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Abstract:
The physico-chemical and bacteriological quality of water and sediments and the
growth performance of fish following administration of Oreochromis niloticus feeds
of two different dietary protein levels were studied in Hapas set in four 200 m2 ponds.
Results indicate that water quality parameters monitored were within environmental
tolerable limits and for the growth of Oreochromis niloticus. For all the feeds, water
temperature was in the range of 27.83°C - 28.67°C, dissolved oxygen 5.01mg/L - 6.11
mg/L and pH 5.4 - 7.01. The levels of biochemical oxygen demand, nitrogen,
phosphorus and dissolved organic carbon as well as Salmonella sp, Staphylococcus
aureus and Pseudomonas sp were generally beyond acceptable limits with projections
of the levels of the physico-chemical parameters indicating further increase. There
were no statistical significant differences (P>0.05) in the levels of total nitrogen,
phosphorus, biological oxygen demand, dissolved organic carbon and bacteria load
before the administration of treatments and at the end of the study.
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1. Introduction
The price of fish feed contributes 40-50% to variable operation cost in aquaculture
[1]. The feed contains crude protein which contributes 60%or more to its price;
notwithstanding, fish need sufficient dietary protein for optimum growth [2]. Fish
need 25-50% crude protein in feed for growth. However, excessive amounts of dietary
crude protein suppress their growth [3]. [4] Noted that crude protein in feed if not
efficiently used by the fish pollutes water, stresses fish, results in poor growth,
increases mortality and outbreak of diseases. The growth performance of fish in
response to different levels of dietary protein is influenced by fish size, protein
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quality, water temperature, feed allowance, amount of non-protein energy in the feed
and natural food availability [3].
Not all the feeds given to fish are used for growth; some are lost in to the water and
sediments [5].The feed is the primary source of nitrogen and phosphorus to fish ponds
[6]. Usually 20-40% of nitrogenand10-30% of phosphorus in feed given to fish is
used for growth [5]. It also contains organic carbon that introduces various
microorganisms into fish ponds [7]. Sediments have higher concentrations of nutrients,
organic carbon and microorganisms than water [8]. Although sediments have high
concentrations of organic carbon, they are mostly of plant remains that are quite
resistant to decomposition by bacteria and other microbes [9].
The qualities of pond water and sediment affect feed efficiency, growth rates,
survival and general wellbeing of fish [10]. Good water and sediment qualities in
ponds are essential for increased production [9]. Undesirable water and sediment
qualities stress fish causing reduction of their immune system and increasing their
vulnerability to attack of opportunistic bacteria [11]. Different dietary protein levels
impact on pond water and sediment qualities to certain degree and this in turn exerts
different levels of effect on fish growth.
However, elimination the presence of nutrient pollutants can limit the growth
performance of the cultured species and hence the profitability of the aquaculture.
There is therefore the need to study the extent to which different levels of protein of a
diet impact on the physico-chemical and bacteriological qualities of pond water and
sediment and on the growth of fish, Oreochromis niloticus to inform best
management practices for optimum fish production.

2. Materials and Methods
2.1. Study area
The study was carried out at the Faculty of Renewable Natural Resources (FRNR)
farm, Kwame Nkrumah University of Science and Technology (KNUST), Kumasi
(Figure 1). The farm lies on longitude 06°43'N and latitude 01o36' W [12] and located
within the tropical wet and dry/savanna climate (Köppen-Geiger classification: Aw)
near the university’s waste treatment plant.

