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Use of a zero-exchange brackish water biofloc system to increase growth, survival, and

color intensity of guppy, Poecilia reticulata (Peters 1859)
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Abstract: Biofloc technology is based on carbon metabolism and nitrogen immobilizing microbial
activities. The present study aimed to maintain water quality and increase the production performance
of guppy Poecilia reticulata (Peters 1859) in a zero-water exchange brackish water biofloc system.
Twenty P. reticulata were stocked into each treatment and control tank in triplicate and fed a
formulated diet at a rate of 3% of body mass daily. In control-1, 50% water was exchanged weekly
following the industrial practice, and no water was exchanged in control-2 and the treatment.
Depending on the concentration of total ammonia nitrogen (TAN) in water, rice bran as a carbon
source was added to the treatment tanks to keep the C:N ratio at 20:1. Water quality in biofloc
treatment and control-1 was within the favorable range for P. reticulata. TAN and pH in tanks with
zero water exchange were significantly higher (P<0.05). Weight gain, specific growth rate, survival
rate, final weight and length of P. reticulata in the biofloc treatment were significantly higher
(P<0.05) than controls. Fish reared in the biofloc treatment had an intense bright red body and fin
color compared to those in the controls. Biofloc technology can be adopted to maintain water quality
and enhance the production performance of P. reticulata in zero-water exchange brackish
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water culture systems.

Introduction
Biofloc technology (BFT) is getting popular in the
aquaculture industry as it improves water quality,
reduces pathogens, removes waste, and increases the
availability of food for cultured organisms (Azim and
Little, 2008; Yusuf et al., 2015; Najdegerami et al.,
2016; Mirzakhani et al., 2019; Kishawy et al., 2020).
In this technology, bioflocs are formed by aggregating
bacteria, fungus, algae, zooplankton, and protozoa
together in a matrix with particulate organic matter
(Avnimelech and Kochba, 2009; Hargreaves, 2013;
Emerenciano et al.,, 2017; Saha et al., 2022). BFT
maintains water quality mainly by controlling
heterotrophic bacterial communities over autotrophic
microorganisms, using a high carbon-to-nitrogen
(C:N) ratio (Avnimelech, 1999; Deocampo et al.,
2021). Heterotrophic bacteria can easily take up
nitrogenous by-products (Crab et al., 2010) and
control nitrogen

inorganic accumulation  in
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aquaculture systems through carbon metabolism and
nitrogen-immobilizing microbial processes
(Avnimelech and Kochba, 2009).

Most feeds used in semi-intensive aquaculture
systems have a C:N ratio of roughly 10:1, whereas
bacteria require about 20 units of carbon per unit of
nitrogen digested (Avnimelech, 1999; Minabi et al.,
2020). As a result, when the C:N ratio in the feed is
low, carbon becomes the limiting nutrient for
heterotrophic bacteria populations in aquaculture
systems (Ekasari, 2008; Asaduzzaman et al., 2009;
Saha et al., 2022), and the bacterial population will not
expand beyond a certain point due to the limited
supply of carbon (Michaud et al., 2006; Panigrahi et
al., 2019). Hence, bioflocs are produced in
aquaculture systems by adding carbon sources to
adjust the C:N ratio range from 15:1 to 20:1
(Emerenciano et al., 2017; Mirzakhani et al., 2019;
Kishawy et al., 2020). Preferentially, cheap and
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locally available by-products derived from the human
and animal food industry are often used as carbon
sources in biofloc culture systems. Sources of
carbohydrates such as molasses, glycerol, plant meals
(i.e., wheat, corn, rice, tapioca, etc.) (Rajkumar et al.,
2016; Deocampo et al., 2021), sugar cane bagasse, and
chopped hay (Hargreaves, 2013) have been applied to
maintain a high C: N ratio and to control N-
compounds in the aquaculture systems. Rice bran, one
of the most performed carbon sources in the biofloc
culture systems (Bakhshi et al., 2018; Kishawy et al.,
2020), is one of the cheapest carbon sources in Asia
and Sri Lanka.

BFT has been used in brackish and marine shrimp
(Decamp et al., 2008; Ju et al., 2008; Emerenciano et
al., 2012; Khanjani et al., 2017), freshwater prawn
(Crab et al., 2010) and finfish (Avnimelech, 2007;
Mahanand et al., 2013; Luo et al., 2014; Ekasari et al.,
2015; Yusuf et al., 2015; Najdegerami et al., 2016;
Minabi et al., 2020; Saha et al., 2022) aquaculture.
However, BFT has rarely been used to improve
production performance and maintain water quality in
ornamental fish culture systems (Wang et al., 2015; da
Cunha et al., 2020; Deocampo et al., 2021).

