


[bookmark: _Hlk208306654][bookmark: _Hlk179009259]Impact of roasting and frying on proximate composition, mineral contents and health risks of heavy metals on Ethmalosa fimbriata (Bowdich, 1825)  

ABSTRACT 
Aims: The impact of roasting and frying on proximate composition, mineral contents and health risks of heavy metals on Ethmalosa fimbriata was examined. 
Place and duration of study: Food Science and Nutrition Laboratory of the University of Douala and Douala Foodstuffs Laboratory (Cameroon) between February and June 2025.
Methodology: The fish were purchased at the fishing port market of Douala and transported to the laboratory. After several washes with potable water, the fish were separated into three batches. One batch was analyzed fresh and the other two batches after frying and roasting. Proximate composition, mineral content and heavy metals were analyzed using AOAC methods. Estimated Daily Intake (EDI), Targeted Hazard Quotient (THQ), Hazard Index (HI) and Carcinogenic Risk (CR) were assessed to estimate human health risk. 
Results: Roasting and frying increased protein, ash, energy value and some minerals such as Ca, P, K and Na levels. A significant (p<0.05) drop in lipid content was noted with roasting compared to fresh and fried samples. Moisture, carbohydrates and particular mineral such as Zn, Cu and Mn decreased with roasting and frying. Roasting and frying increased significantly heavy metals (Cd, Pb, Hg, As) and health risk assessment (EDI, HI and CR) compared to fresh samples. Roasting increased significantly heavy metals and health risk assessment compared to frying. EDI values of all heavy metals studied were below acceptable limits for human consumption. THQ of mercury in roasted and fried samples were above acceptable limits for human consumption. For roasted and fried samples, HI suggested a non-potential carcinogenic effect while CR for cadmium suggested a carcinogenic health risk. 
Conclusion: Considering the nutritional quality and the health risk of consuming E. fimbriata, frying can be consider as the best cooking method compared to roasting. 
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1. INTRODUCTION
Fish are foodstuffs that contribute to the proper functioning of the body thanks to their nutritional and functional qualities. Global halieutic production is estimated at 185.4 million tons for a consumption of 20.7 kg/year/inhabitant [1]. In Cameroon, this production is estimated at 335,000 tons for a consumption of 19.4 kg/year/inhabitant [2]. The continued increase in this global production is due, among other things, to the nutritional and therapeutic properties of fish, in particular their essential amino acids, vitamins, minerals and their richness in polyunsaturated fatty acids omegas 3 and 6 [3]. However, this abundant production suffers high post-capture losses due to the high perishability of fish and the lack of appropriate conservation infrastructure [4]. These losses have been estimated at 35% of global production, or 62.3 million tons [1]. It is therefore necessary to process them in order to preserve their health qualities. Some cooking methods help preserve the quality of this food. In sub-Saharan Africa in general and in Cameroon in particular, roasting and frying are one of the most widely practiced cooking techniques due to their accessibility [5]. However, these techniques, although aimed at preserving the nutritional properties of fish, are likely to also affect their health quality. These include polyunsaturated fatty acids and vitamins that are easily oxidized by heat, atmospheric oxygen, and mineral losses that easily diffuse into water during the dehydration phenomenon that accompanies membrane ruptures linked to heat treatment [6]. To preserve these nutritional properties, the cooking methods used must guarantee the safety and quality of the fish. Ethmalosa fimbriata species is appreciated and commonly consumed by the populations of Cameroon [4]. This choice is linked to its availability throughout the year and its nutritional composition. However, living near the coast, this species is greatly affected by anthropogenic activities that pollute its biotope and expose it to some contaminants such as heavy metal residues [7]. It is therefore important to assess the impact of certain cooking methods on the nutritional and health risk of fish made available to consumers. Thus, in order to contribute to the promotion of Cameroonian fishery products, and given the place occupied by Clupeidae in the fishing catches and the diet of Cameroonians, the objective of this study was to assess the impact of roasting and frying on proximate composition, mineral contents and health risks of heavy metals on Ethmalosa fimbriata.

