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ABSTRACT

Biofloc technology utilizes heterotrophic bacteria to control waste by adding organic carbon sources. The
addition of organic carbon sources is based on the feed-to-carbon ratio. This study aims to evaluate the
effect of adding low doses of molasses to a biofloc system on water quality and floc formation in catfish
farming. The study used a Completely Randomized Design (CRD) with four treatments: no molasses (control),
5%, 10%, and 15% molasses, each with three replicates. The results showed that molasses addition had no
significant (P > 0.05)  effect on water quality and floc volume. Parameters such as temperature, pH, TSS,
TAN, nitrite, and nitrate remained relatively stable across all treatments, while floc volume at 5%, 10%, and
15% molasses was relatively similar. Thus, the use of 5% molasses is recommended as the most efficient dose
because it produces water quality and floc formation conditions equivalent to higher doses. The presence
of plankton in the rearing medium and the fish intestines indicates that the flocs have the potential to be
utilized as natural feed by catfish.
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ABSTRAK

Teknologi bioflok memanfaatkan bakteri heterotrof untuk mengontrol limbah dengan menambahkan
sumber karbon organik. Penambahan sumber karbon organik berdasarkan rasio pakan dan karbon.
Penelitian ini bertujuan mengevaluasi pengaruh penambahan molase dosis rendah pada sistem bioflok
terhadap kualitas air dan pembentukan flok pada budidaya ikan lele. Penelitian menggunakan Rancangan
Acak Lengkap (RAL) dengan 4 perlakuan, yaitu tanpa molase (kontrol), molase 5%, 10%, dan 15%, masing-
masing 3 ulangan. Hasil penelitian menunjukkan penambahan molase tidak memberikan pengaruh nyata
terhadap kualitas air dan volume flok. Parameter suhu, pH, TSS, TAN, nitrit, dan nitrat relatif stabil pada
seluruh perlakuan, sedangkan volume flok pada molase 5%, 10%, dan 15% relatif sama. Dengan demikian,
penggunaan molase 5% direkomendasikan sebagai dosis paling efisien karena menghasilkan kondisi kualitas
air dan pembentukan flok yang setara dengan dosis lebih tinggi. Keberadaan plankton dalam media
pemeliharaan dan usus ikan menunjukkan flok berpotensi dimanfaatkan sebagai pakan alami oleh ikan lele.

KATA KUNCI : Bioflok; ikan lele; kualitas air; konsumsi flok; volume flok(Footnotes)
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INTRODUCTION

Catfish is a freshwater fish species with significant
potential for development due to its high popularity
among the public. Catfish accounted for
approximately 15% of the total national aquaculture
output in 2020, with a volume of 1.01 million tons
(Subhan et al., 2025). Catfish have relatively rapid
growth and are highly tolerant of various water quality
conditions and culture environments (Apriyani, 2017).
Catfish production continues to be carried out and
improved. Intensification through increased stocking
density is one of the alternatives chosen to boost
catfish production.

Intensification has negative impacts, such as an
increase in the use of commercial feed. The
accumulation of organic resulting from metabolic
waste and uneaten feed residues causes pollution and
degrades the quality of aquaculture water (Aziz &
Oktaviana, 2021). If organic waste accumulation is
not properly managed, it can become a serious
problem for aquaculture farmers. Biofloc technology
can serve as an alternative because it improves water
quality, contributes to enhanced biosecurity, increases
water use efficiency, and reduces aquaculture waste,
making it suitable for supporting the development
of sustainable intensive aquaculture (Aboseif et al.,
2022; Kumar et al., 2022).

Biofloc technology is a sustainable aquaculture
technology that works by utilizing the in situ mass
production of microorganisms within the aquatic
system (Ogello et al., 2021). In this context, inorganic
nitrogen concentrations in the water can be
controlled, while the resulting microbial biomass may
serve as an additional feed source for fish  (Fujiana
et al., 2020). The addition of organic carbon sources
such as molasses, wheat flour, and tapioca flour is
carried out to balance the C/N ratio to stimulate the
growth of heterotrophic bacteria in biofloc technology
(Dauda, 2020; Li et al., 2019). The optimal C/N ratio
that must be achieved in biofloc technology ranges
from 10:1 to 25:1 (Dauda et al., 2018; Yu et al., 2020).

