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Abstract: This study investigates the level of some vitamins as well as heavy metals and poly aromatic 

hydrocarbons (PAH) in processed fish sold by street food vendors in Port Harcourt, Nigeria. The Atlantic Horse 

Mackerel fish (Trachurus trachurus) was processed in three different ways namely; Washed Fresh Fish (WFF), 

Roasted Fish without Spice (RFWoS) and Roasted Fish with Spice (RFWS).  Ultraviolet spectrophotometer, gas 

chromatography (GC) and atomic absorption spectrophotometer (AAS) were used to evaluate the vitamins, poly 

aromatic hydrocarbons and heavy metals content respectively. The results showed that the vitamins content 

ranged from 11.68 - 14.69 mg/l; 4.78 - 10.32 mg/l and 0.63 - 0.98 mg/l for Vitamin B6, Vitamin A and Vitamin E 

respectively. Vitamin B6 and Vitamin E contents of RFWS decreased compared to the washed fresh fish (WFF).  

The total concentration of PAHs in RFWS (0.0734 ppm) was significantly (p≤0.005) higher compared to the 

WFF sample (0.0263 ppm). Flourene (0.0162 - 0.044 ppm), Benzo (K) fluoranthene (0.001 - 0.090 ppm) and 

other PAHs were present in varying concentration in all three samples studied.  Heavy metals such as Zn (0.044 

- 0.100 µg/ml), Cd (0.006 - 0.091 µg/ml) and Cu (0.045 - 0.087µg/ml) were higher in RFWoS and RFWS 

compared to the WFF sample where most of these metals were either  not present or present but not in 

significant quantity.  This study therefore shows that processing decreased the vitamins B6  and E content of the 

fish while the toxic substances level increased. This is possibly due to the smoke, environmental exposure and 

the additives which served as spices. Prolonged consumption of these processed Mackerel fish may have 

negative health consequences. 
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I. Introduction 

Atlantic Horse Mackerel or European Horse Mackerel (Trachurus trachurus) is  specie of jack 

mackerel in the family of carangidae [1] It can be found in the North-eastern Atlantic from Iceland to Senegal 

including the Mediterranean and the black sea [2]. The Atlantic mackerel is rich in proteins, vitamins and 

minerals with little or no saturated fat [3,4]. It is an important commercial fish widely consumed, after 

processing, in Nigeria and West Africa sub region. The processing methods include; boiling, roasting, grilling, 

baking, pre-treatment with additives like salt and spices (garlic-Allum sativum, onion- Allum cepa, curry and 

knorr cube). The effect of different processing methods have been previously reported [4,5,6,7]. Most of these 

researchers reported loss of micronutrient during processing. 

Processed street foods have been associated with toxic environmental substances such as poly aromatic 

hydrocarbons (PAHs) and heavy metals. The mechanism by which PAHs are found in food is based on 

incomplete combustion or thermal decomposition of the organic materials [8]. PAHs are produced in food when 

the fat from products such as fish, meat or chicken drips as oil unto hot coals, gauze or stones resulting in smoke 

which later is absorbed into the  food sample [9]. Food samples can also be contaminated with toxic substance 

via environmental exposure, mainly during processing of coal tar, crude oil, natural gas, exhaust from 

automobiles etc. [10,11,12]. Kinze et al., [13] observed that some cooking methods such as roasting, barbecuing 

and smoking increases the level of PAHs  in foods; while steaming and boiling barely introduces PAHs. It has 

also been reported that PAHs are produced in roasted foods based on the distance of food from the heat source 

[14] duration of roasting [15] and temperature used [16]. PAHs formed in processed foods are very well known 

eco-toxicants that are harmful to human and animal health as they bind to cellular macromolecules, including 

DNA, thereby causing errors in DNA replication leading to mutation that initiates carcinogenesis [9,17,18].  A 

number of PAHs have been found to have carcinogenic effects; while some others may act as synergists [9]. 

Processing methods can also influence the presence of heavy metals in foods. Heavy metals can be 

assimilated by humans through processed food, drinking water and air [19]. As a result of environmental 

pollution, some of the toxicants leach into underground water [20,21,22] which are often exploited for domestic 

use. 
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Additives (spices) such as knorr cube, garlic, onion and curry which  are added to foods to improve 

flavour and taste have been shown to contain some mineral elements and PAHs. [17,23,24]. Abdullahi et al., 

[25] reported that the type of soil used for cultivation, fertilizers and source of water used for irrigation may 

introduce these toxic substances into some of these additives.  Darko et al., [24] also reported that aerial 

depositions during drying or during commercial milling can introduce heavy metals into the spices due to wear 

and tear of the machinery. This work therefore, is aimed at investigating the effect of processing (roasting with 

some additives/spices) on the vitamins content as well as heavy metals and poly aromatic hydrocarbon 

concentrations in the mackerel fish. 

