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Abstract
Feed cost and quality remain the single largest constraint on profitable African catfish (Clarias gariepinus) production in Nigeria, yet farmers have little independent, comparative evidence on how the standard commercial feeds available to them actually perform. This study therefore compared the growth performance, feed utilization, and water quality outcomes of African catfish fed three commercial standard feeds widely marketed in northeastern Nigeria. Post-fingerlings with a mean initial weight of 5.52 ± 0.00 g were assigned to three treatments T1 (LZG Star Fish Feed), T2 (Blue Crown fish feed), and T3 (Eco fish feed) in a completely randomized design with three replicates per treatment (20 fish per replicate; 180 fish in total). Fish were stocked in concrete ponds (2 × 2 × 3 m) and fed at 5% of body weight daily for twelve weeks, following a five-day acclimatization period. Growth (weight and length), survival, feed conversion ratio (FCR), specific growth rate (SGR), the proximate composition of the three feeds, and water quality parameters (pH, temperature, and dissolved oxygen) were assessed, with data analyzed by one-way analysis of variance (ANOVA) and Duncan's multiple range test. Fish fed LZG Star Fish Feed achieved the best overall growth performance, with the highest final body weight (75.55 ± 1.10 g), final length (20.72 ± 0.02 cm), and specific growth rate (3.20 ± 0.01%/day), and the lowest feed conversion ratio (19.55 ± 0.01), followed by fish fed Blue Crown (73.20 ± 0.44 g), while fish fed Eco Feed recorded the lowest final weight (64.11 ± 0.30 g) (p < .05). Proximate analysis showed that LZG Star Fish Feed contained the highest crude protein (45.50 ± 1.01%) and ether extract (11.30 ± 0.79%) among the three feeds, which corresponded directly with its superior growth outcomes and is consistent with the established protein and energy requirements of the species. Survival rate, mortality rate, and all monitored water quality parameters did not differ significantly among treatments (p > .05), indicating that the observed differences in growth were driven primarily by feed nutritional quality rather than by differences in rearing conditions. These findings suggest that LZG Star Fish Feed offers the best growth returns among the three feeds evaluated and provide farmers, feed manufacturers, and extension agencies with independently verified, comparative evidence to guide feed selection for catfish production in the study area.	Comment by Auteur: 5 days or 14 days?	Comment by Auteur: Also state the values of length, SGR and FCR for the other two feeds to be coherent
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Introduction
The fisheries sector plays an important role in the economic development of many countries, employing an estimated 40 million people directly across artisanal fishing, aquaculture, processing, and marketing. Fish is a source of high-quality protein that can be produced more affordably than most other forms of animal protein (Gaya et al., 2005). In Nigeria, despite substantial investment in commercial agriculture by government, aid agencies, multilateral organizations, and individuals, livestock production has not met the country's protein demand (Oluwatayo & Adedeji, 2019). Nigeria's growing population means that conventional livestock production and artisanal fisheries already over exploited are unlikely to meet the country's rising protein needs (Umaru et al., 2016). Nationally, domestic fish production continues to fall well short of demand, and the resulting deficit is bridged largely through imports (Food and Agriculture Organization [FAO], 2022), underscoring the urgent need for holistic and innovative strategies to strengthen food security, particularly protein intake (Ubesie & Ibeziakor, 2012). Fish culture, particularly of the African sharptooth catfish (Clarias gariepinus), holds considerable promise in addressing this need.
