
 

 

 

 

Egyptian Journal of Aquatic Biology & Fisheries  

Zoology Department, Faculty of Science, 

Ain Shams University, Cairo, Egypt.  

ISSN 1110 – 6131 

Vol. 26(4): 593 – 611 (2022) 

www.ejabf.journals.ekb.eg 

  

Biofloc effects on body composition, plasma protein, lipid profile, zooplankton 

community, and economics of Nile Tilapia fingerlings reared under different 

stocking densities 

Mohamed M. Said
1
, Esraa M. Taha

2 
1. Faculty of Fish Resources, Suez University, Egypt. 

2. Faculty of Agriculture, Suez Canal University, Egypt. 
*Corresponding author: msaid226@yahoo.com  

ARTICLE INFO ABSTRACT 

Article History: 

Received: July 3, 2022 

Accepted: July 23, 2022 

Online: Aug. 3, 2022  

 _______________ 

 

Keywords: 

Biofloc system,  

Stocking density,  

The Nile tilapia,  

Chemical composition, 

Zooplankton,  

Feed costs  

This study aimed to investigate the effects of biofloc on body composition, 

plasma protein, lipid profile, zooplankton community, and economics of Nile 

tilapia fingerlings in different stocking densities. Three stocking densities 

(200, 300 and 400 fish/m
3
) under biofloc system (BS) and clear system (CS) 

were applied. Nile tilapia with an initial body weight of 20.35 ± 0.35 grams 

were stocked in 18 cylindrical fiberglass tanks with a water volume of 50 

liters for 75 days. Starch was added on Biofloc system treatments as a carbon 

source to set the C / N ratio at 15/1. Body proximate composition showed that 

the highest protein and ash content were recorded in the highest stocking 

density (400/m
3
). The highest fat content was noticed in the lowest density of 

200/m
3
. For system conditions, the biofloc system showed significantly 

higher dry matter, fat, and ash content, compared to the clear water system. 

Biofloc sample analysis showed an increase in protein, fat, and ash contents 

with increasing stocking density. The highest stocking density of 400/ 

m
3
 showed the highest significant (P<0.05) total protein, albumin, and 

globulin. Plasma total cholesterol, triglyceride, HDL, and LDL were all 

significantly higher in the lowest density (200/m
3
) than the other treatments. 

Biofloc system results recorded significantly higher total protein, albumin, 

globulin albumin/globulin ratio than the clear system. In addition, cholesterol 

triglyceride, and LDL were significantly increased with BFT treatments. All 

biofloc treatments showed higher zooplankton count, when compared with 

the clear system. Under biofloc conditions, increasing stocking density led to 

an elevation in zooplankton count as the highest was recorded for a density of 

400 fish/m
3
. Three groups of organisms were identified, Rotifera, Protozoa, 

and Copepoda. Economical benefits in terms of feed costs and relative feed 

costs per kg of fish were recorded in the treatments of (BS) with superiority 

of stocking density of 200 fish/ m
3
 under these experimental conditions. 

INTRODUCTION  

 

In the last decades, aquaculture has become the best option for providing 

sustainable seafood. Its high rate of return on investment has attracted farmers and 

investors to the intensification systems with the application of modern technologies in 

order to increase profits (Towers, 2015; Dawood et al., 2016). Intensive farming 



594 

Said and Taha, 2022 

depends on high fish densities with the use of large quantities of high-protein levels diets 

(25–55%) aiming for increasing productivity in closed or semi closed systems to 

overcome the limit of water and lands resources (Delong et al., 2009; Dawood, 2016). 

High stocking densities combined with highly nitrogenous diets in intensive fish 

culture negatively affect the water quality, especially the accumulation of inorganic 

nitrogen forms (NH3 and NO2) (Hargreaves and Tucker, 2004). The common 

approaches to maintain water from deterioration and avoid nitrogen increases are through 

water exchange, the use of nitrifying biofilters and the microorganisms that grow while 

using a carbon sources (Avnimelech and Kochba, 2009). For decades, re-circulating 

system (RAS) has been considered as the main application for intensive rearing of several 

species. However, operating and implementation costs of all structure considered highfor 

tilapia culture, biofloc technology (BFT) was more effective in terms of cost–benefit than 

RAS (Luo et al., 2014). 

The BFT provides the intensive aquaculture with no or minimum water renew, and 

reduces  its environmental impact (Poli et al., 2019). In this system, the management of 

the microbial community is determinanted to keep the water quality, especially the 

growth of heterotrophic bacteria; through the complementary carbon source, which 

stimulates its growth and improves the process of removing inorganic nitrogen from 

water, besides allowing its transformation into bacterial biomass (Robinson et al., 2019).  

In order to determine the optimum density under the biofloc system, some criteria is 

needed to be examined to determine the effects of stress on fish. Chemical composition,  

plasma protein and lipid profile of Nile tilapia (Oreochromis niloticus) fingerlings are 

useful tools that indicate the general statof fish health, which can differ with water quality 

and nutritional status (El Basuini et al., 2017). In this context, the objective of this 

experiment was to study the effect of different fish stocking densities under BFT 

application on the total zooplankton count, chemical composition, plasma protein and 

lipid profile of Nile tilapia (Oreochromis niloticus) fingerlings. 

 

MATERIALS AND METHODS  

 

1. Location and duration 

The experiment was conducted at the experimental Fish Lab, Department of 

Animal and Fish Resources, Faculty of Agriculture, Suez Canal University, Egypt (at 

latitude 30° 37’ 08” North, longitude 32° 16’ 19” East) during the period from July 2019 

to October 2019.  

2. Experimental Fish  

Monosex Nile tilapia, O. niloticus fingerlings were obtained from private fish 

Hatchery that located in Tall El Kebir, Ismailia Governorate (at latitude 30° 18’ 45” 

North, longitude 31° 53’ 02” East).  Fish were transported in oxygenated containers and 

experimental fish were acclimatized to laboratory conditions for two weeks and fed twice 

daily with commercial diet (38 % CP) prior to start the experiment.  
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3. Experimental design 

All experimental tanks were stocked with monosex (all male) Nile tilapia 

fingerlings with an initial average body weight of 20.35 ± 0.35 grams and average body 

length 10 ± 0.25 cm at three different stocking densities. Completely randomized 

designed experiment with three different stocking densities (200, 300 and 400 Fish/m
3
) 

under Biofloc system and Clear system representing six experimental treatments (three 

densities X two systems) in triplicate. Experiment was carried out in 18 cylindrical 

fiberglass tanks with water volume 50 litre. 

