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Abstract: The economic value of the bagrid catfish lies in its desirable taste and rich 

nutritional profile. This study examined the proximate composition, energy distribution, 

mineral content, and mineral safety index (MSI) of different anatomical parts (head, body, and 

tail) of the bagrid catfish (Chrysichthys nigrodigitatus). Proximate analysis revealed significant 

variations across parts, with protein content progressively increasing from head (46.99%) to 

tail (70.22%), while crude fat was highest in the body (19.38%) and lowest in the tail (7.37%). 

The nitrogen-free extract (NFE) was highest in the head (13.70%) and lowest in the tail 

(4.74%). The energy contribution varies by body part, averaging 1708.77 kJ/100 g. Protein was 

the main energy source (1004.27 kJ/100 g), highest in the tail (1193.80 kJ/100 g). Fat 

contributed 561.50 kJ/100 g on average, while carbohydrates were minimal (143.03 kJ/100 g). 

Tail protein energy utilization peaked at 47.00 kJ. Mineral analysis showed spatial variation, 

with Ca and Mg highest in the body and head, respectively, and Na and K most concentrated 

in the head. Mineral ratios indicated acceptable Ca/Mg, Na/K, and Na/Mg balances, though 

Ca/P and K/(Ca+Mg) ratios fell below ideal levels. MSI evaluation revealed potential excesses 

of Ca, Mg, and Na in certain parts, particularly the head, which exceeded safety thresholds for 

Na. These findings underscore the nutritional value and potential safety considerations in the 

consumption of different parts of C. nigrodigitatus, with implications for dietary 

recommendations. 
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1. Introduction 

Fish is a highly nutritious food valued by 

consumers for its rich content of protein, 

omega-3 fatty acids, vitamins, and 

minerals, with its nutritional value-

comprising moisture, dry matter, protein, 

lipids, vitamins, minerals, and caloric 

content [1]. The nutritional value of fish 

varies across different body parts such that 

the fillet is rich in protein and omega-3 fatty 

acids, the liver contains high levels of 

vitamins A and D, the head and roe are good 

sources of protein and minerals, and the 

bones provide calcium, while minerals also 

play essential roles in enzymatic functions, 

metabolism, and the growth of the fish itself 

[2]. Chrysichthys nigrodigitatus, commonly 

known as the bagrid catfish, is a 

commercially important species of catfish 

native to West and Central Africa. Its 

economic value stems from its palatability, 

nutritional composition, and adaptability to 

diverse aquatic environments [3]. Like 

many other catfish species, C. 

nigrodigitatus serves as a vital protein 

source, especially in riverine and coastal 
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communities where fish consumption 

constitutes a significant component of 

dietary intake [4]. However, the nutritional 

content of fish may vary considerably 

across different body parts due to metabolic 

differences and tissue specialization, 

necessitating a part-specific evaluation to 

inform consumption and processing 

practices [5]. Biochemical profiling such as 

the determination of proximate 

composition, fatty acids, and essential 

micronutrients is pivotal in understanding 

the nutritional quality of fish. In addition, 

safety indices, including mineral and 

microbiological load, are crucial for public 

health assurance, especially in regions 

susceptible to pollution from industrial or 

domestic effluents [6]. Previous studies 

have shown that contaminants often 

accumulate in specific body tissues [7-9]. 

Therefore, assessing the biochemical and 

safety status of different anatomical parts of 

C. nigrodigitatus offers critical insights into 

its overall edibility and nutritional value. 

Despite growing research on fish nutrition 

and safety, part-specific investigations on 

C. nigrodigitatus remain sparse. Most 

studies adopt a whole-body analysis 

approach, which may mask localized 

biochemical variations or toxicant 

concentrations. Given the increasing health 

consciousness among consumers and the 

need for evidence-based dietary 

recommendations, it becomes imperative to 

evaluate the nutrient profile and potential 

risks associated with consuming different 

body parts of this catfish species [10]. This 

study, therefore, aims to fill this knowledge 

gap by providing a detailed assessment of 

the biochemical and safety indices in 

relation to various anatomical sections of C. 

nigrodigitatus. Although C. nigrodigitatus 

is a widely consumed fish species in 

Nigeria, there is a lack of empirical data on 

how its nutritional and safety parameters 

vary across different body parts. Consumers 

often utilize the head, fillet, skin, and 

 internal organs without clear understanding 

of their respective health benefits or 

potential risks [11]. This knowledge gap 

poses a challenge to food safety regulation 

and informed consumer choices, especially 

in areas affected by aquatic pollution. The 

absence of such information may lead to the 

ingestion of contaminated or nutritionally 

inferior parts, with long-term implications 

for public health. 

