
JOURNAL OF THE 

ARABIAN AQUACULTURE SOCIETY 

Vol. 9 No 1 Arabian Aquaculture Conference May 2014 
 

© Copyright by the Arabian Aquaculture Society 2014 

113 

 

Nutrient Optimization for the Production of Microbial Flocs in 

Suspended Growth Bioreactors 

Aya S. Hussain *, Deyaaedin A. Mohammad, Elham M. Ali and Wafaa S. Sallam 

* Suez University, Faculty of Science, Department of Environmental Science. 

* E-mail: ayasaied04@yahoo.com 

*Corresponding Author 

ABSTRACT 

Four successive experiments were carried out to determine the best combination of 

nutrients that could be added to sea water to enhance microbes to produce biofloc. In the first 

experiment, four levels of Nitrogen/ Phosphorus (N/P) ratio were tried with two sets of treatments 

for the four levels; with and without chicken manure. The level 4:1 from the second treatment was 

significantly (P <0.001) higher in dry weight (DW) and crude protein (CP) than the others. The 

second experiment aimed to using five levels of carbon/ nitrogen (C/N) ratios. The level (16:1) 

differed significantly, it was the highest in DW but its CP was slightly lower (P <0.001). This level 

was used in the third experiment with different carbon sources. The obtained DW from the rice 

meal was slightly higher, in contrast, the CP of the corn meal was the highest (P <0.001). In the 

fourth experiment a larger scale production of biofloc units using the best carbon source were used 

in different water sources. DW and CP of the biofloc for both trials were weakly significant (P 

<0.526). The nutritional composition of microbial flocs produced showed that CP was the highest 

component (39%). The study suggested that microbial protein could replace fishmeal or other 

protein sources in fish and shrimp feeding due to its good nutritional value and appropriate amino-

acid profile which make it suitable for feeding omnivorous cultured species. 
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INTRODUCTION  

In aquaculture practices, large 

quantities of wastes are produced; containing 

solids (e.g. feces and uneaten feed) and 

nutrients (e.g. nitrogen and phosphorus). This 

can be detrimental to the environment by 

causing eutrophication (Wetzel, 2001) or/ and 

by being toxic to aquatic fauna (Kuhn et al., 

2010), if managed improperly. Many practices 

were applied to improve water quality of 

farms. One of these good practices is the 

biofloc technology (BFT) which could offer a 

solution to the problems resulted (De Schryver 

et al., 2008). If carbon and nitrogen are well 

balanced in the water, ammonium in addition 

to organic nitrogenous waste will be converted 

into bacterial biomass (Schneider et al., 2005). 

By adding carbohydrates, heterotrophic 

bacterial growth is stimulated and nitrogen 

uptake through the production of microbial 

proteins takes place (Avnimelech, 1999).  

Biofloc technology is a technique of 

enhancing water quality through the addition 

of extra carbon to the aquaculture system, 

through an external carbon source or elevated 

carbon content of the feed (Hargreaves, 2006). 

This promoted nitrogen uptake by microbial 

growth decreases the ammonium 
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concentration more rapidly than nitrification 

(Hargreaves, 2006). Immobilization of 

ammonium by heterotrophic bacteria occurs 

much more rapidly because the growth rate 

and microbial biomass productivity per unit 

substrate of heterotrophic organisms are a 

factor 10 higher than that caused by the 

nitrifying bacteria (Crab et al., 2012).  

Biofloc is composed of a variety of 

microorganisms, uneaten feed, feces, and 

detritus, and the particles are kept in 

suspension with water propulsion and 

aeration. Biofloc offers numerous ecological 

advantages for microbes, including protection 

from predators, direct access to nutrients, and 

necessary substrate area (De Schryver et al., 

2008). It is thought to provide a packaging of 

microbial proteins and nutrients that is directly 

accessible to culture animals (Avnimelech, 

2009; Burford et al., 2004). Biofloc 

technology (BFT) can be considered a culture 

technique in which water quality is maintained 

and in situ animal feed is simultaneously 

produced in the form of biofloc particles 

(Crab et al., 2007). 

Biofloc technology makes it possible to 

minimize water exchange and usage in 

aquaculture systems through maintaining 

adequate water quality within the culture unit, 

while producing low cost protein-rich 

bioflocs, which can serve as a feed for aquatic 

organisms (Crab et al., 2012). Compared to 

conventional water treatment technologies 

used in aquaculture, biofloc technology 

provides a more economical alternative 

(decrease of water treatment expenses in the 

order of 30%), and additionally, a potential 

gain on feed expenses (the efficiency of 

protein utilization is twice as high in biofloc 

technology systems when compared to 

conventional ponds). Therefore, biofloc 

technology is a low-cost sustainable 

constituent to future aquaculture development 

(Avnimelech, 2009). It could also be used in 

the specific case of maintaining appropriate 

water temperature, good water quality and 

high fish/shrimp survival in low/no water 

exchange, greenhouse ponds to overcome 

periods of lower temperature during winter 

(Crab et al., 2012). In addition, Crab et al. 