Figure 1. Map of Kumasi showing KNUST in which the study area is located

2.2. Experimental Design and Ponds Layout and Preparation
Submitted to Waters, page 2-15

www.itspoa.com/journal/water

VOLUME 1, 2018
DOI: 10.31058/j.water.2018.11001

Two growth trials were conducted with Oreochromis niloticus to evaluate effects
of varying dietary protein levels (25% and 30%) on the water and sediment qualities
as well as the growth performance of the fish. Completely randomized design was
used to allocate in replicates, the two diet containing 30% dietary crude protein (the
control) and 25% dietary crude protein (the test diet) fed to fish in ponds of surface
area of 200m2 and an average depth of 1.5m. The ponds were completely drained,
dried, and limed with agricultural limestone at a rate of 1kg/10m2 after their bottom
sediments were scooped out.
2.3. Experimental Procedure
Hapas of dimensions 2.5m × 2.5m × 1m were set-up in each pond filled with water.
The ponds were fertilized with mono ammonium phosphate and urea at 2g/m2 and
3g/m2 respectively. Fingerlings of Oreochromis niloticus of average weight 10g
were stocked in the hapas at a density of 3 fingerlings/m2 and conditioned with
commercial floating feed of 33% crude protein feed of pellet size 2.5mm for six
weeks to an average size of 40g. The fingerlings were hand-sexed and the males
stocked into the ponds at a density of 2fingerlings/m2 and fed at 3% body weight
(pellet size 4.5mm) twice daily at 10:00am and 3:00pm for two months.
2.4. Data Collection
Prior to stocking two sets of water and sediment samples were taken randomly in
each pond using amber bottles before treatments were applied for the determination
of the initial levels of biological oxygen demand, total nitrogen, phosphorus,
dissolved organic carbon and bacteriological load at the laboratory of the Faculty of
Renewable natural Resources, Kwame Nkrumah University of Science and
technology, Kumasi. At the end of two months of treatment application, two sets of
water and sediment samples were randomly taken again from each pond using for the
determination of the final levels of the selected parameters. The results before
treatments application and at the end of the study were compared. The levels of
temperature, dissolved oxygen and pH were taken in situ using the Hannah (HI 9828)
Multi-Parameter Probe. The contribution of treatments to the bacteriological
nutrients build up in the water and sediments was calculated by subtracting the initial
levels from the final levels.
( )

The monthly nutrient build up was extrapolated to cover the full production cycle
(6 months) for the growth of O. niloticus using the formulae:
Monthly nutrient build up × 6
2.5. Determination of Growth
Fish sampling was carried out monthly during the study using seine net. Thirty
fish in each pond were sampled and their average weight determined with a
weighing balance (MITSUBA model: MB – 320). This was done to monitor growth
and adjust feed given. The growth performance and feed utilization of O. niloticus
from each pond was calculated as described by [13] as follows:
(

)

(
(

Submitted to Waters, page 3-15

)

) –

(
(

)

)

(2)
(3)

www.itspoa.com/journal/water

VOLUME 1, 2018
DOI: 10.31058/j.water.2018.11001

(
(

)

)

(4)

)

(

)
(

(

)

( )
( )

)

2.6. Statistical Analyses
Data collected were subjected to various statistical analyses at 5% significance
level using the Graphpad Prism version 5 and were also presented in tables and
figures as means ± SD. The levels of temperature, pH, dissolved oxygen in ponds as
well as the growth performance of Oreochromis niloticus between the treatments
were analyzed using T-test. The levels of total nitrogen, phosphorus, biological
oxygen demand, dissolved organic carbon and bacteriological qualities of pond
water and sediments before and at end of two months of treatments administration
were analyzed using Wilconxin matched pairs test.

3. Results and Discussion
Among the major water quality parameters those usually described as controlling
variables to their ability to exert strongly influence on other water quality
parameters are pH and temperature. The level of the measured total nitrogen,
phosphorus, DOC and BOD in the pond water and sediments did not differ
significantly (Figures 2 to 10).
A rather narrow range of water temperature (27.83°C - 28.67°C) was recorded in
this study. Although the results of temperature are within limits of 28°C - 30°C by
the [14], 31°C and 36°C by [15] and comparable with 20°C and 35°C by [16], they
were higher than that the 25°C - 27°C by [17].
pH, which was generally within acceptable limits of 6.5-8.5 by the [14], exhibited
a relatively wider range (5.4 to 7.01) when compared to those recorded by other
researchers such as [18] and [19] who reported a range of 6.32 - 6.76 and 6.52-7.34
respectively for pond culture of tilapia but was narrower than the 5.5 - 9.0 set by [20]
and the 6.5 – 9.0 by [21]. [22] Posited that for most fish pond culturing medium of
pH near 7.0 is suitable but growth is impaired at less than 6.0.
[23] Noted that dissolved oxygen is one of the most important environmental
factors considered a limiting factor for success or failure in intensive culture.
Although DO level above 5 mg/L has been prescribed for optimum growth of tilapia
[24], [25] is of the view that the lowest of 3 mg/L should be the minimum for
optimum growth of tilapia. [18] Reported DO levels (10.6 ± 8.4 mg/L) for a control
earthen pond and lowest levels of 4.9 ± 2.8 mg/L in test ponds. The concentration of
Dissolved oxygen recorded in the present study ranged from 5.01 mg/L to 6.11 mg/L
with the highest occurring as 5. 7 ± 0.068 mg/L, a range that indicates the suitability
of the water for pond culture of tilapia.

