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ABSTRACT 

The current experiment investigated the effect of restricted feeding and partial water renewal in 

biofloc tank culture on growth and feed performance of Nile tilapia. The experimental work included 

four biofloc treatments, with two feeding levels (75 and 100 grams diet /m
3
/day) and two partial water 

renewal rates (weekly and biweekly). The control treatment was fed to satiation, with water renewal 

every other day. Mean values of total ammonia nitrogen (TAN) were within the acceptable range 

considered suitable for the cultivation of Nile tilapia (0.6 – 1.02 mg /l), with no significant differences 

observed among treatments (P > 0.05). Nitrite concentrations ranged from 0.35 to 0.51 mg /l between 

treatments. The concentrations of nitrite (NO2-N) remained within optimal levels  recommended for 

the growth of Nile tilapia.The overall mean values  of  nitrate were approximately similar among 

treatments ranging from 29.8 to 46.0 mg NO3-N/l. The biofloc treatments were characterized during 

the current study by the chemotrophic stage due to the nitrification process shown by the high 

concentration of nitrate  observed at the end of study. The accumulation of nitrite and nitrate 

concentrations during the experiment indicated that the nitrification process was running at optimal 

rates.  The biofloc treatments with higher feed input  had biofloc volume of  40.7- 51.4 ml/l that did 

not differ significantly from those of the lower feed input treatments (38.1 – 60.1 ml/l). The increase 

of daily feed input did not affect biofloc volume in culture tanks due to the water renewal design. Nile 

tilapia reared under biofloc system had significantly lower (P<0.05 ) mean final weights (55.8 – 67.9 

g/fish) than those reared in the control treatment (91.4 g /fish).  However, all the treatments had 

similar harvest volume (5.15 to 6.08 kg fish/m
3
), with no significant differences among the biofloc 

treatments and the control treatment.  This was due to the better survival rates observed in the biofloc 

treatments compared to the control. In spite of the differences in growth rates, the higher protein 

efficiency ratios (2.14- 2.59) and the better food conversion ratios (1.21 – 1.76 :1 ) observed in the 

biofloc treatments indicated that it is possible to use restricted feeding when fish are raised in biofloc 

tanks. The biofloc treatments were more efficient in terms of feed conversion ratios and survival. 

Consequently, the current results suggest that in the presence of biofloc , it is possible to restrict 

(reduce) feeding rates from satiation to restricted feeding without affecting harvest volume or survival 

rate. The promoted biofloc could contribute to the nutrition and physiological health of Nile tilapia.  
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1.INTRODUCTION 

Aquaculture is predicted to increase 5-folds 

until 2050 (FAO, 2012). To meet this growing 

demand, aquaculture is shifting from extensive 

cultivation systems to more intensive systems 

(Luo et al., 2013). With the intensification of 

aquaculture, the focus has increasingly shifted to 

its negative environmental and social impact 

(Luo et al., 2013).  

These Biofloc technology  depend on the 

living  microbial biomass and particulate organic 

matter maintained in the water column  that aid 

in ammonia removal via phytoplankton and 

bacterial uptake (Schrader et al., 2011) as well 

as bacterial oxidation of ammonia  to nitrite  and 

then subsequent oxidation of  nitrite to nitrate  

during nitrification (Brune et al., 2003; Ebeling 

et al., 2006; Hargreaves, 2006). 

 



M.A. Elnady  et al.,………….…………………………………………………………………………………........ 

224 
 

Biofloc is composed of bacteria, fungi and 

plankton that have high  protein content (30-

40%). The size of biofloc particles ranges from 

0.5 to 2.0 mm , which could be fed to Nile 

tilapia and shrimp (Supono et al., 2013). 

In biofloc culture, heterotrophic bacteria are 

exploited to convert ammonia produced in 

aquaculture into bacteria biomass (De Schryver 

and Verstraete, 2009), which could be used to 

feed fish, therefore increasing feed utilization 

(Luo et al., 2013). Nile tilapia and heterotrophic 

bacterial biomass are cultured in the same water 

volume and  have  already been utilized in pond  

culture  for tilapia (Azim and little, 2008). 

In biofloc technology (BFT) the growth of 

heterotrophic bacterial biomass is stimulated 

towards the conversion of the excreted ammonia 

waste into microbial biomass by supplementing 

an external carbohydrate source (i.e. molasses or 

sucrose). The bacterial biomass could be further 

used as a food source by the cultured organisms,  

increasing feed utilization efficiency  (Ekasari et 

al., 2013). Therefore, these biological processes 

play a critical role in reducing ammonia and 

nitrite to levels  below  toxic levels that are 

considered growth-limiting for cultured fish 

(Schrader et al., 2011). 

As feed is the major driving force of 

intensive production systems, it is important to 

optimize its use to improve profitability, 

maximize growth, and minimize potential water 

quality deterioration (Correia et al., 2014).   

