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A 90-day, culture trial was conducted to investigate the effect of biofloc on the haemato-biochemical 
responses in Genetically Improved Farmed Tilapia and immunological responses in Penaeus vannamei. 
Six tanks were used following the completely randomized design to discover the haemato-biochemical 
parameters and immunological responses using biofloc and clear water culture systems. The tank was 
stocked with 60 shrimp/m3 of P. vannamei and 5 fish/m3 of GIF tilapia. Biofloc was developed using 
the soyahull pellet powder, with C: N of 15:1. The study found significantly improved immunological 
responses of prophenol oxidase activity (42.25±0.59 µmol.min-1.ml-1), total haemocyte count (2.17±0.06 
X106 cells/ml) and catalase activity (2.19±0.01 Units/ml) in biofloc cultured P. vannamei. Higher values 
of RBC (22.28±0.05 million/cu mm), hemoglobin (8.70±0.09 g/dl), hematocrit (32.36±0.19%), albumin 
(2.46±0.04 g/dl), total protein (5.98±0.02 g/dl) and total cholestrol (9.00±0.14 g/dl) were recorded in 
GIF tilapia reared in biofloc culture system. Therefore, the study suggests that polyculture model of P. 
vannamei and GIF tilapia in biofloc culture system improves the physiological performance.

INTRODUCTION

In aquaculture, biofloc technology is seen as a new blue 
revolution since it is eco-friendly. The manufacturing 

method known as biofloc technology not only maintains 
water quality for intensive animal raising while using  
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the least amount of water possible, but it also supplies an 
additional food supply in the form of biofloc (Burford et 
al., 2004). However, there are certain disadvantages to bi-
ofloc technology, including resource waste and the absorp-
tion of dissolved compounds and organic matter buildup 
in the culture unit (Ebeling et al., 2006). By using polycul-
ture, the aforementioned issue can be mitigated.
Farmers in traditional polyculture stocked five to eight 
species and were frequently disappointed by the extended 
culture time and low yield (Rahman et al., 2008).Farmers 
prefer to employ fewer species these days. There have 
been extensive, semi-intensive, and intensive systems 
used for shrimp-tilapia polyculture. To reuse shrimp feed 
wastes and enhance water quality, tilapias were cultivated 
as the secondary species in the majority of shrimp-tilapia 
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polyculture systems, whereas shrimp were cultured as 
the primary species (Saelee, 2002). The food provided is 
used more effectively in polyculture than in monoculture 
when the chosen species inhabit distinct niches and have 
complementary but diverse eating patterns (Yuan et al., 
2010). Therefore, by permitting a greater variety of feeding 
behaviours, stocking two complimentary species can raise 
the maximum standing crop.

Penaeid shrimp farmers need to maintain water 
quality within a certain range in order to raise healthy, 
fast-growing shrimp (Chen, 1993). Typically, decapod 
crustaceans are opportunistic omnivores that obtain their 
sustenance from benthos or animals related to submerged 
and coastal plants in aquatic environments (Marte, 1989). 
Shrimp producers might therefore save money on artificial 
food if they manage water quality to ensure that there is 
an adequate supply of natural food (Laokiatsophon et al., 
2006). The ability of tilapia to efficiently convert organic 
wastes into high-quality protein, their general hardiness, 
adaptation to both fresh and brackish water environments, 
resistance to disease, and ranking second only to carps 
among the world’s most important farmed fish (Suresh and 
Lin, 1992). As a species in shrimp polyculture, tilapia can 
filter sediment and result in a top-down effect that raises the 
rates of the nitrogenous and phosphorus cycles, decreases 
zooplankton abundance, and increases phytoplankton 
biomass (Yuan et al., 1993).

The direct and indirect effects of eutrophication and 
anoxic sediment conditions brought on by shrimp farm 
effluents are other important concerns. One significant 
consequence has been the increase of pathogenic and 
opportunistic vibrios. Using fish culture, pond water 
appears to have lower incidence of bacterial infections 
from luminous vibriosis in prawn ponds (Yap, 2001). 
But because animals are more likely to get illnesses than 
people, maintaining the health of the animals is also crucial 
to optimizing polyculture (Lin et al., 2018). Therefore, 
the study’s objective was to assess, using immunological 
and haemato-biochemical studies, the health condition of 
Penaeus vannamei raised in biofloc polyculture with GIF 
tilapia.

