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       Abstract  

Zinc-L-methionine represents an important advancement in aquaculture nutrition; the enhanced bioavailability 

of zinc-L-methionine compared to conventional inorganic zinc sources allows for superior absorption through 

amino acid transport mechanisms in the intestinal tract. However, the mechanisms of zinc-L-methionine in 

nutritional physiology of African catfish is still poorly understood. The present study assessed the dietary 

effects of zinc-L-methionine supplementation on growth performance, nutrient utilization and basic 

hematological profile of African catfish, Clarias gariepinus juveniles for 56 days. Six isonitrogenous diets were 

formulated to meet the 40% crude protein requirements of C. gariepinus juveniles. Fish were fed diets with 

different supplementation levels of zinc-L-methionine. The graded levels were 0.00g (control), 0.01g, 0.02g, 

0.03g, 0.04g, 0.05g/100g for each diet denoted as T1, T2, T3, T4, T5 and T6 respectively. Key performance 

indicators, including weight gain, feed conversion ratio (FCR), protein efficiency ratio, (PER), specific growth 

rate (SGR) and basic hematology profile of African catfish juvenile were measured after the feeding trials. 

Results showed that fish fed diets with 0.03g/100g zinc-L-methionine supplementation demonstrated 

significant (P<0.05) improvements in weight gain, PER, FCR, SGR, an impressive growth rate and good 

hematological profile compared to the control and other groups. Additionally, the present study has proven that 

zinc-L-methionine at 0.03g/100g and 0.04g/100g inclusion levels have the potential of improving fish growth 

parameters and nutrient utilization for sustainable fish production without any detrimental effect on the basic 

health parameters.  

Keywords: Micro-nutrients, Nutrition, Supplements, Aquafeed, Blood profile and African catfish 
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1. Introduction 

Aquaculture is an important food production sector for 

meeting global food and nutrition security needs to curb 

the challenges of hunger and malnutrition. Fish farming 

and its contribution to global food production has 

continued to increase significantly reaching 122.6 million 

tons, of which 87.5 million tons were aquatic animals 

(FAO, 2022). The African catfish (Clarias gariepinus) is 

one the major aquaculture species accounting for 75% of 

the global aquaculture output (Naylor et al., 2021). It is a 

popular species of fish cultivated for its rapid growth, 

adaptability to various environmental conditions, and 

high nutritional value (De Silva and Davy, 2010; 

Gbadamosi et al., 2022).  However, in African catfish 

farming, the formulation of quality and relatively cheap 

feed is one of the leading factors confronting sustainable 

production of the species in most developing countries 

(Mbokane et al., 2022). Over the years, many studies have 

attempted to investigate the nutritional requirement of the 

C. gariepinus to improve the species culture.  

Micronutrients such as zinc play an essential role in 

various physiological processes of fish, including growth 

and immune function (Smith et al., 2005). Zinc-L-

methionine is a chelated form of zinc that has been shown 

to have higher bioavailability and efficiency compared to 

inorganic forms of zinc (Pérez-Sánchez et al., 2015). 

Zinc-L-methionine represents an important advancement 

in aquaculture nutrition, particularly having potential for 

improving the nutritional physiology and health of C. 

gariepinus in intensive production systems. This 

organically chelated mineral compound has emerged as a 

superior alternative to traditional inorganic zinc sources 

(Kishawy et al., 2020), offering enhanced bioavailability 

and improved physiological benefits that directly impact 

fish health, growth performance, and production 

efficiency. The enhanced bioavailability of zinc-L-

methionine compared to conventional inorganic zinc 

sources such as zinc sulfate or zinc oxide stems from its 

unique molecular structure, with the chelated form 

allowing; superior absorption through amino acid 

transport mechanisms in the intestinal tract (Xu et al., 

2023). Zinc-L-methionine promoted optimal growth and 

development in fish by supporting protein synthesis, 

enzyme activity, and cell division in Channel catfish 

(Paripatananont and Lovell, 1995: Apines et al., 2004). : 