Fish culture in  biofloc  systems provides a 

potential food source for cultured animals  under 

limited  water renewal. This culture system is   

based on limited water use and minimal water 

discharge into the surrounding environment 

(Emerenciano et al., 2011). 

Freshwater scarcity is for sure becoming a 

global concern due to high human population 

growth. The use of biofloc technology helps  in 

water conservation. Ogello et al. (2014) 

indicated that a significant reduction in organic 

nitrogen accumulation,an  increased utilization 

of feed protein and a reduced feed expenditure 

could be achieved in biofloc systems. 

Intensive, recirculating tilapia, Oreochromis 

niloticus, biofloc systems are capable of 

producing the equivalent of 155 tons /ha/crop 

(Rakocy et al., 2004). Biofloc production 

systems treat and reuse water in tank culture 

(Danaher et al., 2011). 

The aims of the present study were to 

evaluate growth performance and dietary 

efficiency for Nile tilapia  cultured in intensive 

biofloc system using different feeding levels. 

The objective was to evaluate the best biofloc 

system under restricted feeding and partial water 

renewal conditions compared to clear water 

culture conditions.  

 

2. MATERIALS AND METHODS 

The study was conducted at The Fish 

Culture Research Unit, Faculty of 

Agriculture, Cairo University, Egypt during 

Spring season 2015. A static outdoor 

rearing system consisting of fifteen 

rectangular concrete tanks (2.2 x 1.2 x1.0 

m) were filled with fresh water obtained 

from a well and were used as rearing units 

for Nile tilapia. Each tank had a water 

volume of 2.0 m
3
 , with a constant water 

depth 75 cm. 

2.1.Experimental design 

Nile tilapia Juveniles with an average initial 

weight of 20.0-30.0 grams/fish were distributed 

randomly among fifteen concrete tanks. Fish 

were stocked at 200 Juveniles per tank (100 

Juveniles per cubic meter of water). Nile tilapia 

were fed floating commercial pellets (32% crude 

protein), six days a week. The experiment 

consisted of five treatments, with three replicate 

tanks per treatment. Water in biofloc tanks  was 

renewed once every one or two weeks at the rate 

of 50% water volume in each tank in order to 

reduce sludge, suspended organic matter and 

nitrate concentration. Artificial aeration was 

provided 24-hours a day in all treatments for the 

whole experimental period using a blower. 

Sucrose was dissolved in water and sprinkled 

over water surface in each  biofloc tank at 50% 

of daily  feed input (g/g) in order to develop 

biofloc and nourish heterotrophic bacteria. The 

experiment started 31 March 2015 and lasted 75 

days. The design of the experiment was as 

follows: 

2.1.1. The weekly water renewal and 75 g 

diet/m
3
 /day restricted feeding 

  Fish were fed at 75 grams diet/m
3
 of water 

volume per day, six days a week (150 grams 

diet/tank/day). Sucrose was added to tank water 

at 75 grams sucrose/tank/day. Water was 

partially renewed once every week at the rate of 

50% of water volume in each tank .  

2.1.2. The weekly water renewal and 100 g 

diet/m
3
 /day restricted feeding 

Fish were fed at 100 grams diet/m
3
 of water 

volume per day, six days a week (200 grams 

diet/tank/day). Sucrose was added to tank water 

at 100 grams sucrose/tank/day. Water was 
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partially renewed once every week at the rate of 

50% water volume in each tank.  

2.1.3. The biweekly water renewal and 75 g 

diet/m
3
 /day restricted feeding 

Fish were fed at 75 grams diet per m
3
 of tank 

water per day, six days a week (150 grams 

diet/tank /day). Sucrose was added to tank water 

at 75 g sucrose/tank/day.  Water were partially 

renewed once every two weeks at the rate of 

50% water volume in each tank.  

2.1.4. The biweekly water renewal and 100 g 

diet/m
3
 /day restricted feeding 

Fish were fed at the rate of 100 grams diet/m
3
 

of tank water per day, six days a week (200 

grams diet/tank/day). Sucrose was added to tank 

water at 100 g sucrose/tank/day. Water were 

partially renewed once every two weeks at the 

rate of 50% water volume in each tank.  

2.1.5. The control treatment  

The control treatment employed the clear 

water intensive culture technique. Fish were fed 

at satiation which was equivalent to 125 g diet 

/m
3
 of tank water/day (250 g diet/tank/day), six 

days a week. Water in each tank were renewed 

at 80% water volume every other day in order to 

reduce ammonia concentration and toxic 

metabolic products.  

2.2.Growth and feed performance  

The growth and feed performance parameters 

were calculated as follows: 

2.2.1.Body weight  
Individual weights of fish were measured at 

the start and end of the experimental period 

using digital balance for weight to the nearest 

0.1g. 

