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Abstract: The aim of this study was to assess the health quality of cassava meal (attiéké) 
sold in various regions by testing for trace elements.  To do this, 30 samples of attiéké 
were taken due to 10 samples per city (Grand-Lahou, Dabou and Bonoua) which are 
areas of high production of attiéké.  These samples were mineralized and their arsenic, 
cadmium and lead contents were evaluated by atomic absorption spectrometry (AAS). 

Thus, 90 tests were carried out. The results obtained showed the presence of lead, arsenic 
and cadmium in the samples analyzed.  The average arsenic content was 0.229 ± 0.050 
mg / kg; 0.053 ± 0.03 mg /kg and 0.039 ± 0.00 mg / kg respectively for the cities of 
Grand-Lahou, DABOU and Bonoua. With regard to lead, the content was 0.444 ± 0.30 
mg / kg for Grand-Lahou, for Dabou, this content was 0.387 ± 0.281 mg / kg and 0.451 ± 
0.266 mg / kg for the city of Bonoua. As for cadmium, the levels were 0.0106 ± 0.0102 
mg / kg, 0.002 ± 0.00 mg / kg and 0.0110 ± 0.00 mg / kg respectively for the towns of 
Bonoua and Grand-Lahou and Dabou. The presence of metallic trace elements above the 

standard (0.1 mg / kg) for arsenic and lead in the attiéké sold in Côte d'Ivoire should 
prompt systematic health checks for the well-being of consumers. 
Keywords: Cassava semolina, Attiéké, Metal trace element (ETM), Atomic absorption 

spectrometry (AAS) and Ivory Coast. 
Copyright © 2020 The Author(s): This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International 

License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided the original 

author and source are credited. 

 

INTRODUCTION 
Cassava root (Manihot esculenta) is the fourth 

largest crop for its contribution to the diet of the world 

population after wheat, maize, and rice [1].  Cassava 

roots are of significant socio-economic interest due to 
their relatively low cost, ease and speed of culinary 

preparation [2]. Indeed, world cassava root production 

was estimated at around 257 million tonnes in 2012, 

including 146 million tonnes from Africa, or 57% of 

this production [3, 4].  Also by the volume of its 

production and consumption, cassava is the staple food 

par excellence of 800 million people living in the Third 

World. However, cassava is a very perishable product 

and can be stored in the open air for no more than two 

to three days [5]. 

 
In Côte d'Ivoire, attiéké, derived from the 

processing of cassava root, is the most consumed 

fermented product [6, 7].  It is steamed before 

consumption and comes in the form of detached grains 

[4]. The annual production of attiéké is estimated 

between 18,965 tonnes and 40,000 tonnes. As for the 

annual consumption, it varies between 28 kg and 30 kg 

per capita [1]. This met is one of the main sources of 

energy in the diet of Ivorians. However, the 

contamination of this product by pollutants, and in 

particular heavy metals, is a major societal concern [2]. 

Indeed, agricultural and industrial activities sometimes 

require the use of pesticides and fertilizers which lead 
to contamination with trace elements and other organic 

components constituting pollutants for the environment 

[8].  The trace elements best known for their 

dangerousness are leading (Pb), mercury (Hg), 

cadmium (Cd), chromium (Cr), copper (Cu), nickel 

(Ni), and zinc (Zn) [9]. Indeed, these trace elements 

pass quite easily through the food chain [2]. Once 

transferred to humans through the digestive tract, these 

trace elements combine with organic sulfur compounds 

in our bodies to cause serious disorders.  According to a 

study by Adjagodo [10], the levels of trace elements 

obtained in these agricultural soils are due to the use of 
phosphate fertilizers.  Also, the work of Kouamé [11] 

highlighted the presence of heavy metals in cassava 

roots intended for the production of attièké in Côte-

d'Ivoire.  Faced with this, what is the sanitary quality of 
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cassava semolina (attieké)? Thus, taking into account 

the gastronomic, socio-economic and socio-sanitary 

importance of this product, the objective of this study 

was to study the sanitary quality of attiéké by the search 

for metallic trace elements that are arsenic, lead and 

cadmium. 
 