Japan ($41.2M), Singapore ($40.6M), Indonesia
($34.5M), Thailand ($34.4M) and Sri Lanka
($520.97M) were among the top exporters of
freshwater ornamental fish in 2021. While many
industries incurred significant losses because of the
covid-19 outbreak, Sri Lanka's ornamental fish
industry achieved record highs of US$ 20.97M and
US$ 21.74M in 2021 and 2022, respectively (EDB,
2023). Sixty percent of Sri Lankan ornamental fish
export consist of Poecilia reticulata (Peters 1859),
commonly known as the fancy guppy, million fish, or
rainbowfish. It is among the world's top 30 most
sought-after freshwater ornamental fish species.
Poecilia reticulata is a tropical live-bearing species
that feeds on algal remains, diatoms, invertebrates,
plant fragments, mineral particles, aquatic insect
larvae, and other sources (Bonatto et al., 2012;
Mousavi-Sabet and Eagderi, 2014). However, its diets
vary depending on the environmental conditions and
food availability in the habitat (Dussault and Kramer,

1981). Under captive conditions, P. reticulata is fed
on formulated diets with a low protein level of 30%
(Dzikowski et al., 2001). To use BFT in guppy
farming, the fish must be able to graze and gather
suspended flocs, digest and absorb nutrient-rich
microbial biomass, and convert it to animal protein.
Laboratory experiments confirmed that guppies show
'diet switching' behavior, feeding disproportionately
on the more abundant food when offered two choices
(Parameshwaran et al., 2001). Whatever the food fish
consumes influences in part its body and fin color. As
such, there is a great demand for including natural
pigments such as carotenoids in aqua feeds to achieve
bright coloration in ornamental fish. As bioflocs
contain natural carotenoids (Deocampo et al., 2021),
studying their effects on the body color of popular
ornamental fish species is vital.

One of the significant water quality problems in
guppy-rearing systems is the accumulation of toxic
inorganic nitrogenous ions (NH4* and NOy") in water.
The common solutions to remove excess nitrogen
from the culture system are frequent exchange and the
use of different biofilters. These approaches are
limited by the environmental regulations that prohibit
the release of nutrient-rich water into the environment,
the danger of introducing pathogens into the external
water and the high expense of pumping vast amounts
of water and the high cost taken by biofiltration for
treating a large mass of feed residues. Therefore, there
is a necessity to develop technologies to reduce or
prevent water exchange in guppy-rearing systems.
This study was conducted to investigate the impact of
zero exchange brackish water biofloc system on the
growth, survival, and color of P. reticulata.

Materials and Methods

Experimental setup: The experiment was conducted
for 85 days using glass tanks with a capacity of 72 L
arranged in indoor conditions. The tanks were
prevented from direct sunlight by shading since light
penetration into the tanks may stimulate the growth of
planktonic, filamentous cyanobacteria that may
produce toxins or compete with the heterotrophic
bacteria. Tanks were filled with brackish water
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(salinity-8 ppt) extracted from a coastal well. All the
tanks were continuously aerated by an oxygen pump
(Model SOBO SB-248A) for 24 hr daily. Triplicate
treatment (biofloc) and control tanks (control-1 and
control-2) were assigned in a fully randomized design.
No water was exchanged in the treatment and control-
2 during the experimental period. The water loss due
to evaporation in those tanks was only refilled,
whereas 50% of the water weekly was exchanged in
control-1. No rice bran was added to manipulate C:N
ratio in both controls during the experimental period.
Control-1 in the present study was utilized to compare
the treatment to traditional guppy farming practices.
Control-2 was used to evaluate the effects of zero
water exchange on the growth performance of
P. reticulata in a culture system without C:N ratio
manipulation.