2.2.2. Daily weight gain (DWG ) 

DWG = (final body weight -initial body 

weight)/ experimental period(days). 

2.2.3. Specific growth rate (SGRW) 
SGRW = (Ln Wt - Ln W0)*100 /t  

Where Wt is weight at time t, W0 weight at time 

0, and t is the duration of time in days. 

2.2.4. Feed conversion ratio (FCR) 

Feed efficiency was determined as the grams 

of dry diet consumed per gram of wet weight 

gain of fish.  

FCR=dry weight of feed fed (g) /fish weight 

gain (g).  

2.2.5. Protein efficiency ratio (PER) 
The protein efficiency ratio was calculated as 

the grams of wet weight gain of fish per gram of 

protein consumed . 

PER = fish weight gain(g )/ protein fed (g) 

2.3.Water quality parameters  

All determinations of water quality 

parameters were carried out according to Boyd 

and Tucker (1992). Water from each tank was 

tested once a week for all water quality 

parameters. Temperature and dissolved oxygen 

were measured by using Hanna Instrument 

(model 55) dissolved oxygen meter. Estimates of 

secchi disk visibility were made in the afternoon 

in each concrete tank. pH was measured using 

digital pH meter (Hanna instruments) at the 

laboratory just after water sample was collected 

in a container. Water column respiration rate per 

hour as well as per day was measured once every 

two weeks using 0.5 liter dark bottles where tank 

water loaded with biofloc were incubated for 

two hours. Total ammonia concentration (TAN) 

in tank water was measured using the 

indophenol method (phenate method) and 

colorimeter. Nitrate –nitrogen was measured 

using HANNA kits for nitrate (the cadmium 

reduction method) and a colorimeter.Nitrite-

nitrogen was measured using the diazotizing 

method and colorimeter (Boyd and Tucker, 

1992). Orthophosphate was measured by the 

ascorbic acid method using HANNA kit and 

colorimeter. Biofloc volume (ml/l) in each tank 

was measured using the Imhof cone where water 

loaded with biofloc were left to settle for 30 

minutes (Boyd and Tucker, 1992). 

2.4.Statistical analysis 

Growth performance of the cultured fish as 

well as water quality parameters in culture tanks 

were subjected to one-way analyses of variance 

to determine  statistical  significant  differences 

among  treatments . Differences  between  means   

were  assessed  by  Duncan   multiple  range test  

(Duncan, 1955). Statistically significant 

differences  differences were determined by 

setting the aggregate type I error at 5% (p˂0.05) 

for each comparison.  This statistical analysis 

was performed using the software package SPSS 

for windows, release 8.0 (SPSS, 1997). 

 

3.RESULTS AND DISCUSSION 

3.1.Water quality parameters 

Good water quality was maintained with the 

development of biofloc through sucrose addition 

at 50% of the amount of feed applied daily in 

each tank. The results of water quality 

parameters were optimal in terms of 

recommended levels for Nile tilapia culture as 

shown in Table (1).  

3.1.1.Oxygen and pH 

In the current study, artificial  aeration 

supplied oxygen as well as created water mixing 

and agitation to suspend biofloc particles. 
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Table (1). Water quality of Nile tilapia tanks reared under different   Biofloc conditions. 
 

parameters 

75 grams diet/m
3
 100 grams diet/m

3 
 

 

control 
Weekly 

change 

  

Biweekly 

change 

Weekly 

change 

 

Biweekly 

change 

Water temperature (
o
c) 24.26

a 

±2.35 

23.84
a
 

±2.25 

23.77
a 

±2.300 

24.08
a 

±2.36 

24.10
a 

±2.33 

Oxygen  

concentration(mg/l)  

4.38
a 

±1.03 

4.45
a 

±0.70 

5.21
a 

±0.91 

4.88
a 

±0.97 

4.44
a 

±1.38 

PH readings 7.74
a 

±0.19 

7.63
a 

±0.06 

7.77
a 

±0.13 

7.73
a 

±0.14 

7.65
a 

±0.08 

Total ammonia 

concentration(mg/l) 

0.64
a 

±0.83 

0.60
a 

±0.80 

0.77
a 

±1.00 

0.90
a 

±1.05 

1.02
a 

±1.58 

Nitrate-N  

concentration 

(mg/L) 

29.88
b 

±5.31 

46.06
a 

±7.32 

37.78
ab 

±8.70 

37.93
ab 

±5.83 

- 

Nitrite –N 

concentration( mg/l) 

 

0.51
a 

±0.42 

0.39
a 

±0.37 

0.35
a 

±0.32 

0.46
a 

±0.31 

0.27
a 

±0.25 

Phosphate(PO4) 

concentration(mg/l) 

