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ABSTRACT

The current study was designed to evaluate the growth, hematology and proximate composition of Nile
Tilapia (Oreochromis niloticus) cultured in super intensive Biofloc technology (BFT) and conventional
pond culture systems (CPCS).Fish samples (n=5) of the same age (120 days) were collected and analyzed.
Results showed significantly (p>0.05) higher growth performance in BFT as compared to CPCS in terms
of daily weight gain (DWG), total weight gain (TWG), specific growth rate (SGR), productivity and
feed conversion ratio (FCR). Various hematological parameters i.e., white blood cells (WBC), red blood
cells (RBC), hemoglobin (Hb), hematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), platelets (PLT) were found
significantly (p < 0.05) higher while the results of proximate analyesis i.e., crude protein (CP), crude
fat (CF) and total ash (TA) were found significantly (p < 0.05) lowere in BFT as compared to CPCS.
Moerover, the moisture content was observed significantly higher.in BFT than CPCS. The survival rate
was aproximatly 100% in both culture systems. Overall the current study showed improved growth
performance and hematology in BFT while betterproximate composition of Nile tilapia reared in CPCS.

Check for
updates

Article Information

Received 14 April 2022

Revised 20 April 2023

Accepted 06 May 2023
Available online 28 August 2023
(early access)

Authors’ Contribution

YJ collected samples, analysed data
and wrote the manuscript. MZA con-
ceived idea, supervised the research,
and revised the manuscript. ZM
collected samples and revised the man-
uscript. SA revised the manuscript.
MI did statistical analysis and guided
manuscript writing.

Key words

Biofloc technology, Conventional
pond, Nile tilapia, Growth,
Hematology, Proximate composition

INTRODUCTION

Aquaculture is one of the fastest-growing food
industries with an annual average growth rate of 5.3%
during the period of 2001-2018. For the last five years,
aquaculture has contributed 46% to world fish production
and is estimated to grow from 82.1 million tonnes in 2018
to 109 million tonnes in 2050 (FAO, 2020). Due to the
rapid growth in the world population which is expected
to reach 9.5 billion in 2050 and the world food demand
will increase about 70% (de Marsily and Abarca-del-Rio,
2016). Pakistan’s human population increased with an
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annual growth rate of 2.4% from 132 million in 1998
to 208 million in 2017 and is estimated to rise to 250.2
million by 2050. Although this growth rate is lower than
2.7% of the previous intercensal period (1981-1998) but
much higher than the anticipated growth rate of 1.9%
(Goujon et al., 2020).Aquaculture and fisheries contribute
amajor role in the economy of a nation.Fisheries is a major
source of nutrition, food, and occupation (Welcomme
et al., 2010) supporting livelihoods of about 60 million
people and supplying about 17% of global protein (FAO,
2018). Fish being an important source of various proteins,
deal with the “hidden hunger” i.e. health-related issues
due to micronutrients deficiency (Kennedy, 2002). To
fulfill the increased food demand the aquaculture sector
being an important source of nutrition, employment, and
food needed to be well developed (Sharifinia et al., 2019).
Intensification of the farming system is needed to meet the
increasing food demand (Garlock et al., 2020).

Pakistan fish production mainly comes from
capture fisheries and aquaculture practices. Initially, the
aquaculture contribution was very low (3517 million
tons/ year from 1950 to 1990) but with time it increases
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significantly (5460 million tons/ year from 1991 to 2017).
The highest aquaculture production contributing to total
capture fisheries production was recorded as 1,53,230
million tons in the year 2017 (Shah et al., 2018). Growth
in Pakistan’s fish production in the past two decades has
come largely from aquaculture (FAO, 2018). The inland
aquaculture in Pakistan is mainly relying on intensive,
semi-intensive, and extensive culture systems. Although
the growth rate of aquaculture production is increasing in
Pakistan, but it is still far behind from the production level
of other countries (Suplicy et al., 2017). To increase the
production level within the available resources many new
technologies are being developed worldwide e.g., Biofloc,
recycling aquaculture system (RAS), Aquaponics, etc. Fish
farmers in Pakistan are also adopting these technologies
according to their environment, financial budget, and
available resources.

Challenges associated with the expansion and
intensification of the aquaculture sector are aquatic
animal disease (Stentiford ef al., 2017), degradation of
the ecosystem (Reverter ef al., 2020), and water pollution
due to high load of nitrogenous wastes (Crab et al., 2007).
Biofloc technology is the best solution to the problems
associated with the expansion of the aquaculture industry
such as its impact on the environment and the limited
water and land resources (Khanjani and Sharifinia, 2020).

