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SUMMARY 

 

he aim of this study was to determine the influence of different sources of carbon with and without 

addition of  probiotics on growth performance, and feed utilization of Indian white shrimp 

(Fenneropenaeus indicus), in addition to water quality of biofloc production system. Control diet 

(35% CP), in addition to eight treatments based on partial and complete substitution of artificial 

feeds were used. The biofloc used in the treatments were collected from different reactors with 

different carbon source (Corn flour and Barley flour) with and without probiotics addition. The experiment 

lasted for 28 days. At the end of the experiment, the results indicated that there were significant differences 

between treatments in growth performance and feed utilization. The highest survival was shown by the shrimp 

fed with barley flour fed biofloc  without probiotics and control treatments (100 ± 0.0%), while the lowest 

survival was shown by the shrimp fed with corn flour fed biofloc with probiotics (54 ± 1.0%). The highest 

specific growth rate was obtained in the control treatment (1.66 ± 0.02%) while, the shrimp fed with biofloc 

from barley flour carbon source without probiotics showed almost similar specific growth rate (1.61± 0.02) to 

that of the control treatment. The biofloc fed shrimp showed promising growth values indicating that the 

biofloc was sufficient for supporting shrimp growth under commercial farming conditions. Hence, the overall 

experiments allow concluding that based on its nutritional value; the biofloc offers an alternative strategy for 

an efficient use of nutrient input in aquaculture systems. 

Keywords: Indian white shrimp, probiotics, growth performance, feed utilization and water quality. 

 

INTRODUCTION  

 
Biofloc technology is based on microbial manipulation within the aquaculture system. Biofloc 

particles contain beneficial bacteria like Bacillus, Lactobacillus (Anand et al., 2014) and bioactive 

compounds like carotenoids (Ju et al., 2008). These are known for probiotics and immunostimulant 

properties. Xu and Pan (2013) reported that biofloc enhanced the haemocyte count and antioxidant status 

of white leg shrimp, Litopenaeus vannamei. Similarly, biofloc improved the disease resistance in brine 

shrimp, Artemia franciscana against Vibrio harveyi (Crab et al., 2010). It has been reported that nature of 

the carbon source affects the nutritional composition of biofloc (Crab et al., 2010). However, there is a 

dearth of information with respect to carbon source and protein levels in the feed over growth 

performance and immune response in penaeid shrimps. 

 

A study by Megahed et al. (2018), suggested that Fenneropenaeus  indicus is capable for ingesting 

and retaining nitrogen derived from biofloc and the study confirmed the importance of biofloc in shrimp 

production and disease prevention of common pathogens in shrimp farming such as early mortality 

syndrome (EMS) disease affecting shrimp farming. The author concluded that biofloc technology can be 

considered as effective alternative to costly feeds and feed ingredients in shrimp feed.  

T 

mailto:aquageimprove@gmail.com


Ali and Megahed 

222 

 

The Indian prawn (Fenneropenaeus indicus, formerly Penaeus indicus), is one of the major 

commercial prawn species of the world. In recent years, the viral and bacterial 

diseases as well as environmental problems of water quality, have affected the shrimp farms causing 

pronounced economic losses ( Hernández-Llamas et al., 2016 ). 

 Single cell protein (SCP) has been considered as an alternative of protein source for some species of 

fishes because of its nutritional value and the cheap production cost. SCPs are microorganisms including 

unicellular algae, fungi, bacteria, cyanobacteria, and yeast (El Sayed, 1999). Single cell protein as feed 

can be utilized in two ways; directly from the cultured water as a part of natural food (BFT) or harvested 

and processed as part of feed ingredient in artificial food. In order to provide a carbon source for 

heterotrophic bacteria, carbohydrate can be directly added to the cultured water or incorporated into the 

artificial feed. To promote the bacterial growth, carbohydrate addition is carried out to adjust the C/N 

ratio of the system to 10 or more (Azim et al., 2007; Cavalli, and Wasielesky, 2012 and Panigrahi et al., 

2018). The availability of carbon thus allows more efficient use of nitrogen as the excreted nitrogen will 

be converted in bacterial biomass, which is further consumed by the cultured species.  

Probiotics are defined as dietary supplements, that contain potentially beneficial bacteria and which 

confers health benefits on the organisms (FAO, 2001). The natural and external microbiota are in 

permanent contact with the animals; considering it, Verschuere et al. (2000) suggested a new term of 

probiotic for aquaculture, which includes their effect over the microbial community of the water, and over 

the quality of the farming environment. Several studies indicated that the probiotics could, contribute to 

enzymatic digestion, take part inhibiting pathogenic microorganisms, promote growth factors as well as 

increase immune response (Verschuere et al., 2000 and Krummenauer et al., 2014). 

 The aim of this study was to determine the influence of two different sources of carbon with and 

without addition of  probiotics on growth performance, feed utilization and biofloc nutritional value on 

Indian white shrimp (Fenneropenaeus indicus), in addition to water quality of biofloc production system. 