Fish stocking and maintenance: Twenty male
guppies of red blonde variety with a mean weight of
0.1620.02 g and standard length of 2.0£0.1 cm were
stocked in each experimental tank. Fish were
acclimatized for one week before the commencement
of the study. They were fed a commercial feed (with
crude protein 56%, crude fat 15%, and crude fiber
0.1%) at a rate of 3% of their body weight daily. The
feed ratio was split into two equal portions and
provided at 10 am and 3 pm. The feed ratio was
adjusted fortnightly according to the variation in fish
weight. The feed weight was measured using an
electrical balance (Model OHAS CORP, PA4102C).
The feed ration was calculated as follows:

Feed weight per day = Mean body weight of fish in a
tank x Number of fish in relevant tank x 3%
Water quality parameter analysis: Temperature,
dissolved oxygen (DO), salinity, and pH in tank water
were measured weekly by a portable multimeter
(Model HQ40D). Total ammonia nitrogen (TAN) was
measured weekly according to the standard phenate
method using a UV-visible spectrophotometer (Model
UV- 1700, Japan) (APHA, 2012). Biofloc volume in
tank water was measured biweekly using Imhoff
cones, registering the volume taken by the bio flocs in
a 1 L volumetric cylinder after 20 min sedimentation
of the enclosure water (Avnimelech and Kochba,

2009).
C:N ratio in the treatment tanks: The rice bran
collected from a commercial supplier was filtered
using an 80 um mesh sieve to remove the rice husk
and impurities. Rice bran was dried in an oven at 80°C
to sterilize the microorganisms for 24 hours. Then it
was added weekly to the treatment tanks based on the
average TAN in the water to maintain C:N ratio at
20:1. The weight of the carbon source was measured
as follows (Serra et al., 2015):
Weight of carbon source (g) = [TAN] x C: N x EF x
volume of a tank (L) + 1000

Where [TAN] = total ammoniacal nitrogen
concentration (mg/L), C: N = C:N ratio (1:20), and EF
= equivalence factor (rice bran contains 43.36% of
carbon; EF value is 2.31).
Determination of fish growth and feeding
performance: The body weight (electrical balance,
Model OHAS CORP, PA4102C) and the standard
length of the fish (vernier caliper) were measured
fortnightly by randomly collecting five fish from each
tank. At the end of the experiment, the growth
performance and feed conversion ratio (FCR) of fish
were calculated using the following equations (Luo et
al., 2014).
Survival rate (%) = 100 x (final fish count/initial fish
count)
Weight gain (g) = final body weight (g) — initial body
weight (g)
Specific growth rate (SGR) (% /day) = [(Ln final
weight — Ln initial weight) x 100] / Duration of the
experiment
Feed conversion ratio (FCR) = Total dry weight of
feed (g)/ Total wet weight gain (g)
Statistical analysis: All statistical analyses were
performed using Minitab software (Version 17). Data
were expressed as meantstandard deviation and
analyzed by one-way ANOVA after the homogeneity
of variance was assessed by the Anderson-Darling
Normality test. When significant differences were
found, Tukey’s pairwise comparison test was used to
identify differences among the three treatments.
Differences were considered significant at level
P<0.05.
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Table 1. Physicochemical water quality parameters (meantSD) of Poecilia reticulata culture water in biofloc treatment and control tanks in an

85-day trial.

Water quality  Biofloc

Control-1 Control-2 The favorable range for P. reticulata
parameter treatment
Temperature (°C) 27.79+40.62%  27.72+0.79% 27.60+0.65? 23-28 (Dzikowski et al., 2001)
Salinity (ppt) 8.31+0.03% 8.30+0.02% 8.31+0.02% Up to 20 (Sirimanna and Dissanayaka, 2019).
pH 7.64£0.26 ° 7.71 £0.36 ° 8.24+0.19 * 6.8-7.8 (Parameshwaran et al., 2001)
DO (mgL™) 6.47+0.88° 7.51£0.23% 7.66%0.19% > 6 (Parameshwaran et al., 2001)
TAN (mgL™) 0.310.10° 0.3620.10° 1.01£0.64% 0-0.5 (Rubin and Elmaraghy, 1977)
Floc volume (mLL™") 1.68+1.75 0.00£0.00° 0.00£0.00° -

Values in the same row with different superscripts are significantly different (P<0.05) according to one-way ANOVA following Tukey’s pairwise

comparison.

Table 2. Growth performance and FCR (meantSD) of Poecilia reticulata in biofloc treatment and two controls at the end of the 85-day trial.