Biofloc technology (BFT) is a cost-effective,
sustainable, and environmental friendly (due to zero
or minimum water exchange) way of aquaculture to
improves water quality as well as in situ production of
microbial protein that reduces the feed conversion ratio
(FCR) (Sgnaulin et al., 2018). It is sustainable alternative
for intensive aquaculture of Nile tilapia (Oreochromis
niloticus), Pacific white/shrimp (Litopenaeus vannamer)
and polyculture of silver carp (Hypophthalmichthys
molitrix), common carp (Cyprinus carpio L) and bighead
carp (Aristichtys nobilis) (Zhao et al., 2014). BFT might
be the best solution for sustainable aquaculture production
in culturing both detritivorous and filter-feeding species
(Luo et al., 2014).

Tilapia (Oreochromis niloticus) is the most important
aquaculture fish species (FAO, 2007). After carps,
tilapia is the second widely cultured fish species (Ridha,
2006) boosting world aquaculture production and is the
important source of animal proteins and income (Sosa et
al., 2016). Tilapia is the best candidate for aquaculture due
to its stress tolerance, widely accepted taste, fast growth,
and easy breeding in captivity (Guerrero, 2019). Now a
day’stilapia consumption has increased worldwide and is
known as aquatic chicken (Fitzsimmons, 2005).

MATERIALS AND METHODS

Fish stocking

Monosex tilapia (Oreochromis niloticus) seed was
obtained from Tawakul Tilapia Fish Hatchery Muradabad
Muzaffargarh, Punjab. The fish was transported in
Polythene bags with sufficient oxygen provided, to
Smart Biofloc Fish Farm Peshawar and to Faisal Tilapia
Fish Farm, chakri Rawalpindi for rearing under Biofloc
technology and conventional pond culture system
respectively. A total of 800 fish with an initial average
weight of 25 (g) was stocked in BFT circular tank of
4x1.5-meter (Height X Diameter) with 10,000-liter water
capacity. The CPCS pond was stocked at the rate of 3400
fingerling/acre.

Pond preparation and feeding

The conventional pond was prepared and fertilized
pre-stocking by adding cow dung 250 kg/acre, Urea 2 kg/
acre, and DAP 4 kg/acre while Biofloc tank was added
with 100 g probiotics 15x10° CFU/gram (Napro company
imported for China), 10 m® water, 2kg molasses, 100 g
CaCoyand 10 kg raw salt.Fish was fed with commercially
available 30% CP soya feed twice a day at the rate of 5%
wet body weight in both BFT and CPCS.

Water management

Water parameters of the Biofloc tanks were maintained
by adding fermented carbon organic (FCO). FCO was
prepared by mixing probiotics (100 g) and molasses (5
kg) /200liter water and was provided with aeration for 24
h. FCO was added regularly 40% of the total feed used
to maintain a C/N ratio of 10:1. The conventional pond
were maintained by using AC-Pro aquaculture treatment
chemical.

Growth performance

Growth performance of Nile Tilapia from both culture
systems was obtained viz.,specific growth rate (SGR)
and daily weight gain (DWG)using standard formulas
(Hopkins, 1992).

Specific growth rate (SGR) = (Ln(W ) - Ln(W)))/t (days)
Total weight gain (TWG) (g) = Final weight (g) - Initial
weight (g)

Daily weight gain (DWG) (g/day) = (W, - W )/days

Feed conversion ratio (FCR) and Survival rate
percentage was determined by using formula given by
Khanjani ef al. (2017).

Feed conversion ratio (FCR) = total amount of dry feed
consumed (g)/ wet weight gain of fish (g)
Survival rate (%) = (final number of fish/ initial number
of fish) X 100
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Hematology

Neubauer haemacytometer was used to count the
white blood cells (WBC), red blood cells (RBC) and
platelets (PLT) in the blood of fish sampled randomly from
both cuture systems. Mean corpuscular volume (MCV),
mean corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC) were calculated
(Wintrobe, 1933). The hemoglobin (Hb) and hematocrit
(HCT) was measured by using Sahli’s haemometer and
micro haematocrit reader (NUVE, NF-048 Turkey),
respectively.

Proximate analysis

Forproximate composition the fish were dissected
andvisera was removed along with body scales. Fish meat
was oven dried at 60 °C till constant weight and grinded.
Moisture content, crude protein, crude fat and total ash
were determined by following the standard procedure of
AOAC (2005).

Statistical analysis

The data is expressed in terms of Mean+SD. All
hematological and meat data were incorporated into SPSS
software version 21 for desktop. T-test (two-tailed) was
used to calculate the difference between the proximate
composition of fish samples from the BFT and CPCS.
Significance was set at (p < 0.05).

RESULTS

Growth performance

Growth performance, survival and productivity of
Nile Tilapia (O. niloticus) in BET and CPCS at the end of
120 days is presented in Figure 1. Survival rate was 100%
in both culture systems while SGR, DWG, TWG, and
productiovity were significantly higher (p < 0.05) in BFT
as compared to CPCS. FCR in CPCS was significantly
higher (p < 0.05) than BFT.