Table 1. Some water quality parameters and their effects on cultured fish
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Recommended
Effect when < recommended Value
Range
0 – 1.5 mg/l is lethal (for long
periods of exposure);
Dissolved
4 mg/l to 1.4 – 5 mg/l - reduced feed intake
Oxygen
saturation
and higher FCR, slow growth, stress,
increased susceptibility to disease,
accumulation of toxins
Below 15 – no Growth, stress,
increased susceptibility to disease,
high risk of eutrophication and death
o
Temperature 26 to 32 C
occurs at extremes
15 to 26 C - reduced feed intake,
higher FCR, slow growth
Parameter

pH

6.5 to 9

TAN

0.3 – 2 mg/l
of NH3.

Effect
when
>
recommended Value

Gas bubble trauma at
supersaturated

Lower solubility of
oxygen, stress and
death
at
extreme
temperatures.

9 – 11 Stress, slow
growth rate;
above 11 alkaline
Below 4, acid death point;
death point occurs;
4 – 6.0 - stress, slow growth, reduced
death of all life
feed intake, higher FCR.
including
bacteria;
buildup of TAN (toxic
to fish).
Fish is susceptible to
attacks by parasites;
Fish is healthier
inability of fish to
excrete ammonia

Figure 2. Effect of diet composition and oxygen levels on ADC of crude protein over time in
Nile tilapia. Each bar shows overall mean main effects between oxygen and diet for each week
with standard deviation represented by error bar. Bars within weeks having different lower case
letters are significantly different (n =3; P<0.05)
Source: [26]

3.1. Nitrogen and Phosphorus
The level of total nitrogen before the application of 25% dietary crude protein
(0.002±0.0070%) and the level of total nitrogen in pond water at the end of two
months of the application (0.005±0.0015%) (Figure 3) did not differ significantly (P =
0.0975). Similarly, no significant difference (P = 0.0975) were observed in the
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application of 30% of these parameters before (0.002±0.0017%) and at the end
(0.004±0.0000%) (Figure 4).

Figure 3. Total Nitrogen levels in pond water
at FRNR Farm

Figure 4. Total Nitrogen levels in pond
sediments at FRNR Farm

A similar trend was observed for the sediment quality analyses. At 25% dietary
crude protein and total nitrogen application, the initial (0.123±0.6702%) and final
(0.228±0.6702%) did not differ significantly (P = 0.0719). Also and (0.105±0.0404%)
and (0.245±0.0404%) for initial and final did not differ significantly (P = 0.2500) in
pond sediment (Figure 4).
Again, no significant difference (P = 0.1250) was observed in final and initial levels
of phosphorus in either of pond and sediment samples; 3.90±0.097mg/L and
13.79±0.546 mg/L, and 3.93±0.105mg/L and 13.32±2.515mg/L for the 25% and 30%
respectively (Figure 5). Similarly, at P = 0.0975; 0.01±0.002% and 0.04±0.001% for
the 25% and 0.01±0.003% and 0.05±0.006% for the 30% phosphorus were recorded
for pond water and sediments respectively (Figures 6).

