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Abstract
The review was made with results obtained in fish and crustacean culture with probiotics and Biofloc
system culture. The importance of bacteria in aquaculture production systems was discussed and showed
the advances in probiotics and Biofloc system application, separately and in combination. But it is
necessary to increase studies on implicit associated bacterial communities, also the variations of this
community throughout production process and especially, probiotic addition to displace microbiota.
Microbiome studies could show a better general view of abundance, diversity and bacterial ecological
function in fish and crustacean culture.
Keywords: aquaculture, microbial communities, Biofloc, probiotics.

1. Introduction
Microbial communities in aquatic habitat respond quickly to changes in their immediate
environment. These changes can be subtle and manifest as activation or inactivation of certain
metabolic pathways of bacterial community or change in their composition and functionality
[1]
. The same happens in aquaculture production systems where microorganisms that develop,
are diverse and can act in a positive way in transformation of organic matter and compounds
generated in production systems. At the same time, they can be used as microbial biomass
source available for higher size organisms, but also, they can act in a negative way to develop
virulence factors in response to environmental variations [2].
Recent studies suggest that proper handling of microbial communities can help to get better
water quality, on one side reducing nutrient levels (nitrogen compounds and bacteria biomass)
and for other side, reducing pathogen bacteria abundance, consequently increasing survival of
cultured species, without use toxic chemical substances or antimicrobials [1; 3]. Considering this
point of view, one of the most used technology in aquaculture to modified microbiota is the
application of probiotics [4], which have shown health benefits and water quality of aquatic
cultured species, through different action mechanisms like: stimulation of immune response,
substances segregation which inhibited the microorganisms pathogen growth, enzyme
production which induce absorption and improve fish and crustacean nutrition and, nitrogen
compound reduction which were transformed by microorganism in culture systems [5; 6].
Otherwise, in last years the searching of new sustainable aquaculture technologies allows the
development of culture method called Biofloc [7], which uses food waste, organic matter and,
compounds produced during the production, through proliferation of heterotrophic
microorganisms which develop in water using an external carbon source and high oxygen
levels [8]. This technology has demonstrated positive results in fish and crustacean production,
with significantly saving of commercial food, also in medicines and chemical supply for
disease control and, reduction of water exchange which reduce significantly the environmental
impact on water and limit pollution reducing aquaculture effluent discharges [9; 10]. Recently,
diverse studies were implementing both technologies, through endogenous addition of
probiotic bacteria in Biofloc system, considering that they improve the obtained results, with
respect to their application separately [11]. So, this review described the impacts of probiotics in
fish and crustaceans culture systems using these two technologies: probiotics and Biofloc.
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2. Importance of microbial communities in aquaculture
Microorganisms constitute an essential part of trophic
ecosystems chains, because their capacity to mineralize
nitrogen compounds and clean water ecosystems, making
available to primary producer’s nutritive substances; also
contribute with biomass production, which are consumed
efficiently by eukaryotes predators and finally, were
obligatory intermediates between detrital organic matter and
organisms which were found in higher trophic levels [12]. In
some cases, and in determined conditions, microorganisms
can be found in densities higher than 10 million per milliliter
(106 mL-1) and acting in a complex way, mainly through
substances that they produce and excrete [13]. Despite the
importance of microbial communities in culture systems, most
studies focuses in pathogenic microorganisms detection,
within which they stand out the genders: Aeromonas, Vibrio,
Fotobacterium, Enterobacter, among others [14; 15] and only
few studies about benefit of heterotrophic microbial diversity
which show the ability to adapt to different environments and
the efficiency in the way they use the substratum [16], given
rise to broad physiological diversity in cellulosic, amylolytic,
chitinolytic, and nitrogen-transforming bacteria and other
waste compounds generated in culture process and fish and
crustacean production. The genders with higher abundance
are: Bacillus, Alteromonas, Micrococcus, Rhodococcus,
Pseudomonas and some yeast [17; 18]. Previous studies [19],
demonstrated the capacity of three isolated gender of Bacillus
sp. to decrease nitrites, nitrates and, ammonia concentration in
fish and crustacean water culture medium. Same phenomenon
was observed by other authors [20] with B. subtilus and B.
licheniformis, which attribute these effects to mechanism such
as bacterial bioaccumulation, bio assimilation and
nitrification.
3. Probiotics used in aquaculture
Aquaculture system based on microbiota represents a viable
strategy to reach sustainability [21]. With respect to probiotics,
there is a biotechnology which in last 20 years has increased
worldwide about fish and crustacean culture [4; 22], not only
because their application was associated with gut health in
cultured species, but also with environmental bioremediation
of soil and water in aquaculture systems. The effects of strains
of Bacillus subtilis, Paracoccus sp., Bacillus pumillus, among
others, added to water directly, involve the modulation of
microbiological profile in ponds, degradation of undesirable
residues (ammonic, nitrite, and hydrogen sulfide), higher
mineralization of organic matter and, decrease of anaerobic
conditions in lower surface of ponds, avoiding noxious anoxic
areas [23].
The definition of probiotic [24] is: “Live microorganisms
which added in adequate quantities provide benefit actions on
host and environment wellness that surrounds them”. With
respect to the advantages that probiotics grant it can be
mentioned the nutrient assimilation increase, stimulation of