Zinc-L-methionine improved bioavailability and ensured 

efficient utilization of nutrients in the diet, leading to 

better feed conversion ratios and overall nutrient retention 

in Rainbow trout, Oncorhynchus mykiss (Apines et al., 

2004). As aquaculture continues to intensify to meet 

growing global protein demands, the use of highly 

bioavailable nutrients like zinc-L-methionine will become 

important for maintaining sustainable and profitable 

production systems (Naylor et al., 2021). The aim of this 

study is to assess the effects of the zinc-L-methionine 

supplementation on some physiological parameters in 

African catfish Clarias gariepinus. 

2. Materials and Methods 

2.1 Experimental Site 

Two hundred (200) C. gariepinus juveniles with average 

weight (29.05g ± 1.50) were sourced from reliable fish 

farm in Akure, Ondo state and were transported to the 

Teaching and Research Laboratory of the Department of 

Fisheries and Aquaculture Technology, Federal 

University of Technology Akure, Ondo, Nigeria. The 

experimental fish were acclimatized for one week and 

introduced into fifteen indoor plastic circular tanks of 

60cm radius with three replicate per treatment. During 

this period, they were fed with a commercial diet of 40% 

Crude Protein (CP).  

 

2.2 Preparation of Experimental Diet  
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The formulation of the diet was through Pearson’s Square 

Method using 40% crude protein and 5% lipid (Table 1). 

The various ingredients were ground with hammer mill, 

weighed and mixed for homogeneity and pelleted using a 

pelleting machine (Hobart Ltd, London, UK). The 

pelleted feed was sun dried to a constant moisture level 

then packed in airtight polyethylene bags and stored. 

Diets were analyzed for their proximate composition 

using AOAC (2024). Zinc-L-Methionine powder 

procured from Chemiconsult™ International Limited, 

Ikeja, Lagos, Nigeria were supplemented as follows: T1 

was the control with 0.00g zinc-L-methionine  

supplementation, T2 had 0.01 g, T3 with 0.20 g  zinc-L-

methionine  supplementation, T4 had 0.30 g  of zinc-L-

methionine  supplementation T5 has supplementation of 

0.40 zinc-L-methionine  supplementation, and T6 had 

0.05 zinc-L-methionine  supplementation. The different 

diet dough was individually run through a sieve with 2 

mm dye and resulting stands were cut into pellets and sun-

dried separately. The resulting diets were stored 

separately in labeled dry air-dried plastic containers.  

 

2.3 Experimental Design 

Completely randomized design (CRD) was used in 

allocating of C. gariepinus juveniles to the experimental 

tanks for the feeding trials. During the study, the fish were 

fed 5% body weight with the experimental diet twice daily 

between 8.00 hours- 9.00 and 16.00- 17.00 GMT).  Feed 

was adjusted according to the new weight gain and the 

water in the plastic tanks changed at twice in a week to 

remove the waste and excreta of the fish. 

2.4 Water Quality Parameters Determination 

Temperature, pH and dissolved oxygen were measured 

weekly, HANNA™ (Poland) multi parameter water 

checker instrument was used to measure the water quality 

parameters. 

Growth Performance and nutrient utilisation of Clarias 

gariepinus fed with zinc-L-methionine 

Calculation on growth performance and nutrient 

utilisation was carried out using the expressions below 

according to Gbadamosi (2022): 

𝑾𝒆𝒊𝒈𝒉𝒕 𝒈𝒂𝒊𝒏 (𝒈) = 𝐹𝑖𝑛𝑎𝑙 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 − 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 

𝑺𝒑𝒆𝒄𝒊𝒇𝒊𝒄 𝑮𝒓𝒐𝒘𝒕𝒉 𝑹𝒂𝒕𝒆 (%/𝒅𝒂𝒚)  

=
𝐼𝑛 𝑓𝑖𝑛𝑎𝑙 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 − 𝐼𝑛 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡

𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑓𝑒𝑒𝑑𝑖𝑛𝑔
  𝑋 100 

𝑭𝒆𝒆𝒅 𝑰𝒏𝒕𝒂𝒌𝒆 (𝒈)

