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Abstract 

In this study the heavy metal contents such as Fe, Co, Ni, Cu, Zn, Cr, Al, Mn, Pb, Cd in three 

different fenugreek pastes and hot spicy tomato dips purchased from three different markets in 

Ankara were investigated by the use of ICP-OES equipment .Metal contamination may come 

from the foodstuff  materials and the equipment in fabricated. The metals present in the samples 

were found to be Fe (3.27-32.74 ppb), Co (16.54-18.86 ppb), Ni (57.38-59.76 ppb), Cu (14.37-

16.90 ppb), Zn (58.18-63.38 ppb), Cr (85.88-97.00 ppb), Al (105.40-253.10 ppb), Mn (26.95-

34.42 ppb), and Pb (102.40-114.20 ppb), Cd (55.97-56.87 ppb). The weekly intake values and 

health risk of the toxic metals Cd and Pb in Health risk index of FAO/WHO were separately 

evaluated. The HRI values of fenugreek paste and hot spicy tomato dip are below 1, so these 

foodstuffs are quite safe and healthy. 
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1. INTRODUCTION  

Fenugreek paste (FP) (semi-solid paste) has a prominent place in Turkish cuisine. It is served as an aperitif 

in breakfast and in supper with the main dish due to its biter and spicy taste. It is also used to make beef 

bacon by cutting the connection of meat from the outside medium and stops its deterioration by its low pH 

value (4.83) and induces a spicy aroma to it. The fenugreek paste is made from finally ground fenugreek, 

garlic and red hot pepper [1,2]. 

Fenugreek is a leguminous plant, which grows North Africa, Mediterranean countries, Europe, western 

Asia, and northern India. Fenugreek plant has been used in alternative medicine and food for so many years. 

It contains phospholipids, glycolipids, oleic acid, linolenic acid, linoleic acid, choline, vitamins A, B1, B2, 

C, nicotinic acid, niacin, and many other functional elements [3].  

Hot spicy tomato dip (HSTD) is an appetizer, which contains largely tomato. Although the contents of hot 

spicy tomato dip changes according to the region it also contains pepper pure, garlic, onions, salt and spices. 

Also it may contain olive oil or sunflower oil depending upon the choice and taste. As fenugreek paste, hot 

spicy tomato dip is a popular dish throughout the country.  

The heavy metals are not biologically degradable and constantly accumulate in the environment [4,5]. The 

mind boggling pace of urbanization and industrialization and ever increasing anthropogenic pollution cause 

the increase of the metals in an uncontrolled manner in air, terrain and aqueous media which has a very 

destructive effect upon the environment [6]. The accumulation of these metals in plants causes a prolonged 

effect upon the health of humans. The extension of the limits of these metals cause acute and chronic 

intoxication, cancer, teratogenesis and mutation [7,8]. These metals are particularly accumulated in brain, 

liver and kidneys causing a permanent damage in these organs [9]. The metals such as Cr, Cd and Pb interact 

with the enzymes in the structure of the plants effecting their physiological growth even if at very small 

concentrations [10]. The order of harmful and intoxicative effects of the heavy metals upon animals and 

humans are as follows: Hg > Cu > Zn > Ni > Pb > Cd > Cr >Sn > Fe > Mn > Al [11].  
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However, some of them such as Cu, Zn, Mn, and Fe are essential for the organism. They provide 

micronutrients and activate some of the enzymes in human body [12]. The insufficient or the excessive 

intake of these metals causes various complications [13].  

The analyses of heavy metals were carried out with induced coupled plasma atomic emission (ICP-AES) 

[14-16], inductively coupled plasma mass spectrometry (ICP-MS [17,18], flame atomic absorption 

spectrometry (FAAS) [19-21], graphite furnace atomic absorption spectrometry (GFAAS) [22,23], and 

inductively coupled plasma optical emission spectrometry (ICP-OES) [24,25]. 

