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Abstract 

Tree types of hydrogenated fats which are used in the industry were tested. The initial trace element content was 
determined and also its changes during the heat treatment due to short-term or longer stay of the fats in the 
production container from chrome-nickel steel. Using inductively-coupled plasma-mass spectrometry (ICP MS) 
the total quantity of the selected metals in the fats was determined: Ti, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ag, Sn and 
Pb. 

Was investigated the migration kinetics of Fe and Cr in coating and filling fats and fatty acid composition of the 
fats at the beginning and end of the observation. Unacceptable changes were not found in the organoleptic 
characteristics of the fats, resulting from the migration of metals. The amount of the tested toxic metals does not 
exceed the limit value. An exception is the increased amount of copper in two and nickel in the tree types of fats. 

Key words: ICP-MS, trace element, hydrogenated fats.  

 
1. INTRODUCTION 

Vegetable oils are made up mainly of triglycerides of fatty acids, but also contain biologically active 
components: phospholipids fitosterini, vitamins and more. These active components are necessary to build cell 
membranes, synthesis of numerous proteins, enhancement of protective functions [Iburg, 2004, Ipatova et 
al.,2009]. Most of the extracted oils are liquid but the industry prefers modificated fats. During this technological 
operation the composition and structure of the oils is changed, there is an improvement of their aroma profile and 
also permanent and stable parameters is provided, which expands the applicability [Coenen,1976, Patterson, 
1994].  

In the food industry hydrogenated fats are used to make pasta, dairy and confectionery. They are preferred in the 
composition of cocoa coatings because of some technical advantages: good retention of chocolate flavor, non-
temper and high crystallization speed, products have good heat resistance [Lonchampt, 2004].  

The oil should be melted in a container before they are put in the composition of the coating. This is the stage of 
the technological process, where the fats is in most prolonged direct contact with the metal surface. During 
melting, due to catalytic action of metal ions from the walls of the vessel, there may be a change in the 
organoleptic characteristics of the fat, as well as its elemental composition. After that the melted fat is mixed 
with the other components of the coating, passes through the stages of the production technology and after the 
coating process becomes a part of the composition of the final product. 

The quality of the modificated fats can be assessed by determining their micronutrient composition. Trace 
elements in modificated fats can be categorized as essential - Fe, Co, Cr, Cu, Mn, Zn and those that have 
potentially toxic effects as Pb, Sn, Ag and Ni. [WHO, 1996, Ochiai, 2011].  

The monitoring of the trace element composition of hydrogenated fats is important for manufacturers in order to 
achieve a deeper understanding of food composition and to enable them to be adapted to the requirements of 
international standards, quality and safety [Ybañez, 1996, Capar et al., 2007]. The presence of non-essential and 
toxic elements does not necessarily mean that consumption of these vegetable oils is a health risk prior to the risk 
assessment [FAO/WHO, 2009; FAO/WHO, 2005].  

Quantification of trace elements in modificated fats is of great interest because some essential micronutrients 
(such as Fe, Mn, Zn and Cu) can be toxic above certain limit  levels [Ochiai, 2011; WHO, 
1996;CR(EC)1881/2006;R BG-31,2004]. The determination of the micronutrient composition in fats is 
important because of the presence of variable valence metals in them which can affect the overall quality of 
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these products (color, taste, stability). Data in the literature on the amount of trace elements in hydrogenated fats 
are limited [Nach,1983; Benzo,2002], but there is more information about oleaginous foods, including vegetable 
oils, oleaginous raw materials,  nuts, etc.[Liorent – Martinez,2011; Souza et al.,2005; Nardi et al.,2009; Voica et 
al., 2011; Ataro et al.,2008; Kakalova, 2012; Rivero Martino et al.,2000; Chen,2002; Ochu et al.,2012].  

The determination of micro metals in vegetable modificated fats is a difficult task because their concentration is 
very low (μg.g-1 or μg.kg-1) [Nach, 1983; Olejko, 1976]. So far furnace atomic absorption spectrometry is used 
(GFAAS)[ Nach,1983]. Various techniques are developed to detect trace elements in vegetable oils such as: 
atomic emission spectrometry (ICP-AES) [Anthemidis,2005], atomic absorption spectrometry (AAS) 
[Canario,2005], and also (HR-CS FAAS) [Nunes, 2011]. Massspectrometry with inductively-coupled plasma 
(ICP-MS) combines the extraordinary features of atomization and ionization of samples with the sensitivity and 
selectivity of mass spectrometry. ICP-MS analysis provides a rapid analysis and possibility for simultaneous 
multi-element analysis and therefore is used for elemental and isotope analysis of vegetable oils [Borisova, 2009; 
Liorent – Martinez,2011; Souza et al.,2005]. 

The purpose of this article is to investigate main quality characteristics of three types of modificated fats used in 
industrial practice, to carry out ICP-MS monitoring of their initial trace element composition and its changes 
during the heat treatment due to remaining of the fats in a collector for melting, as a part of the overall 
technological scheme of production. 