= 𝑇𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑓𝑒𝑒𝑑 𝑔𝑖𝑣𝑒𝑛 (𝑔) 𝑋 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑎𝑦𝑠 

𝑭𝒆𝒆𝒅 𝑪𝒐𝒏𝒗𝒆𝒓𝒔𝒊𝒐𝒏 𝑹𝒂𝒕𝒊𝒐 =
𝐹𝑒𝑒𝑑 𝑖𝑛𝑡𝑎𝑘𝑒

𝑊𝑒𝑖𝑔ℎ𝑡 𝑔𝑎𝑖𝑛
 

𝑭𝒆𝒆𝒅 𝑬𝒇𝒇𝒊𝒄𝒊𝒆𝒏𝒄𝒚 𝑹𝒂𝒕𝒊𝒐 =  
𝑊𝑒𝑖𝑔ℎ𝑡 𝑔𝑎𝑖𝑛 

𝐹𝑒𝑒𝑑 𝑖𝑛𝑡𝑎𝑘𝑒
 

𝑷𝒓𝒐𝒕𝒆𝒊𝒏 𝑬𝒇𝒇𝒊𝒄𝒊𝒆𝒏𝒄𝒚 𝑹𝒂𝒕𝒊𝒐 =  
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑓𝑖𝑠ℎ

𝑃𝑟𝑜𝑡𝑒𝑖𝑛 𝑓𝑒𝑑
 

 

2.5 Blood collection 

At the end of the experimental (10 weeks) period, blood 

samples were collected by syringe from caudal vein of 

three catfish fingerlings per tank (nine fish per treatment) 

for the evaluation of haematological and serum 

biochemical parameters. EDTA (Ethylene di-amine tetra-

acetic acid) at 1.0 mg/mL of blood was used as 

anticoagulant in samples meant for haematology, while 

no anticoagulant was added to samples meant for serum 

biochemical analysis.  

 

2.6 Haematological analysis 

Total erythrocyte and total leukocyte levels were 

determined using a haemocytometer following the 

methods described by Svobodova et al. (1991). 

Haematocrit was determined according to Gbadamosi and 

Oke (2024) using micro-haematocrit method and reported  
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Table 1: Gross composition of the experimental diet in g/100g containing graded levels of zinc -L-methionine for C. 

gariepinus  

Ingredients T1 (control) T2 T3 T4 T5 T6 

Fishmeal 

Groundnut cake 

20.00 

25.00 

20.00 

25.00 

20.00 

25.00 

20.00 

25.00 

20.00 

25.00 

20.00 

25.00 

Fishmeal 

Groundnut cake 

20.00 

25.00 

20.00 

25.00 

20.00 

25.00 

20.00 

25.00 

20.00 

25.00 

20.00 

25.00 

Yellow maize 19.80 19.80 19.80 19.80 19.80 19.80 

Soyabean oil 5.00 5.00 5.00 5.00 5.00 5.00 

Starch 2.00 2.00 2.00 2.00 2.00 2.00 

Vitamin premix 2.00 2.00 2.00 2.00 2.00 2.00 

Zinc L methionine 0.00 0.01 0.02 0.03 0.04 0.05 

Premix manufactured by Chemiconsult International Limited, Ikeja, Lagos, Nigeria (2023). Vitamins supplied mg/100g 

diet: vitamin B1 (Thiamine) 1.2mg; vitamin B2 (Riboflavine) 2.4mg; vitamin B3 (Niacin) 10mg; vitamin B5 (Pantothenic 

acid) 4.0mg; vitamin B6 (Pyridoxine) 2.0mg; vitamin B7 (Biotin) 0.2mg; vitamin B9 (Folic acid) 0.4mg; vitamin K 

2.0mg; vitamin B12 (Cyanocobalamin) 10.0mg; vitamin C (Ascorbic acid) 150mg, chlorine 160mg. 

