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The study was conducted at Kenya Marine Fisheries Research Institute 

(KMFRI), Sangoro Station, Kenya to compare the growth perfomance 

of Oreochromis niloticusfry under different protein levels in a biofloc 

system using weight-length regression models and Fulton`s condition 

factor (K). Fry of initial mean weight 0.07 ± 0.03 g and length 1.30 ± 

0.24 cm were randomly stocked in 18 aquarium tanks with capacity of 

50 litres at stocking density of one fish Litre
-1

. The experiment was set 

in a greenhouse under controlled temperature and dissolved oxygen 

conditions using aerators and thermostat heaters. The biofloc used 

glucose and molasses as carbon sources which were assigned at 22%, 

27% and 35% crude protein levels randomly to the aquaria. The fish 

were fed on their daily ration twice a day at 5% body weight for 14 

weeks. Physicochemical parameters were recorded daily using a 

multiparameter meter and water samples collected before fish sampling 

for nutrient analysis. A sample of 30 fish per tank were used for taking 

body weight and total length measurements using an electronic balance 

and a measuring board respectively. Fry in all treatments exhibited 

allometric growth with b coefficient varying between 2.54 and 2.66. 

Average Fulton's condition factor ranged between 1.77-1.84 with no 

significant difference (P>0.05)among the protein levels and the 

bioflocs. The condition factor showed both carbon sources were 

suitable for use in the biofloc system and hence replacement of higher 

protein level (35%) with lower protein level (22%) to reduce the 

production cost is a feasible application of the biofloc system in fish 

farming. 

 
Copy Right, IJAR, 2020. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
The average aquaculture growth among African countries has remained fairly constant at 5.8% annually, although in 

few countries, the reported aquaculture production has doubled (FAO, 2018). According to FAO (2020), the finfish 

production declined gradually over the past two decades inspite of inland aquaculture producing54.3 million metric 

tonnes finfish but comparatively, aquaculture is doing better than other food production sectors. The global 

production of Tilapia which is approximately 4.5254 Million Tonnes (8.3%) supersedes production from other 

cultured fish species except the carps (FAO, 2020). This shows that with the available aquatic resources, aquaculture 

can be expanded by incorporating other culture systems. The precursor for aquaculture growth is human population 
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increase which has brought about decline in wild fisheries, consequently increased prices of fish and their products 

(Péronet al., 2010). In aquaculture, improved technology is one of the most recent ways of managing the cultured 

fish to reduce the production cost (Jiang, 2010). It has been reported that the high cost of feeds accounts for 40-69% 

of the production cost of cultured species of which the protein is an essential component (Fotedar, 2004). To lower 

the operational costs, Ogelloet al., (2014) suggests that sustainable aquaculture should consider good culture 

management and feed, which can also imply replacement of fishmeal in feeds with affordable protein sources (Lim 

and Webster, 2006). This has led to technical innovation such as the recent biofloc technology (BFT), which aims at 

maximizing utilization of feeds, hence decrease the production cost, and remove effluents discharged to the recipient 

aquatic ecosystems (Abdel-Tawwab and Ahmad, 2009, Mohsen et al., 2010). Previous studies and reports (Arnold 

et al., 2009; Megahed, 2010; Xu & Pan, 2012) have sought to establish whether biofloc technology can be 

efficiently used for increased productivity and reduced environmental pollution than the conventional culture 

systems. However, it is also crucial to assess the condition of these cultured fishusing weight-length relationships 

(Petrakis and Stergiou, 1995) and Fulton's condition factor and compare the fish response to different environmental 

feeding conditionscaused by different carbon sources and protein levels (Anyanwu et al., 2007).  

 

The condition factor (LeCren, 1952), indicates the general well-being of fish and is used to explain the variation for 

fish weight with body length. The condition factor also represents the physiological condition of a fish for a given 

culture period (Ighwelaet al., 2011). Variation in fish conditionis caused by environmental factors and feeding, sex, 

physico-chemical water parameters, season, feed availability and stress (Khallafet al., 2003).  Feeding being a major 

factor affecting the fish condition, studies have been conducted to show the effect of Tilapia feeding habits on fish 

condition using weight-length relationships (Olurin and Aderibigbe, 2006). Although studies on O. niloticus are 

important given its significance in the global aquaculture, only few studies have been conducted on weight-length 

relationship of O. niloticus in a biofloc system. The present study was conducted to address this research gap and 

provide baseline information for future related studies. 

