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Nutritional Composition and Safety Assessment of Horse Mackerel (Trachurus Trachurus) and Nile Perch (Lates Niloticus) Marketed in Bamako, Mali
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ABSTRACT 

	
Aims: Fish is a primary source of animal protein in Mali, yet food safety remains a critical concern due to inadequate cold chain infrastructure and potential environmental contamination. This study aimed to determine the nutritional quality and sanitary safety of two major fish species consumed in Bamako: the imported marine Horse Mackerel (Trachurus trachurus) and the local freshwater Nile Perch (Lates niloticus).
	Place and Duration of Study:  The study was conducted in the faculty of sciences and techniques between June 2024 and January 2026. 


Methodology: Samples were collected from two main markets in Bamako (Dossolo Traore and Halles of Bamako). Physicochemical parameters (pH, acidity, moisture, ash) were determined using standard AOAC methods. Nutritional composition (proteins, lipids, minerals) was analyzed via Kjeldahl, gravimetric and X-ray Fluorescence (XRF) methods. Microbiological quality was assessed by enumerating total flora, coliforms, and pathogens following ISO standards. Heavy metals were quantified using XRF spectrometry.
Results: Both species exhibited high protein content (>22%), with no significant difference. Horse Mackerel was significantly richer in lipids (6.67% vs. 3.67%) and energy (152.68 kcal/100g) compared to Nile Perch. Microbiologically, Horse Mackerel was compliant with safety standards. In contrast, Nile Perch samples were heavily contaminated, showing high levels of fecal coliforms (1.07×104 CFU/g), E. coli (1.08×104 CFU/g), and the presence of Salmonella/Shigella. Heavy metal analysis revealed low concentrations of Pb, As, Cu, and Zn in both species, generally within permissible limits, although Arsenic levels (0.01%) warrant monitoring.
Conclusion: While both fish species are excellent sources of nutrients, the local Nile Perch presents significant microbiological risks likely due to poor handling and environmental pollution. The imported Horse Mackerel showed better sanitary quality. Strengthening hygiene practices and cold chain management in local markets is urgently recommended.
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1. INTRODUCTION 
Fish and fishery products play a crucial role in global food security, providing a vital source of high-quality animal protein, essential fatty acids, and micronutrients (Mohanty et al., 2019; Pradeepkiran, 2019). According to Boyd et al. (2022), fisheries and aquaculture together contribute significantly to the global protein supply, with per capita fish consumption exceeding 20 kg per year for the first time in recent history (Norman et al., 2019). More broadly, Tacon et al. (2025) have confirmed that fish continues to represent a growing share of animal protein in both developed and developing regions. 

In Mali, fish is a staple food, particularly in urban centers like Bamako, where it contributes significantly to the population's nutritional intake (Sissoko, et al., 2023). The country's supply relies on two distinct chains: local freshwater catches from the Niger River and its tributaries which remain a critical resource for riparian communities (Laë et al., 2005) and imported frozen marine fish, whose role in West African urban diets has grown substantially in recent decades (Failler, 2014).Despite its nutritional benefits, fish is a highly perishable commodity (Getu et al., 2015). In developing contexts, the safety of fish products is often compromised by inadequate post-harvest handling, interruptions in the cold chain, and unhygienic market environments (Luqman et al., 2024; Bedane et al., 2022). Sheng & Wang (2021) highlighted that pathogenic and spoilage bacteria represent the primary microbiological hazards in fish, with their proliferation being directly favored by temperature abuse during storage and distribution. In Bamako specifically, Sissoko (2020) documented significant microbiological concerns in freshwater fish sold at the Medina Coura market, pointing to systematic gaps in hygiene practices throughout the value chain. 

