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Abstract

The betta (Betta splendens) is a carnivorous ornamental species that requires live food. In this study, we
evaluated the growth and survival of Betta splendens fingerlings fed ex-situ biofloc (BFT). A total of 375
fingerlings (8.3 +4.1 mg and 0.8 + 0.14 cm) were distributed into 15-L plastic tanks (n=25), with five replicates
for each of the following treatments: (i) exclusive live food (LF100), (ii) exclusive biofloc (BFT100), (iii) live
food supplemented with biofloc (LF100-BFT100), and a reduction of 15% (iv) and 30% (v) in live food with
biofloc supplementation (LF85-BFT100 and LF70-BFT100, respectively). The fish were fed newly hatched brine
shrimp (Artemia spp. nauplii) and/or fresh biofloc, twice daily, over a 16-day experimental period. Dietary
supplementation of Beta splendens with ex-situ BFT (LF100-BFT100, LF85-BFT100, and LF70-BFT100) resulted
in a similar final weight (P>0.05) compared to exclusive brine shrimp (LF100). Regarding total length, the fish
in the LF100-BFT100 group were superior to those in the LF100 group (P<0.05). The LF100 and LF100-BFT100
groups showed survival rates of 100% and 98.4%, respectively, which were not statistically different (P>0.05).
For all analyzed variables, fish exclusively fed biofloc (BFT100) exhibited unfavorable performance. These
results indicate that dietary ex-situ biofloc supplementation, without reducing the supply of live food, can
be an interesting alternative in the rearing of Betta splendens since biofloc improves growth performance
and maintains a good survival rate.
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Resumo

O beta (Betta splendens) é uma espécie ornamental carnivora que necessita de alimentos vivos. Neste estudo,
avaliamos o crescimento e a sobrevivéncia de alevinos de beta alimentados com bioflocos produzidos ex-situ
(BFT). Um total de 375 alevinos (8,3 + 4,1 mg e 0,8 + 0,14 cm) foi distribuido em tanques plasticos de 15 L (n=25),
com cinco repeticdes para cada um dos seguintes tratamentos: (i) alimentacdo viva exclusiva (LF100), (ii) biofloco
exclusivo (BFT100), (iii) alimentagdo viva suplementada com biofloco (LF100-BFT100), e uma redugao de 15% (iv)
e 30%(v) na alimentacdo viva com suplementacdo de biofloco (LF85-BFT100 e LF70-BFT100, respectivamente). Os
peixes foram alimentados duas vezes por dia com artemia recém-eclodida (Artemia spp. nauplii) e/ou bioflocos
frescos durante um periodo experimental de 16 dias. A suplementacdo de BFT (LF100-BFT100, LF85-BFT100 e LF70-
BFT100) na dieta de Beta splendens resultou em peso final semelhante a dieta contendo exclusivamente artemia
(LF100). Em relacdo ao comprimento total, os peixes do grupo LF100-BFT100 foram superiores aos do grupo LF100
(P<0,05). Os grupos LF100 e LF100-BFT100 apresentaram taxas de sobrevivéncia de 100% e 98,4%, respectivamente,
as quais ndo diferiram estatisticamente entre si (P>0,05). Para todas as variaveis analisadas, os peixes alimentados
exclusivamente com bioflocos (BFT100) apresentaram desempenho desfavoravel. Esses resultados indicam que a
suplementacdo dietética com bioflocos ex-situ, sem redugdo na oferta de alimento vivo, pode ser uma alternativa
interessante no cultivo de Betta splendens, uma vez que o bioflocos melhora o desempenho em crescimento e
mantém boa taxa de sobrevivéncia.

Palavras-chave: peixe ornamental, alimentagdo alternativa, nauplios de Artemia spp, macroagregados.

*e-mail: susana.teixeira@ufms.br
Received: September 23, 2023 - Accepted: December 9, 2023

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
BY distribution, and reproduction in any medium, provided the original work is properly cited.

Brazilian Journal of Biology, 2024, vol. 84, e278851 | https://doi.org/10.1590/1519-6984.278851 1/8


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-3531-3117
https://orcid.org/0000-0003-3315-018X
https://orcid.org/0000-0002-2232-1417
https://orcid.org/0000-0002-9439-3671
https://orcid.org/0000-0003-0042-691X
https://orcid.org/0000-0002-1195-3304
https://orcid.org/0000-0003-4321-2428
https://orcid.org/0000-0003-1370-0316
https://orcid.org/0000-0002-4662-5247

Stringhetta, G.R. et al.

1. Introduction

The Siamese fighting fish, also known as betta (Betta
splendens) is an ornamental carnivorous species native to
Southeast Asia. It inhabits regions characterized by low
water columns, such as swamps, ponds, and rice fields.
It tolerates a wide range of water temperatures (Faria et al.,
2006). As amember of the suborder Anabantoidei, bettas
are air-breathing fish that have adapted to survive in
oxygen-deprived waters (Apriliani et al., 2019).

Live food plays a crucial role in promoting the health
and development of bettas, particularly during their first
three months of life. Post-larvae and fry can be nourished
with various forms of zooplankton, including Daphnia spp.,
Artemia spp., and Moina spp. (Daugs, 1967; Monvises et al.,
2009). In practice, ornamental fish farmers often employ
“green water” (i.e., fertilized water) to provide live feed like
zooplankton to larvae and fingerlings, reducing their reliance
on artificial feed (Zuanon et al., 2011). Additionally, brine
shrimp (Artemia spp.) is commonly incorporated into betta
diets due to its rich protein content and because it allows
for the inclusion of essential macro and micronutrients
through an enrichment process (Radhakrishnan et al.,
2020). Nevertheless, the high market prices of brine shrimp
cysts, which can account for 50% or more of total fish
farming expenses, are primarily attributed to the costly
protein sources used in their production (Daniel, 2017;
Faizullah et al., 2019).