(2010b) have recently shown that biofloc 

technology constitutes a possible alternative 

measure to fight pathogens in aquaculture.   

Due to the great advantages of the 

biofloc technology, it has been applied in fin 

fish farming (Azim et al., 2008; Avnimelech 

and Kochba, 2009; Schrader et al., 2011 and 

Widanarni et al., 2012), wastewater treatment 

(Guo et al., 2010; Khezry, 2012 and Luo et 

al., 2013) and  shrimp farming (Megahed, 

2010; Nunes and Castro, 2010; Ray et al., 

2011; Bauer et al., 2012; Emerenciano et al., 

2012; Moss et al., 2012; Baloi et al., 2013 and 

Emerenciano et al., 2013). The power 

requirement for mixing and aeration far 

exceeds that for conventional ponds and most 

recirculating systems (Hargreaves, 2013). 

Since, intensive aeration rates could not be 

applied to earthen ponds without significant 

erosion; most biofloc systems are lined 

(Hargreaves, 2013). 

This study evaluates the effect of nutrient 

addition on the productivity and nutritional 

value of the biofloc produced in indoor 

bioreactors. It also aims to determine the best 

combination of nutrients that could be added 

to sea water to enhance microbes to produce 

biofloc which can be used in further studies 

for fish or shrimp feeding. 
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MATERIALS AND METHODS 

Effect of addition of nutrients on the 

productivity and nutritional value of the 

biofloc 

1. Experimental setup 

Four successive experiments were 

carried out. Nutrients used were: urea (as a 

source of nitrogen with a 45% N), super 

phosphate (as a source of phosphorus with 

20% P), chicken manure (as an organic 

fertilizer) and corn starch, corn meal, rice 

meal and rice bran (as a source of carbon). 

These nutrients were used with varying ratios 

in order to obtain the best productivity and 

nutritional value of microbial protein from the 

biofloc.  

In the first experiment, four levels of 

Nitrogen/ Phosphorus (N/P) ratio were used. 

The concentration of nitrogen added to the sea 

water was changed in each level keeping the 

amounts of the other nutrients constant. The 

best N/P level that gave the best productivity 

and nutritional value was then selected and 

used in the following experiment. The second 

experiment aimed at using five levels of 

carbon/ nitrogen (C/N) ratios, only the carbon 

ratio was variable while the quantities of the 

other nutrients remained unchanged. The best 

C/N ratio was used in the third experiment 

with different carbon sources. In the fourth 

experiment, a large scale production of biofloc 

using the best carbon source in different water 

sources were carried out. Experiments took 

place in the Mariculture laboratory, at the 

department of Marine science, Suez Canal 

University, Ismailia. 

Seawater with 30‰ salinity collected 

from the Beach Club, Ismailia was used for all 

experiments. In the laboratory, two steel 

chains were fixed and hung from the ceiling. 

To which, a long ruler-shaped metal piece 

(1.5m long) with fifteen slots was attached. 

Two fluorescent lamps were hung between the 

two chains. Polyethylene bags filled with ten 

liters of seawater were hung to the metal piece 

by means of hooks. These bags rested on a 

table to compensate the weight. The water 

inside the bags was agitated using a silicone 

tube connected to an air blower. The top of the 

bags were loosely tied up with straps. 

2. Production of biofloc 

Productivity of biofloc was assessed 

in terms of biomass. At the end of each 

experiment, bags were opened by cutting their 

upper parts to let the supernatant water flow 

out leaving the rest of water which contains 

the biofloc at the bottom. This water was 

poured into plastic bottles and placed in the 

refrigerator for 24hrs. Next, excess seawater 

was decanted away and the concentrated 

biofloc was poured in Petri dishes. They were 

then dried overnight in a laboratory oven at 

70°C. The dried biofloc was weighed using an 

electrical balance then transferred into small 

plastic bags and kept in the freezer at (-4°C) 

for further analysis. The same procedure was 

used in experiment 4 except that the 

concentrated biofloc was dried in a laboratory 

oven for 48 hrs. After each experiment, the 

biofloc was analyzed for the proximate 
composition to determine the best level of 

nutrients in terms of productivity and 

nutritional value that could be used in the next 

experiment. 

