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Abstract. Research and development of biofloc technology (BFT) uses microbes to manage
nutrient levels in production systems. until now only in the range of 14-15 species conducted.
There are 4 species of fish that are feasible to be developed, especially freshwater fish groups in
wetlands, such as fish (climbing perch (4nabas testudineus), snakehead (Channa striata ), giant
gourami(Opronemus gourami) and Pangas(Pangasius hypophthalmus). This research has been
using a complete randomised complete block design with four treatments with four replicates.
Stocking density of 1000 fish 2500 L-1 using 2 m diameter round pond with biofloc media;
feeding twice a day and the amount of feed given was 2.5% of total weight, for 158 days.
Research parameters included; daily growth rate, feed efficiency, FCR, weight gain (gr) and
length gain (cm). The results showed that the results of the anova test showed a significance
value (Sig.) of 0.000 <0.05, so there was a significant difference between treatments of the daily
growth rate and weight gain parameters.Anova test results show that the feed conversion of fish
research significance and survival rate value 0.000 < 0.05 means that the four types of fish
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studied, significantly different from those reared in the biofloc system.
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INTRODUCTION.

In the last 24 years, the application of biofloc technology
(BFT) has expanded to include a wide range of aquaculture
fish species. These species include white shrimp
(Litopenaeus vannamei) [1,2] tilapia (Oreochromis
niloticus) [3] channel catfish (Ictalurus punctatus) [4],
giant freshwater prawn (Macrobrachium rosenbergii) [5],
pink shrimp (Farfantepenaeus duorarum) [6,7], red shrimp
(F. paulensis) [6], banana shrimp (F. merguiensis) [8], tiger
prawn (Penaues monodon) [9], golden crucian (Carassius
auratus) [10], bocachico (Prochilodus magdalenae) [11]
and aftrican cichlid (Pseudotropheus saulosi) [12]. Shrimp
and tilapia are very suitable for rearing using biofloc
technology because they can consume biofloc efficiently
as a source of protein and high adaptability to biofloc
systems [6,10]. Until this year, acceptance of BFT was
limited due to the belief that clear water is preferable for
fish rearing compared to highly turbid water containing
bioflocs [1]. A severe epidemic of shrimp viral diseases
prompted the widespread application of biofloc technology
[13] including various systems such as activated sludge or
suspended bacteria-based systems, microbial floc systems,

single-cell protein production systems, suspended growth
systems, and zero-exchange autotrophic-heterotrophic
systems [14].

BFT aquaculture research is dominated by studies using
tilapia (Oreochromis niloticus) and white shrimp (Penaeus
merguiensis) as the initial benchmarks in BFT [15,16].
However, this technology can be applied to other species,
particularly species that are tolerant of biofloc conditions
and less carnivorous. However, the successful application
of biofloc systems has also been observed in other species
such as african catfish, Clarias gariepinus [17] and mullet
[18] freshwater prawn (Macrobrachium rosenbergii) [19]
black tiger prawn (Penaeus monodon) [20] banana shrimp
(Penaeus merguiensis) [21], giant gourami (Osphronemus
gouramy) [22] ,carp (Cyprinus carpio) [23], rohu (Labeo
rohita) [24] ,and bluegill (Lepomis macrochirus) [25]. In
addition to these individual specimens, integrated
approaches such as polyculture, combining species such as
catfish and tilapia [26] (aquaponics or FLOCponics [27]
and integrated multitrophic aquaculture (IMTA) [28],
butter catfish (Ompok bimaculatus) [29]. Research on
climbing perch (Anabas testudienus Bloch) biofloc system
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Figure 1. Research Facilities in the Wet Laboratory Area of the Faculty of Fisheries and Marine Science, Lambung
Mangkurat University, Banjarbaru, Indonesia

Table 1. Type, Number and Usefulness of Research Tools

Name of Tools Number Uses

Biofloc ponds two metres in diameter 16 pieces Fish testing containers

Aeration stone blower and hose 1 set Aecrating the Test Media

Imhoff funnel 2 pieces Measuring floc content

Scoop net 16 pieces Catching test fish

Digital scales 1 piece Measuring materials and test fish
Spectrophotometer Hach 1 unit Measuring dissolved ammonia levels
Do meter 1 unit Measure dissolved oxygen levels
PH meter 1 unit Measuring the pH level of water
Digital ruler 4 pieces Measure the length of the test fish
Basin 16 pieces Fish sampling container
Stationery 1 set Recording research data

Clear plastic bag 1 pack Test fish feed container

Table 2. Type, Amount and Use of Research Materials

Name of Material quantity use
Climbing Perch +5- 6 cm 4000 fish Test fish
Snakehead +5- 6 cm 4000 fish Test fish
Giant Gourami +5- 6 cm 4000 fish Test fish
Pangas £5- 6 cm 4000 fish Test fish

PF 1000 feed (protein min 39%)

