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Summary 

 It were analyzed the total metals contents for some tomato sauces and degreased 
soy samples. The analysed metals were: Na, K, Ca, Mg, Fe, Mn, Zn, Cu, Cd, Ni, Co, Pb and 
Cr. Flame atomic absorption spectrometry (F-AAS) with high-resolution continuum source 
ContrAA 300 spectrometer was used to determinate the total metals contents. The results 
were statistically interpreted using multivariate analyses.    
 Key words: minerals, functional food, flame atomic absorption spectrometry, 
multivariate analyses 
 
 Functional food is any fresh or processed food claimed to have a health-
promoting and/or disease-preventing property beyond the basic nutritional function 
of supplying nutrients. The term was first used in Japan in the 1980, where there is 
a government approval process for functional foods, called Foods for Specified 
Health Use (FOSHU) [www.wikkipedia.org]. Vegetables are considered functional 
food. Vegetables like tomatoes (Solanum lycopersicum) and soy (Glycine max) are 
very important sources of microelements for human nutrition. Essential metal 
macroelements presents in vegetables are: Na, K, Ca and Mg. The microelements 
are: Fe, Mn, Cu, Zn and Co. The microelements can be toxic in high quantities. 
Other metal microelements: Hg, Cd, Cr, Ni and Pb are very toxic. Metal 
microelements can affect the biological and biochemical processes: nutrition, 
photosynthesis and respiration [Gergen et all, 2006]. 

Epidemiological studies have shown that the consumption of tomatoes and 
tomatoes products can help to prevent various forms of cancers, especially 
prostate cancer, and heart diseases. Tomatoes are often a significant part of the 
human diet and are also abundant sources of antoxidants [Toor et all, 2006] and 
minerals.  
 Soybeans are a source of complete protein. A complete protein is one that 
contains significant amounts of all the essential amino acids that must be provided 
to the human body because of the body's inability to synthesize them. Of any 
studied legume, whole soybeans have the highest levels of phytic acid, an organic 
acid and mineral chelator present in many plant tissues, especially bran and seeds, 
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which binds to certain ingested minerals: calcium, magnesium, iron, and especially 
zinc — in the intestinal tract, and reduces the amount the body assimilates. For 
people with a particularly low intake of essential minerals, especially young children 
and those in developing countries, this effect can be undesirable. However, dietary 
mineral chelators help prevent over-mineralization of joints, blood vessels, and 
other parts of the body, which is most common in older persons. Consumption of 
soy may also reduce the risk of colon cancer [www.wikipedia.org].  
 

Materials and methods  

Samples preparation 
 Eight functional food components samples (six tomato sauce and two 
degreased soy) were analyzed to determine thirteen metals contents (Na, K, Ca, 
Mg, Fe, Mn, Zn, Cu, Cd, Ni, Co, Pb and Cr):  
S1- Tomato sauce Frutia1 (from Romanian market) 
S2- Tomato sauce Frutia2 (from Romanian market) 
S3- Tomato sauce B1 (from Giarmata, obtained at home) 
S4- Tomato sauce B2 (from Carani, obtained at home) 
S5- Tomato sauce from Giarmata, Timis 
S6- Tomato sauce from Carani with Willlowhwrb (Epilobium Hirsutum)  
S7- Degreased soy 1 
S8- Degreased soy 2 
 The metals content from these eight samples were analyzed after dry 
burning of 10 g of tomato sauce and 20 g for degreased soy in the quartz capsules 
at 650oC for 4 hours. After complete burning a nitric acid 0.5 N solution was added 
up to 50 mL. The solutions obtained were used for total analyzed metals contents 
determination by flame atomic absorption spectrometry (F-AAS) with high-
resolution continuum source.  
Standard solutions 
 The standard solutions (1000 mg/L) were analytical grade from Riedel de 
Haen (Germany). The nitric acid 65% solution used was of ultra pure grade (Merck, 
Germany). All solutions were prepared using deionized water.    
Determination of metals contents  
 Analysis of metals contents was made with ContrAA-300, Analytik-Jena 
device, by flame atomic absorption spectrometry (FASS) in air/acetylene flame. 
The device working parameters (air, acetylene, optics and electronics) were 
adjusted for maximum absorption for each element. Acetylene was of 99.99 % 
purity. Under the optimum established parameters, standard calibration curves for 
metals were constructed by plotting absorbency against concentration [Gergen et 
all, 2006]. In a definite range for each metal a good linearity was observed. The 
correlation coefficient for the calibration curves (r2) ranged between 0.9745 - 
0.9891. All analyses were made in triplicate and the mean values were reported. 
All the values obtained for metals contents in analyzed functional food components 
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samples were calculated in mg/kg product. Statistical interpretation of data 
obtained using multivariate analyses was performed with Statistica-6 software. 