[bookmark: _Hlk178327077]2. MATERIAL AND METHODS  
2.1. Fish sample collection
[bookmark: _Hlk148154124]Thirty fresh fish of Ethmalosa fimbriata were purchased as soon as they arrived in the Douala fishing seaport in April 2023. Identification of fish was done by the Ministry of Livestock, Fisheries and Animal Industries veterinarian service of Cameroon, using the identification sheets of the FAO. The fish were put in icebox and transported to the laboratory with a fish/ice ratio of 1:2. The averages length / weight of the fish were 25.10 ± 3.04 cm / 406.73 ± 23.48 g. Then, the fish were subdivided into three batches used for raw, roasting and frying analysis. 

2.2. Sample preparation and cooking
2.2.1. Raw
The fish were gutted with a clean stainless-steel knife. The edible parts were cut into small pieces for the processing methods. 

2.2.2. Roasting
The fish were roasted with the heat of charcoal burning through a grill at 160 °C for 15 min. The temperature generated was measured using an industrial thermometer [8].
2.2.3. Frying
Fish samples were fried in palmor oil in domestic pans of 3 L capacity at a temperature of 150 °C for 15 min. The hot plate was used for temperature adjustment to uniform frying. The oil was used once with the fish/oil ratio being 250 g/L [9].

2.3. Proximate and mineral analysis
Moisture content was determined by AOAC [10] method using a hot air oven (Binder-78532), until a constant weight was obtained. Lipid contents were obtained by using Bligh and Dyer [11] method. Total proteins contents were obtained by applying Kjeldahl method. Ash contents were obtained after calcination of the organic matter in muffle furnace according to the AOAC method. Total carbohydrates were determined by subtracting the sum of fat, protein, ash and moisture contents from 100 in equation (1) [10]:
% Carbohydrates = 100 - % Proteins - % Fat -% Ash - % Moisture    (1).
The average value of energy (AVE) was calculated by adding together the energy provided by the carbohydrates, fat and proteins using Atwater equation (2).
AVE = (4 x Carbohydrate content) + (9 x Fat content) + (4 x Protein content)    (2)
Mineral (iron, zinc, copper, manganese, calcium, potassium, magnesium, sodium, phosphorus) and heavy metal (cadmium, lead, mercury and arsenic) were determined by the energy dispersive x-ray fluorescence spectrometer (EDX-7000 type).
2.4. Health risk assessment
Each fish sample was assessed for health risk based on the presence of metal residues as reported by Huang et al. [13]. Estimated daily intake (EDI) as shown in the equation 3 as define by USEPA [14].   

EF = frequency of exposure) is 365 (days/year) [14]; ED = exposure duration (59.65 years which is the life expectation in Cameroon in 2022) [15]; FIR = food ingestion rate (53.11 g/person/day) [16]; C: concentration of heavy metals in the selected fish tissues (mg/kg, ww); BW: average body weight (66.65 kg) [15]; AT: average exposure time 21787 days.

Non-carcinogenic health risk: The target hazard quotient (THQ) and hazard index (HI) are methods proposed by the US Environmental Protection Agency (USEPA) [14] for assessing the risk of heavy metals caused by food intake by the human body. If THQ < 1, toxic effects are not expected to occur. If the THQ ≥1, there is a potential health hazard. THQ and HI were estimated using equations 4 and 5 respectively described by USEPA [14].


                                         
RFDs = reference dose of As, Hg, Cd, Cu, Zn, Pb are 0.0015, 0.00016, 0.001, 0.04, 0.3, 0.004 respectively [14].   

Carcinogenic risk (CR): Not all trace metals have carcinogenic effects. However, As, Pb, Cd among the studied heavy metals is considered as carcinogens. For carcinogens, the individual risk assessment increases the probability of developing cancer due to exposure to potential carcinogens. Acceptable carcinogenic risk levels ranged from 10-6 to 10-4. CR were evaluated using USEPA [14] in the equation 6.  