LP1 feed (min protein 34%)

LP2feed (protein min 31 — 33%)
Potassium Permanganate, 40 mL/m3

Salt 10 kg/m3

Dolomite lime 800 gram/m3

Chlorine 120 gram/m3

Molasses / sugar cane drop 800 grams / m3
Pineapple 4 kg/m3

Probiotic Wasaka 7.0, 40 mL/m3

As required Test fish feed

As required Test fish feed

As required Test fish feed

As required Purify container

As needed Biofloc media material
As needed Biofloc media material
As needed Biofloc media material
As needed Biofloc media material
As needed Biofloc media material
As needed Biofloc media material

has also been conducted on stocking density [30,31] and
other studies conducted by [32] — [34] have also shown
promising results in recent developments.

BFT is still in a premature stage of development, much
research is needed to optimise the system (in relation to
operational parameters) for example in relation to nutrient
recycling, MAMP (Multi Annual Management Plan)
production and immunological effects. Research findings
need to be communicated to aquaculturists as the

application of biofloc technology will require an upgrade
of their skills [35].The objectives of current biofloc
research by applying to new species, utilisation of bioflocs,
mechanisms of mode of action such as bioflocs (formation,
microbial composition, etc., response of aquaculture
organisms (growth, health, reproduction), solutions to
problems in the field with research by controlling the
quantity and function of bioflocs and whether the biofloc
system can reduce feed protein requirements [36].
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Table 3. Water quality parameters, units, types of equipment and their use

Parameters Units Type of tool How to use

Water Temperature  °C Thermometer According to the measurement procedure
Dissolved oxygen mg L! DO-meter According to the measurement procedure
pH of water - pH-meter According to the measurement procedure
Dissolved Amonia mg L~ Spectrophotometer According to the measurement procedure

Growth and feed consumption are not correlated, but both
are correlated with feed efficiency. Feed-efficient fish eat
smaller portions while maintaining higher growth rates.
Feed-efficient fish have a lower minimal routine metabolic
rate [37]. By increasing FCR within a species, feed
consumption can be reduced with the same amount of
growth, thereby reducing feed costs and environmental
impact. Differences in FCR within a species and what
factors may be associated with FCR efficiency as potential
triggers [37]. Instantaneous growth rate is logarithmic and
difficult to interpret, however specific growth rate (SGR)
expresses growth as a percentage change in size per unit of
time which can be understood intuitively [38]. Growth of
aquacultured fry is usually measured by two indices,
specific growth rate or SGR, and thermal unit growth
coefficient or TGC. SGR is a relative growth index based
on the logarithm of body weight, and decreases with body
weight. The classic TGC is based on the third power of
body weight and the summation of temperature over time
[39].

On this basis, it is important to research 4 (four)
economically important wetland fish species such as
Climbing Perch (Anabas testudineus Bloch), Snakehead
(Channa striata Bloch), Giant Gouramy (Ospronemus
gourami Lac.) and Pangas (Pangasius hypothalmus) as a
contribution to science in the diversification of Species and
its development which will eventually become a
technology that is socially, environmentally and
economically applicable to the community in biofloc
systems with a growth rate and feed efficiency approach.

METHODOLOGY
General description of the research location

This research was conducted for = 8 months (June 2023 -
February 2024) in the Wet Laboratory area of the Faculty
of Fisheries and Marine Sciences, Lambung Mangkurat
University in Banjarbaru, Indonesia. The research
container can be seen in Figure 1.

Tools, Materials and Procedures. The tools used in this
study can be seen in Table 1. While the materials used in
this study can be seen in Table 2.

Research design

The study used a completely randomised design (CRD)
with 4 treatments and 4 replicates, the treatment used was
the type of fish;

Treatment 1 = Climbing Perch (4nabas testudineus Bloch)
Treatment 2 = Snakehead (Channa striata Bloch)
Treatment 3 = Giant Gourami (Ospronemus gouramy)
Treatment 4 = Pangas fish (Pangasius hypothalmus).

Research procedure

After the round pond was sanitised, then filled with well
water as high as + 80 cm. The first day, given 15 gramsm"
3 chlorine and aerated 24 hours until day 3-4. Day 5; 2.5 kg
m™ of krosok salt was given and aerated for 24 hours. Day
6, dolomite lime was given as much as 100 gr m™ by taking
a dipper that was already filled with water, then stirring the
lime in the dipper and putting the white essence of lime
into the pond, then letting it sit for 2 days with aeration and
measuring the pH of the pond water. Day 7, molasses as
much as 100 g m with the addition of pineapple that has
been blended as much as 1 kg, then put into the test
container along with molasses. Day 8, 10 mL m™ of
probiotic was added to the test fish container and after 5-6
days the test fish could be stocked. To keep the media good,
once a week molasses is given as much as 50 mL m?
according to the media maintenance SOP procedure. Seeds
used in accordance with the treatment were £5-6 cm in
size, the seeds came from farmers in Mentaos and BPBAT
Mandiangin in Pulang Pisau. Seeds were stocked in the
morning and evening at 400 fish m™ or 1000 fish/2500 L.
Feeding twice a day (morning (7.00 am) and evening (4.00
pm), at 2.5% of the population weight. Sampling of fish fry
was carried out every 14 days, sampling 20% of the total
fish, namely 200 fishes, and measuring floc content and
water quality.