4. Experimental management   

All experimental units were supplied with aerated water. Aeration was continuously 

provided using an air blower (220 Watt add the power and the flow of the blower). Fish 

were held under natural light (12:12 h, light: dark schedule). In the tanks representing the 

control treatments (clear system); water was exchanged daily, while for experimental 

BFT tanks, no water exchange was done (zero water exchange) except the evaporation 

compensate. Starch was used in biofloc treatments as an external carbon source, it was 

added at the same amount of feeding ration to maintain the optimal C: N ratio for activate 

heterotrophic bacteria growth (>15) (Avnimelech, 1999). Starch was completely mixed 

in a glass beaker with tank water sample and spread to the tank surfaces at the afternoon 

time (Azim and Little, 2008). 

 The experiment lasted 75 days. Fish in all experimental groups were fed six days 

per week
- 
with commercial floating pellet containing 30% crude protein and its diameter 

is 3 mm from Skretting Egypt for animal feed Company (Table 1). The daily ration was 

3% of the total stocked biomass, divided into two equal amounts and offered two times a 

day (9.00 and 14.00). Fish in each tank were weighed every 15 days and the amount of 

the daily feed allwance was accordingly adjusted. 

 Table (1). The approximate composition (% of experimental diets) 

Chemical Composition  % 

Dry mater 90.1 

Crude Protein 30.3 

Fat 6.1 

Ash 4.95 

Carbohydrate 53.85 

Crude fiber 4.8 

Organic carbon 37.45 

Gross Energy Kcal/ 100g 450.70 

1. Gross Energy based on protein (5.65 Kcal/g), fat (9.45 Kcal/g) and carbohydrate (4.11Kcal/g). According 

to (NRC, 2011). 
 

5. Chemical analysis of fish and biofloc 

At the end of the experimental period, a random pooled sample of fish was 

collected and precipitated flocs from each tank were collected from different treatments 
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for determination of proximate composition. chemical analysis of biofloc and whole-body 

dry mater %, crud protein %, fat % and ash content % were performed according to 

standard (AOAC, 1995) methods. Fish and biofloc samples were dried in an oven at 80
º
C 

till constant weight, then were grounded and stored at – 20
º
C for subsequent analysis. By 

incineration at 550ºC for 6 h, ash content was detected. Crude protein was determined by 

micro-Kjeldhal method, % Nitrogen × 6.25 (using Kjeltech auto analyzer, Model 1030, 

Tecator, Höganäs, Sweden). Soxhlet extraction with diethyl ether (40-60ºC) was used to 

estimate crude fat content of different samples.  

6. Blood plasma estimates  

At the end of the trial, fish were systematically captured (per treatment replicates, 

tank after tank) for blood sample collection; Five fish from each replicate tank in the 

respective treatments were obtained. Prior to blood sample collection, fish were captured, 

transferred and retrieved unconscious from a bucket of water containing tricaine methane 

sulfonate (2% MS-222), to avoid changes in measurement parameters that could be 

caused by fighting due to handling stress. Blood samples were centrifuged at 4000 rpm 

for 10 min. for separating plasma, stored at - 20ºC and used later for biochemical 

determination.  

Total protein by the Biuret method according to Gornal et al. (1949). Albumin 

concentration was determined by the method of Doumas et al. (1977). Globulin was 

calculated as the difference between total protein and albumin. Albumin Globulin Ratio 

(A/G) the ratio of albumin to globulin in plasma. 

Plasma concentrations of total lipids, cholesterol and triglycerides (TG) were 

determined according to the methods of Zollner and Kirsch (1962), Allain et al. (1974), 

Fossati and Principe (1982), respectively. High-density lipoprotein-cholesterol (HDL-c) 

was determined according to the methods of Grove (1979). Low-density lipoprotein-

cholesterol (LDL-c) was determined by the calculation (LDL-c = (cholesterol- 

(HDL+VLDL)) according to Warnick et al. (1983). Very low-density lipoprotein-

cholesterol (VLDL-c) was calculated by dividing the values of TG by factor of 5 

according to Warnick et al. (1983). 

 

7. Zooplankton assessment 

Zooplankton was collected from experimental tanks on the last week of culture 

period; 5 liters of every water sample were filtered through plankton net 55 µ mesh size, 

25 cm diameter and 80 cm length. Each collected sample was transferred to a labelled 

clean bottle and immediately fixed with 4 % formaldehyde. In the laboratory, three 

subsamples (one ml for each) of the homogenized plankton samples were transferred into 

a counting cell and zooplankton species were identified. The subsamples were examined 

under a binocular research microscope with magnification varied from 100X to 400X. 

Zooplankton population density was then calculated as the number of individuals per 

cubic meter from the equation conducted by (APHA,1995):    No. X m
-3

 = (c X v′) / (v′′ x 

v″′) x 1000 
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 Where: -  c= number of organisms counted. 

     v′= volume of concentrated sample, ml.  

     v′′ = volume counted, ml. 

     v″′= volume of the grab sample, liters. 

Zooplankton species were identified according to the following references: 

Edmondson (1963); Ruttner-Klisko (1971); Pennek (1978); Pontin (1978); Wallace 

and Snell (1991) and Foissner and Berger (1996). 

8. Economic evaluation 

Economic evaluation the cost of feed required to produce a unit of fish biomass was 

estimated using the given formula below (simple economic analysis): 

1- Feed conversion ratio = Feed intake / Weight gain  

2- Feed cost /1Kg weight gain (LE) = FCR (Feed intake /Weight gain) × Feed cost of 1 

kg diets. 

3- Relative % of feed cost of Kg weight gain = (Respective figures for step 2/ highest 

figure in this step) × 100. 

*Reduction % of feed cost of Kg gain was calculated as a percentage from the highest 

value. 

*Feed cost of 1 kg diets used were 8.40 L.E. Skretting Egypt diets (Price at end of 2020). 

9. Statistical analysis   

The data were statisticaly analyzed by Two-way with interaction ANOVA using 

Statistical Analysis System (SAS) version 9.0.0 (2004) program at P<0.05 level to test 

the effects of stocking densities (200, 300, and 400 Fish/m
3
) and system condition (clear 

and biofloc system) supplementation, as well as their interactions The ANOVA was 

followed by Duncan test (1955) at P<0.05 level of significant when needed. 

RESULTS and DISCUSSION 

 

1. Proximate body and biofloc composition 

The proximate composition of the fish whole body was shown in Table (2). The 

proximate composition of the whole fish body may changed as a reflection of a number 

of factors, including water quality, stress factors, availability of nutrients, feed intake and 

utilization (Dawood et al., 2016 and El Basuini et al., 2017). Regarding stocking 

density, the highest protein and ash content were recorded in the highest stocking density 

(400/m
3
). Highest fat was noticed on the lowest density. As for system condition biofloc 

system showed significantly higher dry matter, ether extract, and ash content as compared 

to clear water system. Interaction results showed that higher crude protein and ash 

content was recorded for fish density 400 fish/m
3
 under either clear or biofloc system. 