Hematology

Hematological parameters of Nile Tilapia (O.
niloticus) reared in biofloc technology and conventioanal
pond culture systes (CPCS) are shown in Table 1. The
various hematological parameters were found significantly
higher (p < 0.05) in BFT.

Proximate analysis

The proximate analysis of Nile Tilapia (O. niloticus)
cultured in a conventional pond was significantly higher(p
<0.05) in terms of crude protein (CP), crude fat (CF), and
total ash (TA) than fish cultured in a biofloc system. The
moisture content was recorded higher (p > 0.05) in biofloc

cultured fish (Fig. 2).
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Fig. 1. Growth performance of nile tilapia (O. niloticus)
reared in biofloc technology and conventional pond culture
system. DWG (g/day) = daily weight gain; TWG(g) = Total
weight gain; FCR = feed conversion ratio; SGR%, specific
growth rate; ns, not different significantly; *, significantly
different.
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Fig. 2. Comparative proximate composition of nile tilapia
(O. niloticus) reared in biofloc technology and convention-
al pond culture system. CP, crude protein; CF, crude fat;
TA, total ash.

DISCUSSION

Growth performance

Results of the present study revealed better growth
performance of Nile Tilapia reared in biofloc technology
as compared to conventional pond culture system.
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Table 1. Hematology of Nile Tilapia (Oreochromis
niloticus) reared in biofloc technology (BFT) and
conventional pond culture system (CPCS).

Parameters Culture system

BFT CPCS
WBC (10%/uL) 185.00 +5.2° 151.60 + 6.10°
RBC (10%pul) 2.44 +0.08° 2.32+£0.14*
Hb (g/dL) 13.80 £0.83" 11.94 £ 0.48°
HCT (%) 52.44 +1.18° 41.75+£2.27°
MCYV (fL) 189.60 + 7.70° 174.20 + 3.96°
MCH (pg) 49.56 + 1.69° 46.52+1.47*
MCHC (g/dL) 31.82+1.12° 28.78 £ 0.95*
PLT (103/uL) 287.20 +£7.19° 272.80 + 4.08°

Means + SD with different alphabets are significantly different (p < 0.05).
WBC (10%/puL), white blood cells, RBC (10%ul), red blood cells; HGB
(g/dL), hemoglobin; HCT(%), hematocrit; MCV(fL), mean corpuscular
volume; MCH (pg), mean corpuscular hemoglobin, MCHC (g/dL), mean
corpuscular hemoglobin concentration, PLT (10%/uL), platelets.

These results are in accordance withvarious studies that
reported increased growth performance of cultured
animals by the presence of biofloc in culture systems
(Panigrahi et al., 2019; Adineh et al., 2019). In support
to our studyAzim and Little (2008) also observed higher
individual fish weight in biofloc treatment as compared to
the control using a recirculating system. BFT treatments in
the experiment also contributed 44-46% greater.individual
weight gain and net fish production than those in controls.
Food conversion ratio (FCR) value was also significantly
higher in the control as compared to the BFT treatment
tanks.In biofloc probiotics, essential nutrients and several
organic compounds are present (Najdegerami et al., 2016).
The presence of biofloc and the supplementary feed
provides a complete diet to the cultured aquatic animals
(Khanjani and Sharifinia, 2020). The increased growth
performance in the BFT treatment might be in part due
to the maintenance of optimum quality tank water and
to the constant availability of nutritious floc (the richest
source of many essential fatty acids) (Ekasari et al., 2010;
Toledo et al., 2016). Many bioactive compounds were
evaluated in biofloc such as carotenoids, chlorophylls,
and phytosteroids, which are expected to contribute to
better growth of cultured organisms in the biofloc system
(Ju et al., 2008). In contrast to our study Little et al.
(2008) reported better growth performance in ordinary
recirculating culture systemas compared to that in indoor
and outdoor BFT systems. Such results might be due to
the biological turbidity provoked by biofloc and/or the
chronic stress arising from deteriorated and fluctuated
water quality.

Hematology

Hematological parameters are important to
monitor health of cultured animals and for detecting
abnormalities and disease etc. (Harikrishnan et al.,
2012).In the presentstudy hematological parameters
including WBC, RBC, Hb, HCT, MCV, MCH, MCHC
and PLT were significantly higher (p < 0.05) in BFT
than in the conventional pond. These results were in
accordance with Zafar et al. (2021) who also reported
increased hematological parameters of stinging catfish
(Heteropneustes fossilis) in BFT as compared to control.
Higher values of hematological perameters in O.
niloticus reported by Gayed et al. (2021) with probiotics
supplemented diet support the results of present stsudy. The
improved hematological parameters in BFT as compared
to conventional pond may be due to the application of
probiotics (Salam ef al., 2021; Saravanan et al., 2021;
Iwashita et al.; 2015). To the best of our knowledge data
regarding the-effect of BFT on hematological parameters
is insufficient and contradictory. Azim and Little (2008)
observed non significant difference in HCT% between
control and BFT groups in Nile Tilapia. In contrast to our
study Hisano et al. (2021) found non significant difference
in hematological parameters of O. niloticus cultured in
BFT and RAS and in anonther study conducted by Long
et al. (2015) also non significant hematological parameters
were found between indoor BFT with no water exchange
and control with water exchange.