 

MATERIALS AND METHODS 

 

This study was carried out at National Institute of Oceanography and Fisheries (NIOF), Egypt on 

Fenneropenaeus indicus to determine the influence of probiotics and two different sources of carbon on 

growth performance, feed utilization, biofloc nutritional value and water quality under biofloc system. 

  
Experimental setup: 

Four reactors were prepared using PVC tanks of 40 L in capacity. Influent consisted of seawater with 

25 mg/L of N, 3.6 mg/L of P and some trace elements from plant fertilizer (0.1 mL/L influent). A 

peristaltic pump distributed the influent continuously. The hydraulic retention time was 2 days. The 

carbon source, Corn flour and Barley flour was added daily at 0.6 g/L and 0.9 g/L, respectively, to obtain 

a C/N ratio of 10:1. A probiotic mixture was added to the reactor with probiotics treatments every two 

weeks at a concentration of 2 x 10
6
 CFU/mL. The shrimp F. indicus was used as the test organism. At the 

start of the experiment, the shrimp had an average weight of 12.5 ± 0.1 g and were stocked at an initial 

density of 12 individuals per tank. 

The feeding experiment: 

Eight different treatments with 3 replicates in addition to control were studied. In control treatment, 

the shrimp was fed with artificial feed with 35% DW crude protein whereas in the biofloc treatments, the 

shrimp fed with 100% and 50% biofloc collected from different reactors with different carbon source with 

or without probiotic addition. 

(1) Control: artificial feed with 35% crude protein 

(2) and (3) Corn flour + probiotics: biofloc with Corn flour as carbon source with probiotics addition at 

50 and 100% biofloc. 

(4) and (5) Corn flour: biofloc with Corn flour as carbon source without probiotics addition at 50 and                  

100% biofloc. 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/bacterial-disease
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/bacterial-disease
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/wells
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/environmental-problem
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/water-quality
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/farm-enterprise
https://www.sciencedirect.com/science/article/pii/S2352513418300279#bib0090
https://onlinelibrary.wiley.com/doi/10.1111/are.13857#are13857-bib-0028
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(6) and (7) Barley flour + probiotics: biofloc with Barley flour as carbon source with probiotics addition                 

at 50 and 100% biofloc  

(8) and (9) Barley flour: biofloc with Barely flour as carbon source without probiotics addition at 50 and 

100% biofloc. 

Feed was given at a weight of 2.5 % of the wet shrimp biomass. Half of the feed was given in the 

morning and the other half in the evening, while, for 50% biofloc + 50% feeds (in the biofloc treatment 

we used the dry matter content of 1L biofloc to calculate the amount of biofloc water added to each tank, 

and based on the dry matter that gives 2.5% feed of the total biomass during the experimental period). 

The biofloc were collected from the reactor by using a net. In order to obtain the same level of protein 

input in each treatment (isonitrogenous diet), the amount of biofloc given as feed was determined based 

on the crude protein content and the dry weight of biofloc, which was measured every 4 days. When the 

biofloc were too small to be collected, the biofloc were added to the shrimp tank together with the water.  

The amount of water with biofloc was determined based on the crude protein content and the total 

suspended solid (TSS) measurement. 

Growth Parameters   and feed utilization: 

The average body weight (ABW), average body weight gain (%), survival (SR), Specific growth rate ( 

SGR) , and Feed conversion ratio (FCR) of the shrimps were determined every week until the completion 

of culture. The total body weight (W) was recorded from each experimental container along with the 

number of live shrimps (N). The amount of feed used in each tank was recorded. The ABW was 

computed from W and N. The overall average values of survival (%), the growth rate of shrimp (gm/day), 

percentage weight gain, and feed conversion ratios (FCR) were computed as follows: 

FCR = Feed applied / Body weight gain 

SGR = (ln (final weight (g)) - ln (initial weight (g)) / duration of culture (days) x 100 

SR (%) = number of shrimp harvested / number of shrimp stocked x 100  

Proximate analysis of experimental diet and Biofloc:  

The proximate composition of the experimental diets and the biofloc were determined following the 

standard methods of AOAC (2019). Fatty acid methyl esters (FAME) were prepared by transesterification 

for gas chromatography according to Coutteau and Sorgeloos (1995) and identified by a gas 

chromatograph equipped with temperature programmable on-column injector. 

Water quality: 

During the experimental period, water quality in the culture systems was monitored daily for dissolved 

Oxygen (mg L-1), pH and temperature 
o
C using a YSI 556 MPS meter (Yellow Spring Instrument Co., 

Yellow Springs, OH,USA). Ammonia (NH4
+
), Nitrite (NO2

–
N mg L

-1
) and Nitrate (NO3

–
N mg L

-1
) were 

analyzed spectrophotometrically (APHA, 2005). 

Statistical Analysis: 

The data obtained in this study were analyzed by one-way ANOVA procedure of Statistical Analysis 

System (SAS 2000). Means were compared by Duncan’s new multiple ranges test (Duncan, 1955). 

