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Abstract 

The objectives of this study were to determine the levels of the mineral nutrients, especially of 
trace elements, in some food items commonly consumed in Sudan and to compare the results of 
this work with local and international data.  
To achieve these objectives, food samples analyzed were collected from different localities in 
Sudan, and the samples were prepared for analysis by using dry ashing and wet digestion. Atomic 
absorption spectroscopy (AAS), X-ray fluorescence spectroscopy (XRF), flame photometry and 
colorimetry were used for the determination of the concentrations of elements in the samples. . 
Samples were ashed using muffle furnace at temperature 5500C.  
The quality of the data was verified by the analysis of standard reference materials TDD-1D and 
Hay-9. 
The levels of the elemental contents (Br, Ca, Co, Cu, Fe, Mg, Mn, P, Pb, Na, Rb, Sr, and Zn) 
were determined in legumes, cereals, oil seeds, flour and cereals products, vegetables, fruits, milk 
and milk products, egg, meats and fish, and oils and fats.  
The Sudanese food items analyzed were found to contain considerable ranges of nutrients as 
follows: - 
Concentration levels for some of these elements Ca, Cu and Fe show values which were higher in 
fruits (4709, 21, and 633 ppm, respectively), and lower in vegetables (4094, 13, and 255 ppm , 
respectively). Pb and Mn were higher in vegetables (2 and 32 ppm, respectively) and lower in 
fruits (1and 18 ppm) respectively). Na and Zn were higher in vegetables (3149 and 26 ppm, 
respectively) and lower friuts (269 and 13 ppm, respectively) .  
The values obtained agree, in general, with data available from other countries. Variations were 
observed among certain varieties of food.       
 

1. Introduction  

Food analysis studies can be divided into two major branches(1). 
1) Determination of minor constituents, macro and micro elements  
2) Determination of major constituents of food. These are carbohydrates, fats, proteins, 
crude fibers, ash and moisture. 
Knowledge of nutrients and their functions in the body is necessary for calculating body 
needs from nutrients, which is a step towards employing good nutrition. The six nutrients, 
carbohydrates, fats, protein, vitamins, trace elements and moisture are present in food we 



 2

eat. Food contains chemical substances that function in one or more of three ways: they 
furnish the body with heat and energy, they provide materials for growth and repair of 
body tissues, in addition they assist in the regulation of body processes. 
Each nutrient has its own specific functions and relationship to the body, but no nutrient 
acts independent of other nutrients. All of the nutrients must be present in the diet in 
varying quantities in order for the body to maintain basic life processes. Although all 
persons have needs for the same nutrients, the amounts of the nutrients required by 
individuals are influenced by age, sex, body size, environment, level of activity and 
nutritional status. Processing, storage and preparation of the food may influence the 
nutritional value of the food. 
In addition to the six nutrients, food also contains varying amounts of trace elements. 
Trace elements have a variety of biochemical functions in all living organisms, and their 
presence in amounts that are too high or too low have important consequences. 
An element is considered to be essential according to Cotzias(2) that must meet the 
following criteria: the element is present in all healthy tissues of all living things, and its 
concentration from one animal to another is fairly constant, and withdrawl produces it is 
deficiency similar structural and physiological abnormalities in different species, which 
are prevented or reversed by the addition of the element.  
Trace elements are nutrients that exist in the body and in food in organic and inorganic 
combinations. Approximately seventeen trace elements are essential in human nutrition. 
Trace elements are vital to overall mental and physical well-being. All tissues and 
internal fluids of living things contain varying quantities of trace elements. Trace 
elements are constituents of the bones, teeth, soft tissue, muscle, blood and nerve cells. 
They are important factors in maintaining physiological processes, strengthening skeletal 
structures and preserving the vigor of the heart and brain as well as all muscle and nerve 
systems. 
Trace elements act as catalysts for many biological reactions within the human body and 
help to maintain the delicate water balance essential to the proper functioning of mental 
and physical processes. They keep blood and tissue fluids from becoming either too acid 
or too alkaline and permit other nutrients to pass into the blood stream(3). 
2. MATERIALS AND METHODS 

2.1 Samples Collection  

Samples being analyzed in this study were collected from the actual foods consumed by 

people. They were collected from markets, especially central Khartoum North market, 

and from the houses. They were from different localities in Sudan.  