 

as percentage packed cell volume (% PCV). Sahli’s 

method was used for the estimation of haemoglobin levels 

and derived blood parameters were estimated as follows: 

Mean corpuscular volume (MCV): This is average 

volume of red cells, and is expressed as; 

 

MCV (cu. µm3) = 
 𝐻𝑎𝑒𝑚𝑎𝑡𝑜𝑐𝑟𝑖𝑡 (%) ×10

𝑅𝐵𝐶 𝑐𝑜𝑢𝑛𝑡 𝑖𝑛 𝑚𝑖𝑙𝑙𝑖𝑜𝑛
 

 

Mean corpuscular haemoglobin (MCH): This is the 

average haemoglobin content (by weight) of a red cell, 

and is expressed as; 

 

MCH (pg) = 
 Haemoglobin ×10

RBC count in million
 

 

Mean corpuscular haemoglobin concentration (MCHC): 

This was obtained using the formula: 

 

MCHC (pg) = 
 Haemoglobin 

PCV
x100. 

 

2.7 Statistical Analysis 

Prior to statistical analysis, all data were tested for 

normality and heterogeneity of variance using 

Kolmogorov- Smirnov test. Analysis of variance 

(ANOVA) was used to assess the impact of dietary 

treatments on fish growth, nutritional performance and 

hematological response variables. All data was analyzed 

using Statistical Packages for Social Sciences (SPSS) 

version 23.0 (IBM Corporation, Armonk, USA).  A 5th 

degree polynomial regression was employed to determine 

the optimum level of zinc-L-methionine supplementation 

level for African catfish.
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3.0 Results 

3.1 Proximate analysis of the experimental diets 

The proximate analyses of the experimental diets are 

presented in Table 3. Results showed that the diets were 

iso-nitrogenous. There were significant differences 

(p>0.05) in all the other proximate components recorded. 

The gross energy content of the six experimental diets 

supplemented with varying levels of zinc-L-methionine 

ranged from 1.89 to 1.96 MJ/kg (Table 3). T1 depicts an 

intermediate gross energy content of 1.93±0.02 MJ/kg. 

Statistical analysis revealed no significant differences in 

gross energy content among treatments (p<0.05). 

 

Table 3: Proximate composition of experimental diets (%DM) 

Parameters T1 (0.00g) T2 (0.01g) T3 (0.02g) T4 (0.03g) T5(0.04g) T6(0.05g) 

Moisture  4.64±0.01c 4.39±0.01b 5.14±0.01d 4.14±0.01a 5.74±0.01e 5.76±0.01e 

Total Ash 11.99±0.01d 9.02±0.03a 9.49±0.01b 12.99±0.01e 9.90±0.01c 10.01±0.01c 

Crude Fat 12.18±0.02e 11.66±0.01d 11.51±0.02c 11.67±0.01d 10.54±0.01b 10.34±0.01a 

Crude Fibre 1.17±0.00d 0.87±0.01a 0.89±0.01a 0.99±0.01c 0.95±0.01b 1.37±0.01e 

Crude Protein  40.37±0.03a 39.87±0.01a 40.29±0.01a 39.76±0.00b 39.76±0.00a 39.50±0.01a 

NFE 29.68±0.01a 34.19±0.01f 32.89±0.01d 30.56±0.01b 32.12±0.01c 33.04±0.01e 

Gross Energy 1.93±0.02a 1.96±0.01a 1.95±0.02a 1.89±0.01a 1.89±0.01a 1.90±0.01a 

Values as mean ± SE. Values with different alphabet superscript along a column for each parameter were significantly 

different (p<0.05).  

3.2 Water Quality Parameters 

The water quality parameters measured during the 

experiment is presented in Table 2. There were no 

significance differences (P>0.05) in the temperature, pH, 

and Dissolved oxygen recorded among the treatments. 

The temperature varied from 26.65±0.21 oC to 

26.65±0.39 oC, Dissolved Oxygen from 5.33 to 5.97 mg/l, 

pH from 6.9±0.69 to 7.97±0.53. 

