase, the water quality 

parameters were within the optimum levels required 

for shrimp farming even though there was minimal 

water exchange. Table 2 shows the range of values of 

the different water quality parameters that were 

assessed during the nursery phase. Of particular 

importance was the low level of nitrogenous wastes 

that were monitored in the nursery tank. Ferreira et 

al. (2020) stressed that the addition of sugar in a 

biofloc system was largely responsible in controlling 

the spikes in levels of nitrogenous compounds in the 

water. The accumulation of nitrite during the latter 

part of the nursery production phase indicates that 

the nitrification process is occurring in the nursery 

tank. A similar observation was also obtained by 

Ferreira et al. (2020) using different biofloc 

production systems in the nursery phase of whiteleg 

shrimp. The bacteria that convert ammonia into 

nitrite have faster growth rate than those that convert 

nitrite to nitrate, especially in saltwater (Madigan et 

al., 2016); hence, there were more readings and 

higher levels of nitrite than nitrate during the 30-day 

nursery production phase. Moreover, the levels of 

these different water quality parameters were used as 

guide in facilitating water exchange in the nursery 

tank. In cases when water exchange was necessary, 

this was carried out by replacing at most 10% of the 
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water in the nursery tank with water coming from the 

reservoir. The volume and frequency of water 

exchange were dependent on the water transparency 

in the nursery tank. This was to prevent excessive 

phytoplankton bloom that may result in oxygen 

depletion during night time. Reservoir water was 

allowed to stabilize for 3-5 days before being pumped 

to the nursery tank.  

 

Table 1. Application schedule of brown sugar for biofloc production maintenance in the nursery tank during the 

30-day rearing period of the shrimp post-larvae. 

DOC Feed Amount Carbont Amount (Brown sugar) Amount 

to be Applied (Kgs) 

When to Apply (DOC) 

1 0.6    

2 0.63 0.12 0.12 2 

3 0.7 0.15 0.15 3 

4 0.74 0.1 0.15 4 

5 0.78 0.15 0.15 5 

6 0.83 0.17 0.17 6 

7 0.96 0.2 0.2 7 

8 1.5 0.3 0.6 9 

9 1.7 0.3 

10 2 0.4 0.9 11 

11 2.5 0.5 

12 3 0.6 1.2 13 

13 3.2 0.6 

14 3.8 0.75 2.65  

15-16 15 4.5 0.9 

16 4.9 1 

17 5.5 1 3.5  

18-19 18 b 1.2 

19 6.8 1.3 

20 7.7 1.5 4.6  

21-22 21 7.8 1.5 

22 8.4 1.6 

23 9 1.7 7.5  

 

24-2G 

24 9.6 1.9 

25 10 1.9 

26 10.7 2 

27 11.4 2.3 10.3  

27-29 28 12.6 2.5 

29 13.5 2.7 

30 14 2.8 

 

Top draining was used to replace water in the nursery 

tank after heavy rains to prevent sudden changes in 

the water quality parameters. On the other hand, 

bottom draining from the central drain or shrimp 

tank toilet was carried out to remove sludge, uneaten 

feeds, feces and dead shrimp that accumulated at the 

central portion of the tank. Wastewater from the 

nursery tank is directed towards the settlement ponds 

before being released back to the waterways. Total 

bacteria and presumptive Vibrios that were 

monitored weekly in the nursery tank are shown in 

Figure 3. Total bacteria in the water of nursery tank 

was at least 10 times higher than the population the 

presumptive Vibrios during the nursery production 

phase.  

 

The Vibrio population in the nursery tank was 

dominated by yellow colonies (non-pathogenic); 

however, throughout the duration of the nursery 

production phase, green Vibrio colonies (pathogenic) 

were not detected. Luminous bacteria were also not 

detected in the water of the nursery tank. 
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Table 2. Range of physico-chemical water quality parameters in the nursery tank over a 30-day rearing period of 

whiteleg shrimp post-larvae. 