Parameter Biofloc treatment Control-1 Control-2

Final weight (g) 1.76+0.142 0.70+0.03° 0.68+0.02°

Final standard length (cm) 4.13+0.072 3.05+0.08° 2.53+0.05°¢
Weight gain (g) 1.35+0.12? 0.27+0.05° 0.27+0.03°

SGR (% day™) 1.71+0.09? 0.57 +0.12° 0.61+0.07°

FCR 1.02+0.03° 2.50+0.05° 2.78+0.112
Survival (%) 88.33+2.89° 86.67+2.892 66.67+7.64°
Gross body and fin color More intense bright red  Lesser intense red Least intense red color

color color

Values in the same row with different superscripts are significantly different (P<0.05) according to one-way ANOVA

following Tukey’s pairwise comparison test.

Results

Water quality: The mean values with the standard
deviation of water quality parameters in the treatment
and two control tanks during the experimental period
are given in Table 1. The temperature and salinity in
experimental tanks varied in a range of 27-29 °C and
8.28-8.35ppt, respectively, during the experimental
period of 85 days (Fig. 1). However, salinity in
control-2, where 50% water was exchanged
fortnightly, fluctuated with time. In contrast, salinity
gradually increased in the treatment and control-1.
The pH in the control-2 was significantly higher
(8.24%0.19) than in the biofloc treatment (7.6410.26)
and control-1 (7.71£0.36). A slightly decreasing trend
of pH was observed in the biofloc treatment, while it
showed a slightly increasing trend in the control-2.
The highest mean DO (7.66£0.19 mgL!) was
recorded in the control-2 and the lowest (6.47%0.88
mg L!) was recorded in the biofloc treatment. DO in
the biofloc tank decreased gradually during the
experimental period, but such a variation was not

observed in both controls.

A slightly decreasing trend of TAN was observed
in the biofloc treatment tank, while it showed an
increasing trend in the control-2. Mean TAN in
biofloc treatment and control-2 was within the
favorable range for P. reticulata, but control-1
exceeded the favorable range. Biofloc volume in the
treatment tanks increased gradually during the
experimental period. Floc volume was measured only
in the treatment tanks as biofloc was not formed in the
two controls during the experimental period.

Fish growth and feeding performance: Production
performance and feed conversion ratio of P. reticulata
in the treatment and control tanks are given in Table
2. Poecilia reticulata cultured in the biofloc treatment
tanks looked healthier and grew faster than those in
the control tanks (Fig. 2). The standard length and
weight of fish in the treatment were significantly
higher (P<0.05) than those in the two controls at the
end of the experiment. The average weight of fish in
the zero-water exchange control-2 did not
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Figure 1. Variation of physicochemical water quality parameters (meantSD) of Poecilia reticulata culture water in biofloc treatment and control

tanks in an 85-day trial.

significantly differ (P>0.05) from those in the control-
1. However, the final standard length of P. reticulata
in the control-2 was significantly lower (P<0.05) than
those in the treatment and control-1. The final weight
gain and %SGR of P. reticulata in the biofloc
treatment were significantly higher than those in both
controls at the end of the experiment (P<0.05). FCR
among the biofloc treatment and two controls differed
significantly (P<0.05). The mean FCR recorded in the
biofloc treatment was 1.0210.03, at the optimum level
for fish reared in an intensive aquaculture system.

FCR was significantly higher in both controls, while
control-2 with zero water exchange had the highest
mean FCR (2.78%0.11). The percentage survival of
P. reticulata in the biofloc treatment and control-1
with weekly water exchange was significantly higher
than in control-2 with zero water exchange.

The fish in the biofloc treatment showed a more
intense bright red color in the body and fins than in
both controls (Fig. 3). The fish in control-2 showed the
most diminutive low body and fin color compared to
biofloc treatment and control-1.
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Figure 2. Variation of standard weight and length (meantSD) of Poecilia reticulata in biofloc treatment and control tanks in an 85-day trial.

Figure 3. Variation of the body and fin color of Poecilia reticulata after 85-day trial (A) - Biofloc treatment (B) Control-1 with water exchange,
(C) Control-2 with zero water exchange.