0.77
a 

±0.44 

0.93
a 

±0.81 

0.94
a 

±0.68 

1.29
a 

±0.93 

0.80
a 

±0.52 

Secchi disk (cm) 

 

11.76
b 

±2.32 

12.30
b 

±3.63 

11.24
b 

±1.93 

11.44
b 

±3.06 

23.9
a 

±9.60 

Biofloc volume (ml/l) 38.16
b 

±8.36 

60.16
a 

±10.57 

51.41
ab 

±12.04 

40.74
b 

±11.88 

- 

Water respiration per 

hour (mgO2/l/hour) 

1.09
c 

±0.11 

1.30
b 

±0.01 

1.42
a 

±0.02 

1.37
ab 

±0.005 

- 

 
Dissolved oxygen concentrations averaged 4.38 

to 5.21 mg/l among treatments, with no 

significant differences among means (P>0.05). 

The dissolved oxygen was maintained above 

acceptable levels recommended for Nile tilapia 

culture during the experimental period. Early 

morning pH values ranged from 7.63 to 7.67, 

with no significant differences among treatments 

(P>0.05).  

3.1.2.Total ammonia and nitrite 

concentrations 

The results of the current study indicated that 

adding sucrose at 50% of daily ration inputs  in 

biofloc tanks was suitable for bacterial 

metabolism and growth which resulted in 

reduced total ammonia (TAN) and nitrite (NO2-

N) concentrations in water medium where fish 

were reared. 

This is in agreement with Hari et al. (2006) 

and Asaduzzaman et al. (2008) who indicated 

that adding carbohydrate sources in biofloc tanks 

decreased TAN and NO2-N concentrations in 

culture medium. Mean values of total ammonia 

nitrogen (TAN) were within the acceptable 

range considered suitable for the cultivation of 

Nile tilapia (0.6 – 1.02  mg/l), with no 

significant differences observed among 

treatments (P > 0.05(. 

Although fish were fed at 75 to 100 g/m
3
/day, 

total ammonia concentrations in biofloc tanks 

were less than 1.0 mg TAN/l during the 

experimental period. Sucrose supplementation 

helped keep NH4-N under control according to 

Samocha et al. (2007). TAN concentrations 

remained below 0.52 mg/l during most of the 

experiment although fish should have excreted 

2.25 – 3.0 mg TAN/l/day. 

Nitrite concentrations ranged from 0.35 to 

0.51 mg /l among treatments. The concentrations 

of nitrite (NO2-N) remained within optimal 

levels recommended for the growth of Nile 

tilapia (Boyd, 1990), with no significant 

differences among treatments .  The initial 

concentrations of nitrite were close to zero (0.01 

– 0.05 mg NO2/l) , increasing over time to 0.6 – 

0.95 mg NO2/l by the end of the experiment. 

Nitrite is an intermediate product that is formed 

during nitrification and denitrification (Chuang 

et al., 2007). The data suggest that the 

autotrophic nitrifying bacterial community, 

mainly ammonia oxidizing bacteria, were 
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abundant and converted ammonia to nitrite in all 

treatments.  

3.1.3.Nitrate and phosphate concentrations 

The nitrate concentrations accumulated over 

time during the experiment in all biofloc 

treatments. The overall mean values were 

approximately similar among treatments ranging 

from 29.8 to 46.0 mg NO3-N/l. Nitrate 

concentration up to 220 mg NO3 – N/l did not 

negatively affect survival and growth of aquatic 

animals according to Kuhn et al. (2010).  

The biofloc treatments were characterized 

during the current study by the chemotrophic 

stage due to the nitrification process shown by 

the high concentration of nitrate (29.8 – 46.0 

mg/l) observed at the end of study.  Jatoba et  al. 

(2014) indicated that the biofloc system is 

characterized by the transition from 

heterotrophic to autotrophic to chemotrophic 

stages due to the nitrification process, which 

results in an increased nitrate concentration with 

time. 

The accumulation of NO3 –N during the 

experimental period indicated suitable 

conditions for Nitrozomonas and Nitrobacter 

bacteria which are inhibited by shortage of 

oxygen and high organic contents in water 

(Okabe et al., 1996). The nitrite oxidizing 

bacteria which are slow to develop (Correia et 

al., 2014) with 72 hour doubling time, worked 

well in all biofloc treatments, producing nitrate 

at concentrations of 29.8 to 46.0 mg NO3- N/l 

by the end of the experiment. Correia et al. 

(2014) observed nitrate concentration of 65.8 to 

96.1 mg/l in biofloc tank when fish were fed 

40% and 30% crude protein diet. 

 Averages of  phosphate concentration in the 

biofloc treatments (0.77 to 1.29 mg PO4-P/l) 

were slightly higher than that of the control 

treatment (0.80 mg PO4-P/l). However, no 

significant differences were observed in 

phosphate concentrations among the biofloc 

treatments due to the weekly and biweekly 

partial water renewal. 

