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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 = al®, 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
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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 Karagam, 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; Algahtani 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° 13’ North, longitude 0° 4’
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'* 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 = al® (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/L®) 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 = al® as suggested by Lima-Junior et al.
(2002).
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Results
Length-Weight Relationship and Condition Factor

The coefficient of determinations (r?) 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 (r?) 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 6.210.2
klgt

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

LogW =-1.74 + 2.99LogTL
R2=0.88
N =284

1 1,02 1,04 1,06 1,08

1,12 1,14 1,16 1,18 1,2 1,22

Log Total Length (cm)

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



Aquatic Food Studies

AFS365
2 -
1,8 - LogW = 1.81 + 3.03LogTL .
R2=0.97
1,6 - N =101
-
K-
o0
v 1,4
=
g
31,2
1 -
0,8 T T T T 1
0,80 0,90 1,00 1,10 1,20 1,30
Log Total Length (cm)
Figure 2. Length-weight relationship of Nile tilapia, Oreochromis niloticus fed with catfish feed.
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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) 41.1411.5 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 __ . - FE.!ed Type R - -
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 16.310.2

Crude Fat (%) 4.0+0.1 4.5%0.2 4.51+0.1
Carbohydrate (%) 4.0+0.4 3.610.1 3.440.2

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 g1) 6.0£0.2 6.2+0.2 6.2+0.1

Values are meanststandard 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% (Giilyavuz and Unliisayin, 1999; Cakli,
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.

Ethical Statement

No ethical issue.
Funding Information

This study was partially funded by the Aquaculture
Research and Development Centre, ARDEC, Akosombo

from its internally generated funds.

Author Contribution

All Authors: Conceptualization, Methodology, Data
Collection and Analyses; First Author: Drafting of first



Aquatic Food Studies

AFS365

version of manuscript; All Authors: Reviewing and
Editing of final version.

Conflict of Interest

The authors declare that they have no known
competing financial or non-financial, professional, or
personal conflicts that could have appeared to influence
the work reported in this paper.

Acknowledgements

The authors are thankful to the field-hands of the
Aquaculture Research and Development Centre
(ARDEC) of CSIR-Water Research Institute, Akosombo,
Ghana, for their field support during the study.

References

Ahmed, 1., Jan, K., Fatma, S., & Dawood, M. A. (2022). Muscle
proximate composition of various food fish species and
their nutritional significance: a review. Journal of Animal
Physiology =~ Anim  Nutr. (2022) 106:690-719.
https://doi.org/10.1111/jpn.13711

Akeem, B. D., Kabir, I., Folorunso, L. A., Dambatta, M. A,, &
Muhammad, K. N. (2025). Comparative evaluation of
length-weight relationship and condition factor of
Clarias gariepinus (African Catfish) in Tiga Dam and River
Wudil, Kano State, Nigeria. Dutse Journal of Pure and
Applied Sciences, 11(2a), 81-88.
https://dx.doi.org/10.4314/dujopas.v11i2a.8

Algahtani, N. K., Ghazzawy, H. S., Mathew, R. T., Alngada, R. S.,
Eissa, M. E., Abdelnour, S. A, ... & Eissa, E. S. H. (2025).
Enhancing reproductive capacity in hybrid Red Tilapia
(Oreochromis niloticusx O. mossambicus) via dietary
administration of date palm pollen (Phoenix dactylifera
L.). Aquaculture Reports, 41, 102670.
https://doi.org/10.1016/j.aqrep.2025.102670

Anani, F. A.,, & Agbeko, E. (2018). Health condition and
proximate composition of Nile tilapia (Oreochromis
niloticus L.) fed with tilapia grower diets of commercial,
farm-made and their 1:1 mixture. Journal of Fisheries
and Aquatic Research, 3(1), 9-15.

