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Abstract. Biofloc technology degrades waste into useful resources exploiting microbes and can be used
in zero-water exchange systems. To study the impact of different biofloc systems on blood characteristics
of grass carp fingerlings, a 90-days experiment was conducted using three long lasting carbon sources.
Two hundred and forty fingerlings having the mean weight of 1.8+0.2 g were stocked in each (20
fish/replicate). Four experimental groups were set in triplicate. T1 (control), T2 (molas), T3 (starch) T4
(flour) and all treatments (control, molas, starch and flour) include the same variables. In-situ biofloc
was developed in 250 L fibre-reinforced plastic (FRP) tanks. In the current study, measures of the biofloc
conditions included temperature, PH, DO, and ammonia. Water temperature and PH were not
significantly different among groups while dissolved oxygen concentrations were significantly higher in
biofloc groups compared to the control group. In the present study, results of fish blood biochemistry
indicate that the feed supplemented with different carbon sources, especially flour and molas, can
increase fish health. Accordingly, fish farming using biofloc system and feed supplemented with different
carbon sources is very beneficial for fish farmers because it can reduce feed cost, toxicity, and improve
the immunity of the fish. Additionally, no significant differences were observed for haematological and
biochemical parameters, thus, indicating that the biofloc system in this study had no negative effect on
this physical condition of the grass carp.
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Introduction. Aquaculture business plays a key role in producing aquatic products,
eliminating hunger, solving world food shortages, reducing poverty, and promoting health
(Bardach 1985; Perschbacher 2015; Zhifei et al 2019). However, aquaculture has to
constantly deal with some problems, such as the environmental and economical
limitations and the shortage of ingredients and their high prices (De Schryver et al 2008).
Thus, strategies aimed to solve some of the above challenges are required. A relatively
new alternative is the bioflocs technology (BFT) solving the previous limitations and
problems and revolutionize aquaculture (Avnimelech 2006). BFT is considered as a new
“blue revolution” based on minimal or zero water exchange and reducing the discharges
of nutrient-rich effluents into the environment (Walker et al 2019). In this regard,
aquaculture water quality parameters have been modified to promote the growth of some
biotic communities in order to increase nutrient recirculation and to utilize the biomass of
such biotic communities as a direct food source for the commercial organisms being
cultivated (Martinez-Coérdova et al 2015), reducing maintenance costs and provides an
added value by improving the food consumption rate (Azim & Little 2008; Castro-Nieto et
al. 2012). BFT was developed in the 70’s at the French Research Institute for Exploitation
of the Sea (IFREMER), based on the microbial communities that help avoid or minimize
water exchange and, producing of microbial protein that can be used as food (Avnimelech
2009).

In biofloc aquaculture, a co-culture of heterotrophic bacteria and algae is grown in
flocs with other kinds of particulate organic matter such as feces and uneaten feed under
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controlled conditions within the culture pond (De Schryver et al 2008; Hargreaves 2006,
2013; Yassien et al 2021). Recently, BFT has been received considerable attention to
maximize production yield, improve water quality and simultaneously recycle feed and
protein production in the same culture unit (Avnimelech 2006; Crab et al 2007; Little et
al 2008; Zzaki et al 2020). To achieve low or zero-water exchange in BFT, the addition of
organic carbon rich substrate to aquaculture is very important to promote production and
nutrient retention (Crab et al 2007; Gao et al 2012). Thus, cheap or easily available
waste carbon sources are required to further lower down the input cost and to increase
the net return (Zaki et al 2020).