immune system, potential pathogen exclusion, and nitrogen
compound degradation in culture water. That’s why they were
used to prevent infections, growth promoters, and improve
water quality [25; 26; 27]. Between probiotics most used were
lactic bacteria, bifidobacteria, and yeast. In recent years,
bacteria strains which are used have been expanded,
principally Bacillus sp. genus, which were commercialized in
preparation form, with one or more live microorganisms,
which allow the production of diverse aquatic organisms in
aquaculture [23; 28].
4. Biofloc culture system
In last decades, inside aquaculture sector, it has been designed
different production systems to diverse aquatic organisms,
aimed to reduce water use and culture space, considerably
increasing culture densities. Likewise, those systems that limit
infection outbreaks and minimize operating costs have taken
relevance [29; 17]. An interesting example of this system type
was so-called Biofloc, which consist of developing microbial
aggregates formed from carbon:nitrogen ratio (C:N) in water,
with low or zero exchange and high oxygenation, diets with
low crude protein content and external carbon source like
molasse (sugar cane), rice bran, wheat bran, among others.
This C:N ratio allows microbial community growth,
especially of heterotrophic bacteria, which metabolize
carbohydrates and consume inorganic nitrogen (principally
ammonia NH4+), reducing their concentration and improve
water quality [10; 30; 31; 32].
Biofloc technology (BFT) is one of the innovative
methodologies for waste management and nutrient retention
that offers a solution to solve environmental problems in
aquaculture [33]; because it doesn’t use water exchange to
solve nitrogen compound elimination, but it utilizes microbial
assimilation, stimulated for addition of material rich in
carbon, to transform those compounds. Also, microbial
protein can be used as food for culture species [9; 34]. This is
very important because in any fish and crustacean culture
system, water quality management is the principal factor that
impacts in production sector, particularly in intensive and
hypertensive culture systems [35].
In conventional fish and crustacean culture systems, the
nitrogen compounds transformation is made by autotrophic
microorganisms of Nitrospira, Nitrobacter and Nitrosomonas
genders. However, an excess of organic matter in form of
carbon, inhibit their efficiency by limiting their growth [34].
Contrary, in Biofloc systems, nitrogen compounds
transformation is more efficient, because this process is made
by facultative heterotrophic bacteria that correspond
principally to Bacillus and Pseudomonas gender. These two
genders are more efficiently in organic matter presence,
which allow increasing their population abundances quickly
and oxide-reduction process [16]. Some authors have shown
different benefits using Biofloc systems to fish and crustacean
culture, as it is observed in Table 1.

