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Abstract 
 
The length-weight relationship (LWR), condition factor (K) and nutritional value (NV) 
of a fish species are some indicators used to assess its state of healthiness. The state 
of healthiness of three (3) groups of Nile tilapia, Orochromis niloticus fingerlings fed 
separately with commercial feeds of tilapia, catfish and their equal combination for 77 
days in hapa-in-pond systems was assessed by comparing their LWRs, Ks and NVs. At 
the end of the feeding period, the total lengths (TLs) and the weights (Ws) of the 
various fish groups were recorded. The K was determined by carrying out a linear 
regression analyses on a log transformed LWR equation whilst proximate analyses of 
sample fish flesh were used to determine the NV. The recorded K was 3.0 for each fish 
group whilst the NVs and the gross energy (GE) contents of their flesh were 
comparable (ANOVA, P>0.05). The crude fat contents of all fish groups were less than 
5.0%, suggesting lean fish flesh. The findings of the study suggest that O. niloticus 
under culture may be fed with a tilapia feed, a catfish feed or their equal combination 
since they have similar effects on the LWR, K and NV of the fish.  

 

Introduction 
 

The relationship between the length, L and the 
weight, W of a fish is generally expressed by the 
equation W = aLb, where a is the intercept and b is the 
slope known as the allometry coefficient.  

In general, b value falls within 2.5 to 4.0. When 
b= 3, growth is said to be isometric (i. e. the body width 
of the fish remains constant at different lengths). When 
b<3, growth is said to be negative allometric (i. e. the 
fish remains thinner as its length increases). When b>3, 
growth is said to be positive allometric (i. e. the fish 
remains wider as its length increases). 

The length-weight relationship (LWR) of a fish 
serves as a fundamental tool for assessing its growth 
patterns; the data of which the condition factor, K is 
derived providing a quantitative measure for evaluating 

the existing health status of fish populations and their 
capability for sustained production in a given culture 
system (Gan et al., 2016; Godde et al., 2021). Good fish 
body condition is correlated with high values of K (i. e. 
K>1.0) whilst that of poor correlates with low values (i. 
e. K<1.0), and they are affected among other factors by 
feed intake by the fish and the prevailing water quality 
condition (Gupta and Tripathi, 2017; Jisr et al., 2018; 
Godde et al., 2021). 

Fishes, just as other animals compose of 
macronutrients such as protein and lipids; and macro-
elements such as calcium, phosphorus, magnesium as 
well as trace elements like iron, zinc, and selenium in 
addition to vitamins, particularly those of A and D 
(Namaga et al., 2020). Even though both macronutrients 
and micronutrients constitute the nutritional value (NV) 
of fish, protein and lipids are the most important 
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components (Balami et al., 2019; Shoba et al., 2020). 
Generally, the percentage composition of the five major 
components (i. e. water, protein, lipid/fat, carbohydrate 
and ash or minerals) of fish is referred to as proximate 
composition and these mostly account for 96.0 to 98.0% 
of the total fish tissue.  

Moisture contents are the largest portions of fresh 
fish body and for most fish species, they range from 65.0 
to 81.0% (Balami et al., 2019) whilst those of protein are 
16.0 to 21.0%, but in some species, values as high as 
28.0% or lower than 16.0% are possible (Geremew et al., 
2020). Common ranges for minerals or ash, fats and 
carbohydrates are 1.2 to 1.5%, 0.2 to 25% and 0.0 to 
0.5%, respectively (Mohanty et al., 2013; Ahmed et al., 
2022; Anani et al., 2025).  Differences in nutritional value 
of fish are due to factors such as species type, sex, age, 
catching season, catching ground, culture systems or 
feed type intake (Boran and Karaçam, 2011; Daniel et al., 
2016; Herawati et al., 2018).  

The Nile tilapia, Oreochromis niloticus is a popular 
global aquaculture species farmed in different culture 
systems such as earthen ponds, tanks and cages (Moses 
et al., 2021; Alqahtani et al., 2025). It is greatly 
recommended as one of the successful culturing fish due 
to its good growth rates even when it is fed with 
relatively low crude protein content diets. Besides, it is 
highly and widely acceptable as food of high delicacy by 
many people throughout the world. (Khallaf et al., 2003; 
Barriga-Sosa et al., 2004). 