Parameter Range 

Water Temperature (0C) 27 - 32 

Salinity (ppt) 18 - 24 

pH 7.9 - 8.7 

Dissolved Oxygen (ppm) 5.0 - 8.0 

Anunonia-N  (ppm) 0 - 1.0 

Nitrite-N (ppm) 0 - 0.3 

Nitrate-N (ppm) Not detected 

 

Though it is generally believed that the supply of feed 

and organic inputs in tanks increase organic matter 

content, which in turn favor the growth of Vibrios 

(Ferreira et al., 2011), the results in our present study 

proved otherwise: the Vibrio population in the 

nursery tank was kept in check due to the presence of 

bioflocs. In shrimp culture, the Vibrio populations are 

regularly monitored because under certain conditions 

they can be harmful to shrimp, resulting in either 

excessive mortality or significant reduction in growth 

(Aguirre-Guzmán et al., 2004). Earlier studies in 

shrimp biofloc systems showed that Vibrios are 

significantly reduced and disease resistance of the 

shrimp is enhanced in the presence of bioflocs (Crab 

et al., 2010; Aguilera-Rivera et al., 2019; Sajali et al., 

2019) resulting in lower incidences of vibriosis and 

mortality (Cardona et al., 2015; Anand et al., 2017; 

Lee et al., 2017).  

 

Fig. 1. A 450 m2 circular tank with plastic liner installed for the nursery production of whiteleg shrimp. Photo by 

Michelle Sarupan.   

In fact, Kumar et al. (2020) demonstrated that the 

reduction of Vibrios, particularly the strain of V. 

parahaemolyticus that causes acute hepatopancreatic 

necrosis disease (AHPND), was possibly due to the 

switch from free-living virulent planktonic phenotype 

to a non-virulent biofilm phenotype.  This is turn 

lowered incidence of mortality as a consequence of 

AHPND. 



 

76 Caipang et al. 

 

Int. J. Biosci. 2022 

Fig. 2.  Calculation of the amount of carbon source using a biofloc calculator. This farmer-friendly guide enables 

the farmer to compute for the amount of carbon that will be added to the nursery tank by inputting the desired 

C;N ratio, amount of feed per day, the crude protein and moisture contents of the feeds. 

It is worthy to note that in spite of the beneficial 

effects of bioflocs in shrimp culture, one cannot have 

complete control over the dynamics and composition 

of microbial communities that take place within the 

production system of shrimp larvae during the 

nursery phase (Ferreira et al., 2020). This is due to 

the complexity of interactions that occur in the 

system, and this warrants additional studies 

particularly on the metagenomics aspects of biofloc 

technology in the nursery phase of shrimp culture. 

After a period of 30 days in the nursery tank, the 

shrimp attained an average body weight of 1.26 g and 

a feed conversion ratio (FCR) of 0.43. Survival rate of 

the shrimp stock was 100%.  

 

Fig. 3. Profile of total bacteria and presumptive Vibrios in the nursery tank over a 30-day rearing period of 

whiteleg shrimp post-larvae. 

Our results were consistent with earlier studies on the 

nursery production of whiteleg shrimp in biofloc 

system, wherein there is a generally high survival rate 

and low feed conversion ratio (Mishra et al., 2008; 

Serra et al., 2015; Khanjani et al., 2017). According to 

Moss (2002), the manipulation of the microbial 
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community in a biofloc culture system can provide 

additional source of food for the shrimp; thereby 

increasing growth rate and reducing FCR, which were 

observed in this study. Monitoring of the shrimp in 

the grow-out pond (with an area of 3,000 m2 with a 

stocking density of 40 shrimp per m2) after transfer 

from the nursery tank showed that after 46 days, the 

shrimp attained an average weight of 30 g. At harvest, 

there was 100% survival rate with a productivity of 

11.2 tons per hectare and FCR of 0.94. The present 

study has practical implications for shrimp culture. 

There is reduction in the amount of water that is 

required during the nursery phase of shrimp culture. 

This means reducing the costs related to pumping, 

refilling, disinfection of water, as well as in decreasing 

environmental impacts and improving biosecurity 

within the shrimp farm (Boyd 2003). Moreover, 

under normal conditions, the grow-out phase is 

reduced because culture of shrimp in the grow-out 

ponds can be simultaneously done with the nursery 

phase; thus, after harvest, the grow-out ponds can be 

cleaned and immediately stocked with bigger-sized 

shrimp juveniles. Using this scheme, productivity is 

increased by at least 50% and ensures almost year-

round production of shrimp. With the further 

incorporation of biofloc technology in the nursery 

production systems, there is improvement in growth, 

survival and disease resistance in shrimp in addition 

to improvement in water quality and microbial 

population in the rearing water of the shrimp larvae. 