Specific growth rate (SGR) was calculated using the
formula from [40]:

LnWt -LnWo

SGR = x x 100%

t
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Description:

SGR = specific growth rate, daily growth rate (% day™)
Wt = average weight of fish at the end of the study (g head
1

)
Wo = average weight of fish at the beginning of the study
(g head™)
T = time (length of rearing)

The absolute growth formula refers to [41]:
L=Wt+D-Wo

Description:

L = Absolute growth (g)

Wo = Weight of fish at the beginning of the study (g)
Wt = Weight of fish at the end of the study (g)

D =Weight of dead fish (g)

Length Growth Formula:
L=Lo-Lt
Description:

L = Absolute length growth (cm)

Lt = Fish body length at the end of the study (cm)

Lo = Fish body length at the beginning of the study (cm)
[42]

Feed efficiency formula was calculated referring to [42]:
(Wt+D- Wo)

Feed Efficiency = x 100%

F
Wt = Fish weight at the end of the study (g)
Wo = Weight of fish at the beginning of the study (g)
D = Weight of dead fish (g)
F =Feed given (g)

Feed Conversion Ratio with the formula:

F
FCR =
(Wt+D - Wo)

Description:
FCR = Feed conversion ratio
F = Weight of feed given (g)
Wt = Biomass of test animals at the end of rearing (g)
D = Weight of dead fish (g)
Wo = Biomass of test animals at the beginning of

maintenance (g) reffering to [43]

Referring to [43] : the formula for calculating survival rate
(SR) is:

Nr

SR = -------- x 100%

N1
Description:
SR = Survival rate (SR) %
Nr = Number of fish at the end of rearing
NI = Number of fish at the time of initial stocking

Floc content and water quality. Floc abundance was taken
using an Imhoff cone so that the floc could be filtered. Floc
content is a representation of the density of floc particles in

the biofloc system rearing container [44]. The volume of
floc that settles is recorded and then calculated using the
formula:

Floc deposited (mL)
Floch Volume Density (mL/L) =

Water sampling (L)
Table 3 details the observed water quality parameters.

Hypotheses. HO = Growth rate and feed efficiency are not
optimal for four economically important wetland fish
species in biofloc systems and H1 = Growth rate and feed
efficiency are not optimal for four economically important
wetland fish species in biofloc systems.

Data analysis

Data analysed included: specific growth rate (%/day), feed
efficiency (%), absolute weight growth (gr), standard
length (cm), survival rate (%), feed conversion ratio, which
before analysing the variance, was first tested for normality
and homogeneity, as a requirement for a completely
randomised design (CRD) test. Fisher (F) test with SPSS
24 programme to determine the difference between
treatments (significance) and post hoc test. Data on
environmental quality (water) and floc content (ml/L)
obtained from sampling measurements were then
descriptively analysed to determine their influence on the
main parameters of the study.

RESULTS AND DISCUSSION

The results of research on optimisation of growth rate and
feeding efficiency of four economically important of
wetland fish in the bioflocs system can be described as
follows:

Specific Growth Rate (%/day)

The results of daily specific growth rate (SGR) (g) of
climbing perch (Anabas testudineus Bloch), snakehead
(Channa striata Bloch), giant gouramy (Ospronemus
gouramy) and pangas (Pangasius hypothalmus) during 158
days of rearing in the biofloc system can be seen in Table
4 and Figure 2.

The results of the ANOVA test show a significant value
(Sig.) of 0.000 <0.05, so there was a significant difference
between treatments of the daily growth rate (SGR)
parameter, the results of the area test also showed
differences between treatments. The highest daily growth
rate was obtained in climbing perch, followed by pangas
fish, giant gourami and snakehead fish. Average daily
weight gain (3.18+1.576 g day™') [45]. The specific growth
rate (SGR) ranged from 1.75-2.30% day! [46]. It was
stated that the SGR value of climbing perch reared in hapa
ranged from 3.69-3.82% day! [47,48] the SGR value of
climbing perch reared in cages ranged from 2.24-2.52%
day!. The results of the study [31] range of SGR between
4.08 - 4.09% day™!. Therefore, climbing perch fish is one
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Figure 2. Average daily growth rate (SGR) (%/day) of climbing perch (4drabas testudineus), snakehead (Channa
striata), giant gourami (Ospronemus gouramy) and pangas (Pangasius hypothalmus) during 158 days of rearing

in the biofloc system.

