
Abstract
We investigated the effect of various carbon sources on the production performance of 
critically endangered Hypselobarbus pulchellus in biofloc system. The experimental setup 
comprised four biofloc treatment groups with various carbon sources (jaggery, tapioca, 
rice and corn flour) and a control group. Healthy early fry (0.0068 g) was randomly 
stocked at 100 individuals per m3 into 15 circular fibre reinforced plastic (FRP) tanks 
(1000 l) and raised for 90 days. All the tested carbon sources significantly influenced 
weight gain, weight gain (%) and specific growth rate (SGR), with the jaggery treatment 
displaying the best growth performance (p<0.05). Fingerling survival rates varied from 93 
to 95.67% (p>0.05). Compared to the control, the biofloc groups had significantly lower 
concentrations of nitrogen compounds, specifically total ammonia nitrogen, nitrite and 
nitrate concentrations were significantly lowered (0.29, 0.35 and 1.32 mg l-1, respectively) 
in jaggery treatment (p<0.05). In addition, the treatment using jaggery had a higher amount 
of plankton biomass and an abundance of the Bacillariophyceae group (80%). All biofloc 
groups displayed enhanced immune and antioxidant activity compared to the control. The 
jaggery treatment had elevated levels of lysozyme activity than other treatments (p<0.05). 
Furthermore, fingerlings raised in BFT treatments had significantly higher amylase, protease 
and lipase activity (p<0.05). Overall, this study’s findings suggest that the addition of various 
carbon sources significantly improves the production performance, with jaggery as the best 
carbon source for critically endangered H. pulchellus fingerling production in biofloc system 
to ensure sustainability.
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Introduction
The present global population of 8 billion 
is anticipated to increase to 9.7 billion by 
2050, that may pose a significant challenge 
for human nutrition in terms of meeting the 
growing demand for protein (Willett et al., 2019; 
UN, 2022). To counter this challenge, intensive 
aquaculture techniques like biofloc technology 
(BFT) are being considered as a sustainable 
solution to produce animal protein, using the 
minimum quantity of water by wastewater 
recycling, with biosecurity (Nisar et al., 2022). 

The technology operates by converting 
nutrient waste produced by unconsumed 
feed, faecal matter and metabolic by-products 
of cultured organisms into organism-usable 
microbial biomass (De Schryver et al., 
2008; Avnimelech, 2009). To promote this 
conversion process, which is mainly facilitated 
by heterotrophic bacteria, a suitable ratio of 
carbon to nitrogen (C/N) must be sustained by 
applying a carbon source (Avnimelech, 1999). 
Bioflocs consist of heterotrophic bacteria, 
microalgae, flagellates, ciliates, fungi 
and micrometazoans (Avnimelech, 2009) 
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and they are a great source of protein and bioactive components 
(Toledo et al., 2016). In addition, the availability of bioflocs as a food 
supply throughout the day helps to minimise feed expenditures  
(Avnimelech, 2007; Samocha et al., 2007; Khanjani et al., 2023). 
Biofloc technology (BFT) is a promising method to enhance the 
growth performance of fish and shrimp in aquaculture (Anand  
et al., 2014; Khanjani et al., 2017; Elayaraja et al., 2020; Aboseif  
et al., 2022 ). Among the commercially important fish groups under 
the Cyprinidae family, carps such as Catla catla, Labeo rohita, and 
Cirrihinus mrigala (Deb et al., 2020) Cyprinus carpio (Najdegerami 
et al., 2016) and Carassius auratus (Wang et al., 2015) have been 
investigated for production performance with BFT.