The use of molasses in tilapia (Oreochromis
niloticus) aquaculture using biofloc technology, as
conducted by (Pérez-Fuentes et al., 2016), indicates that
a C/N ratio of 10:1 is optimal, research on catfish
conducted by Saha et al. (2022) indicates that a C/N
ratio of 15:1 is the best, while Imron et al. (2014)
reported  that a C/N ratio of 24:1 yields the best results.
Based on these studies, the optimal C/N ratio for biofloc
technology shows varying results. Research examining
the use of low-dose molasses without reducing the
effectiveness of biofloc formation remains limited.
Furthermore, there are few studies on the extent to
which reducing the molasses dose can still maintain

water quality and aquaculture performance; therefore,
research is needed on strategies for using molasses
that are more economical, efficient, and easy for
aquaculturists to implement.

The addition of low-dose molasses is believed to
be capable of maintaining water quality and efficiently
enhancing floc formation. Therefore, this study was
conducted by adding molasses at low doses, with the
administration procedure based on the percentage
ratio of feed to carbon source. The carbon source
was adding while maintaining the optimal C/N ratio
for floc formation, with  a minimum C/N ratio of 10:1
(Ahmad et al., 2017; Terkula et al., 2025). This study
was conducted to analyze the effect of administering
low doses of molasses in varying amounts on water
quality as well as floc volume and consumption.

MATERIALS AND METHODS

This study was conducted over a period of 49 days
from December 2023 to February 2024 at the Indoor
Hatchery of the Bogor Campus of the Polytechnic of
Fisheries Business, located at Jl. Cikaret No. 2, South
Bogor District, Bogor City, West Java Province. The study
employed a completely randomized design (CRD) with
three treatments and one control, each with three
replicates. The control treatment was without molasses
(TM), the M5 treatment (5% molasses of the daily feed
amount), the M10 treatment (10% molasses of the daily
feed amount), and the M15 treatment (15% molasses of
the daily feed amount). The ponds sed in this study were
concrete tanks measuring 1.5 × 1.0 m² with a water
depth of 55 cm. Each experimental ponds was aerated at
a single point. The African catfish used measured 7.67 ±
0.08 cm in length and weighed 6.24 ± 0.14 g. A total of
206 fingerlings were stocked in each tank at a stocking
density of 250 fingerlings/m³. The fish were fed a
commercial feed containing 31% protein, 5% fat, 8% fiber,
13% ash, and 12% moisture, at a feeding rate of 4% of
biomass per day. Feeding frequency was twice daily.
Molasses (100 mL/L) and probiotics (20 g/m³) were added
at the start of the rearing period. The probiotic used
was Pro Flok Probiotic Powder, containing a mix
of Lactobacillus sp., Nitrobacter sp., Bacillus sp., Bacillus
megaterium, Bacillus polymyxa, and Rhodobacter.
Subsequently, molasses is added to the rearing medium
every 5 days. Sampling is conducted every 10 days on
10% of the stocked fingerlings. Water changes in the
molasses-free ponds are performed every 7 days, replacing
50% of the total water volume to maintain stable water
quality and ensure fish survival.

Water Quality and Floc Volume

Temperature and pH are measured directly every
day using a 7-in-1 digital water quality meter (pen-type),
and dissolved oxygen is measured using a DO-
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9100 Backlight Digital Dissolved Oxygen Meter. Total
Suspended Solids (TSS), Total Ammonia Nitrogen (TAN),
nitrite, and nitrate were measured at the Aquaculture
Environmental Laboratory of the Department of
Aquaculture, Faculty of Fisheries and Marine Sciences,
Bogor Agricultural University (IPB) at the beginning and
end of the rearing period. The TSS measurement method
was based on APHA, ed. 21, 2005, 2540-D, TAN based
on APHA, 21st ed., 2005, 4500-NH3-F, nitrite based on
APHA, 21st ed., 2005, 4500-NO2-B, and nitrate based
on APHA, 21st ed., 2005, 4500-NO3-E.

Floc volume is measured every 10 days using
an Imhoff cone. The measurement is performed by
allowing 1 liter of the water sample to settle for 20
minutes in an Imhoff cone. The floc sedimentation
value can be observed in the Imhoff cone used
(Avnimelech, 2015).