Furthermore, rapid urbanization and industrial activities along the Niger River have raised concerns regarding chemical contamination, particularly with heavy metals, which can bioaccumulate in aquatic organisms and pose long-term health risks to consumers (Garai et al., 2021; Agbugui & Abe, 2022). Habib et al. (2024) further demonstrated that both wild and farmed fish can accumulate heavy metals to levels exceeding regulatory thresholds, with serious implications for human dietary exposure. Two species dominate the markets in Bamako: the Horse Mackerel (Trachurus trachurus), an imported pelagic marine fish valued for its affordability and rich omega-3 fatty acid profile (Sanni et al., 2023; Aiyeloja et al. (2022), and the Nile Perch (Lates niloticus), a local freshwater species highly prized for its flesh quality and its prominence as a white-meat fish across Africa (Asnake, 2018). However, comparative data regarding their specific nutritional profiles and sanitary status at the point of sale in Bamako remain limited.

Several studies conducted in Mali have highlighted the risks of fish contamination. Research has reported high concentrations of heavy metals (lead, mercury) in fish from the Niger River (Konate et al., 2016). Other studies have highlighted significant microbial diversity in freshwater fish sold in Bamako, with levels exceeding permitted limits (Sissoko, 2023). Sissoko, et al. (2023) also demonstrated that stakeholders in the fish value chain in Bamako have limited knowledge of good hygiene practices. Regarding imported sea fish, significant bacterial contamination has also been documented (Samake et al., 2022).

This study aims to provide a comparative assessment of the nutritional and health quality of horse mackerel (Trachurus trachurus) and Nile perch (Lates niloticus), two fish species consumed in the Bamako district. The objective is to determine and compare their physicochemical and nutritional composition and to assess their microbiological and toxicological quality (heavy metals). Finally, it provides up-to-date data on the potential health risks associated with their consumption in order to guide consumer choices and the actions of health authorities.

2. material and methods 

2.1 Study Area and Sampling

The study was conducted in the district of Bamako, Mali. Samples were collected from two major marketing sites representing the different supply chains: the Dossolo Traore Market (Medina Coura), the primary hub for fresh local fish, and the Halles of Bamako, a central distribution point for imported frozen fish. For each species, five samples were taken to cover four types of analysis (physico-chemical, nutritional, microbiological and heavy metal content), with the fifth sample set aside for quality control; in total, 25 samples of horse mackerel and 25 samples of Nile perch were purchased at random for analysis.

2.2 Physicochemical Analysis

Physicochemical parameters were determined using  the AOAC, 2005 methods. Moisture content was measured by drying samples in an oven at 105°C until constant weight. pH was measured using a digital pH meter after homogenizing 10g of sample in distilled water. Titratable acidity was determined by titration with 0.1N NaOH and expressed in meq/100g. Ash content was obtained by incineration in a muffle furnace at 550°C for 4 hours.

2.3 Nutritional Analysis

Crude protein was determined using the Kjeldahl method (N × 6.25), (AOAC, 2005). Total lipids were extracted using the Soxhlet method (AOAC, 2005) with hexane. Carbohydrates were calculated by difference. Energy value was calculated using Atwater factors (4 kcal/g for proteins and carbohydrates, 9 kcal/g for lipids). Mineral composition (P, Ca, K, Fe, Mg) was analyzed using X-ray Fluorescence (XRF) spectrometry. Vitamin C was determined by redox titration using 2,6-dichlorophenol-indophenol (DCPIP).

2.4 Microbiological Analysis

Twenty-five grams of each sample were homogenized in 225 mL of buffered peptone water. Serial dilutions were prepared and inoculated onto selective media:
· Total Aerobic Mesophilic Flora (FTAM): Plate Count Agar (PCA), incubated at 30°C for 72h.
· Total and Fecal Coliforms: Violet Red Bile Lactose (VRBL) agar, incubated at 37°C and 44°C respectively.
· Escherichia coli: Tryptone Bile X-glucuronide (TBX) agar at 44°C.
· Salmonella / Shigella: SS agar after enrichment in Rappaport-Vassiliadis broth.
· Yeasts and Molds: Sabouraud Chloramphenicol agar, incubated at 25°C for 5 days.

Results were expressed as Colony Forming Units per gram (CFU/g) and compared to standard norms (Codex Alimentarius, 2023).