3.3 Growth performance and nutrient utilisation of 

Clarias gariepinus fed with zinc-L-methionine 

supplemented diets 

The growth performance and nutrient utilization of the 

experimental fish were presented in Table 4. There was no 

significant differences (p>0.05) recorded in the initial 

body weight among the treatments. There was no 

significant differences (p>0.05) recorded in the feed 

intake (FI), the highest was recorded in T4, followed by 

T5, T1, T2, T6 and T3 which is the lowest with the values 

of 24.00±5.77g, 23.70±5.19g, 23.45±5.19g, 

21.82±13.42g, 21.33±10.68g,  21.27±3.61g. The feed 

conversion ratio (FCR) of a fish-fed diet containing a T1 

(1.78±0.01g) inclusion level had the highest FCR and the 

lowest was recorded in (0.81±0.02g) inclusion level. They 

are significantly different. The highest specific growth 

rate (SGR) of fish was observed in in the fish fed diet that 

has a T4 (1.22±0.01g) inclusion level, followed by T5 

(0.82±0.00g), T3 (0.80±0.09g), T6 (0.78±0.00g), T2 

(0.65±0.00g), and T1 (0.65±0.01g) inclusion had the 

lowest growth rate. They are significantly different. The 

weight gain of fish in group T4 was the highest 
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(29.08±1.69g), followed by T5 (17.48±1.29g), T3 

(16.75±2.29g), T6 (16.35±0.29g), T2 (13.28±1.01g) and 

the lowest weight gain was recorded in T1 (13.15±0.87g) 

.The percentage efficiency ratio of fish in group T4 was 

the highest (6.49±0.04g), followed by T5 (3.88±0.04g), 

T3 (3.69±0.05g), T6 (3.65±0.01g), T2 (2.95±0.03g) and 

the lowest weight gain was recorded in T1 (2.89±0.01g). 

The percentage survival rate for fish fed with different 

inclusion levels of zinc-L-methionine mean range 

between (90.00 - 95.00 %). They are not significantly 

different. The fish fed with diet T4 (0.03g inclusion level) 

recorded the highest growth response across the 8 weeks 

period followed by T5 (0.04g inclusion level), T3 (0.02g), 

T1 (control), T6 (0.05g) and the lowest was observed in 

C. gariepinus fed with 0.01g inclusion level (T2) of zinc-

L-methionine. 

Table 2: Water quality parameters  

Parameters T1 T2 T3 T4 T5 T6 

Temp (0C) 26.65±0.39a 26.65±0.23a 26.65±0.21a 26.65±0.25a 26.65±0.29a 26.65±0.27a 

DO (mg/l) 5.39±0.63a 5.38±0.72a 5.97±0.84a 5.35±0.85a 5.33±0.85a 5.37±0.85a 

pH  6.9±0.69a 7.6±0.41a 6.19±0.66a 7.97±0.53a 7.12±0.48a 7.51±0.14a 

Key= T－Temperature, DO －Dissolved oxygen, pH － Hydrogen on concentration 

Values as mean ± SE. Values with different alphabet superscript along a column for each parameter were significantly 

different (p<0.05).  

 

Figure 1: The optimum dietary zinc-L-methionine supplementation level for Clarias gariepinus juveniles 
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Table 4: Growth Performance and nutrient utilization of Clarias gariepinus juveniles fed with Zinc-L-