2.2 Preparation of samples for analysis  

All analyses were carried out on the edible portion of the food after the removal of any 

non-edible materials. Stainless steel knives or hands were used to separate skins from the 

edible parts e.g. stones, seeds, bones, ...etc. 

The samples prepared used dry ashing, the obtained solution was used in the analysis by 

atomic absorption spectroscopy, flame photometry and colorimetry. 
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2.3 Atomic Absorption Spectroscopy 

1ml. from the stock solution was transferred in 100 ml. volumetric flask and completed to 

the mark with distilled deionized water, and then the concentrations were determined 

from the curve of the AAS. 

2.4 X-ray fluorescence 

2.4.1 Samples preparation and XRF measurements  

One gram of each sample (oven dried samples) and the standards were accurately 

weighed and pressed into a pellet with area of 4.9 cm2 using 25 tons pressing machine. 

The time of collection was 2000 seconds for each sample and standards. The intensities 

of radiation for each element in the samples and the standards were measured, and hence 

the concentrations of the elements under study were determined (7). 

 

3. RESULTS AND DISCUSSION 

3.1 Introduction 

In this work chemical analysis was performed for all samples which were collected. 

Vegetables samples were purchased from Khartoum North Central market. This market 

receives samples from almost all regions in Sudan. 

Edible portions were washed with tap water, distilled water and distilled deionized water 

several times. Samples were oven dried in 1050c and ground to a fine powder. 

Dry ashing and wet digestion were the methods used to digest the homogenous powder of 

the samples.  

The method of Chapman (8) was adopted in this work. The ashing was performed at 

550oC and the ash was treated with (1:1) HCl. 

3.2 Measurements 

3.2.1 AAS Measurement 

The elements Ca, Co, Cu, Fe, K, Mg, Mn, Na, Zn and Pb were measured by this 

technique. 

The standard Hay-9 and TDD-1D were digested for AAS and analyzed to check the 

accuracy of the method. 
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Table (3.1a) Certified values as compared to AAS measured values 
for concentration of Hay -9 

Element (g/kg) Ca Cu Fe K Mg Mn Na Pb Zn 

Certified values 2250 3.9 34.4 10327 755 10.1 8500 0.4 31.9
Experimental values 2105 4.3 37.3 9395 698 9.3 9001 0.4 29.3
Accuracy % 6 9.4 8 9 7.5 8 6 7.7 8 

 

Table (3.1b) Certified values as compared to AAS measured values 
for concentration of TDD-1D 

Element (g/kg) Ca Cu Fe K Mg Mn Na Pb Zn 

Certified values 1966 3.9 38.4 8478 702 8.8 3258 0.1 17.7 
Experimental values 1782 4.3 36.1 8932 767 9.2 3601 0.1 15.9 
Accuracy % 9 10 6 5 10 4 10 10 10 

 

The accuracy was found to be less than 10% (Tables 3.1a and 3.1b), which is an 

acceptable result.   

3.2.2 XRF Measurement 

This technique was used to measure all the elements under study except Na and P. Na 

and P are low atomic number elements which are difficult to measure using Cd-109 as a 

radioactive source. 

The accuracy of the method was determined by analyzing a standard material Hay-9 and 

TDD- 1D.supplied by the IAEA. 

 

Table (3.2a) Certified values as compared to measured values for Hay-9 

Element (g/kg) Ca Cu Fe K Mg Mn Pb Zn 

Certified values 2250 3.9 34.4 10327 755 10.1 0.4 31.9 
Experimental values 2098 3.6 30.5 11004 681 9.6 0.4 35 
Accuracy % 7 8 8 6.5 10 5 5 9.7 

Table (3.2b) Certified values as compared to measured concentrations for 
TDD-1D 

Element (g/kg) Ca Cu Fe K Mg Mn Pb Zn 

Certified values 1966 3.9 38.4 8478 702 8.8 0.19 17.7 
Experimental values 2117 3.6 42.2 7629 764 9.6 0.17 19 
Accuracy % 7.7 8 10 10 8.8 9 10 7 
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The comparison of the certified and experimental values (Tables 3.2a and 3.2b) shows 

an accuracy of about 10% or less for all elements. 

3.2.3 Colorimetry 

The total P was measured by colorimetry. The accuracy of the method was obtained by 

the analysis of the standard material TDD-1D. 

 
Table (3.3) Certified value as compared to measured concentration 

of the TDD-1D 
Element certified value experimental value accuracy % 

P (g/kg) 3678 3863 5 

 

The results are almost reasonable with an accuracy of 5% for P (Table 3.3).  