MATERIALS AND METHODS

Experimental setup
Experimental trial was carried out for 90 days (June 

to August) in tanks (6 no’s) of 33 tons capacity at TNJFU-
Dr. M.G.R. Fisheries College and Research Institute, 
Tamil Nadu, Chennai, India. The experiment consists 
of two treatments, biofloc and clean water system, and 
replicated in completely randomized design (CRD). 

Prior to the stocking, biofloc was developed using soya 
hull pellet powder (carbon source) in biofloc treatment 
and maintained as per Avnimelech (1999) with minor 
modifications. Aeration was provided continuously to 
keep the floc in suspension. For every 1 g of total ammonia 
nitrogen (TAN), 15 g of carbon source (soyahull pellet 
powder) were added. The shrimp (Penaeus vannamei) and 
tilapia strain (GIF tilapia) were polycultured in the tank and 
GIF tilapia was restricted in the hapa. A mean body weight 
of shrimp 0.93±0.09 g (60 shrimp/m3) and 0.42±0.01 g (5 
fish/m3) of uniformed sized were distributed randomly, 
with replicates per treatment. The shrimp and fish were fed 
with commercial diets of 36% and 24% of crude protein 
until apparent satiation four times per day (06.00, 10.00, 
14.00 and 18.00 h).

 
Plankton count and biodiversity analysis

Water samples were collected with the help of 
plankton net (100µm mesh), and the microorganisms 
were counted on fortnight basis using Sedgewick-Rafter 
cell and viewed under a light binocular microscope with 
magnification of 40X in biofloc treatment (Lawrence and 
Mayo Microscopes, Tamilnadu). Plankton were identified 
using standard references (Patterson and Hedley, 1996) up 
to the genus level.

Floc characteristics
Floc volume was analyzed at weekly interval in 

biofloc treatment (Avnimelech and Kochba, 2009). 
According to Mohlman (1934), floc concentration and 
floc volume index (FVI) were calculated. Floc density, 
floc density index (FDI) and porosity were determined 
by following the methods of Muller et al. (1967) and 
WHO International Reference Centre (1978), respectively. 
Total solids (TS), total dissolved solids (TDS) and total 
suspended solids (TSS) were analyzed by following 
standard protocols (APHA, 2005). 

Immunological parameters in shrimp
At the end of the experiment, shrimp (10/treatment) 

were collected and anaesthetized using clove oil (Sigma-
Aldrich), at 10 ppm concentration. Around 50 µl 
hemolymph was collected from the ventral sinus cavity 
of shrimp using 1 ml syringe fitted with 22-gauge needle. 
The collected hemolymph was used to analyze the total 
haemocyte count using the Olympus light microscope 
(CX21i, LED) at 400X magnification (Raja et al., 
2012). Prophenol oxidase (ProPO) activity and catalase 
activity were determined by following the methods of 
Gollas-Galvan et al. (1999) and Takahara et al. (1960), 
respectively (Table II). 
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Haemato- biochemical assay
At the end of the trial, fish (10/treatment) were collected 

and anaesthetized using clove oil (10 ppm) to analyze the 
hematological and serum biochemical parameters using 
1 ml syringe at caudal vein puncture. The blood samples 
were collected and expelled into heparinized and non-
heparinized tubes and kept on ice, immediately. According 
to Stoskopf (2015), total red blood cells (RBCs) and white 
blood cells (WBCs) counts were counted using Neubauer 
hemocytometer. Hemoglobin (Hb) concentration and 
hematocrit (Ht) value were determined by following the 
methods of cyanmethemoglobin (Drabkin, 1946) and 
microhematocrit method (Nelson and Morris, 1989), 
respectively. MCH, MCV and MCHC of erythrocyte 
indices were calculated, according to Wintrobe (1934). 
Non-heparinized tubes were kept in slant position for 2 
h at 4℃. Then it was centrifuged at 3500 g for 25 min 
in a refrigerated centrifuge at 4℃ (Eppendorf Centrifuge 
5804R). The supernatant was collected and stored as 
serum. The biuret method (Reinhold, 1953) was used to 
analyze the total serum protein and bromocresol green 
binding method (Doumas et al., 1971) was used to analyze 
the albumin content of the serum. The globulin value and 
A/G ratio were calculated using standard formulae. Serum 
cholestrol (CHO) levels were estimated using Parekh and 
Jung (1970). 