of the most suitable species to be cultured in biofloc system
by adding rice flour or rice bran as a good carbon source
alternative [31]. The use of feed with 34% feed protein is
thought to be the trigger for daily growth with
predominantly female climbing perch [34]. Snakehead
final weight (g) was studied in the range of 138.30 - 506.39
and SGR 2.29.- 2.94% [49]. The average growth rate was
observed to be faster during the rainy season compared to
the dry season [50], specific growth rate (% day!) 6.73
[51]. SGR, were 3.34%, 3.37%, and 3.45% [52]. SGR =
100 x (In final weight (g)-In initial weight (g)) / time (days)
SGR (%day™!) 3.54 - 3.61[53]. Best results for growth rate
were found in the dose of 15 ml/kg feed) with an absolute
growth rate of (23.12 % day!) and the lowest in PO
(without probiotics/control) with an absolute growth rate
of (8.00 %/day) [54]. The results showed that the provision
of probiotics with different doses in the feed showed
significantly different results (P < 0.05) on the growth rate
but had no significant effect on the survival rate of fish
(P>0.05). Reducing the feeding rate to 2.5% in carp rearing
with a biofloc system can increase survival and feed
efficiency, but provides the lowest growth rate compared
to other treatments [55]. The SGR of Pangas fish fed with
moringa was 23.5 g BW, 5.8 cm TL, and 4.3% SGR,
respectively. While the control fish each weighed 13.0 g
BW, TL 4.23 cm, and SGR 2.89% per day [56] (At the 9th
week, fish in the 24d had a weight of 70.71 g BW with a
TL of 19.27 cm (daily weight growth rate of 9.35%), while
fish in the eighteenth had a weight 0of 69.41 g, a TL of 18.77
cm, and a daily growth rate of 9.29%. Fish grown under the
normal photoperiod weighed about 61.95 g BW with a TL
of 18.19 cm and a daily growth rate of 7.33% [57].

Weight gain (g)

The average weight gain (g) can be seen in Figure 3. Anova
test showed a significance value as follows (Sig.) 0.000 <
0.05, so there was a real difference between treatments.
The performance of growth and productivity of Thai
climbing fish and Vietnamese climbing perch (Anabas
testudineus Bloch) fed on a commercial diet of pellets
(30% of crude protein). Indeed, after four months of
culture, gross fish yields of 15,352 and 9,456 Kg/ha were
recorded for the Vietnamese and Thai strains respectively
[58]. These findings indicate that higher average growth
and production were observed in the Vietnamese strain
compared to the Thai climbing perch. [with fish with an
average initial weight of 0.80+0.02 g maintained in
biofloc tanks for 13 weeks with three different stocking
densities, 300 (T-300), 450 (T- 450), and 600 (T-600) fish
m? in three replicates and the fish were fed with a
commercial diet of 3%, indicating that the optimum
stocking density of Climbing Perch fish in the biofloc
system is 300450 m’. [30]. Comparison of male to female
fish from Bangladesh, Thailand and Vietnam with samples
obtained by sex ratios respectively: 1.7; 1; 1.3: 1; and 2: 1.
With a range of standard lengths for female origin
Bangladesh 9.3 — 10.3 cm, Thailand 15.6-20.0 cm and
Vietnam 11.7 — 14.6 cm with a range of lengths for male
climbing perch fish from Bangladesh: 7.2 — 9.1 cm,
Thailand 9.9 -14 ¢cm and Vietnam 8 — 13.1 cm [59]. The
absolute weight growth and daily growth rate of female
climbing perch were 1.48 times and 1.17 times that of male
climbing perch [60]. Snakehead fish weight gain (g) ranges
from 3.89 - 6.29 [49]. Absolute weight growth rate (g day
1Y0.13 - 0.14 [61]. The average weight gain at T1, T2, and
T3 was 128.7, 140.7, and 162.3 g, [52]. The average weight
gain at T1, T2, and T3 was 128.7, 140.7, and 162.3 [51].
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Figure 3. Mean weight gain (g) and specific growth rate (%/day) of climbing perch (Anabas testudineus), snakehead
(Channa striata), giant gourami (Ospronemus gouramy) and pangas (Pangasius hypothalmus) during 158 days of

rearing in the biofloc system.
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Figure 4. Standard average length gain (cm) of climbing perch (Anabas testudineus), snakehead (Channa striata),
giant gourami (Ospronemus gouramy) and pangas (Pangasius hypothalmus) during 158 days of rearing in the

biofloc system.