This study aims to assess the biochemical 

composition and safety indices of different 

body parts of C. nigrodigitatus with a view 

to determining their nutritional quality and 

potential health risks. The findings will 

inform better utilization strategies for fish 

processing and consumption, while also 

guiding public health interventions and 

environmental monitoring programs. 

Furthermore, the research will contribute to 

the growing body of knowledge on fish-

based food safety and provide evidence-

based recommendations for stakeholders in 

fisheries, food industries, and regulatory 

bodies. 

2. Materials and methods 

2.1 Sample collection and preparation  

Samples of C. nigrodigitatus were obtained 

from Makoko Jetty of the Lagos Lagoon. 

The lagoon lies between latitudes 6º26՚ and 

6º39՚N and longitudes 3º29՚ and 3º50՚E. 

Lagos Lagoon is a part of a continuous 

system of lagoons and creeks’ lying along 

the coast of Nigeria and it is an open tidal 

estuary situated within the low-lying coastal 

zone of Nigeria [12]. Eighty (80) fresh 

samples were collected over four months 

(March – June 2025). The samples were 

rinsed with ultrapure water to remove 

foreign particles and patted dry with paper 

towels. The samples were transported in a 

10 L bucket to the laboratory and processed 

within 4 hours of the collection. The fresh 

samples were identified using Identification 

Guides [13]. Routine body measurement 

was determined using a 30 cm plastic ruler.  
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Each fish was separated into exoskeleton 

and flesh, dried under 60 ℃, grounded into 

powder and homogenized. 

2.2 Laboratory analysis  

Fresh fish samples were first cleaned 

thoroughly with deionized water to remove 

surface contaminants, then oven-dried at 

105 °C until a constant weight was 

achieved. The dried samples were ground 

into a fine powder using a mortar and pestle 

and stored in airtight containers. Methods of 

the Association of Official Analytical 

Chemists [14] were adopted for moisture, 

crude fibre, protein, fat, ash and 

carbohydrate analyses. By means of the 

already confirmed amount of proteins and 

fat, the energy content of the edible part of 

the organism was calculated. The energy 

values (Kj 100g-1) of the specimen were 

estimated, multiplying the amount of 

proteins (%) by factor 17.16 and 

multiplying the amount of fat (%) by factor 

38.96 and then calculating the number of 

the two already determined values [15]. 

For mineral analysis, approximately 2 g of 

each powdered sample was digested using a 

mixture of concentrated nitric acid (HNO₃) 

and perchloric acid (HClO₄) in a ratio of 

3:1. The digestion was performed in a fume 

hood on a hot plate at 150 °C until a clear 

solution was obtained, indicating complete 

digestion. After cooling, the digested 

samples were filtered using Whatman No. 

42 filter paper and diluted to a final volume 

of 50 mL with deionized water. The 

concentrations of macro minerals (e.g., 

sodium, potassium, calcium, and 

magnesium) were determined using a flame 

photometer (Model 405, Corning, U.K.). 

Each analysis was performed in triplicate to 

ensure precision, and calibration curves 

were prepared using standard solutions at 

five concentration levels (e.g., 5, 10, 15, 20, 

and 25 ppm) [16]. Mineral Ratios and 

Mineral Safety Indices were calculated 

according to the formulae described by 

Santoso [17] and Hatcock [18], 

 

respectively. 

2.3 Statistical data analysis 

Data were analyzed by descriptive analysis 

and Duncan multiple range test. Statistical 

software package (SPSS version 17, 

Chicago, USA) was employed in the 

analysis. Differences were considered 

significant at an alpha level of 0.05. 

3. Results  
3.1 Proximate composition and Energy 

contribution   

The proximate composition of different 

parts of bagrid catfish C. nigrodigitatus 

(Figure 1) reveals significant variations 

across most parameters. Protein content 

increased progressively from head 

(46.99%) to body (60.01%) and was highest 

in the tail (70.22%), showing significant 

differences among all parts. Crude fat 

content was similar in the head (18.78%) 

and body (19.38%) but significantly lower 

in the tail (7.37%). Total ash content 

showed no significant differences among 

the parts. Nitrogen-Free Extract (NFE), 

which represents carbohydrate content, was 

highest in the head (13.70%) and 

significantly lower in the body (6.80%) and 

tail (4.74%). Overall, the tail had the highest 

protein but the lowest fat and carbohydrate 

content, while the head showed a higher 

moisture and NFE concentration.  