Statistical analysis
All of the data was provided as the average of three 

replicates with standard error of the mean (SEM). SPSS 
version 20.0 for windows (SPSS Inc., Chicago, IL, 
USA) was used statistical analysis on the data, which 
included student’s t-test. Floc parameters, plankton count, 
immune responses and haemato-biochemical profile was 
performed using SPSS software version 20.0 at 5% level 
of significance.

 
RESULTS AND DISCUSSION

Plankton count and biodiversity analysis
Plankton count was significantly decreasing in biofloc 

treatment from 0th day to 90th day (Fig. 1). The plankton 
diversity recorded in the biofloc treatment was dominated 
from the class of Chlorophyceae (22%) and Cyanophyceae 
(22%) (Table I, Fig. 2).

Generally, biofloc technology comprehends more 
bacterial communities, according to the carbon source, 
C/N ratio and floc characteristics compared to clean water 
aquaculture system (Qiao et al., 2020). Till the end of the 
experiment, Plankton count was decreasing, which might 
be due to formation of floc are held together in a loose 
matrix of mucus (Ahmad et al., 2017). Similar results were 

obtained by Yuvarajan (2021) in biofloc based GIF tilapia 
culture, used distillery spent wash (DSW) as carbon source 
and found 350x104 cells/L to 180x104 plankton cells/L in 
biofloc treatment. Copious research in the biofloc systems 
have shown that biofloc technology endorses nitrogenous 
wastes in to functional microbial protein, in the presence 
of bacterial growth in the biofloc and acts as food source 
for other organisms (Padeniya et al., 2022). According to 
the Tipsrisukond et al. (2020), the choice of carbon source 
plays a crucial role in shaping the microbial composition 
and nutritional characteristics of the floc in the system. 
Predominant group of microorganisms in the present 
study were Class of Chlorophyceae and Cyanophyceae, 
each of 22% in the biofloc treatment. Similarly, 75% of the 
class Chlorophyceae was reported by the Ju et al. (2008) 
in jaggery used carbon source biofloc aquaculture system. 
The present study found lower number of microorganisms 
which might be due to different carbohydrate content, 
algal community and heterotrophic bacterial load in the 
biofloc culture (Choo and Caipang, 2015).
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Fig. 1. Plankton count in biofloc system. Data represents 
mean ± standard error of mean (SEM) of two replications.

Floc characteristics
The mean±SEM of biofloc parameters were 

recorded at the end of the experiment, floc volume, floc 
concentration, floc density, floc volume index, floc density 
index and porosity were 15.50±0.50 ml/L, 2.85±0.05 g/L, 
0.18±0.01 mg/cm3, 5.44±0.27 ml/g, 1.84±0.09 g/100ml 
and 98.45±0.05%, respectively. Whereas, total solids, 
total suspended solids and total dissolved solids were 
336.53±14.78 mg/L, 292.43±13.38 mg/L and 44.10±1.40 
mg/L, respectively.

