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Abstract

The increasing global population resulted in intense pressure on the food production sectors to meet the rise in food demand.
The aquaculture industry, which is one of the major food production sectors, provides opportunities in addressing issues on
malnutrition and poverty alleviation. Shrimp farming is an important sub-sector in aquaculture because shrimp are not only
good sources of food, but they contribute to the national economy through export revenues. This resulted in the rapid
intensification of shrimp aquaculture, which created negative issues on sustainability and environmental impacts. Hence, this
necessitates an urgent need to develop aquaculture production systems that yield high productivity and profitability yet
possess a low carbon footprint. Biofloc technology (BFT) fit into these criteria as this technology permits intensive culture of
aquatic species, less use of resources, and improved water quality as a consequence of the production and activity of beneficial
microbial biomass, which, at the same time, can be utilized as a source of feed for the growing shrimp. BFT has been shown to
be successful on a commercial scale during shrimp grow-out, and recent studies have shown that this technology can be further
refined and optimized for the production of shrimp during the nursery phase. This review, therefore, highlights the basics of
BFT and how this technology is being optimized in the production of shrimp during the nursery phase. More specifically, this
discusses the benefits of this approach in ensuring a productive yet sustainable way of producing shrimp in the context of

Philippine aquaculture.
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Introduction

The world’s population is expected to reach 9.6 billion
by 2050 (El-Sayed, 2021). Hence, the demand for
food is also increasing amidst limited natural
resources such as water and land required for the
continuous production of food. Aquaculture, the
farming of aquatic plants and animals both in inland
and coastal areas, is one of the fastest-growing food
production sectors in the world. It is considered an
ideal food production system because this sector is
projected to produce 82 million tons of aquatic
products in 2050 to meet the food demands of the
growing population (FAO, 2020). This target of
production is likely to be met because there is the
gradual adoption of semi-intensive and intensive
in producing the most

aquaculture practices

economically important aquaculture  species.
However, the intensification of aquaculture, whether
involving fish or crustaceans, is an environmental
concern because these intensive farms release a
considerable amount of nutrient-rich wastewater
back into the waterways, which could result in
eutrophication. Because of these potential
environmental problems, aquaculture systems are
now focused on developing sustainable practices that
entail efficient system designs that allow the use of
fewer resources, including water, energy, and land
but also reduce incidences of environmental pollution

without affecting production and profitability.

The major aquaculture-producing countries are all
located in Asia. China, Indonesia, India, Vietnam, the
Philippines and Bangladesh account for at least 80%
of the world aquaculture production (FAO, 2020).
While capture fishery production did not increase
since the latter part of the 1980s, aquaculture, on the
other hand, has been on an upward trend. Global
aquaculture production grew at an average annual
rate of 5.8%, while production from capture fisheries
grew by just 0.7% in 2009 until 2014 (FAO 2016).
Moreover, aquaculture has paved the way for growth
in the supply of fish for human consumption, with its
share increasing up to 29% in 2004. In 2014, a
milestone was reached when the contribution of

aquaculture to the fish supply overtook that of wild-
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caught fish for the first time (FAO, 2016).

Among the different species that are used for
aquaculture, shrimp is the fourth most important
aquaculture commodity in the Philippines in terms of
the volume of production and second in terms of
export value. Tiger prawn (Penaeus monodon)
farming in the Philippines took off in the 1980s when
shrimp farming systems switched from the traditional
extensive culture to intensive shrimp monoculture.
Due to high export demand and the high market price
for tiger prawns, businessmen ventured into shrimp
hatchery and grow-out operations. The shift towards
these practices resulted in the increased production of
shrimp, as shown by the peak level of 91,000 MT in
1994 (Palanca-Tan, 2018). Unfortunately, the
occurrence of disease outbreaks in the following years
led to the shut-down of most intensive shrimp farms,
thereby causing a sharp decline in the production of
shrimp at 41,000 MT in 1997. Since then, shrimp
production has remained in the range of 35,000 to
50,000 MT. During the time when the shrimp culture
industry was at its peak level of production, Western
Visayas, particularly the province of Negros
Occidental, was the top shrimp-producing region in
the Philippines. It was at this region where an
intensive culture system was carried out. By the late
1990s, Western Visayas Region was overtaken by the
Central Luzon Region, where there were vast areas
with extensive levels of production. Currently, the top
shrimp-producing regions in the Philippines are:
Central Luzon (Pampanga and Bulacan), the
Zamboanga Peninsula, and in Northern Mindanao

(Muegue et al., 2015).

