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Abstract 
Metal contaminants (Ni, Cr, Cd, Mg, Mn, Pb, Fe, Cu and Ca) were investigated in some selected foods ground 
separately using locally grinding mills and pestle and mortar. Beans and tomatoes were selected for the 
investigation due to their wide usage as sources of protein and certain nutritional elements particularly in 
Nigeria and Africa in general. These raw food materials were purchased from market, treated and ground using 
locally fabricated mill and pestle and mortar. Representative samples of each food material were ash and 
standard solutions were prepared for analysis. Atomic absorption spectrophotometer was used to determine the 
metal contaminants that might have mixed up with the ground samples. Results obtained indicated that 
contaminants found in beans ground using locally fabricated grinding machines include Fe (2.66ppm), Mg 
(101.24ppm) and Ca (0.5ppm), while those found in beans pounded using pestle and mortar includes Mg 
(102.05ppm) and Ca (0.5ppm). Contaminant found in ground tomatoes includes Fe (26.33ppm), Mg 
(102.71ppm), Ca (0.25ppm) and Mn (0.14ppm) while pounded tomatoes using pestle and mortar includes Fe 
(7.00ppm), Mg (103.36ppm) and Ca (0.3ppm). The remaining elements not detected in the samples are among 
the element sometimes found in food and regarded to be hazardous to health. This showed that ground food 
samples were free from hazardous metal contaminants and those elements found were essential elements of 
nutritional importance to human body. 
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INTRODUCTION 
Modern food processing method involves a lot of 
operations, which include harvesting, cleaning of raw 
materials, sorting, grading of foods, size reduction 
and screening of solids, preservation of foods among 
others. Grinding of foods (size reduction) as part of 
food processing operation in the past was completely 
done by using traditional methods, which include 
stones, bricks, pestle and mortar. These methods were 
effective but rather slow, time consuming and 
unhygienic. As the need of the people for food 
increase, new technologies were developed and 
modern methods of grinding foods were invented to 
replace the traditional methods such as blenders, 
mills and crushers. Among the methods, disc mills 
utilizing attrition or shear forces for size reduction 
play a major part in fine grinding (Brenan et al 1991). 
Disc mills are commonly used for both commercial 
and domestic purposes and are of two types namely 
the single and double disc mills. The difference 
between the two types is that the single disc type has 
one of its disc stationery and the other disc rotating 
while in the double disc mill the two discs are 
rotating in opposite direction to each other. These 
mills make use of toughened steel, stones and 
hardened steel, toothed discs to replace the traditional 
or composition stones. Due to high cost of the 
imported grinding mills, locally fabricated mills were 

developed through copy technology and used most 
especially for domestic purposes. The locally 
fabricated grinding mills used locally casted steel 
toothed grinding discs for their operations (Emedo et 
al 1985). Locally fabricated grinding mills are of 
double disc mill type with two discs rotating in 
opposite direction to each other. Foods ground by 
locally fabricated mill were sometimes found to be 
mixing up with contaminants such as metal, paints, 
corroded products, and lubricants (Brenan et al 
1991).  
 
These contaminants are originated from ageing and 
wearing of grinding discs, metal component of the 
mill, paints used to coat machine components, 
bearing and bushes and grinding chamber. 
Contaminants in foods generally may be derived 
from other sources that may include sprays and 
powdered chemicals used as insecticides for crop 
protection during cultivation, the use of impure 
chemicals for the manufacture of raw materials or the 
dissolution of metals from processing equipment or 
container (Kirik and Sawyer 1991). Metal 
contaminants are noted to be inorganic elements, 
which may be present in foods usually in amounts 
well below 50mg/kg and which have some 
toxicological effects because of its greatest 
application in food analysis and more especially in 
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the determination of micronutrient or trace elements. 
The samples used in this experiment were procured 
from a local market in Kano, Kano State,  and Mubi, 
Adamawa State of Nigeria. The experiments were 
also conducted in this two cities of Nigeria. The 
essence of this experiment is to determine the level of 
metal contamination of locally ground foods in 
grinding mills and pestle and mortar.  
 