One way to know the health condition of fish in aquaculture is through the
application of hematological and blood biochemical tools (Bafiuelos-Vargas et al 2021).
Blood characteristics have proven to be sensitive indices for monitoring physiological
changes in fishes (Badrey et al 2019). Analysis of blood indices are an effective approach
for the investigation of the health status of fish in aquaculture, providing reliable
information on metabolic disorders (Osman et al 2019). Blood constituents could be
affected by numerous dietary supplements (Animashahun et al 2006; Osman et al 2019).
Hematological and blood biochemical variables are important for assessing the quality
and suitability of feed ingredients for farm fish (Maxwell et al 1990; Ighwela et al 2012).
They are usually sensitive to the dietary content, frequently used to evaluate the fish’s
health conditions (Solomon & Okomoda 2012; Abdel-Tawwab et al 2010; Habte-Tsion et
al 2013; Kondera et al 2017)

Grass carp (C. idella) is an important aquaculture species and is one of the most
important cultured fish worldwide. Grass carp have lots of characteristics such as strong
adapt ability, a wide range of feed Sources, rapid growth and delicious meat. The
literature regarding blood characteristics of fishes cultured in BFT is scarce, but it has
been shown that the BFT system can have positive effects on fish health status, although
some results are contradictory. According to the author knowledge's, little is known about
the blood characteristics of grass carp in aquaculture especially those raised under
different environmental and management conditions such as biofloc. Therefore, the
present work aimed to investigate the effects of dietary carbon sources (molas, starch
and flour) on the hematological and blood biochemical variables of grass carp (C. idella)
reared in a biofloc system.

Material and Methods. The current experiment was carried out at the Aquaculture Lab,
Department of Zoology, Faculty of Science, Al-Azhar University (Assiut Branch), Assiut,
Egypt. The effects of dietary carbon sources on the blood characteristics of grass carp
reared in a biofloc system were investigated.

Experimental design. A total of 240 healthy live grass carp (C. idella) with an average
body weight of 1.8+0.2 g were obtained from the Ahywa hatchery-Sohag, Egypt. The
fishes were kept in a recirculation system ensuring optimum water quality, and the
system was thermostatically controlled at 23 £ 2°C. The study was conducted in twelve
circular tanks (250 L each) filled with 200 L dechlorinated water. Fishes were
acclimatized for six weeks at laboratory conditions before the start of the experiment,
then they were divided into four equal groups, including control in three replicates each
(20 fish/replicate) according to (Badrey et al 2019) with some modifications.
1 - The first group was considered as the control and fed the basal control diet
containing 25% crude protein (CP).
2 - The second, third, fourth groups were fed on the basal diet containing 25% CP, which
was supplied with molas, starch, flour, respectively, as sources of carbohydrates.

All fishes were fed with 5% of their body weight twice, daily, at 9:00 AM and 3:00
PM, six days a week. They were reared for 90 days, between 1 August to 29 October
2020.

Water quality. All water quality parameters (ammonia, pH, dissolved oxygen and
temperature) were maintained in a suitable limit for grass carp rearing according to El-
Sayed (2006).
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Hematological analysis. Whole blood was assessed for hemoglobin concentration (Hb),
hematocrit (Hct), and red blood cell (RBC) count by using an automated technical
analyzer (Celltac a MEK- 6400]/K). The mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC) and
white blood cell (WBC) count were calculated according to the methods of Dacie & Lewis
(2002).

Biochemical analysis. Blood samples were collected through cardiac puncture as
described by Osman et al (2011). No anesthetic was given to the fish, as anesthesia can
affect blood parameters. The blood samples were then allowed to coagulate for 15-20
minutes at 4°C before centrifugation for 20 minutes at 3000 rpm to separate serum. The
serum was stored at -20°C until use for biochemical. Serum total protein, cholesterol,
triglyceride, glucose, urea, creatinine, Aspartate Aminotransferase (AST) and Alanine
Aminotransferase (ALT) levels were calculated according to the methods of Reitman and
Frankel (1957), Henry (1964), Trinder (1969), Friedewald et al (1972) and Thomas
(1992).

Statistical analysis. Data were presented as meanxSD (Standard Deviation). The
results were subjected to a one-way analysis of variance (ANOVA) to test the effect of
treatment inclusion on fish performance (parameters presented in Tables 1, 2, and 3).
Data were analyzed using SPSS (1997) program, Version 16. Differences between means
were compared using Duncan’s using Duncan’s (1955) multiple range tests at p < 0.01
level.