Proximate analysis

Proximate composition of fish meat i.e., Crude
protein, crude fat, ash and moisture are the important
factors to evaluate the muscle quality of edible organisms
(Lie, 2001; Yang et al., 2018a). Different environmental
conditions lead to alteration in the proximate components
(Yang et al., 2018). Data regarding comparative analysis of
the proximate composition of O. niloticus is insufficient in
BFT. Numerous studies have been conducted to evaluate
the proximate composition of tilapia and various other
species in BFT, RAS, Floating cages. Comparative studies
of the proximate composition of wild and pond-reared fish
have also been conducted (Hisano ef al., 2021; Long et al.,
2015). In our study, significantly higher values of crude
protein, crude fat, and total ash of O.niloticus were found in
the conventional pond culture system as compared to fish
reared in biofloc technology while moisture content was
significantly low in the conventional pond. Significantly
higher moisture content in BFT (72.82%) was recorded as
compared to the conventional pond (67.26%). Azim and
Little (2008) also found higher moisture content (71.25%)
for O. niloticus fed with 35% crude protein along with
biofloc and that of 67.83%in fish fed with 24% crude
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protein feed with addition of biofloc. Zafar et al. (2021)
reported the moisture content of 75.74% and 75.62% in
BFT and control for Asian stinging catfish (Heteropneustes
fossilis). Another study conducted by Desta et al. (2019) on
the proximate composition of O. niloticus reported higher
moisture content (73.62%) in semi-intensive pondsas
compared to wild fish (66.77%) of Lake Hawassa.

The crude protein content in the present study was
(56.00+1.58) and (61.26 + 1.58) for BFT and conventional
pond, respectively. These results were in accordance to
Azim and Little (2008) who reported the crude protein
values of 53.41%, 55.28%, and 49.55% for O. niloticus
cultured in indoor tanks and fed with different experimental
diets i.e. 35% CP with biofloc, 35% CP without biofloc and
24% CP with biofloc respectively. Khanjani et al. (2021)
also reported similar values of crude protein 59.23% for
O. niloticus in Biofloc systems provided with Barley flour
as a carbon source. The improved proximate parameters in
pond cultured fish may be due to the foraging movement
which leads to the breakdown of lipids and accumulation
of protein content in the fish muscles (Yang et al., 2018;
Xu et al., 2006, 2015). Chowdhury ef al. (2000) and Uddin
et al. (2001) also reported higher protein content in paddy
culture systems as compared to conventional pond due
to the availability of more diverse microbes and other
supplementary nutrients.

Crude fate content in the current study calculated
as 31.60+1.95 and 36.58+1.22 for BFT and conventional
pond, respectively was in accordance with Khanjani ef al.
(2021) and Azim and Little (2008) who reported 25.69%
and 27.83% respectively for O. niloticus in biofloc cultured
systems.

Total ash content found in present study (7.46% ) for
the conventional pond was significantly higher as compared
to BFT i.e., 4.52%. These results were in contrast to Desta
et al. (2019) who reported low ash content in pond reared
(1.51%) as compared to wild O. niloticus (1.89%).

Overall the present study showed that BFT is one of
the best option to adopt for intensive fish culture to fulfill
the increasing world food demand in a sustainable way.
Beter Growth and hematological parameters of Nile Tilapia
indicating healthy environment in BFT as compared to
CPCS. However beter proximate composition of fish meal
was recorded in conventional pond culture system but it
requires more land as well as water. Further improvements
in BFT is needed to to produce quality fish with beter
proximate composition. Hybrid culture system of BFT
and conventional pond may also fill the gap to atain beter
quality fish meat.

ACKNOWLEDGEMENT

The provision of research facility at Smart Biofloc

Fish Farm in Peshawer, KP by Mr. Salim Nawaz and
the conventional fish pond at Rawalpindi, Punjab by Mr.
Muhammad Faisal is greatly acknowledged.

Funding
It was a self funded research work, no funds were
acquired from any organization for this study.

IRB approval
Not applicable.

Ethics statement

All the rules and regulations approved by ethical
committee of Pir Mehr Ali Shah Arid Agriculture
University, Rawalpindi were followed.

Statement of conflict of interest
The authors have declared no conflict of interest.