 

Materials And Methods:- 
Experimental site and design: 

The study was conducted at Kenya Marine and Fisheries Research Institute (KMFRI), Sangoro station in Kisumu, 

Kenya between August and December, 2019. Sex reversed all maleO. niloticus Fry of initial mean weight 0.07 ± 

0.03 g and length 1.30 ± 0.24 cm were randomly stocked in 18 aquarium tanks with a working volume of 50L at a 

stocking density of one fish Litre
-1

. The experiment was set in a greenhouse under controlled temperature and 

dissolved oxygen conditions with supplementary aeration provided by air stones connected to 10 HP air pump and 

temperature regulated by thermostat heaters. The biofloc used glucose and molasses as two carbon sources which 

were assigned at three protein levels of 22%, 27% and 35%. The treatments were randomly assigned to the aquaria 

in triplicates.The treatments were labeled as G-22, G-27 and G-35 in glucose bioflocs, M-22, M-27 and M-35 in 

molasses bioflocs for respective protein levels.Weekly sludge was drained and freshwater replaced to maintain water 

levels. The fish were fed on their daily ration twice a day at 5% body weight for 14 weeks. The percentage of carbon 

in molasses was calculated from density and that of glucose from the atomic weights.The carbon to nitrogen ratio 

(C/N) was calculated according to Avnimelech1999, and maintained at 20:1. The quantity of carbon sources were 

calculated as follows:  Quantity of carbon = (Feed quantity x percentage nitrogen in excretion x percentage nitrogen 

in feed) / 0.05 To acceleratebiofloc growth, 5litres of fertilized pond water was used as an inoculant (Correia et al., 

2002) and the carbon:nitrogen ratio was maintainedby mixing daily the pre-weighted molasses and glucose in a 

bowel and applying the mixture to each aquarium before feeding the fish (Avinmelech, 1999; Samochaet al., 2007).  

 

Supplementary feeding was performed twice daily at 5% of body weight at 0900hrs and 1630hrs using a formulated 

trial diet. The physico-chemical water parameters were recorded daily while nutrients were sampled bi-weekly as 

recommended by Azim and Little (2008), Widanarniet al., (2012) and Liu et al., (2014). Daily measurements were 

taken using YSI multiparameter meter (model Procomm 11) and nutrient analysis done using a mass 

spectrophotometer (Genesis 10s vis) while ammonia was calculated from TAN according to standard methods 

provided by El-Shafaiet al., (2004). A sample of 30 fish per tank was used for taking body weight and total length 

measurements using an electronic balance (readability = 0.001g) and a measuring board (readability = 0.01cm) 

respectively. Mortality was monitored daily and survivals calculated at the end of every two weeks. The collected 

data was analyzed using a two-way analysis of variance in R - Software. Regressions and Tukey's multiple 

comparisons was used as post hoc test to determine which particular treatment combinations differed.Fulton’s 

condition factor (K) was determined using the equation; K = (W*100)/L
3
. Where L - is the total length and W - is 

the body weight of fish (Blackwell et al., 2000). Regression analysis was performed between log transformed weight 
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and length data using the log transformed form of Le Cren (1951) equation, Log W = log a + b log L, where b - is 

the slope and log a, the intercept of weight-length regression. Descriptive results were presented as (mean ± SE) and 

all significant differences determined at P ≤ 0.05. 

 

Results:- 
Water quality parameters  

The results of water quality measurements for the experimental treatmentsare presented in Table 1. There was no 

significant difference (p>0.05) in temperature between the carbon sources and among the three crude protein 

treatments. However, the mean DO of glucose biofloc was significantly higher (p<0.05) than that of molasses and 

exhibited significant differences (p<0.05) among the crude protein levels. Similarly, the pH showed significant 

differences (P<0.05) between the crude protein and the carbon used in all the treatments. TDS and EC showed 

significant differences (p<0.05) between the biofloctreatmentswhile they exhibited no significant differences 

(P>0.05) among the crude protein treatments. There was a significant difference in the mean ammonia concentration 

between the carbon sources (p<0.05) and among the crude protein treatments. The 22% crude protein level in 

glucose biofloc resulted to generation of significantly (p<0.05) lowest levels of ammonia although significant 

differences were also observed between the treatments. Generally, glucose bioflocs resulted to lower ammonia 

levels than molasses bioflocs. Ammonia showed an increasing trend for the first two weeks of this study to a 

maximum of 0.30 mg L
-1

 recorded in M-27 treatment. However, Nitrite showed a decreasing trend in both bioflocs 

depending on the protein level used and its concentrations did not differ significantly (p>0.05) between the carbon 

sources.   