Anani, F. A., Atsakpo, P. D. K., Donkor, K. K., Felix A. Ayarika, F.
A., Mercy Johnson-Ashun, M., & Dankwa, E. T. (2024).
Profitability of using five different commercial tilapia
starter feeds on the Ghanaian market in Nile tilapia,
Oreochromis niloticus fingerlings production. 24(2),
AQUAST1343.
http://doi.org/10.4194/AQUAST1343

Anani, F. A, Fatsi, P. S. K., Appiah, E. K., Donkor, K. K., Ayarika,
F.A., & Dankwa, E. T. (2025). Comparative length-weight
relationship, condition factor and nutritional value of
cultured African catfish, Clarias gariepinus fed with two
feed types and their mixture. Aquatic Food Studies, 5(1),
AFS294. https://doi.org/10.4194/AFS294

Anani, F., & Nunoo, F. K. E. (2016). Length-weight relationship
and condition factor of Nile tilapia, Oreochromis niloticus
fed farm-made and commercial tilapia diet. International
Journal of Fisheries and Aquatic Studies, 4(5), 647—650.

AOAC. (2019). Official methods of analysis. 21st edition,
Association of Official Analytical Chemists, Washington
DC.

Asmamaw, B., Beyene, B., Tessema, M., & Assefa, A. (2019).
Length-weight relationships and condition factor of Nile
tilapia, Oreochromis niloticus (Linnaeus, 1758)
(Cichlidae) in Koka Reservoir, Ethiopia. International
Journal of Fisheries and Aquatic Research, 4(1), 47-51.

Assefa, W. W., & Getahun, A. (2014). Length-weight
relationship, condition factor and some reproductive
aspects of nile tilapia, Oreochromis niloticus, in lake
Hayq, Ethiopia. International Journal of Zoology and
Research, 4 (5), 47-60.

Balami, S., Sharma, A., & Karn, R. (2019). Significance of
nutritional value of fish for human health. Malaysian
Journal of Halal Research Journal, 2(2), 32-34.
http://doi.org/10.2478/mjhr-2019-0012

Barriga-Sosa, I. A., Jimenez-Badillo, M. D. L., Ibanez-Aguirre, A.
L., & Arredondo-Figueroa, J. L. (2004). Variability of
tilapias (Oreochromis spp.) introduced in Mexico:
morphometric, meristic and genetic characters. Journal
of Applied Ichtiology, 20, 7-14.

Bagenal, T. B., Tesch, F. W. (1978). Age and growth. In:
Methods for assessment of fish production in Fresh
waters, pp.101-136. Bagenal TB. (Ed.). Hand book No.3,
Blackwell Scientific Publications, Oxford, England, 1978.

Bhattacharya, P., & Banik, S. K. (2012). Length-weight
relationship and condition factor of the pabo catfish
Ompok pabo (Hamilton, 1822) from Tripura, India. India
Journal of Fisheries, 59(4), 141-146.
https://epubs.icar.org.in/index.php/IJF/article/view/15690

Boran, G., & Karagam, H. (2011). Seasonal changes in
proximate composition of some fish species from the
Black Sea. Turkish Journal of Fisheries and Aquatic
Sciences, 11(1), 01-05.
https://doi.org/10.4194/trjfas.2011.0101

Cakli, S. (2007). Su Uriinleri isleme Teknolojisi 1. Ege
Universitesi Yayinlari, Su Uriinleri Fakiiltesi Yayin No: 76,
izmir, 696 p.

Chowdhury, M. T. H., Dewan, S., Wahab, M. A., Uddin, M. J. &
Thilsted, S. H. (2000). Water quality parameters of the
rice fields used for rice cum fish culture. Bangladesh
Journal of Fisheries, 23, 25-29.

Chukwu, K. 0., & Deekae, S. N. (2010). Length-weight
relationship, condition factor and size composition of
Periophthalmus barbarous (Linnaeus 1766) in Calabar
River, Nigeria. Agriculture and Biological Journal of North
American, 2151-7525.
http://doi.org/10.525/abjra 2011.2.7.1069.1071.

Daniel, U. 1., Vincent-Akpu, I. F., Umesi, N., & Togi, P. D. (2016).
Comparative study of the proximate composition of
Pyxicephalus adspersus and Oreochromis niloticus from
Nigerian wetland. International Journal of Current
Research, 8(12), 42680-42685.