 
Results and discussions 

 
 The results obtained for Lithium, Sodium, Potassium, Magnesium and 
Calcium contents are presented in Table 1 and those for Cadmium, Cooper, Zinc, 
Nickel, Manganese, Iron, Lead, Cobalt and Chromium contents in Table 2:   

 
Table 1 

Lithium, Sodium, Potassium, Magnesium and Calcium contents for analyzed 
functional food components 

Samples/ Metals Li 
ppm 

Na 
ppm 

K 
ppm 

Mg 
ppm 

Ca 
ppm 

1. Tomato sauce Frutia1 0.78 1334 1625 138 3 
2. Tomato sauce Frutia2 0.51 1522 1478 149 4 
3. Tomato sauce B1 2.63 592 1776 154 29 
4. Tomato sauce B2 0.68 95 1963 151 15 
5. Tomato sauce from Giarmata 2.47 126 2029 134 54 
6. Tomato sauce with Willlowherb 1.16 117 1722 137 36 
7. Degreased soy 1 1.34 254 1363 1157 806 
8. Degreased soy 2 1.85 240 1356 992 914 
 

Table 2 
Cadmium, Cooper, Zinc, Nickel, Manganese, Iron, Lead, Cobalt and Chromium 

contents for analyzed functional food components 

Sample/ Metal Cd 
ppm 

Cu 
ppm 

Zn 
ppm 

Ni 
ppm 

Mn 
ppm 

Fe 
ppm 

Pb 
ppm 

Co 
ppm 

Cr 
pp
m 

1. Tomato 
sauce Frutia1 

0.0 0.84 0.88 0.04 0.39 2.55 0.01 0.0 0.0 

2. Tomato 
sauce Frutia2 

0.0 0.64 0.68 0.04 0.34 1.90 0.02 0.0 0.0 

3. Tomato 
sauce B1 

0.0 0.57 1.89 0.45 0.74 14.81 0.18 0.0 0.0 

4. Tomato 
sauce B2 

0.0 0.64 1.33 0.53 0.79 16.44 0.01 0.0 0.0 

5. Tomato 
sauce from 
Giarmata 

0.0 0.95 1.9 0.05 0.46 4.41 0.0 0.0 0.0 

6. Tomato 
sauce with 
Willlowherb 

0.0 0.81 1.58 0.14 0.54 4.11 0.06 0.0 0.0 

National limit, 
ppm 

0.03 10 20 - - - 1.0 - - 

7. Degreased 0.007 9.72 17.06 4.69 15.05 57.20 0.07 0.33 0.0
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soy 1 6 
8. Degreased 
soy 2 