Although there are commercial fish feeds 
formulated separately for both tilapia and catfish on the 
Ghanaian market, fish farmers opt for the use of either 
of the feed types or their mixture to feed either of the 
two fish types during culture (Anani et al., 2025). A study 
carried out by Anani et al. (2025) to compare the LWR, K 
and the NV of the African catfish, Clarias gariepinus fed 
separately with feeds of catfish, tilapia and their equal 
mixture indicated that all the feed types were 
appropriate for C. gariepinus production. In the same 
vein as that of the previous study, the present study was 
carried out to compare the LWR, K and the NV of O. 
niloticus fed with commercial feeds of tilapia, catfish and 
their equal combination in hapa-in-pond system. 
Information on farmed tilapia fed with either catfish 
feed or its combination with that of tilapia in terms of 
the health and the nutritional status of the fish is needed 
to ensure reliable grow-out tilapia production by fish 
farmers or aquaculture managers in the event of dearth 
of tilapia feed on the market. 

 

Materials and Methods 
 

Study Site 
 
The study site was the Aquaculture Research and 

Development Centre (ARDEC) of Water Research 
Institute (WRI) of the Council for Scientific and Industrial 
Research (CSIR), (latitude 6° 13ʹ North, longitude 0° 4ʹ 
East), Akosombo, Eastern Region, Ghana. 

Fish Culture System   
 
The fingerlings of the Nile tilapia were cultured in 

nine (9) fine mesh netting hapas, each of dimensions 5.0 
x 2.0 x 1.2 m (i. e. length, width and height), installed 
along the lengths of a 0.2-hectare earthen pond at an 
interval of about 5.0 m away from each other. The hapas 
were randomly labelled and three (3) were allocated to 
each feed type (i. e. tilapia fingerlings fed with tilapia 
feed, tilapia fingerlings fed with catfish feed and tilapia 
fingerlings fed with equal mixture of tilapia and catfish 
feeds).    
 
Experimental Feeds and Feed Management 

 
The same brand of a commercial tilapia and catfish 

feeds of the same crude protein contents were used for 
the study. The feeds were in the forms of extruded 
pellets of diameter 2.0 mm, with each having 40.0% 
crude protein (CP) content as declared on the labels of 
the feed bags by the producer. Homogeneous 
combination of equal portions of the two (2) feed types 
was made to obtain a third one. About 30.0 kg of each 
was crushed into smaller sizes (0.4 to 0.8 mm) that the 
experimental fingerlings could pick within the first four 
(4) weeks of the study. Samples of about 50.0 g of all 
feed types were taken for proximate analyses and the 
remainders were weighed into separate plastic 
container; sealed, labelled accordingly and kept in a 
cool, dry and a well-ventilated room inaccessible to 
unauthorized personnel. The various feeds were fed to 
the designated fingerling groups 3 times a day at a 
reducing rate of 10.0 to 4.0% for a period of 77 days 
(Anani et al., 2025).  
 
Proximate Composition Analyses of Cultured Fish  

 
The day following the end of the feeding period of 

the cultured fish with the various feed types, a sample 
of 3 was obtained from each treatment and their 
nutritional values and gross energy contents based on 
proximate analyses of the flesh were carried out in 
triplicates following standard methods (AOAC, 2019). 
The protocol was applied in determining the 
percentages (%) of dry matter (DM), crude protein (CP), 
ash, crude fat (CF) and crude fibre (CF). That of 
carbohydrate (Nitrogen-free extract, NFE) was 
computed using the formula: %NFE = %DM - %(CP + Ash 
+ CL + CF). Gross energy contents of the fish were 
computed based on the average physiological fuel 
values of 23.64, 39.54 and 17.15 MJ kg-1 for protein, fat 
and carbohydrate, respectively (Kim et al., 2012; Anani 
et al., 2024). 

 
Data Analyses 

 
A scoop net was used to harvest all the fish from 

each of the replicates of each treatment at the end of 
the culture period. The total lengths (TLs) and wet 
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weights (Ws) of the fish were determined. The TLs were 
measured to the nearest 0.1 cm using a graduated fish 
measuring board whilst the Ws were measured to the 
nearest 0.1 g using top loading electronic balance (EMB 
500-1-Kern).   

The data were entered in Microsoft Excel 
spreadsheet and linear regressions were used to 
estimate the length-weight relationships (LWRs) of O. 
niloticus fed with the 3 feed types based on the 
equation:  
 

W = aLb (Pauly, 1983; Sparre et al., 1989) 
 
Where; W = wet weight of fish (g), L = total length 

of fish (cm), a = intercept (indicating the rate of change 
of weight with length), b = slope (indicating weight at 
unit length) 

The equation was log transformed as:  
 

Log W = log a + b log L (Pauly, 1983) 
 
The degree of association between the variables (i. 

e. the correlation, r) was determined by computing the 
correlation coefficient (r) from the relationship: 

 

r=√𝑟2 (Ogbeibu, 2005) 
 
The condition factor, K was determined by using 

the equation: 
 
K= (W/Lb) x 100 (Gomiero and Braga, 2005). 