Figure 5. Phosphorus levels in pond water
at FRNR Farm

Figure 6. Phosphorus levels in pond
sediments at FRNR Farm

Treatments were the main source total nitrogen and phosphorus in ponds [6]. [13]
noted that diets represent the major contribution of pollutants in effluent water, and
dietary protein is the main source of nitrogenous wastes in culture systems [27].
The stocked fish being of averaged sizes 10.0 g required a diet higher in protein
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[28]. Not all the total nitrogen and phosphorus in treatments were used for growth;
some were lost into the water and sediments [5]. The unused amount of these
nutrients could remain up in the culturing system, or/and the receiving environment
through discharged effluents. The quantity of a given protein in diets is a major
factor in growth and water quality during fish production [29, 30]. The statistically
insignificant of the difference (P<0.05) observed for total nitrogen and phosphorus
levels in water and sediments in ponds before treatments were applied and at the end
of the study suggests that O. niloticus used similar amounts of total nitrogen and
phosphorus in treatments for growth [5].
The l ev el s o f nitrogen a n d phosphorus in water and sediments in all the ponds
at the end of six months of production cycle is expected to be greater than 0.1mg/L
(Tables 2 and 3) which poses threat to receiving streams [31]. This therefore calls for
adoption of measures including treatment of the pond effluents to remove nitrogen
and phosphorus before discharge into streams [6, 31].
Table 2. Summary of quality of ponds water and monthly and build-up and projected levels
Parameter

% Crude
protein

Stage of experiment
Final

Initial

Monthly
build-up

Projected
level

0.005

0.002

0.0015

0.009

13.790

3.900

4.947

29.680

BOD (mg/L)

16.220

13.050

1.585

9.51 0

DOC (mg/L)

1.870

0.0100

0.930

5.580

Total Nitrogen (mg/L)

0.004

0.002

0.001

0.006

13.320

3.900

4.695

28.170

BOD (mg/L)

16.430

11.090

2.670

16.020

DOC (mg/L)

1.910

0.000

0.960

5.760

Total Nitrogen (mg/L)
Phosphorus (mg/L)

Phosphorus (mg/L)

25

30

Table 3. Summary of quality of ponds sediment and monthly and build-up and projected levels
Parameter
Total Nitrogen (mg/L)
Phosphorus (mg/L)
BOD (mg/L)
DOC (mg/L)
Total Nitrogen (mg/L)
Phosphorus (mg/L)
BOD (mg/L)
DOC (mg/L)

% Crude
protein
25

30

Stage of experiment
Final
0.228
0.010
2.330
1470.000
0.245
0.0500
1524.000
2.330

Initial

Monthly
build-up

Projected
level

0.123
0.040
1.630
241.500
0.105
0.0100
201.000
0.630

0.0525
0.015
614.250
0.350
0.070
0.018
661.500
0.850

0.315
0.090
3685.500
2.100
0.420
0.108
3969.0
5.100

The initial and final levels of DOC at 25% (0.01±0.002%) and 30 % (1.87±0.031%)
and at 30% (1.91±0.012%) and (1.87±0.031%) did not differ significantly (P=0.1250)
(Figure 7). Also DOC levels at 25% (1.63±0.475%) and 30 % (2.33±0.332%) and at
30% (2.33±0.116%) and (1.87±0.031%) did not differ significantly (P=0.1250)
(Figure 8).
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Figure 7. Dissolved Organic Carbon levels
in pond water at FRNR Farm

Figure 8. Dissolved Organic Carbon levels
in pond sediments at FRNR Farm

Dissolved organic carbon levels in pond water and sediments may have affected
bacteriological properties of pond water and sediments as bacteria used DOC as food
[9]. Dissolved organic carbon increases may alter the microbial loop and hence, the
structure of pelagic communities [32] and may increase the toxicity of copper [33].
The projected DOC levels in the study suggest a detrimental situation. Therefore, in
an attempt to address the observation by [34] that the environmental impact of
dissolved constituents including dissolved organic carbon, ammonia, phosphorus,
nitrogen and lipids released from the diet depends on the rate at which those products
are diluted before being assimilated by the pelagic ecosystem, adoption of best
management practices is a necessity.
3.2 Biological Oxygen Demand
The initial and final pond water levels of BOD followed the same trend; at 25%
(13.05±1.328 mg/L) and % (16.22±1.219 mg/L) and at 30% (11.09±2.968 mg/L)
and (16.43±0.709 mg/L) did not differ significantly (P = 0.1250) (Figure 9). Also
BOD levels at 25% (241.50±122.400 mg/L) and 30 % (1470.00±75.740 mg/L) and
at 30% (201.00±10.390 mg/L) and (1524.00±111.000 mg/L) in sediments did not
differ significantly (P = 0.1250) (Figure 10).