0.013 9.71 17.53 5.02 15.67 55.62 0.14 0.04 0.0
3 

National limit, 
ppm 

- 30 - - - - 0.8 - - 

 
 Sodium is an alkaline metal and has very important roles in many 
physiological processes. It is responsible for depolarization of cellular membrane 
and for the water equilibrium in intra- and extra cellular medium. In blood Sodium 
concentration is about 10 times more than in intracellular medium [Mogos, 1997].  
 For tomato sauce Frutia 1 and Frutia 2 were obtained the highest contents 
in Sodium, 1334 ppm for first sample, respectively 1522 ppm for the second. That 
can be explaining, because in these products it was added Sodium Chloride 
through the technological process for preservation. The lower content in Sodium for 
analyzed samples was determinated in Tomato sauce B2 (95 ppm).  
 Potassium, Calcium and Magnesium are also essential macro-element for 
human. Potasium is important because: is involving in muscles contraction, in lipids 
metabolism, in proteins synthesis, maintaining the fluid and electrolyte balance in 
the body. The necessary daily intake is between 2-4 g/day. Magnesium is present 
in many enzymes involved in proteins, lipids and carbohydrates metabolisms. In 
plants Magnesium is present in chlorophylls. The necessary daily intake is 350 
mg/day for men and 300 mg/day for women. Calcium is essential for humans, 
particularly in cell physiology. A deficit in Calcium can affect the formation of bone 
and tooth, but the excess retention can cause kidney stones. The necessary daily 
intake is between 350 and 1100 mg/day [Mogos, 1997]. In analyzed samples the 
higher Potassium contents were obtained for Tomato sauce from Giarmata (2029 
ppm), followed by Tomato sauce B2. For Magnesium and Calcium the highest 
contents were determinated for both degreased soy samples. For Degreased soy 1 
it was determinated 1157 ppm Mg, respectively 806 ppm Ca. For Degreased soy 2 
it was obtained 992 ppm Mg, respectively 914 ppm Ca.  
 Schäfer (1999) consider that, in the near future, Lithium will be 
reconsidered regarding its utility in animal and vegetable kingdom. Schranzer and 
Phresta (1992), Schranzer and Vroey (1997) consider Lithium, in optimum doses, a 
determinant element in human normal behavior, the shortage leading to antisocial 
manifestations and the excess to several renal diseases. In analyzed samples the 
Lithium content is in range 0.5 – 2.7 ppm, with the highest values for Tomato sauce 
B1 and Tomato sauce from Giarmata.     
 Cooper is one of several trace heavy metals that are essential to humans. 
Cooper deficiency in humans is a rare exception, and would not occur if Cu content 
were more than 2 mg in the daily diet. The national accepted limit for Cooper in 
tomato sauces is 10.0 mg/Kg and 30.0 mg/Kg in soy [Ordinance 975/1998]. For the 
different type of analyzed tomato sauces Cu contents is in range 0.5 – 0.95 ppm 
and for both degreased soy samples is around 9.7 ppm.  
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 Zinc is a constituent of about 300 enzymes and proteins that participate in 
all major metabolic processes. Overexposure to Zinc by food, water and air 
commonly poses no risk to the general population. Dietary reference values for 
Zinc are between 9.4 to 11.0 mg/day for male adults and between 6.5 to 8.0 
mg/day for female adults [Peganova & Eder, 2004]. The national accepted limit for 
Zinc in tomato sauces is 20.0 mg/Kg [Ordinance 975/1998]. The smallest quantities 
in Zn were determinated both for Tomato sauce Frutia 1 and Frutia 2 (0.88 ppm, 
respectively 0.68 ppm). The two samples of degreased soy have the highest Zn 
concentrations, 17.06 ppm for degreased soy1 and 17.53 ppm for degreased soy2.      
 The effects of Cadmium are only partially understood. Cadmium inhibit or 
activate a great enzymes number, like those rich in accessible sulfhydryl groups 
[Vollenweider et all, 2006]. The national legal limit for Cadmium in tomato sauces is 
0.03 mg/Kg [Ordinance 975/1998]. In analyzed samples the Cadmium contents 
were detected only for Degreased soy 1 (0.007 ppm) and Degreased soy 2 (0.013 
ppm). The same situation was both for Cobalt and Chromium. For Degreased soy1 
were determinated 0.33 ppm Co and 0.06 ppm Cr and for Degreased soy 2 were 
obtained 0.04 ppm Co and 0.03 ppm Cr.   
 The Nickel requirement of humans has been estimated to be 25-35 µg/day 
[Anke et al., 1995]. Excessive soluble Ni compounds are hepatotoxic and 
nephrotoxic but as aerosols or dusts, insoluble Ni compounds or elemental Ni are 
very toxic (carcinogenic), justifying a lot of country imposed restricted limits, 0.05-1 
mg/m3 [Sunderman, 2004]. In analyzed samples the Ni contents are in range 0.04 – 
5.02 ppm, the highest values being for both degreased soy 1 and degreased soy 2.   
 Manganese and Iron are essential microelements for plants, animals and 
humans. Mn is both a constituent and an activator of several enzymes and proteins 
in plant, animal and humans, and has around 20 identified functions. The 
recommended ESADDI values for adults range from 2 to 5 mg Mn/day [Schäfer, 
2004]. Iron is approximately 60% bound in hemoglobin and 10% in Fe-dependent 
tissue enzymes. The remaining 20% and 10% are stored as ferritin and 
respectively hemosiderin. The Fe turnover is approximately 30 mg/day [Schümann 
and Elsenhaus, 2004]. The contents in Mn for analyzed samples were in range 
0.34 – 15.67 ppm and those for Fe between 4.11 – 57.20 ppm.      
 Lead is not an essential element for life and it is very toxic for the nervous 
system and the kidneys. The national accepted limit for Lead in tomato sauce is 1.0 
mg/Kg and for soy is 0.8 mg/Kg [Ordinance 975/1998]. All the samples have Pb 
contents in range 0.01 – 0.18 ppm.    
 For cluster analysis we used Statistica-6 software. The coefficients of 
matrix correlation of variables are presented in Table 3 and in Table 4. 
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Table 3 
Coefficients of matrix correlation of variables Li, Na, K, Mg and Ca 

 Li Na K Mg Ca 

Li 1.00 -0.44 0.25 0.11 0.17 
Na -0.44 1.00 -0.33 -0.30 -0.34 
K 0.25 -0.33 1.00 -0.73 -0.71 
Mg 0.11 -0.30 -0.73 1.00 0.98 

Ca 0.17 -0.34 -0.71 0.98 1.00 
 

Table 4 
Coefficients of matrix correlation of variables Zn, Ni, Mn, Fe,  Pb, Co and Cr 

