


ASSESSMENT OF PROXIMATE AND MINERAL COMPOSITION OF DRIED FISH FROM WHOLESALE MARKETS IN TILLABERY REGION
ABSTRACT
Dried fish is an important and affordable source of high-quality protein and essential nutrients in many developing countries. This study aimed to determine the proximate and mineral composition of dried fish samples using standard AOAC methods. The results revealed low moisture content (5.9-12.5%), indicating good storage stability, and appreciable levels of protein (14.3-18.6%), lipid (4.2-7.4%), ash (2.4-5.7%) and crude fibre (0.64-1.86%). Mineral analysis showed high concentrations of potassium (237.5-382.3 mg/100 g), Phosphorous (132.7-186.7 mg/100 g) and calcium (126.9-175.9 mg/100 g) while sodium (32.6-47.7 mg/100 g) and magnesium (44.5-82.5 mg/100 g) were recorded in moderate amounts. These findings demonstrate that dried fish is nutritionally rich, with low moisture content enhancing its shelf life, and high protein and mineral values reinforcing its role as an important dietary source for food security and nutrition.
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1.0 INTRODUCTION
Fish and its products are among the most widely recognized nutritious foods globally, with an average consumption level of 20.1 kg per capita (Anihouvi et al., 2019). They are rich sources of essential nutrients such as amino acids, vitamins, n-3 polyunsaturated fatty acids, and minerals (Ali et al., 2022; Noreen et al., 2025), with numerous studies reporting their remarkable health-promoting effects. Tørris et al. (2018), Tsoupras et al. (2022), and Das et al. (2024) reported that n-3 fatty acids from fish oils contribute to the prevention and management of cardiovascular and cerebrovascular diseases, neuroprotection, modulation of pro-inflammatory cytokines, and improvement of skeletal muscle function. Similarly, fish proteins, peptides, and hydrolysates have been shown to play significant roles in human health with Intarasirisawat et al. (2013), Kundam et al. (2018), Kumor et al. (2022), and Kurnianto et al. (2024) reporting that fish peptides exhibit various bioactive effects such as antihypertensive, antioxidant, antimicrobial, anti-obesity, angiotensin-converting enzyme (ACE) inhibitory, immunomodulatory, anticancer, and antitumor properties. Furthermore, fish bones have been explored as calcium fortifiers in functional foods (Pérez et al., 2024; Torres et al., 2024).
Malnutrition remains a major global public health concern (Govender et al., 2021). In 2017, an estimated 821 million people were undernourished, with about 124 million facing acute malnutrition emergencies across more than 50 countries (Alaimo et al., 2020). The burden is disproportionately higher in developing nations, where nutrition-related health challenges are closely linked to poverty (Vilar-Compte et al., 2021). In such contexts, fish serves as an affordable and accessible protein source, particularly complementing the carbohydrate-based diets common in West Africa (Iriobe and Awoyale, 2021).
“Dried fish, in particular, provides a concentrated source of protein and essential nutrients while offering advantages of affordability, long shelf life, and ease of transport, making it a vital source of animal protein in both inland and coastal communities” (Siddhnath et al., 2022). “Beyond protein, dried fish contains significant amounts of n-3 fatty acids and key minerals such as iron, zinc, calcium, potassium, sodium, and magnesium, which are important in addressing micronutrient deficiencies and malnutrition” (Rasul et al., 2021; Kumar et al., 2024).
Despite these nutritional benefits, concerns persist regarding the safety and quality of dried fish. Poor handling and processing practices may introduce contaminants such as microorganisms, pesticides, heavy metals, and microplastics, increasing the risk of chronic health problems including anaemia and cancer (Alberghini et al., 2022; Demelash et al., (2024). Prolonged storage can also lead to the buildup of biogenic amines (Arulkumar et al., 2023).
Given these challenges, research on the proximate and mineral composition of dried fish has gained increasing attention. Such studies not only show their nutritional value but also provide understanding into their role in mitigating protein-energy malnutrition and micronutrient deficiencies. Exploring the functional and biochemical properties of dried fish proteins may support food fortification, product innovation, and value addition within fisheries (Shaviklo et al., 2015; Siddhnath et al., 2022).
This study therefore investigates the proximate and mineral composition of dried fish obtained from wholesale markets in Tillabery Commune, with the aim of assessing their nutritional contribution and potential dietary significance.
2.0 METHODOLOGY