One potential substitute or supplementary source of
nutrition for bettas is microbial aggregates derived from
biofloc production. Biofloc technology (BFT) represents
a sustainable form of aquaculture that involves minimal
or zero water exchange since nitrogen compounds are
recycled into microbial protein (Emerenciano et al., 2013).
Biofloc is composed of bacteria, zooplankton, microalgae,
organic matter, and other components that can serve as
food for other aquatic organisms, such as fish and shrimp
(Faizullah et al., 2019). Biofloc can be introduced to fish
in three different ways: in-situ, in which fish consume
the floc freely in the cultivation tank (Diatin et al., 2019);
ex-situ, in which the harvested aggregates from a BFT
cultivation tank are offered to fish as fresh food (Martinez-
Cérdova et al., 2017); or by incorporation into aquafeeds
as a feed ingredient, e.g., biofloc meal (Bauer et al., 2012).
Considering that bettas typically inhabit still waters and
that BFT systems require constant aeration and circulation
of the water to avoid particle sedimentation and anoxic
zones (Emerenciano et al., 2017), rearing bettas in this
environment may not be ideal. To address this issue, biofloc
can be utilized as an additional fresh food source in the
diet of bettas through ex-situ BFT methods. Betta splendens
requires a diet containing 35% protein for optimal growth
and reproductive performance (James and Sampath, 2003),
while BFT can contain up to 49% protein in its composition
(Khanjani and Sharifinia, 2020).

Furthermore, ornamental fish production is characterized
by higher unit costs compared to fish production for human
consumption (Satam et al., 2018). Thus, efficient control
of mortality throughout the production cycle is essential
to increase profitability. Creating an optimal environment
for the species and providing cost-effective nutrition are
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key factors in achieving better growth and survival rates
(Pleeging and Moons, 2017). Therefore, the present study
aims to assess the growth and survival of Betta splendens
fingerlings fed ex-situ biofloc.

2. Material and Methods

2.1. Location and fish acquisition

The experiment was carried out at the Experimental Fish
Farming Station of the Federal University of Mato Grosso
do Sul (UFMS), Campo Grande, Mato Grosso do Sul, Brazil.
This research study was approved by the Ethics and Animal
Welfare Committee at UFMS (approval n° 1.164/2021).

To obtain larvae for the experiment, two pairs consisting
of two male and two female Betta splendens (betta fish)
were bred. The adult bettas were procured commercially
and housed in the laboratory, each placed in individual
6-L aquaria filled with clean freshwater. The aquariums
underwent regular maintenance, which included
siphoning and 80% of water exchange every two days,
using dechlorinated tap water, until the time of breeding.

For the breeding process, two 10-L glass aquaria, each
with a useful volume of 5 L, were employed. A piece of
foam measuring 8 x 15 x 1 cm was placed in each breeding
aquarium to facilitate the construction of bubble nests by
the male bettas. After 48 h, the bubble nests were already
established beneath the foam pieces, and one female betta
was introduced into each breeding aquarium to initiate
courtship and the nuptial embrace. Courtship activities
were closely monitored, and as soon as the male betta
concluded the courtship, the female was promptly removed
from the aquarium.

Following the birth of all the larvae, they remained
in the breeding aquariums for three days after hatching
to receive parental care. Subsequently, the larvae were
randomly counted and equally distributed into four 30-L
plastic tanks for their maintenance until the start of the
experiment. During this phase, the fingerlings were fed
Artemia nauplii three times a day to apparent satiety.
To maintain water quality, 50% of the water volume was
replaced with clean freshwater, and waste was siphoned
every three days to prevent the accumulation of nitrogen
compounds.

2.2. Experimental design

A total of 375 betta fingerlings, aged 13 days, with an
average weight of 8.3 £ 4.1 mg and a mean total length
of 0.8 £ 0.14 cm (mean * standard deviation), were
randomly distributed into five experimental units, each
with a usable volume of 15 L, for each treatment (n=>5),
resulting in a total of 25 experimental units (with partial
water changes). The treatments consisted of five distinct
experimental diets: LF100 (100% brine shrimp, referred
to as the ‘positive control’), BFT100 (100% BFT, considered
the ‘negative control’), LF100-BFT100 (100% brine shrimp
+100% BFT), LF85-BFT100 (85% brine shrimp + 100% BFT),
and LF70-BFT100 (70% brine shrimp + 100% BFT).

Throughout the 16-day experimental period, the fish
were fed twice daily, at 08h00 and 16h00, following the

Brazilian Journal of Biology, 2024, vol. 84, e278851



recommendations outlined by Santos et al. (2014). From
the ninth day until the 16" day, the quantities of the
experimental diets were increased by 25% to ensure that
all fish remained satiated as they grew, based on daily
intake observations (Table 1). This feeding methodology
was adapted from Mandal et al. (2010). The photoperiod
was maintained at 12 h of light and 12 h of darkness
during the experiment, following the protocol described
by Sales et al. (2016).

At the end of the experimental period, 15 betta
fingerlings were selected from each of the 25 experimental
units to determine their final weight (g) and length (cm).
Additionally, the survival rate (%) was determined by
calculating the difference between the initial and final
numbers of fish at the end of the experimental period.

2.3. Water quality monitoring

Daily, prior to the morning feeding, all 25 experimental
units underwent siphoning to remove waste. The waste from
each tank was siphoned into a bucket containing acrylic
wool, effectively removing all fish residues and functioning
as a mechanical filter. The filtered water was then returned
to the respective unit. Subsequently, the water pump was

Table 1. Composition of the treatments (experimental diets) for
Betta splendens.

