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Abstract 
In the present study, growth performance of Nile tilapia (O. niloticus) was evaluated. Nile tilapia were 
divided into four groups in two replications according to time of water change, after two days (control), 
after four days (T1), after six days (T2) and after eight days (T3). The feed was supplied at the ratio of 
3% of wet body weight of fish fingerlings twice a day for a period of 12 weeks. Final body weight gain 
and final body length values of (T1) were significantly (P<0.05) higher than other treatments. Also, the 
values of the mean growth rate of (T1) were significantly (P<0.05) higher than other treatments. Final 
body depth values of (T1) were non-significantly (P>0.05) different with control, but it was significantly 
higher than (T2) and (T3) (P<0.05). The specific growth rate (SGR) values of (T1) were significantly 
higher than other groups (P<0.05). The best growth performance parameters of Nile tilapia were in (T1), 
which decreased water consumption too, decreased the cost of fish production by decrease the fuel 
consuming without affective on growth performance. During the first six weeks the log of total bacterial 
count in the water increased slightly by increasing the time in all fish groups (C, T1, T2 and T3). By the 
next weeks (W8, W10 and W12) log of total bacterial count in the water increased markedly until 
reaching the maximum values at the end of experiment after 12 weeks being 5.3, 5.28, 5.46 and 5.60 Log 
CFU/ml in C, T1, T2 and T3, respectively. Generally, the values of total bacterial count in water took the 
lowest values in C followed by T1 and T3 while T3 was the highest values. The BOD5 in C ranged 
between 4.9 to 8.6 mgO2/L. The lowest value of BOD5 in T1 was 5.5 mgO2/L and the highest value was 
8.2 mgO2/L. It was observed that the values of BOD5 in T2 were fluctuating between 5.7 and 7.9 
mgO2/L. The values of BOD5 in T3 were 6.3, 6.9, 7.2, 7.3, 7.8, 8.2 and 9.2 in W0, W2, W4, W6, W8, 
W10 and W12, respectively. The values of the correlation coefficient between the log of total bacterial 
count in water tanks of Nile tilapia during the experimental period and the biological oxygen demand 
were 0.678, 0.869, 0.879 and 0.896 in C, T1, T2 and T3, respectively, these values occurred between 0.6 
and 1.0 and that means the correlation is strong. 
 
Keywords: Growth performance, Nile tilapia, Oreochromis niloticus, Microbiological examinations and 
BOD 
 
1. Introduction 
Nowadays, the demand of fish food is increasing throughout the world due to the recognition 
of its nutritional value [1]. Today, aquaculture is the fastest growing food-producing sector in 
the world, with an average annual growth rate of 8.9% since 1970, compared to only 1.2% for 
capture fisheries and 2.8% for terrestrial farmed meat production systems over the same period 
[2]. The rise of food price and rapid human world population growth, increase the demand of 
fish consumption [3]. Rising consumer demand for seafood has fostered the development of 
modern aquaculture [4]. World fisheries production is projected at 164 million tons in 2020, 
and major increases in the quantity of fish produced will originate from aquaculture at an 
estimated annual growth rate of 2.8% [5]. Tilapias are a group of species with great economic 
importance; second only to carps in fishes’ global production. Species of tilapia differ in their 
salinity tolerance, as is expressed in various production traits, such as growth, reproduction 
and survival. O. niloticus (Nile tilapia) dominates in fresh water culture due to its superior 
performance in this environment [6]. Tilapias are considered as the best species for culturing 
because of their high tolerance to both adverse environmental conditions and relatively poor 
water quality [7].  
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Fish culture is a good source of income and employment for 
hundreds of millions of people around the world. Aquaculture 
is the fastest-growing animal-food-producing sector in the 
world [8, 7]. Climate changes affected on freshwater resources 
and caused decline the water in the world have been 
associated with temperature and rainfall [9, 10]. Climate 
changes lead to changes undesirable to society (e.g. reduced 
average water availability), or to aquatic ecosystems (e.g. 
unfavorable changes in river flow regime). Also, it causes the 
rapid degradation of water quality for downstream users and 
absolute shortages during droughts [11]. Drought as a result of 
the evaporation of water and decline the water resources in 
the world, and building of dams in some region in the world. 
Fish production can also be increased through water 
exchange. The water is use in water exchange systems for 
providing oxygen and clean water from metabolites waste, 
while the water consumption with large quantities in 
aquaculture attributed at water exchange, surface evaporation 
and seepage [12]. The growth performance and feed conversion 
ratio were clearly affected by water exchange rate [13]. 
Increasing of fuel prices leads to increase the cost of fish 
production. For decreasing the water consumption and water 
exchange cost. 
Biochemical Oxygen Demand (BOD) is the total amount of 
dissolved oxygen required (milligrams per liter or parts per 
million ppm) by microorganisms for biodegradation of 
organic matters. It is a common indicator used to measure 
organic water pollutants [14]. Fish and other aquatic animals 
depend on dissolved oxygen (DO, the oxygen present in the 
water) to live. The amount of DO in streams is dependent on 
the water temperature, the quantity of sediment in the stream, 
the amount of oxygen taken out of the system by respiring 
and decaying organisms, and the amount of oxygen put back 
into the system by photosynthesis and aeration [15]. The BOD 
test is one widely applied method to quantify the consumption 
of oxygen in the water from the decay of organic matter [16]. 
Small molecular weight compounds will start to be removed 
from the waste water immediately. Their removal time may 
be completed in 1–2 hours. This group of compounds is often 
referred to as the readily biodegradable or ‘Soft’ BOD. Other, 
higher molecular weight compounds will take several hours to 
be degraded and removed. Yet other compounds are more 
recalcitrant, and may still be presented after several days. This 
less readily biodegradable BOD is often referred to as ‘Hard’ 
BOD. The mechanism of their degradation and removal was 
by the microbial enzymes which digest them into small 
monomers [17]. The optimum value of good water quality is 4 
to 6 mg/l of DO, which ensures healthy aquatic life in a water 
body. The seasonal BOD values were slightly higher in 
summer and low during winter and rainy season. Higher 
values of BOD in summer season due to higher microbial 
activity and elevated temperature [18,19].Therefore, the present 
study is aimed to determine the optimum time for water 
change and examines the nutrient utilization and microbial 
activity of Nile tilapia. 
 