To understand the structure and composition of 
biofloc - associated microorganisms, porosity, floc volume 
index and floc density index were determined. The 
desirable range of floc volume for finfish and shellfish 
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culture was 10 to 25 ml/L (Hargreaves, 2013) and similar 
to our present study, Haridas et al. (2021) and Menaga et al. 
(2019) reported 15 ml/L and 3 g/L of floc volume and floc 
concentration, respectively were desirable for the intake of 
shrimp and GIF tilapia. Density of floc may be indorsed 
with the density of bacteria in the floc and was in the range 
of 0.18 mg/cm3, which showed the higher settleability of 
floc and also shows inverse relationship with floc volume 
index (Barbusinki and Koscielniak, 1995). Good settling 
and compaction characteristic were determined through 
floc with low floc volume index. Yuvarajan et al. (2018) 
observed a FDI, TS, TSS and TDS of 1.43 ml/g, 1340 
mg/L, 589 mg/L and 751 mg/L which are higher than the 
present study, which may be due to higher floc volume 
and settleability. In general, type of carbon source and 
percentage of carbohydrate in the carbon source, can 
significantly influence the structure, composition (Li et al., 
2018) and floc characteristics (Du et al., 2018). 

 

 

Fig. 2. Plankton diversity observed in the biofloc system 
under light binocular microscope with magnification of 40x.

Immunological parameters in shrimp
The present study found 12%, 21% and 20% of 

significantly higher level of prophenoloxidase activity, 
total haemocyte count and catalase activity were observed 
in biofloc treatment compared to clean water treatment, 
which may be due to unidentified microbial components in 
biofloc. Prophenol oxidase is an enzyme in shrimp which 
mediated the immune responses to activate components 

leading to melanin synthesis (Amparyup et al., 2013). 
Similar to the present study, Chiu et al. (2007) and Li et 
al. (2009) have reported that better immune responses 
can be elicited by shrimp when reared in biofloc system. 
Shrimp reared in biofloc treatment had a significantly 
higher number of haemocyte; these findings show the role 
of biofloc in activating the immune responses and were

Table I. Plankton diversity observed in Penaeus 
vannamei in polyculture with GIF tilapia using biofloc 
culture treatment.

Class: Order Family Genus
Chlorophyceae
Sphaeropleales Neochloridaceae Golenikinia

Hydrodictyaceae Pediastrum
Scenedesmaceae Scenedesmus

Coelastrum
Selenastraceae Ankistrodesmus

Chlorellales Chlorellaceae Chlorella
Cyanophyceae
Nostocales Nostocaceae Anabena

Rivulariaceae Calothrix
Chroococcales Chroococcaceae Chroococcus

Microcystaceae Microcystis
Oscillatoriales Oscillatoriaceae Oscillatoria
Spirulinales Spirulinaceae Spirulina
Zygnematophyceae
Desmidiales Gonatozygaceae Gonatozygon

Desmidiaceae Hyalotheca
Zygnematales Zygnemataceae Zygnema
Bacillariophyceae
Naviculales Naviculaceae Navicula
Fragilariales Fragilariaceae Synedra
Thalassiosirales Stephanodiscaceae Cyclotella
Monogononta
Ploima Brachionidae Brachionus

Trichocercidae Trichocerca
Trebouxiophyceae
Chlorellales Chlorellaceae Micractinium

Oocystaceae Oocystis
Ulvophyceae
Ulotrichales Ulotrichaceae Ulothrix

Cladophorales Cladophoraceae Rhizoclonium
Chrysophyceae
Chromulinales Dinobryaceae Dinobryon
Oligohymenophorea
Peniculida Parameciidae Paramecium
- - Gastrotricha

J. Malreddy et al.
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similar to the results of Ferreira et al. (2015). Xu and Pan 
(2013) also reported that improved haemocyte count in L. 
vannamei in biofloc based system. Contrast to the study, 
Xu and Pan (2014) and De Souza et al. (2014) reported 
that total haemocyte count did not vary significantly in 
shrimp between biofloc and control group. On the other 
hand, catalase protect the cells from oxidative damage and 
increased level of catalase activity has been noticed after 
rearing of shrimp in biofloc (Li et al., 2009) and similar 
results were observed in shrimp were reported by Ju et al. 
(2008). It is possible that presence of beneficial bacteria in 
the ingested biofloc might improve their colonization in 
the gastrointestinal tract leading to better immune mecha-
nism (Xu and Pan, 2013). 