Results

Water quality. The average values of the measured water quality variables (water
temperature, pH, dissolved oxygen and total ammonia nitrogen) are presented in Table
1. Water temperature (23.3+4.2-23.9+5.1°C) and pH (7.77+£0.5-7.98+0.6) were not
significantly different among groups (Table 1). Dissolved oxygen concentrations were
significantly higher in biofloc groups (7.5+0.9-6.9+1.1 mg L) compared to the control
group (6.9+1.1mg L!). In contrast, the concentrations of ammonia were significantly
lower in all the treated groups (molas 0.64+0.52, starch 0.77£0.72, and flour 0.8£0.75),
compared to the control one (1.05%+0.7). Non-significant differences were recorded
among the biofloc groups in the values of dissolved oxygen (DO) and ammonia (Table 1).

Table 1
Water quality parameters in cultivation tanks of grass carp under different carbon
sources during 90 days of experiment

Parameters Control Molas Starch Flour
Temperature °C 23.9+5.1° 23.6+x4.9 @ 23.5£5.0° 23.3+ 4.2°
pH 7.77£0.5° 7.87£0.6 @ 7.95+0.6 ° 7.98+0.6 @
DO (mg L) 6.9+1.1P 7.6x0.95 2 7.5£0.9° 7.5+£0.98 @
Ammonia (mg L?) 1.05+£0.7 ® 0.64+0.52 @ 0.77+0.72 2 0.8+0.75°

Means in the same row with different superscript letters are statistically significantly different (P<0.05).

Hematological parameters. The mean values of RBCs, Hb, Hct, MCV, MCH, MCHC,
WBCs, Lymphocytes, Neutrophils, Monocytes, Eosinophils and Platelets are presented in
Table 2. Statistical analysis of RBCs, Hb, Hct, MCV, MAHC and MCH, of the blood of
groups supplemented with starch, molas and flour revealed non-significant differences
compared to the control group after 45 and 90 days of exposure (Table 2). The values of
MCHC in the blood of fish fed on starch and flour exhibited a significant reduction
compared to the control one after 45 days of exposure, but the differences in the values
of MCHC were non-significant for all treatments after 90 days of exposure (Table 2).
Significant increase in the values of WBCs were recorded in the blood of fish fed on
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molas, starch, and flour compared to the control. The highest level of WBCs was recorded
in the blood of fish fed on flour and molas after 45 and 90 days of exposure, respectively
(Table 2). The results indicated that no significant difference was observed in terms of
Neutrophils, Monocytes and Eosinophils compared with the control group after 45 days of
exposure (the excluded starch group which exhibited a significant difference). The same
variables were significantly varied in nearly all the treatments compared to the control at
the end of the experiment (Table 2). Significant increase in terms of platelets was
observed in the blood of fish fed on the different carbon sources compared to the control.
The highest platelets level was recorded in the blood of fish fed on flour after 45 and 90
days of exposure.

Table 2
Hematological parameters (mean * Standard Deviation) of grass carp under different
carbon sources for 45 and 90 days.
45 Days 90 Days

Treatment
Control Molas Starch Flour Control Molas  Starch Flour
Items
RBCs (x10° pl) 3.4%0.22 3.03+0.158  3.54+1.32 3.5+0.5° 3.4+0.2° 3.5+£0.22 4.0+0.1@ 3.6+0.22
Hb (g/dl) 10.03£0.3? 10.5+0.5° 9.6+1.42 9.740.5? 10.6+£0.22 9.4+0.2° 10.4+0.4@ 9.5%0.4°
Hct (%) 30.1+1.05° 31.5+1.12  28.0+4.68  29.7+2.92 31.5+0.12 27.9£0.32 31.240.4® 28.4+0.52

MCV (fL) 98.3+0.8° 100+£3.4*  96.8+17.5% 96.5+3.2°  91.4+0.6° 90.1+1.1° 90.0+2.9% 95.5+2.2°
MCH (pg) 32.3+1.12 33.2+£1.00  31.046.97  32.2+0.7° 30.4+0.5 29.5+0.4° 28.1+£0.9° 32.2+0.7°

MCHC (g/dL) 35.5#2.2>  33.5+1.8a° 31.8+1.6° 31.3%1.8? 33.8+1.6* 31.3+3.17 33.0+4.3% 35.8+0.7°
WBCs (x103 pl) 28.50.67 29.3£0.7°  29.4£1.0° 30.5+0.9° 28.6+1.6° 32.2£0.8> 31.2+1.0° 30.2£0.8°