 

II. Materials And Methods 
2.1 Sample Preparation   

Mackerel fish (Trachurus trachurus) with length, 22 – 70 cm, and weight 200 – 450 g, was 

obtained from street food vendors located in mile 1 Diobu, Port Harcourt, Nigeria. The fish samples were 

divided into three different sets.  The first set was cleaned and washed (Washed fresh fish-WFF), the 

second set was cleaned, washed and roasted without the addition of spices (Roasted fish without spices-

RFWoS) while the third set was cleaned, washed and spiced with additives such as onion, garlic, ginger, 

knorr cube, salt and palm oil before roasting (Roasted fish with spice-RFWS). Roasting, which involves 

the use of charcoal as a source of heat, was gradually carried out for about 40 min with the fish samples 

being placed on wire gauze over the burning charcoal at various distances to prevent immediate charring. 

The roasted fish was collected after about 1 – 2 hours exposure still placed on the gauze but farther away 

from the burning coals  together with the other two sets, they were wrapped in separate  paper foil and 

taken to the laboratory for analysis. Prior to analysis, samples were oven dried at 50
0
C for 18 hours, 

ground into powder using laboratory blender and stored in an air tight container until ready for analysis. 

 

2.2 Vitamin Analysis 

2.2.1 Vitamin B6 

Modified method by Kaman et al., [26], using high performance liquid chromatography (HPLC) was 

applied for the determination of vitamin B6. Each of the dry powdered samples was weighed (5g) into a 

250ml conical flask; followed by the addition of 30ml of 0.1M HCl. The flask was closed with cotton and 

wrapped with aluminium foil before placing it in an autoclave for about 35 minutes.  pH of the autoclave 

sample was adjusted to 6.5 with sodium acetate and to 4.5 using HCl.  The volume was made up with 

distilled water and filtered using normal filter paper.  The filtered sample was further centrifuged for 10 

minutes at 6000 rpm to eliminate the presence of turbidity.  The sample was finally placed in the HPLC 

column for Vitamin B6 estimation. 

 

2.2.2 Vitamins A and E 

The fat soluble Vitamins A and E were determined using HPLC as described by Manz and 

Philip[27]. The samples were homogenized and later saponified using 50% ethanolic potassium hydroxide 

and 50% methanolic ascorbic acid in addition to 50% potassium hydroxide for Vitamin A and E 

respectively. Saponified samples were extracted three times using 70 ml diethyl ether and separated using 

separating funnel. Each of the three extracts for Vitamin A and Vitamin E was combined and washed with 

distilled water before being concentrated and made to volume with diethyl ether in a 250 ml volumetric 

flask. Both vitamins were determined separately using HPLC at different conditions. 

 

2.3 Heavy Metals 

The ground fish samples (5g each) were digested using 9.0 ml concentrated HCl and 3.0 ml 

concentrated HNO3 in a 25 ml volumetric flask. The digest was made up to mark with deionised water. A 

blank digest was carried out in the same way and the metals were determined using atomic absorption 

spectroscopy (AAS) against aqueous standards.  The metal concentration was expressed in ppm [ 28]. 

 

2.4 Poly Aromatic Hydrocarbon (PAHs)  

The amount of PAHs present in each of the fish sample was determined by weighing 2.0 g of the 

sample into an extraction unit containing 10.0 g of anhydrous sodium sulphate (Na2SO4) salt to absorb 

moisture.  The extraction was carried out using 10 ml dichloromethane (CH2Cl2). The dichloromethane 

extract was cleaned up by passing through a column packed with anhydrous Na2SO4 salt.  The resulting 

extract was concentrated on a rotary evaporator to give an oily residue. This oily residue was dissolved 

with dichloromethane and 1.0 µl was injected into the gas chromatography column for analysis.  The GC 

used was coupled with flame ionization detector (GC –FID). The identification of PAHs was based on 

comparison of the retention times of the peak with those obtained from standard sample mixture of PAHs. 
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The amount of PAH from the processed fish sample was extrapolated from external calibration curves 

prepared from PAH standards.  

 

2.5 Statistical analysis  

SPSS version 17.0 was used for statistical analysis. Means were separated using analysis of 

variance (ANOVA) and Duncan multiple range test;  Wahua [29]. 

 

III. Results And Discussion 
3.1 Vitamins  

Results of the Vitamins determined in the fish samples (Vitamin B6, A and E) are shown in Table 1. 