Figure 9. Biological Oxygen Demand
levels in pond water at FRNR Farm
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Treatments could introduce organic carbon to ponds [6] water and sediments, which
in turn affect BOD [9]. The observed similarity in the effect of BOD in water and
sediments of ponds before the application of treatments and at the end of the study
without any statistically significant difference (P>0.05) could also contribute to the
similarity in the growth of the cultured fish [5]. Moreover, since the water quality
parameters monitored were generally within tolerable limits for the growth of
Oreochromis niloticus [5], the observed similarity in growth was not surprising.
However, results indicate the possibility of the BOD levels in all the ponds at the end
of six months increasing with large amounts of organic materials above 10mg/L
(Tables 2 and 3), a phenomenon that can be described as very poor quality condition
[5] and a situation that calls for treatment of the effluent before discharge [5, 31].
3.3 Bacteriological Analyses
The mean total bacteria counts, Salmonella sp., Staphylococcus aureus,
Pseudomonas sp. and E. coli in pond water before the administration of treatments
was not statistically significant (P>0.05). Pseudomonas sp. were absent in water of
all the ponds used for this study. Although Pseudomonas sp were present before the
administration of treatments, they were absent at the end of the study (Table 4).
Table 4. Bacteria counts (cfu/ml) of pond water at FRNR farm before the administration of
treatments and at the end of the study

Bacteria Species
Total Count
Salmonella sp.
Staphylococcus
aureus
Pseudomonas sp.
E.coli

30%Dietary Crude Protein

25%Protein Dietary Crude

Initial
1931±827.1
705±549.1

Final
1961±123.9
0±0.0

Initial
3294±348.2
440±100.7

Final
2616±536.4
0±0.0

696±594.0

756±73.2

569±182.4

525±164.8

0±0.0
659±792.5

0±0.0
939±60.3

0±0.0
885±256.4

0±0.0
851±103.3

The mean total bacteria counts, Salmonella sp., Staphylococcus aureus,
Pseudomonas sp. and E. coli in pond sediments before the administration of
treatments was not statistically significant (P>0.05).Salmonella sp. were absent at the
end of the study in spite of their presence of Salmonella sp. Before the treatment was
administered (Table 5).
Table 5. Bacteria counts (cfu/ml (g)) of pond sediments at FRNR farm before the application of
treatments and at the end of the study
Bacteria Species
Total Count
Salmonella sp.
Staphylococcus
aureus
Pseudomonas sp.
E.coli

30%Dietary Crude Protein
Initial
Final

25%Protein Dietary Crude
Initial
Final

4258±259.6
2180±934.7
985±481.8

2871±164.3
0±0.0
628.8±252.6

4374±305.2
1070±406.3
2173±285.6

2874±105.4
0±0.0
649±275.8

153±305.0
2218±535.5

313±362.0
760±364.7

565±490.5
2155±553.1

0±0.0
1756±103.1

Among the four types of bacteria present in the ponds (Salmonella sp,
Staphylococcus aureus, Pseudomonas sp. and E. coli), E. coli was absent in borehole
which supplied the ponds water [35]. The presence of E. coli in ponds just before
treatments were applied may be due to fecal matter from O. niloticus during
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conditioning period in hapas [36]. Staphylococcus could have also entered the pond
during sampling and/or hand sexing [37]. Salmonella could get into the ponds through
various animal wastes such as droppings of birds and frogs [38]. During conditioning
period in hapas, faeces egested by fish could introduce Pseudomonas in the ponds
[36]. Also Pseudomonas is a free-living opportunistic bacterium usually present in
pond water and sediments [39] thus its presence in ponds was not surprising.
3.4. Growth Performance of Oreochromis Niloticus
At the end of the study, the mean weight of O. niloticus administered with 30%
dietary crude protein was 85.55±15.830g whilst that administered with 25% dietary
crude protein was 73.08±12.050g (Figure 11). There was no statistically significant
difference infish growth when administered with 30% or 25% crude protein feed (P
= 0.5449).