REFERENCES

Adineh, H., Naderi, M., Hamidi, M.K. and Harsij,
M., 2019. Biofloc technology improves growth,
innate immune responses, oxidative status, and
resistance to acute stress in common carp (Cyprinus
carpio) under high stocking density. Fish Shellf.
Immunol., 95: 440-448. https://doi.org/10.1016/j.
£51.2019.10.057

AOAC, 2005. Official methods of analysis, 18th
ed. Association of Official Analytical Chemist,
Washington, DC, US.

Azim, M.E. and Little, D.C., 2008. The biofloc
technology (BFT) in indoor tanks: Water
quality, biofloc composition, and growth and
welfare of Nile tilapia (Oreochromis niloticus).
Aquaculture, 283: 29-35. https://doi.org/10.1016/j.
aquaculture.2008.06.036

Chowdhury, M.T.H., Dewan, S., Wahab, M.A., Uddin,
M.J. and Thilsted, S.H., 2000. Water quality
parameters of the rice fields used for rice cum fish
culture. Bangladesh J. Fish, 23: 25-29.

Crab, R., Avnimelech, Y., Defoirdt, T., Bossier, P. and
Verstraete, W., 2007. Nitrogen removal techniques
in aquaculture for a sustainable production.
Aquaculture, 270: 1-14. https://doi.org/10.1016/j.
aquaculture.2007.05.006

de Marsily, G. and Abarca-del-Rio, R., 2016. Water and
food in the twenty-first century. Surv. Geophys.,
37: 503-527. https://doi.org/10.1007/s10712-015-
9335-1

Desta, D., Zello, G., Alemayehu, F., Estfanos, T., Zatti,


https://doi.org/10.1016/j.fsi.2019.10.057
https://doi.org/10.1016/j.fsi.2019.10.057
https://doi.org/10.1016/j.aquaculture.2008.06.036
https://doi.org/10.1016/j.aquaculture.2008.06.036
https://doi.org/10.1016/j.aquaculture.2007.05.006
https://doi.org/10.1016/j.aquaculture.2007.05.006
https://doi.org/10.1007/s10712-015-9335-1
https://doi.org/10.1007/s10712-015-9335-1

Y. Jamal et al.

K. and Drew, M., 2019. Proximate analysis of
Nile Tilapia (Oreochromis niloticus), Fish fillet
harvested from farmers pond and Lake Hawassa,
Southern Ethiopia. Int. J. Res. Dev. Technol., 11:
94-99.

Ekasari, J., Crab, R. and Verstracte, W., 2010.
Primary nutritional content of bio-flocs cultured
with different organic carbon sources and
salinity. HAYATI J. Biosci., 17: 125-130. https://doi.
org/10.4308/hjb.17.3.125

FAO, 2007. Nations Fish State and Production, pp.
1970-2002. Rome.

FAO, 2018. The state of world fisheries and aquaculture
2018. Meeting the sustainable development goals.
Rome.

FAO, 2020. The state of world fisheries and aquaculture
2020. Sustainability in action. FAO.

Fitzsimmons, K., 2005. Tilapia culture. Am. Fisher. Soc.
Symp., 2005: 563-590.

Garlock, T., Asche, F., Anderson, J., Bjerndal, T.,
Kumar, G., Lorenzen, K., Ropicki, A., Smith, M.D.
and Tveterds, R., 2020. A global blue revolution:
Aquaculture growth across regions, species, and
countries. Rev. Fish. Sci. Aquacult., 28: 107-116.
https://doi.org/10.1080/23308249.2019.1678111

Gayed, M.A., Elabd, H., Tageldin, M. and Abbass, A.,
2021. Probiotic Zado (Ruminococcus Flavefaciens)
boosts hematology, immune, serum. proteins,
and growth profiles in Nile tilapia (Oreochromis
niloticus). Fish Shellf. Immunol., Reports, 2,
100021.

Goujon, A., Wazir, A., Gailey, N. and Population, I.,
2020. Pakistan: A population giant falling behind in
its demographic transition. Popul. Soc., 576: 1-4.
https://doi.org/10.3917/popsoc.576.0001

Guerrero, R.D., 2019. Farmed tilapia production in the
Philippines is declining: What has happened and
what can be done. Philippine J. Sci., 148: xi—xv.