Treatment* Days 1-8 Days 9-16
LF100 60 nauplii 75 nauplii
BFT100 10 mL BFT 12.5 mL BFT
LF100-BFT100 60 nauplii + 75 nauplii +
10 mL BFT 12.5 mL BFT
LF85-BFT100 51 nauplii + 64 nauplii +
10 mL BFT 12.5 mL BFT
LF70-BFT100 42 nauplii + 53 nauplii +

10 mL BFT 12.5 mL BFT

*LF100: 100% brine shrimp; BFT100: 100% BFT; LF100-BFT100: 100%
brine shrimp + 100% BFT; LF85-BFT100: 85% brine shrimp + 100% BFT;
and LF70-BFT100: 70% brine shrimp + 100% BFT. The percentages in
each experimental diet refers to the maximum values established in
specific period (1* to 8" and 9™ to 16™" experimental days).

Ex-situ BFT microbial aggregates in Betta splendens nutrition

operated for 10 min to activate the circulating system,
allowing any remaining waste from the experimental units
to be captured by a mop of acrylic wool placed at the end of
the draining pipe (mechanical filter). An additional 10-min
operation of the water pump occurred one hour before the
afternoon feeding, ensuring the units were clean before
introducing fresh food to the fish. To maintain optimal water
quality for the betta fingerlings, half of the total volume
of the experimental units was replaced with freshwater
every four days, following the methodology outlined by
Emerenciano et al. (2007, 2011).

The temperature (°C), dissolved oxygen (mg L),
and pH were evaluated daily in each experimental unit
using a multi-parameter instrument (YSI Professional
Plus, Yellow Springs, USA). Total ammonia nitrogen
(TAN, mg L"), ammonia (mg L), nitrite (mg L), and
alkalinity (mg CaCO, L") were measured three times a
week using colorimetric test kits (Labcon Test - Alcon®,
Camburit, Santa Catarina, Brazil). Table 2 describes the
water quality parameters.

2.4. Acquisition and characterization of BFT and Artemia spp.
nauplii

The biofloc utilized in the experiment was generated
through the cultivation of male Nile tilapia (Oreochromis
niloticus) at a stocking density of 10 kg m=. Six weeks before
the introduction of bettas into the experimental units, these
tilapia were placed in two 500-L plastic tanks (B1 and B2),
each with a useful volume of 410 L and a salinity level of
3%.. They were continuously maintained in these tanks
throughout the experiment to serve as a constant source of
ex-situ biofloc for the betta experiment. The tilapia were fed
twice daily, with their feed intake being carefully recorded.
To control the C:N ratio (20:1), molasses was added daily
until the biofloc in both tanks reached full maturation
(Emerenciano et al., 2017). The average water quality
parameters in both tanks (B1 and B2) remained within
the appropriate range for BFT (T °C: 27.7; DO: 6.5 mg L'';
pH: 7.5; NO,: 0.25 mg L'; total TAN: 0.4 mg L'; settling
solids (SS): 24.7 mLL*; and alkalinity: 78.5 mg CaCO, L)
Daily measurements of settling solids (SS) were obtained
from both BFT units using 1-L water samples allowed to
settle for 30 min in Imhoff cones.

Table 2. Means * Standard deviation of water quality parameters in the experimental units over 16 days of experiment.

Parameter?
Treat! Temp DO TAN Amm Nitrite Alka
Q) (mg L) pH (mgL) (mg L) (mg L) (mg CaCO, L)

LF100 278 £0.5 439+044 7.05 £ 0.08 0 0 0 28.13 £9.57

BFT100 27.8 £0.47 431+0.33 7.09 £0.12 0 0 0.11+0.13 28.13 £9.57
LF100-BFT100 279 +£0.44 414+0.33 7.07 £0.11 0 0 0.25+0.14 28.13 £9.57
LF85-BFT100 279+0.49 412 +0.43 710+ 0.12 0 0 0.07 £0.12 30.69 +8.73
LF70-BFT100 278 £0.5 4.10 £ 0.40 7.09 £0.12 0 0 0.07 £0.12 28.13 £9.57

"Treatment: LF100: 100% brine shrimp; BFT100: 100% BFT; LF100-BFT100: 100% brine shrimp + 100% BFT; LF85-BFT100: 85% brine shrimp +
100% BFT; and LF70-BFT100: 70% brine shrimp + 100% BFT; 2Temp: Temperature; DO: Dissolved oxygen; TAN: Total ammonia nitrogen; Amm:

Ammonia; Alka: Alkalinity.
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To feed the bettas, 6 L of water from each BFT unit were
combined, and the microbial aggregates were separated
by decanting them into 2-L conical plastic bottles before
transferring them to a beaker. Observations conducted
prior to the experiment determined that 10 mL was an
appropriate portion size, providing sufficient quantities to
be consumed without excess or limitation. This observation
aided in estimating the daily doses of biofloc (measured
using Imhoff cones) for each experimental unit. There was
a25%increase in the volume of biofloc offered to the betta
fingerlings from the ninth day until the 16 day, mirroring
the increase in supply of brine shrimp nauplii, as described
in Table 1. A schematic representation of the formation
and use of BFT in this experiment is depicted in Figure 1.

Brine shrimp nauplii (Artemia Salina RN®) were hatched
daily in a brine shrimp incubator with a volume of 380 mL.
The incubator contained saltwater with a salinity level of
30%., 1 g of Artemia spp. cysts, and a constant supply of
aeration, along with a 24/0-h photoperiod. The hatched
nauplii were collected and transferred to a beaker, and then
a 100 pL aliquot was placed on a slide under a magnifying
glass for counting. This counting process was repeated in
triplicate after each new hatch, with the average of the
three counts used to predict the number of nauplii mL".
Following the decanting of the BFT and the counting of
the nauplii, specific volumes of both were sampled to be
offered to each treatment.

