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ARTICLE INFO ABSTRACT
Keywords: The current study examined the combined effects of feeding rates and feeding types on the water quality, growth
Feeding rates performance, digestive enzymes, blood parameters, and liver antioxidant enzymes of Nile tilapia (Oreochromis

Feeding types
Biofloc system
Oreochromis niloticus

niloticus) fingerlings reared under a biofloc system. A 3 x 2 factorial experimental design was used with three
feeding rates (2%, 3%, and 4%) and two feeding types (sinking or floating feed), comprising six treatments with
three replicates. Fingerlings with an initial body weight of 4.50 =+ 0.25 g were stocked in eighteen circular plastic
tanks (0.5 m®) at a stocking density of 35 fish per tank fed three times a day at 10:00, 12:00 and 15:00. Starch
was added to all treatments as an organic carbon source at a C/N ratio of 10:1. The phytoplankton community
was determined to consist of twenty-two species, including individuals from the classes Cyanobacteria, Chlor-
ophyceae, and Bacillariophyta. The most common phytoplankton classes were Chlorophyceae, followed by
Cyanobacteria, and fish-fed floating feed at a feeding rate of 2% of total biomass yielded the greatest number of
phytoplankton communities. Eight zooplankton species belonging to rotifers and protozoa were identified during
this experiment. The highest values of final body weight, weight gain, and specific growth rate were recorded for
a fish-fed floating diet with the highest feeding rate (4% of biomass). The highest hepatosomatic index (HIS) was
detected in a fish-fed floating diet at a rate of 4% of total biomass. Though fish-fed sinking feed with a 4%
biomass feeding rate presented the highest spleen index (SI). The highest significant (P < 0.05) level of amylase
was found in fish-fed sinking feed at a 4% feeding rate. While lipase activity was higher (P < 0.05) in the group
fed floating feed at a feeding rate of 3% of total biomass. Feeding rates, feed types, and their interactions had no
appreciable effect (P > 0.05) on hemoglobin (Hb), hematocrit (Hct), and red blood cells (RBCs). Feeding rate,
feed type, and their interactions had no significant impact (P > 0.05) on serum alanine aminotransferase (ALT),
aspartate aminotransferase (AST), or albumin, but feeding rates or feed types had an effect (P < 0.05) on total
protein and globulin (P < 0.05). The highest levels of growth hormone (GH) (P < 0.05) were found in fish-fed
either sinking feed at a feeding rate of 2% or floated feed at a feeding rate of 3% of total biomass. The fish group
fed floating or sinking feed at a feeding rate of 2%, floating feed at 3%, and sinking feed at 4% recorded the
highest high-density lipoprotein (HDL-C) values with an insignificant difference. Considering the liver’s anti-
oxidant enzymes, the highest catalase (CAT) and glutathione (GSH) levels were shown in fish that received either
sinking or floating feed at feeding rates of 2% and 3%, respectively. Whereas, the lowest melanodialdehyde
(MDA) was found in fish-fed sinking feed at a feeding rate of 3% of total biomass. According to the study’s
findings, the biofloc system significantly improved both the water quality and the efficiency of Nile tilapia. In
addition, feeding tilapia 4% floating feed resulted in maximum feed consumption with minimal waste, improved
nutritional efficiency and feed conversion efficiency, lowered production costs, and lessened water pollution.
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1. Introduction

A sine qua non for sustainable aquaculture, particularly in intensive
production systems, is the ability to supply an adequate amount of feed.
Feeding should be optimized so that the yield gap is as small as possible
and that marginal feed costs are equivalent to marginal profits (Men-
gistu et al., 2020). Considering that between 60% and 70% of the ex-
penditures of rearing fish are devoted to fish feeding (Anderson et al.,
1997; Kannadhason et al., 2009; Limbu and Jumanne, 2014). Over-
feeding causes a fish’s stomach and intestines to become overloaded,
which reduces nutritional digestion and absorption, harms water quality
parameters, and raises production costs (Cho et al., 2003; Khan and
Abidi, 2010; Tian et al., 2015). Additionally, a shortage of feed supplies
hinders animal growth and immune system effectiveness, increasing
their susceptibility to diseases and mortality (Bu et al., 2017). In com-
mercial fish farming, the optimum exogenous feed supply for fish species
in various production systems, strains, and life stages must be deter-
mined (Gelineau et al., 1998; Wang et al., 2009; Ng and Romano, 2013;
Dominguez-May et al., 2020). Therefore, thorough planning and
execution of production management strategies and technologies are
necessary to improve the economic and environmental impacts of
aquaculture systems.

Interest in numerous aspects of filter-feeding tilapia production using
the Biofloc technology (BFT) system has increased recently to ensure the
sustainability of their production (Kabir et al., 2020; de Moraes et al.,
2020; Hisano et al., 2021). Biofloc contains a variety of helpful micro-
organisms, including bacteria, protozoa, rotifers, nematodes, ciliates,
and copepods (Azim and little, 2008; Emerenciano et al., 2012; Rajku-
mar et al., 2016). The ideal environment for heterotrophic bacteria
biomass to develop optimally and be able to digest nitrogenous waste
from cultured spices and keeping acceptable water quality is an external
carbon source and increased oxygenation (Avnimelech, 2009; Emer-
enciano et al., 2017; El-Sayed, 2021). By using microbial biomass as a
protein source in biofloc, filter feeder species like tilapia and shrimp can
reduce feed requirements and production costs (Wasielesky et al., 2006;
Crab, 2010; Xu and Pan, 2014). However, recent research has revealed
contradictory results on the ability of microbial flocs to maintain
appropriate growth of Nile tilapia when the artificial feed supply was
limited (Liu et al., 2018; Silva et al., 2020).

As a result, it’s important to figure out the feeding rates of each
production system to improve the link between fish intake of exogenous
and endogenous food. In the nursery phase of the BFT system, feeding
rates for Nile tilapia range from 2% to 3% (Kishawy et al., 2020;
Saseendran et al., 2021) to 8-10% (Gallardo-Colli et al., 2020; Sgnaulin
et al., 2020). When compared to growing conditions without biofloc,
prior research has revealed that biofloc may contribute from 15% to
50% of the total daily feed supply (Avnimelech, 2009). Thus, to maxi-
mize the effectiveness of additional microbial feed by culture species as
well as to lessen reliance on artificial feed, a restricted feed supply under
a biofloc system is a smart alternative (Pérez-Fuentes et al., 2018). In
this regard, earlier research on tilapia (Pérez-Fuentes et al., 2018; da
Silva et al., 2020; Oliveira et al., 2021) and shrimp (Luna-Gonzalez et al.,
2017; Weldon et al., 2021) evaluated the effect of different feeding
frequencies or different feeding ratios under biofloc.

Moreover, the type of feed (sinking or floating) has an impact on the
growth and success of fish farming (Hossain et al., 2018). High-growth
and high-profit Nile tilapia can be raised by farmers with high-quality
food. The tilapia monosex farming industry’s growth and success
depend on the availability of high-quality sinking and floating feeds
(Craig and Helfrich, 2009). When opposed to the sinking feed, the
floating feed has advantages since it has superior physical properties
such as improved water stability, digestibility, water protection, zero
water pollution, and no raw material waste (Almaraaj, 2011). On the
other hand, the extrusion process used to produce the floating diets re-
quires high temperatures and pressure in addition to other costs, it is
typically more expensive than sinking feed. While floating feeds are
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more expensive to make, sinking feeds are less (Adewumi and Olaleye,
2011). According to earlier research that investigated the effect of feed
types on fish performance, tilapia-fed floating feed performed better
than those fed sinking feed (Creswell, 2005; Hossain et al., 2018;
Abdelhamid et al., 2019).

As far as the authors are aware, there have been no studies done on
the effects of feeding types (sinking or floating) on fish raised in a biofloc
system or their combined impact on the performance of fish reared in
biofloc system with different feeding rates. Therefore, the goal of this
study was to ascertain the effects of various feeding rates and types when
combined on Nile tilapia (Oreochromis niloticus) fingerlings raised in a
biofloc system and assess the function of microbial floc as an endoge-
nous supplemental feed source based on water quality, growth, nutri-
tional efficiency, digestive enzymes, hematological, biochemical blood
indices, and liver antioxidant enzymes.

2. Material and methods
2.1. Experimental design and Diets

The experiment was conducted inside a greenhouse held in the
Faculty of Agriculture, Benha University, Egypt. A factorial experiment
(3 x2) was carried out to study the effects of three feeding rates R1 (2%),
R2 (3%), and R3 (4%), and two types of feed: floating (F) or sinking (S)
and their interaction under the biofloc system on water quality,
plankton community, growth, feed utilization parameters, digestive
enzymes, hematological and biochemical indices, lipid profiles, and
antioxidant enzymes of tilapia for 70 days. The floating and sinking feed
were purchased from Aller Aqua Feed, Cairo, Egypt. Two types of diet
were isonirtignous (30% crude protein) and isocaloric (19.1 MJ kg'1
diet). The experiment was performed under a biofloc system (zero water
exchange).

2.2. Fish and raring technique

Nile tilapia, Oreochromis niloticus monosex were obtained from the
farm of the Faculty of Agriculture, Benha University, Egypt. Fish were
acclimated (15 days) to the environmental conditions and fed with a
commercial feed (30% crude protein), three times daily (10:00, 12:00,
and 15.00 h). After the acclimation period, 630 Nile tilapia fingerlings
(average initial weight of 4.50 £ 0.25 g) were randomly distributed in
eighteen circular plastic tanks (0.5 m®) at a stocking density of 35 fish
per tank. Each tank received constant aeration from two air stones.
Before starting the experiment, biofloc preparation was performed to
stimulate the heterotrophic bacteria in tilapia tanks, where the C:N ratio
was 10:1 and adjusted according to Soaudy et al. (2021), by using starch
as a source of carbon. The starch was added daily to all tanks in a
split-order manner at intermediate feeding times. The experiment began
when the floc volume reached 4 mL L'l, which remained constant in all
tanks after two weeks. Fish were fed their respective feed type (floating
or sinking feed, 2 mm diameter) three times daily (10:00, 12:00, and
15.00 h), at different feeding rates (2%, 3%, and 4% of the total
biomass). Fish were weighed every 15 days to adjust the amount of
respective feed during the experiment.

2.3. Water quality assessment

The measures of the water quality were analyzed to remain within
the permitted limit for Nile tilapia. Throughout the experiment trial, a
mercury thermometer suspended at a depth of 15 cm was used to
measure the temperature (°C), and a Jenway 970 Dissolved Oxygen
Meter was used to measure the amount of dissolved oxygen (DO, in mg/
L) (Keison Company, UK). The pH was recorded by using a pH meter
(Orion pH meter, Abilene, Texas, USA) twice a day (at 08:00 a.m. and
04:00 p.m.). Water samples (50 mL) were collected once a week from
each tank. One part of each water sample was analyzed
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spectrophotometrically for total ammonia (NHy, mg L1), nitrate (NO3,
mg LY, and nitrite (NO,, mg L'!) which were monitored once a week
according to APHA (2005). Also, weekly biofloc volume (FV, mL L'h
measurements were made with the aid of Imhoff cones after 30 min of
settling (Avnimelech and Kochba, 2009). The titrimetric method was
used to measure the alkalinity (Eaton et al., 2005).

2.4. Plankton community assessment in biofloc

2.4.1. Assessment and identification of phytoplankton

The phytoplankton counts were determined by using an inverted
ZEISS microscope with 100X magnification (APHA, 2017). The number
of cells per mg (mgL') was used to display the phytoplankton data re-
sults. Identification of phytoplankton was carried out according to Bel-
linger and Sigee (2015) and Munshi et al. (2010).

2.4.2. Assessment and identification of the zooplankton population

Zooplankton samples were obtained using a zooplankton net (55 m,
25 cm diameter, and 80 cm length) from various biofloc treatments. 5
liters of water were filtered using a zooplankton net after the water had
been well stirred. Following filtration, the formaldehyde solution
(4-7%) was used to fix the samples right away. After fixing, two milli-
meters of Rose Bengal stain (0.5%) were added. The filtrated samples
were examined under an optical research microscope using a Rafter cell
with magnification varying from 100X to 400X. Based on the following
equation, zooplankton were estimated after examining all of the iden-
tified species in each sample (APHA, 2005): No of organisms/litter = N
* D/S*C, Whereas N = Number of organisms for the calculated species, D
= Volume of sample after filtration, and S = Number of subsamples. C =
Total volume of the collected water sample.

2.5. Biofloc’s collection and chemical analysis

A 10-pm mesh nylon bag was used to collect concentrated biofloc
samples from each group (Xu et al., 2013). The samples were dried in a
hot air oven at 105 °C until constant weight and then stored in a
refrigerator (—20 °C) until proximate composition analysis. The chem-
ical analysis of biofloc samples were estimated according to the AOAC
(2012).

2.6. Growth, feed efficiency, and biometric indices

The number of fish in each tank was counted and recorded before the
feeding trial began and after it ended. In the footnote of Table 3 are all
the formulae used to calculate the growth parameters, feed utilization
efficiency, and a few biometric indices.

2.7. Determination of intestinal digestive enzymes

Samples of fish intestines (n = 4 per treatment) were promptly ho-
mogenized in 10 volumes (w/v) of ice-cold physiological saline solution,
and the supernatant was then kept for endogenous enzyme activity
measurement (Furné et al., 2008). Lipase activity was determined as
described by Zamani et al. (2009), and the titration method was detailed
by using olive oil gum. Amylase activity was estimated according to
Bernfeld (1951) at 540 nm, and starch was used as the substrate.

2.8. Hemato- biochemical parameters

Blood was obtained from a fish’s caudal vein (five fish from each
treatment) and divided into two halves using clean syringes at the
termination of the experiment. The first half was gathered using the
anticoagulant ethylenediaminetetraacetate (EDTA) at a concentration of
10% to determine hematocrit (Htc), hemoglobin (Hb), the total count of
white blood cells (WBCs), and red blood cells (RBCs) as described in the
standard procedures of Rawling et al. (2009). The remaining part of
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blood sample was then centrifuged for 10 min at 3000 rpm after clotting
overnight at 4 °C. A serum that had not been hemolysis was collected
and kept at 20 °C until needed. The levels of alanine aminotransferase
(ALT) and serum aspartate aminotransferase (AST) were measured using
Reitman and Frankel (1957). Standard kits (Modern laboratory Kkits)
were used to determine the serum lipid profile, which included tri-
glycerides, cholesterol, high-density lipoprotein cholesterol (HDL-C),
and low-density lipoprotein cholesterol (LDL-C). Total serum protein
and albumin were assessed according to Henry (1964) and Wotton and
Freeman (1982), respectively. By subtracting total serum albumin from
total serum protein, the total serum globulin was calculated (Coles,
1974). According to Lugo et al. (2008), an ELISA with 96-well MaxiSorp
plates was used to assess the growth hormone in the serum (Nalge Nunc
International, Roskilde, Denmark). The absorbance was determined at
492 nm in a spectrophotometer (Titertek Multiskan Plus).