The carp species Hypselobarbus pulchellus (Day, 1870) is critically 
endangered as per IUCN Red List (Rema Devi and Ali, 2020).  
H. pulchellus is known locally as ‘Haragi meenu’ and is highly 
valued for its delicious flesh and it is a potential candidate species 
for aquaculture (Hemaprasanth et al., 2016). The ICAR-CIFA 
Regional Research Centre (RRC) at Bengaluru has developed 
brood stock and standardised breeding technology for H. pulchellus  
(ICAR-CIFA, 2019). However, the mass scale seed production has 
limitations as the relative fecundity of H. pulchellus is around  
10, 000 number per kg female (Gangadhar et al., 2020). It is  
essential to produce healthy fingerlings of this species in large 
numbers under controlled environments to develop diversified 
aquaculture. Recent studies demonstrated that BFT-based 
nursery rearing promotes growth, survival, disease resistance, 
and immunological function (Panigrahi et al., 2020; Anantharaja 
et al., 2023). Enhanced growth performance of fish species such 
as Oreochromis niloticus (Elayaraja et al., 2020), Cyprinus carpio 
(Bakhshi et al., 2018) and Carassius auratus (Wang et al., 2015) 
was reported in the biofloc systems. Moreover, Hosain et al. (2021) 
found that BFT application enhanced the post-larval survival and 
growth of Macrobrachium rosenbergii during the nursery phase.  

To produce healthy H. pulchellus seed for aquaculture diversification, 
it is essential to investigate the peninsular carp’s performance in 
BFT-based seed production systems.

It is important to choose the right carbon source for biofloc 
systems since it affects bioflocs’ nutritional properties and water 
quality (Wang et al., 2015). Previous studies have examined the 
impact of using carbon sources like molasses, jaggery, glucose, 
sucrose, glycerol, tapioca, corn flour, rice bran, wheat bran and 
wheat flour in the BFT system for different species (Wang et al., 
2015; Dauda et al., 2017; Khanjani et al., 2017; Elayaraja et al., 2020; 
Wei et al., 2020). However, currently no information is available 
on how different carbon sources affect critically endangered  
H. pulchellus seed production in BFT, which is crucial for developing 
package of practice of this species in BFT. Therefore, this research 
was conducted to investigate the effect of adding various carbon 
sources on the growth, quality of water, plankton community, 
digestive enzymes activity, immune response and antioxidant 
activity of critically endangered H. pulchellus during biofloc-based 
seed rearing.

Materials and methods

Experimental condition and monitoring
An experimental setup having four biofloc treatment groups and a 
control group, each with three replications, was used to examine 
the effect of various carbon sources (jaggery, tapioca, rice and 
corn flour) on the production performance of H. pulchellus for 90 
days during the fry to fingerling phase (Fig. 1). The control group 
was maintained without adding carbon source. The critically 
endangered H. pulchellus early fry used in this study was produced 
in the peninsular carp hatchery at Regional Research Centre of 
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Fig. 1. A schematic representation of the biofloc-based seed rearing of critically endangered H. pulchellus using different carbon sources
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ICAR-Central Institute of Freshwater Aquaculture (ICAR-CIFA) in 
Bengaluru by breeding the stock maintained at the centre. The 
pulchellus hatchlings were raised to the early fry stage by feeding 
with mixed plankton initially, and then they were acclimatised to 
an experimental feed containing 35% crude protein a week later. 
The initial biofloc inoculum was developed based on the method of 
Avnimelech (1999). The hatchery produced 15-day-old H. pulchellus 
early fry weighing 0.0068 g were released into 1000 l circular 
fibreglass tanks at a stocking density of 100 per m3. The feed was 
given 4 times the body weight initially and the feeding percentage was 
reduced according to body weight during the experimental period. 
The feeding was given two times a day at 09:00 and 15:00 hrs. 
The carbon source was added after mixing with water to maintain 
C/N ratio of 10:1 (Avnimelech, 1999) without considering the  
C content derived from the diets (Miao et al. 2020).