While, the highest dry matter and ether extract content were noticed for fish 200 fish/m
3
 

under biofloc system.  
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In contrast with our results, (Azim and Little, 2008) revealed that no significant 

difference between clear and biofloc system in chemical composition of Nile tilapia were 

recognized. In the same context, no significant difference between biofloc and clear 

system in shrimp dry matter and crud protein content but biofloc showed superiority for 

ether extract and ash content (Xu and Pan, 2012). It was hypothesized that under biofloc 

system shrimp (L. vannamei) have better nutrient assimilation when compared to those 

fed only the formulated feed, because of the greater amount of essential amino acids, 

fatty acids (PUFA and HUFA) and other nutritional elements supplied by the bioflocs 

(Tacon et al., 2002 and Ju et al., 2008). This finding support our results as increase in 

biofloc protein and lipid content recorded with the elevation of dietary protein. Tacon et 

al. (2002) reported that the increased whole body ash content of the shrimp might be 

explained by continuous availability of abundant minerals and trace elements from the 

bioflocs as indicated by high ash content.  

Table (2). Chemical composition of Nile tilapia fingerlings reared in different 

stocking densities under clear (CS) and biofloc system (BS). 

Items Dry mater % Protein % Fat % Ash % 

Stocking 

density 

200 25.80
a
 58.67

c
 20.05

a
  17.36

b
 

300 24.46
b
 60.84

b
 19.13

a
 18.16

ba
 

400 23.44
c
 63.36

a
 18.86

b
 18.37

a
  

SE 0.16 0.46 0.12 0.12 

System 

Condition 

Clear system 

(CS) 
24.09

b
 61.54

a
 19.33

b
 16.05

b
 

Biofloc system 

(BS) 
25.05

a
 60.37

b
 20.11

a
 19.88

a
 

SE 0.13 0.37 0.09 0.26 

Interaction 

CS200 24.40
cb

 61.30
bc

 19.33
c
 15.39

d
 

BS200  26.57
a
 57.70

d
 21.22

a
 19.33

b
 

CS300 24.07
c
 63.04

ba
 18.92

dc
 16.27

c
 

BS300 25.03
b
 59.64

c
 20.20

b
 20.04

a
 

CS400 22.82
d
 63.68

a
 18.77

d
 16.49

c
 

BS400 24.51
cb

 60.38
c
 19.90

b
 20.26

a
 

SE 0.21 0.64 0.16 0.46 
* Data are presented as means ± standard error (SE). 

** Means in the same column having the same superscript letter are not significantly different (P<0.05). 

Biofloc chemical composition was summarized in Fig. (1). Significant differences 

(P<0.05) in biofloc composition in terms of protein and ash content were noted between 

different stocking densities. Meanwhile, chemical analysis of biofloc samples showed 

increase in protein, fat and ash contends with increasing stocking density. Same results 

were suggested by (Azim et al., 2007) they observed significant difference in biofloc 

composition in terms of protein and ash content between different stocking densities. 

Azim et al. (2007) reported that there were significant differences in protein and fat 
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composition of biofloc with the highest stocking density, but the oboist were recorded for 

ash and fiber composition. 

Some results suggest that biofloc conditions stimulate accumulation of both fat and 

ash in tilapia carcass especially with the elevation of stocking density. Biofloc chemical 

analysis confirmed this hypothesis as with increase of dietary protein biofloc content of 

lipid and ash elevated. The nutritional value for the protein of the evaluated floc was 

within the range obtained in other studies carried out in BFT (Liu et al., 2018), as well as 

the ash concentrations (Widanarni and Maryam, 2012). The development of 

autotrophic bacteria, which use a greater amount of alkalizing compounds, incorporating 

a greater number of ions in the biofloc, resulting in higher ash content. Martins et al. 

(2017) reported that the greater use of biofloc by fish probably contributed to the 

maintenance of a lower organic load in the water, resulting in greater ash residue in the 

system.  

 

 

 

 

 

 

 

 

 

Fig.1: Chemical composition of biofloc under different stocking densities of Nile tilapia.  

2. Plasma protein and lipid profile  

Plasma protein and lipid profile of different investigated groups showed that, fish 

reared in biofloc system revealed higher significantly plasma total protein, albumin and 

globulin than clear system (Table 3). As for stocking density, highest stocking density 

400/ m
3
 showed the significantly higher total protein, albumin and globulin.  Meanwhile, 

plasma total cholesterol, triglyceride, HDL, and LDL were all significantly higher in the 

lowest density (200/m
3
). Biofloc system results showed significantly higher total protein, 

albumin, globulin albumin/globulin ratio than clear system. Also, cholesterol triglyceride, 

and LDL were significantly increased with BFT treatments (Table 4).  

a

 

https://www.sciencedirect.com/science/article/pii/S0044848620316367
https://www.sciencedirect.com/science/article/pii/S0044848620316367
https://www.sciencedirect.com/science/article/pii/S0044848620316367
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Total Protein, Albumin and Globulin levels increased with increasing stocking 

density and under biofloc system (P<0.05); the highest levels were recorded in fish reared 

at 400 fish/m
3
, whiles the lowest was recorded in in fish reared at 200 fish/m

3
 (Table 3). 

However, increased levels of cholesterol, triglycerides and LDL were noted within the 

biofloc system with decreased stocking density (Table 4). 

Table (3). Plasma protein profile of Nile tilapia reared in different stocking densities 

under clear and biofloc system. 

Items 
Albumin 

(g/dl) 

Globulin 

(mg/dl) 

Albumin 

Globulin 

Ratio (A/G) 

T.Protein 

(mg/dl) 

Stocking 

density 

200 1.810
b
 2.760

b
 0.656

c
 4.57

c
 

300 1.855
b
 2.805

b
 0.661

b
 4.66

b
 

400 2.018
a
  2.842

a
 0.710

a
  4.86

a
 

SE 0.054 0.089 0.017 0.090 

System 

Condition 

Clear system 

(CS) 
1.827

b
 2.742

b
  0.676

b
 4.613

b
 

Biofloc 

system (BS) 
1.962

a
 2.817

a
 0.700

a
  4.780

a
 

SE 0.044 0.073 0.073 0.073 

Interaction 

CS200 1.59
f
  2.53

f
  0.73

cb
  4.42

f
 

BS200 1.99
c
 2.78

c 
 0.54

e
 4.71

c
  

CS300 1.84
e
 2.55

e
  0.74

b
  4.51

e
 

BS300 2.03
b
 2.92

b
 0.63

d
 4.72

b
  

CS400 1.87
d
 2.72

d
 0.80

a
  4.61

d
 

BS400 2.05
a
  3.18

a
 0.69

c
 5.21

a
  

SE 0.565 0.561 0.176 1.062 

* Data are presented as means ± standard error (SE). 