Table 1: Obtained advantages to culture fish and crustacean in Biofloc systems.
Author(s) and year
Gaona et al. (2017) [36]
Mansour and Esteban
(2017) [37]

Studied specie
Litopenaeus vannamei

Liu et al. (2017) [38]

Litopenaeus vannamei

Suita et al. (2015) [39]

Litopenaeus vannamei

Anand et al. (2017) [40]

Penaeus monodon

Oreochromis niloticus

Results
Increase in 30% growth and survival of shrimp in Biofloc treatment.
Better growth and immune response in Biofloc treatment with respect to control treatment
(without Biofloc).
Better growth was observed in shrimps with low culture density with respect middle or
high-density treatment with Biofloc.
Dextrose and molasses have used to produce flocs. The results shown that dextrose has
better effect on growth and culture water quality.
Different dry Biofloc percentages were added (4, 8 y 12%). Concentration of 4%, shown
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Widanarn and Mayram
(2012) [41]

Oreochromis sp

Emerenciano et al.
(2012) [32]

Farfantepenaeus
brasiliensis

Maya et al. (2016) [42]

Oreochromis niloticus

Najdegerami et al.
(2016) [43]

Cyprinus carpio

Valle et al. (2015) [44]

Litopenaeus vannamei

Azim and Little (2008)
[10]

Oreochromis niloticus

Avnimelech (20017) [9]

Oreochromis niloticus

low mortality and better immune response.
Water quality was better in Biofloc treatment. Could maintain in culture water a 7.5 pH
values and ammonia concentration was under 1.1 mg L-1.
Biofloc system improves growth shrimp. Likewise, authors shown protozoa, rotifers,
cyanobacteria and diatoms, contribution to improve growth and survival of cultured
organisms. Also, commercial food reduction.
Bacteria with probiotic potential were identified in Biofloc system, like Bacillus,
Lactobacillus, Lactococcus and Saccharomices, genders to mention some.
Growth, digestive enzyme activity (protease and pepsin) and hepatic condition, increase in
fishes when 75% of food was replace with Biofloc.
Gradual substitution of fish flour with Biofloc flour was evaluated. After 42 days, shrimp
survival was 99%. Authors prove that fish flour can be substituted with Biofloc flour.
BFT system was evaluated in Nile tilapia ponds (Oreochromis niloticus). They found that
net production was 45% higher with respect conventional system.
Flocs assimilation was evaluated in tilapia. Author stablishes that microbial biomass
produced in this system can be used as natural food source which contributes with 50% of
protein requirement for tilapia.

5. Bacteria identified in Biofloc
In BFT system, several studies have been made related to
culture species in Biofloc, but only few scientific studies were
related to know microbial taxonomic groups that develop in
this system. However, there’s a study [45], where authors show
different type of bacteria in Litopenaeus vannamei culture,
where dominant groups were: Vibrio sp., Vibrio rotiferianus,
Photobacterium sp., Proteus mirabilis and Marinobacter
goseongensis, the most abundant was Vibrio rotiferianus.
Other study [46], show the presence of different Phyla in
Biofloc
system
like:
Protobacteria,
Bacteroidetes,
Cyanobacteria,
Actinobacteria,
Planctomycetes
and
Verrumibrobia in Litopenaeus stylirostris culture system,
being Protobacteria Phyla most abundant (with 60%), because
it can be widely distributed in the marine environment.
In a study with Puntius conchonius fish [42], bacteria
associated to Biofloc were analyzed and it was observed that
in first weeks it predominated Aeromonas and Vibrio bacteria,
common in aquatic environment. At week 12, these two
bacteria showed very low or null density in culture medium;
the last two weeks, Bacillus subtilis and yeast Rhodotorulla sp
were identified in culture medium and showed probiotic
characteristic. Authors mentioned that this BFT system, can
be used as microbial ecological succession model [42].
In Tilapia culture study with Biofloc [47], it was also observed
that 3 to 7 culture weeks Aeromonas and Vibrio genders were
identified (with high virulence factor and capable of causing
diseases). It is from weeks 4 to 5 it was observed the
increasing of heterotrophic bacterial diversity represented by:
Sphingomonas
paucimobilis,
Pseudomonas
luteola,
Pseudomonas mendocina, Bacillus sp. Micrococcus sp. and
Rhodotorula sp. yeast. Authors remark that there could be
variations between develop microbial groups with respect
culture specie, food and specially carbohydrate source
applied.
In 2017, other researchers [48], isolated Bacillus sp. from
microbial flocs in white shrimp (Litopennaeus vannamei)
culture system, demonstrating that this type of culture system
can act as natural probiotic source or like biocontrol of water
from super intensive aquaculture systems.
According to above, Biofloc system could be considered like
new strategy for pathogen control, without chemical
substances, antibiotics and antifungals, because the feces
eliminated by fish and crustaceans are associated with