 
Where, W = fish weight (g), L = total fish length 

(cm), b = slop obtained from the length-weight 
equation. 

The exponent b value used in computing the K was 
obtained from the estimated length-weight relationship 
equation W = aLb as suggested by Lima-Junior et al. 
(2002). 

Results  
 

Length-Weight Relationship and Condition Factor  
 
The coefficient of determinations (r2) of O. niloticus 

fed with the tilapia feed, catfish feed and their 
combination were high and the computed values were 
0.88, 0.97 and 0.98, respectively (Figures 1, 2 and 3 
respectively).  The fitted models indicated good 
performance with the corresponding correlation 
coefficient (r2) values obtained for the LWRs of the fish 
being 0.94, 0.98 and 0.99.  The recorded growth 
coefficient (b) was 3.0 for O. niloticus fed with each feed 
type whilst the condition factor, K was 1.8 for each 
(Table 1).  

 
Nutritional Value of Cultured Nile Tilapia 

 
The analysed nutritional values and gross energy 

contents of the flesh of O. niloticus fed with the tilapia 
feed, catfish feed and their equal combination are 
presented in Table 2. Values recorded for the various 
parameters were highly comparable and there were no 
significant differences (ANOVA, P>0.05) among them. 
The crude protein contents were the highest and the 
values ranged from 15.6±0.5 to 16.3±0.2%. These were 
followed by those of crude fat of which the levels ranged 
from 4.0±0.1 to 4.5±0.2%. Fibre contents were the least, 
ranging from 0.5±0.1 to 0.7±0.2%. The gross energy 
contents of the fish flesh ranged from 6.0±0.2 to 6.2±0.2 
kJ g-1. 

 

Discussion  
 

In the current study the Nile tilapia fed with the 
tilapia feed, catfish feed and their combination 
exhibited strong length-weight correlations as indicated 
by the computed correlation coefficient values (0.94 to 
0.99) being very high. This suggests that the body 

 

Figure 1. Length-weight relationship of Nile tilapia, Oreochromis niloticus fed with tilapia feed.  
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Figure 2. Length-weight relationship of Nile tilapia, Oreochromis niloticus fed with catfish feed.  

 

 

Figure 3. Length-weight relationship of Nile tilapia, Oreochromis niloticus fed with equal combination of catfish and tilapia feeds.  

 
Table 1. Length-weight relationship, regression coefficient and condition factor parameters of Nile tilapia, Oreochromis niloticus 
fingerlings fed separately with commercial tilapia feed, catfish feed and their equal combination for 77 days 

Parameter 
Feed Type 

Tilapia fed with tilapia feed Tilapia fed with catfish feed Tilapia fed with combined feed 
Minimum Weight (g) 20.0 11.0 12.0 
Maximum Weight (g) 67.0 70.0 72.0 
Mean Weight (g) 41.1±11.5 40.4±14.7 46.3±15.6 
Minimum Length (cm) 10.5 8.7 8.6 
Maximum Length (cm) 15.6 16.3 15.9 
Mean Length (cm) 13.1±1.2 13.2±1.7 13.6±1.8 
b 3.0 3.0 3.0 
K 1.8 1.8 1.8 
N 84 101 55 

 
 
 

Table 2. Proximate composition of Nile tilapia, Oreochromis niloticus fingerlings fed separately with commercial feeds of tilapia, 
catfish and their equal combination for 77 days 

Parameter 
Feed Type 

Tilapia fed with tilapia feed Tilapia fed with catfish feed Tilapia fed with combined feed 

Dry Matter (%) 25.4±0.2 25.8±0.4 25.7±1.0 
Crude Protein (%) 15.6±0.5 15.9±0.3 16.3±0.2 
Crude Fat (%) 4.0±0.1 4.5±0.2 4.5±0.1 
Carbohydrate (%) 4.0±0.4 3.6±0.1 3.4±0.2 
Fibre (%) 0.7±0.1 0.7±0.2 0.5±0.1 
Ash (%) 1.1±0.6 1.1±0.1 1.0±0.5 
Gross Energy (kJ g-1) 6.0±0.2 6.2±0.2 6.2±0.1 

Values are means±standard deviations of three replicates. 
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weights of the fish increased as the total lengths 
increased. This suggests growth of the fish followed the 
cube law representing an isometric growth as evidenced 
by the b value being 3.0 as expected of an ideal fish 
(Kleanthidis et al., 1999; Subba and Adhikaree, 2011). 
Hence, the culture environment embodied by the water 
quality and all the feed types were suitable for O. 
niloticus survival and growth (Gupta and Tripathi, 2017; 
Jisr et al., 2018; Godde et al., 2021). The differences in 
feed types did not affect physiological states of the 
cultured fish in any way in the current study as the same 
b and K values (3.0 and 1.8, respectively) which are 
indicative of isometric growth were obtained in O. 
niloticus fed with all the feed types. Among several 
factors stated by other researchers (Bagenal and Tesch, 
1978; Froese, 2006) that result in variations in b values 
was diet or feed. However, although feeds fed to O. 
niloticus in the current study were different, recorded b 
values were the same in all the treatments. This suggests 
there were no differences in terms of nutritional value 
and quality of the feeds, and they all impacted on the 
growth performance and health conditions of the fish 
equally.  