** Means in the same column having the same superscript letter are not significantly different (P<0.05). 

Stress has a wide range of negative impacts on production characteristics of fish 

(Øverli et al., 2015 and Trenzado et al., 2003). Higher stocking densities and poor water 

quality are chronic stressors commonly encountered by fish (De Oliveira et al., 2012) 

High density groups of fish may have suffered from weakened immunity that resulted to 

their death. Mehrim (2009) did similar study correlating stocking density and dietary 

probiotic, and observed that; at optimal density, the probiotic improved fish immunity, 

meanwhile, when stocking density went beyond the optimal, the effect of probiotic was 

suppressed and led to reduced levels of hematological parameters. The sustainability of 

any aquaculture system is largely limited by disease incidence and management. 

Meanwhile, the fish health and disease prophylaxis are directly related to the non-specific 

immune response of fish. In the current study, the BFT system significantly improved the 
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non-specific immunity as deduced from the levels of total protein, albumin, and globulin 

measured in tilapia serum. These results were in agreement with the numerous earlier 

studies e.g. (Haridas et al., 2017; Emerenciano et al., 2013 and Kim et al., 2014). The 

enhancement effect of biofloc on immunity could be explained by the phenomenon of 

'natural probiotic' effect that found in BFT. These results are supported by the findings of 

Azim and Little (2008), they reported that welfare indicators in terms of gill histology, 

blood haematocrit and plasma cortisol levels, which did not changed with BFT.  

Table (4). Lipid profile of Nile tilapia at different stocking density under clear and 

biofloc system. 

Items 
Cholesterol 

(mg/dl)) 

Triglycerides 

(mg/dl) 

HDL- 

Cholesterol 

(mg/dl) 

LDL- 

Cholesterol 

(mg/dl) 

Stocking 

density 

200 185.5
a
  157.67

a
 112.50

a
  48.6

a
  

300 177.0
b
 155.33

a
  99.50

b
 46

ab
  

400 172.5
b
 132.50

b
 92.33

c
 44.5

b
 

SE 7.675 5.299 3.659 3.136 

System 

Condition 

Clear system 

(CS) 
173

b
 143.78

b
 102.67

a
 40

b
 

Biofloc system 

(BS) 
183.67

a
 153.22

a
  100.22

a
 52.733

a
 

SE 6.267 4.326 2.987 2.560 

Interactio

n 

CS200 170
d
 135

d
 115

a 
 36

d
 

BS200 204
a
  179

a
  101

c
  63

 a
  

CS300 150
e
 131

e
 114

ab
  34

e
  

BS300 201
b
  170

b
  85

d
 59

b
 

CS400 145
f
 130

ef
 110

b
 30

f
 

BS400 200
c
  145

c
  84

de
 56

c
 

SE 120.849 77.092 50.062 59.814 
* Data are presented as means ± standard error (SE). 

** Means in the same column having the same superscript letter are not significantly different (P<0.05).  

Effect of stressors on fish has been correlated with reduced body lipid content 

(Svobodova et al., 2006). In this trial, triglyceride and cholesterol levels were found to 

decrease with increasing stocking density (Table 4). Their levels in blood serum have 

been associated with stress management (Lupatsch et al., 2010 and Pérez et al., 2008). 

Vijayan et al. (1990) reported a reduction in triglyceride level when brook charr 

(Salvelinus fontinalis) was exposed to a stressful situation that triggered higher energy 

demand; and was further supported by Da Rocha et al. (2004), who also reported 

significant change in the above parameter in matrinxã (Brycon cephalus) after handling 

and acute crowding stress. The animals could have utilized substantial amount of 

metabolizable energy in their response to the stressful condition. The decreased trends of 
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triglyceride and cholesterol in our trial are similar to what was observed in Senegalese 

sole; Solea senegalensis (Costas et al., 2011).  

 

Table (5). Zooplankton count and species under different stocking density levels and 

culture conditions (biofloc and clear water systems). 

* Data are presented as means ± standard error (SE). 

** Means in the same column having the same superscript letter are not significantly different (P<0.05). 

 

Cholesterol, triglycerides and HDL levels were reported to increase in stressed Nile 

tilapia (Barreto and Volpato, 2006 and EL-Khaldi, 2010), which might bring us to the 

conclusion that the BFT system does induce stress-related risks in intensive culture 

despite the zero-water renewal rate. Similar results were denoted by Azim and Little 

(2008) and Haridas et al. (2017). Whereas, Bakhshi et al. (2018) reported comparable 

glucose levels in common carp maintained in biofloc and non-biofloc based system.  

Groups Types of zooplankton 200CS 300CS 400CS 200BS 300BS 400BS 

Rotifera 

Lepadellaovalis(O.F. Muller) 10000 30000 310000 950000 150000

0 

4380000 

Monostyllaclosterocerca 

(Schmarda) 

12000

0 

12000

0 

300000 600000 620000

0 

3200000 

Philodena sp. 60000 40000 200000 20000 600000 80000 

Trichocerca sp. 0 0 10000 300000 0 0 

Colurellaadriatica (Ehrenberg) 0 50000 40000 0 300000 250000 

Colurellaobtusa (Gosse) 0 0 10000 0 0 0 

Trichocerca sp. 20000 0 0 40000 0 100000 

Cephalodella sp. 20000 10000 0 40000 0 0 

Euchlanis sp. 0 0 0 80000 80000 0 

Protozoa 

Paramecium sp. 0 0 10000 0 0 0 

Tokophyraquadripartita 

(Goodrich &Jahn) 

0 0 20000 0 0 10000 

Vorticella 

campanula(Ehrenberg) 

31000

0 

24000

0 

60000 117000

0 

190000 2830000 

Centropyxisoculeatea(Stein.) 0 0 0 0 30000 240000 

Arcella vulgaris (Ehrenberg) 0 0 0 30000 0 10000 

Difflugia corona (Bovee) 0 0 0 0 0 240000 

Didinium sp. 0 0 0 10000 0 0 

Copepoda 
Copepotidae 20000 13000

0 

50000 420000 60000 0 

Total count zooplankton 
56000

0 

62000

0 

101000

0 

366000

0 

896000

0 

1134000

0 

a

 

a

 

d

 

c
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3. Zooplankton assessment 

Zooplankton count and species in different experimental treatments are presented in 

Table (5). All biofloc treatments showed higher zooplankton count when compared with 

the clear system. As described in this table; the highest total count of zooplankton was 

recorded for (400 fish/ m
3
).  