beneficial microbiota, which released to enriched system
culture with a carbohydrate source allows their proliferation,
resulting a competitive exclusion effect over pathogen
bacteria versus natural probiotic bacteria [49; 16].
Some authors [5; 48] consider improving the handling of
microbial community with probiotic addition with specific
characteristics, which allow to obtain not only benefits to
microbial community, also enhance water quality of culture
medium (quickly nitrogen compounds transformation and
organic matter) and increasing, in cultured organisms, nutrient
assimilation and immune response.
6. Probiotics addition to Biofloc systems
In recent years, scientific studies were made with different
goals to evaluate probiotic application in fish and crustacean
production culture systems with Biofloc, with the idea to
increase the result obtained for these technologies separately.
About this [51], it was made the application of Bacillus
amyloliquefaciens probiotic to improve the immune system of
white shrimp Litopenaeus vannamei with Biofloc.
An experimental study was made with juveniles of Clarias
gariepinus [52], in Biofloc system added with Bacillus sp.
molasses and fish pellets. The results shown better growth
with Biofloc and probiotics (30%) with respect experimental
treatment without Biofloc.
An experimental study was made with commercial probiotics
added in Biofloc system with Litopenaeus vannamei [50],
infected with Vibrio parahaemolyticus. Vibriosis was
controlled, but with respect to growth rates, it did not show
significant differences. Survival increase with probiotics
(83%), with respect to control treatment (52%). However, in
other study [53], significant differences were not observed
when commercial probiotic was added, composed by Bacillus
spp. and Lactobacillus sp. in Biofloc system, in shrimp
culture. These results could be assigned to anaerobiosis and
deplections that can exist at pond bottom, could be influenced
in action reduction of probiotic. Another factor that could
affect was commercial probiotic concentration (2.2 x108 UFC
g-1), with respect to recommended probiotic concentration in
other studies [54] (1.0 x 109 UFC g-1).
Other studies with positive results adding probiotics to fish
and crustacean culture systems in Biofloc, are shown in table
2.
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Table 2: Scientific studies review which describe the effect of probiotic addition in Biofloc system, with various times of application in fishes
and crustaceans culture system.
Author(s)
and year
Hu et al.
(2017) [55]
Miaou et al.
(2017) [56]
Kim et al.
(2015) [57]

Litopenaeus
vannamei
Macrobrachium
rosenbergii
Fennerpenaeus
chinensis

Bacillus subtilis y
Lactobacillus
Bacillus sp., Lactobacillus
sp. y Rhodobacter sp.

Ferreira et
al. (2017) [48]

Litopenaeus
vannamei

Bacillus subtilis y B.
licheniformis

Aly et al.
(2008) [58]

Oreochromis
niloticus

Bacillus subtilis y
Lactobacillus acidophilus

Studied species

Probiotic used

Results
Probiotic use with molasses can inhibit pathogens promoting benefit
bacteria.
Can improve humoral immune of shrimp, using a probiotic source in
Biofloc.
Shrimp growth and immune response increase in different
concentrations with Biofloc and furthermore decreases oxidative stress.
Bacteria from Biofloc system controlled Vibrio proliferation and not
the probiotic bacteria because did not show significant differences
between experimental treatments with respect control treatment.
Survival percentage and weight of fishes were significant higher in
probiotics with Biofloc treatments.