3. Experiment 1: Determination of the best 

ratio of Nitrogen/ Phosphorus (N/P)  
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Four ratios of N/P were tried: 1:1, 

2:1, 4:1 and 8:1. Two sets of treatments for 

the four levels were made (using three 

replicates for each level).  Twelve 

polyethylene bags were used for each 

treatment; the first group of bags had no 

organic fertilizer, while 0.05g chicken manure 

was added to each bag of the second. Added 

nutrients were the same in both sets: 0.025g of 

super phosphate and 0.1g of corn starch. The 

amounts of added urea were calculated 

according to the used percentage of 

phosphorus so that it became relative to each 

of the four ratios, they were: 0.02g, 0.04g, 

0.08g and 0.15g to the ratios: 1:1, 2:1, 4:1 and 

8:1 respectively. This experiment was carried 

out within the period from 8/7/2012 to 

21/7/2012. 

4. Experiment 2: Determination of the best 

ratio of Carbon/ Nitrogen (C/N)  

Five ratios of C/N were tried: 1:1, 

2:1, 4:1, 8:1 and 16:1 with three replicates for 

each. Fertilizers added were those used for the 

4:1level in the second treatment of the N/P 

experiment. 0.08g of urea, 0.025g of super 

phosphate and 0.05g of chicken manure were 

used. The amounts of corn starch were also 

calculated according to the used percentage of 

urea so that it became relative to each of the 

five ratios, they were: 0.04g, 0.15g, 0.3g, 0.6g 

and 1.2g to the ratios: 1:1, 2:1, 4:1, 8:1 and 

16:1  respectively. This experiment was 

carried out within the period from 27/9/2012 

to 11/10/2012. 

5. Experiment 3: Determination of the best 

carbon source 

Three different sources of carbon 

were used, namely; corn meal, rice bran and 

rice meal with three replicates for each. A 

fixed weight (1.2g) was added to each bag. 

Fertilizers added were those used for the 

16:1level of the C/N experiment. 0.08g of 

urea, 0.025g of super phosphate and 0.05g of 

chicken manure were used. This experiment 

was carried out within the period from 

10/11/2012 to 23/11/2012. 

6. Experiment 4: Production of biofloc in 

larger units with different water sources 

Six 100L plastic tanks were used, 

three replicates for each water source (fresh 

and sea water). Freshwater sample was 

collected from Al-Raswa Farm.  Water 

temperature was adjusted at 30°C ± 1. 

Fertilizers added were those used for the 

16:1level of the 3
rd

 experiment but multiplied 

by ten considering the volume factor (100L 

instead of 10L). 0.8g of urea, 0.25g of super 

phosphate, 0.5 g of chicken manure and 12 g 

of rice meal were used. Water agitation was 

provided by an air blower. This experiment 

was carried out within the period from 21/1to 

4/2/2013.  

7. Determination of the nutritional 

composition of biofloc 

Biofloc was analyzed for the 

proximate composition using the Association 

of Analytical Chemist Methods (AOAC, 

2000). The analysis was carried out at the 

Regional Center for Food and Agriculture 

(RCFF), Agriculture Research Center (ARC), 

Giza, Egypt. Moisture content was determined 

by drying the biofloc in an oven at 85
o
C until 

a constant weight was reached. Crude protein 
was determined according to Kjeldahl Method 

(AOAC, 1990). Total fat was determined 

according to Floch et al., (1957). The 
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carbohydrate content was estimated according 

to Merrill and Watt, (1973): 

carbohydrate=100− (ash+ crude protein+ 

moisture+ total fat). Amino acid profile was 

determined according to AOAC, (1990). 

Mean values in the 4
th

 experiment were 

calculated for three freshwater and three 

seawater replicates. 

8. Identification and imaging of 

microorganisms groups in the biofloc 

A water sample from the sea water 

tank was taken and diluted with pre-filtered 

water from the same tank. The sample was 

examined underneath a light microscope and 

different microorganisms were identified into 

groups. Another sample was taken, stained 

with Acridine orange according to Acridine 

orange direct count (AODC) method (AOAC, 

2000) then examined and photographed at a 

magnification power 40 underneath a 

fluorescent microscope for the detection of 

bacteria. Images of bacterial floc were taken 

using a digital camera connected to a desktop 

computer and attached to the microscope. 

Imaging took place at the Biotechnology 

Research Center, Suez Canal University, 

Ismailia.   