Calculation of growth parameters 
The fish’s weight and length from each replicate were taken into 
account to calculate growth parameters using the following 
equations:

Weight gain (%) = 
[Final weight (g) - Initial weight (g)] 

Initial weight (g)
 x 100

Survival rate (%) =  
Final count

Initial  count
 x 100

Specific growth  
rate (% day-1)  

[Ln (Final weight (g))- Ln (Initial weight (g))]
Duration (days)

 x 100=

Plankton community and proximate composition 
of biofloc
Plankton were sampled at monthly intervals by filtering 100 l of tank 
water via a 15-micron fabric mesh. The plankton-rich filtrate was 
preserved in 5% buffered formalin and the samples were counted 
using Sedgwick rafter cell (Jhingran et al., 1968) to determine the 
species composition. Plankton biomass was also estimated from 
the same sample after enumeration. Biofloc samples from each 
tank were assessed for crude protein, fat, fibre and ash, following 
AOAC protocols (AOAC, 2005). The NFE was determined following 
the equation: NFE = 100-(crude protein % + fat% + fibre% + ash%), in 
accordance with Hastings (1976).

Digestive enzyme analysis
The homogenate of intestines (1:19 w/v) (n=10) was made 
with a chilled solution of sucrose (0.25 M, pH 7) and centrifuged  
(10000 rpm at 4°C) for 10 min. For further studies, the supernatant 
was stored at -20°C. The activity of amylase was assessed by 
3,5-dinitrosalicylic acid colorimetric technique (Rick and Stegbauer, 
1974) using starch as the substrate. The activity of protease was 
determined by incubating samples with casein substrate at 25°C 
(Drapeau, 1976). The unit of amylase and protease activities were 
expressed in nanomoles of maltose and tyrosine release per 
minute, respectively. The activity of lipase activity was determined 
by measuring the fatty acids produced as a result of the enzymatic 

hydrolysis of triglycerides olive oil emulsion (Cherry and Crandall, 
1932) and represented as unit per mg protein. 

Analysis of immunological and antioxidant parameters
Kidney and gill tissue samples (n=10) were collected to determine 
immunological and antioxidant activity. The tissue homogenates 
prepared with a 0.25 M sucrose solution (1:19, w/v) were centrifuged 
(10,000 rpm at 4°C) for 10 minutes and the supernatant was 
preserved for analysis at  -20°C. The technique developed by Quade 
and Roth (1997) was used to measure myeloperoxidase (MPO) 
activity, with 3’,3’5’,5’- tetramethylbenzidine hydrochloride and OD 
was read at 450 nm (Bio-Rad, Model-680). The lysozyme activity of 
kidney tissue was assessed by a turbidimetric assay methodology 
outlined by Ellis (1990) using Micrococcus lysodeikticus and the 
OD was read at 0 and 6 min. Lysozyme activity is expressed as 
the amount of enzyme that causes a 0.001 per minute drop in 
absorbance and is represented as U ml-1 min-1. The superoxide 
dismutase (SOD) activity was assessed by following the Misra 
and Fridovich (1972) technique that is based on the inhibition of 
50% of epinephrine’s autooxidation. The assay for catalase (CAT) 
activity was conducted using hydrogen peroxide (H2O2) solution 
for the initiation of the reaction (Takahara et al., 1960) and 
represented as nanomoles of H2O2 decomposed per minute per 
milligram of protein.

Water quality 
A portable oxygen metre (PDO-519, Lutron) and pH/temperature 
metre (PH-222, Lutron) was used to measure DO, pH and 
temperature. The total ammonia nitrogen (TAN), nitrite (NO2), 
nitrate (NO3) and carbonate alkalinity were analysed using standard 
methods (APHA, 1995). The biofloc volume was determined by 
measuring the settlement from 1 l of culture tank water for 15 min 
using an Imhoff cone. The tryptone soy agar was used for 
heterotrophic bacteria count. To calculate CFUs ml-1 for the water 
sample, the following equation was used: CFUs ml-1 = (Number of 
colonies × Dilution factor) / Volume (ml) of the sample.

Statistical analysis
All the data were analysed using one-way analysis of variance 
(ANOVA) followed by. Duncan’s multiple range test (DMRT) to 
compare the significant difference between treatment mean 
using Statistical Package of Social Sciences (SPSS v 23). Pearson 
correlation matrix was plotted by R version 4.2.3.