Materials and methods 
Experimental design and procedure  
These analyses were carried out at Animal Production 
Laboratory of Department of Animal production, faculty of 
Agriculture, Damietta University. Tilapia fingerlings were 
obtained from Abbassa fish hatchery, General Authority for 
Fish Resources Development, Abbassa, Abo-Hammad, and 
Sharkia, Egypt. Initially, fish stayed in the glass tanks for one 

week for acclimation in the laboratory conditions. Tilapia 
fingerlings were divided to four groups with two replicates for 
each treatment that, comprising of twenty individuals (weight 
of 1.33–1.36 g/fish and length of 4.0–4.1 cm/fish) in each 
experimental tank containing 200 liter of water. The feed was 
containing 35% crude protein (CP) and supplied at the ratio of 
3% of wet body weight of fish fingerlings twice a day for a 
period of 12 weeks (90 days). 
In each experimental tank contain filtration unit for settlement 
of particulate matter. Too, tanks contain compressor air to 
supply oxygen into the experimental tanks. Also, Fish tanks 
were cleaned and collected the faces before water replacing in 
every group. The water supply was provided from a storage 
fiberglass tank where, the water was replaced with rate of 
50% per once according to group. First group (control) was 
replacing water every two days and second group was 
replaced water every four days. While in third group, the 
water was replaced every six days. Finally, in fourth group, 
water was replaced every eight days. Growth was estimated 
by weight the fish in each tank. Too total lengths and body 
depth of the fish measured every two weeks.  
The amount of the feed was adjusted once in two weeks 
intervals based on the body weight of the fish. Thus, the 
amount of daily feed ration (DFR) at each sampling time was 
calculated using the mean body weight (MBW) and the total 
number of the fish (N) and the feeding rate per day (FR/d) 
using the following formula: DFR=(MBW×N×FR)/d [20].  
 
Proximate analysis of diet and fish 
The tested diets and fish from each treatment were chemically 
analyzed according to the Standard Methods of [21] for 
moisture, protein, fat and ash. Moisture content was estimated 
by heating samples in an oven at 85oC till constant weight and 
calculating weight loss. Nitrogen content was measured using 
a microkjeldahl apparatus and crude protein was estimated by 
multiplying nitrogen content by 6.25. Total lipid content was 
determined by ether extraction for 16 hr and ash was 
determined by combusting samples in a muffle furnace at 550 
oC for 6 hr. Crude fiber was estimated according to [22]. 
 
Data analysis 
From the experimental data obtained in replicate tanks, 
weight gain and specific growth rate (SGR) were calculated 
as described by [23]. Condition factor (Cf) and Mean growth 
rate (MGR) were calculated according to [24]. 
Weight gain = W2 – W1 
SGR = (ln W2 - ln W1/T2-T1) x 100 
Mean growth rate (MGR) = [(W2–W1)/0.5(W2+W1) t] 
×1000 
Cf= {(W/L3)*100} 
Where; W2 = final weight of fish, W1 = initial weight of fish, 
T1 = begin of experiment (day), T2 = end of experiment 
(day), t=experimental period in days, W = Final mean body 
weight (g), L = Mean standard length (cm), F1 = number of 
fish at the end of experiment, F2 = number of fish at the 
beginning of experiment. 
 