FP and HSTD dishes are very rich in nutritional value. In addition, they have a very pleasant taste. Within 

our knowledge there are no study related to their heavy metal contends in these foodstuffs. This study 

involved the investigation of the heavy metal contents fenugreek paste and hot spicy tomato dip of different 

brands with different compositions according to the region purchased from different markets in Ankara, by 

wet burning process using ICP-OES equipment. The data obtained was evaluated according to Turkish 

Nutrient Codex and World Food Organization stipulations. Health risk index of FAO/WHO evaluations for 

Cd and Pb were separately carried out. 

2. MATERIALS AND METHODS 

2.1. Analytical methods 

1 g of sample were kept in 5 mL HNO3 for six hours and heated in a water bath until the emission of a 

brown fumes ceased. Then 2 mL H2O2 added to it. The resulting solution was evaporated till its volume 

remains 1mL and it was made to 25 mL with de-ionized water and each sample was filtered off from 0.45 

µm filter paper. The stock solutions were prepared from 1000 ppm standard calibration (Merck) solutions. 

The analyses were carried out by the use of with a Perkin-Elmer 5300 DV brand ICP-OES.  

There were 5 ppb, 10 ppb, 25 ppb, 50 ppb, 100 ppb and 200 ppb solution samples were prepared in water 

(2% HNO3) of 10 different metals prepared and their percentage recoveries were calculated. The r2 values 

of the standard solution were within 0.9960 and 0.9990. 

2.2. Data analysis 

2.2.1. Daily intake of metals (DIM) 

DIM values of the metals were computed by the use of the following formula: 

B

DC
DIM


  

The C, D and B values correspond to the heavy metal concentration of the sample (mg/kg), daily intake of 

fenugreek paste/ hot spicy tomato dip and average body weight of the person respectively [26]. The 

calculation of the daily intake of fenugreek paste/ hot spicy tomato dip was based upon the data obtained 

by the survey carried out upon 40 male and female participants. The average body weight of the participants 

was 50 kg.  

2.2.2. Health risk index (HRI) 

In order to evaluate the risk posed by the heavy metals upon human health one needs to find the exposure 

level of the human body to these metals. The HRI value is calculated by the use of the following formula: 

   
DRf

DIM
HRI                                                               [27] 

Here RfD  is the oral reference dose or the daily intake of a human with (mg/kg). This value were found to 

be 0.004 and 0,001 (mg/kg) for Pb and Cd. 
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3. RESULTS AND DISCUSSION 

3.1. Concentrations of heavy metals in fenugreek paste and hot spicy tomato dip 

The system was validated by taking the ICP-OES data of mixture of standard metals solution samples. The 

data obtained with these samples with known concentrations are tabulated in Table 1. 

 

Table 1. The percentage recoveries of the mixture of standard metal solution samples with known 

concentrations. 
 

Metal 

Percentage Recovery  

5 ppb 10 ppb 25 ppb 50 ppb 100 ppb 200 ppb 

Fe 92 97 94 95 96 102 

Co 96 89 93 104 98 105 

Ni 85 92 107 102 110 98 

Cu 105 95 97 98 92 108 

Zn 87 91 95 95 98 109 

Cr 93 88 96 105 104 108 

Al 85 91 107 101 105 109 

Mn 108 97 99 96 102 106 

Pb 118 114 105 106 95 94 

Cd 106 109 104 97 105 96 

 

The amounts of Fe, Co, Ni, Cu, Zn, Cr, Al, Mn, Pb and Cd simultaneously determined in the local fenugreek 

pastes and hot spicy tomato dips with ICP-OES were tabulated in Table 2.  

 

Table 2. The metal contents fenugreek paste (FP) and hot spicy tomato dips (HSTD) 

 

Metals 

(ppb) 

Samples 

 

FP1 

 

FP2 

 

FP3 

 

HSTD 1 

 

HSTD 2 

 