Lym‘z[,‘/:)cytes 81.3+1.1%  87.04¢1.0° 78.047.5° 86.642.5°  82.6+2.5° 82.6+2.5° 78.0+2.0° 87.7+2.5
Neutrophils (%) 10.6£0.5%  7.3#3.0°  17.329.2°  7.3#1.5%  136£1.5% 06+11% 153%4.1° 86215

Monocytes (%) 5.3£0.5° 3.0+1.7%  2.30.5° 4,3%1.5% 4.6+1.5° 4.00+1.7%° 2.6+0.5® 1.6+1.1
Eosinophils (%) 1.6+0.5 2.6£0.5°  1.0£0.000  1.6£0.5° 1.0£0.02  2.6£0.5° 1.6£0.58 1.3%0.5?

3

P'ate'iﬁi(xm 163.36.4° 205.0+7.00 1753+17.9% 209.3%8.6™ 184.6+8.5° 194.0+6.00 210.3+10.50 257.046.0¢
Means in the same row with different superscript letters are significantly different (P<0.05).

Legend: Red blood cells (RBC); Hemoglobin concentration (Hb); Hematocrit (Hct); mean corpuscular volume
(MCV); mean corpuscular hemoglobin (MCH); mean corpuscular hemoglobin concentration (MCHC; white blood
cells (WBC).

Blood biochemistry. The results of biochemical variables (total protein, glucose,
cholesterol, triglycerides, creatinine, urea, ALT and AST) for control, molas, starch, and
flour groups are presented in Table 3. Total protein was significantly varied in the blood
of fish fed on different carbon sources compared to the control. The highest level of total
protein was recorded in the blood of fish fed on flour compare to the other treatments
(Table 3). Glucose was significantly higher in the blood of fish from the treated groups
compared to the control. The highest level of glucose was recorded in the blood of fish
fed on flour after 45 days of exposure and in the blood of fish fed on molas followed by
flour at the end of the experiment (Table 3). Nearly in the same trend the cholesterol
level significantly increased in the treated groups compared to the control one. The
highest cholesterol level was observed in the blood of fish fed on flour after 45 and 90
days of exposure (Table 3). The present results indicated a remarkable increase in the
level of triglyceride, recording the highest level in the blood of fish fed on flour at the end
of the experiment. Higher levels of creatinine were recorded in the treated groups
compared to the control. The highest creatinine value was recorded in the blood of fish
fed on flour at the end of the experiment (Table 3). In term of urea, a significant increase
was recorded in the blood of the treated groups compared to the control with the highest
level in the blood of fish fed on flour after 45 and 90 days of exposure (Table 3). The
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results of the present work indicated that remarkable increases were observed in terms
of ALT and AST in the blood of fish fed on different carbon sources compared to the
control. Such increase in ALT value was highly significant in the blood of fish fed on flour
after 45 days and at the end of the experiment (Table 3). In case of AST level, the
highest values were recorded in the blood of fish fed on flour after 45 days of exposure
and the blood of fish fed on starch after 90 days of exposure (Table 3).

Table 3
Biochemical parameters (mean * Standard Deviation) of grass carp under different
carbon sources for 45 and 90 days