3.3.1 Vegetables 

The high Ca, K, and Na content is a characteristic of this group especially the under-

ground root vegetables e.g. carrots, beet root, sweet potatoes and radish. The result 

obtained in this work for Ca in okra agrees with that reached by Ahmed(9), Eltayb (10) and 

Zaki (11). 

The rocket is characterized by the high Fe content values while sweet potatoes have the 

lowest ratio. Again rocket had the highest Cu content and the green onion had the lowest 

amount of Cu. The rocket also contained the highest Co content, while pursaline has the 

lowest. Okra had the highest Br content and the potatoes had the lowest. The pursaline 

had the highest Sr content and tomatoes had the lowest (Table 3.4). 

The data reported by Ahmed (9) and Eltayb (10) in Cu, Fe, Mn and Zn for vegetables were 

similar to the average values in this work (Table 3.6). 

When the results of this work were compared with the local literature some of these 

results are in good agreement with the local data (Table 3.6). Exceptions are Elidrsi (12) 

data, which are higher than the values reported in this study. This may be due to the fact 

that the samples in Elidrsi (12) study were collected from the river bed, which is 

characterized by high elemental contents carried by the clay and sediments. Similarly the 

discrepancy with the results of Abdelrhman(13)  (Table 3.6) for Ca, Fe, Zn and Sr can be 

attributed to the high elements contents of the soil at his sampling site (Elgash). In this 

work Cu, Rb and Br contents are higher than that Abdelrhman (13) reported.  
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The data in this work was also compared with the data reported by Pekka(14) (Table 3.7). 

Similarities are shown for the mean values. The data obtained in this study also agree 

with that Yamamoto (15) reported for Ca, Fe, and K.  

3.3.2 Fruits 

Fruits showed the highest Fe and Ca contents compared to the other food items. The high 

Fe and K content is a characteristic of this group. Within this group ferugenia (Gudium) 

showed the highest Fe and Ca concentration, while banana had the lowest. Guava showed 

high mean values for Co, K, Mg and Mn, while the dates (Barakawi) had the lowest 

concentration of these elements. Again Guava showed high Na and Zn content, while 

ferugenia and jubilee dry had the lower concentrations for these elements. Jubilee dry had 

Table (3.4) The concentration (g/kg) of trace elements in Vegetables 

Item/Element Ca Co Cu Fe K Mg Mn Pb Zn 

Beet root, raw 928 0.8 12 470 10915 1075 49 2.5 25 
Carrots 2368 0.6 10 174 12245 1270 17 1.8 21 
Rocket 3847 1 30 880 20194 1415 77 3.7 65 
Okra, raw 5784 0.9 15 135 17267 1637 41 2.8 36 
Green onion 3778 0.9 4 115 5248 969 20 2.3 18 
Potato, raw 341 0.7 5 284 10645 886 10 1.4 14 
Sweet potato, raw 545 0.8 10 43 3492 607 28 2.6 6 
Pursaline, raw 22182 0.5 16 307 21486 2240 71 2.6 38 
Tomato 710 1 20 90 19841 1339 18 1.5 28 
Pumpkin, raw 585 0.8 17 148 17167 1146 6 0.5 15 
Radish 3963 0.6 7 160 17278 1840 14 0.0 23 
the highest concentrations in Cu and Pb, while orange and banana had the lowest (Table 

3.5). 

When the results were compared with the results obtained by Zaki (11) for Fe, Ca and P 

they were in a good agreement, while the data reported in this study were fairly lower 

than that reported by Elidrsi (12) (Table 3.6). This can be due to the different sampling 

sites. 

Table (3.5) The concentration (g/kg) of trace elements in Fruits 

Item/Element Ca Co Cu Fe K Mg Mn Pb Na Zn 

Banana 141 0.7 28 131 16638 1960 22 0.0 311 9 
Date* 3767 0.2 9 170 7534 635 7 0.2 233 7 
Date** 650 0.4 29 193 14169 1181 14 0.8 237 8 
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Jubilee 4601 0.3 31 332 16818 1259 24 1.5 196 6 
Ferugenia 6089 0.7 15 3223 14185 1587 18 0.9 154 13 
Guava 1596 0.7 26 218 37209 2456 40 1.6 453 39 
Orange 2120 0.4 7 168 18432 1088 6 0.9 306 13 

 Date*   : Balah, barakawi                Date** : Balah, gondaila 

 

Table (3.8) shows the correlation factor for the trace elements. The study shows 

that Ca has a positive correlation with Co, Na, K, Mn and Mg, whereas it has a negative 

correlation with Zn and Pb. Cu has a positive correlation with Co, Fe, K, Mg, Mn and Zn, 

whereas it has negative correlation with Na. Fe has a positive correlation with Cu, Mg 

and Mn, whereas it has negative one with Na. K has a positive correlation with Co, Zn, 

Cu, Mg, Mn and Na and negative with Pb. 