The two species of shrimp that are being cultivated in
the Philippines include the black tiger shrimp,
Penaeus monodon and the Pacific white shrimp,
Litopenaeus vannamei. Black tiger shrimp is endemic
in the country, while the Pacific white shrimp is an
introduced species. Although shrimp production
significantly declined in the 1990s due to luminescent
vibriosis and white spot disease caused by Vibrio
Harveyi and white spot syndrome virus (WSSV),

respectively, the industry was able to recover due to
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the close collaboration and partnerships between the
public and private sectors. According to Apostol-
Albaladejo (2016), the shrimp aquaculture industry in
the Philippines recovered because there have been
several initiatives that are directed towards
improvement in culture technologies, prevention and
control of infectious diseases and the mitigation of
consequence of

environmental impacts as a

aquaculture expansion.

Biofloc technology (BFT) is a recent aquaculture

technology that 1is geared towards a more
environment-friendly approach to producing aquatic
products. The benefits of using this technology
include reduction in the use of water resources and
effluent discharges, lesser dependence on artificial
feeds and improvement in biosecurity (Avnimelech,
2007). The microbial community that is associated
with biofloc systems is mainly responsible for the
improvement of water quality (Choo and Caipang,
2015) and can control the proliferation of pathogenic
bacteria, thus, reducing the potential spread of
infectious diseases (Ekasari et al., 2014). The biofloc
as a source of food is available all the time and in
sufficient quantity (Avnimelech, 2007); hence, this
improves productivity by lowering the use of artificial
feeds (Browdy et al., 2001; Wasielesky et al., 2006).
The production of nitrogenous wastes is regulated by
phytoplankton assimilation, nitrification and by the
presence of heterotrophic bacteria within the culture
system, such that nitrogen retention from the feed
inputs is increased in the range of 7-13% (Hargreaves,
2006). The positive effects of the presence of
nitrogenous wastes in the biofloc system are the
following: 1) they are easily assimilated by
microorganisms in the water column, 2) they serve as
substrates of these microorganisms, and 3) they
provide raw materials in the production of microbial
protein cells (Mishra et al., 2008). The production of
microbial protein cells in a biofloc system is carried
out successfully by regulating the amount of the
carbon and nitrogen (C:N) ratio. An effective C:N
ratio can regulate the levels of ammonia that are
needed by the heterotrophic microorganisms as a

means of preventing increased ammonia production
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in the water. The use of microbial biomass is even
maximized among species that possess filtering
apparatus and/or a digestive system that can
biofloc

(Hargreaves, 2006). These characteristics are well-

efficiently assimilate these particles
suited in most nursery production systems of aquatic
organisms. The presence of a high C:N ratio facilitates
the conversion of un-ionized ammonia and other
organic nitrogenous wastes into bacterial protein
biomass, that can serve as food for the juvenile fish or
shrimp and at the same time aids in maintaining good
water quality in the

rearing compartments

(Avnimelech, 1999; Hargreaves, 2013).

Biofloc technology: definition and characteristics

The biofloc-based culture system is based on the
principle of assimilating the (1) dissolved ammonia-
nitrogen (TAN) that is excreted by the fish as wastes
and also (2) through the breakdown of organic
nitrogen from uneaten fish feeds by heterotrophic
bacteria and converting them into microbial protein.
This interaction that takes place in the system is
shown in Fig. 1 (Avnimelech, 1999; Crab et al., 2012).
This type of culture system maintains optimum water
quality, which is highly dependent on phytoplankton
bloom, bacterial population, as well as the presence of
aggregates of living and dead particulate organic
matter that are present in water (Crab et al., 2012).
The carbon to nitrogen ratio (C:N) has a crucial role
in the biofloc system (Hargreaves 2013). By
maintaining an optimum C:N ratio, the proliferation
of heterotrophic bacteria is efficiently regulated by
providing considerable amounts of organic carbon,
which is typically the limiting factor in conventional
aquaculture systems (Avnimelech, 1999;
Emerenciano et al., 2013; Hargreaves, 2013; Luo et
al., 2014). If the C:N ratio is increased, this results in
the rapid growth and production of heterotrophic
bacteria due to higher availability of the converted
microbial biomass nutrients that are required for
Higher

bacteria would mean

their  growth. populations of these

heterotrophic increased
assimilation of ammonia from the water and
eventually converted into microbial protein biomass

(Hargreaves, 2013). An effective C:N ratio must be
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determined because it is this effective ratio where
heterotrophic bacteria will dominate nitrifying
bacteria (Michaud et al.,, 2006). The effective C:N
ratio, is thus variable and is largely dependent on
both the type and quality of the organic carbon
sources that are being utilized in the production of the

bioflocs.