Three groups of organisms were identified, Rotifera, Protozoa and Copepoda. The 

first group (Rotifera) included eight genera namely Lepadellaovalis (O.F. Muller), 

Monostylla closterocerca (Schmarda), Philodena sp., Collotheca sp., Anuraeopsisfissa 

(Gosse), Anuraeopsisfissa (Gosse), Colurellaadriatica (Ehrenberg), Euchlanis sp. The 

second group (Protozoa) included three genera namely Tokophyraqua dripartita 

(Goodrich &Jahn), Vorticella campanula (Ehrenberg) and Arcella vulgaris (Ehrenberg). 

Only copepotidae was found in the group Copepoda. 

Increased stocking density results on higher total count of zooplankton. Elevated 

fish output (feces) and in the presence of starch established a suitable environment for 

microorganisms (biofloc) and zooplankton growth. Meanwhile, active growth of biofloc 

under these conditions exceeds the fish ability of consuming. Crab et al. (2007) conclude 

that the biological flocs can be considered as a kind of fast growing microbial mixed 

culture, in which the ‘waste’-nitrogen is recycled to young cells, which subsequently are 

grazed by the fish. Adding carbohydrate activated the growth of zooplankton. Gao et al. 

(2012) ; Avnimelech. (2007) and Emerenciano et al. (2011) reported similar results. 

Regarding the species Azim and little (2008) showed that under biofloc system, three 

groups of organisms were identified: Protozoa, Rotifera and Oligochaeta. Among 

protozoans, three genera, namely, Paramecium, Tetrahymena and Petalomonasd 

ominated. Four genera of rotifers were identified, namely, Lecane, Trichocerca, 

Polyarthraand Asplanchna. Only Tubifexwas found in the group Oligochaeta. 

4. Economic Evaluation 

Calculations of economical efficiency of stocking densities under Biofloc system 

and Clear system based on the cost of feed, costs of one Kg fish weight gain and its ratio 

with the highest treatment 400 fish/m
3
 under clear system are shown in Table (6). The 

results of the current study demonstrated that the biofloc system is more economical in 

aquaculture in terms of water consumption needed to produce fish under limited water 

availability and high pumping costs. When fingerlings of Nile tilapia were reared in the 

biofloc tanks, the amount of daily feed inputs can be reduced without affecting the 

production costs, indicating that biofloc could contribute to the nutrition and 

physiological health of Nile tilapia. Feed costs for producing one kilogram of Nile tilapia 

were better when applying the biofloc system, it reduced feed costs compared to the clear 

system. Feed costs required to produce one kilogram of fish were higher in 400, 300, 200 

fish/m
3 

under clear system,
 
respectively treatment.  

It is well known that feeding cost in fish production is about 60% and more of the 

total production costs. Under the present experimental condition, all other costs are 

constant; therefore, the feeding cost to produce one Kilogram of fresh body weight could 
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be used as a measure to compare between different stocking densities under Biofloc 

system and Clear system. The main factors affecting the growth and development of the 

aquaculture industry are environmental protection and feed cost (Avnimelech, 2009). 

Reducing production costs and more profitability are considered as important goals in the 

aquaculture industry. Growth rate and feed conversion ratio play an important role in 

aquaculture costs, which are improved in biofloc system compared to conventional 

system and profitability is also better in the biofloc treatments (Khanjani, 2015). Better 

feed recycling, improved feed conversion ratio, increased specific growth rate zero water 

exchange) are key components of aquaculture management costs. 

Table (6). Economical evaluation (Mean ± SE) of Nile tilapia under biofloc and clear 

system throughout the experimental period (75 days). 

Item 

Stocking density (fish/m
3
) 

SE 200 300 400 

CS BS CS BS CS BS 

Feed intake (g) 48.793
c
 55.260

a 
 45.339

e 
 50.373

b 
 43.995

f 
 47.93

d 
 2.680 

Weight gain (g) 26.52
d
 39.19

a
 24.21

e
 30.34

b
 20.36

f
 27.37

c
 7.489 

Feed conversion 

ratio (FCR)  
1.840

b
 1.410

e
 1.872

b
 1.661

d
 2.164

a
 1.752

c
 0.256 

Feed cost /kg 

weight gain L.E 
15.456

bc
 11.844

e
 15.725

b
 13.952

c
 18.178

a
 14.717

d
 1.05 

Relative % of 

feed cost /kg 

weight gain 

85.03
bc

 65.16
e
 86.51

b
 76.75

d
 100.00

a
 80.96

c
 4.65 

* Data are represented as means ± standard error (SE). 

** Means in the same row having the same superscript letter are not significantly different (P<0.05). 

***Reduction % of feed cost of Kg gain was calculated as a percentage from the highest value ) 400 

fish/m3 under clear system). 

****Feed cost of 1 kg diets used were 8.40 L.E. Skretting Egypt diets Price at end of 2020. 

 

CONCLUSION 

 

It could be concluded that biofloc system and stocking density of 200 fish/m
3
 have 

many advantages over the clear water system and the higher densities (300 and 400 fish / 

m
3
)
 
in terms of body proximate chemical composition, Plasma protein and lipid profile of 

Nile tilapia (Oreochromis niloticus) fingerlings. Zooplankton community improved 

dramatically with following biofloc system and increasing stocking density. Applying 

biofloc system with the lowest density (200/ m
3
) results on economical advantages 

especially feed costs over clear water and higher densities conditions. These rearing 

conditions can play a key role in developing a sustainable Nile tilapia fingerlings 

production via better body composition, improved biochemical parameters, better 

biological community, higher production, and decreased feeding costs. 

 

https://onlinelibrary.wiley.com/doi/10.1111/raq.12412#raq12412-bib-0011
https://onlinelibrary.wiley.com/doi/10.1111/raq.12412#raq12412-bib-0064


605 
Biofloc effects on Nile Tilapia fingerlings reared under different stocking densities 

 

 

 

REFERENCES 

  

Allain, C.C.; Poon, L.S.; Chan, C.S.G.; Richmond, W. and Fu, P.C. (1974). 

Enzymatic determination of total serum cholesterol. Clinical Chemistry, 20: 470-475. 

AOAC (Association of Official Analytical Chemists). (1995). Official methods of 

analysis. 15th edition, Association of Official Analytical Chemists, Arlington, 

VA, pp. 1-45.  

APHA (American Public Health Association). (1995). Standard methods for the 

examination of water and waste. American public Health Association. New York, 

1193. 

Avnimelech, Y. (1999). Carbon/nitrogen ratio as a control element in aquaculture 

systems. Aquaculture, 176:227–235.  