Floc Consumption

Floc consumption was assessed by identifying
plankton species in the rearing water and fish
intestines using a method based on Sachlan (1982).
Plankton identification in the rearing water was
conducted at the end of the rearing period by
collecting 10 L of water samples from each
experimental tank, which were then filtered using a
25 µm mesh plankton net until a final volume of 50
mL was obtained. The samples were then examined
at the Fisheries Technology Laboratory of the AUP
Polytechnic, Bogor Campus.

Plankton identification in the fish digestive tract
was conducted at the end of the study through gut
content analysis. The test fish were dissected at the
abdominal region; the intestines were then removed
in their entirety, washed, and placed in a petri dish.
The intestinal samples were subsequently homogenized,
then collected using a pipette and observed using an
Optilab digital microscope. The observation results
were displayed directly on a computer monitor for the
plankton species identification process.

Data Analysis

The data obtained in this study were processed
using SPSS 25 software. The analysis used was analysis
of variance (ANOVA) at a 95% confidence level. If the
analysis results indicated significant differences
between treatments, Duncan’s test was performed
to determine the best treatment.

RESULTS AND DISCUSSIONS

Water Quality

The average results of the water quality
measurements conducted in this study are presented
in Table 1.

The temperature and pH values for all treatments
in this study did not differ significantly (P > 0.05)
and remained within the tolerance limits for the
survival and growth of catfish. According to SNI 6848-
5:2022, the optimal temperature for catfish cultivation
to grow and develop well is 20–30°C, with a pH of
6.5–8. Temperature is one of the environmental
factors influencing metabolism and the stability of
the microbial community in the biofloc system. The
relatively stable temperature range in this study, 25.66
± 0.60 – 25.72 ± 0.61°C, supports the activity of
floc-forming bacteria and maintains the efficiency of
the biofloc system (Ahmad et al., 2017; Emerenciano
et al., 2023). The relatively stable pH range of the
study, namely 6.96 ± 0.06 – 6.99 ± 0.10, supports
the maintenance of ammonia stability and facilitates
nitrogen degradation by microorganisms
(Emerenciano et al., 2023). The use of 5% molasses
proved to be the most efficient dose because it was
able to produce water quality and natural feed
formation comparable to higher doses but with a
lower risk of environmental imbalance

The dissolved oxygen levels in this study differed
significantly (P < 0.05) among treatments, with each
remaining within the optimal range. According to SNI
6848-5:2022, a minimum dissolved oxygen level of 2
mg/L is the optimal threshold for supporting the
survival of catfish. The results showed that the control
treatment (TM) had the highest dissolved oxygen
level, at  4.66 ± 0.14 mg/L was the best and
significantly different (P < 0.05) compared to all biofloc
treatments (M5, M10, and M15). The decrease in DO
levels in ponds with molasses addition was caused
by high oxygen consumption by heterotrophic
bacteria for metabolism and nitrogen assimilation
(Emerenciano et al., 2023). These results are
consistent with Kaya et al. (2019), which reported
that the biofloc system has a higher respiration rate
compared to the control pond due to microbial activity
in the accumulation of suspended solids.

Treatment M5 showed the highest dissolved
oxygen value among the treatments with molasses
addition, namely 4.08 ± 0.10 mg/L. Increasing the
molasses dose to 10% and 15% caused DO levels to
decrease, with the lowest value observed in treatment
M15 at 3.95 ± 0.10 mg/L. This indicates that adding
higher amounts of molasses increases the activity
and respiration of heterotrophic bacteria, thereby
increasing oxygen consumption in the culture
medium. However, this increase in dosage did not
provide significant additional benefits for other water
quality parameters. Therefore, the use of 5% molasses
is considered more optimal and efficient because it
supports the formation of bioflocs with adequate
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volume and maintains better dissolved oxygen
availability for catfish.