 

Table 1:- Physicochemical water quality parameters in Oreochromis niloticus fry presented as mean ± SE. Means 

having different alphabet superscript were significantly different (p<0.05) as determined by ANOVA with 

replication and Turkey's comparison of means. a>b>c 

Treatments 

 G-22 G-27 G-35 M-22 M-27 M-35 

Temp. 27.90±0.10
a
 28.10±0.10

a
 28.10±0.10

a
 27.90±0.10

a
 27.90±0.10

a
 28.10±0.20

a
 

DO  5.10±0.02
a 

4.99±0.01
a 

4.96±0.06
a 

4.81±0.07
b
 4.80±0.06

b
 4.74±0.09

b
 

TDS  112.4 ±1.08
b
 114.6 ±1.53

b
 112.9 ±2.01

b
 123.1 ±1.82

a
 122.7 ±2.10

a
 122.2 ±2.44

a
 

EC 182.8 ±2.05
b
 191.5 ±2.18

b
 185.5±1.78

b
 199.3 ±2.70

a
 199.7 ±2.35

a
 197.6 ±2.58

a
 

pH  6.90±0.10
b
 6.90±0.10

b
 6.90±0.10

b
 6.80±0.10

b
 6.90±0.10

b
 6.80±0.10

b
 

NH3 0.21±0.03
b
 0.19±0.04

c
 0.22±0.07

b
 0.24±0.05

a
 0.25±0.04

a
 0.23±0.05

a
 

NO2
-
 0.03±0.01

b
 0.04±0.01

b
 0.04±0.02

b
 0.04±0.02

b
 0.04±0.04

b
 0.04±0.05

b
 

 

Length-weight relationship, condition factor and Survival: 

There was no significant difference (p>0.05) in average body weight and total length of the fry between the carbon 

sources at stocking (Table 2).Fish body weight resulted to significantly (p<0.05) lower values in molasses compared 

to glucose bioflocs. The Final mean length of fish reared on glucose biofloc was not significantly different (p>0.05) 

from the final mean total length in molasses bioflocs. The weight-length regression equations, b values, R
2
, P and F 

values are tabulated in Table 3 and Fig. 1, 2 and 3. The highest b coefficient was 2.66 obtained in G-35 treatment, 

while the lowest was 2.54 obtained from G-22 treatment.The initial and final condition factors were not significantly 

different for all treatments (Table 2 and Fig. 4).Survival rate were significantly higher than 96% in glucose and 

molasses 93%(Fig. 5). 

 

Table 2:- Growth parameters in Oreochromis niloticusfry presented as mean ± SE. Means with different alphabet 

superscript are significantly different (p<0.05) as determined by ANOVA with replication and Turkey's comparison 

of means. a>b. 

 Treatments 

 G-22 G-27 G-35 M-22 M-27 M-35 

 Initial Weight 0.07 ± 0.03
a
 0.07 ± 0.03

a
 0.07 ± 0.04

a
 0.07 ± 0.02

a
 0.07 ± 0.03

a
 0.07 ± 0.03

a
 

Final Weight 2.14 ± 0.61
a
 2.14 ± 0.46

a
 2.14 ± 0.41

a
 2.00 ± 0.47

b
 2.06 ± 0.46

b
 2.12 ± 0.39

a
 

Weight Gain 2.07 ± 0.61
a
 2.08 ± 0.46

a
 2.07±0.42

a
 1.93 ± 0.47

b
 1.99 ± 0.46

b
 2.05 ± 0.38

a
 

 Initial Length 1.30±0.25
a
 1.29±0.21

a
 1.30±0.22

a
 1.30±0.21

a
 1.30±0.21

a
 1.30 ± 0.23

a
 

 Final Length 4.85±0.45
a
 4.92±0.37

a
 4.89±0.42

a
 4.76±0.42

a
 4.80±0.42

a
 4.85±0.33

a
 

Initial K 3.33±2.00
a
 3.08±1.91

a
 3.13±1.66

a
 3.31±1.56

a
 3.32±1.57

a
 3.13±1.53

a
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Final K 1.83±0.33
a
 1.77±0.22

a
 1.79±0.15

a
 1.82±0.34

a
 1.84±0.23

a
 1.84±0.15

a
 

%Survival 98.3 ±0.26
a
 97.3 ±0.33

a
 98.3 ±0.14

a
 94.2 ±1.22

b
 94.3 ±1.24

b
 94.6 ±1.09

b
 

 

 
Fig.1:- Weight-length relationship of fish in glucose and molasses bioflocs compared at 22%. 

 

 
Fig.2:- Weight-length relationship of fish in glucose and molasses bioflocscompared at 27%. 
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Fig. 3:-Weight-length relationship of fish in glucose and molasses bioflocs compared at 35% 

 

Table 3:- The results of weight-length regressions obtained in the treatments.  