Harikrishnan, R., Kim, J.S., Kim, M.C., Balasundaram,
C. and Heo, M.S., 2012. Pomegranate enriched
diet enhances the hematology, innate immune
response, and disease resistance in olive flounder
against Philasterides dicentrarchi. Vet. Parasitol.,
187: 147-156. https://doi.org/10.1016/j.
vetpar.2011.12.006

Hisano, H., Barbosa, P.T.L., de Arruda Hayd, L. and
Mattioli, C.C., 2021. Comparative study of growth,
feed efficiency, and hematological profile of
Nile tilapia fingerlings in biofloc technology and
recirculating aquaculture system. Trop. Anim. Hith.
Prod., 53: 1-7. https://doi.org/10.1007/s11250-
020-02523-z

Hopkins, K.D., 1992. Reporting fish growth: A review
of the basics. J. World Aquacult. Soc., 23: 173—
179. https://doi.org/10.1111/j.1749-7345.1992.
tb00766.x

Iwashita, M.K.P., Nakandakare, 1.B., Terhune, J.S.,
Wood, T. and Ranzani-Paiva, M.J.T., 2015.
Dietary supplementation with Bacillus subtilis,
Saccharomyces cerevisiae and Aspergillus oryzae
enhance immunity and disease resistance against
Aeromonas hydrophila and Streptococcus iniae
infection in juvenile tilapia Oreochromis niloticus.
Fish Shellfish Immunol., 43: 60—66. https://doi.
org/10.1016/5.fs1.2014.12.008

Ju, Z.Y., Forster, 1., Conquest, L. and Dominy, W., 2008.
Enhanced growth effects on shrimp (Litopenaeus
vannamei) from inclusion of whole shrimp floc
or floc fractions to a formulated diet. Aquacult.
Nutr., 14; §33-543. https://doi.org/10.1111/j.1365-
2095.2007.00559.x

Kennedy, G., 2002. The scourge of hidden hunger; global
dimensions of micronutrient deficiencies. Fd. Nutr.
Agric., 32.

Khanjani, M.H., Alizadeh, M., Mohammadi, M. and
Sarsangi, A.H., 2021. Biofloc system applied to
Nile tilapia (Oreochromis niloticus) farming using
different carbon sources: Growth performance,
carcass analysis, digestive and hepatic enzyme
activity. Iran. J. Fish. Sci., 20: 490-513.

Khanjani, M.H., Sajjadi, M.M., Alizadeh, M. and
Sourinejad, I.,2017. Nursery performance of Pacific
white shrimp (Litopenaeus vannamei Boone, 1931)
cultivated in a biofloc system: the effect of adding
different carbon sources. Aquacult. Res., 48: 1491-
1501. https://doi.org/10.1111/are.12985

Khanjani, M.H. and Sharifinia, M., 2020. Biofloc
technology as a promising tool to improve
aquaculture production. pp. 1836—1850. https:/
doi.org/10.1111/raq.12412

Lie, 2001. Flesh quality. The role of nutrition.
Aquacult. Res., 32(Suppl. 1): 341-348. https://doi.
org/10.1046/j.1355-557x.2001.00026.x

Little, D.C., Murray, F.J., Azim, E., Leschen, W., Boyd,
K., Watterson, A. and Young, J.A., 2008. Options
for producing a warm-water fish in the UK: Limits
to green growth? Trends Fd. Sci. Technol., 19: 255-
264. https://doi.org/10.1016/j.tifs.2007.12.003

Long, L., Yang, J., Li, Y., Guan, C. and Wu, F., 2015.
Effect of biofloc technology on growth, digestive
enzyme activity, hematology, and immune response
of genetically improved farmed tilapia (Oreochromis
niloticus). Aquaculture, 448: 135-141. https://doi.
org/10.1016/j.aquaculture.2015.05.017


https://doi.org/10.4308/hjb.17.3.125
https://doi.org/10.4308/hjb.17.3.125
https://doi.org/10.1080/23308249.2019.1678111
https://doi.org/10.3917/popsoc.576.0001
https://doi.org/10.1016/j.vetpar.2011.12.006
https://doi.org/10.1016/j.vetpar.2011.12.006
https://doi.org/10.1007/s11250-020-02523-z
https://doi.org/10.1007/s11250-020-02523-z
https://doi.org/10.1111/j.1749-7345.1992.tb00766.x
https://doi.org/10.1111/j.1749-7345.1992.tb00766.x
https://doi.org/10.1016/j.fsi.2014.12.008
https://doi.org/10.1016/j.fsi.2014.12.008
https://doi.org/10.1111/j.1365-2095.2007.00559.x
https://doi.org/10.1111/j.1365-2095.2007.00559.x
https://doi.org/10.1111/are.12985
https://doi.org/10.1111/raq.12412
https://doi.org/10.1111/raq.12412
https://doi.org/10.1046/j.1355-557x.2001.00026.x
https://doi.org/10.1046/j.1355-557x.2001.00026.x
https://doi.org/10.1016/j.tifs.2007.12.003
https://doi.org/10.1016/j.aquaculture.2015.05.017
https://doi.org/10.1016/j.aquaculture.2015.05.017

Hematology and Proximate Composition of Tilapia 7

Luo, G., Gao, Q., Wang, C., Liu, W., Sun, D., Li, L. and
Tan, H., 2014. Growth, digestive activity, welfare,
and partial cost-effectiveness of genetically
improved farmed tilapia (Oreochromis niloticus)
cultured in arecirculating aquaculture system and an
indoor biofloc system. Aquaculture, 422-423: 1-7.
https://doi.org/10.1016/j.aquaculture.2013.11.023