Findings of the current study disagreed with those 
of others as deviations from the cube law were observed 
in O. niloticus (Anani and Nunoo, 2016; Asmamaw et al., 
2019; Kamble et al., 2025; La Rosa et al., 2025); as well 
as in other fish species (Kumari et al., 2019; Sadauki et 
al., 2023; Akeem et al., 2025; Anani et al., 2025). 
Generally, a K greater than 1.0 indicates good fish health 
(Bhattacharya and Banik, 2012; Jisr et al., 2018). In the 
current study, O. niloticus fed with the various feeds 
recorded the same value of K, 1.8 which was within 1.0 
and 2.0 recorded of the species in other studies (Assefa 
and Getahun, 2014; Karrar et al., 2016; Temesgen, 2017; 
Kamble et al., 2025; La Rosa et al., 2025; Sumaoy et al., 
2025). This suggests that the cultured O. niloticus in the 
current study was in good condition (Chukwu and 
Deekae, 2010; Anani et al., 2025) and all the feeds were 
suitable for culturing the fish. 

The muscle quality of an edible organism is 
indicated by its moisture, protein, fat and ash contents 
which are influenced by different environmental factors 
of which the major is feed intake (Lie, 2001; Yang et al., 
2018). This suggests that variations in feed intake by the 
same organism could change its nutritional value. 
However, the nutritional values of O. niloticus fed with 
the various feeds in the current study were similar and 
there were no significant differences (ANOVA, P>0.05) 
among them. Hence, all the feed types were of similar 
nutritional quality and they all impacted the cultured O. 
niloticus nutrient composition alike. 

In the current study, there were similar fillet 
moisture contents (74.2 to 74.6%) of the cultured O. 
niloticus fed with all the 3 fed types. The recorded 
figures fell within 70.0 to 80.0% observed in the same 
species in previous studies (Gaber, 2018; Anani and 
Agbeko, 2018; Desta et al., 2019); as well as within the 
observed moisture content range 72.18-83.65% of 

fishes in general (Igbinosun and Talabi, 1983; Rubbi et 
al., 1987; Gboko et al., 2019). The recorded crude 
protein contents 15.6 to 16.3% fell within the same 
range as those recorded in past studies by Chowdhury 
et al. (2000); Khanjani et al. (2021), Uddin et al. (2001) 
and Jamal et al. (2025) in O. niloticus cultured in 
different systems and fed with different feed types. 
Additionally, the recorded figures were within a wide 
range of 13.0 to 25.0% protein contents observed in 
different fish species in different studies (Govindan, 
1985; USDA, 2010; Desta et al., 2019). The crude protein 
content level of a fish among others is affected by the 
feed it is fed with, its sex and the quality of the water in 
which it is cultured (Jim et al., 2017; Desta et al., 2019). 
Among the aforementioned factors, it was only feed 
that differ in the current study as monosex male O. 
niloticus of the same age was used in all treatments and 
the recorded water quality parameters were similar. 
This suggests that the different feed types had similar 
effects on protein contents of O. niloticus as analysed 
values were similar and there were no significant 
differences (ANOVA, P>0.05) among them. The 
knowledge of the proximate composition of fish, such as 
fat quantity is important in grading the quality of fish fat 
(Egun and Oboh, 2022). On the whole, fish meat is 
considered having lower fat content compared to other 
sources of animal protein. The crude fat contents (4.0 to 
4.5%) of the fish flesh recorded in the current study 
suggest that lean fish was produced as the levels were 
less than 5.0% (Gülyavuz and Ünlüsayın, 1999; Çaklı, 
2007; Anani et al., 2025).   

 

Conclusion 
 

Nile tilapia fed separately with tilapia feed, catfish 
feed and their equal combination showed isometric 
growth pattern as computed b values were 3.0 each and 
the fish were in good condition as the corresponding K 
value was greater than 1.0 (i. e. 1.8) each. All recorded 
nutritional values were similar with fish flesh fat 
contents being less than 5.0%, suggesting lean fish. For 
this reason, dependent on availability or costs, cultured 
O. niloticus may be fed with a tilapia feed, catfish feed 
or their equal mixture.  
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