Treatments Log Equations b R
2
 Signif. F 

G-22 Log W=-3.47+2.54LogL 2.54 0.967 <2.2e-16 2.10e+04 

M-22 Log W=-3.51+2.57LogL 2.57 0.9572 <2.e-16 1.607e+04 

G-27 Log W=-3.54+2.60LogL 2.60 0.9729 <2.2e-16 2.581e+04 

M-27 Log W=-3.47+2.57LogL 2.57 0.9539 <2.2e-16 1.488e+04 

G-35 Log W=-3.61+2.66LogL 2.66 0.9605 <2.2e-16 1.746e+04 

M-35 Log W=-3.56+2.63LogL 2.63 0.9611 <2.2e16 1.775e+04 

 

 
Fig.4:- Condition Factor of Oreochromis niloticus for the experimental treatments. 
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Fig.5:- Percentage survival of Oreochromis niloticus for the experimental treatments. 

 

Discussions:- 
The results showed that the average temperature in all treatments was within the optimum range of 20 - 35

o
C 

recommended for fish culture (El-Sayed, 2006). However, Crab et al., (2009) and El-Sayed (2006) suggested that in 

considering this optimum for growth comparisons, it is also important to make reference to the O. niloticus specific 

optimum temperature of 25-30 
o
C. Although temperature in this study was controlled, it was not easy to maintain 

this specific optimum range in all temperature ranges due to system specific challenges and this necessitated 

monitoring of temperature variations in this study. Similar problems of temperature control in other studies have 

also been reported by Azim and Little (2008) and Luoet al., (2014). Temperature is the most critical water quality 

variable which affects a number of biological processes in fish culture systems (Ogelloet al., 2014). For instance, 

water temperature affects the level of DO directly (Kuhn et al., 2010), which in turn effects the growth of 

microorganisms in a biofloc system and consequently, growth and condition factor of cultured species. The pH level 

was also within the recommended range of 6.5 - 9.0 and the biofloc system was stable due to low pH variation 

exhibited (Boyd, Tucker, &Viriyatum, 2011). However, the observed low pH values of close to 6.5 could have been 

due to carbon-dioxide release by heterotrophic bacteria in the biofloc (Azim et al., 2008).  

 

Although the experiment recorded high DO levels at the beginning, the subsequent build-up of organic matter, 

resulted in increased respiration by bacteria eventually depleting oxygen (Taw, 2010 and Schveitzeret al., 2013). 

However, the DO level did not fall below the optimum 4 mgl
-1

 reported by Avnimelech (2011) because of 

supplemental aeration system provided. Higher DO level was recorded for low protein levels indicating low oxygen 

requirement for organic matter decomposition by heterothrophic bacteria (Asaduzzamanet al., 2009a). Other factors 

which caused reduction in DO levels include fish respiration, temperature and competition between autotrophic and 

heterotrophic bacteria.The mean Ammonia levels determined in this study were below 0.5 mg L
-1

, which is 

considered tolerable to most cultured fish species (Neoriet al., 2004; Avnimelech, 2012). However, the higher TAN 

value of 0.37mg L
-1

 in the molasses bioflocs was not toxic to fish because low pH levels recorded in the study lead 

to low TAN toxicity as a result of less toxic ammonia being favored in the equilibrium of ammonia gas and 

ammonium (Avnimelech, 2012). According to Nehemiaet al., (2012), prolonged exposure to unionized ammonia 

exceeding 0.2 mg L
-1

 is highly toxic to fish at pH levels of greater than 9 and can lead to massive mortalities.  

 

The Nitrite levels recorded were relatively low as compared to 28.1mg L
-1 

which Yanboet al., (2006) hypothesized 

to cause 50% mortality in tilapia after 96 hours of exposure. Increasing the C:N ratio to 20:1 using glucose and 

molasses enabled heterotrophic bacteria to colonize the biofloc resulting to bioflocs constituting of algae, protozoa 

and organic particles (Emerencianoet al., 2012). These heterotrophic bacteria helped to maintain water quality in the 

biofloc system by metabolizing the carbon added to form microbial flocs, resulting to low nitrogenous wastes in the 

effluents (Ebeling et al., 2006; Avnimelech, 2012; Emerencianoet al., 2012; Hargreaves, 2013). Self-recycling of 

waste water which results in high fish survivals and increased growth performance makes the biofloc system a more 
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sustainable culture system (Mallasen and Valenti, 2006; Naqvi et al., 2007; Crab et al., 2007; Asaduzzamanet al., 

2008). Results of regression analysis showed that there were positive significant (p<0.05, R
 2 

> 0.5) relationships 

between body weight and total length in the fitted data sets. This implies that an increase in mean weight was 

brought about by a corresponding length increase during the culture period. From the three linear regressions, the 

coefficients of determination R
2
 ranged between 0.9539 to 0.9729 indicating good model fitnes in which over 95% 

of the body weight is explained by the regression model (Omwenoet al., 2020). It also implies that mean body 

weight is highly depended on total length, although it is also depended on other factors such as the number of culture 

days and physicochemical parameters (Omwenoet al., 2020).  