Grinding Disc 
Grinding disc or wheel is one of the components of 
the grinding mill use to grind food materials for both 
commercial and domestic purposes. In the past 
grinding discs were made from traditional natural or 
composition stones. In modern machines toughened 
steel, stones and hardened steel, toothed disc are used 
in place of stones (Brenan et al 1991). Locally 
fabricated mills makes use of grinding discs that are 
locally produced by casting method using cast iron as 
casting material. Metal casting is described as shape 
forming process, where molten metals are poured in a 
prepared mould and allowed to solidify such that the 
shapes of the solidified objects is determined by the 
shape of the mould (Ibhodede 2001). Cast iron is an 
alloy of iron and carbon in which pig iron is melted 
in suitable furnace, and modified by addition of scrap 
or steel scrap before it is cast (Ihekoronye and 
Ngoddy 1985). When special properties are required 
in cast material, alloying elements are added to cast 
iron such as nickel, chromium, silicon, molybdenum, 
and copper to improve its mechanical properties 
(strength, hardness, corrosion resistance, response to 
heat treatment and special properties). If these are 
added to the grinding disc cast material, they may 
sometimes cause contamination of food samples due 
to ageing and wear of the disc. 
 
Minerals Composition of Body and Foods 
Minerals are defined as the elements in their simple 
inorganic form (Kirik and Sawyer 1991). In nutrition 
they are commonly referred to as mineral elements or 
inorganic nutrients. There are many mineral 
elements, approximately 17, that have been proved 
essential in nutrition. Analysis of minerals shows the 
presence of more than 20 elements (table1). These 
minerals exist in the body and food, in organic and 
inorganic combinations. The human body contains 
minerals in relatively finite amounts and in view of 
their great importance, the amount seem minimal 
indeed. Only about 4% of man’s weight is in form of 
minerals. The minerals found in the body and food is 
classified as macronutrients and micronutrients (Kirik 
and sawyer 1991). Macronutrient minerals element 
are essential minerals for nutrition while 
micronutrients play little importance part in the 
development of the body. Generally, micronutrients 
or trace elements are toxic when intake levels, 
slightly exceed the normal functional level (Kirik and 
Sawyer 1991). Mineral elements have many essential 
roles, both in ionic forms in solution in body fluids 

and as constituents of essential compounds. The 
balance of mineral iron body fluid regulates the 
metabolism of many enzymes, maintains acid base 
balance and osmotic pressure, facilitates membrane 
transfer of essential compounds, maintain nerves and 
muscular irritability and in some cases is building 
constituents of body tissue. Minerals are supplied to 
the body in the form of salts, found mixed or 
combined with carbohydrate, fat and protein in 
natural foods. An exception is sodium chloride, 
“table salt”, which is used in larger amounts as a 
condiment. The mineral content of a food is better 
determined by running an analysis of the ash (Kirik 
and Sawyer 1991).  
 
Metal Contaminants in Foods 
Food contaminants (mineral, plant, animal, chemical 
and microbial) are described as undesirable 
substances that may be found in foods (Brenan et al 
1991). Metal contaminant which are part of mineral 
contaminant are inorganic element that may be 
present in food usually in amount well below 
50mg/kg and which have some toxicological or 
nutritional significance on the body of the consumers. 
The essential nutritive elements include Co, Cu, Fe, I, 
Mn and Zn. The non nutritive elements include Al, 
Br, Cr, Ni and Sn together with As, Sb, Cd, Fa, Ob, 
Hg and Se which are known to have deleterious 
effects even when the diet contains less than 10mg/kg 
to 50mg/kg (Kampster 1976). Elements such as 
copper and zinc, although essential for life processes 
when in trace, however, have an emetic action when 
ingested in higher amounts (Brenan et al 1991). 
Metal contaminants present in foods may be due to a 
generalized situations arising from the use of a 
particular processing or method or mode of storage 
and distribution of the food. Metal contaminants in 
food are derived from processing machinery, kitchen 
knives, pots and pans or from particle of soil (Emedo 
et al 1985). Other sources may include sprays and 
dust used as insecticides for the manufacture of raw 
materials or the dissolution of metals from processing 
equipment or container (Kampster 1976).      
 
