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ABSTRACT 

Three brands of chocolate and five varieties of bread samples were collected and subjected to 

acid digestion for evaluation of some heavy metals (Cu, Cr, Pb, Fe, Cd and Zn) using atomic 

absorption spectrophotometry. The concentrations of the studied heavy metals in the 

chocolate brands were in the range 0.02-0.20; 0.02-0.10 and 0.09-0.20 mg/kg for Cd, Zn and 

Cr respectively. whereas Pb was not detected in the study. As per the bread samples, the 

concentrations ranged 0.05-0.13; 0.60-2.24, 0.30-0.06 and 0.02-0.10 mg/kg for Cd, Zn, Cr 

and Pb respectively. This study indicates that the concentrations of the studied brands of 

chocolate and bread are within the allowable limits hence pose no potential health risk or 

hazard upon consumption. 
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INTRODUCTION 

Heavy metals refer to metals or semi-metals with densities more than 5 gcm-1 and atomic 

weight of 63.546 - 200.590 g which have the specific gravity of 4.0. In concentrations above 

the critical threshold, they are toxic for organisms. However, some of them such as Fe, Mn, 

Cu, Zn and Se in lower concentrations are essential for metabolic processes (Ikem and 

Egiebor, 2005). 

Chocolate is a sweet, confectionery of Theobroma cacao seeds. It is one of the common 

consumables by all age groups (Dias and Wickramasinghe, 2016). Chocolate is regularly 

eaten for gratification. There are potential beneficial health effects of eating chocolate; the 
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unconstrained consumption of large quantities of any energy-rich food such as chocolate 

without a corresponding increase in activity could increase the risk of obesity and dental 

complications. Contamination of food products with heavy metals have capability to cause 

serious health risks. This is because, consumption of foods with even a low concentration of 

the heavy metals can result to considerable concentrations in the human body leading to bio-

toxic effects (Dias and Wickramasinghe, 2016). 

This study is aimed at evaluating levels of some heavy metals (Pb, Cd, Cr and Zn) in 

chocolates and breads samples sold in Maiduguri, Borno State, Nigeria.  

MATERIALS AND METHODS 

All reagents used were of analytical grade and used as supplied without further purification. 

Atomic absorption spectrophotometer 210 VGP was used for determination of the 

concentration of heavy metals in the samples. 

Sample Collection 

Three selected brands of chocolates labelled sample A, B and C were collected from Gidan 

Madara, Maiduguri, Borno State. 

The Bread samples were collected from different bakeries in Maiduguri, Borno State and 

stored in a polythene bag and conveyed directly to the chemistry research laboratory for 

further analyses. 

Sample Preparation by Acid Digestion 

Digestion of Chocolates 

2 g of each of the chocolate samples was weighed into 250 ml beaker, 10 ml of aqua regia 

(mixture concentrated HCl and HNO3 in ratio 3:1). The mixture was heated for 30 minutes, 

removed and cooled, then 10 ml of 30 % hydrogen peroxide (H2O2) was gently added to 

avoid any possible overflow leading to loss of material from the beaker. The beaker wall and 

watch glass were washed with distilled water. The sample was continuously heated until the 

volumes reduced to 5 ml. Then the solution was filtered to remove the insoluble materials 

and made up to the mark in a volumetric flask (Radojevic and Bashkin, 1999; Akan et al., 

2010). 

Ashing and Digestion of Bread Samples 

The bread samples were placed in a porcelain crucible and put into muffler furnace and the 

temperature was raised to 400 0C for about three hours. After the sample has been ashed, it 

was removed and cooled in a desiccator for further analysis. 

0.5 g of the ashed sample was weighed into 250 ml beaker. 10 ml of 6 M hydrochloric acid 

was added. The mixture was heated for 15 minutes, was removed and cooled. 1 ml of 

concentrated nitric acid was added and the sample was again heated to evaporate to dryness 

to dehydrate the silica. 

1 ml of 6 M Hydrochloric acid was added, followed by 10 ml of distilled water and heated 

again to dissolution. Then it was left to cool and then filtered with Whatman filter paper into 

volumetric flask, diluted to the mark with distilled water and transferred into a white bottle 

for further analysis. 

Estimation of Daily Dietary Intake (DIM) 

To assess the risk associated with consumption of the studied products, estimated daily intake 

of each metal (DIM) was calculated by using the relation: 
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𝐷𝐼𝑀 =
𝐶𝑚𝑒𝑡𝑎𝑙 𝑥 𝑊𝑓𝑜𝑜𝑑

𝐵𝑤
 

Where 

Cmetal = concentration of heavy metals in the samples in mg/g 

Wfood = daily average weight of the sample consumed (assumed 20 g and 100 g of each 

sample is taken by children and adult respectively) 

Bw = body weight assuming that samples are consumed by children and adult with average 

body weight of 20 kg and 70 kg respectively) 

(Lanre-Iyanda and Adekunle, 2012; Ochu et al., 2012) 

 

RESULTS AND DISCUSSION 

The concentrations of the heavy metals (Pb, Cd, Cr and Zn) in some chocolate brands sold in 

the markets of Maiduguri, Borno State, Nigeria were determined by Atomic absorption 

spectrophotometer. The results are presented in Table 1. From the results obtained, Pb was 

not detected in the three brands of the chocolates analyzed. The levels of Cd ranged between 

0.10 – 0.20 mg/L with brand A having the highest concentration of 0.20 mg/L and least 

concentration of 0.10 mg/L for brand B. The concentrations of Zn and Cr ranged between 

0.02 – 0.10 mg/L and 0.09 – 0.20 mg/L respectively. These concentrations are higher than 

those reported by Iwegbue (2011) and Ochu et al, 2012. The results are also in line with that 

reported by Dias and Wickramasinghe (2016). All the found concentrations of the studied 

heavy metals in the different brands of chocolate are within the allowable limits for 

consumption.  