 

The values of the slope coefficient (b) showed that fish in all samples exhibited a negative allometric growth (b<3), 

therefore becomes slender and leaner as the length increases (Pauly 1984).The b-coefficient ranged between 2.54 

and 2.66, with the highest value recorded in G-35 treatment. The b value from this study lies within the range of 2.5 

and 3.5 observed for most species by Froese (2006), but is on average lower than b value of 2.908 for the total 

length of 4.00-23.10 cm in tilapia reported by Britton and Harper (2008).  Generally, fish were in good allometric 

condition although the b-coefficients indicated that there were many stress factors affecting the fish condition factor 

resulting to b-values of less than 3 (Prasad and Anvar, 2007). Similar findings have been reported by 

Moradinasabetal., (2012), Kembenyaet al., (2014) and Omwenoet al., (2020) showing that fish at juvenile stage can 

exhibit allometric growth due to stress factors in the culture environment. However, in this study, the different b 

values may be attributed to different carbon sources and the protein levels resulting to different food items available 

for fish growth. According to Stewart (1998), Kleanthidset al., (1999) and Hossain (2010), fish management and 

variation of environmental parameters may also be the cause of different b value in this study.  

 

The Fulton 's condition factor of more than 1.7 further indicated that the fish were in a healthy physiological state 

due to good water quality and low stress in the two biofloc systems. The condition factor was higher than what was 

reported for O. niloticus juveniles by Kembenyaet al., (2014) and Olurin and Aderibigbe (2006). Understanding the 

condition factor helps to depict the environmental aspects of the culture system as well as the level of management 

(Araneda et al., 2008), consequently showing that the biofloc system is a better, efficient and sustainable culture 

system forO. niloticus. This can also be confirmed by high survival rates being higher than 93%. The survival results 

agree with Luo et al., (2014) who obtained 100% survival for O. niloticusin a biofloc system.According to McIntosh 

(2000), microbial protein in the bioflocs which constitute the recycled wasted feed can be used to supplement 

formulated diets fed to fish. This explained why fish remained in good condition even with reduction of protein level 

from 35%-22% in both bioflocs evidenced from this study. Reduction of protein level in the feeds can be 

economical because feed account for over 50% of operational costs in aquaculture. 

 

Conclusion and Recommendations:- 
In conclusion, the findings showed that the fry ofO. niloticus cultured in the two biofloc systems were in good 

condition and there was no significant influence of protein levels on the fish condition factor. Although the culture 

system imposed some stress factors to cultured fish, the mean weight ofO. niloticus was highly dependent on total 

length and the fish in the biofloc system were in good physiological condition.A further study is recommended to 

determine the weight-length relationship and condition factor of other life stages in a biofloc culture system to 

monitor the effect of changing protein levels. 

 

Acknowledgements:- 
Our sincere gratitude goes to African Development Bank (ADB) for the Master’s grant scholarship which enabled 

the corresponding author to complete his research, KMFRI Sangoro center coordinator and the technical staff for 

their hospitality, guidance and technical support throughout the study period. 

 

References:- 
1. Abdel-Tawwab, M. and Ahmad, M.H., 2009. Effect of dietary protein regime during the growing period on 

growth performance, feed utilization and whole-body chemical composition of Nile Tilapia, Oreochromis 

niloticus (L.). Aquacult. Res. 40, 15321537. 

2. Anyanwu, A.O., B.C. Okoro, B.I. Ebonwu, F. Ihimekpen and I.K. Ayaobu-Cookey et al., (2007). Length-weight 

relationship, condition factor and sex ratio of africanmudcatfish (Clariasgariepinus) reared in indoor water 

recirculation system tanks. Res. Biol. Sci., 2: 780-783. 

3. Araneda M, Perez EP, Gasca LE (2008) White shrimp Penaeus vannamei culture in freshwater at three 



ISSN: 2320-5407                                                                                  Int. J. Adv. Res. 8(12), 25-34 

32 

 

densities: condition state based on length and weight. Aquacult 283:13–18. 