2.9. Measurements of hepatic antioxidant activities

Three fish’s livers from each replicate were weighed, rinsed, and
ground in glass homogenizer tubes with ice-cold saline (0.1 g of liver
was added to 0.9 mL of saline, pH 7.0), and centrifuged at 3000 g for 10
min. The collected supernatant was used for the activity of superoxide
dismutase (SOD) measurement according to the method of Peskin and
Winterbourn (2000). The modified method of Beers and Sizer (1952)
was used for the catalase (CAT) activity assay. Melanodialdehyde (MDA)
activity was measured according to Dogru et al. (2008). Glutathione
(GSH) was measured according to the method of Beutler et al. (1963).

2.10. Data analysis

All the data were analyzed by ANOVA using the SAS ANOVA pro-
cedure (SAS, version 6.03, Soft Inc., Tusla, OK, USA, SAS, 1993). A
one-way analysis of variance (One-way ANOVA) was used to determine
whether there was significant variation among the treatments. When
overall differences were found, differences between means were tested
by Duncan’s (1955) new multiple range test. A two-way ANOVA was
used for analyzing the individual effects of different feeding rates and
two types of floating or sinking feed. All differences were considered
significant at P < 0.05, and the results are presented as means with
standard errors of the mean. The data were arc-sin-transformed before
analysis (Zar, 1984); though, data are presented untransformed to
facilitate the comparisons.

3. Results
3.1. Water quality

Table (1) represented the findings of the water quality monitoring.
The levels of total ammonia (NH4, mg LY, and nitrate (NOs, mg LY, as
well as total suspended solid (TSS) (Fig. 1), and alkalinity weren’t
significantly (P < 0.05) affected by feeding rate, feed type, and their
interaction. Increasing the feeding rate from 2% to 4% gradually raised
TSS (from 370 to 792 mgL, respectively) and alkalinity (from 320 to
350 mgL!, respectively) (P > 0.05) regardless of the feed type, but they
decreased (P > 0.05) in response to the feed type (sinking or floating).
Fish that were fed floating feed at a rate of 4% had the greatest TSS,
while those that were fed sinking feed at a rate of 2% had the lowest.
Generally, over the experimental period, the average water temperature
varied between 27 and 28C, and the pH varied between 8.00 and 8.22.
The dissolved oxygen ranged from 5.2 to 5.9 mg™., respectively. With an
insignificant difference among all treatments (P > 0.05), the interaction
between feeding rates and feed types considerably enhanced the floc
volume (Fig. 1). The maximum volume of floc is found in fish-fed sinking
feed at a 2% feeding rate of total biomass.
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Table 1
Water quality parameters of tilapia reared in biofloc system with different feeding rate or feeding type and their interaction.
Treatment Feeding rate Feed type Floc Volume (mlL ™) NO, (mgL™) NO3 pH TSS Alkalinity
(mgL™) (mgL™) (mgL™") (mgL™)
Individual treatment means'
T1 (R1F) R1 (2%) Floated (F) 3.25 0.15 0.01 0.91 8.16 500 335
T2 (R1S) R1 (2%) Sinking (S) 6.00 0.23 0.01 0.81 8.19 240 310
T3 (R2F) R2 (3%) Floated (F) 3.50 0.19 0.01 0.73 8.00 620 340
T4 (R2S) R2 (3%) Sinking (S) 4.50 0.17 0.01 0.62 8.22 245 340
T5 (R3F) R3 (4%) Floated (F) 4.50 0.21 0.02 0.93 8.15 980 340
T6 (R3S) R3 (4%) Sinking(S) 5.00 0.25 0.01 0.75 8.14 605 350
Pooled SE 0.51 0.02 0.01 0.14 0.04 187.43 11.35
Means of the main effect!
R1 2% 4.63 0.19 0.01 0.86 8.18 370.0 320.50
R2 3% 4.00 0.18 0.01 0.67 8.11 432.5 340.00
R3 4% 4.75 0.23 0.01 0.84 8.15 792.5 345.00
Floated 3.75 0.18 0.01 0.86 8.11 700.0 338.33
sinking 5.17 0.22 0.01 0.73 8.18 363.3 333.33
ANOVA (P-value)
Feeding rate 0.5689 0.3775 0.4312 0.5902 0.5647 0.3126 0.4063
Feed type 0.0595 0.2403 0.3632 0.4463 0.1629 0.1805 0.7184
Feeding rate x feed type 0.3360 0.4265 0.4312 0.9749 0.2198 0.9693 0.5697

Treatments’ means represent the average values of three aquaria per treatment. Duncan multiple range test was conducted for individual means only if there was a
significant interaction (ANOVA: P < 0.05). Means followed by the same letter are not significantly different. * Main effect means followed by the same letter are not
significantly different at P < 0.05 by Duncan multiple range test.

(a) (b)

NH,
0.5 0.16
0.45 0.14
o4t 0.12
5 0.3 —e—L1F : 0.1 ——LIF
0.25 0.08
= 0. 5
g 02 —o—L1T £ 0.06 —o—L1T
012 ——L2F 0.04 ——L2F
0.05 L2T 0'0(2) L2T
R & TLF & & L
PSS ——L3T RS ——L3T
& S N N N
sampling period sampling period
(c) (d)
NO, FV
1.4 40
1.2 > 35
1 30
5038 o—LIF 25 —o—LIF
206 —e—LIT % 20 —e—11T
8; —o—[2F 15 =0 L2F
0 : : : L2T w0 Lav
5
e e L3F —e—L3F
6 © O e © e e ©
N 92 > « —e-L3T «b@*&@*w\,&* fo&‘\%@,&‘\ Q&* @&*%@@*

sampling period Experimental period

Fig. 1. Water quality parameters of biofloc system with different feeding rate or feeding type and their interaction; a) total ammonia (NHy4, mg/L), nitrate (NO3, mg/
L), and nitrite (Noy, mg/L), floc volume (FV, mL™).
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3.2. Plankton communities in biofloc

Twenty-two species, including members of the classes Cyanobac-
teria, Chlorophyceae, and Bacillariophyta, were identified as belonging
to the phytoplankton communities based on the present data (Table 2).
The most prevalent classes of phytoplankton were Chlorophyceae fol-
lowed by Cyanobacteria, while fish-fed floating feed at a feeding rate of
2% of total biomass recorded the greatest number of phytoplankton
community. Neglectella solitaria was the primary dominant species in the
phytoplankton community, which included 22 species.

Eight zooplankton species were identified during this experiment
(Table 3). It indicates that the feeding rates, type of feed, and in-
teractions between them had an influence (P < 0.05) on the
zooplankton community. The increase in feeding rates combined with
an increase in numerical total zooplankton communities, as the highest
count was recorded for fish-fed sinking feed at a 4% feeding rate, while
groups feed 3% sinking feed (T4R2) were noted for the lowest count. In
the zooplankton community, rotifer species dominated. Rotifer included
five species: Polyarthera vulgaris, Anuraeopsis fissa, Brachionus calciflours,
Brachionus quadridentata, and Philodena sp. Anuraeopsis fissa was the
dominant species within the rotifer group. The highest rotifer counts
among the other treatments were observed in the fish-fed sinking feed at
a 4% feeding rate. Also, protozoa were represented by three species:
Trichocerca sp., Vorticella campanula, and Lecane closterocerca. Tricho-
cerca sp. was the most prevalent protozoan species in fish-fed floating
feed at a 3% feeding rate, but it was found in lesser densities in all other
treatments.

Table 2
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3.3. Biofloc’s chemical analysis

Regarding the proximate analysis (Table 4) of biofloc, crude lipid
and ash are significantly (P < 0.05) affected by feeding rates. The
highest values of crude lipid and ash were recorded in biofloc collected
from tanks treated with low feeding rates of 2% and 3%, respectively.
Feed types significantly (P < 0.05) affected the biofloc’s crude protein
and ash content. Biofloc gathered from tanks treated with the floating
feed was found to have the highest (P < 0.05) protein and ash contents.
So, the interaction between feeding rates and feeding types had a sub-
stantial impact (P < 0.05) on crude lipid but not on crude protein or ash
(P > 0.05). The biofloc obtained from tanks treated with 2% sinking
feed had the highest (P < 0.05) observed lipid content.

3.4. Growth performance

The effect of feeding rates, feeding types (sinking or floating), and
their interaction on the growth performance and feed utilization for
experimental groups are presented in Table 5. In tilapia, variable feeding
rates, feed types, and their interactions had a significant (P < 0.05) in-
fluence on the growth performance and the feeding parameters.
Regardless of the effect of feed types, fish-fed 4% of total biomass
recorded higher FBW, WG, and SGR. While, the floating feed showed
higher FBW, WG, and SGR. The highest values of FBW, WG and SGR
were recorded for the fish-fed floating diet with the highest (4% of
biomass) feeding rate. Decreased the feeding rates from 4% to 2% of
body biomass significant improved feed conversion ratio (FCR), protein
efficiency ratio (PER), and apparent protein utilization (APU), irre-
spective to the effects of the type of feed. The opposite trend was
detected in feed intake (FI). No significant (P > 0.05) differences were

Phytoplankton community (mgL™) of tilapia reared in biofloc system with different feeding rate or feeding type and their interaction.

Phytoplankton species Treatment (T)

T1 (R1F) T2 (R1S) T3 (R2F) T4 (R2S) T5 (R3F) T6 (R3S)

Feeding rate

R1 (2%) R2 (3%) R3 (4%)

Feed type

Floated (F) Sinking (S) Floated (F) Sinking (S) Floated (F) Sinking (S)
Cyanobacteria
Chroococcus limniticus 8.203 15.605 7.400 7.196 6.668 0.746
Planktolyngbya limnetica 0.000 0.056 0.169 0.071 0.043 0.168
Microcystis flosaquae 24.769 5.510 20.883 1.613 11.121 0.646
Limnothrix planctonica 0.001 0.000 0.020 0.086 0.000 0.000
Oscillatoria tenuis 0.003 0.022 0.043 0.000 0.000 0.000
Oscillatoria sp 0.001 0.000 0.000 0.000 0.074 0.079
Spirulina sp 0.001 0.000 0.000 0.000 0.007 0.000
Subtotal 32.977 21.194 28.514 8.966 17.914 1.639
Chlorophyceae
Chlorella vulgaris 0.014 0.000 0.000 0.000 0.001 0.000
Neglectella solitaria 36.046 0.000 0.000 0.000 0.021 0.000
Stauridium tetras 0.454 0.025 0.147 0.032 0.069 0.000
Tetradesmus obliquus 0.001 0.000 0.001 0.000 0.001
Desmodesmus armatus 0.029 0.001 0.000 0.002 0.000 0.000
Desmodesmus denticulatus 0.042 0.003 0.000 0.000 0.000 0.000
Tetradesmus dimorphus 0.016 0.000 0.004 0.000 0.000 0.000
Scenedesmus ecornis 0.024 0.000 0.004 0.000 0.000 0.000
Scenedesmus quadricauda 0.363 0.000 0.012 0.008 0.000 0.000
Desmodesmus spinosus 0.017 0.002 0.002 0.000 0.000 0.000
Subtotal 37.005 0.031 0.169 0.042 0.092 0.000
Bacillariophyta
Fragilaria sp 0.033 0.001 0.000 0.000 0.000 0.000
Navicula cryptocephala 0.045 0.000 0.000 0.000 0.000 0.000
Nitzschia amphibia 0.149 0.003 0.000 0.000 0.000 0.000
Nitzschia palea 0.242 0.002 0.000 0.000 0.000 0.000
Nitzschia sp 0.383 0.000 0.002 0.000 0.000 0.000
Subtotal 0.852 0.006 0.002 0.000 0.000 0.000
Total phytoplankton biomass 70.836 21.231 28.685 9.008 18.014 1.639
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Table 3
Mean zooplankton density (organism mLY) of tilapia reared in biofloc system with different feeding rate or feeding type and their interaction.
Protozoa Rotifer group Total
group zooplankton

Treatment Feeding Feed Vorticella Lecane Trichocerca Polyarthera Anuraeopsis Brachionus Brachionus Philodena

(¢y] rate type campanula closterocerca sp. vulgaris fissa calciflours quadridentata sp.

Individual treatment means'

T1 (R1F) R1 (2%) Floated 505 39257 1105%® 1025¢ 110°¢ 315°¢ 315°¢ 625°¢ 7705 4
(F)

T2 (R1S) R1(2%)  Sinking 550 6774 19152 1663° 343b¢ 0 0 2227° 9807"
(O]

T3 (R2F) R2(3%) Floated 1600 1000¢ 4700° 1300% 600° 0 0 2600° 11800°
®)

T4 (R2S) R2(3%)  Sinking 0 1515¢ 110° 208> 0 0 815¢ 5105¢
(O]

T5 (R3F) R3(4%) Floated 1510 2115° 10252 2895° 107¢ 618° 618° 410° 9005
®)

T6 (R3S) R3 (4%) Sinking 420 1895°¢ 0 3112% 24025 2418 2418 7825% 39605
)

Pooled SE 410.82 126.41 1053.28 125.24 101.31 8.59 8.59 146.39 750

ANOVA (P-value)

Feeding rate < .0001 < .0001 < .0001 < .0001 < .0001 < .0001 < .0001 < .0001 < .0001

Feed type <.0001 <.0001 <.0001 0.8300 <.0001 <.0001 <.0001 <.0001 <.0001
Feeding rate x feed type <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

Treatments’ means represent the average values of three aquaria per treatment. Duncan multiple range test was conducted for individual means only if there was a
significant interaction (ANOVA: P < 0.05). Means followed by the same letter are not significantly different. * Main effect means followed by the same letter are not

significantly different at P < 0.05 by Duncan multiple range test.

Table 4
Proximate analysis of biofloc collected from tanks treated with different feeding
rate or feeding type and their interaction.

Treatment Feeding Feed Crude Crude Crude ash

(T rate type protein lipid

Individual treatment means’

T1 (R1F) R1 (2%) Floated 19.76 5.54" 56.33

T2 (R1S) R1 (2%) (€3] 18.61 7.22% 51.13

T3 (R2F) R2 (3%) Sinking 20.00 5.80" 59.12

T4 (R2S) R2 (3%) ) 15.65 3.30° 60.79

T5 (R3F) R3 (4%) Floated 18.90 4.36° 52.14

T6 (R3S) R3 (4%) ) 18.59 5.65" 52.93

Sinking
[©)]
Floated
(F)
Sinking
S)

Pooled SE 0.75 0.29 3.67

Means of the main effect*

R1 (2%) 18.58 6.45% 51.31°
R2 (3%) 18.08 5.01° 60.38%
R3 (4%) 18.74 4.84° 52.53"

Floated (F) 19.72° 5.43 56.14%
Sinking (S) 17.22° 5.44 53.34"

ANOVA (P-value)

Feeding rate 0.7343 0.0065 < 0.0001
Feed type 0.0115 0.9640 0.0071
Feeding rate x feed type 0.0959 0.0008 0.0010

'Treatments’ means represent the average values of three aquaria per treatment.
Duncan multiple range test was conducted for individual means only if there was
a significant interaction (ANOVA: P < 0.05). Means followed by the same letter
are not significantly different. ¥ Main effect means followed by the same letter
are not significantly different at P < 0.05 by Duncan multiple range test.

detected in the FCR, PER, and APU of fish-fed floating or sinking feed.