9. Statistical analysis 

Data was transformed into log
10

 for 

computations. One way and two ways 

analyses of variance (ANOVA) were 

performed using SYSTAT (V.10.2.05, 2002) 

to determine the effect of nutrients addition on 

the productivity and quality of biofloc. The 

5% significance ratio was applied to all 

experiments. Differences among means of the 

obtained data were assessed by the Tukey post 

hoc tests (Zar, 1996) (alpha = 0.05). 

10. Cost analysis 

Calculations of the production cost of 

biofloc meal were carried out based on the 

level of nutrients that yielded the highest dry 

weight. The cost was calculated for a large 

scale system of a 1,000 square meters pond 

with one meter depth. Costs included those for 

pond preparation and equipments as well as 

operational ones such as price of nutrients and 

running the system. 

RESULTS 

1. The best Nitrogen/ Phosphorus (N/P) 

ratio 

The produced amount of biofloc (3g) 

was sufficient enough to estimate the 

percentage of crude protein only. Dry weight 

(DW) and crude protein percentage (CP) of 

the biofloc produced from the four levels of 

the second treatment were higher than those of 

the first treatment (Fig. 1 and 2). The highest 

DW (2.6g) and CP (27%) was produced from 

the second treatment; however, N\P levels of 

4:1 and 8:1 showed approximately the same 

DW and CP. Dry weight and crude protein 

percentage of the biofloc produced were 

significantly different (P <0.001) from the two 

treatments. 

http://www.bhphotovideo.com/c/product/964868-REG/zeiss_415500_0051_000000_primo_star_student_hal_led.html
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(Figs.1 and 2): Dry weight and crude protein percentage of the biofloc obtained at different levels of N/ P ratios.

1. The best Carbon/ Nitrogen (C/N) ratio 

The four C/N levels (1:1, 2:1, 4:1and 

8:1) had minor differences in DW content, in 

contrast, they differed greatly in CP 

percentages (Figs. 3 and 4). The level (2:1) 

was higher in DW (3.8g) as well as CP 

(35.3%) than the others. However, the fifth 

trial (16:1) showed the highest DW value (9g) 

with a relatively lower percentage of CP 

(25.3%). Differences in the DW and CP 

values between the five levels were 

significantly different (P <0.001). 

2. The best carbon source 

The DW obtained from the rice meal 

was higher than corn meal and rice bran (Figs. 

5 and 6). In contrast, the CP of the corn meal 

was higher than rice bran and the rice meal. 

Variations in the DW and CP values between 

the three carbon sources were significantly 

different (P <0.001). 

3. The best carbon source 

The DW obtained from the rice meal 

was higher than corn meal and rice bran (Figs. 

5 and 6). In contrast, the CP of the corn meal 

was higher than rice bran and the rice meal. 

Variations in the DW and CP values between 

the three carbon sources were significantly 

different (P <0.001). 

 

(Figs. 3 and 4): Dry weight and crude protein percentage of the biofloc obtained at different levels of C/N ratios. 
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(Figs. 5 and 6): Dry weight and crude protein percentage of the biofloc obtained from different carbon sources. 

- Amino acids profile 

Corn meal exhibited higher values of 

amino acids than those of rice meal and rice 

bran (Table 1). Some amino acids (e.g. 

Cystine and DL-Methionine) were absent (or 

found in undetected concentrations) in the 

biofloc produced from corn meal and rice 

bran. Differences in amino acid profile values 

between the three carbon sources were 

significantly significant (P <0.001). 

4. Production of biofloc in larger units 

with different water sources 

DW and CP of the biofloc produced 

from the seawater were slightly higher than 

those obtained from fresh water (Table 2). 

Differences of the DW and CP values of the 

biofloc from both trials were not statistically 

significant (P <0.526, P <0.184). 

- Nutritional composition of bioflocs 

Crude protein was the highest 

component in the biofloc (39%) (Table 3), 

followed by carbohydrates (30%) then ash 

(18%). Crude fiber and fat were the lowest 

components obtained. 

Table 1: Amino acids profile (expressed as mg/ 100 mg dry weight) of the biofloc obtained 

from the different carbon sources. 
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Corn 

meal 
2.5 1.4 1.3 2 0.6 1.4 1.5 1.1 - 4 2.6 1.7 1.9 1.5 0.9 - 1.4 

Rice 

bran 
1.3 0.8 0.9 1.4 0.3 0.8 0.7 0.6 - 1.9 1.5 0.8 1 0.9 0.4 - 0.8 

Rice 

meal 
1.7 1.6 1.2 1.2 0.3 1 0.9 0.8 0.23 3.6 2.4 1.1 1.4 1.3 0.2 0.47 1.3 
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Table 2: Dry weight values of biofloc and their crude protein percentages produced from fresh and sea 

water. 