3.1.4.Water turbidity and biofloc volume  

Biofloc volume (BFV) was nearly similar 

within and among biofloc treatments over time. 

The changing pattern over time within each 

treatment was not basically consistent. The 

biofloc treatments with higher feed input (100 g 

diet /m
3
/day) had biofloc volume 40.7- 51.4 ml/l 

that did not differ significantly from those of the 

lower feed input treatments (38.1 – 60.1 ml/l). 

The increase of daily feed input from 75.0 

g/m
3
/day to 100.0 g/m

3
/day did not affect biofloc 

volume in culture tanks due to the water renewal 

design. 

The formation of biofloc can be achieved by 

constant aeration and agitation (> 100 w/m
3
) of 

water column and by adding organic matter 

substrate (C: N > 10) which allows ammonium 

to be assimilated by heterotrophic bacteria and 

maintain high levels of suspended microbial 

flocs (Hargreaves, 2013). Water exchange has to 

be adopted to reduce toxic effects of 

accumulated inorganic nitrogen and dilute 

biofloc concentration in water (Gao et al., 2012). 

During a preliminary experiment, it was 

observed that biofloc volume often exceeds 80 

ml/l without water renewal. Consequently, the 

design of the current experiment included testing 

the effect of partial water renewal at 50% of 

water volume in each tank at weekly and bi-

weekly intervals in order to reduce excessive 

biofloc volumes in culture tank. Moreover, 

partial water renewal could be used to irrigate 

agricultural plant crops when integrated 

aquaculture and agriculture plans are desired in 

desert areas. The partial water renewal could 

also reduce toxic effect of accumulated  nitrite 

(NO2-N) and nitrate (NO3-N) compounds. 

3.2.Growth performance and  survival 

Growth and feed performances of Nile tilapia 

reared under different biofloc conditions are 

shown in Tables (2 and 3). Nile tilapia in the 

biofloc treatments grew well over the duration of 

the experiment as shown by the increasing 

average body weight with optimal feed 

conversion ratios (Table 2).  

Nile tilapia reared under biofloc system had 

significantly lower (P<0.05 ) mean final weights 

(55.8 – 67.9 g/fish) and specific growth rates 

(1.26 - 1.56% per day ) than those reared in the 

control treatment (91.4 g /fish and 1.74% per 

day, respectively). However, all treatments had 

similar harvest volume (5.15 to 6.08 kg fish/m
3
), 

with no significant differences among the 

biofloc treatments and the control treatment.  

This was due to the better survival rates 

observed in the biofloc treatments compared to 

the control treatment (P<0.05). In spite of the 

differences in growth rates, the higher protein 

efficiency ratios (2.14- 2.59) and the better food 

conversion ratios (1.21 – 1.76 :1 ) observed in 

the biofloc treatments indicated that it is possible 

to use restricted feeding when fish are raised in 

biofloc tanks. 

The biofloc provided additional protein 

source (bacterial protein) that supplemented the 

nutrition of tilapia. Fish in the biofloc tanks were 
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Table (2):Growth performance of Nile tilapia reared under different biofloc onditions. 
 

Parameters 

75grams diet/m
3
 100 grams diet/m

3 
 

 

control 
Weekly 

change 

 

Biweekly 

change 

Weekly 

change 

 

Biweekly 

change 

Initial  weight (gram/fish 24.67
ab 

±3.41 

24.72
ab 

±1.04 

23.65
b 

±2.17 

26.60ab 

±3.64 

29.44
a 

±1.05 
Final weight (gram/fish) 55.85

d 

±3.73 

58.88
c 

±2.67 

65.09
b 

±2.20 

67.95
b 

±3.38 

91.44
a 

±7.07 
Weight gain(g/fish) 31.18

c 

±2.19 

34.16
bc 

±1.87 

41.43
b 

±0.06 

41.35
b 

±6.03 

62.02
a 

±7.60 
Daily weight gain(g/fish/day) 0.47

c 

±0.03 

0.52
c 

±0.02 

0.63
b 

±0.001 

0.63
b 

±0.09 

0.95
a 

±0.11 
SGR (%) 1.26

b 

±0.13 

1.33
b
 

±0.03 

1.56
ab 

±0.09 

1.45
b 

±0.25 

1.74
a 

±0.15 
Stocking rate (numbers/tank) 200 200 200 200 200 

Fish harvest (numbers/tank) 

 
200.00

a 

±22.00 

176.00
b 

±19.00 

186.33
a 

±8.50 

166.66
ab 

±39.52 

135.00
b 

±39.00 

Survival (%) 100 88.0 93.1 83.3 67.5 

 

Table (3).  Feed performance and harvest data of Nile tilapia reaed under different biofloc 

conditions. 
 