The best FCR, PER and APU were detected in fish-fed floating feed at a
rate of 2% of total biomass.

3.5. Biometric parameters

The effect of feeding rates, types of feed and their interaction had no
significantly (P > 0.05) effect on the biometric parameters; relative

intestine length (RIL) and spleen index (SI) (Table 5). The highest RIL
was observed in fish-fed either floating feed at the rate of 2% of total
biomass. Also, feeding rates or types had no significant (P > 0.05) effect
on the hepatosomatic index (HIS), but their interaction did (P < 0.05).
The highest HIS was detected in fish-fed floating diet at a rate of 4% of
total biomass. In addition, fish-fed sinking feed with the 4% of biomass
feeding rate presented the highest SI.

3.6. Digestive endogenous enzymes

The tilapia fish’s endogenous enzymes, lipase and amylase varied
significantly (P < 0.05) depending on feeding rates, types, and their
interactions (Table 6). The highest lipase and amylase levels were found
in the fish-fed feeding rate at 4% of total biomass, irrespective to feed
type. Regardless of the feeding rates, fish-fed floating feed had the
greatest levels of lipase, while fish-fed sinking feed had the highest levels
of amylase. Fish-fed sinking feed at a 4% feeding rate had the highest
significant (P < 0.05) level of amylase. While lipase levels were greater
(P < 0.05) in the group fed floating feed at a feeding rate of 3% of total
biomass.

3.7. Hematological and biochemical indices

Table 7 displays the effect of feeding rates, feed types, and their in-
teractions on the hematological parameters of Nile tilapia reared in a
biofloc system. Feeding rates, feed types, and their interactions had no
appreciable effect (P > 0.05) on hemoglobin (Hb), hematocrit (Hct),
and red blood cells (RBCs). Regardless of feed types, the fish group that
received 4% of total biomass had the highest (P < 0.05) values of he-
matocrit (Het), and white blood cells (WBC). The hematological pa-
rameters of fish-fed either floating or sinking feed were not significantly
(P > 0.05) affected. With regard to Hb, Htc, RBCs, and WBCs, group fed
floating feed at 4% of total biomass had the greatest values.

The results of biochemical parameters are shown in Table 8. Feeding
rates, feed types, and their interactions had no significant impact
(P > 0.05) on serum ALT, AST, or albumin, but feeding rates or feed
types have an effect (P < 0.05) on total protein and globulin (P < 0.05).
With an increase in feeding rates from 2% to 4%, ALT and AST were
marginally elevated, regardless of the feed types. Also, total protein,
albumin, and globulin levels in floating feed were high, whereas ALT
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Growth performance, feed utilization and biometric indices of tilapia fed different feeding rate or feed type and their interaction under biofloc system.

Treatment (T) Feeding Feed Growth performance Feed utilization Morphometric index
rate type
IBW! (g FBW? (g WG (g SGR* (% Flgfishh  FCR PER APU%  RIL% HSI% SI%
fish) fish) fish™) day™) 1
Individual
treatment
means!
T1 (R1F) R1 (2%) Floated 476 13.00¢ 8.254 1.25¢ 7.10¢ 0.86° 3.88° 96.92%  3.40° 1.75®  0.51°
(F)
T2 (R1S) R1 (2%) Sinking 4.81 11.94¢ 7.134 0.70¢ 6.36° 0.90¢ 3.73° 93.08"  3.21° 2,02 0.41¢
S)
T3 (R2F) R2 (3%) Floated 4.86 15.60° 10.75° 1.62° 11.09° 1.04¢ 3.25¢ 81.16¢  2.12° 1.20° 0.43¢
(F)
T4 (R2S) R2 (3%) Sinking 478 14.91° 10.13¢ 1.35¢ 9.92¢ 0.99¢ 3.40° 85.00¢  3.02° 211  0.60°
S)
T5 (R3F) R3 (4%) Floated 4.88 19.73% 14.85° 1.972 17.03? 1.16° 2.91¢ 72.66°  2.50° 2.54° 0.62°
()
T6 (R3S) R3 (4%) Sinking 478 16.96" 12.18° 1.59° 16.09° 1.35% 2.55¢ 63.75¢  1.95¢ 1.90"  0.66%
S)
Pooled SE 0.04 0.10 0.13 0.20 0.14 0.04 0.16 3.99 0.82 0.32 0.20
Means of the
main effect!
R1 (2%) 478 12.47° 7.69° 0.97° 6.73¢ 0.88° 3.80° 94.99°  3.68° 1.77¢ 0.52°
R2 (3%) 4.81 15.26" 10.44° 1.48° 10.50° 1.02°  3.33%"  83,08"® 247" 1.97° 0.45°
R3 (4%) 4.83 18.35° 13.52° 1.78° 16.56% 1.26 2.73b 68.21°  2.22° 2.22° 0.64°
Floated (F) 4.83 16.11% 11.28° 1.61° 11.74% 1.02 3.34 83.58 2.61° 2.04 0.48
Sinking (S) 4.79 14.60° 9.81b 1.21° 10.79° 1.08 3.22 80.61 2.98° 1.93 0.60
ANOVA (P-
value)
Feeding rate 0.9126 0.0003 0.0005 0.0196 <.0001  0.0483 0.0293 0.0294 0.0832 0.5004 0.5853
Feed type 0.6897 0.0155 0.0293 0.0480 0.1114 0.5143 0.6179 0.6164  0.4506 0.7138  0.4463
Feeding rate 0.8083 0.0191 0.0285 0.0476 0.9377 0.6046  0.6704 0.6652  0.7953  0.0416  0.8830
x Feed type

Note. IBW: initial body weight; FBW: final body weight; WG: weight gain; SGR: specific growth rate; ADG: average daily gain; FI: feed intake; FCR: feed conversion
ratio; HSI: hepatosomatic index; PER: protein efficiency ratio; APU: apparent protein utilization; RIL: relative intestine length; SI: spleen index.

'Treatments’ means represent the average values of three aquaria per treatment. Duncan multiple range test was conducted for individual means only if there was a
significant interaction (ANOVA: P < 0.05). Means followed by the same letter are not significantly different. * Main effect means followed by the same letter are not

significantly different at P < 0.05 by Duncan multiple range test.

WG = final weight (g) - initial weight (g). Specific growth rate (SGR)= LnW2 — LnW1/t, where, Ln = the natural log; W1 = initial fish weight, W2 = the final fish
weight in grams and t = period in days. Feed conversion ratio (FCR) was calculated according to by the equation: FCR = Feed intake (g)/weight gain (g). Protein
efficiency ratio (PER) = Weight gain (g)/protein ingested (g). Apparent protein utilization (APU %) = 100 [protein gain in fish (g)/protein intake in diet (g)]. Relative
intestine length (RIL), hepatosomatic index (HSI) and spleen index (SI) were calculated using the following equations: RIL = intestine length (cm)/whole-body weight
(g); HSI (%) = 100 x (liver weight [g]/whole-body weight [g]) and SI (%) = 100 x (spleen weight [g]/ whole-body weight [g]).

and AST levels in sinking feed slightly rose. The interaction between
feeding rates and feed types had a statistically significant (P < 0.05)
effect on globulin and growth hormone (GH) (Table 8). Moreover, fish-
fed either sinking feed at a feeding rate 2% or floated feed at a feeding
rate 3% of total biomass had the highest (P < 0.05) GH levels.

3.8. Lipid profile

Table (9) displays the findings of the lipid profile which includes
cholesterol, triglycerides, HDL-C, and LDL-C. Cholesterol, triglycerides,
and low-density lipoprotein (LDL-C) were not substantially affected
(P > 0.05) by feeding rates, feed types, and their interactions. On the
other hand, feeding rates and the interaction between feeding rates and
feed types had a considerable effect (P < 0.05) on high-density lipo-
protein (HDL-C). The highest significant (P < 0.05) value of HDL-C was
recorded in the fish group fed a feeding rate of 4% of total biomass,
irrespective of the feed types. The fish group fed floating or sinking feed
at a feeding rate of 2%, floating feed at 3%, and sinking feed at 4%
recorded the highest HDL-C values with an insignificant difference.

3.9. Antioxidant enzyme
Fish liver’s response to antioxidant enzymes is displayed in Table 10.

There was a significant effect (P < 0.05) on SOD and GSH in response to
feeding rates, feed types, and their interaction. The fish group that

received a feeding rate of 3% of total biomass had the highest (P < 0.05)
SOD and CAT values, regardless of feed types. While the lowest GSH and
MDA values were found in the fish group fed a feeding rate of 4%.
Without respect to feeding rates, fish that received floating feed had the
greatest levels of SOD, CAT, and GSH and the lowest levels of MDA. The
highest CAT and GSH levels were shown in fish that received either
sinking or floating feed at a feeding rate of 2% and 3%, respectively.
Whereas, the lowest MDA was found in fish-fed sinking feed at a feeding
rate 3% of total biomass.

4. Discussion
4.1. Water quality and plankton community in the biofloc system

Fish require good water quality to survive, but the high concentra-
tions of contaminants, such as nitrogen and phosphorus, that may
develop in cultured water are one of the major issues preventing the
aquaculture industry from developing healthily. Floating feed per-
formed better than sinking feed with the same composition due to more
nutrients being leached from the sinking feed than the floating (Yaqoob
et al., 2010). As well, various research had demonstrated that BFT is
capable of efficiently converting N, P, and other contaminants in
cultured water and improving water quality to lessen environmental
consequences (Avnimelech, 1999). In the present trial, there was a
reduction in NH4 and NO; and an accumulation of NO3 which usually
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Table 6
Endogenous enzyme activity of tilapia fed different feeding rate or feeding type
and their interaction under biofloc system.

Treatment Feeding Feed type Lipase (U/g Amylase (U/g
(¢y) rate tissue) tissue)
Individual treatment means'
T1 (R1F) R1 (2%) Floated 10.50° 68224
(B
T2 (R1S) R1 (2%) Sinking 13.67%° 13507
)
T3 (R2F) R2 (3%) Floated 15.00% 14585°
®)
T4 (R2S) R2 (3%) Sinking 11.50> 11869.5¢
)
T5 (R3F) R3 (4%) Floated 14.502° 12595
®
T6 (R3S) R3 (4%) Sinking 12.50% 19808.5%
)
Pooled SE 0.35 170.74
Means of the main effect*
R1 (2%) 11.50° 9791.3¢
R2 (3%) 13.50? 13331°
R3 (4%) 13.50? 16201.8°
Floated 13.50° 11403.2°
(6]
Sinking 12.17° 14812.8%
)
ANOVA (P-value)
Feeding rate 0.0106 < 0.0001
Feed type 0.0171 < 0.0001
Feeding rate x feed type 0.0027 < 0.0001

Treatments’ means represent the average values of three aquaria per treatment.
Duncan multiple range test was conducted for individual means only if there was
a significant interaction (ANOVA: P < 0.05). Means followed by the same letter
are not significantly different. ¥ Main effect means followed by the same letter
are not significantly different at P < 0.05 by Duncan multiple range test.

occurs in a biofloc system (zero water exchange) within an acceptable
range for Nile tilapia (Delong et al., 2009). This reduction may be the
result of the addition of a carbon source (starch), which promoted the
growth of heterotrophic bacteria that increase nitrogen fixation, reduce
ammonia, and oxidize it to NOy by nitrifying bacteria, ultimately
improving water quality (Luo et al., 2013, 2014; El-Husseiny et al.,
2018). These findings coincided with the previous studies that applied
biofloc system for cultured carp and shrimp (Zhao et al., 2012;
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Emerenciano et al., 2012; Wang et al., 2015; Khanjani et al., 2017). Also,
increasing the feeding rates herein from 2% to 4% gradually raised TSS
(from 370 to 792 mgL}, respectively) and alkalinity (from 320 to 350
mgL?, respectively) (P > 0.05) regardless of the feed types, but they
decreased (P > 0.05) in response to the feed types (sinking or floating).
Fish that were fed floating feed at a rate of 4% had the greatest TSS,
while those that were fed sinking feed at a rate of 2% had the lowest.
Furthermore, no published data indicate the impact of feeding types,
feeding rates, or a combination of both on the water quality of fish
reared in a biofloc system.

Concerning phytoplankton communities in the biofloc system,
twenty-two species, including members of the classes Cyanobacteria,
Chlorophyceae, and Bacillariophyta, were identified as belonging to the
phytoplankton community based on the present data. In line with the
existing facts, Schrader et al. (2011) identified the phytoplankton
communities in a biofloc technology system used for rearing channel
catfish (Ictalurus punctatus) that contained the same genera mentioned
above, while diatoms comprised co-dominant phytoplankton commu-
nities. Whereas the most prevalent classes of phytoplankton in the pre-
sent data were Chlorophyceae followed by Cyanobacteria in a biofloc
system for tilapia rearing. These results are consistent with those ob-
tained in studies by Torrans (2005) and Green (2010), which found a
greater chlorophyll concentration for channel catfish production in
biofloc culture. The fast growth of phytoplankton herein, particularly
unicellular and small colonial Chlorophyceae, is thought to act as a
water oxygenator by boosting and maintaining the concentration of
dissolved oxygen in aquaculture systems (Schrader et al., 2011). In
contrast to the present results, in a brackish water (Ray et al., 2010) and
a marine water (Vinatea et al., 2010) biofloc system, cyanobacteria and
chlorophytes co-dominated phytoplankton populations. Fish-fed
floating feed at a feeding rate of 2% of total biomass recorded the
greatest number of phytoplankton communities.

The second most prevalent genus in the biofloc systems was cyano-
bacteria, which could be attributed to the high nitrogen, temperature
(the water temperature was 28 °C), and light intensity that switched the
system to the dominance of cyanobacteria (Martins et al., 2016; Jan-
kowiak et al., 2019). It is generally known that a mean of 62% TN and
70% TP of tilapia supplementary feed is released into the environment,
where it is either digested by phytoplankton, denitrified by bacteria, or
even sedimented in the fish pond (Wang et al., 2012; Osti et al., 2018).