MATERIALS AND METHOD 
Well ripe tomatoes and dry beans of no specific 
variety were selected among the foods ground using 
locally fabricated mills for the investigation. They 
were bought from local market. At least, three stocks 
of tomatoes and beans were bought for the analysis. 
The beans bought were cleaned manually by using 
hands to pick out beans from sand, stones, and other 
abrasive materials that had mixed up with the beans 
and would damage the machinery that may be used 
later to grind the beans. The beans were then soaked 
in water for at least one hour to remove adhering soil 
and later dehulled by using pestle and mortar. The 
water was then decanted and the beans finally sun 
dried. The tomatoes fruits were also cleaned using 
clean water to remove mostly the soil and other 
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contaminants that might have adhered to the fruits. 
The clean fruits were then cut into pieces and sun 
dried in a clean container. Enough quantity of the 
above dried samples were measured and ground by 
the use of the locally fabricated mills while some 
quantity of each sample was pounded by the use of 
pestle and mortar to a fine grinding. One gram of 
each sample of beans and tomatoes was weighed and 
put into crucibles respectively. The crucibles were 
arranged accordingly on the gas burner and ignited 
gently over a low flame until they were charred and 
then moved into already switched on muffled furnace 
with temperature controlling regulator. The samples 
were heated gradually to about 600oC an appropriate 
temperature for ashing the selected samples for at 
least 6 hours to allow ash to be obtained and to avoid 
volatilisation or some interaction between 
constituents (Emedo et al 1985). The ash samples 
were then allowed to cool properly in desiccators to 
avoid moisture and contaminants from coming in 
contact with them. The ash sample obtained from 
muffle furnace was each moistened with water inside 
a conical flask and 10ml-diluted hydrochloric acid 
(1:1) was added. Each diluted sample was evaporated 
to dryness on a regulated electrical hot plate and 
allows to cool. Then later 20ml water and 10ml 
diluted hydrochloric acid was added, boiled and 
filtered into 250ml volumetric flask. The remaining 
contents in the filter were thoroughly washed with 

hot water, the solution is then allowed to cool and 
diluted to the mark with water (Egan et al 1981).  
Atomic absorption spectrophotometer instrument was 
used to determine the trace elements in the aliquots of 
the digested samples (Egan et al 1981). The elements 
determined include iron, magnesium, lead, copper, 
cadmium, manganese and chromium. Even before the 
elements were determined, the instrument was 
cleaned thoroughly by spraying clean water into the 
flame and then the instrument was set to zero. The 
hollow cathode lamp used to determine particular 
metal element was fixed. The fixed lamp supplied 
suitable light that was used in determining a 
particular metal element and was changed 
successfully with other hollow cathode lamps to 
determine other elements. Each sample solution was 
introduced into the instrument that had been set for 
the analysis and later led to the burner tip where 
atomization and evaporation of the solution took 
place. High intensity radiation produced by each 
cathode lamp was sent out to the slot flame where 
some of them were absorbed by the atoms of the 
elements to be detected, thereby reducing the 
intensity of the radiation. The reduced intensity of the 
radiation was then passed through lenses, mirrors and 
diffraction grating to the recorder where 
concentration of the element concerned was obtained. 
The same process was carried out to determine each 
of the elements concerned using different lamps.           
                         

Table1 Mineral Elements of the Adult Body 
Classification Element Percent of body weight 
Essential for Nutrition 
1. Macronutrients 

 
Calcium 
Phosphorous 
Potassium 
Sulfur 
Sodium 
Chlorine 
Magnesium 

 
1.5-2.2 
0.8-1.2 
0.35 
0.25 
0.15 
0.15 
0.05 

2. Micronutrients Iron 
Zinc 
Selenium 
Manganese 
Copper 
Iodine 
Molybdenum 
Cobalt 
Fluorine 
Chromium 

0.004 
0.002 
0.0003 
0.0002 
0.00015 
0.000014 
Trace 
Trace 
Trace 
Trace 

3. Others whose function is not known. Present in traces only. Strotium 
Bromine 
Vanadium 
Gold 
Silver 
Nickel 
Tin 
Aluminium 
Bismuth 
Arsenic 
Boron  
Oxygen 
Carbon 
Hydrogen 
Nitrogen 

No trace 
     “ 
     “ 
     “ 
     “ 
    “ 
    “ 
 
    “ 
    “ 
    “ 
65 
18 
10 
3 

Source: Egan et al 1981 
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RESULTS  
Table 2 Concentration of Metal Contaminants in locally Ground Foods   
Sample Concentration of Elements PPM or mg/liter 