Methionine Supplemented diets  

Parameters T1 T2 T3 T4 T5 T6 

IW (g) 29.58±1.69a 29.60±2.31a 29.05±0.29a 29.46±2.03a 29. 58±1.09a 29.43±2.40a 

FW (g) 42.73±1.76a 42.88±3.00a 45.80±2.52b 58.55±1.44d 47.06±3.38c 45.76±2.72b 

WG (g) 13.15±0.87a 13.28±1.01a 16.75±2.29b 29.08±1.69d 17.48±1.69c 16.35±0.29b 

%WG 44.40±0.40a 44.83±0.32a 57..5±0.69c 98.66±1.69d 59.03±0.22c 55.50±0.38b 

FI 23.45±3.18a

b 

21.82±13.42
ab 

21.27±3.61a 24.00±5.77b 23.70±5.19ab 21.33±10.68ab 

FCR 1.78±0.01c 1.64±0.11c 1.26±0.01b 0.81±0.02a 1.35±0.03b 1.53±0.18bc 

FER 0.80±0.2a5a 0.61±0.40a 0.78±0.01a 1.20±0.03b 0.73±0.02a 0.74±0.05a 

SGR 0.65±0.01a 0.65±0.00a 0.80±0.09c 1.22±0.01d 0.82±0.00c 0.78±0.00b 

PER 2.89±0.01a 2.95±0.03a 3.69±0.05b 6.49±0.04d 3.88±0.04c 3.65±0.01b 

SUR (%) 94.00±8.81a 95.00±14.50
a 

97.00±5.87a 95.00±8.78a 96.00±4.33a 96.00±6.56a 

KEY= IW －Initial weight, FW －Final weight, WG － Weight gain, %WG － Percentage weight gain, FI － Feed 

intake, FCR － Feed conversion ratio, FER － Feed efficiency, SGR － Specific growth rate,  PER － Percentage 

efficiency ratio, SUR (%) －Survival percentage. 

Values as mean ± SE. Values with different alphabet superscript along a column for each parameter were significantly 

different (p<0.05)

3.4 Optimal inclusion dosage of dietary zinc-L-

methionine in African catfish diet 

The polynomial regression graph shows that Clarias 

gariepinus exhibits an impressive dose response 

relationship between dietary zinc-L-methionine inclusion 

(in g/100g protein) and specific growth rate (SGR). At 

very low levels (< 0.01 g/100 g), SGR is depressed, 

indicating deficiency; SGR increases with increasing 

zinc-L-methionine, increased from 0.03 to 0.033 g/100 g, 

and then declines with increasing dosage from 0.04 to 
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0.05 g/100 g), reflecting potential negative effects of 

overdosing or diminishing returns. 

4. Discussion 

4.1 The water quality parameters 

The water quality parameters during the current study 

remained relatively stable across the groups (Table 3), 

consistent with optimal ranges for C. gariepinus growth 

as reported by Gbadamosi and Alao (2025), ensuring that 

the fish were not negatively affected by inconsistent 

physico-chemical parameters.  

4.2 Proximate analysis of the experiments diets 

The proximate analysis of experimental diets revealed 

that all experimental diets provided optimum protein for 

Clarias gariepinus and were iso-nitrogenous (44.69–

45.37% crude protein). Contemporary studies place the 

practical protein requirement for intensively reared 

African catfish juveniles broadly within 35–40% CP, 

balancing growth with cost; thus, the current diets sit 

within the upper, performance-oriented end and are 

appropriate for growth trials (Ali, 2024; Naeem et al., 

2024). Dietary crude fat ranged from 10.34% (T6) to 

12.18% (T1), which falls within modern 

recommendations for juvenile C. gariepinus (5–15% 

lipid), supporting energetic sufficiency without 

predisposing to excessive carcass lipid (Langi et al., 2024; 

Enyidi and Duru, 2017). Gross energy values indicated 

that the diets were iso-caloric (1.89–1.96 MJ kg⁻¹ as 

reported in Table 3). The lack of significant differences 

across treatments shows that zinc-L-methionine inclusion 

did not alter energy density, which is consistent with 

recent work where varying zinc sources did not affect 

whole-body proximate composition (hence diet energy 

supply) at practical inclusion levels. Maintaining 

comparable energy supply among treatments is essential 

for interpreting zinc bioavailability and metabolic 

outcomes because energy intake regulates nutrient 

utilization efficiency; recent feed formulation reviews 

reinforce that appropriate energy nutrient balance 

underpins valid comparisons of additive efficacy 

(Glencross, 2024). 