Results

Growth and survival of H. pulchellus
The results indicated that carbon sources significantly (p<0.05) 
influenced weight gain (g), weight gain (%) and SGR. Significantly 
higher weight gain (0.76 g), weight gain percentage (11272%) and 
SGR (5.26% day-1) was observed in the jaggery treatment compared 
to other treatments and control (Table 1). There were no significant 
differences in the survival rates of fingerlings between treatments, 
which ranged from 93 to 95.67% (p>0.05).
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Water quality
The results of the water quality analysis indicated that pH, 
temperature and DO levels did not differ significantly between the 
carbon source group and control (p>0.05) (Table 2). Compared to 
the control group, the biofloc groups had substantially reduced 
concentrations of nitrogen compounds. Further, TAN (0.29 mg l-1), 
NO2 (0.35 mg l-1) and NO3 (1.32 mg l-1) concentrations were lowered 
significantly in the jaggery treatment (p<0.05). There were no major 
changes among the treatments in alkalinity (p>0.05). THB count in the 
corn flour, jaggery and tapioca flour groups (3.5±0.15 × 108 CFU ml-1, 
1.63±0.22 × 108 CFU ml-1, 1.15±0.02 × 108 CFU ml-1, respectively) 
were noticeably higher level than rice and control (p<0.05). The 
jaggery treatment had the highest biofloc volume followed by corn, 
tapioca, rice flour and the control group. 

Digestive enzymes analysis
The enzyme analysis showed higher amylase, protease, lipase 
and activity in BFT-raised fingerlings than in the control (Table 3). 
In the biofloc group, jaggery had the highest amylase activity 
(390.74 U mg protein-1). In addition, fish grown in jaggery-based 
BFT tanks had significantly higher intestinal lipase activity  

Table 1. Growth parameters (Mean±SE) of H. pulchellus during early fry to fingerling rearing under biofloc systems with various carbon sources

Parameters Control Jaggery Tapioca flour Rice flour Corn flour

Initial length (cm) 1.20 ± 0.00a 1.20 ± 0.00a 1.20 ± 0.00a 1.20 ± 0.00a 1.20 ± 0.00a

Initial weight (g) 0.0068 ± 0.00a 0.0068 ± 0.00a 0.0068 ± 0.00a 0.0068 ± 0.00a 0.0068 ± 0.00a

Final length (cm) 3.98 ± 0.08c 4.61 ± 0.05a 4.21 ± 0.08b 4.23 ± 0.04b 4.28 ± 0.06b

Final weight (g) 0.59 ± 0.02c 0.77 ± 0.01a 0.67 ± 0.01b 0.69 ± 0.02b 0.71 ± 0.03b

Weight gain (g) 0.58 ± 0.02c 0.76 ± 0.01a 0.66 ± 0.01b 0.68 ± 0.02b 0.70 ± 0.03b

Weight gain (%) 8527.45 ± 272.93c 11272.55 ± 196.08a 9703.92 ± 129.69b 10096.08 ± 321.45b 10292.15 ± 497.5b

Specific growth rate (% day-1) 4.95 ± 0.04c 5.26 ± 0.02a 5.1 ± 0.01b 5.14 ± 0.04b 5.16 ± 0.06b

Survival (%) 93 ± 0.58a 95.67 ± 0.88a 94.33 ± 1.2a 93.33 ± 0.88a 94 ± 1.15a

Values in the same row with different superscripts are significantly different (p<0.05). 

Table 2. Parameters of water quality (Mean±SE) observed in various treatments during the culture period

Parameters Control Jaggery Tapioca flour Rice flour Corn flour

Dissolved oxygen (mg l-1) 7.95 ± 0.17a 7.75 ± 0.18a 7.87 ± 0.16a 7.88 ± 0.14a 7.76 ± 0.19a