The energy contribution of nutrients in C. 

nigrodigitatus varies across different body 

parts, with the body section exhibiting the 

highest total energy value 

(1853.01 kJ/100 g), followed by the head 

(1726.35 kJ/100 g), and the tail 

(1546.94 kJ/100 g). On average, the fish 

provides 1708.77 kJ/100 g. Protein 

emerged as the major contributor to the total 

energy across all parts, particularly in the 

tail (1193.80 kJ/100 g), with an overall 

average of 1004.27 kJ/100 g, indicating the 

species' high protein energy density. Fat 

contribution was highest in the body 

(717.18 kJ/100 g) but significantly lower in  
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the tail (272.57 kJ/100 g), yielding an 

average of 561.50 kJ/100 g. Carbohydrate 

contribution was relatively minimal, with 

an average of 143.03 kJ/100 g. The 

utilization of energy due to protein was 

highest in the tail (47.00 kJ) and lowest in 

the head (32.01 kJ), averaging 39.73 kJ, 

suggesting the tail section offers the most 

efficient protein-derived energy, 

reinforcing its potential nutritional 

advantage. 

 

 
Fig. 1. Proximate composition of bagrid catfish Chrysichthys nigrodigitatus based on dry matter  

 

                                                                                                                                       Table 1  

Energy value contributed by nutrients in bagrid catfish Chrysichthys nigrodigitatus  

Parameter (Unit) Head Body Tail 
Average (per 

100 g) 

Total energy (kj 100g-1) 1726.35 1853.01 1546.94 1708.77 

Proportion of total energy 

due to fat (kj 100 g-1) 
694.74 717.18 272.57 561.50 

Proportion of total energy 

due to carbohydrate (kj 100 g-1) 
232.84 115.60 80.64 143.03 

Proportion of total energy 

due to protein (kj 100 g-1) 
798.77 1020.23 1193.80 1004.27 

Utilization of energy value due to protein (kj) 32.01 40.17 47.00 39.73 

3.2 Mineral compositional differentiation   

Figure 2 shows the mineral composition of 

the fish parts, revealing significant 

variations across the head, body, and tail. 

Calcium was highest in the body 

(1755.61 mg 100g-1) and lowest in the tail 

(1154.97 mg 100g-1), with the head 

showing intermediate values. Sodium and 

potassium followed a similar trend, being 

most concentrated in the head (1404.70 mg 

100g-1 and 821.67 mg 100g-1, respectively), 

and least in the body and tail. Magnesium 

was significantly higher in the head 

(453.51 mg 100g-1), while no statistical 

difference was observed between the body 

and tail. Phosphorus levels were highest in 

the head (1124.70 mg 100g-1), followed by 

the tail, and least in the body.  
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Fig. 2 Mineral compositional differentiation in bagrid catfish Chrysichthys nigrodigitatus 

 

The mineral ratio analysis of C. 

nigrodigitatus (Table 2) reveals varied 

nutritional balance across the head, body, 

and tail regions when compared with ideal 

and acceptable ranges. The Ca/Mg ratio in 

the head (3.55), body (6.47), and tail (4.29) 

all fall within the acceptable range (3–11), 

indicating a balanced calcium-to-

magnesium relationship. The Ca/K ratio is 

optimal in the body (4.71) but falls below 

the ideal in the head (1.96) and tail (2.36), 

though still within acceptable limits. For 

Ca/P, all parts fall below the ideal (2.6), 

particularly the tail (1.13), suggesting 

potential phosphorus dominance or calcium 

deficiency. The Na/K ratio is within the 

acceptable range across all parts, indicating 

good sodium-potassium balance. The 

Na/Mg ratio is also within range, though 

slightly lower in the body (2.51). However, 

the [K/(Ca + Mg)] ratio is significantly 

below the expected ideal of 2.2 in all 

regions, implying a lower proportion of 

potassium relative to calcium and 

magnesium combined. Overall, the body 

part of the fish demonstrates the most 

balanced mineral profile, while the head 

and tail show relative deficiencies in certain 

ratios. 