Desta, D. T., Zello, G. A., Alemayehu, F., Estfanos, T. K., Zatti,
K., Drew, M. (2019). Proximate analysis of Nile Tilapia,
(Oreochromis niloticus), fish fillet harvested from
farmers pond and lake Hawassa, Southern Ethiopia.
International Journal of Research and Development
Technology, 11(1), 94-99.

Egun, N. K. & Oboh, I. P. (2022). Potential contribution of
captured fishes to the recommended nutrient intakes
(RNIs): A case study of commercial fish species from
Ilkpoba reservoir, Edo State, Nigeria. Measurement:
Food, 5, 2022,
https://doi.org/10.1016/j.meaf00.2021.100014.

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



Aquatic Food Studies

AFS365

recommendations. International Journal of Applied
Ichthyology, 22(4), 241-253.https:// doi. org/ 10. 1111/j.
1439- 0426. 2006. 00805.x

Gaber, M. M. (2018). Growth of Nile tilapia fingerling
(Oreochromis niloticus) fed diets containing different
levels of clove oil. Egyptian Journal of Aquatic Biology
and Fisheries, 4, 1-18.

Gan, L., Xu, Z. X., MA, J. J,, Xu, C., Wang, X. D., Chen, K., Chen,
L. Q., & Li, E. C. (2016). Effects of salinity on growth, body
composition, muscle fatty acid composition, and
antioxidant status of juvenile Nile tilapia, Oreochromis
niloticus  (Linnaeus, 1758). Journal of Applied
Ichthyology, 32(2), 372-374.
https://doi.org/10.1111/jai.12997

Gboko, K. C., Koumi, A. R., Atsé, B. C., & Tano, K. (2019).
Growth potential and body composition of the African
catfish Chrysichthys nigrodigitatus (Lacépede, 1803)
juveniles fed different locally available feed Ingredients.
Damanhour Journal of Veterinary Sciences, 1(2), 1-6.
http://doi.org/10.5455/DJVS.28287

Geremew, H., Abdisa, M. & Goshu, G. (2020). Proximate
composition of commercially important fish species in
southern Gulf of Lake Tana, Ethiopia. Ethiopian Journal
of Science and Technology, 13(1), 53-63.
https://dx.doi.org/10.4314/ejst.v13i1.4

Godde, C., Mason-D’Croz, D., Mayberry, D.; Thornton, P., &
Herrero, M. (2021). Impacts of climate change on the
livestock food supply chain; a review of the evidence.
Global Food Security, 28,100488.
https://doi.org/10.1016/j.gfs.2020.100488

Gomiero, L. M., & Braga, F. M. S. (2005). The condition factor
of fishes from two river basins in Sao Paulo State,
Southeast of Brazil. Acta Science, 27, 73-78.

Govindan, T. K. (1985). Fish processing technology. Oxford &
IBH Pub. Co. New Delhi, India.

Gupta, D., & Tripathi, M. (2017). Length-weight relationships
and condition factors of five cyprinidae species
(Subfamily-Barbinae) from three diverse rivers of Uttar
Pradesh, India. International Journal of Fisheries and
Aquatic Studies, 5(2), 594-598.

Giilyavuz, H., & Unlisayin, M. (1999). Su Uriinleri isleme
Teknolojisi, Siileyman Demirel Universitesi Egirdir Su
Uriinleri Fakiiltesi, Isparta.

Herawati, T., Yustiati, A., Nurhayati, A., & Mustikawati, R.
(2018). Proximate composition of several fish from
Jatigede reservoir in Sumedang district, West Java. IOP
Conference Series. (2018) 137:012055.
https://doi.org/10.1088/1755-1315/137/1/012055

Igbinosun, J. E., & Talabi, S. O. (1983). Studies on the nutrition
of brackish water catfish—Chrysichthys nigrodigitatus, in:
2nd Annual Conference of the Fisheries Society of
Nigeria, Preliminary investigations on the probable use
of vegetable oil in catfish feeds, FISON, Calabar, Nigeria,
pp. 135-143.