Bacillariophyta (Diatoms) are marginally present when chlorophytes

Table 7
Hematological blood parameters of tilapia fed different feeding rate or feed type and their interaction under biofloc system.
Treatment (T) Feeding rate Feed type Hemoglobin hematocrit% “RBCs "WBC
(g/dD) (x10° cmm™Y) (x10% cmm ™)
T1 (R1F) R1 (2%) Floated (F) 7.85 24.80 2.78 87.95
T2 (R1S) R1 (2%) Sinking (S) 7.40 23.95 2.63 78.25
T3 (R2F) R2 (3%) Floated (F) 7.50 23.70 2.65 86.40
T4 (R2S) R2 (3%) Sinking (S) 7.50 23.25 2.67 91.85
T5 (R3F) R3 (4%) Floated (F) 8.35 26.80 2.95 120.25
T6 (R3S) R3 (4%) Sinking (S) 7.50 26.50 2.85 99.50
Pooled SE 0.33 0.69 0.15 3.46
Means of the main effect*
R1 (2%) 7.63 24.38% 2.71 83.10
R2 (3%) 7.50 23.48" 2.66 89.13"
R3 (4%) 7.93 26.65" 2.90 109.88"
Floated (F) 7.90 25.10 2.79 98.20
Sinking (S) 7.47 24.57 2.71 89.87
ANOVA (P-value)
Feeding rate 0.6748 0.0517 0.5117 0.0063
Feed type 0.3131 0.5311 0.6630 0.0915
Feeding rate x feed type 0.6878 0.9584 0.9214 0.1071

'Treatments’ means represent the average values of three aquaria per treatment. Duncan multiple range test was conducted for individual means only if there was a
significant interaction (ANOVA: P < 0.05). Means followed by the same letter are not significantly different. * Main effect means followed by the same letter are not

significantly different at P < 0.05 by Duncan multiple range test.
@ RBCs: red blood cell
b WBC: white blood cell
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Table 8
Biochemical blood parameters of tilapia fed different feeding rate or feeding type and their interaction under biofloc system.
Treatment (T) Feeding type Feed type ALT AST T. protein Albumin Globulin GH
(UL-1) (UL-1) (gL'"h ELh @Lh
Individual treatment means'
T1 (R1F) R1 (2%) Floated (F) 31.00 61.00 3.350 1.32 2.03% 1.22¢
T2 (R1S) R1 (2%) Sinking (S) 33.50 60.00 2.850 1.45 1.40° 2.83a
T3 (R2F) R2 (3%) Floated (F) 32.00 62.50 2.85 1.65 1.20% 2.66a
T4 (R2S) R2 (3%) Sinking (S) 33.50 65.00 2.40 1.20 1.21* 1.97b
T5 (R3F) R3 (4%) Floated (F) 34.50 62.500 3.10 1.14 1.96* 1.94b
T6 (R3S) R3 (4%) Sinking (S) 34.00 61.500 2.75 1.24 1.52° 1.92b
Pooled SE 0.80 0.07 0.08 0.09 0.03 0.33
Means of the main effect*
R1 (2%) 60.50° 32.25 3.10% 1.39 1.72° 1.86
R2 (3%) 63.75° 32.75 2.63° 1.42 1.20° 2.53
R3 (4%) 62.00%" 34.25 2.93% 1.19 1.74* 1.93
Floated (F) 62.00 32.50 3.10? 1.37 1.73? 2.08
Sinking (S) 62.17 33.67 2.67° 1.29 1.37° 2.13
ANOVA (P-value)
Feeding rate 0.0866 0.3643 0.0162 0.1664 0.0110 0.3641
Feed type 0.8636 0.3284 0.0039 0.4333 0.0150 0.8978
Feeding rate x feed type 0.2901 0.5524 0.7772 0.0782 0.0103 0.0063

'Treatments’ means represent the average values of three aquaria per treatment. Duncan multiple range test was conducted for individual means only if there was a
significant interaction (ANOVA: P < 0.05). Means followed by the same letter are not significantly different. * Main effect means followed by the same letter are not

significantly different at P < 0.05 by Duncan multiple range test.

Table 9
Lipid profile of tilapia fed different feeding rate or feed type and their interaction under biofloc system.
Treatment (T) Feeding rate Feed type Cholesterol Triglyceride “HDL-C °LDL-C
(mmol L 1) (mmol L 1) (mmol L 1) (mmol L 1)

Individual treatment means'

T1 (R1F) R1 (2%) Floated (F) 131.50 212.50 70.50" 26.00

T2 (R1S) R1 (2%) Sinking (S) 131.50 190.00 69.00" 19.00

T3 (R2F) R2 (3%) Floated (F) 132.50 219.00 60.50" 26.00

T4 (R2S) R2 (3%) Sinking (S) 109.50 260.00 38.00" 22.00

T5 (R3F) R3 (4%) Floated (F) 127 180.00 73.00° 20.50

T6 (R3S) R3 (4%) Sinking (S) 134 227.50 77.00" 21.50

Pooled SE 4.54 13.57 2.77 2.60

Means of the main effect’

R1 (2%) 131.50 201.25 69.75" 22.50
R2 (3%) 121.00 239.50 49.25" 24.00
R3 (4%) 130.00 203.75 75.00" 21.00

Floated (F) 130.33 203.83 68.00 2417
Sinking (S) 125.00 225.83 61.33 20.83

ANOVA (P-value)

Feeding rate 0.2848 0.1781 0.0027 0.7324
Feed type 0.3554 0.2194 0.0912 0.3181
Feeding rate x feed type 0.1398 0.2263 0.0419 0.5831

Treatments’ means represent the average values of three aquaria per treatment. Duncan multiple range test was conducted for individual means only if there was a
significant interaction (ANOVA: P < 0.05). Means followed by the same letter are not significantly different. ‘Main effect means followed by the same letter are not

significantly different at P < 0.05 by Duncan multiple range test.
@ HDL-C, High-density lipoprotein Cholesterol.
b LDL-C, Low-density lipoprotein Cholesterol.

and cyanobacteria co-dominate in freshwater (Schrader et al., 2011),
brackish water (Ray et al., 2010), and marine (Vinatea et al., 2010)
biofloc system. In the present results, diatoms biomass was 0.852 mg/L
and 0.006 at tilapia fed either floated or sinking feed at a feeding rate of
2% and 0.002 mg/L at the floated of T3 (R2F) (3%), and completely
disappeared in the other treatments at the experimental end. The
decrease in diatoms could be related to the decrease in photosynthetic
active radiation as a result of the accumulation of suspended solids,
which become unfavorable to diatoms but favorable to mixotrophic
cyanobacteria.

In the presence of a carbon supply, the more nitrogen waste gener-
ated, the more flocs grow, and the greater the possibility that a
zooplankton community will form (Mabroke et al., 2021). In this study,
regardless of the feed type (sinking or floating), an increase in feeding
rates resulted in an increase in the total count of zooplankton. Further,
fish-fed sinking feed at 4% feeding rate had the highest (P < 0.05)

zooplankton counts. This result could be explained by the fact that active
zooplankton growth at a high feeding rate (4%) exceeds the capacity of
tilapia to consume. In the present trial, rotifer species with substantial
counts were Polyarthera vulgaris, Anuraeopsis fissa, Brachionus calciflours,
and Brachionus quadridentata, with Philodena sp. being the most preva-
lent species. Also, protozoa were represented by three species: Tricho-
cerca sp., Vorticella campanula, and Lecane closterocerca. Trichocerca sp.
was the most prevalent protozoan species in fish-fed floating feed at a
3% feeding rate, but it was found in lesser densities in all other treat-
ments. The same group of organisms; Protozoa and Rotifera were
detected using the biofloc system, according to Azim and Little (2008)
and Mabroke et al. (2021). In the present study, T4 (R2S) had the lowest
count of ciliate protozoa: Vorticella campanula, Lecane closterocerca, and
Trichocerca sp. that are known to be elevated under the condition of
activated sludge and in return consume free bacteria, and decrease
turbidity (Curds, 1973; Madoni, 2011). According to Arndt (1993),
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Table 10
Antioxidant enzymes activity of tilapia fed different feeding rate or feeding type and their interaction under biofloc system.
Treatment (T) Feeding rate Feed type 350D bCAT °GSH MDA
Individual treatment means'
T1 (R1F) R1 (2%) Floated (F) 353.65" 104.52¢ 55.58" 95.84%"
T2 (R1S) R1 (2%) Sinking (S) 193.95¢ 837.79% 59.05% 126.43%
T3 (R2F) R2 (3%) Floated (F) 242,51 839.397 58.88% 88.08%"¢
T4 (R2S) R2 (3%) Sinking (S) 388.36" 420.50°¢ 42.54¢ 31.75°
T5 (R3F) R3 (4%) Floated (F) 280.47° 544.72° 41.18¢ 51.04>
T6 (R3S) R3 (4%) Sinking (S) 112.64¢ 278.394 35.41° 61.29°
Pooled SE 18.27 8.03 0.26 14.14
Means of the main effect*
R1 (2%) 261.54° 470.60° 57.07° 120.49°
R2 (3%) 315.56% 630.10° 50.99° 60.14°
R3 (4%) 196.56° 411.56° 38.29¢ 56.16°
Floated (F) 292.29% 496.31 52.06% 78.47
Sinking (S) 223.48° 511.86 45.51° 79.40
ANOVA (P-value)
Feeding rate <.0001 <.0001 <.0001 <.0001
Feed type <.0001 0.0634 <.0001 0.0815
Feeding rate x feed type 0.0008 <.0001 < .0001 0.0255

'Treatments’ means represent the average values of three aquaria per treatment. Duncan multiple range test was conducted for individual means only if there was a
significant interaction (ANOVA: P < 0.05). Means followed by the same letter are not significantly different. ‘Main effect means followed by the same letter are not

significantly different at P < 0.05 by Duncan multiple range test.

2S0D, Superoxide dismutase; bCAT, Catalase; “GSH, Glutathione; dMDA, Malondialdehyde.

protozoa are also regarded as being a part of the feed web for the rotifer
species, which argues for the low rotifer abundance herein in tilapia fed
sinking feed at a 3% feeding rate. For Nile tilapia raised in a biofloc
system, the combined effects of feeding rates and feed types on the
plankton communities (zooplankton or phytoplankton) have not been
researched, as far as the author is aware.

From the results obtained herein, as phytoplankton groups were
formed, they were later consumed by zooplankton through which the
synthesis of organic carbon was cascaded up to tilapia fish. Our study
showed that inorganic nitrogen (NO3 and NHy) from fish excretions and
feed disintegration in the biofloc system was recycled into bacterial and
phytoplankton biomass to form biofloc which was grazed by
zooplankton and consequently utilized by tilapia fish as an additional
feed. Therefore, further in-depth research is required to comprehend the
relationship between feeding rates, feed types, and the development of
zooplankton and phytoplankton communities.

4.2. Proximate composition of biofloc

In the current experiment, the crude protein, crude lipid and ash
content of biofloc composition bioflocs on the dry basis were
15.65-20%, 3.30-7.22% and 51.13-60.79%, respectively. According to
da Silva et al. (2020) and Martins et al. (2017), feeding rates consider-
ably altered the chemical composition of biofloc, with higher ash con-
tent of biofloc being recorded to biofloc collected from tanks treated
with lower feeding rates. Additionally, the current study confirmed
findings from earlier studies (Avnimelech, 2009; Crab, 2010; Emer-
enciano et al., 2012; Lopez-Elias et al., 2015; Martins et al., 2019;
Martins et al., 2017) by demonstrating that biofloc contains a higher ash
content, a lower lipid content, and protein in all treatments. This decline
in bioflo¢ s chemical composition herein may be significantly influenced
by a number of elements, including the aquatic tilapia species that have
the ability to graze natural food from the biofloc system, also settling of
the biofloc reduced the nutrient content of biofloc, the rearing period,
feed composition, feeding rates, the nutritional profile of the feeds, the
microbiota in the water source, the carbon source, and the biofloc size
(Ray et al., 2010; El-Sayed, 2021). In contrast to our findings, El-kady
et al. (2016) showed that biofloc had a protein content of 30.63% and a
lipid content that ranged from 3.65% to 4.27% when fed to Nile tilapia
at a 3% feeding rate and a 25% protein diet (Oreochromis niloticus). The
composition of heterotrophic bacteria and other organisms in the study
of El-kady et al. (2016) linked to biofilms and bioflocs may be
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responsible for greater protein and lipid concentration in the bioflocs of
the high feeding level treatments (Fernandez et al., 2008). Another
factor that might be taken into account is the high concentration of
zooplankton creatures (rich in protein), which may have grown due to
rising levels of feeding. These species consume both bacteria and algae.

4.3. Growth indices

The proper feeding rates and the feed types (floating or sinking)
utilized to minimize overfeeding, which is expensive and detrimental
the water quality, are crucial factors for fish growth and nutrient effi-
ciency in successful aquaculture (Huang et al., 2015; Dong et al., 2017;
Khandan Barani et al., 2019; Mihelakakis et al., 2002). In the present
data, the highest growth performance and feed utilization were
observed in fish-fed floating feed with the highest feeding rate (4% of
biomass). Also, variable feeding rates or feeding types significantly
improved the growth performance and feed efficiency of fish (Table 4).
This improvement indicated that the highest of feeding fish at a rate of
4% of biomass leads to the greatest utilization of ingested nutrients for
growth (Khan et al., 2004; Luo et al., 2015). The results of the current
study are consistent with earlier studies on Labeo rohita and Hetero-
pneustes fossilis by Ahmed (2007) and Khan and Abidi (2010) as well as
those on pigfish by Oberg et al. (2014), which found that ration levels
frequently affect the growth performances, feed intake, and conversion
efficiencies of cultured fish. Contrasting with the present results,
Khandan Barani et al. (2019) revealed that juvenile snow trout, Schiz-
othorax zarudnyi fed at a rate of 4% of body weight had poor growth and
FCR, implying that these diets were mainly for maintenance purposes
and the majority of the ingested nutrients are utilized to preserve life
and only a tiny amount remaining for growth. Moreover, due to the
different experimental conditions, it was challenging to compare the
findings of this study with those of studies done on other fish. Addi-
tionally, using floating feed improved the growth performance of young
olive flounder and African catfish (Kim and Shin, 2006; David et al.,
2017), which was consistent with the data presented herein. Thus, the
presence of pelleted floating feed above the water’s surface, where fish
can benefit from it, may be responsible for the improved growth indices
of fish-fed floating diet. Hence, the low water stability of sinking feeds is
causing excessive nutrient leaching of the food before fish consume it,
which lowers feed conversion, impairs water quality, and raises pro-
duction costs, consequently diminishing economic efficiency (Abdelha-
mid et al., 2019). In light of this, the biofloc system, which was applied
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in the current study, might be effective in providing the ideal environ-
mental conditions for promoting the growth of microorganisms as well
as boosting the performance of tilapia growth and reducing the risk of
eutrophication in water which are all related to viability. Additionally,
the biofloc system eliminates the need for organic and/or inorganic
fertilizers, which keeps costs down (Avnimelech and Kochba, 2009). The
largest production expenses in aquaculture are almost typically associ-
ated with fish feed. Even if the biomass in the biofloc system increases
more quickly, any increase in feed costs is immediately offset by the
increased profit margins, making it still more efficient than traditional
earthen pond systems (Sontakke and Haridas, 2018). Furthermore, BFT
only includes the price of the carbon source, which is far less expensive,
and eliminates the price of both organic and inorganic fertilizers. Ac-
cording to studies, BFT has a shorter culture period and more growth
and survival than other methods, making it more economical (Avni-
melech and Kochba, 2009). Studies by (Sontakke and Haridas, 2018)
have shown that growing milkfish fingerlings in nurseries using BFT
increased economic returns and guaranteed a year-round supply of
fingerlings for grow-out culture operations.