Parameters 

75 grams diet/m
3
 100 grams diet/m

3  

 

control 
Weekly 

change 

  

Biweekly 

change 

Weekly 

change 

  

Biweekly 

change 

Initial  biomass(kg/tank) 4.50
a 

±0.00 

4.50
a 

±0.00 

4.50
a 

±0.00 

4.50
a 

±0.00 

4.50
a 

±0.00 

Harvest biomass (kg/tank) 11.37
a 

±0.46 

10.3
a 

±0.65 

12.11
a 

±0.14 

11.23
a 

±2.11 

12.16
a 

±2.65 

Net biomass gain(kg /tank) 6.93
a 

±0.46 

5.87
a 

±0.65 

7.67
a 

±0.14 

6.79
a 

±2.11 

7.72
a 

±2.65 

Fish harvest (kg/m
3
)

 5.68
a 

±0.23 

5.15
a 

±0.32 

6.05
a 

±0.07 

5.61
a 

±1.06 

6.08
a 

±1.33 

Feed input (kg/tank) 8.40
c 

0.00 

8.40
c 

±0.00
 

11.20
b 

±0.00 

11.20
b 

±0.00 

14.00
a 

±0.00 

FCR 

 

1.21
b 

±0.08 

1.43
b 

±0.16 

1.45
b 

±0.02 

1.76
b 

±0.57 

1.97
a 

±0.71 

PER 2.59
a 

±0.17 

2.23
a 

±0.18 

2.14
a 

±0.04 

1.90
a 

±0.59 

1.72
b 

±0.59 
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fed at 75 to 100g/m
3
/day, consequently, fish in 

the biofloc treatments had lower growth rates 

due to restricted feeding. However, fish in the 

control treatment were fed at satiation at 125 

gram. Therefore, the control treatment had 

higher growth rate , but with low survival and 

inferior FCR that negatively affected the harvest 

volume /m
3
.  

The biofloc treatments were more efficient in 

terms of feed conversion ratios and survival. The 

overall results produced similar  harvest volume 

and biomass gain among the biofloc and the 

control treatments (p>0.05). Consequently, the 

current results suggest that in the presence of 

biofloc , it is possible to restrict (reduce) feeding 

rates from satiation (125 g diet/m
3
/day) to 

restricted feeding (75 to 100 g diet /m
3
/day) , 

without affecting harvest volume or survival 

rate. However, the duration of the growing 

season may be extended to compensate for the 

lower daily gain observed in the biofloc 

treatments.  

Daily weight gain and SGR (%) increased 

within the biofloc treatments with increasing 

feeding rate from 75 grams diet/m
3
/day (0.47 – 

0.52 g / fish/day and 1.26-1.33% per day, 

respectively ) to 100 grams diet/m
3
/day (0.63 

g/fish/day and 1.45-1.56% per day, 

respectively). 

The best daily weight gain (0.95 g/fish/day) 

and SGR (%) (1.74 % per day) were obtained in 

the control treatment which was fed to satiation 

at 125 g diet/m
3
/day, but with inferior FCR 

(1.97:1), reduced survival and similar harvest 

volume compared with the biofloc treatments.  

At the end of the culture period, body weights 

of Nile tilapia differed significantly among 

treatments (P< 0.05). Final body weight in the 

control treatment fed to satiation (91.4 g/fish) 

was significantly higher than those in the 100 

grams biofloc treatments (65.0 – 67.9 g/fish) and 

the 75 g  biofloc treatments (55.8 – 58.8 g/fish). 

Increasing dietary inputs from 75 g diet/m
3
/day 

to 100 g diet/m
3
/day within the biofloc 

treatments,  improved final body weight at 

harvest by 15-16%. However, total harvest 

volumes (kg fish/m
3
) were similar among the 

control and biofloc treatments (5.15 -6.08 

kg/m
3
), with no significant differences among 

means (P>0.05). This was due to the better FCR 

and improved survival in the biofloc treatments 

compared to those of the control. Since the 

control treatment was fed to satiation,  feed 

efficiency (1.97: 1) was less than those of the 

biofloc treatments (1.21 – 1.45: 1) where feeding 

was restricted to 75.0 – 100.0 g diet/m
3
/day. 

The productivity of fish (kg harvest /m
3
) 

ranged 5.15 – 6.08 kg fish/m
3
 among treatments, 

with harvest density 67 to 100 fish per cubic 

meter of water. The biofloc treatments were able 

to produce 5.15 to 6.05 kg fish /m
3
 at harvest 

time compared to that of the control treatment 

(6.08 kg fish/m
3
), with no significant differences 

among treatments (P>0.05 ). Fish harvest in the 

biofloc treatments ranged 83 to 100 fish per 

cubic meter of water, which was better than that 

of the control (67 fish/m
3
), although stocking 

densities were the same among all treatments at 

the start of the experiment.  