MATERIALS AND METHODS 
Sampling technique 

30 samples of cassava semolina (attiéké) 

whose weights varied between 200g and 300g were 

taken in three large cities producing attiéké (Grand-

Lahou, Dabou and Bonoua) at a rate of 10 samples per 

city (Grand-Lahou, Dabou and Bonoua). 

 

Analysis of samples 

The metal trace element contents of attiéké 

samples were quantitatively determined at the Central 

Laboratory for Food Hygiene and Agro-industry, 

technical unit of the National Laboratory for Support to 

Agricultural Development (LANADA) by Atomic 

Absorption Spectrophotometry (SAA) according to 

AOAC method 999.10. 

  

Method for determining the content of Metal Trace 

Elements 
The principle of the method consists first of 

mineralization with 65% nitric acid of the sample and 

then an assay by Atomic Absorption Spectrophotometry 

(AAS). 

  

Mineralization according to AOAC method 999.10 

 In mineralization bombs (teflon), samples (0.5 

± 0.001 g) of the attieke sample were weighed.  5 ml of 

concentrated HNO3 and 2 ml of hydrogen peroxide 

were added in order to destroy all organic matter. In 

fact, this method consists of transforming the organic 

sample into a mineral compound. 
 

 The Teflon were hermetically sealed and then 

placed on a hot plate at 120 ° C. for 3 h.  After 

digestion, the content of each Teflon was transferred to 

vials and then made up to 25ml with distilled water. 

This solution was injected into the apparatus (SAA) for 

the determination of the Metal Trace Elements. 

 

 To verify that there was no cross-

contamination, a blank test was carried out in the 

absence of matrix (attiéké) with the same quantities of 
reagents, under the same conditions and subjected to 

mineralization at the same time as samples. 

 

Determination of arsenic, lead and cadmium by 

SAA-FG: 

Once the equipment is prepared, the 

mineralized samples and the blank are placed in wells 

and then placed at the level of the sample changer of the 

spectrometer.  The standard solution, blank and 

chemical modifier (ortho-phosphoric acid) was poured 

into appropriate wells of the AAS. 

After plotting the calibration curve, the 

concentrations of heavy metals in the samples were 

given by the spectrometer in comparison to the standard 

range.  Assays for arsenic, lead and cadmium were 

carried out by SAA equipped with a graphite furnace 

and a sample changer. 
  

Calculation of concentrations 

The mineral concentration is obtained 

according to the following formula: 

 

 
  

 With: 

 ✓ A: Crude sample concentration (mg / L) 

 ✓ B: White concentration (mg / L) 

 ✓ f: Dilution factor 

 ✓ 25: The volume of the solution for recovering the 

digested sample (ml) 

 ✓ m: The mass of the sample (g) 

  

STATISTICAL ANALYSIS 
Statistical tests and graphs were made using 

computer statistical analysis software called 

grapPhad.Prism.V5.01. The data was analyzed with 

ANOVA One-Way. Dunnett's nonparametric test was 

used to compare the variance of the norm to the content 

of the samples analyzed.  The difference between two 

variances was significant, if p <0.05. 

 

DANGER DIAGNOSIS 
The diagnosis of danger is formalized by the report: 

Measured Concentration/Maximum 

Regulatory Concentration (CMR) Or Measured 

Concentration /Recommended Maximum Concentration 

(CMREC). The danger is considered to be true if the 

ratio is greater than 1 [12]. 

 

RESULTS 
Table I, below, shows the average levels of 

Metal Trace Elements in attièké from Grand-Lahou, 

Dabou and Bonoua.  For Grand-Lahou, the average 

arsenic content was 0.229 ± 0.050 mg / kg (Table I), for 

Dabou, this average content was 0.053 ± 0.03 mg / kg 

(Table I) and 0.039 ± 0,  00 mg / kg for the city of 

Bonoua.  Regarding lead, for Grand-Lahou, the average 

content was 0.444 ± 0.300 mg / kg, for Dabou, this 
average content was 0.387 ± 0.281 mg / kg and 0.451 ± 

0.266 mg / kg for the city of Bonoua. As for cadmium, 

the average content was 0.0106 ± 0.0102 mg / kg for 

the city of Bonoua (Table I), and for the city of Grand-

Lahou, this average content was below the limit of  

detection (0.002 mg / kg) (Table I).  For the city of 

Dabou, the average cadmium content was 0.0110 ± 0.00 
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mg / kg. The average lead content was significantly 

high and that of cadmium was significantly low 

compared to the standard (Table I). 