Pounded Beans (using wooden mortar and pestle) 
Ground Beans (using grinding machine) 

Pounded tomatoes (using mortar and pestle) 
Ground Tomatoes (using grinding machine) 

Fe                              Cu Pb Cd Mg Ca Cr Mn 
ND ND ND ND 108.05 0.5 ND ND 
2.66 ND ND ND 101.24 0.5 ND ND 
7.00 ND ND ND 103.36 0.3 ND ND 
26.33 ND ND ND 102.71 0.25 ND 0.14 

                                                           
The table above shows the metal concentration in 
each sample.  
ND – Not detected 
Fe – Iron               Ca - Calcium   
Cu – Copper  Cr - Chromium 
Pb – Lead  Mn – Manganese 
Cd – Cadmium  ppm – Parts per million 
Mg - Magnesium  
 
DISCUSSION 
Iron (Fe) 
This metal was found to be absent in pounded beans 
but with concentration of 2.66ppm in ground beans, 
7.00ppm in pounded tomatoes and 26.33ppm in 
ground tomatoes. The presence of the metal in some 
of the samples might be due to the contaminants 
during grinding. Fresh tomatoes are reported to 
contain about 0.6mg/100g of iron (Ihekoronye and 
Ngoddy 1985). This may account for its presence in 
pounded tomatoes, but the difference in ground 
samples may be as a result of that introduced during 
grinding. 
 
Calcium (Ca) 
This metal is relatively low in concentration in all 
samples with concentration value of 0.5ppm for both 
pounded and ground beans and about 0.3ppm for 
ground and pounded tomatoes. The constant values of 
the metal found in samples of beans and tomatoes 
respectively indicated that both ground and pounded 
beans and tomatoes were not affected by grinding 
process. The metal values indicated in pounded beans 
and tomatoes agreed with what was reported that 
naturally per 100g, dried beans contained 98g while 
fresh tomatoes contained 11 mg (Ihekoronye and 
Ngoddy 1985). The little difference in concentration 
samples of tomatoes when analysed, may be as a 
result of interferences that sometimes took place and 
effectively lowering the metal concentration reading 
recorded than is actually present (Egan et al 1981). 
 
Magnesium (Mg) 
The metal was found to be in higher concentration in 
all samples with values of 102.05ppm in pounded 
beans, 101.24ppm in ground beans, and 103.36ppm 
in pounded tomatoes and 102.71ppm in ground 
tomatoes. The difference in concentration of this 
metal in ground and pounded samples when analysed, 
can be attributed to interferences which sometimes 
come to play and effectively lowering the metal 
concentration reading than is actually present (Kirik 
and Sawyer 1991). 

 
Manganese (Mn) 
This was found in ground tomatoes with 
concentration of 0.14ppm. This may be attributed to 
contaminants during grinding (Egan et al 1981) 
 
Copper (Cu), Lead (Pb), Cadmium (Cr) and 
Chromium (Cr) 
These metals are reported to be harmful to health 
when present in food in amounts well below 50 
mg/kg (Kirik and Sawyer 1991). They were found to 
be absent in all samples. 
 
CONCLUSION  
Considering the results obtained from investigation, it 
can be concluded that grinding by using the locally 
fabricated mill has the following effects: 

1. It increases the iron content of the ground 
food samples due to ageing and wears of the 
grinding discs and machine components. 
This is advantageous as this element has 
nutritional importance to human diet 
(Ihekoronye and Ngoddy 1985). 

2. The presence of calcium and magnesium in 
the samples do not constitute any hazard to 
health but instead serve as essential nutrients 
(Kranse and Hunscher 1972) 

3. Health hazard metals such as copper, lead, 
cadmium and chromium were not introduced 
in to ground food samples and do not 
contain deleterious substances which may 
impair human health (Kirik and Sawyer 
1991) 

 
RECOMMENDATION 
Due to an increase in iron contents found in locally 
ground food samples investigated, the grinding discs 
presently used in our locally fabricated grinding 
machines are recommended to be heat treated to 
improve upon their hardness nature. This will in 
along way reduce the wearing ability of the grinding 
wheels and also minimize the metal contaminants 
that normally mixed up with locally ground foods.                            
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