Temperature (0C) 21.72 ± 0.19a 21.74 ± 0.11a 21.67 ± 0.15a 21.9 ± 0.12a 21.87 ± 0.13a

pH 7.98 ± 0.06a 7.88 ± 0.09a 7.96 ± 0.07a 7.97 ± 0.14a 7.93 ± 0.09a

Alkalinity (mg l-1 CaCO3) 220.48 ± 3.12a 211.9 ± 5.3a 215.71 ± 3.78a 217.14 ± 2.97a 214.29 ± 4.59a

TAN concentration (mg l-1) 0.53 ± 0.07a 0.29 ± 0.04b 0.38 ± 0.02ab 0.41 ± 0.03ab 0.31 ± 0.04b

Nitrite concentration (mg l-I) 0.58 ± 0.05a 0.35 ± 0.03c 0.46 ± 0.03abc 0.49 ± 0.02ab 0.41 ± 0.05bc

Nitrate concentration (mg l-1) 3.13 ± 0.39a 1.32 ± 0.19b 2.22 ± 0.27ab 2.85 ± 0.4a 2.16 ± 0.23ab

THB (CFU ml-1) 0.16 ± 0.02d 1.63 ± 0.22b 1.15 ± 0.02c 0.23 ± 0.01d 3.5 ± 0.15a

Floc volume (ml l-1) at 90 days 3.50 ± 0.29c 19.00 ± 2.02a 14.50 ± 1.44ab 13.83 ± 1.01b 17.67 ± 1.59ab

Values in the same row with different letters are significantly different (p<0.05). 

(363.05 U mg protein-1) than fish reared in tapioca and corn flour-
based BFT groups (p<0.05). The corn flour group had higher 
intestinal protease activity (207.52 U mg protein-1). However, the 
corn flour and jaggery groups did not differ significantly (p>0.05) in 
protease activity.

Immune and antioxidant activity
The immune and antioxidant activity of H. pulchellus is shown in  
Fig. 2. All biofloc groups had higher lysozyme and MPO activity 
than the control. Among the biofloc treatments, the jaggery group 
displayed a significantly higher activity of lysozyme than the other 
group (p<0.05). In contrast, no significant variations in MPO activity 
were found between biofloc groups (p>0.05). Similarly, higher SOD 
and CAT activity was found in the BFT group than in the control, 
with the highest activity in jaggery group. 

Plankton and proximate analysis of biofloc
The jaggery treatment had the highest plankton biomass, whereas it 
was lowest in control (Fig. 3). During the study, the observed plankton 
species mainly belonged to Bacillariophyceae, Chlorophyceae, 
Conjugatophyceae, Cyanophyceae and Euglenophyceae, Trebouxiophyceae, 

Table 3. Specific activities of digestive enzymes (Mean±SE) in the intestine of H. pulchellus raised in biofloc system using various carbon sources

 Digestive enzyme Control Jaggery Tapioca flour Rice flour Corn flour
Amylase (U mg protein-1) 140.66±10.29d 390.74±20.63a 324.73±22.23b 226.82±13.79c 198.88±14.17c

Protease (U mg protein-1) 122.35±5.91c 193.83±6.61a 172.17±3.78ab 154.74±10.98bc 207.52±21.5a

Lipase (U mg protein-1) 208.9±14.08c 363.05±17.64a 283.88±23.4b 306.66±18.5ab 270.5±15.34b

Values in the same row with different letters are significantly different (p<0.05). 
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30 days,            60 days,          90 days

Co
nt

ro
l

Ja
gg

er
y

Ta
pi

oc
a 

flo
ur

Ri
ce

 fl
ou

r

Co
rn

 fl
ou

r

a a

a

a

b

ab

cd

b
bc

d

b

a aa

a

12.00

10.00

8.00

6.00

4.00

2.00

0.00

Pl
an

kt
on

 b
io

m
as

s 
(m

g 
l-1

)

Fig. 3. Total plankton biomass (dry weight, mg l-1) estimated on 30th, 60th and 
90 days with different treatments (Mean±SE). Different superscripts denote 
significant differences (p<0.05) between treatments for each parameter

Rotifera and Crustacea. Higher density of planktonic diatom 
belonging to the Class Bacillariophyceae, and rotifers were 
found under jaggery treatment (Fig. 4). Carbon sources 
influenced the proximate composition of flocs (Table 4).  
Jaggery-based bioflocs had higher crude protein compared to  
other types.