Avnimelech, Y. (2007). Feeding with microbial flocs by tilapia in minimal discharge 

bioflocs technology ponds. Aquaculture, 264: 140-147. 

Avnimelech, Y. (2009). Biofloc Technology: A Practical Guide Book. World 

Aquaculture Society, Baton Rouge, LA. 182 pp. 

Avnimelech, Y. and Kochba, M. (2009). Evaluation of nitrogen uptake and excretion by 

tilapia in bio floc tanks, using 15N tracing. Aquaculture 287: 163–168. 

Azim, M. E. and Little, D. C. (2008). The biofloc technology (BFT) in indoor tanks: 

water quality, biofloc composition, and growth and welfare of Nile tilapia 

(Oreochromis niloticus), Aquaculture, 283: 29–35. 

Azim, M.E.; Little, D.C. and Bron, J.E. (2008). Microbial protein production in 

activated suspension tanks manipulating C: N ratio in feed and the implications 

for fish culture. Bio resource Technology, 99: 3590–3599. 

Azim, M.E.; Little, D.C. and North, B. (2007). Growth and welfare of Nile tilapia 

(Oreochromis niloticus) cultured in indoor tanks using biofloc technology (BFT). 

Aquaculture. 283(1):29-35. 

Bakhshi, F.; Najdegerami, E.H.; Manaffar, R.; Tokmechi, A.; Farah, K.R. and 

Jalali, A.S. (2018). Growth performance, hematology, antioxidant status, immune 

response and histology of common carp (Cyprinus carpio L.) fed biofloc grown 

on different carbon sources. Aquac Res 49:393–403.  

Barreto, R. and Volpato, G.L. (2006). Stress responses of the fish Nile tilapia subjected 

to electroshock and social stressors. Braz. J. Med. Biol. Res. 39: 1605–1612.  



606 

Said and Taha, 2022 

Costas, B.; Conceição, L.E.C.; Aragão, C.; Martos, J.A. and Ruiz-Jarabo, I. (2011). 

Physiological responses of Senegalese sole (Solea senegalensis Kaup, 1858) after 

stress challenge. Effects on non-specific immune parameters, plasma free amino 

acids and energy metabolism. Aquaculture 156: 68-76.  

Crab, R.; Avnimelech, Y.; Defoirdt, T.; Bossier, P. and Verstraete, W. (2007). 

Nitrogen removal techniques in aquaculture for a sustainable production. 

Aquaculture, 270: 1-14. 

Da Rocha, R.M.; Carvalho, E.G. and Urbinati, E.C. (2004). Physiological responses 

associated with capture and crowding stress in matrinxã; Brycon cephalus 

(Gunther, 1869) Aquac Res 35: 245-249.  

Dawood, M.A.O. (2016). Effect of various feed additives on the performance of aquatic 

animals. Ph.D Thesis. Kagoshima University, Japan. 

Dawood, M.A.O.; Koshio, S. ; Ishikawa, M. and Yokoyama, S. (2016). Effects of 

dietary inactivated Pediococcus pentosaceus on growth performance, feed 

utilization and blood characteristics of red sea bream, Pagrus major juvenile. 

Aquac. Nutr. 22: 923–932. 

De Oliveira, E.G.; Pinheiro, A.B.; de Oliveira, V.Q.; da Silva, A.R.; de Moraes, 

M.G.; Rocha, I.R.; de Sousa, R.R. and Costa, F.H. (2012). Effects of stocking 

density on the performance of juvenile pirarucu (Arapaima gigas) in cages. 

Aquaculture, 370–371: 96-101. 

Delong, D.P.; Losordo, T.M. and Rakocy, J.E. (2009). Tank Culture of Tilapia. 

Auburn, USA. Durborow, R.M., Crosby, D.M., Brunson, M.W., 1997. Nitrite in 

fish Ponds. Auburn, USA.  

Doumas, B.T.; Watson, W.A. and Biggs, H.G. (1977). Albumin standards and the 

measurement of serum albumin with bromocresol green. Clinical Chimica Acta, 

31: 87-96. 

Duncan, D. B. (1955). Multiple range and multiple F tests. Biometrics 11(1):1-42. 

Edmondson, W.T. (1963). Fresh water biology.2nd ed. John Wiley and Sons. Inc., New 

York & London.1248 pp. 

Ekasari, J.; Rivandi, D.R.; Firdausi, A.P.; Surawidjaja, E.H.; Zairin, M.; Bossier, P. 

and De Schryver, P. (2015). Biofloc technology positively affects Nile tilapia 

(Oreochromis niloticus) larvae performance. Aquaculture 441: 72-77.  

El Basuini, M.; El-Hais, A.; Dawood, M.; Abou-Zeid, A.; EL-Damrawy, S.; 

Khalafalla, M.; Koshio, S.; Ishikawa, M. and Dossou, S. (2017). Effects of 

dietary copper nanoparticles and vitamin C supplementations on growth 



607 
Biofloc effects on Nile Tilapia fingerlings reared under different stocking densities 

 

 

performance, immune response and stress resistance of red sea bream, Pagrus 

major. Aquaculture Nutrition, 23: 1329–1340. 

EL-Khaldi, A.T. (2010). Effect of different stress factors on some physiological 

parameters of Nile tilapia (Oreochromis niloticus). Saudi J. Biol. Sci. 17: 241–

246.  

Emerenciano, M.; Cuzon, G.; López, A. K.; Noreña, B. E.; Máscaro, M. and 

Gaxiola, G. (2011). Biofloc meal pellet and plant-based diet as an alternative 

nutrition for shrimp under limited water exchange systems. CD of abstracts of 

World Aquaculture Society Meeting 2011, Natal. RN, Brazil. 

Emerenciano, M.; Gaxiola, G. and Cuzon, G. (2013). Biofloc Technology (BFT): A 

review for aquaculture application and animal food industry. In: Matovic MD (ed) 

Biomass now - cultivation and utilization. InTech, Rijeka, pp 301–328. 

Foissner, W. and Berger, H. (1996). A user-friendly guide to the ciliates (Protozoa, 

Ciliophora) commonly used by ydrobiologists as bioindicators in rivers, lakes and 

waste waters with notes on their ecology. Freshwater Biol., 35:  375 –482. 

Fossati, P. and Prencipe, L. (1982). Serum triglycerides determined colorimetrically 

with an enzyme that produces hydrogen peroxide. Clinical Chemistry, 28: 2077-

2080. 

Gao, L.; Shan, H.W.; Zhang, T.W.; Bao, W.Y. and Ma, S. (2012). Effects of 

carbohydrate addition on Litopenaeus vannamei intensive culture in a zero-water 

exchange system, Aquaculture, 342–343: 89–96. 