Vitamin B6 had mean values of 14.69, 10.35 and 11.68mg/l; Vitamin A had mean values of 0.632, 0.776 and 

0.975 mg/l and Vitamin E had mean values of 10.28, 4.78 and 4.82mg/l for WFF, RFWoS and RFWS 

respectively. 

 

Table 1  Vitamin Content of Processed Mackerel Fish (mg/ml) 
Vitamins   WFF RFWoS RFWS 

    

B6 14.69±0.03a 10.35±0.89b 11.68±1.02b 

A 0.632±0.00a 0.776±0.01a 0.975±0.03b 

E 10.28±1.00a 4.781±0.33b 0.815±0.00c 

 

Results are means of triplicate determination. 

Means within the same row not followed by the same superscript differ significantly (p≤0.005). 

Different processing methods affect the vitamin content of a food sample. For instance, water soluble 

vitamins (Vitamin B6) are susceptible to destruction at high temperatures in the presence of oxygen whereas fat 

soluble vitamins (Vitamin A and Vitamin E) are not easily destroyed by heat [30]. Results in Table 1 show that 

roasting decreased Vitamin B6 content of the roasted fish.  The relative degradation was found to be 41.92% for 

RFWoS and 25.83% for RFWS. This result corroborates the findings of Ersoy and Ozeren[31]. They reported 

that Vitamin B6 content of baked and grilled African cat fish decreased significantly (p≤0.005).  

 They also reported that solubility in water, exposure to air, exposure to sunlight leading to oxidation, exposure 

to alkaline solutions as well as lose due to storage, are some other factors in addition to heat which can destroy 

vitamins and that Vitamin E is more affected by such exposure compared to Vitamin A.  

Table 1 shows that Vitamin A content increased while Vitamin E content decreased following 

processing. This increase in Vitamin A content is contrary to the report of Ersoy and Ozeren[31] who reported a 

decrease in Vitamin A content of fin-fish (pacific cod) as a result of processing. The decrease in Vitamin E 

content corroborates with the findings of Francois et al., [32] who reported that the Vitamin E content of roasted 

curcurbita seed decreased from 107.0 mg/100g to 68.0 mg/100g.  

In this study, Vitamin E content was further reduced in the spiced processed sample compared to the 

processed samples without spices. Components of the spices may have interacted with the Vitamin E thereby 

accelerating its degradation during the roasting process.  However, Ersoy and Ozeren[31] reported that baking, 

grilling, microwaving and frying processes increased the vitamin E content of African Cat fish compared to the 

raw fish. These variations support the report of Greenfield and Southgate [33] where they indicated that vitamin 

content can vary in different parts of the same tissue and among animals collected at different times and 

locations.  

Vitamin A content in the spiced fish (RFWS) was higher compared to the other samples. This could be 

attributed to the fact that some of the spices serve as rich sources of vitamins [23,24]  

 

3.2 Heavy Metals 

The concentrations of heavy metals in the processed fish are presented in Table 2 below.  

Among all the heavy metals analyzed, Cadmium(0.091µg/ml) and Zinc (0.101µg/ml) were more predominant  

in RFWS. Copper was found in RFWoS (0.045µg/ml) and RFWS (0.087µg/ml) while Lead was present only in 

RFWS (0.002µg/ml). The concentrations of Zinc present in RFWS and RFWoS were significantly (p≤0.05) 

higher than that reported for WFF. A total of five out of ten heavy metals analysed were found to be present in 

detectable quantities.  

Studies have shown that heavy metals are toxic, however, trace metals are said to be beneficial to health in 

certain quantities [6]. Exposing these processed fish samples to metals especially, cadmium, lead and nickel 

could be hazardous to health. Acute lead exposure can affect cardiac function especially the mechanical and 

electrical activity of the heart via the alteration of vascular-smooth muscle function. Lead can also affect the 

intercellular messenger protein kinase C and its role in smooth muscle contraction [6,34]. Effect of cadmium 

exposure is seen in organs like kidney, placenta, lungs brain and bones. Accumulation of cadmium has some 
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irreversible effects on human health [10]. Cadmium has been reported to increase oxidative stress and lipid 

peroxidation [34].  

The presence of these metals in food may be attributed to metal bioaccumulation in the food chain. In 

addition, roasting with wood charcoal generates ash (which may contain these metals) that may volatilize and 

get absorbed in the fish samples.  Smoke from the burning charcoal and heavy metal contaminated air may 

contain volatilized heavy metals which adsorb unto the fish being processed as well. 