Figure 11. Growth performance of O. niloticus administered with different dietary protein
levels in ponds at FRNR Farm

The growth performance of O. niloticus administered with two different dietary
protein levels was presented as Mean Weight Gain (MWG), Specific Growth Rate
(SGR), and Daily Weight Gain (DWG) (Table 6). These growth parameters were
comparable to those obtained by other authors (Table 7).
Table 6. Growth Performance of O. niloticus administered with different dietary protein levels
in ponds at FRNR farm
Parameter
Weight Gain (WG)
Mean Weight Gain (MWG)
Specific Growth Rate (SGR)
Daily Weight Gain (DWG)

Treatment
25% dietary Crude protein
73.08±12.050g
66.78±4.150
1.76±0.085
1.13±0.070

30% dietary crude protein
85.55±15.830g
79.64±6.215
1.79±0.005
1.35±0.110

Table 7. Growth performance of Nile tilapia fed with different levels of protein mixed diet (T)
Treatments
Weekly average weight gain (%)
Daily average weight gain (%)
Source: [40]

T1
75.325
1.416

T2
82.306
1.525

T3
100.391
1.794

T4
102.99
1.836

T5
127.463
2.11

There was no statistically significant difference (P > 0.05) between the treatments
with respect to MWG, SGR and DWG. This agrees with [35], who researching on the
Nile tilapia to analyze the availability of 18, 36, 54, inclusion of levels of sugarcane
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yeast for 45 days, did not observe any statistically significant difference (P > 0.05).
Also [41] observed a level of 25.44% best level of inclusion of protein source for
tilapia. This suggests that administering the diet with 25% crude protein represents the
best for economic decision. [42] indicated that the use of some ingredients in farmed
tilapia diets leads to reduced feed efficiency and growth and also the competing
demand for these fish feed stuff has made feed production expensive.
3.5. Feed Utilization of Oreochromis Niloticus
Results of the study also indicate that the cultured species, O. niloticus accepted all
the experimental diets (Table 8) suggesting that the palatability of the diets was not
affected by the different experimental feed ingredients, an observation that might be
attributed to possible reduction of some of the anti-nutrient factors in the feed
ingredients as a result of the effectiveness of the processing methods [43, 44, 45].
However, in spite the similarity in similar water quality parameters alongside
growth rate, survival and weight gain of O. niloticus observed in the present study. In
a study by [46] the use of two diets resulted in similar water quality parameters and
phytoplankton composition, biomass and abundance which caused similarity in
growth performance and yield of the cultured O.niloticus. However [47] recounted
similar levels of water quality parameters, but different growth rate, survival and
weight gain of O. niloticus.
Table 8. Feed Utilization of O. niloticus administered with different dietary protein levels in
ponds at FRNR Farm
Parameter

Treatment
25% dietary crude protein

30% dietary crude protein

Feed Conversion Ratio (FCR)

1.44

1.33

Protein Efficiency Ratio (PER)

2.68

2.66

Feed containing 30% dietary crude protein yielded the lowest Feed Conversion Ratio
(FCR) and the highest and Protein Efficiency Ratio (PER) (Table 8). There were no
statistical significant differences the levels observed for measured parameters (FCR
and PER) at the selected crude protein levels (P < 0.05). The difference in quality of
supplemental diets in terms of nutrient composition might account for the variation in
growth performance and feed utilization efficiency. A similar observation was made
by [45].
The lower growth performance and feed utilization efficiency as reflected by lower
FCR and higher PER exhibited by fish fed with diet containing 25% dietary crude
protein could be attributed to higher fiber level and anti-nutritional factors present, a
result that is in agreement with [38, 48 49].

4. Conclusions
The current levels of the measured parameters are generally within the limits
needed to obtain the ideal protein concept in aquaculture feed formulation; that aims
at providing the exact balance of amino acids to cover fish requirements for optimal
growth and maximum production which in turn leads to a reduction of dietary protein
content, reduce the high production costs and overcoming environmental pollution
from nitrogenous products of protein metabolism that characterizes intensive fish
farming. The studied commercial Oreochromis niloticus feed containing 25% and 30%
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dietary crude protein did not impact the quality of water and sediments of the
production system and the growth of the cultured fish differently indicating that each
of such feeds are feeds for the potential fish. However, the diet with 25% dietary
crude protein is the best choice, for prudent economic decision.
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