Hence, the positive interaction between feeding rates and feeding
types (floating or sinking) under the biofloc system on tilapia growth
could be attributed to different scenarios as i) the significance of floating
feed in improving digestion and feed absorption, which improves per-
formance and nutrient utilization under the biofloc system (Avnimelech,
2007; Abdelhamid et al., 2019), ii) The presence of bacteria, macronu-
trients, and micronutrients in microbial biofloc is a significant source of
digestive enzymes, synthesizes necessary nutrients, carotenoids, amino
sugars, and vitamins, and modifies the immune system of fish. This has a
probiotic effect that aids fish in better digesting and absorbing the
minerals in their diet (De Schryver et al., 2008; Avnimelech, 2009;
Banerjee and Ray, 2016; Mabroke et al., 2019). According to the present
data, Oliveira et al. (2021) displayed better profitability and growth
when Nile tilapia juveniles were reared in the BFT system and fed be-
tween 4.3% and 6.1% BW Day . Similarly, P é rez-Fuentes (2018) found
that tilapia under the biofloc system had good performance and health
despite having a 20% reduction in feeding rate. The same was also seen
when shrimp (Penaeus monodon) were fed at a 25% lower feeding rate
under the biofloc system without any negative effects on their perfor-
mance. Thus, the biofloc system can compensate for shrimp develop-
ment through its natural food content (Panjaitan, 2010). Additionally,
natural foods in the biofloc system had a favorable effect on shrimp’s
FCR (Xu and Pan, 2012). The results of the current study, which showed
that FCR rose with feeding rates, could be explained by a decrease in floc
use as a food source due to increased food availability (Zheng et al.,
2008). As far as the author is aware, no study has looked into how the
combination of feeding rates and feeding types (floating or sinking) af-
fects tilapia performance in a biofloc system.

Fish’s body index reveals their nutritional state, physical condition,
and health condition (Mizanur et al., 2014; da Silva et al., 2020). Tilapia
fed at a greater feeding rate with floated feed in the current study had
the greatest value of hepatosomatic index (HSI). Our results are in line
with those of da Silva et al. (2020), who found a rise in the HSI of tilapia
fed at a greater feeding rate. The feeding rates have a considerable
impact on HSI and are linked to liver lipid accumulation, biochemical
alterations, and histological abnormalities (Huang et al., 2015). As a
result, fish-fed at a slower rate mobilize their body’s reserves of amino
acids, lipids, and glucose more readily (Shimeno et al., 1997). By
lowering the amount of feed provided, fish could utilize their body’s
lipid reserves as a source of energy (Dong et al., 2017).

4.4. Digestive enzymes

One of the crucial indicators for assessing the nutritional value and
accessibility of aquatic animals’ feed is digestive enzyme activity, which
represents the body’s capability for digestion and metabolism (Anand
et al., 2014; Adeoye et al., 2016). In the present results, lipase and
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amylase activities were significantly (P < 0.05) improved by increasing
feeding rates. In turn, this led to improved nutrient absorption, feed
conversion rates, and growth performance. Similar to fish, shrimp
(Penaeus monodon) also showed improved development performance
when endogenous enzyme secretion was enhanced (Lara-Flores et al.,
2003; Anand et al., 2013). These results herein could be attributed to the
presence of microbial biofloc that contains a variety of extracellular
digestive enzymes, including lipase and amylase, which may work in
conjunction with endogenous digestive enzymes to break down lipids
and carbohydrates in the animal’s intestinal tract and may aid in the
digestion and absorption of the feed which may in turn boost tilapia’s
feed utilization and growth performance (Xu and Pan, 2012; Long et al.,
2015; Liu et al., 2018; Adineh et al., 2019). Consistently with our data,
previous studies demonstrated that biofloc increased the activity of
amylase in tilapia (Xu and Pan, 2012), intestinal amylase, lipase and
protease in carp, in milkfish (Yu et al., 2020; Sontakke et al., 2021) and
protease and amylase activity in the intestines of catfish (Zafar et al.,
2021). Additionally, shrimp fed at higher feeding rates exhibited a
significantly higher level of trypsin and chymotrypsin than shrimp fed at
lower feeding rates (Luna-Gonzalez et al., 2017). As far as we are aware,
this is the first study that has investigated the combined effect of feeding
rates and feeding types under the biofloc system on tilapia digestive
enzymes.

4.5. Hematology blood parameters

The current results showed that none of the blood parameters of
tilapia reared in a biofloc system, including Hb, Hct, RBCs, and WBCs
changed significantly (P > 0.05) in response to the combined effect of
different feeding rates and feeding types (sinking or floating), indicating
healthy Nile tilapia and also the biofloc system had no detrimental ef-
fects on the tilapia’s physical conditions. While, different feeding rates
for tilapia reared in the biofloc system all significantly (P < 0.05)
affected hematocrit, and WBCs regardless of feeding types. This increase
in WBCs may be caused by the abundant natural microbes and bioactive
substances (such as carotenoids, chlorophylls, phytosterols, etc.) in the
suspended biofloc. These substances may have a positive impact on the
physiological health of fish because their nonspecific immune responses
effectively safeguard them from diseases and stressful conditions. Con-
trary to our results, Didlyn et al. (2015) found that GIFT strain tilapia
juveniles weren’t significantly affected by the feeding rates. There is no
published research on the combined impact of various feeding rates and
feeding types on hematological parameters in fish species maintained in
a biofloc system. Thus, more research is needed to understand the
combined impact of feeding rates and feeding types under the biofloc
system on fish hematology.

4.6. Serum biochemical parameters

In the current data, raising the feeding ratios led to a small increase
in the ALT and ALP enzymes activity regardless of the types of feed.
Similar to this trend, the higher feeding rates of GIFT fry was accom-
panied by considerably elevated plasma ALT and AST activity that
indicated to reflect liver tissue injury (Huang et al., 2015). While the
liver enzymes activity; ALT and AST decreased when fish were fed diet at
a low feeding rate regardless to feed types. It’s possible that the presence
of bioactive substances herein in the microbial biofloc herein was pre-
vented Nile tilapia from being harmed. For that reason, it is believed that
fish with higher serum protein content have a stronger innate response
(Jha et al., 2007). Globulin level is frequently utilized as a measure of
immunological responses and as a source of antibody formation (Bernet
et al., 2001; Sahu et al., 2007). In the present results, greater levels of
serum total protein and globulin were found in tilapia fed a low feeding
rate (2%) or floating feed. This finding might be a clue to the tilapia’s
robust innate immunity because bioactive substances are present in the
biofloc system.
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Growth hormone (GH), which is primarily produced by the pituitary,
is a crucial regulator of growth in addition to being involved in the
control of osmotic pressure, nutrition, reproduction, physical activity,
neuroprotection, and immunity (Vélez and Unniappan, 2021). Growth
hormone herein was strongly influenced by the interaction of feeding
types and feeding rates (P < 0.05), but not by either factor in isolation
(P > 0.05). In order to demonstrate the beneficial effect of the interac-
tion of feeding rates and feed types in the biofloc system on serum
biochemical parameters and serum growth hormone, studies on tilapia
are still lacking. Therefore, more research is required in this area.

4.7. Lipid profile

Triglycerides and cholesterol are significant markers of lipid meta-
bolism in fish (Chen et al., 2014; Xu et al., 2017). The body’s lipid
composition may have increased, which may also imply slower rates of
lipid catabolism, leading to higher levels of circulating triglycerides
(McCue, 2010). In response to varied feeding rates, feeding types, and
their interactions, cholesterol, triglycerides, and LDL-C did not differ
significantly (P > 0.05) in the current results. Furthermore, the higher
levels of CHO and TG are observed in tilapia fed higher feeding rates (3%
and 4%) and sinking feed in combination which could be caused poorly
lipids metabolism in fish leading to hyperlipidemia and serious liver
lesions in the tilapia (Kritchevsky, 1995; Huang et al., 2015). In agree-
ment with our findings, Huang et al. (2015) detected that tilapia fed at a
greater feeding rate had higher levels of CHO and TG. To fully under-
stand the impact of the combined effect of feeding rates and feeding
types under the biofloc system on fish plasma lipid profiles, more
research is required.

4.8. Antioxidant enzymes

Reactive oxidative stress (ROS), which the body produces as a result
of metabolism, negatively impacted the antioxidant defense mecha-
nisms (Lewis-McCrea and Lall, 2007). Furthermore, the presence of ROS
led to lipid peroxidation, an oxidative chain reaction, and cell oxidative
damage (Xu and Pan, 2013). Endogenous antioxidant enzymes, such as
SOD, CAT, GSH, and MDA, have been demonstrated to be the first line of
defense against oxygen toxicity and as diverse strategies intended to
alleviate oxidative stress (Halliwell and Gutteridge, 1990; Lewis-McCrea
and Lall, 2007; Sharawy et al., 2017; Li et al., 2019b). SOD is a natural
superoxide radical scavenger with roles in protecting active cells from
injury, delaying the aging process, and boosting immunity (Cam-
pa-Cordova et al., 2002). The cellular redox status is kept in balance by
GSH, which is the most prevalent intracellular non-protein thiol. Free
radicals are eliminated by CAT, which uses HyO5 as a substrate and
breaks it down into HoO and O, (Yin et al., 2018). Lipid peroxidation,
which is an imbalance in the body’s antioxidant system in animals,
produces MDA as its byproduct. MDA has harmful effects on cells and
can damage an organism (Storey, 1996). The current study found that
fish-fed at lower feeding rates with either sinking or floating feed had
increased CAT, SOD, and GSH activity. This may be explained by tilapia
consuming microorganisms from microbial flocs in the biofloc system
(De Schryver et al., 2008; Avnimelech, 2009). Whereas, the lowest MDA
was found in fish-fed sinking feed at a feeding rate of 3% of total
biomass. This finding suggests that the biofloc system may lower the
lipid peroxidation level of tilapia and increase the fish’s resistance to
oxygen free radicals, which would improve the fish’s health, resilience
to environmental stress, and survival rate. Additionally, immunosti-
mulant compounds such as peptidoglycan, beta-glucan, lipopolysac-
charide in the wall of bacteria, and natural antioxidants in the biofloc,
including polyunsaturated fatty acids, carotenoids, chlorophyll,
phytosterol, polyphenols, polysaccharides, taurine, vitamins C and E,
and certain minerals (Se and Zn) improved the effectiveness of the
antioxidant defense system and could increase the immune status of
tilapia fingerlings (Ju et al., 2008; Xu and Pan, 2013; Ekasari et al.,
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2014; Banerjee and Ray, 2016; Liu et al., 2017; Walker et al., 2020).
However, information on the combined impact of feeding rates and
feeding types (sinking or floating) under the biofloc system of tilapia
antioxidant enzymes is not yet available.

5. Conclusion

The current study showed that floating feed at a rate of 4% of
biomass improved digestive enzymes, hepatic antioxidant response, and
serum biochemical response in addition to growth efficiency of Nile
tilapia reared in biofloc system. Consequently, applying floating feed at
a rate of 4% of biomass could ensure maximum feed consumption with
minimal waste, lessen water pollution, improve nutritional efficiency,
and improve feed conversion efficiency of Nile tilapia reared in a biofloc
system.

CRediT authorship contribution statement

Eman Y. Mohammady: Experiment design, Collecting data, Statis-
tical analyses, Drafting the paper, Mohamed R. Soaudy: Collecting
data, Drafting the paper, Marwa, M. Ali: Collecting data, Drafting the
paper, Mohamed A. El-ashry: Collecting data, Drafting the paper,
Mohamed S. Abd El-Karim: Collecting data, Drafting the paper, Sylwia
Jarmotowicz: Drafting and edition the paper, Mohamed S. Hassaan:
Drafting and edition the paper.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability
Data will be made available on request.

References

Abdelhamid, A.M., Salem, M.F., Ramadan, M.EI-Sh, 2019. Comparison between effects of
sinking and floating diets on growth performance of the Nile Tilapia (Oreochromis
niloticus). Egypt. J. Aquat. Biol. Fish. 23 (2), 347-361.

Adeoye, A., Jaramillo-Torres, A., Fox, S., Merrifield, D., Davies, S., 2016.
Supplementation of formulated diets for tilapia (Oreochromis niloticus) with selected
exogenous enzymes: Overall performance and effects on intestinal histology and
microbiota. Anim. Feed Sci. Technol. 215, 133-143. https://doi.org/10.1016/j.
anifeedsci.2016.03.002.

Adewumi, A.A., Olaleye, V.F., 2011. Catfish culture in Nigeria: progress, prospects and
problems. Afr. J. Agric. Res 6 (6), 1281-1285.

Adineh, H., Naderi, M., Hamidi, M.K., 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. Shellfish Immunol.
95, 440-448. https://doi.org/10.1016/].fsi.2019.10.057.

Ahmed, 1., 2007. Effect of ration size on growth, body composition, and energy and
protein maintenance requirement of fingerling Indian major carp, Labeo rohita
(Hamilton). Fish. Physiol. Biochem. 33, 203-212 doi.org/10.1007%2Fs10695-007-
9132-y.

SAS, Statistical Analysis system, 1993. SAS/STAT User Guide Release 6, 03 edition.,. SAS
Institute Inc,, Cary, North Carolina, USA.

Almaraaj, S., 2011. Extruded floating fish feed, a Boost for Farmers. Retrieved Online:

http://www.thehindu.scitech/agriculture). 29th July, 2015.

Anand, P.S.S., Kohli, M.P.S., Roy, S.D., Sundaray, J.K., Kumar, S., Sinha, A., Pailan, G.H.,
Sukham, M.K., 2013. Effect of dietary supplementation of periphyton on growth
performance and digestive enzyme activities in Penaeus monodon. Aquaculture
392-395, 59-68.

Anand, P.S.S., Kohli, M.P.S., Kumar, S., Sundaray, J.K., Roy, S.D., Venkateshwarlu, G.,
Sinha, A., Pailan, G.H., 2014. Effect of dietary supplementation of biofloc on growth
performance and digestive enzyme activities in Penaeus monodon. Aquaculture 418,
108-115. https://doi.org/10.1016/j.aquaculture.2013.09.051.

Anderson, J.S., Higgs, D.A., Beams, R.M., Rowshandeli, M., 1997. Fish meal quality
assessment for Atlantic salmon, Salmo salar, reared in seawater. Aquac. Nutr. 3,
25-38.