HSTD 3 

Fe 30.74±1.42 10.50±1.69 3.27±0.60 32.47±2.17 9.52±0.44 15.31±1.02 

Co 16.85±1.69 18.86±1.20 16.69±0.38 18.23±0.92 16.54±5.12 18.05±1.79 

Ni 58.04±3.44 59.76±3.47 57.38±0.77 58.44±2.05 58.92±0.24 58.85±0.61 

Cu 15.92±0.68 16.90±0.97 15.85±0.55 16.10±1.58 15.17±1.26 14.37±1.38 

Zn 60.63±0.48 61.75±0.75 63.38±0.18 58.53±0.47 58.18±0.17 55.38±0.14 

Cr 96.37±2.25 93.28±0.82 94.56±2.39 95.95±2.68 97.00±2.18 85.88±3.01 

Al 191.30±1.01 201.20±1.10 105.40±1.76 208.70±2.98 211.40±6.86 253.10±1.36 
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Mn 31.27±0.09 30.71±0.17 34.42±0.33 29.16±0.28 29.38±0.25 26.95±0.34 

Pb 113.70±5.68 114.20±3.30 107.50±1.44 104.20±7.84 102.40±6.44 112.70±6.33 

Cd 55.97±0.20 56.10±0.34 56.49±0.39 56.56±0.50 55.98±0.75 56.87±0.43 

 

The rheological characterization of fenugreek paste have been carried out and the pathological bacteria 

which may form in it have been investigated in detail [1,2]. The data present in the literature do not allow 

us to make any comparison of the heavy metal contents of FP and HSTD foodstuff. However, the Pb and 

Cd levels of ketchup were found to be 25.0 and 14.1 ppb respectively [28].  

Cd and Pb are particularly toxic. They may come from the food chain or the production process and they 

may cause a great harm human health even taken in trace amounts. That is why these to metals need special 

attention. Although there are no limits for heavy metals set for either fenugreek paste or hot spicy tomato 

dip in the circular of the maximum limits of pollutants in the Turkish food Codex stipulated were taken to 

be the maximum acceptable levels in food stuff. The average Pb levels found in this study was higher from 

the lower level given by the codex however it remains lower than the higher  limit (0.02-1.5 mg/kg). 

3.2. Health risk assessment 

The Joint FAO/WHO Expert Committee on Food Additives (JEF-CA) recommends that provisional 

tolerable intakes of Cd and Pb are 7.00, 25.00 µg kg-1 week-1 respectively. A body weight of 50 kg and an 

intake quantity of fenugreek paste or hot spicy tomato dip per day of 50 g were presumed. The weekly 

intake value of these metals according to these data are listed in Table 3.  

 

Table 3. The weekly intake and HRI values Cd and Pb 
 

Sample 

Weekly intake 

(µg/kg body weight) 

 

Health Risk Index (HRI) 

Cd Pb Cd Pb 

FP 1 0.39 0.80 0.056 0.028 

FP 2 0.39 0.79 0.056 0.029 

FP 3 0.40 0.75 0.056 0.027 

HSTD 1 0.40 0.73 0.057 0.026 

HSTD 2 0.38 0.72 0.056 0.025 

HSTD 3 0.39 0.78 0.057 0.028 

Based upon the weekly intake values listed in Table 3 one has to consume 18 kg and 30 kg of fenugreek 

paste or hot spicy tomato dip in order to exceed the tolerable amounts stipulated for Cd and Pb. Since this 

is in proportionate beyond any extend there is no situation posing any threat against   the health of human. 

The HRI values indicate a similar situation. The fact that HRI values are below 1 shows that the foodstuff 

are quite safe and healthy [29]. This value has been very much below 1 for the fenugreek pastes and hot 

spicy tomato dip investigated in this study.  
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4. CONCLUSIONS 

In this study, the metal content of fenugreek paste and hot spicy tomato dip as regard to 10 different metals. 

Pb and Cd were separately investigated due their toxic effects. The data were valuated according to both 

Turkish Food Codex and the Joint FAO/WHO Expert Committee on Food Additives (JEFCA). The studies 

carried out revealed that there was no unhygienic situation for both foodstuff.  

However, the effect of the ever increasing population of the world causes the accumulation of the heavy 

metals in the environment with an alarming pace. These accumulated environmental metal concentrations 

are administered by the humans in various ways. Therefore, the preparation and keeping of fenugreek paste 

or hot spicy tomato dip should be standardized. In addition to these, the equipment used during this process 

must be made off with inert material and transportation of these foodstuffs must comply with the existing 

norms. 
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