Bacillus

7. Final considerations
According with this review, we can conclude that in 80% of
scientific studies reported some benefit with probiotic use,
either in growth, immune response or also water quality from
cultured species.
Likewise, culture with Biofloc have shown better productive
yields in fish and crustaceans like shrimp at intensive system,
in addition to reduce commercial food up to 30%, decrease
the exchange of water of ponds almost in 100% and enhance
water quality by stabilization of nitrogen compounds for
bacterial action.
Unfortunately, the effects of adding of probiotics in Biofloc
are not clear yet, because results depend according to their
concentration and used type, but above all, their impact in
microbiota community developed in Biofloc system. This is
because microbiota community handling can be exploited
when producers use strains with different specific
characteristics to increase benefits in cultured aquatic
organisms. That’s why microbiota community dynamic
studies are important to increase the knowledge at this
respect.
Studies with Biofloc microbiome and Biofloc with probiotics,
can expand the view of variations in abundance, diversity and
ecological bacterial functions using these biotechnologies in
aquaculture.

6.

7.

8.

9.
10.

11.
12.

8. Acknowledgments
This manuscript is part of research project of first author,
inscribed in Master Degree Program of Farming Science at
Universidad Autonoma Metropolitana Xochimilco. Thanks to
Master Program to support manuscript published. It is
appreciated to National Science and Technology Council
(CONACyT) for financial support with scholarship (Register
No. 763372).
9. References
1. Bentzon TM, Sonnenschein EC, Gram L. Monitoring and
managing microbes in aquaculture–Towards a sustainable
industry. Microbial Biotechnology. 2016; 9(5):576-584.
2. De Schryver P, Crab R, Defoirdt T, Boon N, Verstraete
W. The basics of bio-flocs technology: The added value
for aquaculture. Aquaculture. 2008; 277(3):125-137.
3. Prindle A, Samayoa P, Razinkov I, Danino T, Tsimring
LS, Hasty J. Sensing array of radically coupled genetic
biopixels. Nature. 2012; 481(7379):39-44.
4. Pandiyan P, Balaraman D, Thirunavukkarasu R, George
EGJ, Subaramaniyan K, Manikkam S et al. Probiotics in
aquaculture. Drug Invention Today. 2013; 5(1):55-59.
5. Yamashita T, Emoto T, Sasaki N, Hirata KI. Gut

13.

14.

15.

16.

~ 123 ~

microbiota and coronary artery disease. International
Heart Journal. 2016; 57(6):663-671.
Das S, Mondal K, Haque S. A review on application of
probiotic, prebiotic and symbiotic for sustainable
development of aquaculture. Journal of Entomology and
Zoology Studies. 2017; 5(2):422-429.
Zhao P, Huang J, Wang XH, Song XL, Yang CH, Zhang
XG et al. The application of bioflocs technology in highintensive, zero exchange farming systems of
Marsupenaeus japonicus. Aquaculture. 2012; 354:97106.
Ferreira GS, Bolivar NC, Pereira SA, Guertler C, do
Nascimento Vieira F, Mouriño JLP et al. Microbial
biofloc as source of probiotic bacteria for the culture of
Litopenaeus vannamei. Aquaculture. 2015; 448:273-279.
Avnimelech Y. Feeding with microbial flocs by tilapia in
minimal discharge bio-flocs technology ponds.
Aquaculture. 2007; 264(1):140-147.
Azim ME, Little DC. The Biofloc technology (BFT) in
indoor tanks: water quality, Biofloc composition, and
growth and welfare of Nile tilapia (Oreochromis
niloticus). Aquaculture. 2008; 283(1):29-35.
Daniel N, Nageswari P. Exogenous Probiotics on Biofloc
based Aquaculture: A Review. Current Agriculture
Research. 2017; 5(1):88-107.
Miravet ME. Abundancia, actividad y diversidad de las
bacterias heterótrofas en el Golfo de Batabanó y su uso
como indicadoras ambientales. Tesis presentada en
opción al grado científico de Doctor en Ciencias
Biológicas. Facultad de Biología, Universidad de la
Habana,
La
Habana.
Anexos.
Online
http://ww.oceandocs.org ISBN: 978-959-298-013-6
2003, 94.
Horowitz S, Horowitz A. Microbial intervention in
Aquaculture. In: Lee CS, O’Brien P. (eds.). Microbial
approaches to aquatic nutrition within environmentally
sound aquaculture production systems. The World
Aquaculture Society, Baton Rouge, Louisiana, USA,
Chap. 2002; 9:119-129.
Mateo EC, Castro T, Sierralta V, Mateo DR.
Bacteriological and histopathological study of farmed
rainbow trout, Oncorhynchus mykiss, in Peru. Journal
Fish Disease. 2016; 40(7):941-946.
Kušar D, Zajc U, Jenčič V, Ocepek M, Higgins J,
Žolnir‐Dovč M et al. Mycobacteria in aquarium fish:
results of a 3‐year survey indicate caution required in
handling pet‐shop fish. Journal of Fish Diseases. 2017;
40(6):773-784.
Monroy MC, Rodriguez G, Castro J, Becerril D.