Growth performance and nutrient utilisation of 

Clarias gariepinus fed with zinc-L-methionine 

supplemented diets 

The weight of fish in groups fed diets supplemented with 

0.03 and 0.04 g of zinc-L-methionine were significantly 

higher and better compared to the control and other 

groups. This indicated that inclusion at these levels were 

very effective on fish growth. The finding of this study 

agreed with the report of Bethke et al., (2001) on weight 

gain, efficiency and feed conversion ratio of Atlantic cod 

which was attributed to the inclusion of zinc and other 

micronutrients.  The good nutritional performance of 

zinc-L-methionine, a chelated form of zinc was attributed 

to higher bioavailability and efficiency compared to 

inorganic forms of zinc (Pérez-Sánchez et al., 2015). The 

result of the present study showed that the various levels 

of zinc-L-methionine supplementation in diets played a 

major role in fish growth and utilization of feed by the 

experimental African catfish. The physiological 

mechanisms underlying the benefits of zinc-L-methionine 

supplementation involve complex metabolic pathways, 

with methionine regulating fish growth and health mainly 

through the TOR and GCN2 pathways, and dietary 

methionine requirements ranging from 0.49% to 2.5% of 

the diet depending on species, age, methionine forms, and 

cystine and taurine levels (Xu et al., 2023). The optimum 

dietary zinc-L-methionine level of C. gariepinus juveniles 

is presented in Figure 2. The 5th order polynomial 

regression model depicted that a significant and 

moderately strong relationship existed between the 

specific growth rate and zinc-L-methionine concentration  
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Table 5: Haematological profile of fish fed graded level of zinc-L-methionine supplementation 

BP T1 T2 T3 T4 T5 T6 

WBC (×103/µL) 17.7±0.14b 11.8±0.09a 17.2±0.20b 16.3±0.45b 18.1±1.06b 21.2±0.61c 

RBC (×106/µL) 2.43±0.15ab 1.86±0.09a 2.60±0.10ab 3.10±0.10ab 3.76±0.18b 6.03±0.92c 

HGB (g/dL) 6.30±0.10ab 7.83±0.12c 6.65±0.15abc 5.83±0.58a 6.06±0.28ab 7.50±0.75bc 

PCV (%) 18.2±0.12a 22.1±0.15bc 19.2±0.20ab 17.1±1.03a 18.2±0.92a 23.1±2.03c 

MCV (fL) 176.8±0.12c 199.3±0.12d 171.8±0.15c 156.3±7.73ab 151.4±1.22a 167.4±7.23bc 

MCHC (g/dL) 35.4±0.27d 34.6±0.88c 32.6±0.10a 33.3±0.27b 33.5±0.21b 32.5±0.24a 

MCH (pg) 25.6±0.09c 43.2±0.88d 23.9±0.05bc 18.7±2.50ab 17.2±0.44a 22.3±2.65abc 

LYM (%) 47.2±0.12a 52.7±0.64c 54.3±0.10d 50.2±0.12b 49.2±0.12b 49.8±0.33b 

MON (%) 0.33±1.10a 0.00±0.00a 0.00±0.00a 0.33±0.33a 0.00±0.00a 0.66±0.33a 

NEU (%) 52.2±0.12c 48.2±0.12ab 48.1±0.15ab 48.9±0.26ab 49.2±0.11b 47.1±1.11a 

EOS (%) 0.00±0.00a 0.00±0.00a 0.00±0.00a 0.66±0.33b 0.00±0.00a 0.00±0.00a 

BAS (%) 0.00±0.00a 0.00±0.00a 0.00±0.00a 0.66±0.33b 0.00±0.00a 0.00±0.00a 

KEY=BP － Blood Parameter, WBC－ White blood cell, RBC － Red blood cell, HGB － Haemoglobin estimation, 

PCV － Packed cell volume, MCV － Mean corscular volume, MCHC － Mean corscular haemoglobin estimation, 

LYM － Lymphocytes, MON － Monocytes, NEU － Neutrophils, EOS － Eosinophils, BAS － Basophils  

Values as mean ± SE.  