At the end of the experiment, 50 L of water from both
BFT tanks were mixed, decanted, filtered using a paper
filter, and then stored at -20 °C. Artemia spp. nauplii were
hatched in saltwater with a salinity level of 30% in 2-L
conical plastic bottles, equipped with constant aeration,
for 24 h. They were subsequently netted and also stored
at -20 °C. The proximate composition of both the BFT and
brine shrimp was analyzed in accordance with Association of
Official Analytical Chemists (George Junior, 2016) standards
at the Laboratory of Applied Nutrition, Faculty of Veterinary
and Animal Science, Federal University of Mato Grosso do
Sul, Brazil. The samples were dried in a forced-air oven
(55 °C) until constant weight. Duplicate analyses were

-

.
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Brine Shrimp

conducted for ash content (muffle furnace at 600 °C), crude
protein (Kjeldahl method), and crude lipid content (ANKOM
XT15 Lipid Extractor, ANKOM Tecnology, Inc., Macedon, NY,
USA). Table 3 shows the results of these analyses.

2.5. Statistical analysis

All dependent variables underwent the Shapiro-Wilk and
Levene tests to evaluate the normality and homogeneity of
variances assumptions, respectively. Since these assumptions
were met in all cases, the variables were analyzed using a
model with one independent variable (ANOVA - One-way),
followed by Tukey’s multiple comparison test. The angular
transformation was used for the statistical analysis of the
‘survival rate’ variable. All statistical analyses were conducted
following the recommendations of Zar (2010) and employed
the Statistical Analysis System (SAS 2002). A significance
level of 0.05 was applied to all tests.

3. Results

Table 4 displays the comprehensive results of the
growth performance and survival rate of Betta splendens
fed exclusive brine shrimp, exclusive ex-situ biofloc, and
brine shrimp supplemented with ex-situ biofloc.

Regarding final weight, the groups supplemented with
biofloc (LF100-BFT100, LF85-BFT100, and LF70-BFT100)
showed similar results to the group fed only live food

Table 3. Proximate composition (%) of the microbial aggregates
(BFT) and Artemia spp. nauplii.

Variable BFT Artemia spp.
Moisture 99.51 98.93
Ash 18.86 8.20
Crude protein 41.94 54.69
Crude lipid 0.22 15.38

4
=

K 7
=g N

Figure 1. Schematic representation of formation and use of biofloc to feed Betta splendens. The macroagregates were produced in 500-L
tanks with tilapia (Oreochromis niloticus) fed commercial fish feed. A source of carbon (molasses) was used in the tank to provide energy
for bacteria and other microorganisms present in the water. After complete formation, the aggregates were harvested and offered as

is for the betta fish in the experimental units.
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Table 4. Mean final weight, total length, and survival of Betta splendens fed live food only (LF), biofloc only (BFT), and live food

supplemented with biofloc (LF-BFT) during 16 days.

Treatment! Final weight (mg) Total length (cm) Survival (%)?
LF100 16.820 ab 1.064 bc 100 a
BFT100 10.980 ¢ 1.036 ¢ 30.05¢

LF100-BFT100 18.000 ab 1150 a 98.4 ab
LF85-BFT100 18.720 a 1.116 ab 9117 b
LF70-BFT100 16.440 b 1.104 abc 89.85b

CV3 (%) 7.080 3.820 9.350
P-value* <.0001 0.003 <.0001

'LF100: 100% brine shrimp; BFT100: 100% BFT; LF100-BFT100: 100% brine shrimp + 100% BFT; LF85-BFT100: 85% brine shrimp + 100% BFT; and
LF70-BFT100: 70% brine shrimp + 100% BFT; 2Survival rate presented as % after reverse transformation; *CV: Coefficient of variation; *P-value
of ANOVA. Mean values followed by the same letter in the row do not differ statistically by Tukey’s Test at the 5% significance level. At the
beginning of the experiment, Betta splendens had an average weight of 8.3 + 4.1 mg and an average total length of 0.8 + 0.14 cm.

(LF100) (P<0.05), while dietary BFT supplemented with
reduction of 15% of live food (LF85-BFT100) resulted in
greater final weight (P<0.05) than the 30% of live food
reduction (LF70-BFT100). On the other hand, the BFT
treatment showed the lowest final weight among all
treatments (P<0.05). The length of the fish in the LF100-
BFT100 group was greater (P<0.05) compared to those
of the LF100 and BFT100 treatments, but did not differ
significantly (P>0.05) from those of the LF-BFT85 and
LF-BFT70 groups. Survival rate was higher (P<0.05) in
the LF100 group (100%) compared to LF-BFT85 (91.17%)
and LF-BFT70 (89.85%), but did not differ (P>0.05) from
the LF100-BFT100 group (98.4%). The lowest survival rate
(30.05%) was observed in the BFT group.

4. Discussion

Bettas are carnivorous fish. Despite being able to
adapt to extruded feeds from an early age, live food is
essential during the fry stage for the development of the
digestive system, stimulating the capture of inert food
during co-feeding period (Fosse et al., 2013), as well as
the development of hunting skills (Zuanon et al., 2011).
The absence of live food during the fry stage is related
to impaired growth and reduced survival in several fish
species, including betta (Fosse et al., 2013). Accordingly,
Betta splendens fed solely biofloc exhibited the least
favorable outcomes for all evaluated parameters, even
though biofloc contains 41.94% crude protein level, which
is greater than the 35% required for optimal growth and
improved reproduction parameters in the species (James
and Sampath, 2003).

This can be attributed to the fact that biofloc alone
may not meet all the nutritional requirements due to large
variations in its nutritional profile, influenced by factors
such as light exposure, water salinity, carbon and protein
sources introduced into the water, and the established
microbial community (Emerenciano et al., 2015). Another
important factor is bettas’ predatory nature, driven by
movement stimuli, often capturing their prey from beneath
or while the food is sinking (Pleeging and Moons, 2017).

Brazilian Journal of Biology, 2024, vol. 84, 278851

During our experiment, after supplying ex-situ biofloc,
the particles slowly sunk to the bottom of the tanks, and
the bettas’ response to this food was not immediate. After
a while, the fish slowly “grazed” the bottom, capturing
the aggregates of interest. Grazing is one of the feeding
behaviors exhibited by bettas, in addition to searching and
capturing prey/food (Cardoso et al., 2020). Therefore, the
inferior productive performance of the betta fish fed ex-
situ biofloc exclusively may be explained by the fact that
the exclusive biofloc diet does not meet their nutritional
requirements or stimulate consumption, thereby not
promoting gastrointestinal development.