Correlation matrix 
The variables’ relationships were analysed using the Pearson 
correlation matrix and is depicted in Fig. 5. The weight gain, 
an indicator of growth performance, had a very strong positive 
correlation with SOD (0.98), lipase (0.94), plankton (0.94), floc 
volume (0.92) and lysozyme (0.90) compared to other variables and 
conversely, TAN (-0.93) and Nitrite (-0.95) were highly negatively 
correlated. Further, there was a very strong negative correlation 
between TAN and Floc volume (-0.97).

Discussion
BFT improves production performance by providing natural food 
supply to cultured organisms (Avnimelech, 2009). In our study, 
all BFT groups outperformed the control in growth performance. 
Similarly, improved growth performance of fishes like Oreochromis 
niloticus (Elayaraja et al., 2020), C. auratus (Wang et al., 2015) and 
C. carpio (Bakhshi et al., 2018) were reported in the BFT system. 
Jaggery as a carbon source is highly soluble and showed better 
growth performance among the biofloc groups. According 
to Avnimelech (2012), simple carbohydrates such as sugars 
can remove ammonia nitrogen more efficiently than complex 
carbohydrates. Mirzakhani et al. (2019) and Putra et al. (2020) 
reported higher tilapia growth performance in the BFT system with 
soluble carbon source addition than starch. It is consistent with our 
findings and indicates that readily available carbon from jaggery is 
essential for improved growth performance.

Biofloc technology improves water quality by removing nitrogenous 
waste (Avnimelech, 1999; Dauda, 2019). In our study, the levels 
of TAN and nitrite were lowered in the BFT system due to the 
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Table 4. Proximate composition (dry wt. basis) of biofloc (Mean ± SE) in different biofloc groups

Treatment Crude protein (%)    Crude fat (%)  Ash (%) Crude fibre (%) Nitrogen free extract (%) 
Jaggery 20.03 ± 1.39a 0.89 ± 0.14a 31.66 ± 0.23d 19.67 ± 0.53b 17.62 ± 1.32a

Tapioca 15.75 ± 0.14b 0.85 ± 0.16a 37.94 ± 0.52a 23.55 ± 1.02b 12.52 ± 0.98ab

Rice flour 19.22 ± 1.45ab 0.93 ± 0.17a 34.49 ± 0.17b 23.7 ± 2.86b 11.66 ± 3.01b

Corn flour 19.66 ± 0.79a 0.96 ± 0.07a 32.95 ± 0.34c 31.94 ± 0.49a 4.49 ± 0.51d

Values in the same row with different letters are significantly different (p<0.05). 