Microbiological examinations 
Total bacterial count 
The tested samples (water) were collected from animal 
production laboratory and transferred to the microbiology 
laboratory into the icebox. One ml of water samples was 
aseptically transferred to 9 ml of sterile water and mixed well 
for 2 min using a vortex (VM-300 power: 220 VAC, 50Hz, 
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0.16A/Made in Taiwan-Associated with Cannic, inc U.S.A.) 
to homogenate the obtained solution [25]. For Total bacterial 
count of water, poured plate method was used, after preparing 
suitable serial dilutions of water samples; one ml was 
transferred into sterile glass Petri dishes in triplicates. 
Approximate 15 ml of melted nutrient agar medium (45-50 
°C) was poured in each plate, then thoroughly mixed and left 
for solidification. The plates were incubated at 30 °C for 48 
hours in a digital incubator (Switc, MPM Instruments s.r.l., 
Bernareggio/Made in Italy). After the incubation period, 
separated developed colonies were counted per each plate of 
the same dilution. The total colonies count per gram or ml of 
samples was calculated as follows: Total bacterial count = 
average number of triplicate plates of the same dilution x 
reciprocal of the dilution used (CFU)/ml or g sample [26]. 
 
Biological oxygen demand (BOD5). 
Determination of biological oxygen demand was done using a 
dissolved oxygen meter (Model: YK-22DO, Power: 9 V 
battery, Lutron Electronic Enterprise Co., LTD Made in 
Taiwan). The initial dissolving oxygen (initial DO) was 
determined using a dissolved oxygen meter directly in the 
site. Other samples were collected in 125 ml soda glass 
bottles. These samples were firmly covered and placed in an 
incubator in the dark for 5 days at 20 °C. At the end of this 
time, the dissolved oxygen level was determined (final DO). 
BOD5 was calculated as the method described by [27]. 
(BOD20

5) mg/L = (Initial DO - Final DO) x Dilution Factor 
[28]. 
 
Statistical analysis 
PROC GLM procedure of the Statistical Analysis Systems [29] 
was used to analyze the Least-squares means (LSM) and 
standard errors (SE) in each level of treatments and the 
differences between means were detected by Duncan`s 
multiple range test [30]. Regression coefficient analyzed on 
original data. 
 
Results and discussion 
Chemical evaluation of fish samples 
Data in Table 1 show that the chemical analyses of 
experimental diet, which fed to Nile tilapia (O. niloticus). Dry 
matter, ash, organic matter, crude protein, crude fat, fiber and 
nitrogen free extract were 90.96, 9.65, 81.31, 35.4, 4.35, 6.0 
and 35.56%, respectively. 
 

Table 1: Chemical analyses (%) of experimental diet fed to Nile 
tilapia (Oreochromis niloticus). 

 

(%) DM based Measurd parameters 
90.96 Dry matter 
9.65 Ash 

81.31 Organic matter 
35.4 Crude protein 
4.35 Crude fat 
6.0 Fiber 

35.56 Nitrogen free extract 
 
Table 2 shows the mean body weight gain in all different 
groups at the end of treatment. Mean body weight gain in 
second week was significantly (P<0.05) lowest for T2 and T3, 
and non-significantly different for T1. It was significantly 
higher in T1 than T2 and T3. During the fourth, mean body 
weight gain of fish was significantly (P<0.05) highest for T1, 
T2 and T3 compared to control, but it was non-significantly 