WG% = [(final weight (g)-initial weight (g)) / initial weight
(g)] x 100 WG (%) 83.2, 87.0, 99.0, 89.3. ADG = weight
final (g)-initial weight (g) / time (day) 4 ADG (g fish day
1)1.43,1.50,1.70,1.54. F1 = dry weight of feed / time (day)
/ number of fish in each tank FI (g fish') 100.00, 95.4,
112.8, 106.8. PER = wet weight gain (g) / protein intake
(g); PER 2.18,2.24,2.19, 2.12, CF 0.76 ,0.77, 0.80, 0.79 =

(weight body (g) / Body length? (cm)) x 100 %; 76%, 77%,
80%, and 79% [53]. These patterns indicate that C. striata
larvae/juveniles are best reared to fry between 18 dph [62].
Several steps in the effort to implement a nursery strategy
for snakehead fish seeds as a measure to anticipate
population decline through biofloc technology are: (1)
Development of an integrated snakehead fish cultivation
center or center supported by regional potential;, (2)
Creating role models for snakehead fish cultivation using

4 Vol. 25 | No. 1| February 2025 | DOI: 10.24815/jn.v25i1.41139 53



Optimization of growth rate and feeding efficiency of four economically important fish species in the bioflocs system
(Agussyarif Hanafie, Akhmad Murjani, El Redha)

100,00
90,98+1,9482

90,00
80,00
70,00

60,00
50,00
40,00

feed efficiency (%)

30,00
20,00
10,00

%

86,28+1,3574

80,56+2,268¢

o

)

0,00
Climbing Perch

Snakehead

Giant Gouramy Pangas

Figure 5. The average feed efficiency of climbing perch (4dnabas testudineus), snakehead (Channa striata), giant
gourami (Ospronemus gouramy) and pangas (Pangasius hypothalmus) during 158 days of rearing in the biofloc

system.
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Figure 6. The conversion of average food of climbing perch (4dnabas testudineus), snakehead (Channa striata),
giant gourami (Ospronemus gouramy) and pangas (Pangasius hypothalmus) during 158 days of rearing in the

biofloc system.

the biofloc system, especially in the hatchery business
segment; (3) Increasing the dissemination of biofloc
technology in snakehead fish hatcheries; (4) Stimulation of
snakehead fish cultivation businesses, especially in the
hatchery segment, through assistance with seeds,
prospective parents, technical guidance, and biofloc
system cultivation facilities [64]. The adding of papain
enzyme 2.0% significantly produces the best absolute
growth of giant gouramy, which is 3.06 + 0.62 g [65]. The

provision of probiotics 7 with different doses consisted of
the four treatments and three replications, treatment A (0
ml kg!), B (5 ml kg!), C (10 ml kg!) D (15 ml kg™!). The
feed was given as much as 5% of the biomass with a
frequency of 2 times a day. The best weight gain was found
in the treatment C which was 2.20 g, then followed by
treatment D which was 2.15 g and treated B which was 2.11
g, while the lowest weight gain was found in treatment A
which was 2.09 g. The highest weight gain was found in
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Figure 7. Mean survival rate of climbing perch (Anabas testudineus), snakehead (Channa striata), giant gourami
(Ospronemus gouramy) and pangas (Pangasius hypothalmus) during 158 days of rearing in the biofloc system.

Table. 5. Water quality and floc content in maintenance media of Climbing Perch (Anabas testudineus Bloch),
Snakehead (Channa striata Bloch), Giant Gouramy (Ospronemus gouramy) and Pangas (Pangasius hypothalmus)

during 158 days of rearing in biofloc system

Range
Parameters

Unit Climbing Perch Snakehead Giant Gouramy Pangas
Content floc ml L 23-90 10 - 200 15-75 14 - 60
Water temperature °C 26,50 - 31,00 26,30 - 30,00 27,1-31,0 26,6-31,2
pH 6,91-7,12 6,96 - 7,19 6,99 - 7,23 6,99 - 7,27
dissolved oxygen mg L! 3,68 - 4,74 3,64 - 4,81 3,99 - 4,68 3,59 - 4,89
dissolved ammonia mg L 0,05 - 0,47 0,05 - 0,49 0,05 - 0,36 0,05 - 0,44

treatment C which was 2.20 g, followed by treatment D
which was 2.15 g and treatment B which was 2.11 gr [66].
Pangas fish weighed a difference of 99.78 g and control
71.62 g[56]. Absolute growth of Weight (g) 74.06 + 12.29b
72.75 £ 5.36b 58.61 £ 11.66a [57]. The deployment of
biofloc technology in the culture systems of several aquatic
species can increase net yield productivity by 8-43%,
compared to non-biofloc controlled (traditional water
exchanged, freshwater systems, or recirculating
Aquaculture systems) [67].

Standard length increase (cm)

Anova test results show a significance value (Sig.) of 0.052
> 0.005, so there was no real difference between
treatments; The growth of each treatment shows

characteristics between species depending on the genes of
the species.