On the other hand, reducing brine shrimp nauplii
by 15 or 30% did not significantly affect the weight of
the bettas when they also received ex-situ BFT as a food
source, whereas the diet without reduction in live food
associated with biofloc supplementation improved the
growth of the fish. Similarly, goldfish (Carassius auratus)
also showed enhanced growth with only 10% dietary
biofloc supplementation (Wang et al., 2015). Although
the biofloc aggregate was offered fresh to the bettas, a
study involving dried ex-situ BFT with a 5% reduction in
commercial feed reported comparable growth in Pacific
white shrimp Litopenaeus vannamei (Uawisetwathana et al.,
2021). These results evidence that dietary ex-situ biofloc
supplementation can be an interesting nutritional strategy
to maintain or improve the growth parameters of Betta
splendens compared to a diet containing exclusively live
food.

Although biofloc technology has been extensively
studied for tilapia (Monroy-Dosta et al., 2013; Brol et al.,
2017; Laice et al., 2021) and penaeid shrimp (Ray and Lotz,
2012; Emerenciano et al., 2015; Martins et al., 2020) in the
last decade, very little information exists on the potential
benefits of BFT for ornamental fish. Apart from its high
protein concentrations (Khanjani and Sharifinia, 2020)
and intermediate levels of long-chain polyunsaturated
fatty acids (Emerenciano et al., 2013), biofloc can contain
a diverse range of microorganisms that can serve as live
prey, probiotics, or even immunostimulants (Ahmad et al.,
2017), all of which are beneficial for fish nutrition and
health (Durigon et al., 2019). Therefore, the improvement
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observed in the growth of Betta splendens when fed a
maximum amount of live food supplemented with biofloc
compared with live food exclusively may be related to the
role of biofloc compounds in stimulating growth when
nutritional requirements are met.

In this context, some studies have demonstrated
improved growth parameters (Faizullah et al., 2015, 2018;
Castro et al., 2016) and skin pigmentation (da Cunha et al.,
2020) in Carassius auratus reared using biofloc technology.
Honorato et al. (2021) also reported higher growth
performance in a biofloc system compared to a clear
water system for Geophagus brasiliensis juveniles (4.76 +
1.67 g) over 40 days. Other studies have shown satisfactory
growth results for Corydoras aeneus (Diatin et al., 2019) and
Cyprinus carpio (Najdegerami et al., 2016; Castro-Mejia et al.,
2018) in BFT culture tanks. Nevertheless, the information
regarding the effects of the biofloc on performance of
several ornamental species, including bettas is scarce,
which makes this study necessary and innovative.

In addition to improving the Betta splendens’ growth,
dietary ex-situ biofloc supplementation without reducing the
supply of live food maintained their survival rate comparable
to that of the live-food group (98.4% and 100%, respectively),
which may be related to the improved health and development
of the betta fingerlings provided by biofloc. In commercial
operations, higher survival rates translate into increased
profitability per unit sold (Satam et al., 2018). Mandal et al.
(2010) achieved a 93% survival rate for betta fry (0.19 £ 0.01 g)
by replacing 75% of live food (tubifex) with a formulated diet
over a 105-day period. Similarly, a survival rate of 91.8% was
reported for Carassius auratus fingerlings (1.48 + 0.08 g) reared
in biofloc supplemented with commercial diets containing
32% crude protein (Faizullah et al., 2015). Fosse et al. (2013)
emphasized that offering live food for an extended period
results in higher survival rates, even when supplementing
with formulated feed.

In conclusion, our study indicates that dietary ex-situ
biofloc supplementation without reducing the supply of
live food can be an interesting alternative for rearing Betta
splendens since biofloc improves growth performance and
maintains a good survival rate.

Acknowledgements

This study was supported by the Coordenacdo de
Aperfeicoamento de Pessoal de Nivel Superior - Brasil -
(CAPES) Finance Code 001 and Federal University of Mato
Grosso do Sul (UFMS). Thanks also to Ricardo Augusto Ferraz
Borges for his collaboration in the creation of the figure.

References

AHMAD, 1., BABITHA RANI, A.M., VERMA, A.K. and MAQSOOD, M.,
2017. Biofloc technology: an emerging avenue in aquatic animal
healthcare and nutrition. Aquaculture International, vol. 25, no.
3, pp. 1215-1226. http://doi.org/10.1007/s10499-016-0108-8.

APRILIANI, N.S., SUPRIYATI, H. and LUTHFI, M.]., 2019. Histological
study of respiratory organ of Betta sp. Proceeding International
Conference on Science and Engineering, vol. 2, pp. 181-184. http://
doi.org/10.14421/icse.v2.81.

6/8

BAUER, W., PRENTICE-HERNANDEZ, C., TESSER, M.B., WASIELESKY
JUNIOR, W. and POERSCH, L.H.S., 2012. Substitution of fishmeal
with microbial floc meal and soy protein concentrate in
diets for the pacific white shrimp Litopenaeus vannamei.
Aquaculture, vol. 342-343, pp. 112-116. http://doi.org/10.1016/j.
aquaculture.2012.02.023.

BROL, J., PINHO, S.M., SGNAULIN, T., PEREIRA, K.R., THOMAS,
M.C., MELLO, G.L.D., MIRANDA-BAEZA, A. and COELHO-
EMERENCIANO, M.G., 2017. Tecnologia de bioflocos (BFT)
no desempenho zootécnico de tildpias: efeito da linhagem
e densidades de estocagem. Archivos de Zootecnia, vol. 66,
pp. 229-235.