different with T1, T2 and T3. While, Mean body weight gain 
in sixth week was (P<0.05) significantly higher for T3, but it 
was non-significantly (P<0.05) different with T1and T2 
compared to control. It was in T3 significantly higher than T1 
and T2. During eight week, mean body weight gain was 
significantly (P<0.05) lowest for T1 and T3, and it was non-
significantly (P<0.05) highest for T2 compared to control. It 
was in T2 significantly higher than T1 and T3 (P<0.05). 
During tenth week, mean body weight gain was significantly 
(P<0.05) lowest for T2 and T3, and it was significantly 
highest (P<0.05) for T1 compared to control. It was in T1 
significantly higher than T2 and T3 (P<0.05). During twelfth 
week, mean body weight gain was significantly (P<0.05) 
higher for T1 and significantly (P<0.05) lower for T2 and T3 
compared to control. It was in T1 significantly (P<0.05) 
higher than T2 and T3. 
The mean body length in all different groups at the end of 
treatment showed in (Table 3). Mean value of initial body 
length was non-significantly different with all groups. During 
the second week, mean body length of fish was significantly 
lowest (P <0.05) for T2 and T3 but it was non-significantly (P 
<0.05) lower for T1 compared to control. It was non-
significant different with T1, T2 and T3. During fourth and 
eighth weeks, mean body length was non-significant with all 
groups. During the sixth week, the mean body length of fish 
was significant (P<0.05) for T3 and non-significantly higher 
(P<0.05) for T1 and T2 compared to control. It was non-
significantly higher in T3 than T1 and T2 (P<0.05). The mean 
body length in tenth week was significantly highest (P<0.05) 
for T1 and significantly lowest (P<0.05) for T3, but it was 
non-significantly different for T2 compared to control. It was 
in T1 significantly higher than T3 and non-significantly 
higher than T2 (P<0.05). During the twelfth week, final mean 
body length of fish was significantly (P<0.05) higher for T1 
and significant lower (P<0.05) for T2 and T3 compared to 
control. It was in T1 significantly (P<0.05) higher than T2 
and T3.  
Table 4 shows the mean body depth in all different groups at 
end of treatment. Initial body depth was non-significant with 
all groups. During second week of feeding, the mean body 
depth of fish was significantly higher (P<0.05) for T1 and T3 
but it was non- significant higher (P<0.05) for T2 compared 
to control. It was in T1 and T3 non-significant higher than T2 
(P<0.05). During fourth and tenth weeks, the mean body 
depth of fish was non-significant different for all groups. 
During the sixth week, the mean body depth of fish was 
significantly highest (P<0.05) for T3 and lowest (P<0.05) for 
T1 but it was non-significantly for T2 compared to control. It 
was in T3 significant higher than T1 (P<0.05), and non-
significant higher than T2 (P<0.05). During eighth week, the 
mean body depth of fish was significantly lowest (P<0.05) for 
T1 and non-significant lowest (P<0.05) T2 and T3 compared 
to control. It was in T1non-significant lower than T2 and T3. 
During twelfth week, the mean body depth of fish was 
significant lowest (P<0.05) for T2 and T3 but it was non-
significant different for T1compared to control. It was in T1 
significant higher than T2 and T3 (P<0.05). 
The mean of specific growth rate (SGR) in all different 
groups at end of treatment showed in (Table 5). During 
second week from treatment, the mean SGR of fish was non-
significantly different between all groups. While, during 
fourth week, the mean SGR of fish was significantly highest 
(P<0.05) for T2, non-significantly different for T1 and T3 
compared to control, it was in T2 significantly higher than 
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T1and T3 (P<0.05). However, during sixth week, mean SGR 
of fish was significantly highest (P<0.05) for T1, T2 and T3 
compared to control. It was non-significantly different with 
T1, T2 and T3. During eighth week, the mean of SGR was 
significantly lowest (P<0.05) for T1and T2, and non-
significantly different with T3 compared to control. It was in 
T3 significantly higher than T1 and T2 (P<0.05). During tenth 
week, mean SGR of fish was significantly lowest (P<0.05) for 
T2 and T3 but it was non-significantly highest (P<0.05) for 
T1 compared to control. However, it was in T1 significantly 
higher than T2 and T3 (P<0.05). During twelfth week, mean 
SGR of fish was significantly highest (P<0.05) for T1 and 
lowest (P<0.05) for T2 and T3 compared to control. 
However, it was in T1significantly higher than T2 and T3 
(P<0.05).  
Table 6 shows the mean growth rate (MGR) of fish in all 
different groups at the end of treatment. During second week, 
MGR of fish was significantly highest (P<0.05) for T1 and 
non-significantly different with T2 and T3 compared to 
control. It was in T1 significantly higher than T2 and T3 
(P<0.05). During fourth week, MGR of fish was significantly 
highest (P<0.05) for T1, T2 and T3 compared to control. It 
was non-significantly different between T1, T2 and T3. 
During sixth week, MGR of fish was significantly highest 
(P<0.05) for T3 and T2, and it was non-significantly different 
with T1 compared to control. It was in T3 significantly higher 
than T1and T2 (P<0.05). During eighth week, MGR of fish 

was significantly highest (P<0.05) for T1and significantly 
lowest (P<0.05) for T2 and T3 compared to control. It was in 
T1 significantly higher than T2 and T3 (P<0.05). During tenth 
week, MGR of fish was significantly highest (P<0.05) for T1 
and significantly lowest (P<0.05) for T2 and T3 compared to 
control. It was in T1 significantly higher than T2 and T3 
(P<0.05). During twelfth week, MGR of fish was 
significantly highest (P<0.05) for T1 and significantly lowest 
(P<0.05) for T2 and T3 compared to control. It was in T1 
significantly higher than T2 and T3 (P<0.05). 
The mean of condition factor (Cf) in all different groups at 
end of treatment showed in (Table 7). During second week, 
mean (Cf) of fish was significantly highest (P<0.05) for T3, 
and non-significantly highest (P<0.05) for T1and T2 
compared to control. 
In other hand, it was in T3 significantly higher than T1 and 
T2 (P<0.05). During fourth week, mean (Cf) of fish was 
significantly lowest (P<0.05) for T1, T2 and T3 compared to 
control, but it was non- significantly different with T1, T2 and 
T3. During sixth week, mean (Cf) of fish was significantly 
lowest (P<0.05) for T3 and non-significantly highest (P<0.05) 
for T1 and T2 compared to control. However, it was in T3 
significantly lower than T1 and T2 (P<0.05). During eighth, 
tenth and twelfth weeks mean (Cf) was non-significantly 
different with each all groups.  
Table 8 shows the initial and final composition in the body of 
Nile tilapia fingerlings (O. niloticus) fed experimental diet. 

 
Table 2: Biweekly variations of mean body weight gain (g) of Nile tilapia, Oreochromis niloticus, treated at different times. 

 

W6 W5 W4 W3 W2 W1 TRT 
8.362 b 8.765 b 4.997 a 2.320 b 1.031 b 1.463 a C 
10.100 a 9.870 a 4.527 b 2.532 b 1.423 a 1.456 a T1 
5.857c 7.588c 5.114 a 2.775 b 1.593 a 1.200 b T2 
4.551d 7.520c 4.826 b 3.301 a 1.351 a 1.251 b T3 
0.453 0.281 0.220 0.152 0.065 0.082 ±SE 

Mean values with different superscripts within a row differ significantly (P<0.05) 
 

Table 3: Biweekly variations of mean body length (cm) of Nile tilapia Oreochromis niloticus treated at different times. 
 