International Journal of Fisheries and Aquatic Studies

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

Importance and function of microbial communities in
aquaculture systems with no water exchange. Scientific
Journal of Animal Science. 2015; 4(9):103-110.
Hargreaves JA. Photosynthetic suspended-growth
systems in aquaculture. Aquaculture Engineering. 2006;
34(3):344-363.
Iriberri J. Bacterias Resistentes a la Depredación en los
Sistemas Acuáticos: Origen, Función, Importancia.
Actualidad SEM. Sociedad Española de Microbiología.
2011; 50:47.
Lalloo R, Ramchuran S, Ramduth D, Gorgens J, Gardiner
N. Isolation and selection of Bacillus spp. as potential
biological agents for enhancement of water quality in
culture of ornamental fish. Journal of Applied
Microbiology. 2007; 103:1471-1479.
Kim JK, Park KJ, Cho KS, Nam S, Park T, Bajpai R.
Aerobic nitrification - denitrification by heterotrophic
Bacillus strains. Bioresource Technology. 2005; 96(179:1897-1906.
Martínez-Córdova LR, Martínez-Porchas L, López-Elias
JA, Miranda- Baeza A, Ballester E. Estado actual del uso
de biopelículas y bioflóculos en el cultivo de camarón.
En: Cruz-Suárez LE, Ricque-Marie D, Tapia-Salazar M,
Nieto-López MG, Villarreal-Cavazos DA, GamboaDelgado J, Hernández-Hernández L. (Eds), Avances en
Nutrición Acuícola XI - Memorias del Onceavo Simposio
Internacional de Nutrición Acuícola, 23-25 de
noviembre, San Nicolás de los Garza, N. L., México.
ISBN 978-607-433-775-4. Universidad Autónoma de
Nuevo León, Monterrey, México, 2011, 393-423.
Swapna B, Venkatrayulu C, Swathi AV. Effect of
probiotic
bacteria
Bacillus
licheniformis
and
Lactobacillus rhamnosus on growth of the Pacific white
shrimp Litopenaeus vannamei (Boone, 1931). European
Journal of Experimental Biology. 2015; 5(11):31-36.
Olmos J and Paniagua-Michel J. Bacillus subtilis a
potential probiotic bacterium to formulate functional
feeds for aquaculture. Microbial & Biochemical
Technology. 2014; 6(7):361-365.
FAO. Guidelines for the evaluation of Probiotics in
foods. London Ontario, Canada: Food and Agricultural
Organization of the United Nations/ World Health
Organization, 2002.
Balcázar JL, De Blas I, Ruiz-Zarzuela I, Cunningham D,
Vendrell D, Muzquiz JL. The role of probiotics in
aquaculture. Veterinary Microbiology. 2006; 114(3):173186.
Hai NV. The use of probiotics in aquaculture. Journal of
Applied Microbiology. 2015; 119(4):917-935.
Ringø E, Song SK. Application of dietary supplements
(symbiotic and probiotics in combination with plant
products and β‐glucans) in aquaculture. Aquaculture
Nutrition. 2016; 22(1):4-24.
Dotta G, Pedreira MJL, Jatobá A, Burgos MRE, Pilati C,
Laterca MM. Acute inflammatory response in Nile tilapia
fed probiotic Lactobacillus plantarum in the diet. Acta
Scientiarum Biological Sciences. 2011; 33(3):239-246.
Timmons MB, Ebeling JM, Wheaton FW, Sommerfelt
ST, Vinci BJ. Microbial biofloc and protein levels in
green tiger shrimp. Recirculating aquaculture systems.
Caruga Aqua Ventures, New York, 2002, 748.
Crab R, Kochva M, Verstraete W, Avnimelech Y. Bioflocs technology application in over-wintering of tilapia.
Aquaculture Engineering. 2009; 40(3):105-112.