2.5 Heavy Metal Analysis

Heavy metals (Pb, Hg, Cd, As, Cr, Ni, Cu, Zn) were analyzed using Energy Dispersive X-ray Fluorescence (ED-XRF). Samples were dried, pulverized, and pressed into pellets before analysis. Concentrations were expressed in percentages (%) or parts per million (ppm).

2.6 Statistical Analysis

Data were analyzed using SPSS software. Results are presented as Mean ± Standard Deviation. Student's t-test was used to compare means between the two species, with a significance level set at P < 0.05.

3. results 

The parameters relating to physico-chemical quality, nutritional composition, microbiological quality and heavy metal content were determined using the analytical methods described above. The results for each sub-group studied are presented under the corresponding subheadings.

3.1 Physicochemical Properties

The physicochemical characteristics of the two fish species are presented in Table 1. Both species have an acidic pH (6) and high moisture content (≈70%). The Nile Perch showed slightly higher moisture and acidity levels compared to Horse Mackerel, though ash content was similar.







Table 1. Physicochemical composition of T. trachurus and L. niloticus (Mean ± SD)

	Parameters
	Horse Mackerel (Trachurus trachurus)
	Nile Perch (Lates. niloticus)

	Moisture (%)
	69.17 ± 0.76
	70.17 ± 1.04

	pH
	6.0 ± 0.00
	6.0 ± 0.00

	Acidity (meq/100g)
	66.67 ± 5.77
	73.33 ± 11.55

	Ash (%)
	1.0 ± 0.00
	0.99 ± 0.016




3.2 Nutritional Composition

Table 2 summarizes the macronutrient composition. Both species are excellent sources of protein. However, Horse mackerel has a fat content (6.67%) and energy value (152.68 kcal/100 g) that are significantly higher than those of Nile perch (3.67% and 133.72 kcal/100 g). Protein contents are high and comparable (22.5%). Nile perch is richer in P, K, and Ca, while horse mackerel contains significantly more iron.

Table 2. Nutritional composition and energy value (per 100g fresh weight)

	Parameters
	Horse Mackerel (Trachurus trachurus)
	Nile Perch (Lates niloticus)

	Proteins (%)
	22.91 ± 2.00
	22.63 ± 2.24

	Lipids (%)
	6.67 ± 0.58
	3.67 ± 0.58

	Carbohydrates (%)
	0.26 ± 2.83
	2.55 ± 2.67

	Energy (Kcal)
	152.68 ± 3.79
	133.72 ± 6.51




3.3 Microbiological Quality

The horse mackerel showed better microbiological quality, with no detection of E. coli or Salmonella/Shigella. In contrast, the Nile perch showed confirmed fecal contamination (1.08 × 10⁴ CFU/g for E. coli, presence of Salmonella/Shigella), far exceeding the standards (Table 3). The microbiological assessment revealed distinct differences in hygiene quality. Horse Mackerel samples adhered to safety standards for all indicators. Conversely, Nile Perch samples exceeded limits for fecal coliforms, E. coli, and yeasts/molds, and tested positive for Salmonella/Shigella.











Table 3. Microbiological contamination levels (CFU/g) compared to standards

	Microbial Group
	Norm (Guideline)
	Horse Mackerel
(Trachurus trachurus)
	Nile Perch
(Lates niloticus)

	FTAM
	
106
	
1.77 × 104
	
3.2 × 104

	Total Coliforms
	
102
	
1 × 104
	
1.1 × 104

	Fecal Coliforms
	
102
	0
	
1.07 × 104

	Escherichia coli
	10
	0
	
1.08 × 104

	Salmonella / Shigella
	Absent / 25g
	Absent
	Present

	Yeasts / Molds
	
104
	
5 × 102
	
1.1 × 104




3.4 Toxicological Evaluation (Heavy Metals)
The results of the heavy metal analysis of the samples are presented in the table below. The concentrations measured for each heavy metal were compared with the corresponding toxicological exposure limits. 