Survival rates in biofloc treatments (83.3 – 

100%) were significantly higher than that of the 

control treatment (67.5%). Biofloc provided 

supplemental nutrition for Nile tilapia as wells as 

abundant natural microbes and bioactive 

compounds. The abundant natural microbes and 

bioactive compounds could exert positive effect 

on the physiological health of aquatic animals in 

biofloc culture systems (Ju et al., 2008a,b ; Xu 

and Pan, 2012). 

At the end of the growth period, Nile tilapia 

harvested from the biofloc treatments ranged 

166 to 200 fish per tank, while those harvested 

from the control treatment averaged 135 fish per 

tank. Survival rate increased with the rate of 

water renewal in the biofloc treatments. The 

high survival rates in the biofloc treatments were 

related to its better water quality according to 

Crab et al. (2012) and Wasielesky et  al. (2013).  

Biofloc systems contributed to the rapid growth 

(Emerenciano et al., 2012 a,b and  Viau et al., 

2012), better survival (Yta et al.,2004) and 

reduced production costs (Wasielesky et al., 

2013) through increasing the number of crops in 

temperate areas. Wasielesky et al. (2013) 

indicated that excessive increase in stocking 

density may decrease growth rate.  

3.3.Feed performance 

Feeding fish at 100 g diet/m
3
/day yielded 

similar harvest volume compared to those fed 75 

g diet/m
3
/day. Under the current experimental 

conditions, the lowest cost per kilogram of Nile 

tilapia produced was observed when feeding at 

75 g diet/m
3
/day with weekly partial water 

renewal in biofloc tanks. In general, feed 

conversion ratios were better in biofloc tanks 

under weekly water renewal compared to those 

of the biweekly water renewal at the same feed  

input per day.   
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Feed conversion ratios averaged 1.21- 1.43:1 

in the 75 grams diet /m
3
 treatments, being better 

than those of the 100 grams diet/m
3
 treatments 

(1.45 -1.76 : 1 ). The biofloc treatments had 

better FCR ratios than the control treatment 

(1.97: 1).  

Ballester et al. (2010) reported that dietary 

protein level can be reduced by 10%, without 

affecting growth performance of shrimp when 

reared in biofloc system.  Xu and Pan (2014) 

pointed out that biofloc not only maintained 

water quality suitable for shrimp culture but also 

supplemented additional source of protein, 

resulting in high survival and similar growth 

performance. 

The biofloc could provide additional source 

of protein (bacterial protein) necessary for 

aquatic animals nutrition which adds up to 

protein  inputs (Ballester et al., 2010 ; Decamp 

et al., 2002 ;  Hari et al., 2004). Biofloc systems 

provide fish with bacterial matter which is a 

source of protein nutrition and bioactive 

compounds that improve digestion (Ju et al., 

2008 a,b  ; Xu and Pan, 2012). Moreover , the 

biofloc technology involves high production rate 

and feed protein recycling (Crab et al., 2012; 

Little et al., 2008).  

The nutritional composition of the bioflocs 

improved the nutritional efficiency of fish and is 

considered a valuable food source (Azim and 

little, 2008 ; Luo et al., 2013). Nile tilapia   can 

feed on biofloc particles in tank water, 

consequently, increasing the efficiency of 

protein utilization in the biofloc treatments 

compared to the control treatment.   Biofloc can 

be an important feed supplement in shrimp and 

tilapia diets, improving digestion and protein 

efficiency (Otoshi et al., 2011; Xu et al., 2012 ; 

Wasielesky et al., 2013). The current study 

indicated the importance of natural food 

(Bacterial community) in the improvement of 

feed utilization under intensive aquaculture 

conditions. 

All biofloc treatments produced harvest 

volumes (productivity) similar to that of the 

control treatment (5.15 to 6.08 kg/m
3
). 

Moreover, feed conversion ratios, PER values 

and economic efficiencies of the biofloc 

treatments were better than those of the control 

treatment. 

Water pumping costs of the control treatment 

was 6-12 times (6 m
3
/tank/week) compared to 

those of the biofloc treatments (0.5-

1m
3
/tank/week). Consequently, the biofloc 

system is more suitable in desert aquaculture in 

terms of water consumption needed to produce 

fish under limited water resources and high 

pumping costs. Currently, water pumping costs 

in desert areas in Egypt  range from 0.25 to 0.5 

L.E. /m
3
 of water which needed to be used 

efficiently in integrated agriculture systems. 

The natural food offered through the growth 

of heterotrophic bacteria provided high-quality 

feed supplement rich in crude protein to aquatic 

animals (Emerenciano et al., 2012; Wasielesky 

et al., 2013), consequently, improved feed 

utilization and better FCR are expected 

(Wasielesky et al., 2006). Better FCR of Nile 

tilapia in the biofloc treatments indicated that 

tilapia had high ability to graze on bacterial 

community under restricted feeding. 