Oral carcinogenic slope factor (CSFo) was obtained from the USEPA the database [14]. Available CSFo values (mg/kg/day) are: 6.3 (Cd), 0.0085 (Pb) and 1.5 (As) respectively. 
2.5. Statistical Analysis
Results were expressed as mean ± standard deviation. ANOVA (One-Way) was used to evaluated differences between species. Significance was fixed at P < 0.05. Fisher’s PLSD The protected least significant difference (PLSD, post hoc comparison test) of Fisher was used to make comparisons between groups when the p-value of ANOVA was significant. Statistical analyses were performed using SPSS 20.0 for windows (SPSS, Chicago, IL, USA)
3. RESULTS AND DISCUSSION
3.1. Results
3.1.1. Proximate composition
Various macronutrients of Ethmalosa fimbriata (raw and treated) were resented in Table 1. Moisture content varied from 50.74 to 76.43%. Roasting and frying decreased significantly (P < 0.05) moisture contents compared to raw sample. Protein, ash and Energy value content varied between different samples and increased significantly (P < 0.05) in roasted and fried sample compared to raw sample. Lipid content varied between 2.79 to 8.73 in raw and treated sample. Roasting and frying decreased and increased significantly (P < 0.05)) lipid content respectively compared to raw sample. Roasting and frying decreased significantly (P < 0.05) carbohydrate content compared to raw sample.

Table 1. Proximate composition (%) and energy value (Kcal/100 g)
	
	Moisture
	Protein
	Lipid
	Ash
	Carbohydrate
	Energy value

	Raw
	76.43±0.76e
	17.23±0.32a
	2.61±0.07b
	2.65±0.04a
	1.08±0.16c
	96.53±0.62a

	Roasted
	63.71±1.06c
	28.43±0.10c
	2.08±0.03a
	5.46±0.27c
	0.31±0.09a
	133.69±0.45b

	Fried
	50.74±0.45b
	33.23±0.08d
	8.73±0.04d
	6.72±0.20d
	0.55±0.13b
	213.67±0.24c


Values in columns (presented as mean ± standard deviation) with different letters are significantly (p < 0.05) different. N = 3.
3.1.2. Mineral contents
3.1.2.1. Macroelement contents
Table 2 shows the macroelement contents on Ethmalosa fimbriata (raw and treated). Frying and roasting increased significantly (P < 0.05) calcium (Ca), phosphorus (P), sodium (Na) and potassium (K) content compared to raw sample. Frying and roasting respectively increased and decreased significantly (P < 0.05) magnesium (Mg) content compared to raw sample. 

Table 2. Macroelement contents (% of edible part)
	
	Ca
	P
	Na
	K
	Mg

	Raw
	0.10±0.01a
	0.62±0.06a
	0.06±0.00a
	0.45±0.01a
	0.36±0.03b

	Roasted
	1.82±0.08b
	1.08±0.03b
	0.12±0.01b
	0.74±0.02b
	0.24±0.02a

	Fried
	1.77±0.05b
	2.33±0.04c
	0.20±0.02c
	1.17±0.08c
	1.15±0.17c


Values in columns (presented as mean ± standard deviation) with different letters are significantly (p < 0.05) different. N = 3.

3.1.2.2. Metal residues contents
Table 3 shows metal residues contents. Roasting and frying decreased significantly (P < 0.05) zinc (Zn), copper (Cu) and manganese (Mn) compared to raw sample. In roasted and fried samples, cadmium (Cd); mercury (Hg) and arsenic (As) contents increased significantly (P < 0.05) compared to raw sample. Iron (Fe) and lead (Pb) decreased significantly (P < 0.05) in fried sample compared to raw sample. Roasting increased significantly (P < 0.05) Pb compared to raw sample.

Table 3. Metal residues contents (mg/Kg DW)
	 Metal residues
	Raw
	Roasted
	Fried

	Fe
	148.18±4.71b
	149.93±3.45b
	92.34±3.32a

	Zn
	45.87±1.46c
	22.19±1.79a
	26.31±0.51b

	Cu
	20.58±1.25c
	8.14±2.40b
	1.01±0.15a

	Mn
	10.96±0.64b
	2.10±0.26a
	1.91±0.23a

	Cd
	0.26±0.02a
	0.65±0.04c
	0.36±0.03b

	Hg
	0.45±0.02a
	0.73±0.02c
	0.52±0.03b

	Pb
	0.29±0.04b
	0.54±0.07c
	0.17±0.01a

	As
	ND
	0.19±0.03a
	0.28±0.04b


Values in columns (presented as mean ± standard deviation) with different letters are significantly (p < 0.05) different. N = 3. DW: dry weight; ND: non determined  
3.1.3. Health risk assessment
3.1.3.1. Estimated daily intake
Estimated daily intake (EDI) values for metal residues Fe, Zn, Cu, Mn, Cd, Hg, Pb and As calculated for the three fish species (raw, roasted and fried) are presented in Table 4. These values vary from one metal to another and according to the type of cooking.