Discussions

According to the results, the production of bioflocs by
manipulating the C:N ratio enhances the production
performance and color of P. reticulata in a zero-water
exchange brackish water culture system. The
development of bioflocs and different water exchange
practices applied in the experiment affected the
physicochemical parameters in P. reticulata rearing
water except for the temperature and salinity. The
temperature in the experimental tanks varied in a
narrow range of 27.72-27.79°C due to tropical
weather in Sri Lanka. This higher stable temperature
may have provided a conducive environment for
heterotrophic bacterial growth when a high C:N ratio
was maintained in the treatment tanks. Even though
there was no significant variation in salinity in the
experimental tanks, salinity eventually increased in
the biofloc treatment and control-2 due to a lack of
water exchange over the experimental period. In
control-1, salinity fluctuated due to weekly water
exchange from the beginning to the end of the
experiment. The DO in the biofloc treatment gradually
decreased with time and was significantly lower than
in the two controls. Increasing biofloc volume

followed by accelerated microbial activity may have
been attributed to low DO in the treatment compared
to the controls. During organic matter decomposition,
microorganisms consume a high amount of oxygen to
maintain their metabolic activities (Avnimelech,
2009; Hargreaves, 2013). In some studies, the DO
concentrations could not even be maintained at a
desirable level in biofloc tanks until the end of the
production cycle, especially in high concentrations of
suspended solids (Van Wyk et al., 1999). However,
the 24 hr aeration provided in the present experiment
was sufficient to supply a favorable DO concentration
to P. reticulata and microorganisms in both treatment
and controls.

The pH in the biofloc treatment decreased
gradually, as observed for Liptopeneaus vannamei
(Boone 1931) (Khanjani et al, 2017) and
Oreochromis niloticus (Linnaeus 1758) (Mirzakhani
et al., 2019) when cultured in the biofloc production
systems using different carbon sources. The
significantly increased pH in the control-2 (8.24£0.19)
than that of the biofloc treatment (7.64 £0.26) and the
control-1 (7.71+£0.36) indicates the inability to
maintain water quality at the optimum level with zero
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water exchange in P. reticulata culture systems. TAN
also gradually increased in control-2 due to zero water
exchange, while the same was within a very low range
in both biofloc treatment and control-1. Even though
biofloc treatment and control-2 were zero water
exchange systems, a higher rate of carbon metabolism
and nitrogen immobilization by heterotrophic bacteria
could have occurred only in the treatment tanks. This
is evidenced by significantly low TAN and higher floc
volume in the treatment compared to control-2.
According to Lim (2018), platy, Xiphophorus
maculatus (Giinther 1866) biofloc culture systems
produced less nitrogenous waste than non-bio floc
culture systems.

The increasing trend of floc volume in the
treatment tanks during the experimental period may be
attributed to the zero-water exchange, high amount of
organic substances, high growth rate of heterotrophic
bacteria, and a subsequent increase in microbial
biomass (Khanjani et al., 2017; Deocampo et al.,
2021). The biofloc formation may be supported by
mechanical aeration, which promotes the mixing and
distribution of rice bran and other particles in the
treatment tanks. If a high concentration of total
suspended solids develops in a biofloc system, it could
reduce water quality with time, affecting species
respiration and changing the composition of the
organisms that make up flocs (Hargreaves, 2013).
However, such an issue may not arise in P. reticulata
culture as the fish matures and grows up to marketable
size within a short period of 2-3 months.

The survival of P. reticulata in the zero-water
exchange control-2 was significantly lower (67%)
than that of biofloc treatment (88%) and control-1
(87%). The higher fish survival in the biofloc
treatment in the present study agrees with Ekasari et
al. (2015) and Wang et al. (2015) who recorded high
survival rates of fish reared in biofloc systems.
Similarly, Harini et al. (2016) indicated that blue
morph cichlids, Pseudotropheus saulosi (Konings
1990), reared in a biofloc culture system, had higher
survival and production rates. The significantly low
survival of P. reticulata in the control-2 may be
related to comparatively higher TAN and pH levels

recorded from the tank water. The presence of un-
ionized ammonia, the toxic form, increases as pH
rises, which causes ammonia to become more ionized
(Schneider et al., 2005; Ip and Chew, 2010). In
addition, the higher temperature of tank water may
have caused a significant elevation in ammonia
toxicity (Ip and Chew, 2010). Thus, the present study
shows the inability to maintain the culture system of
brackish water fancy guppy with zero water exchange
without involving any process to reduce nitrogenous
waste products.