C.larias gariepinus is among the most widely cultured fish species in developing countries such as Nigeria, Cameroon, the Democratic Republic of Congo, Tanzania, and Uganda (Limbu, 2019). Its popularity stems from its fast growth rate, disease resistance, tolerance of harsh environmental conditions, and strong market value (Amisah et al., 2019; Farahiyah et al., 2016). However, effective production of C. gariepinus in Nigeria has been constrained by the high cost of imported feed and the limited availability of affordable, high-quality locally produced feed (Yakubu et al., 2015). Feed accounts for 40–60% of total production costs in sustainable fish culture systems and must be supplied in the correct proportions and nutritional composition, as it directly determines growth performance and survival (Toutou et al., 2018; Dorothy et al., 2018). Because commercial catfish diets are typically formulated to protein levels of 40–50% for juveniles and 30–40% for adults (Langi et al., 2024), even modest differences in the actual, as-analyzed nutrient content of competing commercial brands can translate into measurable differences in growth outcomes over a production cycle.	Comment by Auteur: Harmonize whether is by alphabetical order or date	Comment by Auteur: Don’t start a sentence with because
Efforts to provide adequate feed for C. gariepinus have led to the formulation of numerous local alternatives to expensive imported commercial feeds, resulting in the proliferation of fish feed manufacturers in Nigeria (Mustapha et al., 2014). Consequently, the Nigerian market now offers farmers a wide range of imported and locally manufactured catfish feed brands (Agokei et al., 2010; Mustapha et al., 2014). Unfortunately, the absence of adequate legislation and regulatory oversight of feed composition and quality means that farmers must rely largely on manufacturer-supplied label information, without independent verification. Few studies in Nigeria have examined the proximate composition of standard commercial feeds alongside their corresponding growth response in African catfish, despite the country's substantial investment in aquaculture (Ajayi et al., 2016; Umaru et al., 2016).
Against this background, the present study evaluated the growth performance of African catfish (C.Clarias gariepinus) fed three different standard commercial feeds LZG Star Fish Feed, Blue Crown, and Eco Feed that are widely available to farmers in Yobe State and the wider northeastern Nigeria region but have not previously been subjected to independent comparative evaluation. The findings are intended to provide baseline information to assist farmers, regulatory agencies, feed manufacturers, and other stakeholders within the fisheries industry.
Literature Review	Comment by Auteur: I should think that this is a research paper and not a review, so  this section should be part of introduction. Shorten the introduction
Comparative Studies of Commercial Feeds and Catfish Growth