Control
Euglenophyceae,
16.67, 0%

Euglenophyceae,
7.14, 0% Euglenophyceae,

71.43, 2%

Euglenophyceae,
4.76, 0%

Euglenophyceae,
9.52, 0%

Cyanophyceae
669.31, 16%

Cyanophyceae
626.19, 16% Cyanophyceae

1128.57, 28%

Cyanophyceae
869.05, 15%

Cyanophyceae
578.57, 6%Crustacea,

2.38, 0%

Crustacea,
9.52, 0%

Crustacea,
9.52, 0%

Crustacea,
2.38, 0%

Conjugatophyceae, 
223.81, 5%

Conjugatophyceae, 
57.14, 2% Conjugatophyceae, 

19.05, 0%

Conjugatophyceae, 
42.86, 1%

Conjugatophyceae, 
61.90, 1%

Chlorophyceae, 
1121.43, 26%

Chlorophyceae, 
245.24, 7% Chlorophyceae, 

121.43, 3%

Chlorophyceae, 
721.43, 12%

Chlorophyceae, 
752.38, 7%

Bacillariophyceae,
2278.57, 53%

Bacillariophyceae,
2675.13, 69%

Bacillariophyceae,
4234.12, 71%

Bacillariophyceae,
2538.77, 64%

Bacillariophyceae,
8104.49, 80%

Trebouxiophyceae,
9.52, 0%

Trebouxiophyceae,
200.00, 5%

Trebouxiophyceae,
64.29, 2%

Trebouxiophyceae,
30.95, 1%

Trebouxiophyceae,
554.76, 6%

Jaggery

Rotifera,
45.24, 0%

Rotifera,
9.52, 0%

Rotifera,
38.10, 1%

Rotifera,
35.71, 1%

Rotifera,
30.95, 0%

Tapioca flour Rice flour

Corn flour

Fig. 4. Group-wise plankton proportion (average of 30, 60 and 90 days’ sampling) in various treatments

Fig. 5. Pearson correlation coefficient (r) matrix of different variables
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proliferation of heterotrophic bacteria and higher floc formation, 
which improved water quality and created a favourable environment 
for H. pulchellus. Jaggery reduced N compounds in water better 
than the polysaccharides (tapioca, rice flour, and corn flour). 
Sugars eliminate ammonia-N faster than complex polysaccharides 
(Ekasari et al., 2014; Dauda et al., 2017; Wei et al., 2020). The slower 
breakdown of tapioca, rice and corn flour in our study influenced the 
floc development, leading to higher N-compounds in water, which 
in turn impeded H. pulchellus fingerling growth. Carbon source 
addition to BFT tanks increased THB count. However, the reason 
for the corn flour group’s higher THB levels is unclear and needs 
further investigation. The volume of biofloc increased steadily in 
BFT treatments, with the jaggery group having the highest volume. 
The better growth performance in the jaggery group is associated 
with higher floc volume and improved water quality.

In this study, the bioflocs recorded protein content ranging from 
15.75 to 20.03%, which was lower than the range 21.8 to 25% 
found by Bakhshi et al. (2018). The lipid level of biofloc ranged 
from 0.89 to 0.96%, with the corn flour group having the highest 
fat level. The higher growth performance observed in the jaggery 
and corn flour carbon source treatments compared to the tapioca 
and rice flour treatments may be attributed to the higher protein 
content and fat content of the biofloc. It indicates that H. pulchellus 
growth performance is highly dependent on the nutritional content 
of biofloc.

Digestive enzyme activity is an important measure that reflects 
the animal’s digestion and metabolism abilities (Anand et al., 
2014). BFT groups had increased digestive enzyme activity than 
the control group in our research. The cultured animals benefit 
from microbial flocs since they contain proteins, fatty acids and 
micronutrients (Ekasari et al., 2014; Wang et al., 2015). Further, the 
flocs may also contain enzymes like amylase and protease (Yu et al.,  
2007, 2009;), which may aid in the growth of cultivated organisms 
by breaking down carbohydrates and protein in the digestive tract. 
The enhanced enzymes activity in the BFT group, particularly in the 
jaggery-based BFT treatment, indicates that H. pulchellus benefits 
from feeding on flocs and it might be because of the combined 
effect of endogenous and exogenous enzymes for digestion found 
in fish and bioflocs.

The fingerlings in the BFT group showed higher lysozyme 
and MPO activities than the control, indicating that 
BFT enhances immunological activity in our study. Lysozyme 
is a nonspecific immune molecule that inhibits pathogens by 
hydrolysing their cell walls (Verschuere et al., 2000). MPO from 
neutrophil granules aids pathogen defence (Dalmo et al., 1997). The 
biofloc system, with its diverse carbon sources, can have varying 
effects on the immune enzyme activity of H. pulchellus. In BFT, 
the heterotrophic bacterial community may stimulate fish immune 
systems (Crab et al., 2012). Ahmad et al. (2016) reported elevated 
myeloperoxidase levels in biofloc-raised rohu. Mansour and 
Esteban (2017) observed significant improvements in lysozyme, 
and myeloperoxidase activity of O. niloticus reared in the BFT 
system. This indicates that the fish in the biofloc system develop an 
improved immune response, which can help them resist infectious 
outbreaks and environmental stressors.