W12 W10 W8 W6 W4 W2 W0 TRT 
11.9 b 10.5 ab 8.5 7.0 b 5.8 5.5 a 4.1 C 
12.2 a 10.8 a 8.6 7.3 ab 6.1 5.4 ab 4.1 T1 
11.4 c 10.4ab 8.7 7.2 ab 6.1 5.3 b 4.1 T2 
11.3c 10.3 8.7 7.4 a 6.0 5.3 b 4.1 T3 
0.113 0.119 0.119 0.110 0.093 0.080 0.090 ±SE 

Mean values with different superscripts within a row differ significantly (P<0.05) 
 

Table 4: Biweekly variations of mean body depth (cm) of Nile tilapia Oreochromis niloticus treated at different times. 
 

W12 W10 W8 W6 W4 W2 W0 TRT 
3.8a 3.2 2.7a 2.2ab 1.8 1.5b 1.2 C 
3.8a 3.3 2.5b 2.1b 1.8 1.6a 1.2 T1 
3.5b 3.22.6ab2.2ab1.81.6ab1.3 T2 
3.4c 3.2 2.6ab 2.3a 1.8 1.6a 1.3 T3 

0.043 0.044 0.043 0.042 0.030 0.025 0.024 ±SE 
Mean values with different superscripts within a row differ significantly (P<0.05) 

 
Table 5: Biweekly variations of specific growth rate (SGR) values of Nile tilapia Oreochromis niloticus treated at different times. 

 

W12 W10 W8 W6 W4 W2 TRT 
3.159b 3.592a 4.458a 4.021b 1.920b 6.259 C. 
3.941a 3.940a 3.733b 4.749a 2.082b 5.555 T1 
c 2.664 3.045 b 3.984b 4.622 a a 2.620 5.198 T2 
2.133c 3.075b 4.243a 4.886a 2.080b 5.580 T3 
0.214 0.140 0.140 0.253 0.110 0.293 ±SE 

Mean values with different superscripts within a row differ significantly (P<0.05) 
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Table 6: Biweekly variations of mean growth rate (MGR) of Nile tilapia Oreochromis niloticus treated at different times 
 

W12 W10 W8 W6 W4 W2 TRT 
3.813b 6.345b 6.641 5.210c 3.669 b 8.035a C. 
4.363a 7.198a 6.087 5.717c 5.170 a 8.045a T1 
2.884c 5.631c 6.317 6.051b 5.579 a 6.989b T2 
2.314d 5.518c 6.241 7.301a 4.930 a 7.101b T3 
0.202 0.184 0.219 0.249 0.290 0.290 ±SE 

Mean values with different superscripts within a row differ significantly (P<0.05) 
 

Table 7: Biweekly variations of condition factor (Cf) of Nile tilapia Oreochromis niloticus treated at different times. 
 

W12 W10 W8 W6 W4 W2 W0 TRT 
1.685 1.713 1.731 1.700 a 1.904 a 1.555b 2.121 C 
1.701 1.632 1.637 1.608 a 1.654 b 1.623ab 2.207 T1 
1.717 1.684 1.701 1.750a 1.741 b 1.668ab 2.158 T2 
1.652 1.719 1.761 1.544b 1.763 b 1.716a 2.153 T3 
0.020 0.023 0.037 0.029 0.030 0.034 0.111 ±SE 

Mean values with different superscripts within a row differ significantly (P<0.05) 
 

Table 8: Initial and final composition in the body of Nile tilapia fingerlings Oreochromis niloticus fed experimental diet (%). 
 

Final composition 
Initial status Composition 

T3 T2 T1 Control 
83.8±0.7 84.0 ±0.9 82.4±1.184.6±0.988.7±2.0 Moisture 

13.37±0.68 13.76 ±0.62 13.86±0.97 12.64±1.06 9.30±1.0 OM 
2.89±0.33ab 2.28±0.44b 3.72±0.42b 2.78±0.36ab 1.99±0.06 Ash 
9.03±0.64 8.85±0.48 9.67±0.48 8.48±0.6 7.44±0.06 Crude protein 
3.01±0.40 3.52 ±0.43 3.11±0.63 2.94±0.41 1.36±0.03 Crude lipids 
1.34±0.17 1.39±0.28 1.08±0.13 1.22±0.35 0.50±0.07 Nitrogen Free Extract 

All values are mean of duplicate feeding groups and values in the same row with different superscripts 
are significantly different (P<0.05), Nitrogen Free Extract (NFE) = 100- (protein + fat t+ fiber + ash) 