AOAC, 2012. Official Methods of Analysis, 19th ed. AOAC, Gaithersburg, p. 3000.


http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref1
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref1
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref1
https://doi.org/10.1016/j.anifeedsci.2016.03.002
https://doi.org/10.1016/j.anifeedsci.2016.03.002
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref3
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref3
https://doi.org/10.1016/j.fsi.2019.10.057
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref5
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref5
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref5
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref5
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref6
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref6
http://www.thehindu.scitech/agriculture
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref7
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref7
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref7
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref7
https://doi.org/10.1016/j.aquaculture.2013.09.051
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref9
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref9
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref9

E.Y. Mohammady et al.

APHA (American Public Health Association), 2017. Standard Methods for the
Examination of Water and Wastewater, 23rd ed. Washington, p. 1546. https://doi.
org/10.2105/SMWW.2882.061.

APHA, 2005. Standard Methods for Examination of Water and Wastewater, 21st ed.
Standard Methods is a joint publication of the American Public Health Association
(APHA), the American Water Works Association (AWWA), and the Water
Environment Federation (WEF). Washington DC, USA.

Arndt, H., 1993. Rotifers as predators on components of the microbial web (bacteria,
heterotrophic flagellates, ciliates)-a review. In: Rotifer Symposium, VI. Springer,
Dordrecht, pp. 231-246 (Abstract). https://app.dimensions.ai/details/publication/
pub.1020352542.

Avnimelech, Y., 1999. Carbon nitrogen ratio as a control element in. Aquac. Syst. Aquac.
176, 227-235. https://doi.org/10.1016/50044-8486(99)00085-X.

Avnimelech, Y., 2007. Feeding with microbial flocs by tilapia in minimal discharge bio-
flocs technology ponds. Aquaculture 264, 140-147.

Avnimelech, Y., 2009. Biofloc technology—a practical guide book. The World
Aquaculture Society, Baton Rouge, Louisiana. https://doi.org/10.13140/
2.1.4575.0402.

Avnimelech, Y., Kochba, M., 2009. Evaluation of nitrogen uptake and excretion by tilapia
in bio floc tanks, using N-15 tracing. Aquaculture 287, 163-168.

Azim, MLE., 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 (2), 29-35.

Banerjee, G., Ray, A.K., 2016. Bacterial symbiosis in the fish gut and its role in health and
metabolism. Symbiosis 72, 1-11. https://doi.org/10.1007/513199-016-0441-8.

Beers, R.F., Sizer, LW., 1952. A spectrophotometric method for measuring the
breakdown of hydrogen peroxide by catalase. J. Biol. Chem. 195, 133-140.

Bellinger, E.G., Sigee, D.C., 2015. Freshwater Algae: Identification. Enumeration and Use
as Bioindicators, second ed..,. John Wiley and Sons, Ltd,, p. 290.

Bernet, D., Schmidt, H., Wahli, T., Burkhardt-Holm, P., 2001. Effluent from a sewage
treatment works causes changes in serum chemistry of brown trout (Salmo trutta).
Ecotoxic. Environ. Safety 48, 140-147.

Bernfeld, P., 1951. Amylases « and f. In: Colowick, P., Kaplan, N.O. (Eds.), Methods in
enzymology, Vol. 1. Academic Press, New York, NY, pp. 149-157.

Beutler, E., Duron, O., Kelly, B.M., 1963. Improved method for the determination of
blood glutathione. J. Lab. Clin. Med. 61, 882-890.

Bu, X., Lian, X., Zhang, Y., Yang, C., Cui, C., Che, J., Tang, B., Su, B, Zhou, Q., Yang, Y.,
2017. Effects of feeding rates on growth, feed utilization, and body composition of
juvenile Pseudobagrus ussuriensis. Aquac. Int. 25, 1821-1831. https://doi.org/
10.1007/510499-017-0156-8.

Campa-Cérdova, A.lL, Hernandez-Saavedra, N.Y., Ascencio, F., 2002. Superoxide
dismutase as modulator of immune function in American white shrimp (Litopenaeus
vannamei). Comp. Biochem. Physiol. Part C. Toxicol. Pharmacol. 33, 557-565.
https://doi.org/10.1016/51532-0456(02)00125-4.

Chen, K., Li, E., Gan, L., Wang, X., Xu, C., Lin, H., Qin, J.G., Chen, L., 2014. Growth and
lipid metabolism of the pacific white shrimp Litopenaeus vannamei at different
salinities. J. Shellfish Res 33, 825-832.

Cho, S.H., Lim, Y.S., Lee, J.H., Park, S., 2003. Effect of feeding rate and feeding frequency
on survival, growth, and body composition of ayu post -larvae Plecoglossus altivelis.
J. World Aquac. Soc. 34, 85-91.

Coles, E.H., 1974. Plasma proteins. Veterinary Clinical Pathology, 2nd ed..,. W.B.
Saunders Co,, Philadelphia, Pennsylvania, USA, pp. 558-560.

Crab, R., 2010. Bioflocs technology: an integrated system for the removal of nutrients
and simultaneous production of feed in aquaculture (Doctoral dissertation, Ghent
University).

Craig, S., Helfrich, L.A., 2009. Understanding fish nutrition, feeds and feeding. Publ.
Educ. Resour. VCE Publ. 420-256.

Creswell, D., 2005. The feeding and nutrition of the tilapia. Part 2. Feed management.
AQUA Cult. Asia Pac. Mag., (Novemb. /Dec. ) 32-33.

Curds, C.R., 1973. The role of protozoa in the activated-sludge process. Am. Zool. 13 (1),
161-169. https://doi.org/10.1093/icb/13.1.161.

David, G., Afia, S., Edet, O., 2017. Growth performance, nutrient utilization and survival
of African sharp tooth catfish (Clarias gariepinus, Burchell 1822) fingerlings fed
locally formulated and commercial pelleted diets reared in tarpaulin tanks. CARD
Int. J. Agric. Res. Food Prod. 2 (1), 13-38.

De Schryver, P., Crab, R., Defoirdt, T., Boon, N., Verstraete, W., 2008. The basics of bio-
flocs technology: the added value for aquaculture. Aquaculture 277, 125-137.
https://doi.org/10.1016/j.aquaculture.2008.02.019.

Delong, D.P., Losordo, T.M., Rakocy, J.E., 2009. Tank culture of tilapia. SRAC
publication 282. South. Reg. Aquac. Cent. 8.

Didlyn, K.M., Pao, X., Jun, Q., Hong, Y., Jie, H., 2015. Effect of feeding rate on growth
performance, feed utilization, and blood-chemistry indicators of nutritional status in
juvenile gift strain tilapia (Oreochromis niloticus L.). Isr. J. Aquac. - Bamidgeh 67,
1-8.

Dogru, M.L, Dogru, A.K., Gul, M., Esrefoglu, M., Yurekli, M., Erdogan, S., Ates, B., 2008.
The effect of adrenomedullin on rats exposed to lead. J. Appl. Toxicol. 28 (2),
140-146.

Dominguez-May, R., Poot-Lopez, G.R., Hernandez, J., Gasca-Leyva, E., 2020. Dynamic
optimal ration size in tilapia culture: economic and environmental considerations.
Ecol. Model. 420, 108930 https://doi.org/10.1016/j.ecolmodel.2020.108930.

Dong, G.F., Yang, Y.O., Yao, F., Chen, L., Yue, D.D., Yu, D.H., Huang, F., Liu, J., Liu, L.H.,
2017. Growth performance and whole-body composition of yellow catfish
(Pelteobagrus fulvidraco Richardson) under feeding restriction. Aquac. Nutr. 23 (1),
101-110.

Duncan, N.B., 1955. Multiple ranges and multiple F-tests. Biometrics 11, 1-24.

13

Aquaculture Reports 29 (2023) 101489

Standard methods for the examination of water and wastewater. In: Eaton, A.D.,
Clesceri, L.S., Rice, E.W., Greenberg, A.E. (Eds.), 2005. American Public Health
Association, American Water Works Association, 21st edition.,. Water Environment
Federation, Washington, DC, pp. 2-39.

Ekasari, J., Angela, D., Waluyo, S.H., Bachtiar, T., Surawidjaja, E.H., Bossier, P., De
Schryver, P., 2014. The size of biofloc determines the nutritional composition and
the nitrogen recovery by aquaculture animals. Aquaculture 426, 105-111.

El-Husseiny, O.M., Goda, A.M., Mabroke, A.-S., Soaudy, R.S., M, 2018. Complexity of
carbon sources and the impact on biofloc integrity and quality in tilapia (Oreochromis
niloticus) tanks. AACL Bioflux 11 (3), 846-855.

El-kady, H.A., Omar, E.A., Srour, T.M., Salem, M.F., 2016. Effect of biofloc, feeding rate
and dietary protein levels on growth performance and feed utilization of Nile
Tilapia, (Oreochromis niloticus), Flathead Grey Mullet, (Mugil cephalus) and Thin
Lipped Mullet, (liza ramada) Fingerlings in Polyculture. J. Adv. Agric. Res. (Fac.
Agric. Saba Basha) 21 (1), 1-19.

El-Sayed, A.F.M., 2021. Use of biofloc technology in shrimp aquaculture: a
comprehensive review, with emphasis on the last decade. Rev. Aquac. 13, 676-705.
https://doi.org/10.1111/raq.12494.

Emerenciano, M., Ballester, E.L., Cavalli, R.O., Wasielesky, W., 2012. Biofloc technology
application as a food source in a limited water exchange nursery system for pink
shrimp Farfantepenaeus brasiliensis Latreille, 1817. Aquac. Res. 43 (3), 447-457.
https://doi.org/10.1111/j.1365-2109.2011.02848.x.

Emerenciano, M.G.C., Martinez-Coérdova, L.R., Martinez-Porchas, M., Miranda-Baeza, A.,
2017. Biofloc technology (BFT): a tool for water quality management in aquaculture.
Water Qual. 5, 92-109.

Fernandez, 1., Hontoria, F., Ortiz-Delgado, J.B., Kotzamanis, Y., Estévez, A., Zambonino-
Infante, J.L., Gisbert, E., 2008. Larval performance and skeletal deformities in
farmed gilthead sea bream (Sparus aurata) fed with graded levels of Vitamin A
enriched rotifers (Brachionus plicatilis). Aquaculture 283 (1), 102-115.

Furné, M., Garcia-Gallego, M., Hidalgo, M.C., Morales, A.E., Domezain, A., Domezain, J.,
Sanz, A., 2008. Effect of starvation and refeeding on digestive enzyme activities in
sturgeon (Acipenser naccarii) and trout (Oncorhynchus mykiss). Comp. Biochem.
Physiol. Part A: Mol. Integr. Physiol. 149 (4), 420-425.

Gallardo-Colli, A., Pérez-Fuentes, M., Pérez-Rostro, C.1., Hernandez-Vergara, M.P., 2020.
Compensatory growth of Nile tilapia Oreochromis niloticus, L. subjected to cyclic
periods of feed restriction and feeding in a biofloc system. Aquac. Res. 51,
1813-1823. https://doi.org/10.1111/are.14530.

Gelineau, A., Corraze, G., Boujar, T., 1998. Effects of restricted ration, time -restricted
access and reward level on voluntary food intake, growth and growth heterogeneity
of rainbow trout Oncorhynchus mykiss fed on demand with self-feeders. Aquaculture
167, 247-258.

Green, B.W., 2010. Effect of channel catfish stocking rate on yield and water quality in an
intensive, mixed suspended-growth production system. N. Am. J. Aquacult. 72,
97-106.

Halliwell, B., Gutteridge, J.M., 1990. Role of free radicals and catalytic metal ions in
human disease: an overview. Meth. Enzym. 186, 1-85.

Henry, R.J., 1964. Colorimetric determination of total protein. Clinical Chemistry.
Harper and Row Publ,, New York.

Hisano, H., Pinheiro, V.R., Losekann, M.E., Moura e Silva, M.S.G., 2021. Effect of feeding
frequency on water quality, growth, and hematological parameters of Nile tilapia
Oreochromis niloticus reared using biofloc technology. J. Appl. Aquac. 33 (2), 1-15.

Hossain, Md.I., Haque, N., Alam, A.S.A.F., Begum, H., Mokhtar, M.B., 2018. Sinking and
floating feeds formulations on growth of mono-sex Tilapia (Linnaeus, 1758): a
comparative study. Turk. J. Fish. Aquat. Sci. 19 (1), 71-80.

Huang, Q., Huang, K., Ma, Y., Qin, X.I., Wen, Y., Sun, L., Tang, L., 2015. Feeding
frequency and rate effects on growth and physiology of juvenile genetically
improved farmed Nile Tilapia. North Am. J. Aquac. 77, 503-512. https://doi.org/
10.1080/15222055.2015.1066472.

Jankowiak, Jennifer, Theresa, Hattenrath-Lehmann, a Benjamin, J.Kramer,

Megan, Ladds, Christopher, J.Gobler, 2019. Deciphering the effects of nitrogen,
phosphorus, and temperature on cyanobacterial bloom intensification, diversity, and
toxicity in western Lake Erie. Limnol. Oceanogr. 64, 1347-1370. https://doi.org/
10.1002/1n0.11120.

Jha, AK., Pal, AK., Sahu, N.P., Kumar, Shivendra, Mukherjee, S.C., 2007. Haemato
immunological responses to dietary yeast RNA, -3 fatty acid and b-carotene in Catla
catla juveniles. Fish. Shellfish Immunol. 23, 917-927.

Ju, Z.Y., Forster, 1., Conquest, L., Dominy, W., 2008. Enhanced growth effects on shrimp
(Litopenaeus vannamei) from inclusion of whole shrimp floc or floc fractions to a
formulated diet. Aquac. Nutr. 14, 533-543.

Kabir, K.A., Verdegem, M.C.J., Verreth, J.A.J., Phillips, M.J., Schrama, J.W., 2020.
Dietary non-starch polysaccharides influenced natural food web and fish production
in semi-intensive pond culture of Nile tilapia. Aquaculture 528, 735506. https://doi.
org/10.1016/j.aquaculture.2020.735506.

Kannadhason, S., Muthukumarappan, K., Rosentrater, K.A., 2009. Effects of ingredients
and extrusion parameters on aquafeeds containing DDGS and tapioca starch.

J. Aquacult Feed Sci. Nutr. 1 (1), 6-21.

Khan, M.A., Abidi, S.F., 2010. Optimum ration level for better growth, conversion
efficiencies and body composition of fingerling Heteropneustes fossilis (Bloch). Aquac.
Int. 18, 175-188.

Khan, M.A., Ahmed, I., Abidi, S.F., 2004. Effect of ration size on growth, conversion
efficiency, and body composition of fingerling mrigala, Cirrhinus mrigala (Hamilton).
Aquac. Nutr. 10, 47-53.