CARDOSO, M.E.T., SANTOS, M.C.E. and SIGNORINI, C.E., 2020.
Etograma de Betta splendens em cativeiro In: A.C. OLIVEIRA,
ed. Consolidagdo do potencial cientifico e tecnoldgico das
Ciéncias Bioldgicas. Ponta Grossa: Atena, pp. 96-102.. http://
doi.org/10.22533/at.ed.47020030810.

CASTRO, M.G., CASTRO, M J., LARA, A.R., MONRQY, D.M., OCAMPO,
CJ.and DAVILA, ES., 2016. Length, weight and condition factor
comparison of Carassius auratus (Linnaeus, 1758) juveniles
cultured in biofloc system. International Journal of Fisheries
and Aquatic Studies, vol. 4, pp. 345-350.

CASTRO-MEJIA, J., CASTRO-MEJIA, G., CASTRO-CASTELLON, ALE.,
VEGA, L.L. and MORENO, L., 2018. Weight gain comparison in
Cyprinus carpio (Linnaeus, 1758) cultured in a biofloc system
with four different carbon sources. International Journal of
Fisheries and Aquatic Studies, vol. 6, pp. 11-15.

CUNHA, L., BESEN, K.P,, HA, N., UCZAY, J. and SKORONSK], E., 2020.
Biofloc technology (BFT) improves skin pigmentation of goldfish
(Carassius auratus). Aquaculture, vol. 522, pp. 735132. http://
doi.org/10.1016/j.aquaculture.2020.735132.

DANIEL, N., 2017. Status of aquaculture with respect to nutrition
and feed. International Journal of Fisheries and Aquatic Studies,
vol. 5, pp. 333-345.

DAUGS, D.R., 1967. Betta splendens: the siamese fighting fish. The
American Biology Teacher, vol. 29, no. 7, pp. 528-530. http://
doi.org/10.2307/4441811.

DIATIN, 1., SUPRAYUDI, M.A., BUDIARDI, T., HARRIS, E. and
WIDANARNI, W., 2019. Biofloc technology on the intensive
aquaculture of bronze corydoras ornamental fish Corydoras
aeneus with different stocking densities. Journal Akuakultur
Indonesia, vol. 18, no. 2, pp. 202-213. http://doi.org/10.19027/
jai.18.2.202-213.

DURIGON, E.G., ALMEIDA, A.P.G.,]ERONIMO, G.T., BALDISSEROTTO,
B. and EMERENCIANO, M.G.C., 2019. Digestive enzymes and
parasitology of Nile tilapia juveniles raised in brackish biofloc
water and fed with different digestible protein and digestible
energy levels. Aquaculture, vol. 506, pp. 35-41. http://doi.
org/10.1016/j.aquaculture.2019.03.022.

EMERENCIANO, M., BALLESTER, E.L.C., CAVALLI, R.O. and
WASIELESKY, W., 2011. Effect of biofloc technology (BFT) on
the early postlarval stage of pink shrimp Farfantepenaeus
paulensis: growth performance, floc composition and salinity
stress tolerance. Aquaculture International, vol. 19, no. 5, pp.
891-901. http://doi.org/10.1007/s10499-010-9408-6.

EMERENCIANO, M., GAXIOLA, G. and CUZON, G., 2015. Biofloc
technology applied to shrimp broodstock. In: Y. AVNIMELECH,
P. DE-SCHRYVER, M. EMERENCIANO, D. KUHN, A. RAY and N.
TAW, eds. Biofloc technology: a pratical guide book. Louisiana:
The World Aquaculture Society, pp. 215-228.

EMERENCIANO, M.G.C., GAXIOLA, G. and CUZO, G., 2013. Biofloc
Technology (BFT): a review for aquaculture application and
animal food industry. In: M.D. MATOVIC, ed. Biomass now:

Brazilian Journal of Biology, 2024, vol. 84, e278851


https://doi.org/10.1007/s10499-016-0108-8
https://doi.org/10.14421/icse.v2.81
https://doi.org/10.14421/icse.v2.81
https://doi.org/10.1016/j.aquaculture.2012.02.023
https://doi.org/10.1016/j.aquaculture.2012.02.023
https://doi.org/10.22533/at.ed.47020030810
https://doi.org/10.22533/at.ed.47020030810
https://doi.org/10.1016/j.aquaculture.2020.735132
https://doi.org/10.1016/j.aquaculture.2020.735132
https://doi.org/10.2307/4441811
https://doi.org/10.2307/4441811
https://doi.org/10.19027/jai.18.2.202-213
https://doi.org/10.19027/jai.18.2.202-213
https://doi.org/10.1016/j.aquaculture.2019.03.022
https://doi.org/10.1016/j.aquaculture.2019.03.022
https://doi.org/10.1007/s10499-010-9408-6

cultivation and utilization. Rijeka: IntechOpen, pp. 301-328.
http://doi.org/10.5772/53902.

EMERENCIANO, M.G.C., WASIELESKY JUNIOR, W.EB., SOARES,
R.B., BALLESTER, E.C., IZEPPI, E.M. and CAVALLI, R.O., 2007.
Crescimento e sobrevivéncia do camardo-rosa (Farfantepenaus
paulensis) na fase de ber¢drio em meio heterotréfico. Acta
Scientiarum. Biological Sciences, vol. 29, pp. 1-7.

EMERENCIANO, M.G.C., MARTINEZ-CORDOVA, LR., MARTINEZ-
PORCHAS, M. and MIRANDA-BAEZA, A., 2017. Biofloc Technology
(BFT): a tool for water quality management in aquaculture water
quality. Rijeka: InTech, pp. 91-109. htpp://doi.org/10.5772/66416.

FAIZULLAH, M.M., DANIEL, N., LAKSHMEGAYATHRE, V. and HARINI,
C., 2017. Length weight relationship of goldfish, Carassius
auratus (Linnaeus, 1758) youngones reared in biofloc system.
Journal of Experimental Zoology India, vol. 20, pp. 1043-1047.
ISSN 0972-0030.