The initial length ranges from 5.60 cm, while the ultimate
length in the aquaponic system was 9.02 cm and 8.19 cm
in the conventional system with an increase in length of 3.6
cm and 2.59 cm during the 42 days of rearing, respectively
[68]. The ultimate average length gain (cm) of the
Vietnamese variety climbing perch was in the ranges of
13.58 - 13.70 cm with an undisclosed initial length, only
an averaged weight of 1.01 grams during 7 months of
rearing [69]. The ending length was in the interval (cm)
11.15-12.50, with a different interval of 5.35-6.70 cm [70].
The absolute highest increase the longest was in the C
treatment with a probiotic dose of 10 ml/kg of feed which
produced a width of 4.27 cm, then B treatment = 4.23 cm,
then D with 4.21 cm, and A with 3.99 cm [66] that with
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24DOL lighting (22.48 cm) the length of the Pangas fish
was 3.55 cm longer than the control (18.93 cm). Relative
growth of fish length (cm) [56];17.73 - 19.28 [57].

Feed efficiency (%)

Figure 5 shows the average feed efficiency of climbing
perch (Anabas testudineus Bloch), snakehead (Channa
striata Bloch), giant gouramy (Ospronemus gouramy) and
pangas (Pangasius hypothalmus) during 158 days of
rearing in the biofloc system. Anova test results show a
significance value (Sig.) 0.000 < 0.05, so there was a real
difference between treatments in terms of feed efficiency.

Feed utilization efficiency of climbing perch 6.72 + 3.47 -
52.22 £6.54 [71], feeding efficiency of climbing perch was
also higher in treated fishes (39.73-48.07%) compared to
that of control (33.73%) [72]. There was no significant
difference in. BSF larvae meal protein can be used to
partially replace fish meal and improve growth
performance and feed utilization, while increasing in HSI,
VSI and crude lipid content may negatively impact
climbing perch health [73]. Snakehead feed efficiency
(78.22%), protein retention (41.91%), energy retention
(30.81%) [51]. Giant gouramy feed efficiency was highest
in treatment P3 (dose 15 ml kg'! feed) with a value of
(72.50 %) and lowest in treatment PO with a value of (33.38
%) [54]. The feed consumption level is 93.63 + 0.43, the
protein efficiency ratio is 6.39 [74]. Pangas that were fed
pellets enriched with moringa showed the highest feed
efficiency (90.42-97.46%) while fish that were not fed
moringa feed showed the lowest FE 75.48% [67].
Improving the feed efficiency (FE) of aquacultured fish is
essential to reducing the production cost and increasing the
sustainable of the sector. Recognizing that the organism is
a comprehensive system whose emergent hypothesis is the
product of multiple interacting molecular processes, a
systems-based approach is expected to provide new
scientific insights into FE and growing capacity [75].
Increasing the feed efficiency (FE) is central to decreasing
cost of the production in the aquaculture and reaching the
sustainability for the aquaculture industries. The feed
expense accounted for 30-70% of the overall costs of
production in the aquaculture industry; many studies have
been conducted on the nutritional and rearing aspects of
improving FE, but few studies have been dedicated to the
use of genetics, regardless of its potency[76].

Feed Conversion Ratio (FCR)

Figure 6 shows the average food conversion results of
climbing perch (Anabas testudineus Bloch), snakehead
(Channa striata Bloch), giant gouramy (Ospronemus
gouramy) and pangas (Pangasius hypothalmus) during 158
days of rearing in the biofloc system.

Feed conversion ratio (FCR) ranges from 1.55 - 1.57. The
Anova test results show that the survival rate of the study
fish has a significance score of 0.000. < 0.05, meaning that
the four types of fish studied are significantly different

from those kept in the biofloc system [31], while it ranges
between 1.48, 1.85, and 1.56; 2.81 - 3.19, [45]; 2.65 - 2.93
[74]; 2.81-3.19 [78]; 3.31-3.99; [47]; 1.94 - 11.42 [71].
FCR values were 2.26, 2.05, and 1.79; while T3 showed
the highest and seed growth of Channa striata Bloch
compared with other commercial feeds [45]. The best feed
conversion ratio for giant gouramy was in treatment P3
(1.38 £ 0.17 g) and the lowest was in PO (3.05 + 0.49 g)
[54]. Feeding with a protein level of 17% + adding
molasses with a C/N ratio of 12) the feed conversion ratio
of feeding with a protein level of 30% without molasses is
low, namely 1.6 [76]. The smallest feed conversion ratio is
1.00. The retention of the best protein is found in the B
treatment, which is 13% [68] The smallest feed conversion
ratio is 1.00 + 0.25. The best protein retention was in
treatment B, namely 13% ; Lowest FCR (1.03 — 1.11 [74]
FCR in the range 1.3 — 1.9.[79]. Feed Conversion Ratios
(FCRs), which are utilized as a proxy for the growth as a
function of feed intake, depend mainly on the feeding rate
as well as the temperature. FCR is estimated simply;
however, the potential practical applicability of this ratios
is restricted to the cases where the fish are being fed in
excess of the rearing rate [80].

Survival rate (%)

The average survival rate from this study can be seen in
Figure 7.