Source of water 
Dry Weight of biofloc (g) 

(mean±SD) (*10) 

Crude Protein percentage of biofloc 

(mean± SD) 

Seawater 9.4±0.21 41.7±0.72 

Freshwater 9.3±0.38 39.2±2.6 

Legend: SD: Standard deviation. 

 

Table 3: Nutritional composition of biofloc, mean values and standard errors. 

Nutritional 

composition of 

biofloc 

(n= 6) 

Crude 

protein 
Carbohydrates 

Crude 

fat 

Crude 

fiber 
Total ash Total 

mean± SD 

(g/100g) 
39± 1 30± 1.7 1.1± 0.1 13± 0.5 18± 2.2 Approximately 

100 

Legend: SD: Standard deviation; n: number of replicates. 

5. Identification and imaging of 

microorganisms groups in the biofloc 

Six groups of organisms were 

identified: chlorophytes, diatoms, 

dinoflagellates, nematodes, rotifers, and 

cyanobacteria (Plate 1). 

 
Plate 1: Composition of biofloc, A: biofloc particle, C: chlorophytes, N: nematode and R: rotifers. 
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Plate 1 shows the structure of a biofloc 

particle and the different floc associated 

organisms. (A) a biofloc particle, is a mixture 

of micro-organisms (floc-formers and 

filamentous bacteria), particles, colloids and 

dead cells. (B) high abundance of 

chlorophytes, also called green algae, 

nematodes (N) and rotifers (R). Nematods 

were observed feeding on the flocs in fresh 

samples examined under the microscope. 

Fluorescent images clearly showed the 

clusters of stained bacterial cells which in the 

biofloc (Plate 2). Flocs' particles varied in size 

ranging from 50 to 200 μm. 

 
Plate 2: A fluorescent image of a 14-days-old bacterial floc stained with Acridine orange.

6. Cost analysis 

The level of nutrients 16:1 of the 3
rd

 

experiment yielded the highest dry weight of 

biofloc (9.51g) (Fig. 5) and was therefore used 

to calculate the costs. Establishing costs of 

this system was based on two major 

categories; fixed and operational costs. 

The sum was then multiplied by 1000/9 

in order to find the total cost of one kilogram 

of biofloc meal in Egyptian pounds as 

follows: 

- Cost of added nutrients = 0.003 LE.  

- Cost of one kilogram of biofloc 

meal= 1000/9 X 0.003 = 0.333= 33 

pt.  

- Cost of biofloc meal per ton= 0.333 

X 1000 = 333 LE. 

The calculation of the total expenses 

for the production of one ton of biofloc meal 

including the operating costs during the 15 

days experimental period was as follows: 

Cost of pond liners + Aeration cost + 

Power cost + Labor cost 
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Cost 

category 
Description 

Amount 

(LE) 

Fixed costs 

1. Lining the pond with a half millimeter thickness 

polyethylene sheet 

11000 LE 

2. One horse capacity aerator 3000 LE 

Operational 

costs 

1. Energy of running the aerator per month 100 LE 

2. The price of nutrients per kilo gram as follow;  

1 Kg urea 

1 Kg super phosphate 

1 Kg chicken manure 

1 Kg broken rice 

 

3 LE 

2 LE 

0.5 LE 

2 LE 

3. Labor cost per month 200 LE 

The cost of added nutrients was calculated by multiplying the amount of 

each type by its price.  

Nutrient Cost 

Urea 0.08 * 0,003 = 0.00024 LE 

Super phosphate 0.0025 * 0,002 = 0.000005 LE 

Chicken manure 0.05 * 0.0005 = 0.000025 LE  

Broken rice 1.2 * 0.002 = 0.0024 LE 

Total 0.003 LE 

These are added to the cost of nutrients 

used: 11000+ 3000+ 100+ 200+ 333 = 14633 

LE. For the regular farming period in Egypt 

(six months), expenses reach up to 21596 LE 

according to the following equation: 

Cost of pond liners + Aeration cost + 

[(Nutrients cost + Labor cost + Power cost) X 

2 tons X 6 months] =  

11000 +3000 + [(333+ 200+ 

100) X 2 X 6] = 21596 LE 

To calculate the cost of one ton, the 

total expenses was divided by 12 as follow; 

21596/ 12 = 1800 LE of biofloc meal per ton, 

which is equivalent to 257$ U.S.A according 

to the exchange rate in April 2014. 