 

RESULTS AND DISSCUTION  

 

Growth performance and feed utilization: 

Weight of shrimp in grams and weight increment data observed weekly for different treatments is 

presented in Table (1). Observations on the growth during the overall study indicated that the final body 

weight among treatments were differed significantly (P<0.05).It can be seen that the control revealed a 

continuously increasing average final body weight during the culture period and thus having the highest 

growth rate. The lowest growth rate occurred in the corn flour carbon source treatment (100%biofloc) and 

barley flour carbon source treatment (100% biofloc) with and without adding of probiotic. The average 

body weights of the shrimps in this treatment tended to decrease in time. This resulted in a negative 

growth rate. Many studies have shown that growing of shrimp species such as L. vannamei in biofloc 

system can improve shrimp growth as compared to clear water (Khanjani et al., 2016 and Panigrahi et 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Panigrahi%2C+Akshaya
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al., 2018). Also, the results indicated that the abnormalities found in shrimp fed with biofloc with corn 

flour as carbon source possibly correspond with the shrimp cannibalistic behavior. Starvation, which was 

caused by the poor feed accessibility, likely triggered the cannibalistic behavior of the shrimp (FAO, 

2003). Application of carbohydrate improves growth rate in F. indicus (Megahed and Mohamed, 2014; 

Megahed et al., 2018) L. vannamei (Serra et al., 2015) and in P. monodon (Anand, et al., 2017) and 

Biofloc used as a natural food for the cultured shrimp (Burford et al, 2004) apart from being a source of 

bioactive compounds and growth promoters (Ju et al., 2008; Megahed and Mohamed, 2014; Megahed et 

al.,2018). Moreover, digestive enzyme secretions from many probiotic bacteria like Bacillus, 

Lactobacillus in the carbohydrate added groups might have improved the shrimp growth performance 

(Ringo, et al., 2012; Anand et al., 2014; Megahed and Mohamed, 2014; Megahed et al. 2018). While, 

Crab et al. (2007), pointed out that at moderate mixing rate as practiced in aquaculture system (1 – 10 

W/m
3
), microbial cells in permeable aggregates grow better than single when the substitution level of 

artificial feed by the biofloc  was 50%, all the biofloc  treatments showed a positive growth rate, yet still 

lower than control. The Barley flour (50% biofloc) without probiotics treatment revealed the highest 

growth rate when compared to the other biofloc treatment. These results agree with results obtained by 

Kuhn et al. (2008)  carried out on shrimp juveniles showed that shrimp fed with 50% artificial feed (35% 

CP) and 50% microbial flocs was superior in performance than animals fed at the 50% artificial feed 

ration level In agreement with the present study. 

Survival rates did significantly vary (P<0.05) among dietary treatments; however, The highest 

average survival were observed in the Barley flour treatment without probiotic and control treatment  in 

contrast with corn flour  with probiotics treatment (100% biofloc), where survival was only 54%. While 

the lowest survival in the corn flour treatment with probiotic (50%) was likely due to starvation because 

the shrimps stopped eating from the second week of culture onward. Survival of the control and Barley 

flour treatments was highest than in the other treatments. This results are in agreement with  numerous 

studies have reported enhanced survival, health, and growth rates of shrimp raised in ponds with high 

activity of algae, microbial flocs, and other natural biota (Cuzon et al., 2004; and Wasielesky et al., 2006; 

Megahed and Mohamed  2014 and  Megahed et al., 2018). 

Table )1(:   Effect of treatments on  growth performance and feed utilization of shrimps (F. indicus) 

fed with artificial feed (control) and biofloc with different carbon sources (Corn flour 

and Barley flour) with and without probiotics  addition on day 28.                            

Parameter Control 

Corn flour  + 

probiotics 
Corn flour 

Barley flour  + 

probiotics 
Barley flour 

100% 

biofloc  

50% 

biofloc  

100% 

biofloc  

50% 

biofloc  

100% 

biofloc  

50% 

biofloc  

100% 

biofloc  

50% 

biofloc  

Initial wt. 
(g)  

12.5± 

0.1 

12.5± 

0.1 

12.5± 

0.1 

12.5± 

0.1 

12.5± 

0.1 

12.5± 

0.1 

12.5± 

0.1 

12.5± 

0.1 

12.5± 

0.1 

Final Wt. 