Table II. Immune responses of Penaeus vannamei 
reared in biofloc and clean water in raceway system.

Biofloc Clean water p value
Prophenol oxidase 
(µmol.min-1.ml-1)

42.25±0.59a 37.00±0.33b 0.000

Total haemocyte count 
(X 106 cells/ml)

2.17±0.06a 1.72±0.02b 0.001

Catalase activity (Units/ml) 2.19±0.01a 1.75±0.03b 0.000
Values were expressed as mean ± standard error of mean (SEM). Values 
in the same row with different superscripts are significantly different at 
p< 0.05.

Table III. Hematological and biochemical parameters 
of GIF tilapia reared in biofloc and clean water in 
raceway system.

Biofloc Clean water p-value
Hematologicalparameters
RBC (million/ cu mm) 2.28±0.05a 1.60±0.02b 0.000
WBC (1000/cu mm) 29.19±0.31b 33.44±0.22 a 0.000
Hb (g/dl) 8.70±0.09 a 7.58±0.01b 0.000
Ht (%) 32.36±0.19a 23.93±0.06b 0.000
MCV (fl) 142.90±0.17b 149.54±1.10a 0.000

MCH (pg) 38.75±0.19b 47.44±0.14a 0.000
MCHC (g/dl) 27.19±0.25b 31.77±0.12a 0.000
Biochemical parameters
Albumin (g/dl) 2.46±0.04a 2.15±0.01b 0.000
Globulin (g/dl) 3.45±0.04b 3.52±0.03a 0.000
Total protein (g/dl) 5.98±0.02a 5.95±0.02b 0.000
A/G 0.73±0.01a 0.61±0.00b 0.000
Total cholestrol (g/dl) 9.00±0.14a 8.01±0.22b 0.000

Values were expressed as mean ± standard error of mean (SEM). Values 
in the same row with different superscripts are significantly different at 
p< 0.05.

Haemato- biochemical assay
RBC, WBC, Hb, Ht, MCV, MCH and MCHC levels 

were significantly differed among the treatments (Table 
III). Significantly higher values of RBC, Hb and Ht were 
2.28±0.05 million/cu mm, 8.70±0.09 g/dl and 32.36±0.19 
%, respectively in biofloc treatment. 

The hematological values in the present study were 
within the acceptable limits of teleost fish (Satheesh 
Kumar et al., 2012). Significantly higher values of RBC, 
hemoglobin and hematocrit was observed in the GIF 
tilapia reared in biofloc treatment compared to clean 
water treatment, which might be due to assimilation of 
dietary bioactive compounds from the biofloc and then 
excreted an immune-stimulating effect of the fish and 
the interrelationship of RBC and anemia were observed 
in invertebrates, including fishes. Similar to present 
findings, Mansour and Esteban (2017), has reported 
that O. niloticus reared in biofloc culture has increased 
hemoglobin and hematocrit value. Contrast to our present 
study, no significant variation in the hematology profile 
of Nile tilapia reared in biofloc (Azim and Little, 2008; 
Mabroke, 2018). In the present study, albumin level in 
the biofloc treatment was significantly increased by 13%, 
which might be due to multifunctional of albumin plays 
a crucial role in the transportation of enzymes, vitamins 
and hormones and indicates the healthy functioning of 
the immune system (Punitha et al., 2008). Slightly higher 
levels of total protein in biofloc treatment may be due to 
depletion in the levels of liver glycogen (Ojolick et al., 
1995). Increased level of hemato-biochemical values was 
observed in biofloc treatment as GIF tilapia meet part of 
their protein requirement from microorganisms present in 
the system and from the feed (Durigon et al., 2020) and the 
diet may cause an increase in amino acid intake, modifying 
the elevated metabolic parameters (Teodósio et al., 2020).

CONCLUSION

Biofloc technology is an environmentally benign 
and trash is managed in the tank, because waste is a 
protein source, the desired yield of P. vannamei and GIF 
tilapia can be achieved with modest amount of feed. As 
a result, polyculture with biofloc technology is projected 
as improved physiological responses and beneficial 
technology. 
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