[bookmark: _Toc129199412]Study Area: This study was conducted in the Tillabery Region, one of the seven administrative regions of the Niger Republic (Figure 1). Geographically, the region is situated in the western part of the country along the river Niger and is subdivided into six districts: Fillingue, Ouallam, Tera, Kollo, Say, and Tillabéry. Tillabery Region covers an estimated land area of 91,199 km², representing approximately 7.19% of the total landmass of Niger. The region lies between latitudes 13º30´N and 15º45´N, and longitudes 0º10´E and 4º20´E (Kassali et al., 2011; Mansour et al., 2016).
[image: ]
Figure 1: Map of Tillabery Region Showing sampling sites
[bookmark: _Toc129199413]Sample Collection: A total of 18 dried fish samples were randomly collected from wholesale markets across the six districts of Tillabery region (Fillingue, Ouallam, Tera, Kollo, Say, and Tillabéry). From each district, three samples were obtained to ensure the Accuracy. The fish samples were carefully packaged separately in sterile ziplock bags, placed in ice packs, and transported under chilled conditions to the Microbiology Laboratory of the Federal University of Technology, Minna, for subsequent analysis.
[bookmark: _Toc129199424]Proximate analysis: The proximate composition of the dried fish samples was determined following the standard methods of the Association of Official Analytical Chemists (AOAC, 2005), Siddiky et al. (2017), Tawali et al. (2018), Gutema and Hailemichael, (2021) and El Hosry et al. (2023). The parameters analysed included moisture, ash, crude protein, crude fat and crude fibre.
Determination of Moisture: Moisture content was determined based on weight loss after oven drying to a constant weight. Five (5) g of finely ground fish sample was weighed into a pre-dried and pre-weighed silica dish. The sample was dried in a hot air oven at 65 °C for 36 hours, cooled in a desiccator, and reweighed. Drying, cooling, and weighing were repeated until a constant weight was obtained. The percentage moisture content was then calculated from the loss in weight (Equation 1).
					(1)
Where:
W1 = Initial weight of sample (g)
W2 = Final weight of dried sample (g)
[bookmark: _Toc129199426]Determination of Crude Ash: Five (5) grams of finely ground fish sample was weighed into a pre-heated crucible which was then placed in a muffle furnace at 450 °C until a whitish-grey ash was obtained. Thereafter, the crucible was transferred to a desiccator to cool, and then reweighed. The average percentage of the remaining material was recorded as the ash content. The percentage of ash was calculated using the Equation 2.
				(2)
Where:
W1 = Weight of empty crucible (g)
W2 = Weight of crucible + ash (g)
Ws = Weight of sample (g)
[bookmark: _Toc129199425][bookmark: _Toc129199428]Determination of crude protein: Protein content was determined using the Kjeldahl method. The finely ground fish samples were digested with concentrated sulfuric acid in the presence of small amount of copper sulphate, selenium and sufficient sodium or potassium sulphate with mercury (Hg) as a metal catalyst. During digestion, the organic matter was oxidized, and protein-bound nitrogen was converted to ammonium sulphate ((NH4)2SO4). The digest was then made alkaline with sodium hydroxide (NaOH), releasing ammonia gas. The liberated ammonia was distilled and absorbed into 0.5% boric acid containing a mixed indicator, after which it was titrated against standardized 0.01 M hydrochloric acid (HCl). Under these conditions, nearly all organic nitrogen was converted to ammonia. The nitrogen content obtained was expressed as crude protein using a conversion factor of 6.25, based on the general assumption that proteins contain approximately 16% nitrogen. Thus, the crude protein (%) was calculated using equation 3.
			(3)
Determination of crude fibre: Fat was first removed from the sample by extracting with petroleum ether. The defatted sample was transferred into a beaker containing 200 ml of pre-heated 1.25% H2SO4 and gently boiled for 30 min, with constant volume maintained by adding hot water. The mixture was filtered hot under suction using a pre-heated Buchner funnel with Whatman filter paper, and the residue was washed repeatedly with boiling water until neutral to litmus. The residue was then refluxed with 200 mL of pre-heated 1.25% Na2SO4 for 30 min, filtered, and washed thoroughly with hot water and twice with ethanol. The final residue was dried at 65 °C for 24 h, weighed, then ashed in a muffle furnace at 500 °C for 4 h. After cooling in a desiccator, the ash was weighed and crude fibre content was calculated using equation 4:
[bookmark: _Toc129199429]				(4)
Where:
W1 = Weight of dried residue before ashing
W2 = Weight after ashing
Ws = Weight of sample
Determination of crude fat: Fat was extracted by diethyl ether solvent system. Five (5) grams of the ground dried fish sample was weighed and extracted into a 250 ml round-bottom flask with 50 ml diethyl ether for about 4 hours at 110°C in the soxhlet extractor. Then after, the organic solvent was removed at 40-60°C under reduced pressure using a rotary evaporator and the weight of fat was calculated using equation 5.
				(5)