Jamal, Y., Muhammad Zubair Anjum, M. Z., Muhammad, Z,,
Saira Amin, S., Irfan, M., & Khan, M. Q. (2025).
Comparative study of growth, hematology and
proximate composition of Nile tilapia (Oreochromis
niloticus) in biofloc technology and conventional pond
culture system. Pakistan Journal of Zoology, 57(1), 267-
274. https://dx.doi.org/10.17582/journal.pjz/202204140-
70405

Jim, F., Garamumhango, P., & Musara, C. (2017). Comparative
analysis of the nutritional value of Oreochromis niloticus

(Linnaeus), Nile tilapia, meat from three different
ecosystems. Journal of Food Quality, (6714347), 1-8.

Jisr, N., Younes, G., Sakhn, C., & El-Dakdouki, M. H. (2018).
Length—weight relationships relative condition factor of
fish inhabiting the marine area of the Eastern
Mediterranean city, Tripoli-Lebanon. The Egyptian
Journal of Aquatic Research, 44(4), 299-305.
https://doi.org/10.1016/j.ejar.2018.11.004

Kamble, M. T., Salin, K. R., Chavan, B. R., Medhe, S. V., Kim D.
Thompson, K. D., & Pirarat, N. (2025). Length-weight
relationship and condition factor of Nile tilapia
(Oreochromis niloticus) fed diets supplemented with
guava and star gooseberry leaf extract. F1000Research
2024, 13:540.
https://doi.org/10.12688/f1000research.145369.2

Karrar, A. M. H. M., Elkareem, M. M. E. A., & Sabir Ali, A. k.
(2016). Length-weight relationship and condition factor
of Nile tilapia [Oreochromis niloticus (Trewavas)] from
White Nile, Sudan. Environment and Natural Resources
International Journal, 1(1), 77- 84.

Khallaf, E., Galal, M., & Athuman, M. (2003). The biology of
Oreochromis niloticus in a polluted canal. Ecotoxicology,
12, 405-416.

Khanjani, M. H., Alizadeh, M., Mohammadi, M., & Sarsangi, A.
H. (2021). Biofloc system applied to Nile tilapia
(Oreochromis niloticus) farming using different carbon
sources: Growth performance, carcass analysis,
digestive and hepatic enzyme activity. Iranian Journal of
Fisheries Science, 20, 490-513.

Kim, K. D., Lim, S. G., Kang, Y. J., Kim, K. W., & Son, M. H. (2012).
Effects of dietary protein and lipid levels on growth and
body composition of juvenile far eastern catfish Silurus
asotus. Asian-Australasian Journal of Animal Sciences,
25(3), 369-374.
http://dx.doi.org/10.5713/ajas.2011.11089

Kleanthidis, P. K., Sinis, A. |., & Stergiou, K. I. (1999). Length—
weight relationships for freshwater fishes in Greece.
Naga, 22, 25-28.

Kumari, S., Sadhya, K. M., Karnatak, G., Sarkar, U. K., Panda, D.,
& Mishal, P. (2019). Length-weight relationship and
condition factor of Gudusia chapra (Hamilton, 1822)
from Panchet Reservoir, Jharkhand, India. Indian Journal
of Fisheries, 66(3), 136-139.

La Rosa, L. L. C., Morell-Monz4, S., Puig-Pons, V., Pérez-Arjona,
I, & Espinosa, V. (2025). Biometric relationships and
condition factor of Nile tilapia (Oreochromis niloticus)
grown in concrete ponds with groundwater. Aquaculture
International, 33, 200.
https://doi.org/10.1007/s10499-025-01839-7

Lie. (2001). Flesh quality. The role of nutrition. Aquaculture
Research, 32(1), 341-348.
https://doi.org/10.1046/j.1355-557x.2001.00026.x

Lima-Junior, S. E., Cardone, |. B.,, & Goite, R. (2002).
Determination of a method for calculation of allometric
condition factor of fish. Acta Scientiarum, 24, 397-400.