A substantial body of Nigerian and regional research has compared the growth response of C. gariepinus to different commercial feed brands, generally confirming that feed choice has a strong and consistent effect on growth outcomes. Mustapha et al. (2014) compared an imported feed (Skretting) with a Nigerian-manufactured local feed (Blue Crown) and found that the imported feed produced significantly better growth, which the authors linked to its higher crude protein content. Similarly, Agokei et al. (2010) evaluated five commercial feed brands and reported significant differences in weight gain and survival among treatments, while Ajayi et al. (2016) found that among five imported feeds (Coppens, Aqua, Ranna, Pira, and Durante), Coppens consistently produced superior growth performance. Umaru et al. (2016) similarly reported that imported feeds outperformed local alternatives in floating bamboo cage culture, while Kenneth et al. (2020) compared three standard feeds (Coppens, Vital, and Multifeed) under a very similar experimental design to the present study and likewise found significant treatment differences in final weight and length, reinforcing that feed brand and by extension its underlying nutrient composition is a major determinant of growth performance even when feeds are marketed under the same ‘standard’ or ‘commercial’ label.	Comment by Auteur: Insert before stating the objectives. 2 works are largely sufficient. Rather use this for discussing
Nutritional Requirements Protein and Energy Relationships	Comment by Auteur: Remove 
The mechanistic basis for these growth differences lies in the fish's nutritional physiology. A recent comprehensive review of the nutritional requirements of C. gariepinus concluded that dietary crude protein should range from 40–50% for juveniles and 30–40% for adults, with methionine and lysine requirements of 18.7–29.7 g/kg and 44.9–62.2 g/kg of dietary protein, respectively, and recommended lipid inclusion of 5–15% for juveniles (Langi et al., 2024). Consistent with this, Ali and Jauncey (2005) demonstrated experimentally that C. gariepinus growth rate and feed conversion efficiency improve significantly when dietary protein-to-energy ratio is optimized, with diets containing approximately 43% crude protein producing the best growth response among the levels tested. These findings provide a physiological explanation for why feeds with higher analyzed crude protein and lipid content, such as those recorded for T1 in the present study, would be expected to support superior weight gain, length gain, and feed conversion relative to lower-protein feeds.	Comment by Auteur: Use for discussion	Comment by Auteur: Non, already discussing without stating the methodology and results
Proximate Composition of Commercial Feeds in Nigeria	Comment by Auteur: Remove and use in introduction
Independent verification of feed nutrient content is important because manufacturer declared values do not always match analyzed composition. Ayuba and Iorkohol (2013) analyzed several commercial fish feed brands sold in Nigeria and found that, while most contained crude protein levels above 40% as recommended for catfish production, there was measurable variation between analyzed and company declared values, particularly for protein and lipid content. This finding reinforces the importance of independent proximate analysis as conducted in the present study rather than reliance on label claims alone when evaluating or selecting a commercial feed.
Water Quality Considerations in Catfish Culture	Comment by Auteur: Remove here and use for discussion
Water quality is widely recognized as a co-determinant of growth performance alongside feed quality. Dissolved oxygen in particular is considered one of the most limiting water quality variables in intensive pond aquaculture, with concentrations below approximately 5 mg/L associated with feeding stress, reduced growth, and increased susceptibility to disease (Boyd, 2020). A review of the environmental tolerance ranges of C. gariepinus similarly reported that, while the species can tolerate temperatures between 18–32°C and pH values between 5.0 and 9.0, sustained low dissolved oxygen remains a key constraint on optimal growth even when other parameters are within tolerable ranges (Păpuc et al., 2019). 