45 Days 90 Days
Treatment

Control Molas Starch Flour Control Molas Starch Flour

TP (mg/dl) 5.16£0.5b¢ 4.0+0.4%® 2.840.52 6.5+1.3¢ 4.7£1.1%® 6.1+1.0° 3.,9+0.37 7.3+£1.2¢
GL(mg/dl) 1.154#2.52 1.16+6.1 1.61+11.0> 1.87+17.0° 1.6+7.0® 3.2+11.1¢ 1.64£25.82 2.2+5.5P
Chlo (mg/dl) 1.78+3.28 1.47+16.12 2,28+20.9° 2.31+30.5° 1.79+3.62 2.4£23.4> 2,7+11.6° 3.0£9.5¢
Tg(mg/dl) 1.6+£2.52  1.1+£3.0° 2.31+62.8" 1.65+11.68 1.7£6.02 1.8+5.0® 1.8+6.52 2.0+20.2°
Crt (mg/dl) 0.98+0.32 0.83+0.252 1.56+0.66aP 2.0+0.09° 1.06+0.32 1.4+0.32 0.94£0.28  2.7+0.3P
Ur (mg/dl) 24.6+3.0@ 31.04£2.6° 21.0+1.00® 39.0£3.6¢ 31.0+2.62 39.3+3.0° 49.6+1.59 44.,0+2.00¢
ALT(U/L) 38.3£3.0° 41.6+8.6 48.0+5.0° 73.3%£6.8P 53.3%4.52 61.6+4.73 61.6+4.072 65.3+8.72
AST(U/L) 50.6+2.08% 45.3+4.02 53.0+3.0> 60.0+3.6 51.3+3.22 64.6+8.7> 66.3+£3.5" 63.3£8.22
Means in the same row with different superscript letters are significantly different (P<0.05).
Legend: Total protein (TP); glucose (GL); cholesterol (Chol); triglyceride (Tg); creatinine (Crt); urea (Ur);
Alanine aminotransferase (ALT); Aspartate aminotransferase (AST).

Discussion

Water quality. Water quality parameters are very important for maintaining the health
of aquatic species, acting as a limiting factor (Khanjani et al 2020, 2021). Biofloc
technology improves water quality by the addition of extra carbon, encouraging nitrogen
uptake by bacterial growth and consequently, decreasing the ammonium concentration to
simpler compounds more rapidly than nitrification (Kumar et al 2019). This process
improves the water quality and reduces the need to use a large volume of additional
water in the pond. In this study, water physicochemical parameters including
temperature, pH, DO, and Ammonia were in the suitable range. Temperature and PH
were recorded to be non-significantly different in the treated groups compared to the
control one. Both variables were within the appropriate range of floc formation and carp
cultivation. Similar results were recorded for Oreochromis niloticus reared at different
stocking densities compared to the control fish in biofloc systems, (28.5+ 0.53, 7.8+
0.33) respectively (Hwihy et al 2021). The best temperature for biofloc was between 18
OC to 20 °C (De Schryver & Verstraete 2009). Therefore, the present study indicates that
the water temperature values in all treatments were higher than the optimum level for
biofloc, however, it still can be tolerated by the cultured carp. Dissolved oxygen is an
important parameter for the identification of different water masses (Ibrahim & Ramzy
2013; Osman et al 2021). In the present work, DO was significantly higher in the three
selected carbon sources compared to the control. This result was supported by Thilakan
et al (2019), who recorded DO within the range of 6-7.8 mg L! during the experimental
period. Hwihy et al (2021) reported a reduction in the level of DO in the Biofloc compared
to the control.