The Anova test results show that the survival rate of the
study fish has a significance value of 0.000 <0.05, which
implies that four types of fish studied were significantly
different from those kept in the biofloc system. The best
median score for survival was for pangas fish (99.92%) in
subset 3, while climbing perch (94.46%) and giant
gouramy (96.23%) were the same (subset 2) and snakehead
with 86.62%, the lowest (subset 1). The biofloc system's
survival range is 86.62-99.67%. Survival rate of climbing
perch ranges between 92.50 - 95.12 % [69]; 92.75% -
98.5%, [45] and reported in the range of 96.57 % -
96.00% [83], which also showed the same result, while the
vietnamese climbing perch variety has a life expectancy
range of 93.25 - 95.14% [76] and the magur variety 64.00
- 72.00 % [67]; [54],the highest (93.60%) and lowest
(83.06%) survival rates in climbing perch Thailand (T4)
and climbing perch locally (T3);95.15 — 96.06% [81];
72.00%-96.00%; [82]; in biofloc system is 94.89 - 99.67%
and of the traditional system is 82.00 - 94.26%. [32] and
99.48 —99.66% [33]. Snakehead Survival Rate ranges from
59.11 - 86.67 [48]. Survival rate (%) 92.5 — 94.58 [59];
92% [61]. The average survivability rates in T1, T2, and
T3 were 45.5%, 71.8%, and 82.67%, respectively, while
the FCR rates were 2.26, 2.05, and 1.79. T1 had the poorest
survival and the lowest FCR [52]. SR = 100 x (Final fish
number/initial fish number) 95.9 - 96.3%; FCR 1.14 - 1.20
[52]. Provision of artificial feed with a protein level of 17%
+ addition of molasses with a C/N ratio of 12 provided
better survival, but the feed conversion ratio was poor. The
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average survival rate with a protein level of 17% + addition
of molasses with the highest C/N 12 giant gouramy ratio is
89% [76]. Survival values for control treatments, 2.0% and
2.5% classified as good and ranges from 70.00-76.67%.
However, the survival value in the treatment with the
addition of 1.5% papain enzyme was classified as
moderate, namely 33.33 % [65]. The best survivability was
found in treatment C (probiotic dosage of 10 ml) with a
percentage of 80%, followed by treatment D (probiotic
dosage of 15 ml) with a presentation percentage of 80%,
followed by treatment D (probiotic dosage of 15 ml) with
a percentage of 77%, followed by treatment B (5 ml
probiotic dosage) with a percent of 67% and the least was
treated A (0 ml dosing) or controlled with a percent of 60%
[66]. The fish survival rate in all treatments was 93.3 -
98.89% [67]. The first experiment showed that larvae fed
in the first 30 hours showed Significantly greater survival
(24%) than larvae that were fed at the first 36, 42 and 48
hours (19%, 16% and 16%, respectfully). The 2nd attempt
showed that larvae fed at densities of 8 and 11 ind/mL
exhibited significantly higher survival rates (32% and
32%) than larvae fed at densities of 3 and 5 ind/mL (13%
and 23%). The 3rd attempt showed that the higher survival
level (66%) was observed when larvae were fed 6 feedings
per day [86]. Biofloc technology can support the provision
of good quality seeds by improving the reproductive
performance of aquaculture fish and increasing fish
immunity and resilience [83, 86 — 87].

Water quality and floc contents

The results of measuring floc content and water quality in
rearing media of Climbing Perch (Anabas testudineus
Bloch), Snakehead (Channa striata Bloch), Giant
Gouramy (Ospronemus gouramy) and Pangas fish
(Pangasius hypothalmus) during 158 days of maintenance
in the bioflocs system can be seen in the Table. 5.

The floc contains

The floc content during the study of the 4 types of fish
studied was in the 10-200 ml/L range. Climbing Perch floc
content in biofloc and traditional fish rearing systems
ranged from 15.50-43.06 ml L"! [88]. The climbing perch
floc content in the range of 170- 190 mg L. The floc
volume density is 60-80 ml L', [31], more suitable for
cultivating catfish in a biofloc system [78]. The range of
floc content is 4.75 - 9.40 ml L' [32]; 5.35 -8.16 ml L
[33] and 9,583-10,524 ml L' [34] The floc content during
the study was in the low - high category in accordance with
the opinion of [89] that the amount of floc in the ranges of
1-10 ml L! is relatively low and the amount between 10-
20 ml L' is moderate. The optimal floc amount in a biofloc
system for shrimp is in the 5-15 ml L! range, tilapia fry in
the 5-20 ml L™! range, juvenile to adult size (“consumable
size”) in the 20-50 ml L™ range [87].