The TSS levels in this study showed no significant
difference (P > 0.05) and remained within the limits
tolerable by catfish. According to Avnimelech (2015),
the optimal TSS range is 600–800 mg/L. The results
showed that TSS levels in all molasses treatments
(M5, M10, M15) were higher than in the control (TM),
confirming that the addition of a carbon source
stimulates the growth of heterotrophic
microorganisms. In accordance with the explanation
at that TSS is not merely residual solids, but rather a
physical representation of an active microbial
community consisting of bacteria, fungi, protozoa,
and phytoplankton. The TSS concentration in the M5
treatment (384.7 ± 196.3 mg/L) was higher than in
M10 and M15, although the difference was not
statistically significant, indicating that a 5% molasses
dose is sufficient to stimulate optimal biofloc
formation This supports the suggestion that the use
of low-dose molasses is more cost-effective without
reducing the concentration of the formed biofloc
mass. The relatively stable TSS concentration across
all molasses doses also confirms the theory that the
level of suspended solids in the biofloc system is not
significantly correlated with C/N ratio fluctuations,
as stated by W. J. Xu et al. (2016).

The TAN, nitrite, and nitrate levels in this study
did not differ significantly (P > 0.05) among
treatments, with values remaining within the tolerance
limits for fish survival. Optimal TAN levels are <1
mg/L and nitrite levels are <0.5 mg/L (Hargreaves,
2013). The fact that nitrogen levels in the biofloc pond

(without water exchange) were equivalent to those
in the control pond (TM), which had 50% water
changes weekly, demonstrates that this technology
functions as a highly effective wastewater treatment
bioreactor. Water changes in the control treatment
were performed to maintain stable water quality. A
similar finding was reported by Rind et al. (2023),
which implemented a 30% water change in the control
treatment as an effort to reduce the concentration
of dissolved nitrogen in the culture medium.

Treatment M5 (5% molasses) was deemed more
optimal because it was able to assimilate inorganic
nitrogen with an effectiveness comparable to the
routine water exchange method in the control pond
and was able to maintain TAN, nitrite, and nitrate
levels within a range equivalent to the 10% and 15%
doses. Higher molasses doses did not provide
significant additional improvements in nitrogen
control; thus, the use of 5% molasses is more efficient
in supporting biofloc microbial activity while
minimizing carbon input. This indicates that a 5% dose
is sufficient to optimize the nitrogen assimilation
process and maintain water quality in biofloc catfish
farming.

Floc Volume

Floc volume showed statistically significant
differences (P < 0.05), with values tending to increase
from the beginning to the end of the cultivation period
(Table 2). At the end of the cultivation period, the
M15 treatment produced the highest floc volume,
followed by M10, M5, and TM. These results indicate
that an increase in molasses dosage is directly
proportional to an increase in floc volume, as the

Note: TM = without molasses; M5 = 5% molasses; M10 = 10% molasses; M15 = 15% molasses. Values with different
superscripts in the same column indicate statistically significant differences (P < 0.05).

Table1 . Water quality parameters during catfish (Clarias gariepinus) cultivation in the biofloc system

Parameter
Treatment Optimal 

Standard
References

TM M5 M10 M15
Temperature 
(°C)

25.66 ± 0.60a 25.66 ± 0.60a 25.72 ±
0.61a

25.67 ±
0.60a 20 – 30

(SNI 6848-
5:2022)

pH 6.97 ± 0.05a 6.96 ± 0.06a 6.99 ± 0.1a 6.99 ± 0.08a 6.5 – 8.5
(SNI 6848-

5:2022)

DO (mg/L) 4.66 ± 0.14b 4.08 ± 0.10a 4.03 ± 0.09a 3.95 ± 0.10a Min 2 
mg/L

(SNI 6848-
5:2022)

TSS (mg/L) 188.7 ± 123.8a 384.7 ±
196.3a

254 ±
43.86a

313.3 ±
109.7a

600–800 
mg/L

(Avnimelech, 
2015)

TAN (mg/L) 0.71 ± 0.27a 1.05 ± 0.26a 0.97 ± 0.27a 1.00 ± 0.21a <1 mg/L
(Hargreaves, 

2013)

Nitrite (mg/L) 0.42 ± 0.04a 0.39 ± 0.21a 0.46 ± 0.02a 0.51 ± 0.06a <0.5 
mg/L

(Hargreaves, 
2013)

Nitrate (mg/L) 2.57 ± 0.25a 2.75 ± 0.21a 2.79 ± 0.13a 2.31 ± 0.52a <50–100 
mg/L

(Avnimelech, 
2015)
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addition of a carbon source supports the growth of
heterotrophic bacteria in assimilating inorganic
nitrogen and forming biofloc aggregates (Dauda et
al., 2018; Xu et al,, 2012).  Greater carbon availability
may enhance microbial biomass formation and
suspended solid accumulation (Manik et al., 2018).