FAIZULLAH, M.M., RAJAGOPALSAMY, C., AHILAN, B. and DAN], D.,
2019. Application of biofloc technology (BFT) in the aquaculture
system. Journal of Entomology and Zoology Studies, vol. 7, pp.
204-212.

FAIZULLAH, M.M., RAJAGOPALSAMY, C.B.T., AHILAN, B. and FRANCIS,
T., 2015. Impact of bioloc technology on the growth of goldfish
young ones. Indian Journal of Science and Technology, vol. 8,
no. 1, pp. 1-8. http://doi.org/10.17485/ijst/2015/v8i13/54060.

FARIA, PM.C., CREPALDI, D.V,, TEIXEIRA, E.A., RIBEIRO, L.P., SOUZA,
A.B., CARVALHO, D.C., MELO, D.C. and SALIBA, E.O.S.S., 2006.
Criacdo, manejo e reproducao do peixe Betta splendens (Regan
1910). Revista Brasileira de Reprodugdo Animal, vol. 30, pp.
134-149.

FOSSE, PJ., MATTOS, D.C., CARDOSO, L.D., MOTTA, J.H., JASPER,
A.P., RADAEL, M., ANDRADE, D. and VIDAL ]fJNIOR, M., 2013.
Estratégia de alimentagdo na sobrevivéncia de larvas de Betta
splendens durante a transi¢do alimentar. Arquivo Brasileiro de
Medicina Veterindria e Zootecnia, vol. 65, no. 6, pp. 1801-1807.
http://doi.org/10.1590/S0102-09352013000600030.

GEORGE JUNIOR, W.L., 2016. Official methods of analysis of AOAC
International. 20th ed. Rockville: AOAC International, 3172 p.

HONORATO, L., PEREIRA, N.F,, MELLO, G.L.D. and MEDEIROS, M.V.,
2021. Assessment of the cultivation parameters of the pearl
cichlid Geophagus brasiliensis in biofloc and clear water systems.
Journal of Applied Ichthyology, vol. 37, no. 6, pp. 950-956. http://
doi.org/10.1111/jai.14248.

JAMES, R. and SAMPATH, K., 2003. Effect of animal and plant
protein diets on growth and fecundity in ornamental fish, Betta
splendens (Regan). Israeli Journal of Aquaculture - Bamidgeh, vol.
55, pp. 39-52. http://doi.org/10.46989/001¢.20334.

KHANJANI, M.H. and SHARIFINIA, M., 2020. Biofloc technology
as a promising tool to improve aquaculture production.
Reviews in Aquaculture, vol. 12, no. 3, pp. 1836-1850. http://
doi.org/10.1111/raq.12412.

LAICE, L.M., CORREA FILHO, R.A.C., VENTURA, A.S., FARIAS, KN.N.,
SILVA, A.L., FERNANDES, C.E., SILVA, A.C.F,, BARBOSA, P.TL.,
SOUZA, A.L, EMERENCIANO, M.G.C. and POVH, J.A., 2021. Use of
symbiotics in biofloc (BFT)-based Nile tilapia culture: production
performance, intestinal morphometry and hematological
parameters. Aquaculture, vol. 530, pp. 735715. http://doi.
org/10.1016/j.aquaculture.2020.735715.

MANDAL, S.C., SAHU, N.P., KOHLI, M.PSS., DAS, P., GUPTA, S.K. and
MUNILKUMAR, S., 2010. Replacement of live feed by formulated
feed: effect on the growth and spawning performance of Siamese
fighting fish (Betta splendens, Regan, 1910). Aquaculture Research,
vol. 41, no. 11, pp. 1707-1716. http://doi.org/10.1111/j.1365-
2109.2010.02564.x.

Brazilian Journal of Biology, 2024, vol. 84, 278851

Ex-situ BFT microbial aggregates in Betta splendens nutrition

MARTINEZ-CORDOVA, L.R., MARTINEZ-PORCHAS, M., EMERENCIANO,
M.G.C., MIRANDA-BAEZA, A. and GOLLAS-GALVAN, T, 2017. From
microbes to fish the next revolution in food production. Critical
Reviews in Biotechnology, vol. 37, no. 3, pp. 287-295. http://doi.
0rg/10.3109/07388551.2016.1144043. PMid:26863376.

MARTINS, M.A., POLI, M.A., LEGARDA, E.C., PINHEIRO, I.C., CARNEIRO,
R.ES., PEREIRA, S.A., MARTINS, M.L., GONCALVES, P., SCHLEDER,
D.D. and NASCIMENTO VIEIRA, F., 2020. Heterotrophic and
mature biofloc systems in the integrated culture of Pacific
white shrimp and Nile tilapia. Aquaculture, vol. 514, pp. 734517.
http://doi.org/10.1016/j.aquaculture.2019.734517.

MONROY-DOSTA, M.C., LARA-ANDRADE, R., CASTRO—MEjiA,
I CASTRO-MEij, G. and COELHO-EMERENCIANO, M.G.,
2013. Microbiology community composition and abundance
associated to biofloc in tilapia aquaculture. Revista de Biologia
Marina y Oceanografia, vol. 48, pp. 511-520. http://doi.
org/10.4067/S0718-19572013000300009.

MONVISES, A., NUANGSAENG, B., SRIWATTANAROTHAI,
N. and PANIJPAN, B., 2009. The Siamese fighting fish:
well-known generally but little-known scientifically.
ScienceAsia, vol. 35, no. 1, pp. 8-16. http://doi.org/10.2306/
scienceasial513-1874.2009.35.008.

NAJDEGERAM]I, E.H., BAKHSHI, F. and LAKANI, E.B., 2016. 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,
vol. 42, no. 2, pp. 457-465. http://doi.org/10.1007/s10695-015-
0151-9. PMid:26530301.