Microorganisms associated with biofloc reduce nitrogen-containing compounds,
especially toxic forms (ammonia), maintain water quality, and ingest foods (Suita et al.
2015; Wang et al. 2016). In the present study, the level of ammonia was significantly
lower in all the treated groups compared to the control. The group fed on molas exhibited
the lower level followed by starch and then flour group. The faster reduction of ammonia
that recorded in the molas and starch groups as simple carbon sources is probably due to
better absorption and degradation of carbon as a substrate for heterotrophic bacteria that
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metabolize ammonia and thus improve water quality (Khanjani et al 2017; El- Shafiey et
al 2018; Khanjani et al 2021). Still, all the selected carbohydrate sources were effective
in bio flocculation resulting in a significant increase in total heterotrophic bacteria, which
is consistent with the results of Khanjani et al (2021). The organic carbon source in the
biofloc system reduces the total ammonia level and increases the diversity of microbial
communities and ammonia-oxidizing bacteria as well (Deng et al 2018), which is
consistent with this research. In aquaculture, blood characteristics are commonly used as
an indicator of the nutritional status of fishes (Rijal et al 2020). Hematological
parameters are sensitive and reliable indicators for monitoring the physiological status of
fishes (Kim and Kang 2017). According to Blaxhall & Daisley (1973), the establishment
of normal ranges of physiological parameters in healthy, diseased, and various stress
conditions is important for some diagnoses, as these situations influence these
parameters. Thus, a comparison of hematological results in the same experimental
conditions is more appropriate. As well as, the literatures regarding the effect of bioflo
aquaculture on the hematology of fish species are very scaring especially for carps.
Complete blood cell count (CBC) is an important component of a minimum database,
which can be used to assess the health status of fish in response to the water quality
changes. Blood variables, such as hemoglobin and hematocrit, are critical parameters for
assessing fish metabolism connected to the external environment via the circulatory
system (Kim & Kang 2016). In this study, biofloc, had no apparent effect on RBC, Hb,
Hct, MCV, MCH and MCHC, indicating that the biofloc system in this study had no
negative effect on the physical conditions of the grass carp. The same result was
recorded by Bakhsh et al 2018 for common carp fingerlings reared in biofloc system.
Similarly, Azim & Little (2008) reported that blood Hct of Nile tilapia did not vary
statistically between the biofloc groups and the control one. The same trend was also
observed in other studies (e.g., Long et al 2015; Xu & Pan 2014). Furthermore, the total
hemocyte count of shrimp did not vary significantly between biofloc-groups and control
group (Xu & Pan 2014). In contrast, Xu & Pan (2013) found that the total hemocyte
count in shrimp was significantly higher in the biofloc groups than in the control group. It
seems that different experimental conditions and culture species may account for this
phenomenon.

In the present study, white blood cells count (WBCs) and platelets values increase
significantly in all the biofloc groups compared to the control. These results were partially
in agreement with Azim & Little, (2008) & Long et al (2015). The highest level of WBCs
was recorded in the blood of fish fed on flour and molas after 45 and 90 days of
exposure, respectively. Such increase in the White blood cell count could be used as an
indicator of an increase in the fish's immune system (Adel et al 2016). In the same trend,
the highest platelets level was recorded in the blood of fish fed on flour.

Blood biochemistry indices are useful tools that aid in understanding the
pathological process, the general state of fish health which can differ with water
characteristics and nutritional state (Dawood et al 2015; El Basuini et al 2017). Overall,
blood biochemical values recorded in the present study were within the acceptable limits
of the grass carp. These results were supported by Ayyat et al (2017) and Mahmoud &
El-Hais (2017). The results of biochemical variables (total protein, glucose, cholesterol,
triglycerides, Creatinine, Urea, ALT and AST) exhibited significant increase in the blood of
fish fed on different carbon sources compared to the control. Verma et al (2016)
recorded a significant difference in the level of total proteins and albumin of Labeo rohita
reared at Tapioca based biofloc system and a non-significant difference in the blood of
Labeo rohita reared in wheat, corn, sugar bagasse based Biofloc system. In contrast,
Bakhsh et al (2018); Long et al (2015) and Metwalli (2013) recorded non-significant
differences in the biochemical variables between the treated biofloc groups and the courol
one. According to the present results, the highest level of protein 7.3+1.2, glucose
2.2+5.5, cholesterol 3.0£9.5, triglycerides 2.0£20.2, creatinine 2.7+0.3, urea
44.,0+2.00, ALT 65.3+8.7, and AST 63.3+8.2 were recorded in the blood of fish fed flour
followed by molas. The present authors suggested that the differences between current
results and Verma et al (2016) may be due to the different kinds of carbohydrate
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sources, fish’s species, and environmental conditions. The recorded increase in the level
of total protein can increase non-specific immune responses.

Conclusions. The present study highlights the importance of different organic carbon
sources in improving the biofloc systems, nitrogen dynamics, blood parameters, and
water quality of grass carp. Sources of carbohydrates (molas-starch-flour) based biofloc
had beneficial effects on haemato-biochemical responses in grass carp. Furthermore,
according to the blood biochemistry results, feed supplemented with different carbon
sources especially flour and molas can increase fish health. It can be concluded that fish
farming using biofloc system and feed supplemented with different carbon sources is very
beneficial for fish farmers because it can reduce feed cost, toxicity, and improve the
immunity of the fish.
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