In this study, the weight gain, specific growth rate
(SGR), survival rate, final weight, final standard
length and body color were higher, and the feed
conversion ratio (FCR) was at the lowest in
P. reticulata in the biofloc treatment. The positive
effects of the application of biofloc technology on
growth performance and FCR of cultured organisms
have been reported for O. niloticus (Azim and Little,
2008; Mirzakhani et al., 2019), L. vannamei (Khanjani
et al., 2017; Panigrahi et al., 2019), Labeo rohita
(Hamilton 1822) (Mahanand et al., 2013; Ahmad et
al., 2016), Carrasius auratus (Linnaeus 1758) (Wang
et al., 2015) and Cyprinus carpio (Linnaeus 1758)
(Bakhshi et al., 2018). However, Bakhshi et al. (2018)
stated that no significant difference was observed
between the control and biofloc treatments with
different carbon sources regarding the final weight,
final productivity, weight gain, and SGR of common
carp fingerlings. According to Dauda et al. (2018), the
biomass gain, SGR, and FCR of Clarias gariepinus
(Burchell 1822) were similar among the control and
biofloc treatments with different C:N ratios. Probably
these results may relate to the species’ inability to
harvest bioflocs developed in the culture systems
effectively. Bioflocs consumption by fish depends
most on the fish species and their feeding habits, along
with floc size and density (Avnimelech, 2007;
Deocampo et al., 2021).

The higher growth and low FCR of P. reticulata in
biofloc treatment may be attributed to the microbial
flocs that could be a supplemental food source
available at any time. Bacterial flocs, once ingested,

provide  protein  (essential amino  acids),



Int. J. Aquat. Biol. (2023) 11(4): 268-278 275

polyunsaturated fatty acids and different vitamins and
minerals for the fish (Azim and Little, 2008; Luo et
al., 2014; Wang et al., 2015). Bioflocs could reduce
FCR by providing bioactive compounds, such as
amino sugar, carotenoids, phytosterol, chlorophyll,
and bromophenols (Ju et al., 2008; Crab et al., 2010).
Furthermore, by developing microbial flocs, the
residual feeds and wastes are recycled and the feed
nutrients are reutilized by fish, resulting in improved
growth and feeding performance in the biofloc
systems (Avnimelech, 2006, 2007; Hargreaves, 2013;
Luo et al., 2014). The exogenous enzyme sources and
poly-B-hydroxybutyrate (a biodegradable polymer)
produced by bacteria in bioflocs (De Schryver et al.,
2010; Bakhshi et al., 2018) stimulate and improve
digestibility in the intestine, increasing nutrient
digestibility and enhancing fish growth (Michaud et
al., 2006; Crab et al., 2007; Emerenciano et al., 2013;
Bakhshi et al., 2018). Directly consuming rice bran
containing dietary fiber (f-glucan, pectin, gum), y-
oryzanol, and ferulic acid (Jayadeep et al., 2009) may
have further increased the growth of P. reticulata.
According to the results of the present study, like
tilapia and shrimp (Hargreaves, 2013), guppies are
also highly efficient in utilizing bioflocs as
supplementary feed in aquaculture systems.

In the present study, a more intensive bright red
color in the skin and fins was observed in the biofloc
tanks compared to the fish in the two control tanks.
The highest intensity of skin color of fish in biofloc
treatment might be due to the diet that fish consumed
during the experimental period. The bioflocs
contained various bioactive compounds, including
carotenoids (Ju et al.,, 2008; Xu and Pan, 2013;
Deocampo et al., 2021), which may have contributed
to the high skin color intensity in P. reticulata in the
biofloc culture system. Similar results have been
reported in previous studies on using biofloc
technology to improve the skin pigmentation of
X. maculatus (Lim, 2018), C. auratus (da Cunha et al.,
2020), and pink shrimp (Emerenciano et al., 2013).
According to Sefc et al. (2014), the red, orange, and
yellow colorations of fish can be enhanced by dietary
carotenoids produced from biofloc consumption.

As water quality in biofloc treatment in the present
study was within the permissible range without any
limiting effect on the performance of P. reticulata,
biofloc technology with zero water exchange can be
used instead of typical water exchanged culture
systems in brackish water fancy guppy farming. With
sustainability and efficiency at its core, biofloc
technology is an environmentally friendly aquaculture
approach that offers promise for future P. reticulata
farming applications.

Conclusion

The biofloc technology can successively be adopted to
improve the production performance and body color
of P. reticulata. Adding rice bran to manipulate the
C:N ratio in the water improves water quality in the
zero-exchange brackish water P. reticulata culture
systems. Biofloc development using rice bran lowers
the feed conversion ratio and increases the growth
rate, body color, and survival rate of P. reticulata.

Ethical statement: All the experimental protocols
and procedures involving fish were performed in
accordance with the standard operating procedures of
the Ethics Review Committee, University of Kelaniya
(Protocol Number: 27-2956).
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