(g) 
19.9 ± 

0.1
a
 

13.8 ± 

0.1
g
 

19.0 ± 

0.1
c
 

13.9 ± 

0.8
f
 

18.2 ± 

0.7
d
 

13.0 ± 

0.1
h
 

18.1 ± 

0.7
e
 

12.7 ± 

0.9
i
 

19.6 ± 

0.1
b
 

Weight  

gain  (g) 

7.1± 

0.001
a
 

1.3± 

0.002
 e
 

6.7± 

0.001
b
 

1.1± 

0.001
f
 

5.7± 

0.001
c
 

0.5± 

0.00
g
 

5.6± 

0.001
d
 

0.2± 

0.0
h
 

7.1± 

0.001
a
 

Weight 

gain (%) 

56.8 

±0.1
g
 

10.4± 

0.1
e
 

53.6± 

0.5
b
 

8.8± 

0.2
f
 

45.6± 

0.5
c
 

4.0± 

0.4
h
 

44.8± 

0.2
d
 

1.6± 

0.01
i
 

56.8± 

0.4
a
 

SR (%) 

 

100 ± 

0.0
a
 

 

54 ± 

1.0
g
 

 

67 ± 

1.0
f
 

 

71 ± 

1.0
e
 

 

89 ±  

1.0
c
 

 

82 ± 

1.2 
d
 

 

93 ± 

1. 0
b
 

 

100 ± 

 1.0 
a
 

 

100 ± 

0.0
a
 

SGR 

(%/day) 

1.66 ± 

0. 02
a
 

0.35± 

 0. 01
g
 

1.50± 

0.0
c
 

0.38 ± 

0.02
f
 

1.34 ± 

0.01
d
 

0.14 ± 

0.3
h
 

1.32± 

0.01
e
 

0.06 ± 

 0.0
j
 

1.61 ± 

0.02
b
 

FCR 

 

1.98± 

0.02
c
 

 

1.89± 

0.01
d
 

 

1.99± 

0.01
b
 

 

1.54± 

0.01
f
 

 

1.20± 

0.002
h
 

 

1.20± 

0.002
h
 

 

1.30± 

0.001
g
 

 

3.76± 

0.001
a
 

 

1.87± 

0.001
e
 

           

Mean values in same row with a different superscript differ significantly (P<0.05) 

Effect of probiotic and biofloc on nutritional value of biofloc:  

The crude protein content of the biofloc during the experiment were significantly different (P<0.05), it 

ranged from 15 to 35 % in average (Table 2). The highest protein content (35%) and total n-3 PUFA (0.9 

https://onlinelibrary.wiley.com/doi/full/10.1111/are.12958#are12958-bib-0030
https://onlinelibrary.wiley.com/doi/full/10.1111/are.12958#are12958-bib-0042
https://onlinelibrary.wiley.com/doi/full/10.1111/are.12958#are12958-bib-0002
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mg/g DW) in the control treatment whereas in barley flour carbon source with probiotic treatment at 50% 

biofloc (34% and 0.9), while the lowest protein content (15%) was in barley flour carbon source treatment 

at100% biofloc The biofloc with corn flour and probiotics addition at 100% biofloc showed the highest 

average total n-6 PUFA. The crude protein content of the biofloc grown with barley flour and probiotics 

addition showed the highest level and was significantly different (P<0.05) from the other treatments. This 

result was iIn agreement with (Megahed and Mohamed, 2014; Vargas-Albores et al., 2017; Hostins et al., 

2017 ; Putra et al., 2017 and  Megahed et al., 2018) 

Effect of probiotic and biofloc on water quality: 

Water temperature, pH, dissolved oxygen (DO), ammonia (NH4
+
), nitrite (NO2) and nitrate (NO3) are 

shown in Table (3). No significant differences (P > 0.05) were observed for water temperature, pH, while 

NH4
+
 and values among different carbon sources treatments with control treatment during the 

experimental period were significantly different. The average total amino nitrogen (TAN), ammonia, 

nitrite and nitrate during the experimental period are presented in Table (3). TAN of the water in the 

shrimp rearing tanks were significantly different (P<0.05). Concentrations of TAN and nitrite N, 

recorded during the experiment, were at optimum levels as recommended for juveniles of Pacific white 

shrimp L. vannamei (Samocha et al. 2004) and F. indicus (Megahed and Mohamed, 2014; Megahed et  

Table )2(: Effect of treatments on nutritional value of biofloc used in shrimp (F. indicus) feeding 

experiment, which grown with different carbon source with and without the addition 

of probiotics. 

Mean values in same row with a different superscript differ significantly (P<0.05) 

Table (3(: Effect of treatments on water quality in shrimp (F. indicus) rearing tanks  

                 throughout the experimental period. 
Item Control Corn flour + 

probiotics 

Corn  flour Barely flour + 

probiotics 

Barely  flour 

100% 

biofloc 

50% 

biofloc 

100% 

biofloc 

50%  

biofloc 

100% 

biofloc 

50% 

biofloc 

100% 

biofloc 

50% 

biofloc 

Temp. (oC) 

 

PH 
 

27.10 

±0.20  

8.07 
±0.20  

                     

27.20 

±0.20  

8.05 
±0.20  

 

27.00 

±0.10  

8.11 
±0.20  

 

27.30 

±0.10  

8.07 
±0.20  

 

27.00 

±0.20 

8.07 
±0.20 

 

27.00 

±0.10  

8.06 
±0.30 

 

27.10 

±0.20 

8.05 
±0.30 

 

27.10 

±0 10 

8.07 
±0.20 

 

27.30 

±0.10 

8.06 
±0.30 

 