[bookmark: _Toc129199430]Determination of Mineral Composition: The mineral composition of the samples was determined using the dry-ashing method. 2 g of each dried sample was weighed into a clean, dry porcelain crucible and ashed in a muffle furnace at 550 °C for 4-6 hours until a white or grey ash was obtained. The ash was dissolved in 5 ml of 20% hydrochloric acid (HCl) and filtered into a 50 ml volumetric flask. The volume was made up to the mark with distilled water to obtain a clear solution and the concentrations of selected minerals; sodium (Na), magnesium (Mg), Phosphorus (P), potassium (K), and calcium (Ca) were determined using Atomic Absorption Spectrophotometry (AAS). Results were expressed in mg/100 g of sample.
Data Analysis: All determinations were carried out in triplicates, and results were expressed as mean ± standard error (SE). Data obtained from proximate and mineral composition were subjected to statistical analysis using GraphPad Prism version 9.5.1 (733). One-way Analysis of Variance (ANOVA) was employed to determine significant differences among the samples, and means were separated using Tukey’s multiple comparison test at a 95% confidence level (p < 0.05).
3.0 Results and Discussion
3.1 Proximate Composition of Dried Fish: The proximate composition of dried fish samples obtained from wholesale markets in Tillabery Commune is shown in Table 1. Significant (p < 0.05) variations were observed in moisture, crude protein, crude fat, ash, crude fibre, and carbohydrate contents across the samples.
Proximate analysis is widely applied in the food industry to evaluate the quality, nutritional value, and safety of food products (Thangaraj, 2015; Hait et al., 2023). It serves as a basic yet essential nutritional assessment used to determine the major chemical constituents of biological samples (Racero-Galaraga et al., 2024), providing the nutritional quality, storage stability, and dietary suitability of the product.
The proximate composition obtained in this study shows the nutritional richness of dried fish, making them a valuable source of essential nutrients. Moisture content ranged from 5.9% to 12.5%, which falls within the acceptable range for dried fish, indicating good shelf stability. Moisture content is an important factor influencing the shelf life and microbial stability of dried fish products (Rasul et al., 2022). Low moisture levels generally enhance storage stability by reducing microbial growth and enzymatic activity, thereby prolonging shelf life. Comparatively higher moisture levels, ranging from 10.46% to 37.20%, were reported in smoked fish by Linus-Chibuezeh et al. (2022) in Nigeria, while Siddiky et al. (2017) observed 17.93% to 22.62% in dried sea fish, suggesting that the lower values in this study may be due to more effective drying or different handling practices.
Total ash content was relatively low (2.4-5.7%), showing moderate mineral content. Ash content provides an indication of the total mineral composition, with high values reflecting the presence of nutritionally important minerals such as calcium, phosphorus, potassium, and magnesium, which are vital for various physiological processes (Nasiruddin et al., 2018). The values obtained were lower than those reported by Saputra et al. (2022), who recorded 11.06%-13.08% in dried fish from Indonesia, and Foline et al. (2011), who reported 6.40% in Clarias gariepinus. This variation may be attributed to differences in species, drying methods, and mineral content of aquatic habitats.
Crude fat content (4.2-7.4%) was significantly different among the samples, suggesting variability in lipid levels that may influence flavour and energy value. Pal et al. (2018) noted fish as an important source of fat content which can be a major source of essential fatty acids important for health and dietary and cellular energy and function in living organisms where they can be stored. The observed fat levels fall within the range of values reported by Linus-Chibuezeh et al. (2022), who found 5.81%–9.24% in smoked fish.
Crude protein content, the dominant nutrient, ranged between 14.3% and 18.6%, consistent with values reported for dried fish in similar markets and confirming dried fish as a valuable source of dietary protein. “The high protein content indicates their role as an excellent source and alternative of animal protein, particularly in regions where fish serves as an affordable alternative to meat” (Lima et al., 2022). While the protein content in this study is relatively lower than the 37.0%-43.22% reported by Saputra et al. (2022) and 50.16%-61.53% by Siddiky et al. (2017), it still shows the significant contribution of dried fish to dietary protein intake. Differences in protein levels may be due to species variation, drying methods, or post-harvest handling.
Crude fibre content was generally low (0.64-1.86%), which is expected since fish contain minimal indigestible components. Although small, dietary fibre can aid digestion and support gut health (Makki et al., 2018; Gill et al., 2021). These findings are comparable to those of Saputra et al. (2022), who reported fibre values of 0.26%-1.13% in dried fish products.