4. Arnold, S. J., Coman, F. E., Jackson, C. J., & Groves, S. A. (2009). High-intensity, zero water-exchange 

production of juvenile tiger shrimp, Penaeus monodon: an evaluation of artificial substrates and stocking 

density. Aquaculture, 293(1), 42-48. 

5. Asaduzzaman, M., Wahab, M.A., Verdegem, M.C.J., Huque, S., Salam, M.A., Azim, M.E., 2008. C/N ratio 

control and substrate addition for periphyton development jointly enhance freshwater prawn 

Macrobrachiumrosenbergii production in ponds. Aquaculture 280, 117-123. 

6. Asaduzzaman, M., Wahab, M.A., Verdegem, M.C.J., Mondal, M.A., Azim, M.E., 2009a. Effects of stocking 

density of freshwater prawn Macrobrachiumrosenbergii and addition of different levels of tilapia Oreochromis 

niloticus on production in C/N controlled periphyton based system. Aquaculture. 286, 72–79.  

7. Avnimelech, Y. (1999). Carbon/nitrogen ratio as a control element in aquaculture systems. Aquaculture, v. 176, 

n. 3/4, p. 227-235. 

8. Avnimelech, Y. Tilapia production using biofloc technology: saving water, waste recycling improves 

economics. Global Aquaculture Advocate, p. 66-68, May/June 2011. 

9. Avnimelech, Y. Biofloc technology: - a practical guidebook. 2nd ed. Baton Rouge: The Word Aquaculture 

Society, 2012. 271 p. 

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

composition, and growth and welfare of Nile tilapia (Oreochromis niloticus). Aquaculture, v. 283, p. 29-35. 

11. Azim ME, Little DC and Bron JE (2008). Microbial protein production in activated suspension tanks 

manipulating C: N ratio in feed and the implications for fish culture. Bioresour Technol 99(9): p. 35903599. 

12. Blackwell, B.G.; Brown, M.L. & Willis, D.W. 2000. Relative Weight (Wr), Status and Current Use in Fisheries 

Assessment and Management. Reviews in Fisheries Science 8: 1-44. 

13. Boyd, C. E., Tucker, C. S., &Viriyatum, R. (2011). Interpretation of pH, acidity, and alkalinity in aquaculture 

and fisheries. North American Journal of Aquaculture, 73(4), 403-408. 

14. Britton, J. R. and Harper, D. M. 2008. Juvenile growth of two tilapia species in Lakes Naivasha and Baringo, 

Kenya. Ecology of Freshwater Fish 17:481-488. 

15. Correia, E.S., Pereira, J.A., Apolinario, M.O., Horowitz, A., Horowitz, S., 2002. Effect of pond aging on natural 

food availability and growth of the freshwater prawn Macrobrachiumrosenbergii. Aquacult. Eng. 26, 61-69. 

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

aquaculture for a sustainable production. Aquaculture, 270(1-4), p.1-14. 

17. Crab, R., Kochva, M., Verstraete, W. and Avnimelech, Y., (2009). Bioflocs technology application in over-

wintering of tilapia. Aquacultural Engineering 40, 105-112. 

18. Ebeling, J. M.; Timmons, M. B. and Bisogni, J. J. (2006). Engineering analysis of the stoichiometry of 

photoautotrophic, autotrophic, and heterotrophic removal of ammonia-nitrogen in aquaculture systems. 

Aquaculture, v. 257, p. 346-358. 

19. El-Sayed, A.F.M. (2006). Tilapia Culture. CABI Publishing, CAB International, Wallingford, Oxfordshire, UK, 

pp: 277. 

20. El-Shafai SA, El-Gohary FA, Gijzen, Steen and Nasr FA. (2004) Chronic ammonia toxicity to duckweed-fed 

tilapia (Oreochromis niloticus).Aquaculture 232:117–127. 

21. Emerenciano M, Ballester ELC, Cavalli RO, Wasielesky W (2012) Biofloc technology application as a food 

source in a limited water exchange nursery system for Pink Shrimp Farfantepenaeusbrasiliensis (Latreille, 

1817). Aquac Res 43:447457. 

22. FAO. 2018. Fishery statistical collections: Consumption of fish and fishery products. 

www.fao.org/fishery/statistics/global-consumption/en 

23. FAO. 2020. The State of World Fisheries and Aquaculture 2020. Sustainability in action. Rome. 

https://doi.org/10.4060/ca9229en 

24. Fortedar, R., 2004. Effects of dietary protein and lipid source on the growth, survival, condition indices and 

body composition of marron, Cheraxtenuimanus (Smith). Aquacult., 230: 439-455. 