The body initial composition was lower than final 
composition in each all groups. Ash was significantly highest 
(P<0.05) forT1 and T3, and it was non-significantly lowest 
(P<0.05) for T2 compared to control in final composition. 
Moisture, crud protein (CP), Total lipids, nitrogen free extract 
(NFE) and organic matter (OM) were not affected by varying 
of water replacing in final composition. 
The experiment was aimed at investigating growth 
performance of Nile tilapia Oreochromis niloticus fingerlings 
during water renewal in different times. The mean body 
weight gain and body length were improved and no mortality 
during the time in each experimental groups of this study 
confirm the suitability of chosen nutritional composition for 
tilapia juvenile. A strong relationship between survival rate 
and total length (TL) could indicate that the more the fish 
survive, the more they grow which could only be informative 
if other factors such as environmental variables and 
husbandry requirements in the hatchery remain constant [31]. 
The highest body weight gain and body length in treatment T1 
about control and similar with control in body depth this is 
indicates that fish can consume the feed well. In this study the 
feed contained 35% CP. the optimum dietary protein level is 
35% for Nile tilapia fingerlings [32]. water exchange rate every 
four day lead to improvement weight gain and agree with [13] 
who found that effect of water exchange rate (10 or 20% 
twice a weekly) of shrimp caused weight gain was highest in 
highest level of water exchange rate [33]. Reported similar 
results for shrimp. They showed that growth rate was clearly 
affected by water exchange rate. The improvement in growth 
attributed to completely consumed to feed. 
The specific growth rate (SGR) was highest in T1. These 
results are in agreement to the works of [13] who found that 
effect of water exchange rate (10 or 20% twice a weekly) of 
shrimp caused specific growth rate was highest in shrimp 
receiving highest level of water exchange rate and lowest in 

shrimp receiving lowest level of water exchange rate. The 
growth and feed conversion ratio of a fish is remarkable tool 
to compute the acceptability of artificial feed [34]. This result is 
indicates that fish coefficient in consume sufficient feed to 
maintain more positive rates of growth. The highest specific 
growth rate was in agreement with results of body weight, 
body length and body depth, this point to feed utilization 
efficiency was high.  
Condition factor (Cf) is related to both growth and feeding 
[35]. Condition factor (Cf) is frequently assumed to reflect not 
only characteristics of fish such as health, reproductive state 
and growth, but also characteristics of environment such as 
water quality [36]. Also, [37] reported that the condition factor 
provide a measure fatness and food conversion efficiency of 
fish. In general body composition of tilapia fed experimental 
diets resulted in improvement crude protein, lipid, moisture 
content and organic matter compared with the initial status. 
The improvement attributed to improve in conversion 
coefficient of diet. The results in the present study 
demonstrated that the best growth performance parameters 
were in after four days (T1) of Nile tilapia Oreochromis 
niloticus, may the improvement attributed to fond the diet and 
its remain for four day after clean that allowed consumed the 
feed well and agree with [35] they reported that feeding more 
than once and twice a day (three times) increased growth 
performance.  
 
The relationship between log of total bacterial count and 
dissolving oxygen in water tanks of Nile tilapia during 
twelve weeks 
1- The first aquarium (Control, C) 
Data in Table 9 showing the effect of temperature and 
dissolving oxygen on the log of total bacterial count in 
Control. The temperature of water in the first aquarium 
(Control, C) was fluctuated between 26.4 and 30.0 ºC in the 



 

~ 346 ~ 

International Journal of Fisheries and Aquatic Studies 

sixth and twelfth week. Similar results were obtained by [14]. 
Who reported that, the temperature played a significant role in 
some physiological processes. The average temperature 
recorded was 28.4. Temperature between 30 °C and 35 °C 
might be responsible for high productivity. The initial 
dissolving oxygen (DO) in the beginning of the experiment 
(W0) was 10.5 mg O2/L, this value decreased during the time 
until reached its minimum value being 9.4 mg O2/L at the end 
of the experiment (W12). The maximum value of final DO 
was 5.6 mg O2/L in the beginning of the experiment (W0) and 
the minimum value was 0.8 mg O2/L at the end of the 
experiment (W12). The values of BOD5 gradually increased 
by the time from 4.9 mg O2/L in the W0 to 8.6 mgO2/L in 
W12. The log of total bacterial count in water tank during the 
first six weeks increased slightly by increasing the time. By 
the next weeks (W8, W10 and W12) log of total bacterial 
count in the water increased markedly until reached the 
maximum values at the end of the experiment after 12 weeks 
being 5.3. 
 
2- The second aquarium (T1) 
Data in Table 10 showing, the effect of temperature and 
dissolving oxygen on the log of total bacterial count in the 
second aquarium (T1). The lowest temperature was 27.8 ºC in 
W0 while the highest value was 29.9 ºC in W12. The values 
of initial DO were between 8.9 and 10.4 mg O2/L in W4 and 
W12, respectively. The maximum value of final DO was 4.0 
mg O2/L in the beginning of the experiment (W0) and the 
minimum value was 2.1 mg O2/L in W4 [14]. Reported that, a 
pond with DO ranged in between 3.0-5.0 ppm was 
unproductive, whereas a good production pond should have 

DO concentration above 5.0 ppm. However, a very high 
concentration of oxygen might lead to a state of super 
saturation that eventually leads to the lethal of fish in the 
pond. The values of BOD5 gradually increased by the time 
from 5.5 mgO2/L in the W0 to 8.2 mgO2/L in W12. The log of 
total bacterial count in water tank increased by the time from 
4.15 in W0 to 5.28 in W12. 
 