31. Avnimelech Y. Biofloc technology. A practical guide
book. The World Aquaculture Society, Baton Rouge,
2012, 272.
32. Emerenciano M, Ballester E, OCavalli R, Wasielesky W.
Biofloc technology application as a food source in a
limited water exchange nursery system for pink shrimp
Ferfantepanaeus
brasiliensis
(Latreille,
1817).
Aquaculture Research. 2012; 43(3):447-457.
33. Browdy CL. Effect of natural production in a zeroexchange suspended microbial floc based super-intensive
culture system for white shrimp, Litopenaeus vannamei.
Aquaculture. 2006; 258(1):396-403.
34. Ebeling JM, Timmons MB, Bisogni JJ. Engineering
analysis of the stoichiometry of photoautotrophic,
autotrophic, and heterotrophic removal of ammonianitrogen in aquaculture systems. Aquaculture. 2006;
257(1):346-358.
35. Mendoza-López DG, Castañeda-Chávez MR, LangoReynoso F, Galaviz-Villa I, Montoya-Mendoza J, PoncePalafox JT et al. The effect of biofloc technology (BFT)
on water quality in white shrimp Litopenaeus vannamei
culture: A review. Revista Bio Ciencias. 2017; 4(4):1-15.
36. Gaona CAP, Almeida MS, Viau V, Poersch LH,
Wasielesky W. Effect of different total suspended solids
levels on a Litopenaeus vannamei (Boone, 1931) BFT
culture system during biofloc formation. Aquaculture
Research. 2017; 48(3):1070-1079.
37. Mansour AT, Esteban MÁ. Effects of carbon sources and
plant protein levels in a biofloc system on growth
performance, and the immune and antioxidant status of
Nile tilapia (Oreochromis niloticus). Fish & shellfish
immunology. 2017; 64:202-209.
38. Liu G, Zhu S, Liu D, Guo X, Ye Z. Effects of stocking
density of the white shrimp Litopenaeus vannamei
(Boone) on immunities, antioxidant status, and resistance
against Vibrio harveyi in a biofloc system. Fish &
Shellfish Immunology. 2017; 67:19-26.
39. Suita SM, Ballester EL, Abreu PC, Wasielesky W.
Dextrose as carbon source in the culture of Litopenaeus
vannamei (Boone, 1931) in a zero-exchange system.
Latin American Journal of Aquatic Research. 2015;
43(3):526-533.
40. Anand S, Sudhayam P, Kumar S, Kohli S, Sundaray JK,
Sinha A, et al. Dietary biofloc supplementation in black
tiger shrimp, Penaeus monodon: effects on immunity,
antioxidant and metabolic enzyme activities. Aquaculture
Research. 2017; 48:4512-4523.
41. Widanarn EJ, Maryam S. Evaluation of biofloc
technology application on water quality and production
performance of red tilapia Oreochromis sp. cultured at
different stocking densities. HAYATI Journal of
Biosciences. 2012; 19(2):73-80.
42. Maya GS, Monroy DMC, Hamdan PA, Castro MJ,
Rodríguez MG. Effect of two carbon sources in microbial
abundance in a Biofloc culture system with Oreochromis
niloticus (Linnaeus, 1758). International Journal of
Fisheries and Aquatic Studies. 2016; 4(3):421-427.
43. Najdegerami EH, Bakhshi F, Lakani FB. Effects of
biofloc on growth performance, digestive enzyme
activities and liver histology of common carp (Cyprinus
carpio L.) fingerlings in zero-water exchange system.
Fish Physiology and Biochemistry. 2016; 42(2):457-465.
44. Valle BCS, Dantas EM, Silva JFX, Bezerra RS, Correia
ES, Peixoto SRM et al. Replacement of fishmeal by fish