PLEEGING, C.C.F. and MOONS, C.P.H., 2017. Potential welfare issues
of the Siamese fighting fish (Betta splendens) at the retailer and
in the hobbyist aquarium. Vlaams Dierengeneeskundig Tijdschrift,
vol. 86, pp. 213-223. http://doi.org/10.21825/vdt.v86i4.16182.

RADHAKRISHNAN, D.K., JOHN, E.M., AKBARAL], 1., SCHMIDT, B.V.,
SIVANPILLAI, S. and THAZHAKOT, S., 2020. Improvement of
nutritional quality of live feed for aquaculture: an overview.
Aquaculture Research, vol. 51, no. 1, pp. 1-17. http://doi.
org/10.1111/are.14357.

RAY, AJ. and LOTZ, J.M., 2012 [viewed 12 February 2023]. Lower
biofloc concentration may improve shrimp production [online].
Global Aquaculture Advocate. Available from: https://www.
globalseafood.org/advocate/study-lower-biofloc-concentration-
may-improve-shrimp-production/

SALES, A.D., VERAS, G.C., BRABO, M.F,, ABRUNHOSA, F.A., ALVES,
AX., DIAS, B.C.B.,, CAMPELO, D.A.V. and FERREIRA, M.S.S., 2016.
Fotoperiodo e frequéncia alimentar na larvicultura do peixe beta.
Arquivo Brasileiro de Medicina Veterindria e Zootecnia, vol. 68,
no. 4, pp. 1062-1068. http://doi.org/10.1590/1678-4162-8746.

SANTOS, E.L., LIRA, R.C., SOUZA, C.A., SANTOS, L.V.V.S.,, SILVA,
F.C.B. and ALBUQUERQUE, 1.C.M., 2014. Desempenho de Betta
splendens associados a diferentes frequéncias alimentares.
Revista Cientifica de Produgdo Animal, vol. 16, no. 1, pp. 10-16.
http://doi.org/10.15528/2176-4158/rcpa.v16n1p10-16.

SATAM, S.B., SAWANT, N.H., GHUGHUSKAR, M.M., SAHASTRABUDDHE,
V.D., NAIK, V.V, PAGARKAR, A.U., CHOGALE, N.D., METAR, S.Y.,
SHINDE, K.M., SADAWARTE, V.R., SAWANT, A.N., SINGH, H.,
SAWANT, P.A., PATIL, V.K,, RANE, A.D., HALDANKAR, P.M. and
BHATTACHARYYA, T., 2018. Ornamental fisheries: a new avenue
to supplement farm income. Advance Agriculture Research and
Technology, vol. 2, pp. 193-197.

STATISTICAL ANALYSIS SYSTEM - SAS, 2002. Statistical Analysis
System (SAS) user’s guide. Cary: SAS Institute.

UAWISETWATHANA, U., SITUMORANG, M.L., ARAYAMETHAKORN,
S., HANISWITA., SUANTIKA, G., PANYA, A., KAROONUTHAISIRI,

7/8


https://doi.org/10.5772/53902
htpp://doi.org/10.5772/66416
https://doi.org/10.17485/ijst/2015/v8i13/54060
https://doi.org/10.1590/S0102-09352013000600030
https://doi.org/10.1111/jai.14248
https://doi.org/10.1111/jai.14248
https://doi.org/10.46989/001c.20334
https://doi.org/10.1111/raq.12412
https://doi.org/10.1111/raq.12412
https://doi.org/10.1016/j.aquaculture.2020.735715
https://doi.org/10.1016/j.aquaculture.2020.735715
https://doi.org/10.1111/j.1365-2109.2010.02564.x
https://doi.org/10.1111/j.1365-2109.2010.02564.x
https://doi.org/10.3109/07388551.2016.1144043
https://doi.org/10.3109/07388551.2016.1144043
https://pubmed.ncbi.nlm.nih.gov/26863376
https://doi.org/10.1016/j.aquaculture.2019.734517
https://doi.org/10.4067/S0718-19572013000300009
https://doi.org/10.4067/S0718-19572013000300009
https://doi.org/10.2306/scienceasia1513-1874.2009.35.008
https://doi.org/10.2306/scienceasia1513-1874.2009.35.008
https://doi.org/10.1007/s10695-015-0151-9
https://doi.org/10.1007/s10695-015-0151-9
https://pubmed.ncbi.nlm.nih.gov/26530301
https://doi.org/10.21825/vdt.v86i4.16182
https://doi.org/10.1111/are.14357
https://doi.org/10.1111/are.14357
https://doi.org/10.1590/1678-4162-8746
https://doi.org/10.15528/2176-4158/rcpa.v16n1p10-16

Stringhetta, G.R. et al.

N. and RUNGRASSAMEE, W., 2021. Supplementation of ex- the growth performance of crucian carp (Carassius auratus).
situ biofloc to improve growth performance and enhance Aquaculture, vol. 443, pp. 98-104. http://doi.org/10.1016/j.
nutritional values of the Pacific white shrimp rearing at low aquaculture.2015.03.015.
salinity conditions. Applied Sciences, vol. 11, no. 10, pp. 4598.  7AR, J.H., 2010. Biostatistical analysis. 5th ed. New Jersey: Pearson
http://doi.org/10.3390/app11104598. Prentice Hall, 960 p.

WANG, G., YU, E., XIE, ]., YU, D., LI, Z., LUO, W., QIU, L. and ZHENG, ZUANON, J.A.S., SALARO, A.L. and FURUYA, W.M,, 2011. Produgdo e
Z., 2015. Effect of C/N ratio on water quality in zero-water nutricdo de peixes ornamentais. Revista Brasileira de Zootecnia,
exchange tanks and the biofloc supplementation in feed on vol. 40, pp. 165-174.

8/8 Brazilian Journal of Biology, 2024, vol. 84, e278851


https://doi.org/10.3390/app11104598
https://doi.org/10.1016/j.aquaculture.2015.03.015
https://doi.org/10.1016/j.aquaculture.2015.03.015