Gornal, A.G.; Bardawill, C.S. and David, M.M. (1949). Determination of serum 

proteins by means of the Biuret reaction. Journal of biological chemistry, 177: 

751-766. 

Grove, T.H. (1979). Effect of reagent pH on determination of high-density lipoprotein 

cholesterol by precipitation with sodium phosphotungstate-magnesium. Clinical 

Chemistr, 25: 560-564. 

Hargreaves, J.A. and Tucker, C.S. (2004). Managing Ammonia in fish Ponds. Auburn, 

USA. Iwama, G.K., Vijayan, M.M., Morgan, J.D., 2000. The Stress Response in 

Fish. Icthyology, Recent Research Advances. Oxford and IBH Publishing Co, Pvt. 

Ltd, N., Delhi, India. 

Haridas, H.; Verma, A.K.; Rathore, G.; Prakash, C.; Sawant, P.B. and Rani, A.M.B. 

(2017). Enhanced growth and immuno-physiological response of Genetically 

Improved Farmed Tilapia in indoor biofloc units at different stocking densities. 

Aquacult. Res 48(8): 4346-4355.  



608 

Said and Taha, 2022 

Ju, Z.; Forster, I.; Conquest, L. and Dominy, W. (2008). Enhanced growth effects on 

shrimp (Litopenaeus vannamei) from inclusion of whole shrimp floc or floc 

fractions to a formulated diet. Aquaculture Nutrition 14: 533–543. 

Khanjani, M. (2015). The effect of different feeding levels in biofloc system on water 

quality, growth performance and carcass composition of Pacific white shrimp 

(Litopenaeus vannamei Boone, 1931). Ph.D. Thesis. Hormozgan University, 

Hormozgan, Iran. 165 pp. 

Kim, S.K.; Pang, Z.; Seo, H.C.; Cho, Y.R.; Samocha, T. and Jang, I.K. (2014). Effect 

of bioflocs on growth and immune activity of Pacific white shrimp, Litopenaeus 

vannamei postlarvae. Aquacult. Res. 45: 362–371.   

Liu, G.; Ye, Z.; Liu, D. and Zhu, S. (2018). Inorganic nitrogen control, growth, and 

immune physiological response of Litopenaeus vannamei (Boone, 1931) in a 

biofloc system and in clear water with or without commercial probiotic. Aquac. 

Int., 26 (4): 981-999. 

Luo, G.; Gao, Q.; Wang, C.; Liu, W.; Sun, D.; Li, L. and Tan, H. (2014). Growth, 

digestive activity, welfare, and partial cost effectiveness of genetically improved 

farmed tilapia (Oreochromis niloticus) cultured in a recirculating aquaculture 

system and an indoor biofloc system. Aquaculture 422:1–7.  

Lupatsch, I.; Santos, G.A.; Schrama, J.W. and Verreth, J.A.J. (2010). Effect of 

stocking density and feeding level on energy expenditure and stress 

responsiveness in European sea bass Dicentrarchus labrax. Aquaculture, 

298:245– 250. 

Martins, G. B.; Tarouco, F.; Rosa, C. E. and 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. 

Mehrim, AI. (2009). Effect of Dietary Supplementation of Biogen® (Commercial 

Probiotic) on Mono-Sex Nile tilapia Oreochromis niloticus under Different 

Stocking Densities. J Fish Aquat Sci 4: 261-273.  

NRC )National Research Council(. (2011). Nutrient Requirement of Fish. , National 

Academic Press, , Washington, DC.  

Øverli, Ø.; Winberg, S. and Pottinger, TG. (2015). Behavioral and neuroendocrine 

correlates of selection for stress responsiveness in rainbow trout; a review. Integr 

Comp Biol 45: 463-474.  



609 
Biofloc effects on Nile Tilapia fingerlings reared under different stocking densities 

 

 

Pennek, W. R. (1978). Freshwater investigation of the United States: 803 pp. 2nd 

Edition, John Wiley and Sons, New York., USA. 

Pérez, C. J.C.; Rise, M.L.; Dixon, B.; Afonso, L.O.B. and Hall, JR. (2008). The 

immune and stress responses of Atlantic cod to long-term increases in water 

temperature. Fish shellfish immune 24: 600-609.  

Poli, M.A.; Legarda, E.C.; Lorenzo, M.A.; Martins, M.A. and Vieira, F.N. (2019). 

Pacific white shrimp and Nile tilapia integrated in a biofloc system under different 

fish-stocking densities. Aquaculture 498:83–89.  

Pontin, R. M. (1978). A key to the freshwater plankton and semi- plankton Rotifera of 

the British Isles, 178 pp. Freshwater Biological Association, Scientific Publication 

38. 

Robinson, G.; Caldwell, G.S.; Jones, C.L,W. and Stead, S.M. (2019). The effect of 

resource quality on the growth of Holothuria scabra during aquaculture waste 

bioremediation. Aquaculture 499:101–108.  

Ruttner-Klisko, A. (1971). Rotatories als Indikatoren fur den hemismus von 

Binnensalzgewassern. Sber. Akad. Wiss. Math. –nat. Ki. Abt. I, 179: 283 – 298. 

Svobodova, Z.; Vykusova, B.; Modra, H.; Jarkovsky, J. and Smutna, M. (2006). 

Haematological and biochemical profile of harvest-size carp during harvest and 

post-harvest storage. Aquac Res 37: 959-965.  

Tacon, A.G.J.; Cody, J.J.; Conquest, L.D.; Divakaran, S.; Forster I.P. and Decamp, 

P.O.E. (2002).  of culture system on the nutrition and growth performance of 

Pacific white shrimp Litopenaeus vannamei (Boone) fed different diets. 

Aquaculture Nutrition, 8: 121–137. 

Towers, L. (2015). Can Aquaculture Contribute to Food and Nutrition Security in the 

Middle East? World fish Fish Site. 

Trenzado, C.E.; Carrick, T.R. and Pottinger, T.G. (2003). Divergence of endocrine 

and metabolic responses to stress in two rainbow trout lines selected for differing 

cortisol responsiveness to stress. Gen Comp Endocrinol 133: 332-340.  

Vijayan, M.M.; Ballantyne, J.S. and Leatherland, J.F. (1990). High stocking density 

alters the energy metabolism of brook charr, Salvelinus fontinalis. Aquaculture 

88: 371-381.  

Wallace, R. L. and Snell, T. W. (1991). Rotifera. In Ecology and Classification of North 

American Freshwater Invertebrates. Academic Press, New York, USA 187 – 248. 



610 

Said and Taha, 2022 

Warnick, G.R.; Benderson, V. and Albers, N. (1983). Selected Methods. Clinical 

Chemistry, 10: 91-99. 