~ 124 ~

International Journal of Fisheries and Aquatic Studies

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

protein hydrolysate and biofloc in the diets of
Litopenaeus vannamei postlarvae. Aquaculture Nutrition.
2015; 21(1):105-112.
Luis-Villaseñor IE, Voltolina D, Audelo JM, Pacheco
MR, Herrera VE, Romero E. Effects of biofloc promotion
on water quality, growth, biomass yield and heterotrophic
community in Litopenaeus Vannamei (Boone, 1931)
experimental intensive culture. Italian Journal of Animal
Science. 2016; 14(3):332-337.
Cardona E, Gueguen Y, Magré K, Lorgeoux B, Piquemal
D, Pierrat F et al. Bacterial community characterization
of water and intestine of the shrimp Litopenaeus
stylirostris in a biofloc system. BMC Microbiology.
2016; 16(1):1-9.
Monroy MC, De Lara R, Castro J, Castro G,
Emerenciano M. Microbiology community composition
and abundance associated to biofloc in tilapia
aquaculture. Revista de Biología Marina y Oceanografía.
2013; 48(3):511-520.
Ferreira MGP, Melo FP, Lima JPV, Andrade HA, Severi
W, Correia ES. Bioremediation and biocontrol of
commercial probiotic in marine shrimp culture with
biofloc. Latin American Journal of Aquatic Research.
2017; 45(1):167-176.
Crab R, Lambert A, Defoirdt T, Bossier P, Verstraete W.
The application of bioflocs technology to protect brine
shrimp (Artemia franciscana) from pathogenic Vibrio
harveyi. Journal of Applied Microbiology. 2010;
109(5):1643-1649.
Krummenauer D, Samocha T, Poersch L, Lara G,
Wasielesky W. The reuse of water on the culture of
Pacific white shrimp, Litopenaeus vannamei, in BFT
system. Journal of the World Aquaculture Society. 2014;
45(1):3-14.
Prentu BI, Giaccaglia SLF, Sempere FL. Aplicación de
un probiótico compuesto por Bacillus amyloliquefaciens
para mejorar el sistema inmunológico del camarón blanco
Litopenaeus vannamei en sistemas de bioflóculos.
Ciencias Ambientales. Gandia, 2016, 39.
Hapsari F. The effect of fermented and non-fermented
biofloc inoculated with bacterium Bacillus cereus for
catfish (Clarias gariepinus) juveniles. AACL Bioflux.
2016; 9(2):334-339.
De Paiva E, Alves G, Otavio L, Olivera A, Vasconcelos
TC. Intensive culture system of Litopenaeus vannamei in
commercial ponds with zero water exchange and addition
of molasses and probiotics. Revista de Biología Marina y
Oceanografía. 2016; 51(1):61-67.
Aguilera-Rivera D, Prieto-Davó A, Escalante K, Chávez
C, Cuzon G, Gaxiola G. Probiotic effect of FLOC on
Vibrios in the pacific white shrimp Litopenaeus
vannamei. Aquaculture. 2014; 424:215-219.
Hu X, Cao Y, Wen G, Zhang X, Xu Y, Xu W et al.
Effect of combined use of Bacillus and molasses on
microbial communities in shrimp cultural enclosure
systems. Aquaculture Research. 2017; 48(6):2691-2705.
Miao S, Zhu J, Zhao C, Sun L, Zhang X, Chen G. Effects
of C/N ratio control combined with probiotics on the
immune response, disease resistance, intestinal
microbiota and morphology of giant freshwater prawn
(Macrobrachium rosenbergii). Aquaculture. 2017;
476:125-133.
Kim MS, Min E, Kim JH, Koo JK, Kang JC. Growth
performance and immunological and antioxidant status of

Chinese shrimp, Fennerpenaeus chinensis reared in biofloc culture system using probiotics. Fish & shellfish
immunology. 2015; 47(1):141-146.
58. Aly SM, Ahmed YA, Ghareeb AA, Mohamed MF.
Studies on Bacillus subtilis and Lactobacillus
acidophilus, as potential probiotics, on the immune
response and resistance of Tilapia nilotica (Oreochromis
niloticus) to challenge infections. Fish & Shellfish
Immunology. 2008; 25(1):128-136.

~ 125 ~