Table 1: Proximate composition (%) of dried fish samples
	Sample ID
	% Moisture
	% Total ash
	% Fats
	% Crude protein
	% Crude fibre

	1
	10.6±0.26d
	3.6±0.05a
	6.2±0.03c
	17.3±0.12c
	1.31±0.12bc

	2
	7.8±0.09c
	3.2±0.41a
	4.89±0.14b
	15.1±0.01b
	1.00±0.23ab

	3
	5.9±0.02a
	2.6±0.16a
	4.6±0.17ab
	14.9±0.03ab
	0.65±0.15a

	4
	10.2±0.12d
	2.4±0.23a
	4.2±0.12a
	14.3±0.17a
	0.64±0.03a

	5
	12.5±0.02e
	3.6±0.43a
	5.8±0.17c
	18.6±0.29d
	1.86±0.09c

	6
	6.6±0.08b
	5.7±0.07b
	7.4±0.07d
	17.5±0.19c
	1.08±0.02b


Values are presented as mean ± standard error of mean (SEM) of three replicates
Values with different superscripts in a column are significantly different at p < 0.05
3.2 Mineral Composition of Dried Fish: The mineral composition of dried fish samples obtained from wholesale markets in Tillabery Commune is shown in Table 2. Significant (p < 0.05) variations were observed in sodium (Na), potassium (K), calcium (Ca), magnesium (Mg), and phosphorus (P) contents across the samples.
Minerals play essential roles in human metabolism, bone development, nerve function, enzyme activity, and physiological regulation (Akram et al., 2020; Razzaque and Wimalawansa, 2025). Thus, the mineral profile of dried fish serves as an indicator of its nutritional contribution to human diets. Sodium content ranged from 32.6 to 47.7 mg/100 g. Sodium is important in maintaining osmotic balance and nerve transmission (Bernal et al., 2023; Mohamed et al., 2025), though its excessive intake may predispose individuals to hypertension and cardiovascular diseases (Dong, 2018). The values obtained in this study are higher than the 10.29-10.72 mg/100 g reported by Linus-Chibuezeh et al. (2022) in dried marine fish and 0.41-5.63 mg/100 g reported by Sun et al., (2025) in dried fish varieties from Bangladesh.
Potassium was the most abundant mineral across samples, ranging from 237.5 to 382.3 mg/100 g. Potassium is essential for nerve conduction, muscle contraction, and fluid balance, and it helps counteract the adverse effects of sodium on blood pressure (Pohl et al., 2013; Mohamed et al., 2025). The dominance of potassium over sodium across samples is nutritionally advantageous, as high potassium-to-sodium ratios are associated with reduced cardiovascular risk (Weaver, 2013; McDonough et al., 2017). Similar potassium dominance has been reported in dried fish products from Ethiopia (636.61 to 3073 mg/100g) and Nigeria (14.40-14.55 mg/100g) by Gutema and Hailemichael, (2021) and Linus-Chibuezeh et al. (2022) respectively.
Calcium content ranged from 126.9 to 175.9 mg/100 g. Calcium is a key mineral for bone health, blood clotting, and muscle function (Pravina et al., 2013; Reid and Bristow, 2019). The values recorded are higher than those reported by Linus-Chibuezeh et al. (2022), who reported 25.25-25.85 mg/100 g in dried sea fish while Gutema and Hailemichael, (2021) recorded 36.44 to 9078.44 mg/100g in dried fish in Ethiopia. Variations in calcium levels may be linked to species differences, fish skeletal structure, and mineral content of aquatic environments.