 

Acknowledgment 

This research study is part of the project, “Biofloc-

based Nursery Tank Production of Shrimp for Quality 

and Sustainable Supply of Aquaculture Products in 

the New Normal” funded by the Department of 

Science and Technology (DOST) through the Science 

for Change Program (S4CP) – Collaborative Research 

and Development to Leverage Philippine Economy 

(CRADLE) and monitored by DOST – Philippine 

Council for Agriculture, Aquatic and Natural 

Resources Research and Development (PCAARRD) 

with Project Number 8444 awarded to CMA Caipang. 

The support provided by our respective institutional 

affiliations and Marmi Agricultural Corporation is  

gratefully acknowledged. 

References 

Aguilera‐Rivera D, Escalante‐Herrera K, 

Gaxiola G, Prieto‐Davó A, Rodríguez‐Fuentes 

G, Guerra‐Castro E, Hernández‐López J, 

Chávez‐Sánchez MC, Rodríguez‐Canul R. 2019. 

Immune response of the Pacific white shrimp, 

Litopenaeus vannamei, previously reared in biofloc 

and after an infection assay with Vibrio harveyi. 

Journal of the World Aquaculture Society 50, 119-

136.  

https://doi.org/10.1111/jwas.12543. 

 

Aguirre‐Guzmán G, Mejia Ruíz H, Ascencio F. 

2004. A review of extracellular virulence product of 

Vibrio species important in diseases of cultivated 

shrimp. Aquaculture Research 35, 1395-1404.  

https://doi.org/10.1111/j.1365-2109.2004.01165.x. 

 

Anand PSS, Kumar S, Sundaray JK, Sinha A. 

2017. Dietary biofloc supplementation in black tiger 

shrimp, Penaeus monodon: effects on immunity, 

antioxidant and metabolic enzyme activities. 

Aquaculture Research 48, 4512–4523.  

https://doi.org/10.1111/are.13276.  

 

Avnimelech Y. 1999. Carbon / nitrogen ratio as a 

control element in aquaculture systems. Aquaculture 

176, 227–235.  

https://doi.org/10.1016/S0044-8486(99)00085-X. 

    

Asaduzzaman M, Wahab MA, Verdegem MCJ, 

Huque S, Salam MA, Azim ME. 2008. C/N ratio 

control and substrate addition for periphyton 

development jointly enhance freshwater prawn 

Macrobrachium rosenbergii production in ponds. 

Aquaculture 280, 117–123.   

https://doi.org/10.1016/j.aquaculture.2008.04.019. 

  

Boyd CE. 2003. Bottom soil and water quality 

management in shrimp ponds. Journal of Applied 

Aquaculture 13, 11-33.  

https://doi.org/10.1300/J028v13n01_02. 

https://doi.org/10.1111/jwas.12543
https://doi.org/10.1111/j.1365-2109.2004.01165.x
https://doi.org/10.1111/are.13276
https://doi.org/10.1016/S0044-8486(99)00085-X
https://doi.org/10.1016/j.aquaculture.2008.04.019
https://doi.org/10.1300/J028v13n01_02


 

78 Caipang et al. 

 

Int. J. Biosci. 2022 

Cardona E, Saulnier D, Lorgeoux B, Chim L, 

Gueguen Y. 2015. Rearing effect of biofloc on 

antioxidant and antimicrobial transcriptional 

response in Litopenaeus stylirostris shrimp facing an 

experimental sub-lethal hydrogen peroxide stress. 

Fish & Shellfish Immunology 45, 933–939.   

https://doi.org/10.1016/j.fsi.2015.05.041. 

  

Crab R, Lambert A, Defoirdt T, Bossier P, 

Verstraete W. 2010. The application of bioflocs 

technology to protect brine shrimp (Artemia 

franciscana) from pathogenic Vibrio harveyi. 

Journal of Applied Microbiology 109, 643–1649.  

https://doi.org/10.1111/j.1365-2672.2010.04791.x. 