Water temperature

The temperature range in research water temperature (°C)
research ranges from 26.50 — 31.00, 26.30 — 30.00 26.10 —
31.0, 26.60 - 31.20. this is in the acceptable limit for
aquaculture, and these outcomes are in line with the
findings [46,48, 90, 91]. Water quality for the climbing
perch biofloc systems with a wide range of water
temperature levels 26.80 - 30.67°C. [78]. Water
temperature range 26.5 —27.4°C [32]; 28.54 - 28.71°C [33]
and 26.89-27.62 °C [34]. Snakehead water temperature
ranging from 25.0-30.55°C [49]; 29-30 [61]; Pangas fish
water temperature range 27.6-27.9°C [ 92]; Pangas 28.67
- 29.67[57]; the water quality range for pangas is 31.50 -
32.03 [79]; giant gourami water temperature (°C) 26.93 —
27.39 [65]; giant gouramy 23.6-30.0°C [76] have also
noted that the water temperatures between 26.06-31.97°C
are acceptable for fish farming, while based on[87], the
biofloc method is in the 28-30°C range [31].

Degree of acidity (pH)

The range of acidity in all treatment was in the interval of
6.91-7.27. The climbing perch biofloc systems were in the
7.6 - 7.8 range [88] and 6.87-7.04 [33] and 6.87-7.04 [34];
7.85 - 8.14 [31]. Snakehead water pH ranges from 6.725-
9.075 [49] and pH 5.36-5.57.25 [61]. Ranges water pH for
gourami 7.4 — 9.1; [93];7.69 -7.99 [65]; 5.0 [57] and 6.3-
8.8 [76]. Range water pH for pangas, pH 6.50 - 6.87[92].
Good acidity degrees for biofloc systems are in the range
6.8-8.0 [87]. pH is important parameter that should be
continuously monitored in BFT.To ensure the successful
development and maintenance of the BFT production
cycle, it is essential to understand the parameters of water
quality and their interactions.

Dissolved oxygen

The range of dissolved oxygen levels in this research is in
the following range of 3.59 — 4.89 mg L). Dissolved
oxygen ranges for climbing perch fish 5.1 - 7.8 mg L[33],
and 5.1-7.8 mg L' [34]. The dissolved oxygen
concentration ranges are within the acceptable range for
climbing perch fish farming and are in accordance with the
observations [48], [90, 91]. Ranges for snakehead fish
2.91-5.14 mg L' [49];3.62-6.14 mg L' [61]. Ranges for
gourami 6.4-8.8 mg L' [76]; 6.5-9.3 mg L', [93]. Ranges
for pangas fish 3.75 — 4.05 mg L' [93] ;5.34 — 5.41 ml/L
[80] and 4.50 — 5.9 mg L' [57]. For optimal growth of fish,
dissolved oxygen level should be more than 5 mg L' for
tropical aquatic fish specifically [95]. Nevertheless, fish
can tolerate a concentration of 0.50 mg L', but the most
acceptable range of dissolved oxygen for aquaculture is
recommended to be between 5.0-8.0 mg L' [96],
recommend that the dissolved oxygen concentration in
biofloc systems be higher than 4 mg L' [87].
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Dissolved ammonia

The average range of Ammonia concentration was in the
ranging of 0.05 - 0.49 mg L1, In the climbing perch biofloc
system, the limit of ammonia value is 0.24 - 0.78 mg L~
![88], Ammonia-nitrogen 0.05-0.85 0.06-0.92 mg L' [58].
Water quality for climbing perch in biofloc system with the
range of dissolved ammonia is 0.019 - 0.021 mg L. [31],
in Snakehead ammonia range 0.016 —0.027 mg L' [51] (at
the fish tank), ammonia 0.10 — 1.40 mg L' [48]. Giant
gouramy dissolved ammonia 0.16 — 0.21 mg L™ [92] and
0.093 — 0.098 mg L' [93]. Pangas, ammonia 2.60 — 6.06
mg L' [57]. Soluble ammonia concentration should be
below 1 mg/L of soluble ammonia [87]. Thus, water quality
with 4 main parameters is able to support growth and
development of the 4 economically important types of fish
studied.

CONCLUSION

The results showed that the results of the anova test showed
a significance value (Sig.) of 0.000 <0.05, so there was a
significant difference between treatments of the daily
growth rate (SGR) parameter, the results of the area test
also showed differences between treatments. The highest
daily growth rate was obtained in climbing perch, followed
by pangas, giant gourami and Snakehead. The results of the
anova test for weight gain showed a significance value
(Sig.) of 0.000 <0.05, so there was a significant difference
between treatments. The anova test results showed a
significance value (Sig.) of 0.052 > 0.005, so there was no
significant difference between treatments; the growth of
each treatment showed peculiarities between species
depending on genes. Anova test results show that the feed
conversion of fish research significance value 0.000 < 0.05
means that the four types of fish studied, significantly
different from those reared in the biofloc system Survival
rate of fish research significance value 0.000 < 0.05 means
that the four types of fish studied, significantly different
from those reared in the biofloc system. Water quality with
4 main parameters is able to support the growth and
development of the 4 economically important fish species
studied.
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