Khandan Barani, H., Dahmardeh, H., Miri, M., Rigi, M., 2019. The effects of feeding rates
on growth performance, feed conversion efficiency and body composition of juvenile
snow trout, Schizothorax zarudnyi. Iran. J. Fish. Sci. 18 (3), 507-516.


https://doi.org/10.2105/SMWW.2882.061
https://doi.org/10.2105/SMWW.2882.061
https://doi.org/10.1016/S0044-8486(99)00085-X
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref11
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref11
https://doi.org/10.13140/2.1.4575.0402
https://doi.org/10.13140/2.1.4575.0402
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref13
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref13
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref14
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref14
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref14
https://doi.org/10.1007/s13199-016-0441-8
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref16
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref16
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref17
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref17
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref18
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref18
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref18
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref19
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref19
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref20
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref20
https://doi.org/10.1007/s10499-017-0156-8
https://doi.org/10.1007/s10499-017-0156-8
https://doi.org/10.1016/S1532-0456(02)00125-4
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref23
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref23
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref23
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref24
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref24
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref24
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref25
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref25
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref26
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref26
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref27
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref27
https://doi.org/10.1093/icb/13.1.161
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref29
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref29
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref29
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref29
https://doi.org/10.1016/j.aquaculture.2008.02.019
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref31
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref31
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref32
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref32
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref32
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref32
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref33
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref33
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref33
https://doi.org/10.1016/j.ecolmodel.2020.108930
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref35
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref35
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref35
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref35
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref36
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref37
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref37
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref37
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref37
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref38
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref38
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref38
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref39
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref39
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref39
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref40
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref40
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref40
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref40
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref40
https://doi.org/10.1111/raq.12494
https://doi.org/10.1111/j.1365-2109.2011.02848.x
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref43
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref43
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref43
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref44
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref44
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref44
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref44
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref45
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref45
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref45
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref45
https://doi.org/10.1111/are.14530
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref47
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref47
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref47
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref47
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref48
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref48
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref48
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref49
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref49
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref50
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref50
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref51
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref51
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref51
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref52
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref52
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref52
https://doi.org/10.1080/15222055.2015.1066472
https://doi.org/10.1080/15222055.2015.1066472
https://doi.org/10.1002/lno.11120
https://doi.org/10.1002/lno.11120
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref55
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref55
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref55
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref56
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref56
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref56
https://doi.org/10.1016/j.aquaculture.2020.735506
https://doi.org/10.1016/j.aquaculture.2020.735506
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref58
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref58
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref58
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref59
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref59
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref59
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref60
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref60
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref60
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref61
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref61
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref61

E.Y. Mohammady et al.

Khanjani, M.H., Sajjadi, M.M., Alizadeh, M., Sourinejad, 1., 2017. Nursery performance
of Pacific white shrimp (Litopenaeus vannamei Boone, 1931) cultivated in a biofloc
system: the effect of adding different carbon sources. Aquac. Res. 48 (4), 1491-1501.

Kim, J.D., Shin, S.H., 2006. Growth, feed utilization and nutrient retention of juvenile
olive Flounder (Paralichthys olivaceus) fed moist, semi-moist and extruded diets.
Asian Aust. J. Anim. Sci. 19, 720-726.

Kishawy, A.T.Y., Sewid, A.H., Nada, H.S., Kamel, M.A., El-Mandrawy, S.A.M.,
Abdelhakim, T.M.N., El-Murr, A.E.L, El Nahhas, N., Hozzein, W.N., Ibrahim, D.,
2020. Mannanoligosaccharides as a carbon source in biofloc boost dietary plant
protein and water quality, growth, immunity and Aeromonas hydrophila resistance in
Nile tilapia (Oreochromis niloticus). Animals 10 1724 https://doi.org/10.3390/
anil10101724.

Kritchevsky, D., 1995. Dietary protein, cholesterol and atherosclerosis: a review of the
early history. J. Nutr. 125, 589S-593S.

Lara-Flores, M., Olvera-Novoa, M.A., Guzman-Méndez, B.E., Lopez-Madrid, W., 2003.
Use of the bacteria Streptococcus faecium and Lactobacillus acidophilus and the yeast
Saccharomyces cerevisiae as growth promoters in Nile tilapia (Oreochromis niloticus).
Aquaculture 216, 193-201.

Lewis-McCrea, L.M., Lall, S.P., 2007. Effects of moderately oxidized dietary lipid and the
role of vitamin E on the development of skeletal abnormalities in juvenile Atlantic
halibut (Hippoglossus hippoglossus). Aquaculture 262, 142-155.

Li, M.Y., Liu, X.Y., Xia, C.G., Wang, G.Q., Zhang, D.M., 2019b. Astaxanthin enhances
hematology, antioxidant and immunological parameters, immune-related gene
expression, and disease resistance against in Channa argus. Aquac. Int. 27, 735-746.
https://doi.org/10.1007/510499-019-00362-w.

Limbu, S.M., Jumanne, K., 2014. Effect of restricted and re-feeding regime on feeding
cost, growth performance, feed utilization and survival rate of mixed sex Nile tilapia
Oreochromis niloticus cultured in tanks. Int J. Fish. Aquat. Stud. 2 (1), 118-123.

Liu, G., Zhu, S.M.,, Liu, D.Z., Guo, X.S., Ye, Z.G., 2017. Effects of stocking density of the
white shrimp Litopenaeus vannamei (Boone) on immunities, antioxidant status, and
resistance against Vibrio harveyi in a biofloc system. Fish. Shellfish Immunol. 67,
19-26. https://doi.org/10.1016/j.fsi.2017.05.038.

Liu, W., Wen, H., Luo, Z., 2018. Effect of dietary protein levels and feeding rates on the
growth and health status of juvenile genetically improved farmed tilapia
(Oreochromis niloticus). Aquac. Int. 26. 153-167 017-0202-6. https://doi.org/
10.1007/510499-.

Long, L., Yang, J., Li, Y., Guan, C., 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.

Lépez-Elias, J.A., Moreno-Arias, A., Miranda-Baeza, A., Martinez Cérdova, L.R., Rivas-
Vega, ML.E., Marquez-Rios, E., 2015. Proximate composition of bioflocs in culture
systems containing hybrid red tilapia fed diets with varying levels of vegetable meal
inclusion. North Am. J. Aquac. 77, 102-109. https://doi.org/10.1080/
15222055.2014.963767.

Lugo, J.M., Rodriguez, A., Helguera, Y., Morales, R., Gonzalez, O., Acosta, J., Besada, V.,
Sanchez, A., Estrada, M.P., 2008. Recombinant novel pituitary adenylate cyclase-
activating polypeptide from African catfish (Clarias gariepinus) authenticates its
biological function as a growth-promoting factor in low vertebrates. J. Endocrinol.
197, 583-597.

Luna-Gonzalez, A., Avila-Leal, J., Fierro-Coronado, J.A., Alvarez-Ruiz, P., Esparza-
Leal, H., Escamilla-Montes, R., Flores-Miranda, M.D.C., Montiel-Montoya, J., Lopez-
Alvarez, E.S., 2017. Effects of bacilli, molasses, and reducing feeding rate on biofloc
formation, growth, and gene expression in Litopenaeus vannamei cultured with zero
water exchange. Lat. Am. J. Aquat. Res. 45 (5), 900-907.

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

Luo, G.Z., Avnimelech, Y., Pan, Y.F., Tan, H.X., 2013. Inorganic nitrogen dynamics in
sequencing batch reactors using bioflocs technology to treat aquaculture sludge.
Aquacult. Eng. 52, 73-79.

Mabroke, R.S., El-Husseiny, O.M., Zidan, A.E.F.A., Tahoun, A., Suloma, A., 2019. Floc
meal as potential substitute for soybean meal in tilapia diets under biofloc system
conditions. J. Oceanol. Limnol. 37, 313-320. https://doi.org/10.1007/500343-019-
7222-1.

Mabroke, R.S., Zidan, A., EI-N, F.A., Tahoun, Al-A., Mola, H.R.A., Abo- State, H.,
Suloma, A., 2021. Feeding frequency affect feed utilization of tilapia under biofloc
system condition during nursery phase. Aquac. Rep. 19, 100625 https://doi.org/
10.1016/j.aqrep.2021.100625.

Madoni, P., 2011. Protozoa in wastewater treatment processes: a minireview. Ital. J.
Zool. (Modena) 78 (1), 3-11. https://doi.org/10.1080/11250000903373797.

Martins, G.B., Tarouco, F., Rosa, C.E., Robaldo, R.B., 2017. The utilization of sodium
bicarbonate, calcium carbonate or hydroxide in biofloc system: water quality,
growth performance and oxidative stress of Nile tilapia (Oreochromis niloticus).
Aquaculture 468, 10-17.

Martins, G.B., Rosa, C.E., Tarouco, F.M., Robaldo, R.B., 2019. Growth, water quality and
oxidative stress of Nile tilapia Oreochromis niloticus (L.) in biofloc technology system
at different pH. Aquac. Res. 50, 1030-1039. https://doi.org/10.1111/are.13975.

Martins, T.G., Odebrecht, C., Jensen, L.V., D’Oca, M.G., Wasielesky, W.J., 2016. The
contribution of diatoms to bioflocs lipid contentand the performance of juvenile
Litopenaeus vannamei (Boone,1931) in a BFT culture system. Aquac. Res 47,
1315-1326. https://doi.org/10.1111/are.12592.

14

Aquaculture Reports 29 (2023) 101489

McCue, M.D., 2010. Starvation physiology: Reviewing the different strategies animals
use to survive a common challenge. Comp. Biochem. Physiol. - Part A: Mol. Integr.
Physiol. 156, 1-18. https://doi.org/10.1016/j.cbpa.2010.01.002.

Mengistu, S.B., Mulder, H.A., Benzie, J.A.H., Komen, H., 2020. A systematic literature
review of the major factors causing yield gap by affecting growth, feed conversion
ratio and survival in Nile tilapia (Oreochromis niloticus). Rev. Aquac. 12, 524-541.
https://doi.org/10.1111/raq.12331.

Mihelakakis, A., Tsolkas, C., Yoshimatsu, T., 2002. Optimization of feeding rate for
hatchery-produced juvenile gilthead sea bream Spurus aurata. J. World Aquac. Soc.
33, 169-175.

Mizanur, R.M,, Park, G., Yun, H., Lee, S., Choi, S., Bai, S.C., 2014. The effects of feeding
rates in juvenile Korean rockfish, (Sebastes schlegeli) reared at 17°C and 20°C water
temperatures. Aquac. Int. 22, 1121-1130.

de Moraes, C.R.F., de Attayde, J.L., Henry-Silva, G.G., 2020. Stable isotopes of C and N as
dietary indicators of Nile tilapia (Oreochromis niloticus) cultivated in net cages in a
tropical reservoir. Aquac. Rep. 18, 100458 https://doi.org/10.1016/j.
aqrep.2020.100458.

Munshi, J.D., Roy, S.P., Munshi, D., 2010. Manual of Freshwater Biota. Narendra
Publishing House. Delhi 1-455.

Ng, W.K., Romano, N., 2013. A review of the nutrition and feeding management of
farmed tilapia throughout the culture cycle. Rev. Aquac. 5 (4), 220-254. https://doi.
org/10.1111/raq.12014.

Oberg, E.W., Faulk, C.K., Fuiman, L.A., 2014. Optimal dietary ration for juvenile pigfish
Orthopristis chrysoptera grow -out. Aquaculture 433, 335-339.

Oliveira, L.K., Pilz, L., Furtado, P.S., Ballester, E.L.C., de Almeida Bicudo, A.J., 2021.
Growth, nutritional efficiency, and profitability of juvenile GIFT strain of Nile tilapia
(Oreochromis niloticus) reared in biofloc system on graded feeding rates. Aquaculture
541, 736830.

Osti, J.A.S., Moraes, M.A.B., Carmo, C.F., Mercante, C.T.J., 2018. Nitrogen and
phosphorus flux from the production of Nile tilapia through the application of
environmental indicators. Braz. J. Biol. 78 (1), 25-31. https://doi.org/10.1590/
1519-6984.02116.

Panjaitan, P., 2010. Shrimp culture of Penaeus monodon with zero water exchange model
(ZWEM) using molasses. J. Coast. Dev. 14 (1), 35-44.

Pérez-Fuentes, J.A., Pérez-Rostro, C.I., Herndndez-Vergara, M.P., Monroy-Dosta, M.D.C.,
2018. Variation of the bacterial composition of biofloc and the intestine of Nile
tilapia Oreochromis niloticus, cultivated using biofloc technology, supplied different
feed rations. Aquac. Res. 49 (11), 3658-3668.

Peskin, A.V., Winterbourn, C.C., 2000. A microtiter plate assay for superoxide dismutase
using a water-soluble tetrazolium salt (WST-1). Clin. Chim. Acta 293 (1-2),
157-166.

Rajkumar, M., Pandey, P.K., Aravind, R., Vennila, A., Bharti, V., Purushothaman, C.S.,
2016. Effect of different biofloc system on water quality, biofloc composition and
growth performance in Litopenaeus vannamei (Boone, 1931). Aquac. Res. 47,
3432-3444. https://doi.org/10.1111/are.12792.

Rawling, M.D., Merrifield, D.L., Davies, S.J., 2009. Preliminary assessment of dietary
supplementation of Sangrovit® on red tilapia (Oreochromis niloticus) growth
performance and health. Aquaculture 294, 118-122.

Ray, A., Seaborn, G., Leffler, JW., Wilde, S., Lawson, A., Browdy, C.L., 2010.
Characterization of microbial communities in minimal-exchange, intensive
aquaculture systems and the effects of suspended solids management. Aquaculture
310, 130-138. https://doi.org/10.1016/j.aquaculture.2010.10.019.

Reitman, A., Frankel, S., 1957. Determination of aspartate glutamic aminotransferase
and alanine aminotransferase. Am. J. Clin. Pathol. 28, 56.

Sahu, S., Das, B.K., Mishra, B.K., Pradhan, J., Sarangi, N., 2007. Effect of Allium sativum
on the immunity and survival of Labeo rohita infected with Aeromonas hydrophila.
J. Appl. Ichthyol. 23, 80-86.

Saseendran, S., Dube, K., Chandrakant, M.H., Babitha Rani, A.M., 2021. Enhanced
growth response and stress mitigation of genetically improved farmed tilapia in a
biofloc integrated aquaponic system with bell pepper. Aquaculture 533, 736200.
https://doi.org/10.1016/j.aquaculture.2020.736200.