Table 4. Estimated daily intake, EDI (in mg/kg/day)
	Metal residues
	Raw
	Roasted
	Fried

	Fe
	27.72 x10-3
	43.21 x10-3
	36.17 x10-3

	Zn
	8.58 x10-3
	6.39 x10-3
	10.30 x10-3

	Cu
	3.85 x10-3
	2.34 x10-3
	3.95 x10-3

	Mn
	2.05 x10-3
	0.60 x10-3
	0.74 x10-3

	Cd
	4.86 x10-5
	0.18 x10-3
	0.14 x10-3

	Hg
	8.42 x10-5
	0.21 x10-3
	0.20 x10-3

	Pb
	5.42 x10-5
	0.15 x10-3
	6.66 x10-5

	As
	ND
	5.47 x10-5
	0.10 x10-3


ND: non determined  
3.1.3.2. Targeted hazard quotient (THQ), hazard index (HI) and carcinogenic risk (CR)
THQ of different metals varied in different sample (raw and treated). The THQ values ranged from 0.009 to 1.315. The THQ values of mercury on roasted and fried sample were greater than 1 (THQ > 1). HI was higher than 1 (HI > 1) on all samples except raw sample. CR value of Cd, Pb and As ranged from 3.06 × 10-4 to 11.80 × 10-4, from 5.66 x10-7 to 1.32 x10-6 and from 4.65 x10-7 to 9.32 x10-7 respectively.

Table 5. Targeted hazard quotient (THQ) and hazard index (HI) risk and carcinogenic risk (CR) in the edible parts of E. fimbriata
	
	THQ
(mg/kg/day)
	HI
(mg/kg/day)
	CR

	
	Cd
	Pb
	Hg
	As
	Fe
	Zn
	Cu
	Mn
	
	Cd
	Pb
	As

	Raw
	0.048
	0.013
	0.526
	ND
	0.039
	0.039
	0.028
	0.096
	0.767
	3.06 x10-4
	4.61 x10-7
	ND

	Roasting
	0.187
	0.038
	1.315
	0.036
	0.061
	0.061
	0.021
	0.058
	1.724
	11.80 x10-4
	1.32 x10-6
	4.65 x10-7

	Frying
	0.141
	0.016
	1.273
	0.073
	0.051
	0.051
	0.034
	0.009
	1.605
	8.88 x10-4
	5.66 x10-7
	9.32 x10-7