Methodology 
Study Sit/e, Experimental Fish, and Test Feeds
The study was conducted at the Yobe State College of Agriculture, Science and Technology, Gujba, Yobe State, Nigeria. A total of 220 post-fingerlings of Clarias gariepinus with an initial mean body weight of 5.52 ± 0.00 g were procured from the National Institute for Freshwater Fisheries Research (NIFFR), Niger State, and transported to the experimental site in open plastic buckets covered with nylon netting. On arrival, fish were transferred to holding tanks and acclimatized for 14 days prior to the start of the experiment. Holding tanks were cleaned and the water renewed every three days (Odioko et al., 2016). Three commercial standard feeds LZG Star Fish Feed, Blue Crown, and Eco Feed, each with a pellet size of 2 mm were procured from Mairima Agronomics Limited, a commercial feed dealer in Damaturu.	Comment by Auteur: 180 or 220 fingerlings??	Comment by Auteur: 14 days or 5 days?
Experimental Design
The feeding trial lasted twelve weeks. A total of 180 Clarias gariepinus were used, distributed evenly across three treatments T1 (LZG Star Feed), T2 (Blue Crown), and T3 (Eco Feed) with three replicates per treatment and 20 fish per replicate. Concrete ponds measuring 2 × 2 × 3 m were used, and the design was completely randomized. Fish were fasted for 24 hours before the trial began. Initial mean weight and length were recorded using a digital weighing balance and a metre rule, respectively. Fish were fed twice daily, between 9:00 a.m. and 5:00 p.m., at 5% of body weight. Faecal waste and uneaten feed were siphoned from the ponds daily, and pond water was replaced with clean borehole water every three days. Ponds were covered with netting to prevent the fish from escaping.	Comment by Auteur: Total length or standard length
Measurement of Growth Parameters
Body weight and length were measured weekly using a digital weighing balance and a metre rule to monitor weight gain and length increase throughout the trial. Growth performance was determined using the following formulae:	Comment by Auteur: Idem
Weight gain (WG) = Wf – Wi, where Wf = final body weight and Wi = initial body weight.
Average daily length gain (ADLG) = (final length – initial length) ÷ total number of days.
Mortality rate (%) = (number of dead fish at the end of the experiment ÷ initial number of fish stocked) × 100.
Survival rate (%) = (number of fish surviving ÷ initial number of fish stocked) × 100.
Specific growth rate (SGR, %/day) = [(ln Wf – ln Wi) ÷ number of days] × 100, where ln = natural logarithm.
Feed conversion ratio (FCR) = feed consumed ÷ weight gained, where feed consumed = 5% × body weight × number of days.
Water Quality Parameters
Temperature, pH, and dissolved oxygen (DO) were monitored weekly at 8:00 a.m. Temperature (°C) was measured with a mercury-in-glass thermometer, pH with a pocket-sized pH meter (Milwaukee pH600 Tester Kit), and dissolved oxygen with a portable DO meter (Milwaukee MW600).
Proximate Analysis
Proximate analysis of the three trial feeds was conducted at the Biotechnology Laboratory of Rivers State University under airtight conditions, following standard procedures (Association of Official Analytical Chemists [AOAC], 2000) to determine moisture, crude protein, ether extract, crude fibre, and ash content.
Statistical Analysis
All data were subjected to one-way analysis of variance (ANOVA) to determine significant differences (p < .05) among treatments. Duncan's multiple range test was used to separate treatment means. All analyses were performed using the Statistical Package for the Social Sciences (SPSS), version 21.
Results
Final length differed significantly among treatments (p < .05), with T1 recording the highest value (20.72 ± 0.02 cm), followed by T2 (19.11 ± 0.55 cm) and T3 (17.17 ± 0.59 cm). Final weight also differed significantly (p < .05): T1 recorded 75.55 ± 1.10 g, T2 recorded 73.20 ± 0.44 g, and T3 recorded 64.11 ± 0.30 g, representing weight gains of 70.03 ± 1.10 g, 67.68 ± 0.44 g, and 58.59 ± 0.30 g, respectively. Feed conversion ratio (FCR) followed the inverse pattern, at 19.55 ± 0.01 for T1, 20.28 ± 0.12 for T2, and 20.52 ± 0.55 for T3, indicating that T1 converted feed into body mass most efficiently of the three treatments even though FCR did not differ significantly among groups. Specific growth rate (SGR) was 3.20 ± 0.01 %/day for T1, 3.10 ± 0.01 %/day for T2, and 3.01 ± 0.01 %/day for T3. Mortality rate was 3.00 ± 1.01% for T1, 5.00 ± 1.43% for T2, and 3.55 ± 1.44% for T3, while survival rate was 90.00 ± 4.00% for T1, 80.00 ± 5.65% for T2, and 82.23 ± 5.11% for T3. Survival rate, mortality rate, and feed conversion ratio did not differ significantly among treatments (p > .05), as shown in Table 1. Overall, the growth data show a consistent ranking across every measured parameter length, weight gain, FCR, and SGR with T1 outperforming T2, and both outperforming T3, indicating that the growth advantage of LZG Star Fish Feed was not confined to a single metric but was reflected uniformly across the full growth profile of the fish.