Najdegerami, E.H., Bakhshi, F. and Lakani, F.B., 2016.
Effects of biofloc on growth performance, digestive
enzyme activities and liver histology of common
carp (Cyprinus carpio L.) fingerlings in zero-water
exchange system. Fish Physiol. Biochem., 42: 457-
465. https://doi.org/10.1007/s10695-015-0151-9

Official Methods of Analysis of AOAC International.
2005. Official Method 2005.08 RE. 18" Ed., AOAC
International, Gaithersburg, MD, USA,

Panigrahi, A., Sundram, M., Jebha, J., Otta, SK,,
Bhuvaneshwari, T., Saraswathy, R. and
Ravichandran, P., 2017. Biofloc based nutrient
dense culture system for nursery and grow-out
farming of pacific white shrimp Penaeus vannamei.
Boone, 1931. https://doi.org/10.21077/ij£.2017.64.
special-issue.76189-04

Reverter, M., Sarter, S., Caruso, D., Avarre, J.C., Combe,
M., Pepey, E., Pouyaud, L., Vega-Heredia, S., de
Verdal, H. and Gozlan, R.E., 2020. Aquaculture at
the crossroads of global warming and antimicrobial
resistance. Nat. Commun., 11: 1-8. https://doi.
org/10.1038/s41467-020-15735-6

Ridha, M.T., 2006. Comparative study of growth
performance of three strains of Nile tilapia,
Oreochromis niloticus, L. at  two stocking
densities. Aquacult. Res:, 37::172—-179. https://doi.
org/10.1111/j.1365-2109.2005.01415.x

Salam, M.A., Islam, M.A., Paul, S.I., Rahman, M.M.,
Rahman, M.L., Islam, F., Rahman, A., Shaha, D.C.,
Alam, M.S. and Islam, T., 2021. Gut probiotic
bacteria of Barbonymus gonionotus improve
growth, hematological parameters and reproductive
performances of the host. Sci. Rep., 11: https://doi.
org/10.1038/s41598-021-90158-x

Saravanan, K., Sivaramakrishnan, T., Praveenraj,
J., Kiruba-Sankar, R., Haridas, H., Kumar,
S. and Varghese, B., 2021. Effects of single
and multi-strain probiotics on the growth,
hemato-immunological, enzymatic activity, gut
morphology and disease resistance in Rohu, Labeo
rohita. Aquaculture, 540: 736749. https://doi.
org/10.1016/j.aquaculture.2021.736749

Sgnaulin, T., de Mello, G.L., Thomas, M.C., Garcia,
JRE. de Oca, G.ARM. and Emerenciano,
M.G.C., 2018. Biofloc technology (BFT): An

alternative aquaculture system for piracanjuba
Brycon orbignyanus? Aquaculture, 485: 119-123.
https://doi.org/10.1016/j.aquaculture.2017.11.043

Shah, S.B.H., Mu, Y., Mohsin, M., Pavase, T.R.,
Kalhoro, M.T., Memon, A.M., Jattak, Z., Hydar,
S.S. and Soomro, M.A., 2018. An economic
analysis of the fisheries sector in Pakistan (1950-
2013). Indian J. Geo-Mar. Sci., 47: 903-909.

Sharifinia, M., Afshari, B.Z., Smith, W.O., Yap, C.K.
and Keshavarzifard, M., 2019. Prevention is better
than cure: Persian Gulf biodiversity vulnerability
to the impacts of desalination plants. Glob. Change
Biol., 25: 4022-4033. https://doi.org/10.1111/
gcb.14808

Sosa-Villalobos, C., del Refugio, C-C.M., Amaro-
Espejo, IL.A., Galaviz-Villa, 1. and Lango-
Reynoso, F., 2016. Diagnosis of the current state
of aquaculture production systems with regard to
the environment in Mexico. Latin Am. J. aquat.
Res., 44: 193-201. https://doi.org/10.3856/vol44-
issue2-fulltext-1

Stentiford, G.D., Sritunyalucksana, K., Flegel, T.W.,
Williams, B.A.P., Withyachumnarnkul, B.,
Itsathitphaisarn, O. and Bass, D., 2017. New
paradigms to help solve the global aquaculture
disease crisis. PLoS Pathog., 13: 1-6. https://doi.
org/10.1371/journal.ppat.1006160

Suplicy, F.M., Vianna, L.F.D.N., Rupp, G.S., Novaes,
A.L.T., Garbossa, L.H.P., de Souza, R.V., Guzenski,
J.,da Costa, S.W., Silva, F.M. and dos Santos, A.A.,
2017. Planning and management for sustainable
coastal aquaculture development in Santa Catarina
State, south Brazil. Rev. Aquacult., 9: 107-124.
https://doi.org/10.1111/raq.12107