Assuming that this system is usable for 

3 years, the cost can be calculated as follows:  

11000 +3000 + [(333+ 200+ 100) X 3 X 12] = 

36788 LE 

The cost per ton = 36788/36 tons = 1021 LE, 

which is equivalent to 143$ U.S.A at the 

exchange rate in April 2014. 
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DISCUSSION 

Biofloc technology (BFT) has been 

used as a promising alternative grow-out 

systems and a method for obtaining protein 

for diets that originated from the diverse 

mico-organisms (Emerenciano et al., 2013). 

The present study aimed to produce an 

inexpensive biofloc meal that could be used in 

aquaculture systems and to evaluate its 

nutritional characteristics under fully 

controlled conditions.  

1. The best Nitrogen/ Phosphorus (N/P) 

ratio 

The obtained results revealed that the 

highest dry weight content and crude protein 

percentages were produced from the levels 4:1 

and 8:1 in the second treatment (with organic 

manure). This result is in accordance with that 

reported by Hepher and Pruginin, (1981) 

who applied different N/P levels in a fish pond 

in Israel and reported that the healthiest N/ P 

ratio was 4:1. They concluded that levels of P 

over 0.4 mg/l and over 1.5 mg/l in the water 

were not useful in increasing the productivity 

of the pond. This high value of crude protein 

recorded in the present study can be referred 

to the addition of organic manure. Organic 

manure, which includes detritus, has been 

reported to be a rich source of nutrients 

(Wade and Stirling, 1999b). The values 

obtained from the levels 4:1 and 8:1 were 

approximately the same. This implies that 

organic manure should be used in limited 

quantities since its excessive addition is 

useless. Boyd and Massaut, (1999) reported 

that the decomposition of manure by bacteria 

requires oxygen, and the amount of manure 

that can safely be added to a pond depends on 

the biochemical oxygen demand of the 

manure. They explained that adding manures 

to a pond increases the potential for low 

oxygen concentrations in pond water and pond 

effluents. When applying organic manure to 

ponds, they may serve as direct sources of 

food for invertebrates and fishes, or they may 

decompose slowly to release inorganic 

nutrients that stimulate phytoplankton growth. 

Excessive growth of phytoplankton or 

eutrophication will eventually change the 

water quality of the pond, thus leading fish 

farmers to increase the aeration which is quite 

costly. 

2. The best Carbon/ Nitrogen (C/N) ratio 

The level 16:1yeilded the highest 

value of dry weight (9g) and a considerably 

high percentage of crude protein (25.3%). It is 

therefore suggested that this level could be 

used as a replacement of fishmeal in the diet 

of farmed organisms particularly shrimps 

since they need a high protein diet. Fontenot 

et al., (2007) used four C: N ratios (5:1, 10:1, 

20:1 and 30:1) in treating shrimp aquaculture 

wastewater in South Carolina by adding 

molasses or ammonium salt. The wastewater 

was successfully treated using a sequencing 

batch reactor (SBR). They reported that the C: 

N ratio of 10:1 gave the best results in terms 

of maximum inorganic nitrogen removal from 

wastewater. However, they did not quantify 

the bacterial biomass in this optimum C: N 

ratio since the objective of the experiment was 

to treat wastewater rather than producing 

microbial protein. On the other hand, the level 

2:1 in the present study gave the highest 

percentage of crude protein (35.3%) and the 

lowest content of dry weight (3.8g).  

Crude protein percentages of the 

biofloc collected from the different trials were 

within the range of those which have been 

previously reported (Azim and Little, 2008; 
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De Schryver and Verstraete, 2009; Crab et 

al., 2010; Ekasari et al., 2010). Widanarni et 

al., (2012) reported that protein requirement 

for grow out culture of red tilapia in outdoor 

concrete tanks, Indonesia, varied from 20 to 

42%. Consequently, the present study 

proposes the introduction of the BFT in the 

farming trials of red tilapia in Egypt and 

encourages the use of the C/N level 16:1 as it 

could fulfill the dietary requirement of this 

fish. 

3. The best carbon source 

The results showed that the crude 

protein percentage of the biofloc produced 

from the first trial (with corn meal as a carbon 

source) was the highest (45%), followed by 

rice bran (44%) and rice meal (42%), 

respectively. In contrast, the dry weight of 

biofloc produced from rice meal (9.51g) was 

higher than that of corn meal (9.15g) and rice 

bran (8.9g), respectively. These findings were 

similar to the CP content obtained by Ekasari 

et al., (2010) who used two carbon sources; 

sugar and glycerol, as the first variable, and 

two different levels of salinity, 0 and 30 ppt, 

as the second variable to produce biofloc in 

reactors in Belgium. The reactors in which the 

BFT was applied consisted of rectangular 

plastic containers. They reported that crude 

protein of the biofloc from both trials were in 

a range of 18-42% and concluded that there 

was no effect of both organic carbon sources 

on the crude protein of the biofloc. 