Table 2 

Mineral ratios in the bagrid catfish Chrysichthys nigrodigitatus  

Parameter 
Reference 

Balance (Watt [19]) 

Acceptable ideal 

range 
Head  Body Tail 

Ca/Mg 7.0 3 to 11 3.55 6.47 4.29 

Ca/K 4.2 2.2 to 6.2 1.96 4.71 2.36 

Ca/P 2.6 1.5 to 3.6 1.43 1.87 1.13 

Na/K 2.4 1.4 to 3.4 1.71 1.83 1.46 

Na/Mg 4.0 2 to 6 3.10 2.51 2.64 

[K/ (Ca + Mg)] 2.2 -  0.66 0.45 0.61 
 

The mineral safety index (MSI) assessment 

of the Bagrid Catfish (Table 3) shows 

varying levels across the head, body, and 

tail portions of the fish. For calcium (Ca), 

the MSI values exceeded the threshold 

(MSItv = 10) in the head (13.42) and body 

(14.63), indicating potential excess with 

percent deviations (%D) of -34.20 and -

46.30 respectively, while the tail (9.62) was 

within the safe range. Magnesium (Mg) 
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levels surpassed the safe limit only in the 

head (17.01; %D = -13.38), whereas both 

body and tail parts had safe MSI values but 

still showed positive deviations, implying 

better safety margins. Phosphorus (P) levels 

remained within acceptable limits across all 

parts, with the highest safety in the head 

(%D = 6.27). However, sodium (Na) levels 

were consistently above the safe MSI 

threshold in all parts, particularly the head 

(MSIcv = 13.49; %D = -180.94), suggesting 

a potential health risk due to excessive 

sodium content. 

                                                                                                                                           Table 3  

Mineral safety index of the bagrid catfish Chrysichthys nigrodigitatus  

Mineral 
RAI 

(mg) 
MSItv 

Head Body Tail 

MSIcv %D MSIcv %D MSIcv %D 

Calcuim 1200 10 13.42 -34.20 14.63 -46.30 9.62 3.75 

Magnesium 400 15 17.01 -13.38 10.18 32.11 10.10 32.64 

Phosphorus 1200 10 9.37 6.27 7.82 21.78 8.52 14.78 

Sodium 500 4.8 13.49 -180.94 6.55 -36.39 6.83 -42.36 

 

4. Discussion 

The observed variations in the proximate 

composition of C. nigrodigitatus align with 

previous studies on fish body part 

differentiation. The progressive increase in 

protein content from head to tail 

corroborates findings by Nemova et al. 

[20], who reported higher protein 

accumulation in the muscular regions of 

fish, particularly the tail, due to its active 

involvement in locomotion. Similarly, the 

lower fat content observed in the tail agrees 

with the report of Rudy et al. [20], which 

noted that fat tends to accumulate more in 

the head and body where metabolic storage 

is concentrated. The relatively uniform ash 

content across parts mirrors earlier 

observations by Kiczorowska et al. [22], 

indicating consistent mineral distribution 

throughout the fish body. Although overall 

carbohydrate (NFE) levels were low, the 

relatively higher proportion in the head may 

be linked to glycogen reserves in organ-

dense tissues, as suggested by Vornanen et 

al. [23]. These findings reaffirm the 

influence of anatomical location on the 

nutritional profile of fish, with implications 

for targeted utilization of specific parts 

based on nutritional needs. The energy 

distribution across different parts of C. 

nigrodigitatus in this study corroborates  

 

reports by Nemova et al. [20], who 

observed higher protein energy content in 

the tail muscles of marine species due to 

dense myofibrillar tissue. Similarly, Rudy 

et al. [21] reported that fish body parts differ 

significantly in energy composition, with 

body and head regions often containing 

higher lipid content, supporting our 

observation of higher fat contribution in 

these parts. The low carbohydrate 

contribution across all parts reflects typical 

trends in fish composition, as noted by 

Pigott and Tucker [23], who stated that 

carbohydrates are generally negligible in 

fish tissue. Additionally, the higher 

proportion of protein-derived energy in the 

tail reflects its dense muscular tissue, 

consistent with its role in locomotion, 

consistent with the work of Abowei and 

Nemova et al. [20], who highlighted the tail 

region as nutritionally superior due to 

concentrated protein reserves. These 

findings collectively emphasize the tail  

portion of C. nigrodigitatus as a valuable 

protein source with efficient energy 

utilization. The relatively high calcium 

content observed in the body may partly 

reflect inclusion of bone or connective 

tissues alongside muscle samples, 

corroborating Kiczorowska et al. [22]. The 

elevated sodium and potassium levels in the  
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head agree with Iyiola et al. [24], who  

reported that the fish head often retains 

more electrolytes due to proximity to 

nervous tissues and gills. The significant 

magnesium concentration in the head 

mirrors results by Yoshimura et al. [25], 

suggesting that bones and brain tissues are 

mineral-rich reservoirs. Phosphorus 

dominance in the head, as also documented 

by Anita et al. [26], may reflect the 

abundance of phosphate-bound proteins 

and skeletal structures. These patterns 

emphasize the nutritional variability across 

fish parts and underline the head's 

contribution to overall mineral intake. 