The biofloc technology (BFT) was believed to have
originated in France in the early 1970s and was
started by IFREMER-COP (French Research Institute
for Exploitation of the Sea - Oceanic Centre of
Pacific). The Center used shrimp as the main species
for culture, and their approach of culturing this
species was likened to an external rumen (Cuzon et
al., 2004). There were later initiatives on the
development of biofloc technology in the USA and
Israel, and the main focus of these activities was to
develop an aquaculture technology using tilapia as the
model species (Emerenciano et al., 2013; Hargreaves,
2013). This new aquaculture technology based on
biofloc aims to address issues on land and water use
as well as to mitigate the negative impacts of
aquaculture wastes on the environment. The first
commercial applications of biofloc technology took
place in shrimp farms in Tahiti and Belize, where the
shrimp were reared in biofloc systems (Emerenciano
et al., 2013). Today, there is the global application of
the BFT system in commercial aquaculture farms,
with tilapia, carp and shrimp as the major species
being used (Avnimelech, 2015). These species are
good candidates in a BFT system because they are
able to tolerate sub-optimal water quality with high
suspended solids are able to obtain nutrition from the
bioflocs through filter-feeding (Crab et al.,, 2012;
Hargreaves 2013). Furthermore, Crab et al. (2012)
suggested that the choice of the aquaculture species
should be those that belong to lower trophic species
because they rely on an herbivorous diet. Shrimp,
carp, and tilapia meet these requirements and as a
result, they are being used as the species of choice in
almost all BFT systems (Hargreaves, 2013). Recent
studies reviewed by Emerenciano et al. (2013)
revealed that the use of bioflocs in the culture of fish

and shrimp resulted in an increment of at least 40%
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in weight and 80% in total biomass upon harvest.
These comparisons were made against using the clear
and fish.

Furthermore, the survival was variable ranging 55-

water system in rearing shrimp
100% regardless of the stocking density. During the
grow-out phase, the use of bioflocs enables the
replacement of at least 30% of the commercial feeds
by the biofloc meal pellet without compromising
survival and growth performance (Emerenciano et al.,

2013).

Biofloc systems are usually used in areas where there
are limitations in the water supply. Because of these
limitations, shrimp farmers utilize the minimal to
zero water exchange approach in most biofloc systems
(Hargreaves, 2013). Moreover, shrimp farm
management concerns, especially on biosecurity, are
effectively addressed in biofloc systems that limit the
frequency of water exchange during the culture
period. The mechanisms by which the minimal or
zero water exchange in a biofloc system works are
largely dependent on the dynamic interaction among
the microbial populations and other biotic
components that take place within the biofloc system
(Avnimelech, 2015). These microbial aggregates aid in
maintaining water quality and in the recycling of
wastes to produce nutritious food for the cultured
stock (Emerenciano et al., 2013). A separate study by
Ju et al. (2008) showed that bioflocs contain a wide
array of bioactive compounds that are essential in
maintaining the healthy status of the shrimp. These
are due to the enhanced expressions of some
immune-related enzymes in the hemocytes (Jang et
al., 2011) and antioxidant status (Xu and Pan, 2013).
As such, BFT is perceived to be an environment-

friendly culture system for shrimp.

In most aquaculture systems that incorporate BFT,
the choice of the organic carbon source is dependent
on the proximity and availability of a cheap carbon
source (Emerenciano et al., 2013). There are various
sources of organic carbon, including wheat bran
(Emerenciano et al., 2011), molasses (Burford et al.,
2004;), glucose (Crab et al., 2010), cellulose

(Avnimelech et al., 1989), cassava meal (Chen et al.,
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2015), sorghum meal (Lopez-Elias et al., 2015), sweet
potato flour (Caipang et al., 2015), wheat flour (Azim
and Little,
(Asaduzzaman et al., 2010) that has been tested both

2008) and corn/maize meal

experimentally and validated in the field.

These carbon sources were found to be effective in
producing and maintaining biofloc volume and
density during the grow-out phase. Table 1 shows the
various biofloc starters that are used in shrimp

culture. Moreover, Crab et al. (2012) pointed out that
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there are several factors that will necessitate the
implementation of the BFT in aquaculture (Crab et
al., 2012). First, the availability of water is becoming
a limiting factor in the development of aquaculture.
Second, in some countries, the release of wastewaters
from aquaculture sites is prohibited. Third, the
regular occurrence of infectious disease outbreaks in
some aquaculture farms resulted in the development
of strict biosecurity measures, which include the
significant reduction in the rates of water exchange

(Avnimelech, 2015).

Table 1. Sources of organic carbon that are utilized during production and maintenance of bioflocs in shrimp

culture.

Source of organic carbon

Cultured species

Acetate

Macrobrachium rosenbergii

Cassava meal

Penaeus monodon

Cassava flour M. rosenbergit; Litopenaeus vannamei
Dextrose L. vannamei
Glucose M. rosenbergii
Glycerol M. rosenbergii
Molasses L. vannamei; P. monodon

Wheat bran and molasses

Farfantepenaeus brasiensis; F. paulensis

The above data were taken from Caipang et al. (2015) and Rathore et al. (2016).