Magnesium levels ranged from 44.5 to 82.5 mg/100 g. Magnesium is vital for enzyme function, neuromuscular coordination, and energy metabolism (Souza et al., 2023; Liguori et al., 2024). The values obtained were higher than the 31.33 to 33.33 mg/100g reported by Usman, (2019) in Lapai, Nigeria and 250 - 350 mg/100 g reported in dried finfish in Makkah central fish market, Saudi Arabia by El Shehawy et al. (2016). Variations in Magnesium levels may be attributed to drying intensity and mineral availability in the water bodies from which the fish were harvested.
Phosphorus content varied between 132.7 and 186.7 mg/100 g. Phosphorus is essential for bone and teeth development, nucleic acid synthesis, and energy metabolism (Serna and Bergwitz, 2020). The levels observed in this study align with the findings of Gutema and Hailemichael, (2021), who reported phosphorus concentrations ranging from 570 to 5330mg/100g in dried fish products from selected parts of Ethiopia.
Table 2:  Proximate composition of minerals in dried fish sample (mg/100g) 
	SAMPLE ID
	Na
	K
	Ca
	Mg
	P

	[bookmark: _Hlk206996291]1
	44.8±3.95bc
	382.3±1.59d
	175.9±0.92e
	82.5±0.92e
	186.7±0.49e

	2
	38.5±0.32ab
	366.7±0.14c
	152.4±0.61c
	66.7±0.15d
	165.4±0.50d

	3
	36.1±0.44a
	368.2±0.43c
	163.7±0.15d
	69.2±0.40d
	132.7±0.20a

	4
	32.6±0.38a
	244.5±1.93a
	128.2±0.61a
	44.5±0.20a
	136.3±0.09b

	5
	44.5±0.27bc
	267.8±0.46b
	126.9±1.56a
	57.3±0.78b
	185.8±0.49e

	6
	47.7±0.08c
	237.5±3.38a
	138.3±0.35b
	60.8±0.06c
	158.7±0.81c


Key: Na: Sodium; K: Potassium; Ca: Calcium; Mg: Magnesium; P: Phosphorous
Values are presented as mean ± standard error of mean (SEM) of three replicates
Values with different superscripts in a column are significantly different at p < 0.05
4.0 CONCLUSION
This study assessed the proximate and mineral composition of dried fish samples collected from wholesale markets in Tillabery Commune, Niger Republic. The results revealed significant variations (p < 0.05) in both proximate and mineral contents across the samples.
The proximate composition demonstrated that dried fish are rich in crude protein (14.3-18.6%), moderate in fat (4.2-7.4%), and low in fibre (0.64-1.86%), making them a valuable source of affordable dietary protein and energy. The low moisture levels (5.9-12.5%) suggest good shelf stability and microbial safety, confirming the suitability of dried fish for long-term storage and consumption. Mineral analysis showed appreciable levels of sodium (32.6-47.7 mg/100 g), potassium (237.5-382.3 mg/100 g), calcium (126.9-175.9 mg/100 g), magnesium (44.5-82.5 mg/100 g), and phosphorus (132.7-186.7 mg/100 g) showing that dried fish are excellent sources of essential macro-minerals required for bone development, enzymatic activity, nerve transmission, and fluid balance.
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