Dissolved oxygen(mgl-1) 5.00 g 
±0.04 

7.02 e 
±0.04 

7.32 b 
±0.03 

7.02 e 
±0.03 

7.09d 
±0.03 

6.83 f 
±0.03 

7.23 c 
±0.03 

7.00 e 
±0.03 

7.54 a 
±0.03 

Ammonia(mg l-1) 0.45 

±0.03a 

0.38 

±0.03b 

0.34 

 ±0.01d 

0.37 

±0.02c 

0.37 

±0.02 c 

0.37 

±0.02 c 

0.37 

±0.02 c 

0.37 

±0.02c 

0.37 

±0.02c 
Nitrite(mg l-1) 

 

Nitrate(mg l-1)                      

0.80  

± 0.01a 

      1.40                 
    ± 0.20 a 

0.40 

± 0.01c 

0.99 
± 0.20 b 

0.30  

   ± 0.00d  

0.98             
    ± 0.10 c              

0.20  

± 0.00e  

0.97 
   ± 0.10 d                  

0.30  

± 0.01d  

0.98 
   ± 0.20 c               

0.30  

± 0.00d  

0.97 
   ± 0.20 d             

0.50  

± 0.02b  

0.98 
   ± 0.10 c               

0.30  

± 0.00 d  

0.96 
   ± 0.20      

0.40  

±0.01c  

0.96 
     ± 0.20 e               

TAN(mg/L) 1.40 

± 0.01a 

0.90 

± 0.01b 

0.70  

  ± 0.01c 

0.70 

± 0.01c 

0.60  

± 0.01d 

0.70 

±0.01c 

0.60  

± 0.01d 

0.50  

± 0.01e 

       0.50 

 ±0.001e 

Mean values in same row with a different superscript differ significantly (P<0.05) 

 

Parameter 

  
Control 

Corn flour  + 

probiotics 
Corn flour 

Barley flour  + 

probiotics 
Barley flour 

100% 

biofloc  

50% 

biofloc  

100% 

biofloc  

50% 

biofloc  

100% 

biofloc  

50% 

biofloc  

100% 

biofloc  

50% 

biofloc  

Crude protein (%) 35 ± 

0.4
a
 

20 ± 

0.4
f
 

27 ± 

0.5
d
 

19 ± 

0.7
g
 

29 ± 

0.6
c
 

22 ± 

0.4
e
 

34 ± 

0.2 
b
 

15 ± 

0.3
h
 

19 ± 

0.4 
g
 

 

Lipid (%) 

 

8 ± 

0.04
d
 

 

11± 

0.04
b
 

 

6 ± 

0.04
f
 

 

12± 

0.04
a
 

 

7 ± 

0.04
e
 

 

9 ± 

0.04
c
 

 

5± 

0.04
g
 

 

7± 

 0.04
e
 

 

4 ±  

0.04
h
 

 

Total n-3 PUFA  

(mg/g DW) 

 

0.9± 

0.04
a
 

 

0.7 ± 

0.03
b
 

 

0.4 ± 

0.01e 

 

0.3 ± 

0.03
f
 

 

0.5 ± 

0.01
d
 

 

0.9 ± 

0.01
a
 

 

0.9 ± 

0.01
a
 

 

0.7 ± 

0.01
b
 

 

0.6 ± 

0.01
c
 

 

Total n-6 PUFA  

(mg/g DW) 

 

23± 

0.1
b
 

 

27.6± 

0.1
a
 

 

10 ± 

0.0
f
 

 

9 ± 

0.1
g
 

 

7 ± 

0.1
h
 

 

17 ± 

0.3
d
 

 

4 ± 

0.1
i
 

 

12 ± 

0.1
e
 

 

20 ± 

0.0
c
 

https://onlinelibrary.wiley.com/doi/10.1111/are.12792#are12792-bib-0043
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al., 2018). The low concentrations of nitrite N, observed during the culture period, suggest oxidation of 

ammonia to nitrate (Cohen et al., 2005; Megahed and Mohamed, 2014; Megahed et al., 2018). Studies 

evaluating water quality in zero exchange systems report low concentrations of ammonia and nitrite (Ray 

et al., 2010; Vinatea et al., 2010; Megahed and Mohamed, 2014; Megahed et al., 2018), The nitrite 

concentration in the water of the control treatment was significantly higher than the rest of experimental 

groups. On the other hand, the nitrite concentration in the water of both corn flour treatment (100%) and 

barley flour treatment was significantly the lowest (P<0.05) one among the other treatments. These 

results are in agreement with Azim et al. (2007), who reported factor analysis on the principal ecological 

processes during biofloc development. This showed that the decomposition process coupled nitrification. 

During decomposition of organic waste both from the uneaten feed and excreted materials, TAN and CO2 

were released into the water. TAN in turn became available for nitrification. With the continuous supply 

of oxygen, nitrification was promoted, leading to nitrite and nitrate accumulation in water.  

 
CONCLUSION 

 

It could be concluded that Barley flour + probiotics at 50% biofloc was the best in terms of growth 

performance and feed utilization. 