The amino acid profile of the biofloc 

produced showed that corn meal had higher 

values of amino acids than rice meal and rice 

bran, respectively. However, some of the 

essential amino acids (such as DL-

Methionine) and nonessential amino acids 

(such as Cystine) were missing from that 

produced from corn meal and rice bran. Our 

results are consistent to those given by Logan 

et al., (2010) who performed two feeding 

trials on the Pacific white shrimp Litopenaeus 

vannamei at Texas Agrilife Mariculture Lab in 

USA. One feed was formulated from biofloc 

as a protein source with no fishmeal and 

another with fishmeal. They recorded 

excellent growth and health in animals that 

consumed microbial protein in their diet and 

concluded that the protein content and amino 

acid composition of the biofloc was very 

similar to those of fishmeal. 

The present study suggests that rice 

meal could be used as a carbon source in 

farming organisms in Egypt. Firstly because 

it's a local produce, secondly, it's cheaper than 

corn since fish farmers use broken rice, and 

thirdly, because most of the corn species 

imported by Egypt are genetically engineered 

ones which would eventually impact farmed 

species. El-Shamei et al., (2012) studied the 

histopathological changes in some organs of 

male rats fed on genetically modified corn 

(GM) and reported that liver, kidneys, testes, 

spleen were badly affected. They suggested 

further investigations of the possible effects of 

GM food consumption by farmed species 

which might help in the market surveillance. 

4. Production of biofloc in larger units with 

different water sources  

No significant differences were 

found between the two sources of water. The 

mean crude protein percentage of the biofloc 

in fresh and saline water was (33%). This was 

in correspondence with other studies carried 

out in saline water (Tacon et al., 2002; Ju et 
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al., 2008; Ekasari et al., 2010), as well as, in 

freshwater (Vanstechelman, 2008). 

The mean carbohydrate content from 

both trials was 30% while crude fiber was 

13%. According to Emerenciano et al., 

(2013), the protein, carbohydrates, fiber and 

ash content in biofloc particles could vary 

substantially (12 to 49, 18 to 36, 0.8 to 16.2 

and 13 to 46%, respectively). The value of 

crude fat of the biofloc produced in the 

present study was within the range of those 

which have been previously reported (Kuhn 

et al., 2009; 2010). 

The mean ash content of the biofloc 

was 22%, which agreed with other studies, 

(Tacon et al., 2002; Azim et al., 2007; Ju et 

al., 2008). Tacon et al., (2002) suggested that 

the high ash content in the biofloc was 

probably related to the presence of acid 

insoluble oxides and mixed silicates. 

5. Identification and imaging of 

microorganisms groups in the biofloc 

Six groups of organisms were 

identified: chlorophytes, diatoms, 

dinoflagellates, nematodes, rotifers, and 

cyanobacteria. This result is in accordance 

with Ray et al., (2010), who studied the 

characterization of microbial communities in 

minimal-exchange, intensive aquaculture 

systems and reported that the abundance of 

chlorophytes was higher than diatoms and 

heterotrophic dinoflagellates. They attributed 

the reason to the competition for resources 

existed between chlorophytes and diatoms. On 

the other hand, nematodes and rotifers were 

observed grazing on the floc particles. Such 

observation reflects the vitality of the biofloc 

community in which the interactions between 

organisms take place. Cyanobacteria were 

detected by means of fluorescent microscope. 

This finding has been documented by other 

studies (Azim and Little, 2008; Azim et al., 

2008; Ray et al., 2010). Logan et al., (2010) 

reported that bacterial generation times are 

much shorter than those of yeasts or algae, 

often on the order of 20 to 30 minutes rather 

than the hours or even days required by the 

other organisms. 

6. Cost analysis 

According to the potential estimates 

of the costs of producing a metric ton of dry 

weight from the biofloc meal is approximately 

143$. The global soy meal market varied 

approximately from $470 to $615/ metric ton 

in April 2014. During the same period, 

fishmeal varied approximately from $1500 to 

$2000, suggesting feasibility on replacement 

of either soybean and/or fish meal by biofloc 

meal.  