25. Froese, R. 2006. Cube law, condition factor and weight–length relationships: history, meta-analysis and 

recommendations. Journal of Applied Ichthyology 22:241-253. 

26. Hargreaves, J. A. (2013). Biofloc production systems for aquaculture. Stoneville, MS: Southern Regional 

Aquaculture Center. (SRAC Publication No. 4503). 

27. Hossain MY (2010). Morphometric relationships of length-weight and length-length of four Cyprinid small 

indigenous fish species from the Padma River (NW Bangladesh). Turkish Journal of Fisheries and Aquatic 

Sciences 10: 131-134. 

28. Ighwela, KA, Ahmed, AB., and. Abol-Munafi, A.B. (2011). Condition Factor as an Indicator of Growth and 

http://www.fao.org/fishery/statistics/global-consumption/en
https://doi.org/10.4060/ca9229en


ISSN: 2320-5407                                                                                  Int. J. Adv. Res. 8(12), 25-34 

33 

 

Feeding Intensity of Nile Tilapia Fingerlings (Oreochromis niloticus) Feed on Different Levels of Maltose 

American-Eurasian J. Agric. & Environ. Sci., 11 (4): 559-563. 

29. Jiang, S., 2010. Aquaculture, capture fisheries, and wild fish stocks. Resource Energy Econ. 32, 65-77. 

30. Kembenya E.M., Erick O. O and Jonathan M.M. (2014). The Length-Weight Relationship and Condition Factor 

of Nile Tilapia (Oreochromis niloticus L.) Broodstock at Kegati Aquaculture Research Station, Kisii, 

Kenya.International Journal of Advanced Research. 2(5), 777-782 

31. Khallaf, E., Galal, M., Athuman, M. (2003). The biology of Oreochromis niloticus in a polluted canal. 

Ecotoxicology. 12:405-416. 

32. Kleanthids PK, Sinis AI, Stergiou KI (1999). Length-weight relationships of freshwater fishes in Greece. 

Naga,ICLARM Q 22:37–41. 

33. Kuhn, D.D., Lawrence, A.L., Boardman, G.D., Patnaik, S., Marsh, L., and Flick, G.J. (2010). Evaluation of two 

types of bioflocs derived from biological treatment of fish effluent as feed ingredients for Pacific white shrimp, 

Litopenaeusvannamei. Aquaculture 303: 2833. 

34. Le Cren ED (1951). The length-weight relationships and seasonal cycle in gonad weight and condition in the 

perch (Percafluviatilis)Journal of Animal Ecology 20: 201-219. 

35. Lim, C., Webster, C.D., 2006. Tilapia: Biology, Culture, and Nutrition. The Haworth Press, Inc., the United 

States, 678 pp. 

36. Liu, L., Hu, Z., Dai, X., &Avnimelech, Y. (2014). Effects of addition of maize starch on the yield, water quality 

and formation of bioflocs in an integrated shrimp culture system. Aquaculture, 418-419(1), 79-86. 

37. Luo, G., Gao, Q., Wang, C., Liu, W., Sun, D., Li, L., & Tan, H. (2014). Growth, digestive activity, welfare, and 

partial cost effectiveness of genetically improved farmed tilapia (Oreochromis niloticus) cultured in a 

recirculating aquaculture system and an indoor biofloc system. Aquaculture, v. 422-423(20), pp. 1-7. 

38. Mallasen, M., Valenti, W.C., 2006. Effect of nitrite on larval development of giant river prawn 

Macrobrachiumrosenbergii. Aquaculture 261, 1292-1298. 

39. McIntosh, P.R., 2000. Changing paradigms in shrimp farming. IV. Low protein feeds and feeding strategies. 

Global Aquac. Adv. 3, 44-50. 

40. Megahed, M. (2010). The effect of microbial biofloc on water quality, survival and growth of the green tiger 

shrimp (Penaeus semisulcatus) fed with different crude protein levels. J Arab Aquacult Soc 5: 119142. 

41. Mohsen A.T., Mohammad H. A., Yassir A.E. K.and Adel M.E. S.  (2010)."Effect of dietary protein level, initial 

body weight, and their interaction on the growth, feed utilization, and physiological alterations of Nile tilapia, 

Oreochromis niloticus (L.)", Aquaculture. 

42. Moradinasab, GH. Daliri, M. Ghorbani, R. Paighambari, S.Y. Davoodi R. (2012). Length-weight and length-

length relationships, Relative condition factor and Fulton’s condition factor of Five Cyprinid species in Anzali 

wetland, southwest of the Caspian Sea. Caspian J. Env. Sci. Vol. 10 No.1 pp. 25-31. 