    

Correia ES, Wilkenfeld JS, Morris TC, Wei 

LW, Prangnell DI, Samocha TM. 2014. Intensive 

nursery production of the pacific white shrimp 

Litopenaeus vannamei using two commercial feeds 

with high and low protein content in a biofloc-

dominated system. Aquacultural Engineering 59, 48–

54.  

https://doi.org/10.1016/j.aquaeng.2014.02.002. 

      

Emerenciano M, Ballester ELC, Cavalli RO, 

Wasielesky W. 2011. Effect of biofloc technology 

(BFT) on the early post larval stage of Pink shrimp 

Farfantepenaeus paulensis: growth performance, floc 

composition and salinity stress tolerance. 

Aquaculture International 19, 891–901.  

https://doi.org/10.1007/s10499-010-9408-6. 

    

Emerenciano M, Gaxiola G, Cuzon G. 2013. 

Biofloc technology (BFT): a review for aquaculture 

application and animal food industry. In: Matovic 

MD, editor. Biomass Now – Cultivation and. 

 

Fatimah N, Pande GSJA, 2019. The role of 

microbial quorum sensing on the characteristics and 

functionality of bioflocs in aquaculture systems. 

Aquaculture 504, 420–426.  

 

Ferreira NC, Bonetti C, Seiffert WQ. 2011. 

Hydrological and water quality indices as 

management tools in marine shrimp culture.  

Aquaculture 318, 425–433.  

https://doi.org/10.1016/j.aquaculture.2011.05.045. 

Ferreira GS, Silva VF, Martins MA, da Silva 

ACCP, Machado C, Seiffert WQ, do 

Nascimento Vieira F. 2020. Strategies for 

ammonium and nitrite control in Litopenaeus 

vannamei nursery systems with bioflocs. 

Aquacultural  Engineering 88, 102040.  

https://doi.org/10.1016/j.aquaeng.2019.102040.  

  

Gao L, Shan HW, Zhang TW, Bao WZ, Ma SJ. 

2012. Effects of carbohydrate addition on 

Litopenaeus vannamei intensive culture in a zero-

water exchange system. Aquaculture 342, 89–96.  

https://doi.org/10.1016/j.aquaculture.2012.02.022. 

  

Hargreaves JA. 2013. Biofloc production system for 

aquaculture. Southern Regional Aquaculture Center 

Publication No, 4503. 

 

Jory D, Cabrera T. 2012. Marine shrimp, in: Lucas, 

J.L., Southgate PC (Eds), Aquaculture – Farming 

Aquatic Animals and Plants, second ed. Wiley-

Blackwell, Chichester, 476–513 p. 

 

Khanjani MH, Sajjadi MM, Alizadeh M, 

Sourinejad I. 2017. Nursery performance of Pacific 

white shrimp (Litopenaeus vannamei Boone, 1931) 

cultivated in a biofloc system: the effect of adding 

different carbon sources. Aquaculture Research 48, 

1491-1501.  

https://doi.org/10.1111/are.12985. 

   

Kuhn DD, Boardman GD, Lawrence AL, 

Marsh L, Flick GJ. 2009. Microbial floc meal as a 

replacement ingredient for fish meal and soybean 

protein in shrimp feed. Aquaculture 296, 51–57. 

https://doi.org/10.1016/j.aquaculture.2009.07.025. 

   

Kumar V, Wille M, Lourenço TM, Bossier P. 

2020. Biofloc-based enhanced survival of 

Litopenaeus vannamei upon AHPND-causing Vibrio 

parahaemolyticus challenge is partially mediated by 

reduced expression of its virulence genes. Frontiers in  

Microbiology 11, 1270.   

https://doi.org/10.3389/fmicb.2020.01270. 

https://doi.org/10.1016/j.fsi.2015.05.041
https://doi.org/10.1111/j.1365-2672.2010.04791.x
https://doi.org/10.1016/j.aquaeng.2014.02.002
https://doi.org/10.1007/s10499-010-9408-6
https://doi.org/10.1016/j.aquaculture.2011.05.045
https://doi.org/10.1016/j.aquaeng.2019.102040
https://doi.org/10.1016/j.aquaculture.2012.02.022
https://doi.org/10.1111/are.12985
https://doi.org/10.1016/j.aquaculture.2009.07.025
https://doi.org/10.3389/fmicb.2020.01270


 

79 Caipang et al. 

 

Int. J. Biosci. 2022 

Lee C, Kim S, Lim S, Lee K. 2017. Supplemental 

effects of biofloc powder on growth performance, 

innate immunity, and disease resistance of Pacific 

white shrimp Litopenaeus vannamei. Fisheries and 

Aquatic Sciences 20, 1–7.   

https://doi.org/10.1186/s41240-017-0059-7. 