ND: non determined  
3.2. Discussion
Water contents after frying and roasting fell below the averages 70 – 84 % defined by Ude et al. [17] in fresh fish. These results showed that water is the major constituent of fresh fish. Different results were obtained by Manz et al. [3] on Ethmalosa fimbriata (75.52%). Roasting and frying decreased significantly (P < 0.05) water content of E. fimbriata compared to fresh fish. Similar results were observed by Tenyang et al. [9] who showed that the water content of Polypterus bichir bichir decreased during frying. Abéroumand [18] showed that moisture content decreases during roasting and frying. The decrease in water content during frying could be due to the oil/heat entering and water leaving during this heat treatment [8]. Protein content in raw E. fimbriata (17.23%) was higher than those obtained by Dama et al. [6] on Pseudotolithus senegalensis (15.02) and Ersoy et al. [19] on Clarias gariepinus fried (20) and grilled (19.5). Protein content increased during roasting and frying. This increase could be due to the loss water who improve the concentration of nutrients [4]. Total lipid obtained in our study was lower than those found by Manz et al. [7] on Ilisha africana (3.69) and Tenyang et al. [9] on fried P. bichir bichir (15.3). According to the classification of Omoruyi et al. [20], E. fimbriata is semi-fat specie. The increase of lipid may be due to the oil absorption during the frying process after partial water loss by evaporation [21]. The decrease in lipids could be explained by oil oxidation leading to the formation of other products such as peroxides, aldehydes, ketones or destruction of cells wall by thermal shock during hot treatment [22]. Ash contents increased significantly with roasting and frying. Ash provides information on the quantity of minerals present in the food. The results obtained by Ayanda et al. [23] on Chrysichthys nigrodigitatus (7.56) were greater than those obtained in our study. Ash content increased significantly with roasting and frying. Similar results were obtained by Karimian-Khosroshahi et al. [24] on Oncorhynchus mykiss. Increase in ash content during processing could be due to the water losses by dehydratation. Carbohydrate contents decreased with roasting and frying. Similar results were obtained by Aberoumand et al. [18] on Platycephalus indicus. During heat treatment, carbohydrates are combined with amino acids in the Maillard reaction to develop organoleptic qualities [25]. Table 1 showed that energy values of roasted and fried fish fillets (133.69 and 213.67 kcal/100g) were greater than raw fish fillets (96.53 kcal/100g), but highest value (213.67 kcal/100g) found for fried fillets, because absorption of fat by fillet in frying process. These results were lower than those obtained by Tenyang et al. [9] on Polypterus bichir bichir (281 kcal/100g).
Raw Ethmalosa fimbriata contained 0.10 g/100 g of calcium. This value is lower than those reported by Manz et al. [5] on Polydactilus quadrifilis (0.04 g/100 g). Calcium is involved in mineralization, skeletal structure, blood coagulation hormone release and muscle contraction. It is also used as a cofactor in metabolic pathway [26]. Roasting and frying increased significantly (P < 0.05) calcium content compared to raw sample. Goswami et al. [27] showed that frying did not decrease the calcium content of Tenualosa ilisha (119.5) compared to fresh. Phosphorus is important in the uptake of calcium by bones. It is a part of nucleic acids, nucleoproteins and intervenes in the energy production. Values of phosphorus contents varies from 0.62 g/100 g for raw E. fimbriata and 2.33 g/100 g for fried E. fimbriata. They are greater than those obtained Djopnang et al. [28] on Chryschsthys nigrodigitatus (406.25 mg/kg). Phosphorus content increased on roasted and fried sample compared to raw sample. Tenyang et al. [9] showed that phosphorus content decreased with frying on Polypterus bichir bichir (681 mg/100 g). The sodium content in raw sample was 0.06%. This result is lower than those found by Njinkoue et al. [29] on Pseudotolithus typus (0.27%) and could be explained by the nature of the species, environmental factors, feeding habit and the fishing period. Sodium helps in the regulation of blood pressure, maintain of acid-base balance, and contributes also to muscles and nerves functioning. It is essential for the transport of certain substances and water retention [26]. Roasting and frying increased significantly (P < 0.05) sodium content compared to raw sample. Golgolipour et al. [21] showed that sodium content increased with frying on Ctenopharyngodon idella. The results in Potassium content varied significantly (p < 0.05) between the raw and treated sample. These values were lower than those obtained by Manz et al. [3] on raw Arius parkii (1.52%). Potassium is involved in electrolyte balance, nerve transmission and muscle contraction. Roasting and frying increased significantly (P < 0.05) potassium content compared to raw sample. Similar results were found by Tenyang et al. [9] on Polypterus bichir bichir. Magnesium participates in neuromuscular excitability, energy metabolism reactions and protein synthesis [26]. Magnesium content in raw sample was 0.36%. This result is lower than those found by Manz et al. [7] on raw Cyprinus carpio (4678.54 mg/100 g DW). Frying and roasting increased and decreased significantly (P < 0.05) magnesium content compared to raw sample respectively. Goswami et al. [27] showed that frying no has effect in magnesium content compared to raw sample of Tenualosa Ilisha. Ersoy et al. [19] showed that magnesium content increased with frying and grilling compared to raw Clarias gariepinus. The increase of mineral could be due to the loss water who improve the concentration of nutrients. The decrease could be due to the solubilization of mineral in oil frying [4].