 

REFERENCES  

 

Anand, P.S  , S. Kumar, M.P. Kohli, K.J. Sundarat, A.  Sinha, G.H.  Pailan and S.D. Roy (2017). Dietary 

biofloc supplementation in black tiger shrimp, Penaeus monodon: effects on immunity, antioxidant 

and metabolic  enzyme activities. Aquculture research 48, issue 8, 4512-4523. 

APHA  (2005) . Standard Methods for the Examination of the Water and Wastewat (21 st ed., 1220 p), W 

ashington, DC: American Public Health Association. 

 AOAC (2019). Association of Official Analytical Chemists. Official Methods of Analysis. Arlington, 

Virginia, USA. 

Azim, M.E., D.C. Little, and J.E. Bron (2007). Microbial protein production in activated suspension tanks 

manipulating C/N ratio in feed and implications for fish culture. Bioresource Technology 99, 3590 – 

3599. 

Burford, M.A.,  P.J. Thompson,  R.P. McIntosh,  R.H.Bauman, and  D.C. Pearson (2004).The 

contribution of flocculated material to shrimp (Litopenaeus vannamei) nutrition in a high-intensity, 

zeroexchange system. Aquaculture 232, 525–537. 

Cohen, J.M.,  T.M. Samocha,  J.M. Fox,  R.L.Gandy  and  A.L. Lawrence ( 2005). Characterization of 

water quality factors during intensive raceway production of juvenile Litopenaeus vannamei using 

limited discharge and biosecure management tools. Aquaculture Engineering 32, 425– 442. 

Coutteau, P. and P. Sorgeloos (1995). Intercalibration exercise on the qualitative and quantitative analysis 

of fatty acids in Artemia and marine samples used in mariculture. ICES Cooperative Research Report, 

N° 211, 30. 

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

aquaculture towards sustainable production. Aquaculture 270, 1-4. 

Crab, R., B. Chielens, M.  Wille,P. Bossier and  W. Verstraete  (2010). The effect of different carbon 

sources on the nutritional value of bioflocs, a feed for Macrobrachium rosenbergii postlarvae. 

Aquaculture Research 41, 559– 567.  

 Cuzon, G., L. Addison, G. Gaxiola, C. Rosas and J. Guillaume (2004). Nutrition of Litopenaeus 

vannamei reared in tank or in ponds. Aquaculture, 235, 513-551.  

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

https://onlinelibrary.wiley.com/doi/10.1111/are.12792#are12792-bib-0016
https://onlinelibrary.wiley.com/doi/10.1111/are.12792#are12792-bib-0042
https://onlinelibrary.wiley.com/doi/10.1111/are.12792#are12792-bib-0050


Egyptian J. Nutrition and Feeds (2019) 

233 

 

El Sayed, A.F.M. (1999). Alternative dietary protein sources for farmed tilapia, Oreochromis spp. 

Aquaculture. 179, 149 – 168. 

Emerenciano, M., E. L Ballester,., R. O. Cavalli,., and W. Wasielesky ( 2012). Biofloc technology 

application as a food source in a limited water exchange nursery system for pink 

shrimp Farfantepenaeus brasiliensis (Latreille, 1817). Aquaculture Research, 43, 3: 447– 457.  

FAO (2001). Evaluation of Health and Nutritional Properties of Powdered Milk and Live Lactic Acid 

Bacteria. Expert Consultation Report. FAO, Rome.  

FAO (2003). Health management and biosecurity maintenance in white shrimp (Penaeus vannamei) 

hatcheries in Latin America. FAO Fisheries Technical Paper. No. 450. Rome, FAO. 64p. 

Hernández-Llamas A.,  J. Cabanillas-Ramos and F.J. Magalló-Barajas (2016).  Estimating impact of 

white spot disease on economic risk in semi-intensive shrimp farms in Mexico: the case of the State of 

Sinaloa. Rev. Aquacult., 8 (2), 111-120. 

Hostins, G., O. Lara, D.E.  Decamp, W.  Cesar and J.R.  Wasielesky (2017). Efficacy and variations in 

bacterial density in the gut of Litopenaeus vannamei reared in a BFT system and in clear water 

supplemented with a commercial probiotic mixture. Aquaculture, 480, 58-64. 

Ju, Z.Y.,  I. Forster, L. Conquest, W. Dominy, W.C. Kuo and F.D. Horgen (2008) Determination of 

microbial community structures of shrimp floc cultures by biomarkers and analysis of floc amino acid 

profiles. Aquaculture Research 39 (2), 118 – 133. 

Khanjani, M.H., M.M. Sajjadi, M. Alizadeh and I.  Sourinejad (2016). Nursery performance of Pacific 

white shrimp (Litopenaeus vannamei, Boone, 1931) cultivated in a biofloc system: the effect of adding 

different carbon sources. Aquaculture Research, 1–11, doi:10.1111/are.12985. 

Krummenauer, D.,  L. Poersch,  L.A. Romano,  G.R. Lara,  P. Encarnação and  Jr. W. Wasielesky( 2014). 