Table (3.7 ) Comparison of elements content in some Sudanese food analysis with 

data from International literature (concentration in g/kg) 
Group/ Element Ca Cu 
 This work International literature This work International literature 

Vegetables 4094 4980 Pekka 1974 13 14 Pekka 1974 

     

 Fe K 

Vegetables 255 331 Yamamoto 1985 

269 Pekka 1974 

4561 4413 Pekka 1974 

     

 Mg Mn 

Vegetables 5311 5250 Pekka 1974 32 42 Pekka 1974 

     

 P Zn 

Vegetables 10078 11120 Pekka 1974 26 31 Pekka 1974 

 

Table (3.8)  Correlation coefficients for trace elements in all samples by AAS 

Element Ca Co Cu Fe K Mg Mn Na Pb Zn 

Ca 1.0 0.1 0.01 0.03 0.24 0.10 0.13 0.13 -0.04 -0.08 
Co  1.0 0.35 0.05 0.36 0.37 0.21 0.17 0.20 0.35 
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Cu   1.00 0.16 0.35 0.67 0.51 -0.35 0.11 0.17 
Fe    1.00 0.08 0.18 0.17 0.11- -0.02 -0.01 
K     1.00 0.36 0.41 0.22 -0.14 0.10 

Mg      1.00 0.55 -0.15 0.12 0.40 
Mn       1.00    
Na        1.00   
Pb         1.00  
Zn          1.00 

 

 
 
 
 
Table (3.6 ) Comparison of results of some Sudanese food analysis with data from local 

literature (concentration in g/kg) 

Group/ Element Br  Ca    

 This work Abdelrhman This work Abdelrhman Zaki  

Vegetables 89 62 4094 14000 1160  

Fruits 42      

       

Group/ Element Co  Mn    

 This work Elidrisi This work Ahmed Eltayb Elidrisi 

Vegetables 0.8 0.2 32 30 24 38 

Fruits 0.5 0.2 18   17 

       

Group/ Element Cu 

 This work Abdelrhman Ahmed Eltayb   

Vegetables 13 9 14 13   

       

Group/ Element Fe 

 This work Abdelrhman Ahmed Eltayb Elidrisi Zaki 

Vegetables 255 1117 265 232 1121 280 

Fruits 633    202 670 

       

Group/ Element P Pb 

 This work Zaki This work Elidrisi   
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Vegetables 10078 10172 2 6   

Fruits 3081 2600 1 7   

       

Group/ Element R b Sr 

 This work Abdelrhman Eltayb This work Abdelrhman Eltayb 

Vegetables 37 19 34 47 53 62 

Group/ Element Zn 

 This work Abdelrhman Ahmed Eltayb Elidrisi  

Vegetables 26 40 29 33 24  

Fruits 13    15  

 الخالصة

-:اتضح من هذه الدراسة ان المجموعات الغذائية المستهلكة في السودان تحتوي على المدى العنصري التالي   

وتراآيز اقل فى )  جزء من المليون633 و 21 ، 4709(الكالسيوم والنحاس والحديد اعلى فى تراآيز فى الفواآه 

.تيبعلى التر)  جزء من المليون255 و 13 ، 4094( الخضروات   

 جزء من 18 و 1وادنى فى الفواآة )  جزء من المليون32 و 2( اعلى ترآيز للرصاص والمنجنيز فى الخضروات 

.  على الترتيب) المليون  

 جزء 13 و269(وادنى قيم فى الفواآة )  جزء من المليون26 و3149(الصودبوم والخارصين اعلى فى الخضروات 

.على الترتيب) من المليون  

. هذه النتائج بنتائج دراسات سابقة عالمية ومحلية وجدنا انه ليس هنالك فوارق آبيرة عند مقارنة  
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