Values with different alphabet superscript along a column for each parameter were significantly different (p<0.05).

 

 

 

 

 

 



J Fisheries and Zoological Sciences                                                                           Oluyemi Kazeem Gbadamosi 

 

 

10 

 

(g/100g protein) in the fish diets (R  = 0.626) and the 

equation of y = 3E+08x5 - 4E+07x4 + 2E+06x3 - 

32083x2 + 244.77x. The optimum dietary level zinc-L-

methionine requirement of C. gariepinus juveniles is 

0.033 g/100g protein at the specific growth rate of 

1.24%day-1. 

4.3 Optimal inclusion dosage of dietary zinc-L-

methionine in African catfish diet 

This optimum (0.033 g/100 g) indicated the point where 

incremental benefit is maximal. Thus, it implies that about 

0.033 g/100g of zinc-L-methionine is appropriate for 

maxima growth in C. gariepinus juvenile. The organic 

chelation of zinc with methionine (zinc-L-methionine) 

increases zinc bioavailability compared to inorganic salts, 

thereby improving growth, antioxidant status, and 

immune responses while reducing antagonistic 

interactions with other minerals (Khan et al., 2024; Xu et 

al., 2023). 

4.4 Haematological profile of fish fed graded levels of 

Zinc-L-methionine supplementation 

Blood composition is often altered during disease, stress, 

or nutritional imbalances in fish (Ranzani-Paiva et al., 

2015). Red blood cell count, and packed cell volume 

(PCV) are particularly sensitive to dietary treatments and 

nutritional quality (Abdel-Tawwab et al., 2017). Under 

normal physiological conditions, haematological indices 

remain relatively stable within species-specific ranges. 

With deviations often reflecting dietary composition and 

health status (Fazio, 2019). In the current study, the lowest 

PCV and RBC values were observed in fish fed the 

control diet without zinc–L–methionine supplementation, 

which may be attributed to reduced ion absorption and 

impaired haemoglobin synthesis. The highest PCV (23.1 

± 2.03%) was recorded in fish fed 0.05 g/100 g zinc–L–

methionine, aligning with the established normal range 

for catfish (20–35%) (Olaniyi et al., 2020). This suggests 

that dietary zinc plays a role in erythropoiesis and 

maintenance of blood oxygen-carrying capacity. 

White blood cell (WBC) counts, particularly lymphocytes 

and monocytes, were enhanced in fish fed diets 

supplemented with 0.04–0.05 g zinc–L–methionine, 

indicating improved immune competence. The highest 

WBC was recorded in the blood of catfish fed with 0.04g 

and 0.05g of zinc-L-methionine supplemented diets.  This 

indicate that the highest WBC is widely recognized as a 

marker of enhanced resistance to pathogens and better 

disease tolerance in fish (Martínez-Álvarez et al., 2021; 

Yarahmadi et al., 2016). The low percentage of neutrophil 

could be that the fish fed with that concentration of diet 

induces stress on the fish or that the fish may be suffering 

from infection which may have led to the low survival rate 

in fish, as neutrophils are often elevated during acute 

immune responses (Hoseinifar et al., 2020). 

5. Conclusion 

The result of the present study showed that the 

supplementation of zinc-L-methionine supplementation 

in diets played an undeniable role in fish growth and 

utilization of feed by the experimental fish. Fish fed with 

0.033 g/100g of zinc-L-methionine supplemented diet had 

the highest growth performance, nutrient utilisation and 

good haematological profile in the present study. 

Therefore, the fish fed with 0.033 g/100g of zinc-L-

methionine supplemented diet had the highest feed intake, 

highest feed efficiency ratio, highest growth rate, a good 

FCR and highest percentage ratio, an impressive growth 

rate and good haematological profile may also be chosen 

by fish farmers involved in fish farming for efficient 

growth and sustainable fish production. As aquaculture 

continues to intensify to meet growing global protein 

demands, the use of highly bioavailable nutrients like 

zinc-L-methionine will become important for maintaining 

sustainable and profitable production systems. 
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