       

Madigan MT, Martinko JM, Bender KS, 

Buckley DH, Stahl DA. 2016. Microbiologia de 

Brock, 14th ed. Artmed, Porto Alegre. 

 

Mishra JK, Samocha TM, Patnaik S, Speed M, 

Gandy RL, Ali AB. 2008. Performance of an 

intensive nursery system for the Pacific white shrimp, 

Litopenaeus vannamei, under limited discharge 

condition. Aquacultural Engineering 38, 2–15.  

https://doi.org/10.1016/j.aquaeng.2007.10.003 

           

Moss SM. 2002. Dietary importance of microbes 

and detritus in penaeid shrimp aquaculture. In: Lee 

CS, O’Bryen P (eds). Microbial approaches to aquatic 

nutrition within environmentally sound aquaculture 

production systems. Baton Rouge, LA: World 

Aquaculture Society. 1–18 p. 

 

Sajali USBA, Atkinson NL, Desbois AP, Little 

DC, Murray FJ, Shinn AP. 2019. Prophylactic 

properties of biofloc- or Nile tilapia-conditioned 

water against Vibrio parahaemolyticus infection of 

whiteleg shrimp (Penaeus vannamei). Aquaculture 

498, 496–502.  

https://doi.org/10.1016/j.aquaculture.2018.09.002. 

 

Samocha TM. 2010. Use of intensive and super-

intensive nursery systems. In: Alday-Sanz V. (Ed.), 

The Shrimp Book. Nottingham University Press, 

Nottingham, 247–280 p. 

Samocha TM, Patnaik S, Speed M, Ali A, 

Burger J, Almeida R, Ayub Z, Harisanto M, 

Horowitz A, Brock DL. 2007. Use of molasses as 

carbon source in limited discharge nursery and grow- 

out systems for Litopenaeus vannamei. Aquacultural  

Engineering 36, 184–191.  

https://doi.org/10.1016/j.aquaeng.2006.10.004. 

     

Schveitzer R, de Lorenzo MA, do Nascimento 

Vieira F, Pereira SA, Mouriño JLP, Seiffert 

WQ, Andreatta ER. 2017. Nursery of young 

Litopenaeus vannamei post-larvae reared in biofloc-

and microalgae-based systems. Aquacultural 

Engineering  78, 140-145.  

https://doi.org/10.1016/j.aquaeng.2017.07.001. 

                           

Serra FP, Gaona CAP, Furtado PS, Poersch 

LH, Wasielesky W Jr. 2015. Use of different 

carbon sources for the biofloc system adopted during 

the nursery and grow-out culture of Litopenaeus 

vannamei. Aquaculture International 23, 1325–1339. 

https://doi.org/10.1007/s10499-015-9887-6. 

           

Suita SM, Braga A, Ballester E, Cardozo AP, 

Abreu PC, Wasielesky W. 2016. Contribution of 

bioflocs to the culture of Litopenaeus vannamei post-

larvae determined using stable isotopes. Aquaculture 

International 24, 1473–1487.  

https://doi.org/10.1007/s10499-016-0006-0 

 

Wasielesky W, Froes C, Foes G, 

Krummenauer D, Lara G, Poersch L. 2013. 

Nursery of Litopenaeus vannamei reared in a biofloc 

system: the effect of stocking densities and 

compensatory growth. Journal of Shellfish Research 

32, 799–806.  

https://doi.org/10.2983/035.032.0323. 

 

 

https://doi.org/10.1186/s41240-017-0059-7
https://doi.org/10.1016/j.aquaeng.2007.10.003
https://doi.org/10.1016/j.aquaculture.2018.09.002
https://doi.org/10.1016/j.aquaeng.2006.10.004
https://doi.org/10.1016/j.aquaeng.2017.07.001
https://doi.org/10.1007/s10499-015-9887-6
https://doi.org/10.1007/s10499-016-0006-0
https://doi.org/10.2983/035.032.0323