Conclusion 

This study investigated the effects of 

restricted feeding and water renewal rates on 

growth and feed efficiency of Nile tilapia. The 

results indicated that the biofloc treatments were 

more efficient in terms of FCR and PER values 

due to feed restriction to 75 to 100 g diet 

/m
3
/day. The control treatment which was fed to 

satiation at 125 g diet/m
3
/day produced better 

final body weight and daily weight gain with 

less feed efficiency, reduced survival rates and 

higher pumping costs.  
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 يالنيل يداء النمو للبلطأو هعلى جودة الميا هالبيوفلوك والتجديد الجزئى للمياتأثير التغذية المحدودة فى نظام 

 

 امل فرج يونس –رشا خالد عبد الواحد  –محمد النادى احمد 

 

 مصر -الجيزة  – جامعة القاهرة –كلية الزراعة  –انتاج الحيوانى لإقسم ا

 

 ملخص

 (حزمة من البكتريا والفطريات والطحالب) بنظام البيوفلوك هتمت التجربه الحاليه بدراسة تاثير التغذيه المحدودهإ

شتمل تصميم التجربه إوقد . يالنيل يداء النمو وكفاءة التغذيه للبلطأسماك علي لأحواض تربية األلمياه في  ئىوالتجديد الجز

م/جرام عليقه  011-57)ربعة معاملات بيوفلوك تستخدم مستويين من التغذيه أعلى 
3

ومستوين من التجديد الجزئى ( يوم/ 

.شباع مع تجديد المياه كل يومينلإسماك في معاملة الكنترول كانت عند حد الأاما تغذية ا(. كل اسبوعين -سبوعياأ)للمياه 
 

ستزراع البلطي النيلي لإحواض داخل الحدود المقبوله المناسبه لأمونيا الكليه في مياه الأكانت متوسطات تركيزات ا

حواض بين لأوقد تراوحت تركيزات النتريت في مياه ا.مع عدم وجود فروق معنويه بين المعاملات ( لتر/ملجم1.0-0.11)

ما تركيزات النترات في مياه أ. لتر بين المعاملات المختلفه وهي تركيزات مثاليه لنمو البلطي النيلي/ملجم 170.-1.37

وقد تميزت معاملات البيوفلوك . ملجم في اللتر 00.1-2..1وتراوحت بين حواض كانت تقريبا متشابهه بين المعاملات لأا

زمه لنشاط بكتيريا النيترة حيث كانت تركيزات النترات مرتفعه لآخلال الدراسه الحاليه بانها في مرحلة التغذيه الكيمائيه ال

عملية النيترة كانت تتم عند معدلات ن تركيزات النتريت والنترات تدل على ان أوضحت الدراسه أوقد . خلال هذه الدراسه

ملليتر في اللتر بدون وجود فروق معنويه بين  01.0-32.0بالنسبه لحجم مادة البيوفلوك فقد تراوحت بين أما.مثاليه 

ما بالنسبه لوزن الحصاد أ. لي التجديد الجزئي للمياهإالمعاملات العاليه والمنخفضه في معدل التغذيه الصناعيه وهذا يرجع 

كانت اقل معنويا (سمكه/جرام  ..05-77.2)ن وزن الحصاد في معاملات البيوفلوك أظهرت التجربه أسماك البلطي أ في

وبالرغم من ذلك كان الوزن الكلي للحصاد في جميع المعاملات متساوي معنويا (.سمكه/جرام 0.0.)من معاملة الكنترول

وهذا يرجع .مكعب في معاملات البيوفلوك ومعاملة الكنترول متر / سماكأكيلو جرام  0.12-7.07حيث كان يتراوح بين 

وايضا تميزت معاملات .ن نسبة الحياه كانت مرتفعه في معاملات البيوفلوك وكانت منخفضه في معاملة الكنترول ألي إ

 (.0,5020-0210)ومعدل التحويل الغذائي المثالي ( .1.7-1.00)البيوفلوك بالكفاءه العاليه في نسبة كفاءة البروتين 

سماك البلطي النيلي في نظام البيوفلوك أن نستخدم التغذيه المحدوده عند تربية أنه من الممكن أولذلك توضح التجربه  

وقد كانت معاملات البيوفلوك ذات كفاءه عاليه من ناحية معدل التحويل الغذائي ونسبة كفاءة البروتين ونسبة الحياه في 

لي التغذيه إشباع لإالحاليه بانه من الممكن تقليل معدل تغذيه البلطي النيلي من مستوي الذلك توصي الدراسه .حواض لأا

ويساهم وجود البيوفلوك في مياه .و معدل التحويل الغذائي أو نسبة الحياه أالمحدوده بدون التاثير على حجم المحصول 
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