3- The Third aquarium (T2) 
Data in Table 11 showing, the effect of temperature and 
dissolving oxygen on the log of total bacterial count in the 
third aquarium (T2). The temperature of water was fluctuated 
between 26.5 and 39.8 ºC. The initial DO at the beginning of 
the experiment (W0) was 10.0 mg O2/L, which decreased 
during the time and its minimum value was 9.4 mg O2/L in 
W4. The maximum value of final DO was 4.3 mg O2/L in the 
beginning of the experiment (W0) and the minimum value 
was 1.8 mg O2/L at the end of the experiment (W12). The 
values of BOD5 gradually increased by the time from 5.7 
mgO2/L in the W0 to 7.9 mgO2/L in W12. The log of total 
bacterial count in water tank increased by the time from 4.3 to 
5.46 in W0 and W12, respectively. Our results are in a good 
agreement with those of [14] who reported that, the highest 
BOD recorded was 4.2 mg/L and the average value was 3.33 
mg/L. The unpolluted natural water should have a BOD value 
of 5 mg/L or less.  
 
4- The fourth aquarium (T3) 
Data in Table 12 showing, the effect of temperature and 
dissolving oxygen on the log of total bacterial count in the 
fourth aquarium (T3). 

 
Table 9: Effect of temperature and dissolving oxygen on the log of total bacterial count in the first aquarium (Control, C) 

 

C W0 W2 W4 W6 W8 W10 W12 
Temperature ºC 28.9 28.8 27.4 26.4 29.1 29.6 30.0 

Initial DO 10.5 10.2 9.8 10.1 10.0 9.7 9.4 
Final DO 5.6 3.7 3.2 3.0 2.6 2.3 0.8 

BOD5 4.9 6.5 6.6 7.1 7.4 7.4 8.6 
Log of total bacterial count 4.04 4.26 4.33 4.29 4.56 5.19 5.3 

 
Table 10: Effect of temperature and dissolving oxygen on the log of total bacterial count in the second aquarium (T1) 

 

T1 W0 W2 W4 W6 W8 W10 W12 
Temperature 27.8 28.5 28.1 27.9 28.2 29.5 29.9 

Initial DO 9.5 10.4 8.9 9.7 9.4 10.3 10.4 
Final DO 4.0 4.5 2.1 2.9 2.5 2.9 2.2 

BOD5 5.5 5.9 6.8 6.8 6.9 7.4 8.2 
Log of total bacterial count 4.15 4.21 4.35 4.57 4.6 5.1 5.28 

 
Table 11: Effect of temperature and dissolving oxygen on the log of total bacterial count in the third aquarium (T2) 

 

T2 W0 W2 W4 W6 W8 W10 W12 
Temperature 28.6 27.6 28.3 26.5 28.4 30.4 29.8 

Initial DO 10 10 9.4 9.9 9.6 9.5 9.7 
Final DO 4.3 4 3.1 3.4 2.5 2.0 1.8 

BOD5 5.7 6.0 6.3 6.5 7.1 7.5 7.9 
Log of total bacterial count 4.30 4.25 4.38 4.60 4.71 5.32 5.46 

 
Table 12: Effect of temperature and dissolving oxygen on the log of total bacterial count in the fourth aquarium (T3) 

 

T3 W0 W2 W4 W6 W8 W10 W12 
Temperature 28.4 28.1 28.2 27.8 29.5 28.8 29.6 

Initial DO 9.8 10.4 10.1 9.7 9.9 10.3 10.5 
Final DO 3.5 3.5 2.9 2.4 2.1 2.1 1.3 

BOD5 6.3 6.9 7.2 7.3 7.8 8.2 9.2 
Log of total bacterial count 4.29 4.4 4.81 4.85 4.93 5.52 5.6 
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The lowest value of temperature was 27.8 ºC in W6 and the 
highest value of temperature was 29.6 ºC in W12. The values 
of initial DO were between 9.7 and 10.5 mg O2/L in W6 and 
W12, respectively. The maximum value of final DO was 3.5 
mg O2/L in the experiment (W0) and the minimum value was 
1.3 mg O2/L in W12. 
[19] reported that, DO level was more than 4 mg/L at all sites. 
Further, DO level was higher in winter followed by summer 
and rainy season. The reason could be low temperature, 
turbulence of surface water by high wind action etc., and its 
level drops in summer due to a high metabolic rate of 
organisms and limited turbulence in the reservoir. The values 
of BOD5 gradually increased by the time from 6.3 mgO2/L in 
W0 to 9.2 mgO2/L in W12. The log of total bacterial count in 
water tank increased by the time from 4.29 in W0 to 5.6 in 
W12. Similar results were obtained by [38] who studied the 
total bacterial count in water, and they found that, total 
bacterial count varied from not detectable to 4.33 Log 
CFU/ml. 
Our results are similar to those obtained by [39], who found 
that total bacteria, was 3.75 Log CFU/ml in water. Obtained 
results were less in microbial count than those obtained by [40] 
who study the count of total bacteria of O. niloticus in an 
aquarium experiment and found that, total bacterial count was 

4.64 Log CFU/ml in water. On the other hand, [41] found that 
total bacterial count in water of puffer fish (Fugu niphobles) 
housed in glass aquaria ranged from 4.0–5.0 Log CFU/ml. [42] 
studied the microbiological assessment of Nile tilapia 
fingerlings in glass aquaria for 16 weeks, and they found that, 
total bacterial count in the water reached its maximum in the 
sixth week being 6.90 Log CFU/ml. 
 