Table 4. Heavy metal concentrations in fish flesh

	Element
	Horse Mackerel
(Trachurus trachurus)
	Nile Perch
(Lates niloticus)
	Toxicological exposure limits (mg/kg)
	Interpretation

	Lead (Pb)
	2
	2
	0,1-0,3
	Significant exceedance (6 to 20 times the limit)

	Arsenic (As)
	10
	10
	1-2
	Significant exceedance (5 to 10 times the limit)

	Copper (Cu)
	2
	1
	3-5
	Within range (below the lower limit)

	Zinc (Zn)
	4
	3
	50-100
	Well below the limit, no risk

	Mercury (Hg)
	ND
	ND
	0,5-1
	Not detected, reassuring

	Cadmium (Cd)
	ND
	ND
	0,005-0,5
	Not detected, reassuring



ND: Not Detected (Below detection limit).

Analysis of the two fish species (Horse Mackerel and Nile Perch) reveals a highly concerning level of contamination with lead and arsenic, with concentrations of 2 mg/kg and 10 mg/kg, respectively, for both fish exceeding recommended toxicological limits by 6 to 20 times for lead and 5 to 10 times for arsenic exposing consumers to serious neurotoxic, carcinogenic, and chronic health risks. In contrast, copper (1 to 2 mg/kg) and zinc (3 to 4 mg/kg) levels are below or well below reference thresholds, posing no health risk, while mercury and cadmium were not detected a reassuring finding given that these contaminants are typically a cause for concern in seafood products.





4. DISCUSSION

4.1 Physicochemical Properties

The physicochemical parameters recorded in this study reflect the contrasting preservation conditions of the two species. Trachurus trachurus, distributed as a frozen product, displayed lower Total Volatile Basic Nitrogen (TVB-N) values and more acidic pH, consistent with effective cold chain management. Jinadasa (2014) established that TVB-N levels below 25-30 mg N/100 g indicate acceptable freshness in marine fish, a threshold met by T. trachurus in our samples. In contrast, Lates niloticus showed elevated TVB-N and higher pH values, indicative of advanced protein degradation. Amegovu et al. (2012) similarly reported a rapid increase in TVB-N and pH in Nile perch fillets from Uganda when temperature control was absent, while Lujuo et al. (2022) documented comparable physicochemical deterioration in fish sold along the Tanzanian coast under poor refrigeration conditions. 
In the context of this study, TVB-N serves as a complementary indicator to microbiological analysis (fecal contamination) and heavy metal testing, providing a more comprehensive assessment of fish quality and safety. While microbiological analyses revealed fecal contamination in L. niloticus and heavy metal testing identified elevated lead and arsenic levels in both species, the TVB-N values further corroborate the overall quality degradation, particularly for Nile perch. Together, these complementary parameters offer a holistic view of the multiple safety dimensions microbiological, chemical, and physicochemical, that must be considered when evaluating fishery products. These findings highlight the critical role of cold chain continuity in preserving fish quality from source to market.

4.2 Nutritional Composition

Both species showed protein contents exceeding 22%, confirming their nutritional value in a context where animal protein deficiency remains a major public health concern. The higher lipid content of T. trachurus classifies it as a semi-fatty fish, consistent with findings from Nigeria by Adeyemi et al. (2013), Sanni et al. (2023), and Udo & Arazu (2011), who all reported elevated protein and moderate-to-high fat levels in this species. Olopade (2015) further noted that lipid content in imported frozen T. trachurus in Nigeria was variable depending on handling conditions, underscoring the influence of post-harvest practices on nutritional quality. Protein contents of 22–23% are comparable to those reported in the literature for these species (Samake et al., 2022; (Brito et al. 2021) and make them ideal food sources for meeting the protein needs of populations. The difference in fat content between horse mackerel (a fatty marine fish) and Nile perch (a lean freshwater fish) is consistent with what is known about the variability of lipid composition depending on species and habitat (Larsen et al., 2020).
Lates niloticus showed low lipid content, confirming its classification as a lean freshwater fish. This is consistent with Okeyo et al. (2009), who reported lipid values of 0.59–0.63% in Lake Victoria Nile perch (Kenya), and with Mohamed et al. (2010), who found L. niloticus to have the highest protein content and lowest fat level among five commercial Nile fish species in Sudan. These characteristics make L. niloticus a nutritionally suitable option for populations requiring high-protein, low-fat diets.