There are many benefits of using a biofloc-based
system of growing fish and shrimp (Rathore et al.,
2016). These advantages encompass the breeding,
nursery and grow-out production of shrimp and some
species of fish. The biofloc system is highly
compatible with the aquaponics system and these two
aquaculture innovations can be combined together as
one functional unit in the cultivation of either fish or
shrimp together with vegetables. Because bioflocs are
aggregates of a number of microorganisms, these can
also serve as good sources of natural probionts in the

culture system (Avnimelech, 1999).

The species that are good candidates to be cultured
using the biofloc system should be able to withstand
sub-optimal water quality with high suspended solids
and must have the filter-feeding ability in order to
maximize the nutritional benefits from bioflocs
(Hargreaves, 2013). Furthermore, Crab et al. (2012)

suggested that the choice of the aquaculture species

should be those that are on the lower trophic levels,

which normally exhibit an herbivorous diet.

Impacts on nursery production of shrimp

The shrimp nursery phase is the intermediate phase
between shrimp post-larvae (PL) and the grow-out
stages (Mishra et al., 2008). The nursery systems in
shrimp aquaculture provide several benefits such as
optimization of farmland, increased survival, and
enhanced growth performance of the stock in grow-
out ponds (Arnold et al.,, 2009; Emerenciano et al.,
2012). Previous studies, mainly with white leg
shrimp, have documented the several advantages of
having nurseries in the shrimp farm (Samocha et al.,

2007; Mishra et al., 2008).

Biofloc technology can significantly contribute to
improving growth rates, survival, feed efficiency,
health status, and profitability of different shrimp

species during the juvenile and grow-out phases (El-
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Sayed, 2021). Bioflocs have been effectively used as
natural food or supplemental ingredients during the
juvenile stage of the Pacific white shrimp L.
vannamei (Yun et al., 2017; Panigrahi et al., 2018). In
an experiment in tanks that were stocked with shrimp
postlarvae at a density of 1,200 PLs per m2, the
ammonia concentration was significantly lower in the
biofloc tanks supplemented with molasses (Serra et
al., 2015) than the non-bioflc tanks. In terms of the
optimum stocking density and whether shrimps that
are grown in the nurseries have the ability to exhibit
compensatory growth when transferred to the rearing
units, Wasielesky et al. (2013) demonstrated that
increased stocking density during the nursery phase
affected the growth and survival of the white leg

shrimp postlarvae in a biofloc system. Rapid growth
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in nursery tanks is attained at a stocking density of

1,500 shrimp per m2 However, if there are
limitations in the area of the farm, nursery tanks or
ponds can be stocked up to 4,500 shrimp per m?
without negatively compromising survival rates. Their
results also indicate that the biofloc system can
contribute to achieving full compensatory growth of
shrimp within 20 days at a stocking density of 300
shrimp per m2 during the grow-out phase. As to the
immune responses of shrimp, Ekasari et al. (2014)
demonstrated that bioflocs have positive effects on
the immune response of whiteleg shrimp by inducing
a higher resistance against viral challenge. Moreover,
the effect on the immune system of the shrimp was
independent of the type of biofloc starters that were

used.
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Uneaten feeds
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feces

2
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Fig. 1. Mechanism of the biofloc technology in a shrimp aquaculture system. Adapted from Avnimelech (1999).

In the Philippines, some studies on the positive
effects of biofloc in the culture of white leg shrimp
have been investigated. For example, Barcenal et al.
(2015) isolated Micrococcus luteus from the biofloc
culture system and this bacterial species possessed
potent anti-Vibrio activity. In another study, Cadiz et

al. (2016) showed that shrimp tanks using the BFT

had higher total Vibrio counts than the non-BFT
tanks, indicating a favourable medium that supported
bacterial growth. Their study also demonstrated that
the numbers of pathogenic Vibrios were lesser in this
culture system than in control. In both studies, the
use of biofloc system provided significant benefits to

the shrimp during the grow-out phase.
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Future perspectives
The preceding studies clearly indicate the benefits of
incorporating BFT during various phases in rearing
shrimp. Biofloc technology will enable aquaculture to
grow towards an environmental-friendly approach.
Consumption of microorganisms in BFT by the
growing shrimp reduces feed conversion ratio (FCR)
and consequently costs in feed. The microorganisms
that are associated with bioflocs can partially replace
protein content in diets or decrease the dependence
on fishmeal during the nursery phase. Moreover, the
microbial community is able to effectively utilize
dissolved nitrogen wastes from shrimp and uneaten
food and convert them into microbial protein. These
qualities make the BFT system an important add-on
during the temporary rearing of shrimp postlarvae in
nursery tanks. As such, future studies are necessary to
optimize nursery production of shrimp using BFT and
how would incorporation of this feature in the shrimp
production affects

grow-out productivity and

biosecurity.
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