The relationship between log of total bacterial count and 
the biological oxygen demand 
The correlation coefficient between log of total bacterial 
count in water tanks of Nile tilapia and the biological oxygen 
demand was presented in Fig. 1. The lowest value of 
correlation coefficient was in the first aquarium (C) being 
0.678, this means that, the correlation weak. The values of 
correlation coefficient in the second aquarium (T1), third 
aquarium (T2) and fourth aquarium (T3) were 0.869, 0.879 
and 0.896, that means that the correlation was strong between 
log of total bacterial count and BOD5. [43] Reported that, some 
authors observed a positive correlation between BOD and 
Total bacterial count in a river ecosystem highly polluted by 
industrial pollutants. In contrast, other authors have found a 
negative correlation between BOD and bacterial indicators in 
a little polluted water. 

 

 
 

Fig 1: Relationship between total bacteria count and biochemical oxygen demand (BOD) in fish tanks 
 

Where: (C) (control) the first tank of fish group, which 
replaced water every two days. (T1) the second group, which 
replaced water every four days. (T2) the third group, which 
replace water every six days. (T3) the fourth group, which 
replaced water every eight days 
 
Prediction study 
Table 13 showing the production cost of Nile tilapia as a 
prediction study. The highest total cost (pound) of Nile tilapia 
was in the first group (control) (C) which replaced water 

every two days being (1620+225)= 1845 pound. But the 
lowest total cost (pound) of Nile tilapia was in the fourth 
group (T3) which replaced water every eight days. Table 13 
clearly showed that, there was an economic feasibility for use 
the second (T1), third (T2) and fourth (T3) groups compared 
with control (C). So that, the authors recommended T2 
because the microbial contamination is lower that other 
treatments. This treatment also reduces the amount of water 
consumed from 33225 to 15505 m3, thus contributing to solve 
the water crisis. In the present study values showed that T1 
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was the best of all groups in the gain or loss (Pound), 
resulting increased in the amount of fish production/fed 
(Ton), it can be suggested that increasing in amount of fish in 
T1 resulting four days was allowed to fish eating most of feed 
before cleaning operation, but in control, the cleaning 
operation after two days, it cannot eat most of feed. So, the 
performance parameters in T1of Nile tilapia, Oreochromis 
niloticus, were better than control, this is in agreement with 
[44] who reported that final body weight referred to feed 
intake. Increase the palatability of the diet lead to increased 
feed intake, and increased food consumption has impact on 
the final body weight. In contrast, T2 and T3 long time for 

replaced water every six and eight days caused change in feed 
quality and bacterial activity, and might be caused decreased 
growth performance parameters. This is in agreement with [45] 
who they showed that over feeding can be detrimental to the 
health of the fish and may cause a marked deterioration in 
water quality, reduced weight, poor food utilization, and 
increased susceptibility to microbial infection. 
We concluded that, the best water renewal was every four 
days, that allow decreasing the water consumption without 
affective on growth performance of Nile tilapia Oreochromis 
niloticus, and decrease the cost of fish production by decrease 
the fuel consuming. 

 
Table 13: Predicted results of Nile tilapia (Oreochromis niloticus) production cost 

 

Fish groups 
The first group (control) 
(C) which replaced water 

every two days 

The second group (T1) 
which replaced water 

every four days 

The third group (T2) 
which replace water 

every six days 

The fourth group (T3) 
which replaced water 

every eight days 
The Number of 
renewable water 

/month 
15 7 5 4 

The amount of 
renewable water/ 

month 
33225 m3 15505 m3 11075 m3 8860 m3 

The amount of diesel 
fuel cost consumed/ 

month (pound) 
300*1.8=540*3= 1620 140*1.8=252*3= 756 100*1.8=180*3= 540 80*1.8= 144*3= 432 

The amount of oil cost 
consumed/ 3 month 

(pound) 
75*3=225 37*3= 111 25*3=75 18*3=54 

The labor cost (pound) 3*2500= 7500 3*1500=4500 3*1500=4500 3*1500=4500 
The amount of fish 

production/fed (Ton) 9.436 10.455 8.470 8.040 

Fish price /fed (pound) 47175 52270 42350 40200 
Fish feed amount 

(Ton) 6.728 6.817 6.724 8.970 

Feed price (pound) 33640 34085 33620 44850 
The total cost (pound) 42985 39452 38735 49836 

The gain or loss 
(Pound) + 4190 + 12818 + 3615 - 9636 
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