.4.3 Microbiological Quality

Trachurus trachurus showed satisfactory microbiological quality, reflecting the effectiveness of industrial freezing in controlling microbial growth. Orngu et al. (2021) obtained similar results for frozen mackerel sold in Nigerian cold stores, and Sheng & Wang (2021) confirmed that freezing keeps spoilage and pathogenic bacteria in a latent phase throughout the distribution chain.
In contrast, Lates niloticus samples were heavily contaminated with E. coli and Salmonella spp., indicating severe sanitary failures in the local supply chain. Sissoko (2020) and Sissoko et al. (2023) documented comparable contamination in freshwater fish at the Medina Coura market in Bamako, directly attributing it to the use of polluted Niger River water for washing fish and to inadequate hygiene practices conditions similar to those at the Dossolo Traore market. This pattern is not specific to Mali: Lazaro et al. (2019) detected Salmonella spp. in 100% of fresh fish samples sold by street vendors in Malawi, while Mumbo et al. (2023) isolated both E. coli and Salmonella from fresh tilapia at Kenyan markets. In Burkina Faso, Traoré et al. (2015) confirmed the presence of Salmonella enterica in fresh fish from Ouagadougou, reinforcing the regional significance of this food safety issue. The poor bacteriological quality of the Niger River in Bamako, documented by Sangaré et al. (2023), constitutes an aggravating factor that directly compromises the safety of locally marketed freshwater fish.
The microbiological results are particularly concerning for Nile perch. The presence of E. coli (1.08×10⁴ CFU/g) and Salmonella/Shigella indicates direct fecal contamination, making this product unsafe for consumption. This contamination is likely due to unhygienic handling (sewage, unsanitary equipment) throughout the chain from catch to sale (Bagalwa et al., 2019). In contrast, the absence of these pathogens in horse mackerel suggests that the transport and storage conditions (freezing, clean cartons) for this imported product better preserve its microbiological integrity. The investigation revealed distinct storage practices. While the cold chain appears to be better controlled for imported horse mackerel (stored frozen), the storage of Nile perch under ice is more vulnerable, especially in a context where cold chain breaks are frequent in markets. This finding is consistent with the observations regarding the lack of infrastructure and good practices  (Sissoko et al., 2023).

4.4 Toxicological Evaluation (Heavy Metals)	

4.4.1 Similar contamination profiles between the two species

The results reveal remarkable consistency between Horse Mackerel (T. trachurus) and Nile perch (L. niloticus) for all contaminants analyzed. The concentrations of lead (2 mg/kg) and arsenic (10 mg/kg) are exactly the same, while those of copper (2 vs. 1 mg/kg) and zinc (4 vs. 3 mg/kg) are very close. This interspecies homogeneity, documented in the literature as a marker of shared environmental contamination, points to a common anthropogenic pollution source (industrial discharges, untreated wastewater) rather than to differences related to diet or trophic level. 

4.4.2 Sharp contrast between toxic and essential elements

There is a clear dichotomy between:
High-risk group (Pb, As): concentrations well above toxicological thresholds (6 to 20 times for lead, 5 to 10 times for arsenic)
Negligible-risk group (Cu, Zn): concentrations below or well below reference thresholds
This contrast is frequently reported in the literature. Essential trace elements (copper, zinc) are subject to physiological homeostasis mechanisms in fish, unlike lead and arsenic, which accumulate without effective regulation (Sissoko, et al., 2023). This specificity suggests that contamination is not widespread but targets certain toxic elements, reinforcing the hypothesis of a point source of pollution.