Schrader, K.K., Green, B.W., Peter, W., Perschbacher, P.W., 2011. Development of
phytoplankton communities and common off-flavors in a biofloc technology system
used for the culture of channel catfish (Ictalurus punctatus). Aquac. Eng. 45, 118-126.

Sgnaulin, T., Durigon, E.G., Pinho, S.M., Jeronimo, G.T., de Lopes, D.L.A.,
Emerenciano, M.G.C., 2020. Nutrition of genetically improved farmed tilapia (GIFT)
in biofloc technology system: optimization of digestible protein and digestible
energy levels during nursery phase. Aquaculture 521, 734998. https://doi.org/
10.1016/j.aquaculture.2020.734998.

Sharawy, Z.Z., Thiele, R., Abbas, E.M., El-Magd, M.A., Hassaan, M.S., Peter, C., Slater, M.
J., 2017. Antioxidant response and body composition of whiteleg shrimp co-cultured
with Nile tilapia in recirculating aquaculture. Aquacult. Environ. Interact. 9,
257-268.

Shimeno, S., Shikata, T., Hosokawa, H., Masumoto, T., Kheyyali, D., 1997. Metabolic
response to feeding rates in common carp, Cyprinus carpio. Aquaculture 151,
371-377. https://doi.org/10.1016/50044-8486(96)01492-5.

Silva, M.A., Alvarenga, E.R., Costa, F.F.B., Turra, E.M., Alves, G.F.O., Manduca, L.G.,
et al., 2020. Feeding management strategies to optimize the use of suspended feed
for Nile tilapia (Oreochromis niloticus) cultivated in bioflocs. Aquac. Res. 51 (2),
605-615. https://doi.org/10.1111/are.14408.

da Silva, M.A., de Alvarenga, E.R., Costa, F.F.B.D., Turra, E.M., Alves, G.F.D.O.,
Manduca, L.G., de Sales, S.C.M., Leite, N.R., Bezerra, V.M., Moraes, S.G.D.S.,
Teixeira, E.D.A., 2020. Feeding management strategies to optimize the use of
suspended feed for Nile tilapia (Oreochromis niloticus) cultivated in bioflocs. Aquac.
Res. 51 (2), 605-615.


http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref62
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref62
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref62
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref63
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref63
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref63
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref64
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref64
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref64
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref64
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref64
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref64
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref65
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref65
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref66
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref66
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref66
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref66
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref67
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref67
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref67
https://doi.org/10.1007/s10499-019-00362-w
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref69
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref69
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref69
https://doi.org/10.1016/j.fsi.2017.05.038
https://doi.org/10.1007/s10499-
https://doi.org/10.1007/s10499-
https://doi.org/10.1016/j.aquaculture.2015.05.017
https://doi.org/10.1016/j.aquaculture.2015.05.017
https://doi.org/10.1080/15222055.2014.963767
https://doi.org/10.1080/15222055.2014.963767
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref74
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref74
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref74
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref74
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref74
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref75
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref75
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref75
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref75
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref75
https://doi.org/10.1016/j.aquaculture.2013.11.023
https://doi.org/10.1016/j.aquaculture.2013.11.023
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref77
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref77
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref77
https://doi.org/10.1007/s00343-019-7222-1
https://doi.org/10.1007/s00343-019-7222-1
https://doi.org/10.1016/j.aqrep.2021.100625
https://doi.org/10.1016/j.aqrep.2021.100625
https://doi.org/10.1080/11250000903373797
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref81
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref81
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref81
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref81
https://doi.org/10.1111/are.13975
https://doi.org/10.1111/are.12592
https://doi.org/10.1016/j.cbpa.2010.01.002
https://doi.org/10.1111/raq.12331
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref86
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref86
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref86
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref87
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref87
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref87
https://doi.org/10.1016/j.aqrep.2020.100458
https://doi.org/10.1016/j.aqrep.2020.100458
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref89
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref89
https://doi.org/10.1111/raq.12014
https://doi.org/10.1111/raq.12014
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref91
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref91
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref92
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref92
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref92
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref92
https://doi.org/10.1590/1519-6984.02116
https://doi.org/10.1590/1519-6984.02116
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref94
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref94
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref95
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref95
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref95
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref95
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref96
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref96
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref96
https://doi.org/10.1111/are.12792
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref98
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref98
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref98
https://doi.org/10.1016/j.aquaculture.2010.10.019
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref100
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref100
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref101
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref101
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref101
https://doi.org/10.1016/j.aquaculture.2020.736200
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref103
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref103
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref103
https://doi.org/10.1016/j.aquaculture.2020.734998
https://doi.org/10.1016/j.aquaculture.2020.734998
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref105
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref105
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref105
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref105
https://doi.org/10.1016/S0044-8486(96)01492-5
https://doi.org/10.1111/are.14408
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref108
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref108
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref108
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref108
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref108

E.Y. Mohammady et al.

Soaudy, M.R., Mohammady, E.Y., Elashry, M.A., Ali, M.M., Ahmed, N.M., Hegab, M.H.,
El-Garhy, H.A.S., El-Haroun, E.R., Hassaan, M.S., 2021. Possibility mitigation of cold
stress in Nile tilapia under biofloc system by dietary propylene glycol: Performance
feeding status, immune, physiological responses and transcriptional response of
delta-9-desaturase gene. Aquaculture 538, 736519. https://doi.org/10.1016/j.
aquaculture.2021.736519.

Sontakke, R., Haridas, H., 2018. Economic viability of biofloc based system for the
nursery rearing of milkfish (Chanos chanos). Int. J. Curr. Microbiol. Appl. Sci. 7 (8),
2960-2970.

Sontakke, R., Tiwari, V.K., Kurcheti, P., Asanaru Majeedkutty, B.R., Ande, M.P.,
Haridas, H., 2021. Yam-based biofloc system improves the growth, digestive enzyme
activity, bacterial community structure and nutritional content in milkfish (Chanos
chanos). Aquac. Res. 52 (7), 3460-3474.

Storey, K.B., 1996. Oxidative stress: animal adaptations in nature. Braz. J. Med. Biol. Res
29, 1715. https://doi.org/10.1006/bmme.1996.0088.

Tian, H.Y., Zhang, D.D., Li, X.F., Zhang, C.N., Qian, Y., Liu, W.B., 2015. Optimum feeding
frequency of juvenile blunt snout bream Megalobrama amblycephala. Aquaculture
437, 60-66.

Torrans, E.L., 2005. Effect of oxygen measurement on culture performance of channel
catfish in earthen ponds. N. Am. J. Aquacult. 67, 275-288.

Vélez, E.J., Unniappan, S.A., 2021. Comparative Update on the Neuroendocrine
Regulation of Growth Hormone in Vertebrates. Front. Endocrinol. 11, 1174.

Vinatea, L., Galvez, A.O., Browdy, C.L., Stokes, A., Venero, J., Haveman, J., Lewis, B.L.,
Lawson, A., Shuler, A., Leffler, J.W., 2010. Photosynthesis, water respiration and
growth performance of Litopenaeus vannamei in a super-intensive raceway culture
with zero water exchange: interaction of water quality variables. Aquacult. Eng. 42,
17-24.

Walker, D.A.U., Suazo, M.C.M., Emerenciano, M.G.C., 2020. Biofloc technology:
principles focused on potential species and the case study of Chilean river shrimp
Cryphiops caementarius. Rev. Aquac. 12 (3), 1752-1782, 10.1111/raq.12408.

Wang, G., Yu, E., Xie, J., Yu, D., Li, Z., et al., 2015. Effect of C/N ratio on water quality in
zero-water exchange tanks and the biofloc supplementation in feed on the growth
performance of crucian carp, Carassius auratus. Aquaculture 443, 98-104.

Wang, N., Xu, X., Kestemont, P., 2009. Effect of temperature and feeding frequency on
growth performances, feed efficiency and body composition of pikeperch juveniles
Sander lucioperca. Aquaculture 289, 70-73.

Wang, X., Olsen, L.M., Reitan, K.I,, Olsen, Y., 2012. Discharge of nutrient wastes from
salmon farms: environmental effects, and potential for integrated multi-trophic
aquaculture. Aquac. Environ. Interact. 2 (3), 267-283. https://doi.org/10.3354/
aei00044.

Wasielesky Jr., W., Atwood, H., Stokes, A., Browdy, C.L., 2006. Effect of natural
production in a zero exchange suspended microbial floc based super-intensive
culture system for white shrimp Litopenaeus vannamei. Aquaculture 258, 396-403.

15

Aquaculture Reports 29 (2023) 101489

Weldon, A., Davis, D.A., Rhodes, M., Reis, J., Stites, W., Ito, P., 2021. Feed management
of Litopenaeus vannamei in a high density biofloc system. Aquaculture, 737074.

Wotton, L.D., Freeman, H., 1982. Micro analysis in Medical Biochemistry. Churchill,,
New York, USA.

Xu, H., Li, X., Sun, W., Chen, J., Gao, Q., Shuai, K., Leng, X., 2017. Effects of different
feeding rates of extruded and pelleted feeds on growth and nutrient retention in
channel catfish, Ictalurus punctatus. Aquac. Int. 25, 1361-1372. https://doi.org/
10.1007/510499-017-0119-0.

Xu, W.J., Pan, L.Q., 2013. Enhancement of immune response and antioxidant status of
Litopenaeus vannamei juvenile in biofloc-based culture tanks manipulating high C/N
ratio of feed input. Aquaculture 412, 117-124.

Xu, W.J., Pan, L.Q., 2014. Dietary protein level and C/N ratio manipulation in zero-
exchange culture of Litopenaeus vannamei: evaluation of inorganic nitrogen control,
biofloc composition and shrimp performance. Aquacult. Res. 45, 1842-1851.

Xu, W.J., Pan, L.Q., Sun, X.H., Huang, J., 2013. Effects of bioflocs on water quality, and
survival, growth and digestive enzyme activities of Litopenaeus vannamei (Boone) in
zero water exchange culture tanks. Aquac. Res. 44, 1093-1102. https://doi.org/
10.1111/j.1365-2109.2012.03115.x.

Xu, W.-J., Pan, L.-Q., 2012. Effects of bioflocs on growth performance, digestive enzyme
activity and body composition of juvenile Litopenaeus vannamei in zero-water
exchange tanks manipulating C/N ratio in feed. Aquaculture 356-357, 147-152.

Yin, Y.W., Zhang, P.J., Yue, X.Y., Du, X.Y., Li, W,, Yin, Y.L., Yi, C., Li, Y.H., 2018. Effect of
sub-chronic exposure to lead (Pb) and Bacillus subtilis on Carassius auratus gibelio:
Bioaccumulation, antioxidant responses and immune responses. Ecotoxicol. Environ.
Saf. 161, 755-762. https://doi.org/10.1016/j.ecoenv.2018.06.056.

Yu, Z., Li, L., Zhu, R., Li, M., Duan, J., Wang, J.Y., Liu, Y.H., Wu, L.F., 2020. Monitoring
of growth, digestive enzyme activity, immune response and water quality
parameters of golden crucian carp (Carassius auratus) in zero-water exchange tanks
of biofloc systems. Aquac. Rep. 16, 100283.

Zafar, M.A., Talha, M.A., 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. Aquac. 1-19.

Zamani, A., Hajimoradloo, A., Madani, R., Farhangi, M., 2009. Assessment of digestive
enzymes activity during the fry development of the endangered Caspian brown trout
Salmo caspius. J. Fish. Biol. 75 (4), 932-937.

Zar, J.H., 1984. Biostatistical Analysis. Prentice-Hall, Englewood Cliff, NJ, USA.

Zhao, P., Huang, J., Wang, X.H., Song, X.L., Yang, C.H., Zhang, X.G., Wang, G.C., 2012.
The application of bioflocs technology in high-intensive, zero exchange farming
systems of Marsupenaeus japonicas. Aquaculture 354-355, 97-106.

Zheng, Z.-H., Dong, S.-L., Tian, X.-L., 2008. Effects of intermittent feeding of different
diets on growth of Litopenaeus vannamei. J. Crustac. Biol. 28, 21-26.


https://doi.org/10.1016/j.aquaculture.2021.736519
https://doi.org/10.1016/j.aquaculture.2021.736519
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref110
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref110
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref110
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref111
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref111
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref111
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref111
https://doi.org/10.1006/bmme.1996.0088
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref113
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref113
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref113
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref114
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref114
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref115
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref115
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref116
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref116
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref116
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref116
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref116
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref117
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref117
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref117
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref118
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref118
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref118
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref119
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref119
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref119
https://doi.org/10.3354/aei00044
https://doi.org/10.3354/aei00044
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref121
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref121
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref121
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref122
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref122
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref123
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref123
https://doi.org/10.1007/s10499-017-0119-0
https://doi.org/10.1007/s10499-017-0119-0
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref125
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref125
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref125
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref126
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref126
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref126
https://doi.org/10.1111/j.1365-2109.2012.03115.x
https://doi.org/10.1111/j.1365-2109.2012.03115.x
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref128
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref128
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref128
https://doi.org/10.1016/j.ecoenv.2018.06.056
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref130
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref130
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref130
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref130
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref131
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref131
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref131
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref132
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref132
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref132
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref133
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref133
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref133
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref134
http://refhub.elsevier.com/S2352-5134(23)00028-5/sbref134

	Response of Nile tilapia under biofloc system to floating or sinking feed and feeding rates: Water quality, plankton commun ...
	1 Introduction
	2 Material and methods
	2.1 Experimental design and Diets
	2.2 Fish and raring technique
	2.3 Water quality assessment
	2.4 Plankton community assessment in biofloc
	2.4.1 Assessment and identification of phytoplankton
	2.4.2 Assessment and identification of the zooplankton population

	2.5 Biofloc’s collection and chemical analysis
	2.6 Growth, feed efficiency, and biometric indices
	2.7 Determination of intestinal digestive enzymes
	2.8 Hemato- biochemical parameters
	2.9 Measurements of hepatic antioxidant activities
	2.10 Data analysis

	3 Results
	3.1 Water quality
	3.2 Plankton communities in biofloc
	3.3 Biofloc’s chemical analysis
	3.4 Growth performance
	3.5 Biometric parameters
	3.6 Digestive endogenous enzymes
	3.7 Hematological and biochemical indices
	3.8 Lipid profile
	3.9 Antioxidant enzyme

	4 Discussion
	4.1 Water quality and plankton community in the biofloc system
	4.2 Proximate composition of biofloc
	4.3 Growth indices
	4.4 Digestive enzymes
	4.5 Hematology blood parameters
	4.6 Serum biochemical parameters
	4.7 Lipid profile
	4.8 Antioxidant enzymes

	5 Conclusion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data availability
	References