The effect of probiotics in a Litopenaeus vannamei biofloc culture system infected with Vibrio 

parahaemolyticus. J. Appl. Aquacult. 26 (4), 370–379. 

Kuhn, D.D., G.D. Boardman, S.R. Craig, G.J.  Flick and E. McLean (2008). Use of microbial flocs 

generated from tilapia effluent as a nutritional Supplement for shrimp Litopenaeus vannamei in 

recirculating aquaculture systems. Journal of the World Aquaculture Society, 39, 72-82. 

Megahed, M.E. and K. Mohamed (2014). Sustainable growth of shrimp aquaculture through biofloc 

production as alternative to fishmeal in shrimp feeds. J. Agric. Sci. 6:176-188. 

Megahed, M. E., G. Elmesiry, A. Ellithy, and K. Mohamed (2018). Genetic, nutritional and pathological 

investigations on the effect of feeding low protein diet and biofloc on growth performance, survival 

and disease prevention of Indian white shrimp Fenneropenaeus indicus. Aquaculture 

International 26:589.- 615 .doi:10.1007/s10499-017-0231-1. 

Panigrahi, A. , S. Chakrapani, S. Rajasekar, J. S. Dayal and G. Chavali (2018). Effect of carbon and 

nitrogen ratio (C:N) manipulation on the production performance and immunity of Pacific white 

shrimp Litopenaeus vannamei (Boone, 1931) in a biofloc‐based rearing system. Aquaculture 

Research, 50:1. 29 -41  

Putra, R. I., M.  Rusliadi, U. M.  Fauzi, Z. Tang and A. Muchlisin (2017). Growth   performance and feed 

utilization of African catfish Clarias gariepinus fed a commercial diet and reared in the biofloc system 

enhanced with probiotic F1000 Research, 6 , 1545.  

Ringo, E., E. O. Joser, L.G.  Vecino, S.  Wadsworth and S.  Song (2012). Use of   immunostimulants and 

nucleotides in aquaculture: a review. Journal of Marine Science Research Development, 2:1– 22.  

Ray, A.J., B. L.  Lewis,  C. L. Browdy  and   J. W. Leffler (2010). Suspended solids removal to improve 

shrimp (Litopenaeus vannamei) production and an evaluation of a plant‐based feed in minimal 

exchange, super- intensive culture systems. Aquaculture, 299: 89– 98. 

Samocha, T.M., A. L.  Lawrence, C. A. Collins, F.L.  Castille, W.A.  Bray,  C. J. Davies, P.G.  Lee 

and G. F.  Wood (2004). Production of the Pacific white shrimp, Litopenaeus vannamei, in high 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Panigrahi%2C+Akshaya
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Chakrapani%2C+Saranya
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Rajasekar%2C+Satishkumar
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Syama+Dayal%2C+Jagabattula
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Chavali%2C+Gopal


Ali and Megahed 

234 

 

density greenhouse enclosed raceways using low salinity groundwater. Journal of Applied 

Aquaculture, 15:1– 19. 

SAS (2000). Statistical Analysis Systems program Ver. 6. 12, SAS Institute Incorporation. Cary. NC  

27513, USA. 

Serra, F.P., C.A. Gaona, P.S.  Furtado, L. H.   Poersch   and J. R. Wasielesky (2015). Use of different 

carbon sources for the biofloc system adopted during the nursery and grow-out culture of Litopenaeus 

vannamei Aquacult.Int., 23, 1325-1330. 

Vargas-Albores, F.,   M. A. Porchas-Cornejo, M.   Martínez-Porchas , E. Villalpando-Canchola, T. 

  Gollas-Galván and L.R.  Martínez-Córdova (2017). Bacterial biota of shrimp intestine is significantly 

modified by the use of a probiotic mixture: a high throughput sequencing approach Helgoland Mar. 

Res., 71: 5. /doi.org/10.1186/s10152-017-0485-z 

Verschuere, l.,  G. Rombaut, P.  Sorgeloos  and   W. Verstraete (2000). Probiotic bacteria as biological 

control agents in aquaculture. Microbiol. Mol. Biol. Rev., 64: 655 – 671. 

Vinatea, l.,  A.O. Galvez, C.L.  Browdy, A.  Stokes, J.  Venero, J.  Haveman, B.L.  Lewis, A. Lawson, A. 

 Shuler and  J.W. Leffler (2010). Photosynthesis, water respiration and growth performance 

of Litopenaeus vannamei in a super - intensive raceway culture with zero water exchange: interaction 

of water quality variables. Aquacultural Engineering, 42: 17– 24. 