Mohanty, B. P., Pati, M. K., Bhattacharjee, S., Hajara, A.,
Sharma, A. P. (2013). Small indigenous fishes and their
importance in human health. Advances in Fish Research,
5,257-278.

Moses, M., Chauka, L. J, De Koning, D. J., Palaiokostas, C., &
Mtolera, M. S. P. (2021). Growth performance of five
different strains of Nile tilapia (Oreochromis niloticus)
introduced to Tanzania reared in fresh and brackish
waters. Scientific Reports, 11(1).
https://doi.org/10.1038/s41598-021-90505-y



Aquatic Food Studies

AFS365

Namaga, W. M., Yahaya, B., Abdus Salam, Md., & Abdus Salam,
Md. (2020). Proximate composition of male and female
African catfish (Clarias gariepinus) and tilapia (Tilapia
zilli) in Jega river, Kebbi state, Nigeria. Journal of
Fisheries, Livestock and Veterinary Science, 01(02), 28-
35.
https://doi.org/10.18801/ijfee.010220.04

Ogbeibu, A.E. (2005). Biostatistics: A Practical Approach to
Research and Data Handling. Mindex Publishing Co. Ltd.,
Benin, Nigeria, 264p

Pauly, D., (1983). Some simple methods for the assessment of
tropical fish stocks. FAO Fisheries Technical Paper
(234):52 p.

Rubbi, S. F., Mujibar, M., Khan, A. R., Jahan, S. S., & Majeda, B.
(1987). Proximate composition and quality of some
commercial species of fresh water fishes. Bangladesh
Journal of Science Research, 5(1), 1-20.

Sadauki, M. A., Bichi, A. H., & Geidam, M. B. (2023). Length-
weight relationship and condition factor of Clarias
gariepinus (Burchell, 1822) in Zobe Reservoir. Life
Sciences: An International Journal (LSlJ), 1.

Shoba, S. P., Candida, X. V., Mary, T. A. A., Rajeswari, R., & Basil,
R. (2020). Comparative analysis of biochemical
composition of few freshwater and marine fishes 115
International Journal of Fisheries and Aquatic Studies,
8(3), 115-119.

Sparre, P., Ursin, E., & Venema, S. C. (1989). Manual Food and
Agricultural Organization Fisheries, Technical Paper No.
306 FAO Rome, 337p.

Subba, S., & Adhikaree, S. (2011). Studies on length-weight
relationships of a cold water fish Neolissochilus

hexagonolepis (McClelland) from Tamor River, Nepal.
Our Nature, 9, 168-172.
https://www.researchgate.net/publication/275908469

Sumaoy, J. K., Biquio, L. J., Gonzales, J. C., Aquino, A. O.,
Pongan, C. C., Carbonel, J. M., ... & Dulatre, J. (2025).
Comparative Analysis of Length-Weight Relationships
and Condition Factors of Pond-Grown Nile Tilapia
(Oreochromis niloticus L.) Across Sexes and Life Stages
During the Wet Season in Lubao, Pampanga, Philippines.
Egyptian Journal of Aquatic Biology & Fisheries, 29(5),
1211.

Temesgen, M. (2017). Status and trends of fish and fisheries in
Lake Langano, Ethiopia. PhD dissertation submitted
Department of Zoological Sciences, Addis Ababa
University, Ethiopia, 243.

Uddin, M. J., Dewan, S., Ashrafuzzaman, M., & Haque, M. M.
(2001). Growth and yield of

GIFT (Oreochromis niloticus) and Thai silver barb (Barbodes
gonionotus Bleeker) in rice fields and their effects on the
yield of rice. Bangladesh Journal of Fisheries Research, 5,
29-35.

USDA (United State Department of Agriculture). (2010).
Agricultural research service, national nutrition database
for standard reference. Release, 23 Nutrition
Laboratories.

Yang, H., He, J., Lv, M., Huang, G., Feng, P., Wen, L., & Hu, T.
(2018). Preliminary effects of dietary protein levels on
muscle quality and digestive enzyme activities in GIFT
Oreochromis niloticus. Aquaculture Studies, 18, 1-10.