Overall, the study showed that the 

nutritional composition of biofloc can be 

sufficient to omnivorous organisms in terms 

of satisfying their needs of protein and 

essential amino acids, therefore analyzing the 

factors affecting as well as other nutritional 

parameters such as fatty acid profile and 

vitamins which are important in fish or shrimp 

nutrition are of interest. 

Biofloc technology will enable 

aquaculture grow towards an environmental 

friendly approach. Consumption of 

microorganisms in BFT reduces costs in feed. 

Also, microbial community is able to rapidly 

utilize dissolved nitrogen leached from shrimp 

faeces and uneaten food and convert it into 

microbial protein. These qualities make 

minimal-exchange BFT system an alternative 

to extensive aquaculture. Biofloc might 
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partially replace protein content in diets or 

decrease its dependence of fishmeal. This 

study encourages fish farmers to invest in this 

novel technique as it is financially profitable. 
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ْ٘ٗخرحذٗذ أفضل٘خ الوغزٗبد إلًزبج الزدوؼبد الو٘نشّث٘خ فٖ الوفبػالد الح  

 

 آٗخ سؼ٘ذ حس٘ي * ، ض٘بء الذٗي ػجذ الشحوي هحوذ ، إلِبم هحوْد ػلٖ ّ ّفبء سؼ٘ذ سالم

 * خبهؼخ السْٗس، مل٘خ الؼلْم ، قسن الؼلْم الج٘ئ٘خ .

 ayasaied04@yahoo.com* الجشٗذ اإللنزشًّٖ: 

فخ الو٘نشّثبد الًزبج رن اخشاء اسثغ ردبسة هزؼبقجخ لزحذٗذ أفضل الوغزٗبد هضبفخ لو٘بٍ الجحش لزؼضٗض مثب

الزدوؼبد األح٘بئ٘خ )ثْ٘فلْك(. فٖ الزدشثخ األّلٔ رن ػول أسثغ هسزْٗبد هي ًست الٌزشّخ٘ي ّالفْسفْس فٖ 

 1:4هدوْػز٘ي األّلٔ فٖ ّخْد سوبد الذّاخي ّاٙخش ثذًَّ، مبًذ هسزْٓ ًسجخ الٌزشّخ٘ي للفْسفْس راد ق٘وخ 

ّفٖ ّخْد سوبد الذّاخي رّ ق٘ن أػلٔ هي ح٘ث الوبدح الدبفخ ًّسجخ الجشّر٘ي. فٖ الزدشثخ الثبً٘خ روذ اضبفخ خوسخ 

أػلٔ هي ح٘ث من الجْ٘فلْك ّاألقل  4::4هسزْٗبد هي ًست النشثْى للٌزشّخ٘ي ّمبًذ الٌزبئح هزجبٌٗخ ّمبًذ ًسجخ 

ضبفخ أًْاع هخزلفخ هي هصبدس النشثْى ّلقذ أػطذ اضبفخ هي ح٘ث ًسجخ الجشّر٘ي. ّفٖ الزدشثخ الثبلثخ روذ ا

هسحْق األسص أفضل ًزبئح هي ح٘ث النن هي الجْ٘فلْك ّمبى الجْ٘فلْك الٌبرح هي اضبفخ هسحْق الزسح ُْ األػلٔ هي 

رحل٘ل  ح٘ث ًسجخ الجشّر٘ي. ّمبى االخزالف غ٘ش هؤثش ػٌذ اًزبج الجْ٘فلْك فٖ ه٘بٍ هزجبٌٗخ هي ح٘ث الولْحخ. ّثبخشاء

%( ُْ األمثش هي ث٘ي الونًْبد الوخزلفخ للجْ٘فلْك 93الجْ٘فلْك م٘و٘بئ٘ب ّخذد الذساسخ أى الوحزْٓ الجشّرٌٖ٘ )

ّلزلل فئى الذساسخ رقزشذ اسزخذام هسحْق الجْ٘فلْك موصذس للجشّر٘ي ّثذٗل لوسحْق السول أّ إٔ هي هصبدس 

ػ٘خ الجشّر٘ي ّالزٖ رضن رشم٘جب خ٘ذا فٖ هحزْاٍ هي األحوبض الجشّر٘ي فٖ غزاء األسوبك ّالقششٗبد ًظشا لدْدح ًْ

 األهٌ٘٘خ ّالزٖ قذ ردؼلَ هٌبسجب لزغزٗخ األًْاع الوسزضسػخ ّخبصخ الغ٘ش هفزشسخ هٌِب.

 النلوبد الوفزبح٘خ : ثْ٘فلْك، الجشّر٘ي الجنز٘شٕ، هفبػل حْٕ٘.

 

 

 

 