The mineral ratio profile of C. 

nigrodigitatus across different body parts 

reflects a generally acceptable but uneven 

nutritional balance, aligning with trends 

reported in similar studies. The Ca/Mg 

ratios observed (3.55–6.47) fall within the 

acceptable range of 3–11, consistent with 

findings by Zafar and Khan [27], who 

reported balanced Ca/Mg ratios in 

freshwater fish species, suggesting 

adequate skeletal and enzymatic support. 

The Ca/K ratio, although optimal in the 

body, was suboptimal in the head and tail, a 

pattern also observed by Abimbola et al. 

[28], in Pseudotolithus spp., where muscle 

tissue had superior calcium-potassium 

balance compared to other parts. The low 

Ca/P ratios (<2.6) in all portions reflect 

possible phosphorus dominance or calcium 

inadequacy, supporting earlier observations 

by Moruf et al. [29], who emphasized the 

importance of maintaining a higher Ca/P 

ratio for bone health and metabolic stability. 

Sodium-related ratios (Na/K and Na/Mg) 

remained within acceptable limits, 

indicating favorable electrolyte balance, as 

corroborated by the work of Iyiola et al. 

[24], who found similar trends in estuarine 

fish species. However, the consistently low 

[K/ (Ca + Mg)] ratios across all regions 

echo the concerns of Abimbola et al.  [28], 

who noted that inadequate potassium 

relative to divalent cations may limit 

cardiovascular benefits. In summary, while 

the body portion of C. nigrodigitatus 

appears nutritionally superior in mineral 

balance, the head and tail present mild 

deficiencies, especially in calcium-related 

ratios. The observed variations in the 

Mineral Safety Index (MSI) of C. 

nigrodigitatus align with previous findings 

that fish mineral composition often differs 

by anatomical part and may exceed 

recommended intake levels. Similar to the 

present study, Zafar and Khan [27], 

reported elevated calcium and magnesium 

levels in the head regions of commonly 

consumed fish species, attributing this to 

bone concentration. Elevated sodium levels 

in the head, while still within natural 

biological ranges, may contribute to dietary 

sodium load, as noted by Iyiola et al. [24]. 

The relatively safe phosphorus levels across 

all parts support findings by Moruf et al. 

[29], who noted that phosphorus in fish 

generally falls within safe nutritional limits 

due to its essential role in metabolic 

functions. 

 

5. Conclusion  

The present study highlights the significant 

nutritional variability among different 

anatomical parts of the bagrid catfish, 

Chrysichthys nigrodigitatus, offering 

valuable insights for informed dietary 

choices and fish processing practices. The 

tail portion emerged as the most protein-

rich part, with minimal fat and carbohydrate 

levels, making it ideal for high-protein, 

low-fat diets. Conversely, the head 

exhibited higher moisture and carbohydrate 

contents, while the body demonstrated a 

balanced nutritional profile with the highest 

energy yield. Mineral distribution revealed 

that essential macro-minerals such as 

calcium, magnesium, and phosphorus were 

unevenly distributed, with some exceeding 

recommended safety limits, especially in 

the head. Although most mineral ratios fell 

within acceptable nutritional standards, 

deviations in Ca/P and K/(Ca+Mg) ratios 
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suggest potential nutritional imbalances 

that warrant caution. The MSI further 

underscored these concerns, particularly the 

high sodium levels in the head, which may 

pose health risks if consumed excessively. 

Overall, the body portion exhibited the most 

nutritionally balanced profile, while the tail 

offered the highest protein energy 

efficiency. These findings provide a 

scientific basis for optimizing fish 

utilization, especially in resource-limited 

settings where nutritional security is 

paramount. Consumers and processors 

should consider these variations to 

maximize the nutritional benefits while 

minimizing potential health risks associated 

with excessive mineral intake. 
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