Widanarni, E. J. and Maryame, S. (2012). Evaluation of Biofloc Technology 

Application on Water Quality and Production Performance of Red Tilapia 

Oreochromis sp. Cultured at Different Stocking Densities HAYATI. Journal of 

Biosciences, 19: 73-80. 

Xu, W.J. and 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: 147–152. 

Xu, W.J.; Pan, L.Q.; Zhao, D.H. and Huang, J. (2012). Preliminary investigation into 

the contribution of bioflocs on protein nutrition of Litopenaeus vannamei fed with 

different dietary protein levels in zero-water exchange culture tanks. Aquaculture 

350: 147–153. 

Zollner, N. and Kirsch, K. (1962). Colorimetric method for determination of total lipids. 

Z. ges. Experimental Medicine, 135: 545-550. 

 

 

 

 

 

 

 

 

 

 

  



611 
Biofloc effects on Nile Tilapia fingerlings reared under different stocking densities 

 

 

جأثيرالبيوفلوك على جكوين الجسم، بروجين البلازما، جركيب الذهون، العوالق الحيوانية  

 كثافات جخسين مخحلفةواقحصاديات جربية إصبعيات البلطي النيلي جحث 

ٍحَذ ٍحَذ طؼٞذ طٞذ
 1 

اطزاء
 

ٍحَذ ابزإٌٞ طٔ
2 

 ميٞٔ اىززٗة اىظَنٞٔ، جاٍؼٔ اىظ٘ٝض 1
2
 ميٞٔ اىشراػٔ ، جاٍؼٔ قْآ اىظ٘ٝض  

 

حٖذف ٕذٓ اىذراطت إىٚ ٍؼزفت حأرٞز ّظاً اىبٞ٘في٘ك ػيٚ اىخزمٞب اىنَٞٞائٜ ىيجظٌ ، ٗبزٗحِٞ اىبلاسٍا ، 

اىؼ٘اىق اىحٞ٘اّٞت  ٗمذىل اقخصادٝاث حزبٞت إصبؼٞاث اىبيطٜ اىْٞيٜ بنزافاث خصائص اىذُٕ٘ ، ٍجخَغ 

ً / طَنت  022،  022،  022)حٌ اطخخذاً رلاد مزافاث حزبٞت . ٍخخيفت
فٜ ّظاً بٞ٘في٘ك ّٗظاً اىَٞآ ( 3

ً جزا 2.02±  02.02حٌ ٗضغ اىبيطٜ اىْٞيٜ ب٘سُ أٗىٜ قذرٓ (. بذُٗ إضافت اىنزبُ٘ اىخارجٜ)اىصافٞت 

ا 52ىخز ىَذة  22حاّل أطط٘اّٜ ٍِ اىفٞبز جلاص بحجٌ ٍاء   81فٜ  ًٍ حٌ حغذٝت الأطَاك ػيٚ ػيف . ٝ٘

. 82/8ػْذ  C / N٪ بزٗحِٞ ٗأضٞف اىْشا مَصذر ىينزبُ٘ ىي٘ص٘ه إىٚ ّظبت 02حجارٛ ٝحخ٘ٛ ػيٚ 

ً /  022)افت حخشِٝ أظٖز اىخزمٞب اىنَٞٞائٚ ىيجظٌ أُ أػيٚ ٍحخ٘ٙ ٍِ اىبزٗحِٞ ٗاىزٍاد ماُ ػْذ أػيٚ مز
ً/  022أػيٚ ّظبت دُٕ٘ ى٘حظج ػْذ أقو مزافت حخشِٝ (. 3

أظٖز ّظاً اىبٞ٘في٘ك ٍحخ٘ٙ أػيٚ ٍِ اىَادٓ . 3

أظٖز ححيٞو ػْٞاث اىبٞ٘في٘ك سٝادة فٜ اىبزٗحِٞ . اىجافت ٗاىذُٕ٘ ٗاىزٍاد ٍقارّت بْظاً اىَٞآ اىصافٞت

ً /  022ث أػيٚ مزافت حخشِٝ أظٖز. ٗاىذُٕ٘ ٗاىزٍاد ٍغ سٝادة مزافت اىخخشِٝ
3

سٝادٓ ٍؼْ٘ٝٔ احصائٞا فٚ  

  HDL   ٗLDLاىن٘ىٞظخزٗه اىنيٜ فٜ اىبلاسٍا  ٗاىذُٕ٘ اىزلارٞت ٗ  . إجَاىٚ بزٗحِٞ الأىبٍِٞ٘ٞ ٗاىجي٘بٞ٘ىِٞ

ً /  022)ماّ٘ا جَٞؼا أػيٚ ٍؼْ٘ٝا فٜ أقو مزافت 
ّظاً اىبٞ٘في٘ك ماُ أػيٚ ٍؼْ٘ٝا فٚ اىبزٗحِٞ اىنيٜ ، (. 3

ارحفغ ملا ٍِ اىن٘ىٞظخزٗه ٗاىذُٕ٘ . اىجي٘بٞ٘ىِٞ ٍقارّت بْظاً اىَٞآ اىصافٞت/ الأىبٍِ٘ٞ ، اىجي٘بٞ٘ىِٞ 

أظٖزث مافت ٗحذاث اىبٞ٘في٘ك ارحفاع فٚ ػذد . بشنو ٍيح٘ظ فٚ مافت ٍؼاٍلاث اىبٞ٘فيل LDLاىزلارٞت ، ٗ 

أدث سٝادة مزافت اىخخشِٝ إىٚ ارحفاع ػذد اىؼ٘اىق اىحٞ٘اّٞت . حٞ٘اّٞت ٍقارّت بْظاً اىَٞآ اىصافٞتاىؼ٘اىق اى

ً/ طَنت 022حٞذ طجيج أػيٚ مزافت ػْذ 
3

، ٗقذ حٌ ححذٝذ رلاد ٍجَ٘ػاث ٍِ اىنائْاث اىحٞت ،   

Rotifera  ،Protozoa  ٗCopepoda .ىبلاسٍا ، ٗبشنو ػاً ، حٌ ححظِٞ حنِ٘ٝ اىجظٌ ، ٗبزٗحِٞ ا

حٌ حظجٞو ف٘ائذ اقخصادٝت ٍِ حٞذ حناىٞف . ٗاىذُٕ٘ ، ٍٗجخَغ اىؼ٘اىق اىحٞ٘اّٞت باحباع ّظاً اىبٞ٘في٘ك

الأػلاف ٗحناىٞف الأػلاف اىْظبٞت ىنو مجٌ ٍِ الأطَاك فٜ ٍؼاٍلاث اىبٞ٘في٘ك ٍغ أفضيٞت  مزافت اىخخشِٝ 

ً/ طَنت  022
3. 

 