 

Table II shows the diagnosis of the danger.  

This diagnosis was 1.07 for arsenic, 4.27 for lead and 

0.08 for cadmium.  Lead has the highest danger 

diagnosis. 

 

For arsenic and lead, the diagnosis being 

greater than 1 shows that the danger is real.  On the 

other hand, with regard to cadmium, the danger is not 
proven (diagnosis <1). 

 

Table-I: Average levels of Trace Metal Element in the attiéké from the cities of Grand Lahou, Dabou and Bonoua 

 TOWNS standard  

Grand-Lahou DABOU Bonoua 

Arsenic (mg/Kg) 0,229 ±0,050  0,053 ±0,03  0,039  ± 0,00  0,1 mg/kg [13];  

lead (mg/Kg) 0,444 ±0,30** 0,387 ±0,281  * 0,451 ± 0,266  ** 0,1 mg/Kg [8] ; 0,3 mg/Kg [2] 

Cadmium  (mg/Kg) 0,002 ±0,00  *** 0,0110 ±0,00  *** 0,0106 ±0,0102  *** 0,1 mg/Kg [8] ; 0,2 mg/Kg [2] 

Significance level: * p˂0.05; ** p˂0.01; *** p˂0.0001 compared to the standard 

 

Table-II: Danger diagnosis 

 Average  ETM 

(mg/Kg) 

Danger (Moyenne ETM 

/Norme 0,1) 

standard Conclusion  

Arsenic  0,107 ±0,105  1,07 0,1 mg/kg [13] ; >1 (proven danger) 

lead 0,427 ±0,035  4,27 0,1 mg/Kg [8] ; 0,3 mg/Kg [2] >1 (proven danger) 

Cadmium   0,008 ±0,005  0,08 0,1 mg/Kg [8] ; 0,2 mg/Kg [2] <1 (danger not proven) 

 

DISCUSSION 
Metal Trace Elements (TME) are the third 

source of risk for human and animal food after 

mycotoxins and microorganisms [14]. These Metal 

Trace Elements have bioaccumulation characteristics. 
This explains their toxicity. Among the most dangerous 

are: mercury, lead and cadmium [15]. They are among 

those who hold the attention of the international 

community [16]. 

 

The study carried out showed the presence of 

lead, cadmium and arsenic in the cassava semolina 

(attiéké) samples analyzed from Grand-Lahou, Dabou 

and Bonoua.  However, the average cadmium content 

remains significantly below the norm (0.1 mg / kg) 

while for arsenic; the average content obtained in 

Grand-Lahou was significantly higher than the norm 
(0.1 mg / kg). As for lead, the average content is 

significantly higher than the norm (0.1 mg / kg).  The 

work carried out during this study is similar to that of 

KOUAME [11] and KOUAME et al., [18], where the 

lead content was 6.24 ± 0.58 mg / kg in the cooked 

attiéké  on the abobo market, 6.25 ± 0.06 mg / kg on the 

Adjamé market, 3.8 ± 0.4 mg / kg in Dabou and 2.2 ± 

0.1 mg / kg in Grand-Lahou. As for cadmium, 

according to KOUAME [17], the cadmium content was 

0.07 ± 0.05 mg / kg and 0.06 ± 0.03 mg / kg 

respectively on the market of Abobo and Adjamé.  In 
Dabou, the cadmium content was 0.03 ± 0.01 mg / kg 

and 0.06 ± 0.02 mg / kg in Grand-Lahou [18]. 