Table 1
Mean Growth Performance and Feed Utilization of African Catfish Post-Fingerlings Fed Different Standard Feeds
	Parameter
	T1 (LZG Star Feed)
	T2 (Blue Crown)
	T3 (Eco Feed)

	Final length (cm)
	20.72 ± 0.02
	19.11 ± 0.55
	17.17 ± 0.59

	Length gain (cm)
	15.20 ± 0.02
	13.59 ± 0.05
	11.65 ± 0.59

	Initial weight (g)
	5.52 ± 0.00
	5.52 ± 0.00
	5.52 ± 0.00

	Final weight (g)
	75.55 ± 1.10
	73.20 ± 0.44
	64.11 ± 0.30

	Weight gain (g)
	70.03 ± 1.10
	67.68 ± 0.44
	58.59 ± 0.30

	Total feed intake (g)
	1342.32 ± 13.20
	1320.62 ± 20.50
	1098.03 ± 11.53

	Feed conversion ratio
	19.55 ± 0.01
	20.28 ± 0.12
	20.52 ± 0.55

	Specific growth rate (%/day)
	3.20 ± 0.01
	3.10 ± 0.01
	3.01 ± 0.01

	Survival rate (n)
	16.00 ± 1.00
	14.00 ± 1.73
	16.33 ± 1.55

	Mortality rate (n)
	3.00 ± 1.01
	5.00 ± 1.43
	3.55 ± 1.44

	Survival (%)
	90.00 ± 4.00
	80.00 ± 5.65
	82.23 ± 5.11

	Mortality (%)
	21.00 ± 4.00
	31.00 ± 7.66
	19.33 ± 6.45



Fig 1 : Growth Performance and feed Utilization of African Catfish by treatment
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The proximate composition of the standard feeds is presented in Table 2. LZG Star Feed (T1) contained a higher mean crude protein content (45.50 ± 1.01%) than Blue Crown (43.50 ± 0.23%) and Eco Feed (41.30 ± 0.23%). Ether extract followed the same pattern, with T1 recording the highest value (11.30 ± 0.79%), followed by T2 (7.00 ± 0.11%) and T3 (6.00 ± 0.13%). Crude fibre was highest in T2 (4.00 ± 0.14%), followed by T3 (2.50 ± 0.18%) and T1 (1.20 ± 0.03%). Moisture content was highest in T3 (8.90 ± 0.24%), followed by T2 (7.71 ± 0.25%) and T1 (6.53 ± 0.24%). Macronutrient composition differed significantly among the three feeds (p < .05). Notably, the ranking of the three feeds by crude protein and ether extract content (T1 > T2 > T3) mirrors exactly the ranking obtained for final weight, weight gain, and specific growth rate in Table 1, pointing to a direct, dose-dependent relationship between feed nutrient density and realized growth performance.
Table 2
Proximate Composition of the Standard Feeds Used (%)
	Parameter (%)
	T1 (LZG Star Feed)
	T2 (Blue Crown)
	T3 (Eco Feed)

	Moisture
	6.53 ± 0.24
	7.71 ± 0.25
	8.90 ± 0.24

	Crude protein
	45.50 ± 1.02
	43.50 ± 0.23
	41.30 ± 0.23

	Ether extract
	11.30 ± 0.79
	7.00 ± 0.11
	6.00 ± 0.13

	Ash
	9.00 ± 0.32
	8.00 ± 0.12
	7.50 ± 0.12

	Crude fibre
	1.20 ± 0.03
	4.00 ± 0.14
	2.50 ± 0.18

	Nitrogen-free extract
	21.20 ± 0.71
	34.20 ± 0.21
	25.23 ± 1.29





Ffig 2 : Relative Proximate Composition of the Standard Feeds[image: ]









Water quality parameters are summarized in Table 3. Water temperature was highest in T3 (35.87 ± 0.14 °C), followed by T2 (35.71 ± 0.12 °C) and T1 (35.60 ± 0.20 °C). Dissolved oxygen was highest in T3 (2.25 ± 0.55 mg/L), followed by T1 (2.15 ± 0.05 mg/L) and T2 (2.11 ± 0.71 mg/L). Mean pH was 6.55 ± 0.28 for T1, 6.31 ± 0.12 for T2, and 6.52 ± 0.51 for T3. None of the physicochemical water parameters differed significantly among treatments (p > .05). Because water quality was statistically uniform across all three ponds, it is unlikely to account for the significant differences in growth performance observed among treatments, which instead point to feed nutrient composition as the primary driver of the results.
Table 3
Mean Physicochemical Parameters of Pond Water across Treatments
	Parameter
	T1 (LZG Star Feed)
	T2 (Blue Crown)
	T3 (Eco Feed)

	Temperature (°C)
	35.60 ± 0.20
	35.71 ± 0.12
	35.87 ± 0.14

	Dissolved oxygen (mg/L)
	2.15 ± 0.05
	2.11 ± 0.71
	2.25 ± 0.55

	pH
	6.55 ± 0.28
	6.31 ± 0.12
	6.52 ± 0.51


Note. In each row, means sharing a common superscript letter are not significantly different (p > .05).