Table 3 showed that frying decreased significantly iron content compared to raw sample. These results are higher than those obtained by Manz et al. [7] on Sardinella maderensis (10.68 mg/100 dry weight). The nature of the species, sex and environmental factors could explain this difference [3]. Iron is involved in hemoglobin synthesis, oxygenation of tissues, synthesis of hormones and neurotransmitters [30]. Indeed, the volatilization and/or solubilization of certain minerals during cooking could explain this decrease. The zinc content is higher than 27.15 mg/Kg obtained by Huang et al. [13] on Sebastiscus marmoratus and lower than 426.40 mg/Kg obtained by Ozturan et al. [26] on Astacus leptodactylus. Roasting and frying decreased significantly (p < 0.05) zinc content compared to raw fish. Different results were obtained by Alfaris et al. [31] on Penaeus semisulcatus during frying and grilling. Indeed, during frying and braising, the loss of water allows a concentration of nutrients. Zinc being an essential mineral participates in the taste perception, fetal development and biological material synthesis. Copper content decreased significantly (p < 0.05) on fried and roasted sample compared to raw sample. These contents are similar to those obtained by Ozturan et al. [26] on Astacus leptodactylus (36.12 mg/Kg). Ersoy et al. [19] showed that grilling decreased significantly (p < 0.05) the copper content in Clarias gariepinus. Tenyang et al. [9] showed that frying significantly increased (p < 0.05) copper content in P. bichir bichir. Xiong et al. [32] showed that frying decreased copper content in Trachinotus ovatus compared to raw fish. Copper is involved in the development of antibodies and the stimulation of the defense system. Manganese is an essential mineral involved in the prevention of protein-energy malnutrition, mineral fixation and the activation of pyruvate kinase [33]. Manganese contents are similar to those obtained by Manz et al. [7] on Cyprinus carpio (1.82 mg/100 g). Roasting and frying significantly decreased (p < 0.05) manganese content compared to fresh. According to Zabadi et al. [8], frying and braising respectively increase and decrease manganese content in Sardinops pilchardus. This variation could be explained by the fact that during heat treatments, certain minerals concentrate following water loss or solubilize in the cooking oil [32]. Table 3 showed that roasting and frying increased significantly (p < 0.05) cadmium content in compared to fresh fish. Similar results were obtained by Ngo Massou et al. [34] in Cardisoma armatum (0.28 mg/kg). These results are higher than those recommended by the International Atomic Energy Agency (IAEA) (2003) (0.18 mg/kg). During frying and grilling, Zahra et al. [35] noted a decrease significantly of cadmium content in white fish. Ingestion of high doses of cadmium could cause testicular and erythrocyte damage, demineralization, nephropathy and lung cancer [36]. Mercury content ranged from 0.45 - 0.73 mg/kg of dry weight and increased significantly (p < 0.05) with braising and frying compared to raw sample. These results are higher than those obtained by Manz et al. [7] on five species of fish from the Cameroonian coast (0.128 - 0.161 mg/kg of dry weight). Different results were obtained by Schmidt et al. [37] who showed that frying reduced mercury content in fish compared to raw sample. The increase in mercury content could be attributed to the charcoal and grilling used during roasting. Water losses during heat treatments leading to mineral concentration could also explain this increase [38]. High dose mercury ingestion causes brain and kidney damage, fertility problem [36]. Lead content ranges from 0.17 - 0.54 mg/kg of dry weight. Roasting and frying increased and decreased lead content respectively compared to raw sample. These results are lower than those obtained by Sabouang et al. [39] on E. fimbriata (0.9 µg/g of wet weight) and similar to those of Ngo Massou et al. [34] on Cardisoma armatum (0.19 mg/kg of dry weight). Lead content on roasted sample was higher than the standard recommended by European Union [40] which is 0.3 mg/kg. Kalegeropoulos et al. [41] showed that frying increased lead content in finfish compared to raw fish. Ingestion of high doses of lead causes neurological damage, cardiovascular problems, deleterious effects on hematopoiesis and the urinary system [36]. In raw sample, arsenic was not detected, as the sensitivity limit was not reached. Roasting and frying increased significantly (p < 0.05) arsenic content compared to raw sample. Ersoy et al. [19] showed that grilling and frying increased significantly (p < 0.05) arsenic content in Dicentrarchus labrax compared to raw. During cooking, arsenic derivatives such as arsenobetaine, trimethylarsine oxide and monomethylarsonic acids are converted into arsenic, leading to an increase in arsenic content [19].