4.4.3 Absence of mercury and cadmium: a distinguishing factor

Mercury (Hg) and cadmium (Cd) were not detected, which is a favorable and distinguishing factor. This absence contrasts with numerous studies in which these contaminants are frequently found: in the southeastern Mediterranean, Ramon et al. (2021) detected high levels of mercury in benthic species and cadmium in one-third of the samples. In Egypt, 30% of Nile perch samples exceeded the maximum limits for mercury (Hussein et al., 2023). The absence of these metals in our samples indicates a selective source of pollution (lead and arsenic), distinct from sources associated with gold mining activities (mercury) or other industrial discharges.

4.4.4 Quantitative comparison with data from the literature

Lead (Pb, 2 mg/kg), these values are exceptionally high. In uncontaminated areas, concentrations generally range from <0.01 to 0.5 mg/kg (Bosch et al., 2016). Values >1 mg/kg are characteristic of sites contaminated by industrial discharges, batteries, or mining activities. For comparison, Marcussen et al., (2007) reported maximum lead concentrations of 0.082 mg/kg in fish from ponds fed by industrial wastewater, which is 25 times lower than our results.
Arsenic (As,10 mg/kg): For freshwater fish, average values generally range between 0.5 and 5 mg/kg (Hu et al., 2024). Our result is therefore 2 to 20 times higher than typical values. The study by Molina et al., 2011) in the Philippines showed that at concentrations likely below 10 mg/kg, the lifetime cancer risk for arsenic reached 8.5×10⁻⁴ (85 excess cases per 100,000 inhabitants), far exceeding the usual acceptability threshold of 1×10⁻⁶.
Zinc (3-4 mg/kg) and copper (1-2 mg/kg): These values are consistent with literature data for uncontaminated fish and fall within the lower range of reported concentrations (Çelik & Oehlenschläger, 2007).

4.4.5 Implications for Risk Assessment and Public Health

The simultaneous presence of lead and arsenic at such high concentrations poses a major public health problem. Arsenic is classified by the Environmental Protection Agency (EPA) as a known carcinogen (Class A) when ingested, while lead, according to the Agency for Toxic Substances and Disease Registry (ATSDR), has no safe threshold, particularly for vulnerable populations (children, pregnant women). A review by Shahjahan et al. (2022) highlights that these metals cause oxidative stress, hematological and biochemical alterations, as well as histopathological damage to the gills, liver, and kidneys. The study by Sissoko, et al. (2023) showed that the hazard index (HI) for children exceeded 1 in the Persian Gulf for certain species, indicating a proven health risk comparable to that of the analyzed fish.

5. CONCLUSION 

This study reveals a dichotomy in Bamako’s fish market: while both imported and locally sourced fish offer high nutritional value, their food safety profiles diverge significantly. Horse Mackerel (T. trachurus) stands out as a safe, energy-dense option, rich in protein and characterized by satisfactory microbiological quality, whereas Nile Perch (L. niloticus), despite being a valuable source of protein and essential minerals such as calcium, phosphorus, and potassium, presents a concerning health risk due to fecal contamination. Beyond microbiological hazards, heavy metal contamination further compounds the safety concerns associated with these fishery products. The analysis reveals a severe and specific contamination affecting both species, with lead (2 mg/kg) and arsenic (10 mg/kg) concentrations far exceeding toxicological reference limits. These elevated levels point to an intense anthropogenic pollution source, rendering both fish species unsuitable for regular consumption. In contrast, the total absence of mercury and cadmium constitutes a distinctive feature, contrasting with numerous studies conducted across coastal zones worldwide where these contaminants are frequently detected. Additionally, copper and zinc levels fall within normal physiological ranges, confirming the absence of contamination for these essential elements. These findings underscore the urgent need for strengthened health monitoring of fishery products, particularly those from local supplies, along with ongoing training for vendors on hygiene and proper handling practices. In parallel, investment in preservation infrastructure, notably the cold chain within markets, is essential to ensure food safety for the population of Bamako. Furthermore, given the identified heavy metal contamination, environmental investigations are necessary to identify the sources of lead and arsenic pollution and to implement appropriate mitigation measures.
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