 Zn Ni Mn Fe Pb Co Cr 

Zn 1.00 1.00 1.00 0.98 0.43 0.73 0.93 
Ni 1.00 1.00 1.00 0.99 0.45 0.71 0.91 
Mn 1.00 1.00 1.00 0.98 0.42 0.72 0.92 
Fe 0.98 0.99 0.98 1.00 0.49 0.73 0.91 
Pb 0.43 0.45 0.42 0.49 1.00 0.11 0.28 
Co 0.73 0.71 0.72 0.73 0.11 1.00 0.93 
Cr 0.93 0.91 0.92 0.91 0.28 0.93 1.00 
 
 The very good correlation coefficient (0.98) for Calcium and Magnesium 
permits us to exclude one of them. Magnesium is kept. Cadmium, Cobalt and 
Chromium are excluded because many values are closed to 0.0. Also Zinc, Nickel, 
and Manganese are excluded because are in good correlation with Iron.  
 The correlations between factors and variables (factor loadings) for the Li, 
Na, K and Mg like variables are presented in Table 5 and for Fe and Pb like 
variables in Table 6: 
 

Table 5 
Factor-variable correlations (factor loadings) for Li, Na, K, Mg 

 Factor 1 Factor 2 Factor 3 Factor 4 

Li 0.435947 0.677195 0.592588 0.014026 
Na -0.382056 -0.799542 0.453534 -0.095249 
K 0.969862 -0.119138 -0.147000 -0.153509 

Mg -0.704636 0.688503 -0.081614 -0.150969 
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Table 6 
Factor-variable correlations (factor loadings) for Fe and Pb 

 Factor 1 Factor 2 

Fe 0.862429 0.506178 
Pb 0.862429 -0.506178 

 
 Using Lithium, Sodium, Potassium and Magnesium like variables it was 
performed the calculation of variables - dendrogram, presents in Figure 1, and the 
cases – dendrogram presents in Figure 2: 
 
 

Projection of the variables on the factor-plane (  1 x   2)
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Figure 1. The graphical representation of variables Li, Na, K and Mg - 
dendrogram  
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Projection of the cases on the factor-plane (  1 x   2)

Cases with sum of cosine square >=  0.00
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Figure 2. The graphical representation of cases - dendrogram using Li, Na, K 
and Mg like variables 

  
 The graphical representation of variables Li, Na, K and Mg - dendrogram 
(Figure 1) and cases – dendrogram (Figure 2) obtained using these metals show 
that the analyzed samples can be differentiate in four groups. The fist group is 
formed both by degreased soy samples characterized by a high content in 
Magnesium. The second group is formed by tomato sauce Frutia 1 and Tomato 
sauce Frutia 2. This group can be discriminated from the other analysed samples 
because has a high content in Sodium. The third group is formed by Tomato sauce 
B2 and Tomato sauce with Willowherb, both from Carani, having characteristic 
Potassium content. The last group is formed by Tomato sauce B1 and Tomato 
sauce from Giarmata characterized by a high content in Lithium.  
 Using Iron and Lead like variables it was performed the calculation of 
variables - dendrogram, presents in Figure 3, and the cases – dendrogram 
presents in Figure 4: 

 

 

Figure 3. The graphical 
representation of 

variables  Fe and Pb - 
dendrogram  
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Projection of the cases on the factor-plane (  1 x   2)

Cases with sum of cosine square >=  0.00
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Figure 4. The graphical representation of cases – dendrogram using Fe and 

Pb like variables  
 

 The graphical representations of variables Fe and Pb - dendrogram 
(Figure3) and cases – dendrogram (Figure 4) using Fe and Pb show that the 
analyzed samples can be differentiate in three groups. The fist group is formed 
both by degreased soy samples characterized by a high content in Fe. The second 
group is formed by Tomato sauce B1. This group can be discriminated from the 
other analysed samples because has a high content in Pb. The last group is 
formed by the others tomato sauces samples.  
 

Conclusions 

 Between al the analysed metals the highest content was identified for 
Potassium, followed by Sodium, Magnesium, Calcium and Lithium. The highest 
contents in Sodium were obtained for Tomato sauce Frutia 1 and Tomato sauce 
Frutia 2, because it was added sodium chloride for preservation. From non toxic 
metals the highest content was determinated for Iron (1.9-57.2 ppm). The values 
determinated for toxic metal Lead were between 0.01-0.18 ppm.  
 Multivariate PCA analyses using Na, K, Li, Mg, Fe and Pb like variables 
can be useful tools to discriminate the functional food components samples: 
degreased soy of tomato products; tomato sauces obtained at home of those 
present on market; tomato sauce obtained at home varying with the location of 
tomatoes cultivation.    
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