Fig 3 : Mean Physicochemical Parameters of Pond Water by  Treatments
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Discussion
Feed is one of the most critical agro-inputs in fish culture, directly influencing growth performance and survival (Putra et al., 2017). The growth parameters recorded in this study (Table 1) show that fish fed T1 (LZG Star Feed) achieved the best overall performance in terms of weight gain, length gain, final weight, final length, feed conversion ratio, and specific growth rate, followed by fish fed T2 (Blue Crown), while fish fed T3 (Eco Feed) recorded the lowest performance. This pattern is consistent with the findings of Umaru et al. (2016), Agokei et al. (2010), and, more recently, Kenneth et al. (2020), all of whom reported significant differences in growth response among competing standard or commercial feed brands in feeding trials involving Clarias gariepinus. The magnitude of the difference between the best- and worst-performing feeds in the present study (a weight-gain advantage of approximately 20% for T1 over T3) is broadly comparable to the treatment differences reported by Mustapha et al. (2014) and Ajayi et al. (2016) when comparing feed brands of differing nutrient density, reinforcing that feed brand choice alone independent of husbandry practice can meaningfully affect production outcomes.
The differences in growth performance among treatments likely reflect differences in the nutritional composition of the feeds used (Mustapha et al., 2014). The proximate analysis (Table 2) showed that LZG Star Feed contained higher levels of key macronutrients than Blue Crown and Eco Feed, and this greater nutrient availability particularly crude protein and lipid likely accounts for the corresponding growth response (Ajayi et al., 2016). This interpretation is consistent with the established nutritional requirements of C. gariepinus, which specify optimal juvenile dietary protein levels of 40–50% (Langi et al., 2024), a range that T1 (45.50%) most closely approximated among the three feeds tested. It is also consistent with experimental evidence that C. gariepinus growth rate and feed conversion efficiency improve as dietary protein-to-energy ratio increases toward an optimum near 43% crude protein (Ali & Jauncey, 2005), which closely matches the protein level recorded for T1 in this study. Because manufacturer-declared feed composition does not always match analyzed values (Ayuba & Iorkohol, 2013), the independent proximate analysis conducted here provides farmers with a more reliable basis for feed selection than label information alone. Feed conversion ratio was relatively high across all treatments, exceeding the maximum value of 2 recommended by Houlihan et al. (2001), since FCR serves as an indicator of feed efficiency in experimental trials; this elevated FCR across all three treatments suggests that factors beyond feed formulation alone potentially including the low dissolved oxygen levels discussed below may have constrained overall feed utilization efficiency in this trial.	Comment by Auteur: Feed efficiency or feed conversion ratio	Comment by Auteur: Idem
[bookmark: _GoBack]The water quality parameters recorded in this study (Table 3) indicate that temperature and pH remained within the appropriate range for efficient catfish growth under culture conditions (Musiba et al., 2014), and fell within the broader tolerance ranges reported for the species (temperature 18–32°C; pH 5.0–9.0) (Păpuc et al., 2019). Dissolved oxygen levels, however, were generally low across all treatments and fell below the 5 mg/L threshold considered suitable for optimal fish growth and development (Okey- Wokeh et al., 2020), consistent with the broader principle that dissolved oxygen is often the most limiting water quality variable in intensive pond culture (Boyd, 2020). This relatively low dissolved oxygen concentration may have contributed to the elevated FCR values and mortality observed during the trial (Yakubu et al., 2015). The low dissolved oxygen levels recorded may be attributable to the closed nature of the experimental ponds, which limited exposure to atmospheric air. Importantly, because dissolved oxygen and the other water quality parameters did not differ significantly among the three treatment groups, the significant differences observed in growth performance cannot be attributed to differential rearing conditions; they are more plausibly explained by the differences in feed nutrient composition documented in Table 2, in line with the nutritional evidence discussed above.
Conclusion
The findings of this study demonstrate that African catfish (Clarias gariepinus) fed LZG Star Fish Feed exhibited better growth performance across final weight, final length, weight gain, feed conversion ratio, and specific growth rate than those fed Blue Crown or Eco Feed, a difference attributable to its higher crude protein and lipid content, as confirmed by proximate analysis and consistent with the established nutritional requirements of the species. Because water quality parameters were statistically uniform across treatments, feed nutrient composition, rather than rearing conditions, is identified as the primary driver of the observed growth differences. Fish farmers are therefore encouraged to consider LZG Star Fish Feed, given its favourable growth outcomes, local availability, lower transport costs, and domestic production within Nigeria. Feed manufacturers and regulatory agencies should also consider routine independent proximate analysis of commercial feeds, given the documented potential for divergence between declared and analyzed nutrient content in the Nigerian feed market.	Comment by Auteur: Phrase too long	Comment by Auteur: Idem
Limitations 
The study's findings are constrained by a single site, short-term design with modest replication, which limits generalizability and statistical power for variable outcomes, while single-sample feed analysis and simultaneous nutritional differences among test feeds prevent assessment of batch consistency and causal nutrient identification. Suboptimal dissolved oxygen levels, though uniform across treatments, may have suppressed overall performance. 
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