Table 1 

Mean concentrations (mg/kg) of some heavy metals found in some 

selected brands of chocolates. 
 

Brands 

Concentration of heavy metals (mg/kg) 

Pb Cd Zn  

 

Cr 

A ND 

ND 

ND 

0.24 

0.20 

0.02 

0.10 

0.44 

0.02 

0.10 

0.10 

1.40 

0.20 

B 0.09 

C 0.10 

WHO Limit 0.11 

                                        ND= Not detected 

 

Table 2 

Estimated daily Intake of Heavy metals (DIM) from Chocolate brands for Children 

and Adults in mg/kg 
Brands  DIM (mg/kg) for Children  DIM (mg/kg) for Adult 

Pb Cd Zn Cr Pb Cd Zn Cr 

A NA 0.20 0.02 0.20 NA 0.285 0.029 0.285 

B NA 0.02 0.10 0.09 NA 0.090 0.142 0.129 

C NA 0.10 0.10 0.10 NA 0.142 0.142 0.142 

NA: Not applicable 
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Heavy metals can enter crops and eventually bread. Flour can also be contaminated with 

heavy metals when contaminated water is used in preparation of the dough (Hashemi et al, 

2017). Furthermore, location of bakeries and their proximity to industrial sites and fuel types 

used are of paramount importance in deposition of heavy metals in bread (Shahryari and 

Mollasadeghi, 2011). The ingestion of these metals could be detrimental to human health 

especially when they occur in high concentration. 

 

Table 3 

Mean Concentration (mg/kg) of Heavy Metals in Bread Samples Compared 

with   FAO/WHO standard. 
 

Samples 

Concentration of heavy metals (mg/kg) 

Pb Cd Zn  

 

Cr 

A 0.06 

0.10 

0.02 

0.02 

0.05 

0.09 

0.13 

0.06 

1.24 

2.24 

0.60 

1.00 

0.03 

B 0.05 

C 0.03 

D 0.06 

E 0.03 0.10 1.31 0.03 

WHO/FAO Limit 0.50 1.50 1.50 9.80 

 

Table 4 

Estimated daily Intake of Heavy metals (DIM) from Bread for Children and Adults in 

mg/kg 

Brands  DIM (mg/kg) For Children  DIM (mg/kg) for Adult 

Pb Cd Zn Cr Pb Cd Zn Cr 

A 0.06 0.05 1.24 0.03 0.086 0.071 1.771 0.043 

B 0.10 0.09 2.24 0.05 0.143 0.129 3.200 0.071 

C 0.02 0.13 0.60 0.03 0.029 0.186 0.857 0.043 

D 0.02 0.06 1.00 0.06 0.029 0.086 1.429 0.086 

E 0.03 0.10 1.31 0.03 0.043 0.143 1.871 0.043 

 

The concentration levels of some heavy metals such as Pb, Cd, Cr and Zn in the five different 

brand samples of bread locally produced in Maiduguri, Borno State (samples A, B, C, D and 

E), were determined using atomic absorption spectrophotometer. The results are tabulated 

(Table 3 and 4). From the results obtained Zn has the highest concentration in all the bread 

samples. Zinc is one of the most ubiquitous of the essential elements necessary for the 

function of a large number of metalloenzymes having the highest concentration in all the 

analyzed bread samples (Beliles, 1994). The variation of the metals in samples A and B as 

shown in Table 2 is in the order, Zn > P b > Cd > Cr with Cr having the lowest value (0.03 

mg/L, 0.05 mg/L respectively). The order of concentration in sample C and D is Zn > Cd > 

Cr > Pb and Zn > Cr > Cd > Pb respectively with Pb having the lowest concentration (0.02 

mg/L). In sample E, the order is Zn > Cd > Cr > Pb with Cr and Pb having the lowest value 

(0.03 mg/L). The results obtained from the analysis are below the permissible level 

recommended by WHO/FAO, therefore, this indicates that the consumption of the studied 

brands of bread pose no health risk or hazard. Most heavy metals are usually toxic metals and 
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are mostly carcinogenic in nature as tend to accumulate in visual and sensory organs of 

human beings leading to cancer. Thus, bread meant for consumption must be below WHO 

standard limit for bread safety.  

CONCLUSION 

Samples of chocolate brands and bread were analyzed for levels of some heavy metals (Pb, 

Cd, Zn, and Cr). The results of this studies revealed that the studied heavy metals were found 

to be below the FAO/WHO standards. This implies that the consumption of the studied 

brands of bread pose no health risk or hazards. 
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