Toledo, T.M., Silva, B.C., Vieira, F.D.N., Mourifio,
J.L.P. and Seiffert, W.Q., 2016. Effects of different
dietary lipid levels and fatty acids profile in the
culture of white shrimp Litopenaeus vannamei
(Boone) in biofloc technology: Water quality,
biofloc composition, growth and health. Aquacult.
Res., 47: 1841-1851. https://doi.org/10.1111/
are.12642

Uddin, M.J., Dewan, S., Ashrafuzzaman, M. and
Haque, M.M., 2001. Growth and yield of GIFT
(Oreochromis niloticus) and Thai silver barb
(Barbodes gonionotus Bleeker) in rice fields and
their effects on the yield of rice. Bangladesh J.
Fish. Res., 5: 29-35.

Welcomme, R.L., Cowx, 1.G., Coates, D., Béné, C.,
Funge-Smith, S., Halls, A. and Lorenzen, K., 2010.
Inland capture fisheries. Philos. Trans. R. Soc. B
Biol. Sci., 365: 2881-2896. https://doi.org/10.1098/


https://doi.org/10.1016/j.aquaculture.2013.11.023
https://doi.org/10.1007/s10695-015-0151-9
https://doi.org/10.21077/ijf.2017.64.special-issue.76189-04
https://doi.org/10.21077/ijf.2017.64.special-issue.76189-04
https://doi.org/10.1038/s41467-020-15735-6
https://doi.org/10.1038/s41467-020-15735-6
https://doi.org/10.1111/j.1365-2109.2005.01415.x
https://doi.org/10.1111/j.1365-2109.2005.01415.x
https://doi.org/10.1038/s41598-021-90158-x
https://doi.org/10.1038/s41598-021-90158-x
https://doi.org/10.1016/j.aquaculture.2021.736749
https://doi.org/10.1016/j.aquaculture.2021.736749
https://doi.org/10.1016/j.aquaculture.2017.11.043
https://doi.org/10.1111/gcb.14808
https://doi.org/10.1111/gcb.14808
https://doi.org/10.3856/vol44-issue2-fulltext-1
https://doi.org/10.3856/vol44-issue2-fulltext-1
https://doi.org/10.1371/journal.ppat.1006160
https://doi.org/10.1371/journal.ppat.1006160
https://doi.org/10.1111/raq.12107
https://doi.org/10.1111/are.12642
https://doi.org/10.1111/are.12642
https://doi.org/10.1098/rstb.2010.0168

Y. Jamal et al.

1stb.2010.0168

Wintrobe, M.M., 1933. Variations in size and

haemoglobin concentration of erythrocytes in the
blood of various vertebrates. Folia Haematol., 51:
32-49.

Xu, G.F., Wang, Y.Y,, Han, Y., Liu, Y., Yang, Y.H., Yu,

S.L. and Mou, Z.B., 2015. Growth, feed utilization
and body composition of juvenile Manchurian
trout, Brachymystax lenok (Pallas) fed different
dietary protein and lipid levels. Aquacult. Nutr., 21:
332-340. https://doi.org/10.1111/anu.12165

Xu, J,, Liu, Y., Cui, S. and Miao, X., 2006. Behavioral

responses of tilapia (Oreochromis niloticus) to acute
fluctuations in dissolved oxygen levels as monitored
by computer vision. Aquacult. Eng., 35: 207-217.
https://doi.org/10.1016/j.aquaeng.2006.02.004

Yang, H., He, J., Lv, M., Huang, G., Feng, P., Wen, L. and

Hu, T., 2018. Preliminary effects of dietary protein
levels on muscle quality and digestive enzyme
activities in GIFT Oreochromis niloticus. Aquacult.
Stud., 18: 1-10.

Zafar, M.A., Talha, M.A. and Rana, M.M., 2021. Effect

of biofloc technology on growth performance,
digestive enzyme activity, proximate composition,
and hematological parameters of Asian stinging
catfish (Heteropneustes fossilis). J. appl. Aquacult.,
pp. 1-19. https://doi.org/10.1080/10454438.2021.1
957053

Zhao, Z., Xu, Q., Luo, L., Li, J. and Wang, L., 2014.

Effect of feed C/N ratio promoted bioflocs on water
quality and production performance of bottom and
filter feeder carp in minimum-water exchanged pond
polyculture system. Aquaculture, 434: 442-448.
https://doi.org/10.1016/j.aquaculture.2014.09.006


https://doi.org/10.1098/rstb.2010.0168
https://doi.org/10.1111/anu.12165
https://doi.org/10.1016/j.aquaeng.2006.02.004
https://doi.org/10.1080/10454438.2021.1957053
https://doi.org/10.1080/10454438.2021.1957053
https://doi.org/10.1016/j.aquaculture.2014.09.006