43. Naqvi, A.A., Adhikari, S., Pillae, B.R., Sarangi, N., 2007. Effect of ammonia-N on growth and feeding of 

juvenile Macrobrachiumrosenbergii (De-Man). Aquacult. Res. 38, 847-851. 

44. Nehemia, A., Maganira, J. D. and Rumisha, C. (2012). Length-Weight relationship and condition factor of 

Tilapia species grown in marine and fresh water ponds. Agriculture Biol. J. N. Am.3 (3):117-124. 

45. Neori, A., Chopin, T., Troell, M., Buschmann, A.H., Kraemer, G.P., Halling, C., Shpigel, M., Yarish, C., 2004. 

Integrated aquaculture: rationale, evolution and state of the art emphasizing seaweed biofiltration in modern 

mariculture. Aquaculture 231, 361-391. 

46. Ogello E.O, Safina M. M., Christopher M. A., Jacob O. A. and Jonathan M. M., (2014). An Appraisal of the 

Feasibility of Tilapia Production in Ponds Using Biofloc Technology: A review. InternationalJournal of Aquatic 

Science, Vol. 5, No. 1, p.21-39. 

47. Olurin, K.B., Aderibigbe, O.A. (2006). Length-Weight Relationship and Condition Factor of Pond Reared 

Juvenile Oreochromis niloticus. Journal of Zoology 1:82-85. 

48. Omweno J. O., Orina P. S., Getabu, A. and Ondieki, P. M.  (2020). Comparative growth of Jipe tilapia, 

Oreochromis Jipe and Nile tilapia, Oreochromis niloticus, using regression modelling. Int. J. Adv. Res. 8(09), 

984-99. 

49. Pauly D (1984). Fish population dynamics in tropical waters: a manual for use with programmable calculators. 

ICLARM Stud Rev 8:325. 

50. Péron, G., Mittaine, J.F., Le Gallic, B., 2010. Where do fishmeal and fish oil products come from? An analysis 

of the conversion ratios in the global fishmeal industry. Mar. Policy, In press. 

51. Petrakis, G. and Stergiou, K. I. (1995). Weight length relationships for 33 fish species in Greek waters. Fisheries 

Research 21:465-469. 

52. Prasad G. and P.H. Anvar Ali (2007). Length-weight relationship of a cyprinid fish puntiusfilamentosus from 



ISSN: 2320-5407                                                                                  Int. J. Adv. Res. 8(12), 25-34 

34 

 

Chalakudy River, Kerala. Zoos' Print Journal 22(3): 2637-2638. 

53. Samocha TM, Patnaik S, Speed M. (2007). Use of molasses as carbon source in limited discharge nursery and 

grow-out systems for Litopenaeusvannamei. Aquacultural Engineering, v. 36, p. 184-191. 

54. Schveitzer, R., Arantes, R., Costódio, P. F. S., do Espírito Santo, C. M., Arana, L. V., Seiffert, W. Q., 

Andreatta, E. R. (2013). Effect of different biofloc levels on microbial activity, water quality and performance 

of Litopenaeusvannamei in a tank system operated with no water exchange. Aquacultural Engineering 56, 59-

70. 

55. Stewart, K.M. (1998). Changes in condition and maturation of the Oreochromis niloticus L. population of 

Ferguson’s Gulf, Lake Turkana, Kenya. J. Fish Biol., 33: 181-188. 

56. Taw N (2010) Biofloc technology expanding at white shrimp farms. Global Advocate may/june, 2426 (available 

in http://www.gaalliance.org/mag/May_June2010.pdf). 

57. Widanarni W, Ekasari J, Maryam S (2012) Evaluation of biofloc technology application on water quality and 

production performance of Red tilapia Oreochromis sp. cultured at different stocking densities. Hayati J Biosci 

19:7380. 

58. Xu, W.-J., & Pan, L.-Q. (2012). Effects of bioflocs on growth performance, digestive enzyme activity and body 

composition of juvenile Litopenaeusvannamei in zero-water exchange tanks manipulating C/N ratio in feed. 

Aquaculture, 356-357, 147-152. 

59. Yanbo, W., Zhang, W., Li, W., Xu Zi. Acute toxicity of nitrite on tilapia (Oreochromis niloticus) at different 

external chloride concentrations. Fish Physiology and Biochemistry, v. 32, p. 49-54, 2006. 

http://www.gaalliance.org/mag/May_June2010.pdf