Studies have shown that the antioxidant enzymes are crucial in 
mitigating oxidative stress and two key enzymes involved in this 

protective mechanism are SOD and CAT, both of which scavenge free 
radicals and play a role in preventing lipid peroxidation (Li et al., 2019). 
SOD prevents lipid peroxidation by converting superoxide anion 
into hydrogen peroxides (Tao et al., 2013), which is subsequently 
converted into oxygen and water by catalase (Tavares-Sanchez  
et al., 2004). H. pulchellus in the BFT group had enhanced SOD and 
CAT activities in gill tissue compared to the control in the current 
study. BFT contains a variety of naturally occurring organisms and 
bioactive compounds, such as chlorophyll, carotene, phytosterol, 
polysaccharides, polyphenols and taurine, which could assist fish 
to respond to stressful conditions (Ju et al., 2008). Further, research 
has shown that fish raised using biofloc technology (BFT) have 
increased levels of antioxidant enzymes (Mansour and Esteban, 
2017). The present study’s findings indicate that BFT may lower 
lipid peroxidation levels in H. pulchellus and enhance the fish’s 
capacity to resist oxygen-free radicals. These positive effects may 
ultimately lead to improvements in overall fish health.

The treatment using jaggery had the highest amount of plankton 
biomass, while the control group had the lowest. This suggests 
that plankton abundance in the jaggery treatment enhanced fish 
growth, and the increased availability of plankton in the jaggery 
treatment might have played a vital role in the higher growth of 
fish in that group. It is worth noting that live food organisms, such 
as plankton, contain a variety of essential nutrients and are often 
referred to as “living capsules of nutrition” (El-Kassas et al., 2015). 
The major groups of plankton that were found in this research 
were Bacillariophyceae, Chlorophyceae, Conjugatophyceae, 
Cyanophyceae, Euglenophyceae, Trebouxiophyceae, Rotifera 
and crustacea, reflected the usual phytoplankton composition of 
tropical fish ponds (Gangadhar et al., 2018). Similar conditions were 
maintained for all the treatment groups except for the differences 
in the additional nutrients supplemented through carbon sources. 
Hence, the differences in the taxonomic composition of plankton 
between treatments can be attributed to the carbon source 
supplemented. Irrespective of the treatments, the density of diatoms 
(Bacillariophyceae and Coscinodiscophyceae) was the highest 
among all other classes of plankton encountered. During the study, 
a higher density of planktonic diatoms from the Bacillariophyceae 
class and rotifers was observed in the jaggery treatment. Diatoms 
are considered nutritionally valuable for many aquaculture species. 
The dominance of rotifers in the jaggery treatment suggests that 
this plankton community was able to utilise the newly grown 
diatoms. Rotifers are one of the preferred prey of fish and shrimp. 
The higher amount of plankton biomass in the jaggery treatment 
might have had a vital role in improved growth performance.

Pearson correlation matrix shows the strength and direction of 
relationships among variables. The correlation matrix findings 
suggest that SOD, lipase, plankton, floc volume, and lysozyme 
may be important factors contributing to growth performance. 
Conversely, high levels of TAN and nitrite may have a negative 
impact on growth. The strong negative correlation between TAN and 
floc volume suggests that TAN is assimilated during floc formation. 
Overall, these results provide valuable insights into the relationships 
among variables in the system and can be used to manage culture 
practices to optimise growth performance.

The current investigation demonstrated that the critically 
endangered H. pulchellus fingerling could be successfully 
produced using biofloc technology. The use of biofloc systems 
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was found to have a positive impact on the H. pulchellus growth 
performance. The addition of jaggery as a carbon source resulted 
in better growth performance, enhanced digestive, antioxidant and 
immune activity, and better water quality, suggesting that jaggery 
is the best carbon source for critically endangered H. pulchellus in  
biofloc-based fingerling production. The positive outcomes observed 
with jaggery in this study also suggest its potential applications for 
other commercially important fish species in biofloc systems.
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