Zinc is a nutritional essential element for a healthy life; for instances, Zinc is important for proper 

immune function. Zinc supports normal growth and development and is an essential element required especially 

for children [35]. Delayed neurological and behavioural development in children occurs as a result of deficiency 

in zinc [36]. It is also important in the synthesis of DNA [37]. These metals are important cofactors in enzymatic 

reactions. Interestingly, levels of these five metals identified in the samples analyzed are generally below the 

permissible levels set by World Health Organization [38]. 

 

Table 2 Heavy Metals Contents of Processed Mackerel Fish (µg/ml) 
Heavy Metals   WFF RFWoS RFWS 

Lead  N.D N.D 0.020 

Cadmium  0.006 0.063 0.091 

Selenium  N.D N.D N.D 

Chromium  N.D N.D N.D 

Mercury  N.D N.D N.D 

Nickel  N.D 0.001 0.001 

Zinc 0.044 0.095 0.101 

Copper  N.D 0.045 0.087 

Cobalt  N.D N.D N.D 

Thallium  N.D N.D N.D 

                                          ND= Not Detected 

The spiced sample (RFWS) had higher heavy metal contents than the other samples analyzed. This 

supports the reports of Darko et.al.,[24] which indicated that spices contain heavy metals in varying 

concentrations; some of which may naturally be present or absorbed during its processing. The heavy metals in 

the spices become absorbed when applied to the fish sample as seen in RFWS. 

 

3.3 Poly Aromatic Hydrocarbon  

The results of analysis of PAH from the various fish samples are presented in Figure 1 below.  

A total number of 9, 10 and 12 PAHs were detected for WFF, RFWoS and RFWS respectively. Roasting 

significantly (p≤0.05) affected PAH values. The maximum PAH detected with the highest concentration were 

Benzo(k)fluoranthene (0.090ppm), 2-Methylnaphthalene (0.023 ppm) and Fluorene (0.016 ppm) for RFWS, 

RFWoS and WFF respectively; whereas the minimum concentration recorded for each of the sample was 

0.001ppm.  The total amount of PAHs in the entire processed fish sample was 0.30ppm out of which 45.33% 

were of low molecular mass; while 55.66% were of high molecular mass.  The high molecular mass PAHs are 

considered as being relatively stable [39] and are classified as probable human carcinogens except for chrysene 

which happens to be among the PAHs considered as low molecular mass though with four aromatic rings.  

RFWS had more of the high molecular mass PAHs (62.56%) compared to RFWoS and WFF. The non-detection 

of some PAHs especially of the low molecular weight may be due to instrument sensitivity or their stability [9]. 

It is also possible that most of these PAHs may have been destroyed by thermal decomposition [8].  Our 

findings are in agreement with other researchers [5,6,9,12,40 ].  
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Figure 1:  Mean values of the individual PAHs in the processed fish sample 

 

The high PAH content in RFWS shows that most additives contain some amounts of PAHs. Schlemitz 

and Pfannhauser [41] determined seven nitro-PAHs that are associated with mutagenic activities from tea and 

spices. This is contrary to the report by ElBadry [42], who reported that treatment of chicken with either spices 

mixture or garlic paste prior to cooking, caused a reduction in total and carcinogenic PAH levels.  He attributed 

this observation to some inhibitory effect possibly due to some antioxidant properties present in garlic. Besides, 

some of the variation observed could also be attributed to the interaction between PAHs showing a synergetic 

effect. 

IV. Conclusion 
This study reveals that depending on the type of processing and additives applied, Vitamins and 

toxicants levels are reduced or increased in processed Mackerel fish.  

Roasting decreased Vitamin B6 content by 41.92% in the roasted fish without spices (RFWoS) and 

25.83%, in the roasted fish with spices (RFWS). Vitamin A content increased while Vitamin E content 

decreased following the roasting processing process. 

Environmental exposure, food processing technique and the presence of different additives could be 

major sources of heavy metals and poly aromatic hydrocarbons in street foods. Five heavy metals (cadmium, 

lead, nickel, copper and zinc) were detected in the processed Mackerel fish. The spiced sample (RFWS) had 

higher heavy metal contents than the other samples analysed. However the levels of these heavy metals were 

generally below the World Health Organization permissible limits. 

Poly aromatic hydrocarbons (PAHs) were detected at various levels in the processed Mackerel fish 

samples. The total amount of PAHs in the entire processed fish sample was 0.30 ppm out of which 45.33% were 

of low molecular weight; while 55.66% were of high molecular weight.  The roasted fish with spices (RFWS) 

had more of the high molecular mass PAHs (62.56%) compared to the other samples. 

The decrease in Vitamin B and E content and increase in the level of toxicants following the processing 

of Mackerel fish by street food vendors may induce negative health consequences for regular consumers. 
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