The Estimated daily intake (EDI) values for Fe, Zn, Cu, Mn, Hg, Pb, As and Cd are below the standards defined by USEPA [14], which are 0.80, 30 × 10 -3, 10 × 10 -3, 0.36, 1.0 × 10 -3, 2.5 × 10 -3, 0.2 × 10 -3 and 0.2 × 10 -3 mg/kg/day respectively. These results suggest a lower possible health risk of the heavy metals to the consumers. Huang et al. [13] reported that EDI for Cd, Zn and Cu on raw Sebastiscus marmoratus were below the standard defined by USEPA [14]. Different results were obtained by Sani et al. [42] who showed that EDI values for lead and iron were greater than the standards recommended by USEPA [14]. This result could be due to the degree of water pollution by this metal and the diet of these fishes. EDI reflects daily exposure to the heavy metal and is used to prevent any harmful effects on human health and describe the safe levels of the heavy metals. EDI values below the maximum tolerable limit suggest a lower risk of metal residues for humans [34]. However, these values are not permanent measures to reach to a definitive conclusion. Occurring of these elements may have different features and their co-existence in diets may intensify the toxicity of the metals and metalloids with their intake, increasing the potential risk. Heavy metals become toxic when they are not metabolized and accumulate in soft tissues and the exposure of heavy metal could be acute or chronic depending on the duration such exposure [43]. 
Table 5 presents the targeted hazard quotient (THQ), hazard index (HI) and carcinogenic risk (CR) values for Ethmalosa fimbriata studied. THQ was greater than 1 suggesting an unacceptable level of non-carcinogenic adverse health risk and when THQ was less than 1 suggesting an acceptable level of non-carcinogenic adverse health risk of the heavy metals [44]. THQ values increased with roasting and frying smoking compared to raw. THQ values for all heavy metals studied are below 1 except mercury whose value is above 1. Similar results were obtained by Kumar et al. [43] who found THQs values of Mn, Zn, Cu, As, Cd, Pb and Hg were lower than 1 on raw fish collected from the East Kolkata Wetlands, India, Ramsar Site. Hazard index (HI) values indicated the collective influence effect on human health under long-term exposure when the individual THQ values are considered safe [45]. In this study, HI were lower than 1 on raw sample and greater than 1 roasted and fried samples. Mahamood et al. [44] found that HI value on raw Bagarius bagarius was lower than 1. Saputri et al. [46] reported that HI value of raw Cirrhinus cirrhosus was greater than 1. The difference was probably linked to the level of pollution in the fish environment but also to the impact of culinary cooking. Indeed, for HI < 1, there is no potential non-carcinogenic effect, while HI > 1 could indicate non-carcinogenic risks for consumers [47]. In this study, the consumption of Ethmalosa fimbriata (roasted and fried) might pose some problem health long time. Given the multitude of metal residues, their bioaccumulation biomagnification in human, it is important to monitor them. 
Due to the high toxicity of Cd, Pb and As, the target cancer risk (CR) for these three heavy metals was calculated as shown in Table 5. CR is an upper limit of the probability that the individuals may have cancer sometime in his/her lifetime following exposure to a heavy metal. CR values below 10-6 indicate negligible risk to human health. Values between 10-6 -10-4 are in the acceptable range. Values above 10-4 suggest exposure to carcinogenic risk [39]. These results showed that CR values were within the acceptable range of 10-6 to 10-4 for Pb and As. This result shows that lead and arsenic could not induce carcinogenic risks in consumers. CR values for cadmium in Ethmalosa fimbriata (raw and treated) are greater than 10-4. Thus, cadmium will induce carcinogenic effects in humans following consumption of these fish species. Uguru et al. [48] reported that CR values of Cd and Pb were lower to 10-4 on smoked Oreochromis niloticus. Huang et al. [13] showed that cadmium CRs on raw Sebastiscus marmoratus did not expose to carcinogenic risk. So, CR should be a great concern when eating halieutic products from Douala. These results invite authorities and consumers to challenge the quality of Cameroon’s marine fishes. 

4. Conclusion
The study showed that Ethmalosa fimbriata is good sources of macronutrients and micronutrients. Theses nutrients contents vary from roasting and frying. Roasting and frying increased protein, ash, energy value and particular mineral such as Ca, P, K and Na. Moisture, carbohydrates and particular mineral such as Zn, Cu and Mn decreased with roasting and frying. Roasting and frying increased significantly heavy metal (Cd, Pb, Hg and As) and health risk assessment (EDI, HI and CR) compared raw fish. Roasting increased significantly heavy metal (Cd, Pb, Hg and As) and health risk assessment (EDI, HI and CR) compared frying. It would be important to inform the consumers about the risks of toxicity linked to the long-term overconsumption of Ethmalosa fimbriata. Consequently, health education and public awareness campaigns have to be carried out. In order to reduce the risks associated with these fish, it is advisable to control the metal residues quality before and after roasting and frying. According to nutritional and the presence of metal residues in fish, frying seemed to be the best cooking method compared to roasting.
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