 

The presence of trace metal elements in food 

products requires the search for the source of 

contamination according to Fangnon et al. [15]. The 

presence of TME in the samples analyzed in this study 

could be explained by the fact that the Metal Trace 

Elements are dissolved in rainwater or irrigation water. 

Thus, plants capture Metal Trace Elements in the soil 

without any known metabolic function (for example Cd, 

Hg, Pb, As, etc.) and therefore considered as “non-

essential” [12].  Poultry manure and sawdust used as 

fertilizer for agricultural land are a source of 

contamination of trace metal elements [19]. Indeed, 

during their work, Capo-Chichi et al. [8] determined a 

high content of cadmium and lead in cassava roots. As 
for Kalonda et al. [2], they for their part observed a 

strong presence of lead and cadmium in cassava leaves. 

 

In Abidjan, Dabou and Grand-Lahou, the 

cassava variety IAC (Improved African Cassava) is the 

most used for the production of cassava semolina 

(attiéké) [18]. However, the packaging of this attieké 

during production is done in transparent plastic bags 

(PE) after a slight cooling. According to a study 

conducted by Musoke et al. [20], the metallic trace 

elements constituting the plastic bag are sources of food 
contamination and their migration increases with the 

variation of temperature and time. Therefore, the use of 

plastic bags for packaging attiéké exposes consumers to 

metal poisoning. In addition, it has been observed that 

the wind is used as a parameter for air drying of attieké, 

which could be a source of contamination according to 

KOUAME [21]. Some cassava fields are located by the 

roadside, exposing cassava plants to dust, automobile 

and motorcycle exhaust which are very rich in trace 

metal elements [22]. 

 

According to a survey conducted by 
KOUAME [21], women producers obtained water from 

wells, the lagoon and rivers for the production of 

attiéké.  Same observation made by Adingra and 

Kouassi, [23] where women use water from the lagoon 

for cooking attiéké and cleaning utensils throughout the 

production process. They thus expose consumers to the 
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risks of diseases linked to the contamination of attiéké 

by certain Trace Metal Elements present in the lagoon. 

This practice is due to the fact that almost all of the 

attiéké produced is made in a traditional way [24] and 

sold on informal markets [4]. Thus, the contamination 

of the attiéké by metallic trace elements could be linked 
to the raw material, to certain elements involved in the 

transformation process as well as to the poor 

maintenance of the processing equipment.  The 

ingestion of these contaminated foods could therefore 

cause dysfunction in humans [25]. 

 

The study carried out showed that the 

diagnosis of the danger being greater than 1 for arsenic 

and lead proves that the danger associated with the 

consumption of attiéké from the cities of Grand-Lahou, 

Dabou and Bonoua is true.  Thus, after ingestion, these 

metallic trace elements are transported in the blood and 
stored at the level of the target organ, which varies 

depending on the metal, arsenic: heart; lead: bone [26]. 

Arsenic causes lung cancer and is toxic to the heart.  As 

for lead, it causes encephalopathies, kidney damage, 

and anemia and modifies the biology of the cell by 

disrupting many metabolic ions [26]. 

 

In Abidjan, more than 47% of households 

consume attiéké at least once a day with fish or meat 

[24] due to 28 kg and 30 kg per capita / year [1].  For 

better consumer protection, Capo-Chichi et al. [8] 
recommend that preventive sanitary measures be 

applied so that cassava tubers and the water used are of 

good quality and that processing equipment is well 

maintained, according to the standards of Good 

Hygiene Practices (BPH) in force throughout the 

production chain. 

 

CONCLUSION 
 The study carried out showed the presence of 

metallic trace elements in cassava meal (attiéké) from 

three towns in Côte d'Ivoire.  The activity of producing 

attiéké is artisanal and the sale takes place in informal 

markets where the volume of production extends 

beyond the Ivorian border.  The market for the sale of 

attiéké is a market that deserves to be cleaned up given 

its socio-economic importance. The establishment of a 

guide to good hygiene practice in this sector would be 

the first step towards a formal transformation of this 

job-creating activity. It is also the place to organize, 

educate and train stakeholders in the sector to protect 
the health of consumers. 
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