Wasielesky, Jr.,  W. H. Atwood,  A. Stokes   and   C. L. Browdy (2006). Effect of natural production in a 

zero exchange suspended microbial floc based super-intensive culture system for white shrimp 

Litopenaeus vannamei. Aquaculture, 258: 396 – 403. 
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 .هصر – الاسواعيليت -خاهعت قناة السىيس -مليت الزراعه -قسن الانتاج الحيىاني  والثروة السونيت 1 

  .هصر -السىيس -فرع خليح السىيس والعقبت -والوصايد البحارلعلىم القىهي وعهد ال 2 

 

اٌبشٚب١ٛح١ه ػٍٝ أداء إٌّٛ ، اٚ ػذَ اظافت  ِغ اظافتِصادس ِخخٍفت ِٓ اٌىشبْٛ  ش اظافتحأث١ دساست  ٘ٛ ٘زا اٌبحث اٌٙذف ِٓ 

ا١ٌّاٖ اٌّشبٟ ف١ٙا اٌجّبشٞ ححج  ٔٛػ١تبالاظافت اٌٟ ،  (Fenneropenaeus indicus) ٚاٌىفاءٖ اٌغزائ١ٗ  ٌٍجّبشٞ الاب١ط إٌٙذٜ 

بشٚح١ٓ خاَ ( ٚاسخخذاَ ثّا١ٔت أظّت غزائ١ت ِؼخّذة ػٍٟ اٌب١ٛفٍٛن  ٪  35 ) اسخخذاَ ػ١ٍمت وٕخشٚي ٔسبت اٌبشٚح١ٓ بٙا . حُ ٔظاَ اٌب١ٛفٍٛن 

ا١ٌٙا بّسخ١٠ٛٓ  ِغ ٚبذْٚ إظافت اٌبشٚب١ٛح١ه  )دل١ك اٌزسة ٚدل١ك اٌشؼ١ش( ٗدس وشبْٛ ِخخٍفاِصاسخخذاَ  ٚ.  ِماسٔت باٌّؼاٍِت اٌىٕخشٚي

ا.  22. اسخّشث اٌخجشبت ٌّذة %( ب١ٛفٍٛن100ٚ  50احلاي )  ًِ ٌٙا ِؼذلاث إٌّٛ ٚاٌىفاءٖ اٌغزائ١ٗ ِٚؼذي الاػاشٗ ٌٍجّبشٞ دسسج خلا٠ٛ

 بالاظافت اٌٟ جٛدة ا١ٌّاٖ ححج ٔظاَ اٌب١ٛفٍٛن.

ٚالاسخفادٖ اٌغزائ١ٗ. فىاْ  ِؼذي الاػاشت ٌٍجّبشٞ أداء إٌّٛ  اٌّؼاِلاث فٟ إٌخائج إٌٝ ٚجٛد فشٚق راث دلاٌت إحصائ١ت ب١ٓ فمذ اظٙشث  

 ٪( ، فٟ ح١ٓ أْ أدٔٝ 0±  100)ٌب١ٛفٍٛن إٌاحج ِٓ دل١ك اٌشؼ١ش بذْٚ اظافت اٌبشٚب١ٛح١ه  ٟ٘ الاػٍٟ الاب١ط إٌٙذٞ اٌّغزٞ ػٍٟ ا

 .٪( 1±  54)اٌجّبشٞ الاب١ط إٌٙذٞ اٌّغزٞ ػٍٟ اٌب١ٛفٍٛن إٌاحج ِٓ اسخخذاَ دل١ك اٌزسة ٚاظافت اٌبشٚب١ٛح١ه أظٙشٖ  اػاشت ِؼذي 

ِّاثً  ِؼذي ّٔٛ اٌبشٚب١ٛح١ه أظٙشث وّصذس وشبٟٛٔ  بذْٚ اظافت دل١ك اٌشؼ١شخخذاَ ِجّٛػت اٌجّبشٞ اٌخٟ سب١ج فٟ اٌب١ٛفٍٛن باس

 ػٍٟ اٌخٛاٌٟ. ٪(0.02±  1.66)ٚ  ٪(  0.02±  1.61)حمش٠با  ٌٍّؼاٍِٗ اٌىٕخشٚي  فىاْ ِؼذي إٌّٛ إٌٛػٟ 

ا ػٍٟ اٌزٞ ٠غزٜ  اظٙش اٌجّبشٞ  ًٛ ٌخٛف١ش الاحخ١اجاث إٌٝ أْ اٌب١ٛفٍٛن ٠ىفٟ  ، ِّا ٠ش١شِماسٔت باٌّؼاٍِت اٌىٕخشٚي  ج١ذاب١ٛفٍٛن ّٔ

ٚاْ اٌب١ٛفٍٛن ٠ّىٓ  ل١ّخٗ اٌغزائ١ت ؛ حٛصٟ باسخخذاَ اٌب١ٛفٍٛن اػخّادا ػٍٟ وً اٌّؼاِلاثٚباٌخاٌٟ ، فإْ  اٌغزائ١ت ٌٍجّبشٞ اٌّسخزسع.

 سخزساع اثٕاء فخشة اٌخشب١ت.حؼ١ّّٗ وٕظاَ بذ٠ً ِٚسخذاَ ٌخغز٠ت اٌجّبشٞ ٚالاسخغلاي الاِثً ٌٍّغز٠اث اٌّٛجٛدة فٟ احٛاض الا

 
 

 