The M15 treatment produced the highest floc
volume, but was accompanied by a downward trend
in dissolved oxygen levels. The M5 treatment was
able to produce an adequate floc volume from the
beginning to the end of the cultivation period, with
a value of 29.33 ± 11.0 mL/L on day 40, while
maintaining water quality within the optimal range.
This indicates that the addition of 5% molasses is
sufficient to support biofloc formation without
excessively increasing the organic load and oxygen
demand. Thus, the use of 5% molasses is considered
more efficient because it is capable of producing an
adequate amount of biofloc with more stable water
quality. These results indicate that the optimization
of the biofloc system is determined not only by high
floc volume but also by the balance between floc
formation and the stability of the culture
environment.

Biofloc Consumption

Plankton is one of the organisms that make up
biofloc. Biofloc consumption in this study was
assessed by identifying plankton in the culture
medium and fish intestines. The plankton identified
in this study are listed in Table 3 (Fig. 1).

Plankton identification indicated that the addition
of molasses as a carbon source increased microbial
diversity in the aquaculture system (Ahmad et al., 2017).
In the control treatment (TM), plankton diversity was
limited to seven species in the water and four pecies
in the gut, dominated solely by phytoplankton of the
classes Cyanophyta and Diatomae. In contrast, in the
biofloc ponds, much higher diversity was found, namely
10 – 12 species in the water and 6 – 8 species in the
fish gut. This confirms that proper regulation of the C/
N ratio through molasses has a significant effect on
species richness and microbial abundance, both in the
aquatic environment and within the gut of the biota.

This aligns with study by Xu et al. (2022), which states
that the C/N ratio has a significant influence on the
diversity and abundance of microorganisms in the water
and the gut of biota in biofloc systems.

The presence of zooplankton from
the Rotifera and Ciliata classes in the molasses-
treated groups (M5, M10, M15) indicates the forma-
tion of a more complex and mature microbial food
web compared to conventional ponds. The emergence
of these higher-order microorganisms aligns with the
findings of Hosain et al. (2021), which states that
biofloc components consist not only of bacteria but
also include Ciliates and Rotifers that serve as high-
protein natural feed.

The addition of 5% molasses (M5) appeared to be
the most efficient strategy for creating a biofloc
ecosystem rich in plankton biodiversity. The M5
treatment produced sufficient diversity (ten plankton
species in the water and six species in the gut) to
serve as a natural supplementary feed for catfish.
Increasing the dose to 10% or 15% did not significantly
improve water quality or markedly increase plankton
diversity; therefore, the use of 5% molasses is
recommended because it provides equivalent
functional results at a lower raw material cost.

CONCLUSIONS

The addition of 5% molasses is effective in
maintaining water quality and supporting biofloc
formation, yielding results that are relatively
comparable to those achieved with 10% and 15% doses.
Although increasing the molasses dose produces a
higher floc volume, the 5% molasses treatment is
considered more efficient because it maintains water
quality parameters such as temperature, pH, DO, TAN,
nitrite, and nitrate within optimal ranges without
excessively increasing microbial respiratory load.
Thus, the 5% molasses treatment can be
recommended as a more optimal and sustainable dose
for catfish farming in biofloc systems.

RECOMMENDATIONS

In this study, floc consumption was identified by

Note: TM = without molasses; M5 = 5% molasses; M10 = 10% molasses; M15 = 15% molasses. Values with different
superscripts in the same column indicate statistically significant differences (P < 0.05).

Table 2 Average volume of biofloc in catfish (Clarias gariepinus) cultivation in the biofloc system

Day
Treatment

TM M5% M10% M15%
10 0±0 7.67±1.15b 8.67±5.50b 11.67±1.52b

20 0.67±0.15a 11.33 ± 2.88 b 13.33 ± 4.50b 20 ± 2.00c

30 1.17 ± 0.05a 21.67 ± 5.77b 21 ± 3.00b 37.33 ± 2.51c

40 2.43 ± 0.32a 29.33 ± 11.0b 30.67 ± 8.14b 44.67 ± 9.92b
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comparing the types of plankton in the rearing water
and the fish intestines; however, bacteria are another
major component of bioflocs. Therefore, the types
and abundance of bacteria need to be examined in
future research.
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