 
3. MATERIALS AND METHODS 

2.1. Food samples 

 Three types of hydrogenated fats were examined: type 1 - fat for coating produced in the European Union; type 
2 - fat for coating produced in Malaysia and type 3 - fat for filling produced in the European Union. Data from 
analysis certificate of the manufacturers were compared. They show that at t=20oC solid fat content is max 80% 
(type 2), max 95% (type 1) and max 35% (type 3). The fats are suitable and can be used for the production of 
coated biscuits and fillings. In the analysis certificate of type 1 there is (C18:1)–0.05% and in type 2 - (C16:1)–
0.07%, free fatty acids.  

The three fats were examined in the production process. Each fat was melted at t = 45-50oC in a production 
collector, equipped with a water mantle and made of chrome-nickel steel. On the bottom of the storage collectors 
have details of zinc-coated steel. In the normal technological schedule fats stay in it for 1h. In order to monitor 
the migration of metals, the remaining time in the collector were extended to 16h at the indicated temperature.  

During the observation of fats sample were taken. After sample collection fats were cooled and then were heated 
again on the next day. The data are presented as the mean of three replicates ± standard deviation.  

For the quality control of all samples acid value [ISO 660:2000] and peroxide value [ISO 3960:2001] were 
determined, which indicate set in oxidation during storage of the fats. The organoleptic properties such as color, 
taste and smell was analyzed [Gray, 1978]. 

 2.2. Analytical determination of fatty acids 

The total fatty acid composition of the oil was determined by GC after transmethylation of the respective sample 
with 2N methanolic KOH at 50oC [ISO 5509, 2000]. Fatty acid methyl esters (FAME) were purified by TLC on 
20 cm x 20 cm plates covered with 0.2 mm Silica gel 60 G layer (Merck, Darmstadt, Germany) with mobile 
phase n-hexane: diethyl ether, 97 : 3 (by volume). Determination was performed on a gas chromatograph 
equipped with a 60 m x 0.25 mm x 25 μm (I.D.) capillary DB - 23 column (Hewlett Packard GmbH, Vienna, 
Austria) and a flame ionization detector. The column temperature was programmed from 130оC (hold 1 min), at 
6,5оC/min to 170оC (hold 3 min), at 3oС/min to 215oС (hold 9 min), at 40oС (hold 1 min); injector and detector 
temperatures were 270oС and 280oC. Hydrogen was the carrier gas at a flow rate 0.8 ml/min; split was 50:1. 
Identification was performed by comparison of retention times with those of a standard mixture of FAME 
subjected to GC under identical experimental conditions [ISO 5508, 2004]. 

2.3. Analytical determination of trace elements 

Sample preparation was carried out to determine the content of trace elements in the fats [Fiket et al., 2007; 
Graças et al., 2008; Dugo et al., 2012]. Fat samples (0.5 g) were mineralized with 5ml of cold concentrated nitric 
acid HNO3 (Merck, Darmstadt, Germany). Then the sample was heated in plate for 60 min. To each sample after 
20 min was added additionally 1ml concentrated nitric acid HNO3. After cooling was added 3ml 30% H2O2 
(Chimtex Ltd, Dimitrovgrad, Bulgaria) and the sample is thermally treated further 50 min. Furthermore it was 
cooled and quantitatively transferred into a flask of 50 ml and was dilute up with ultrapure water. 
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An ICP-MS system was used for simultaneous multi-element detection of titanium Ti, chromium Cr, manganese 
Mn, iron Fe, cobalt Co, nickel Ni, copper Cu, zinc Zn, silver Ag, tin Sn, and lead Pb. Quadrupole mass 
spectrometer was used with an inductively coupled plasma ICP-MS Agilent 7700 (Tokyo, Japan) Oktopole 
Reaction System (ORS) and helium as a collision gas. Operating conditions for ICP mass spectrometer are 
shown in Table 1.  

 

Table 1 Operating conditions for ICP-MS research 

Plasma conditions 

1 RF power 1.5 kW 

2 Argon plasma gas flow  15 L.min-1 

3 Auxiliary gas flow 0.9 L. min-1 

4 Nebulizer gas flow 0.95 L. min-1 

5 Sample flow rate 0.34 mL. min-1 

6 Nebulizer type Micromist  (Glass Expansion) 

7 Spray chamber 
Scott double pass,  

Peltier cooled 20C 

8 Interface cones Ni 

9 
Collision gas  

Collision gas flow 

He 

3.5 mL.min-1 

10 Mass spectrometer settings 

11 Resolution Normal 

12 Acquisition mode Peak hoping 

13 Channels per mass 1 

14 Dwell time 100 ms 

15 Replicate 5 

 

For the purpose of the analysis external calibration was made against aqueous multi-element standard solutions 
in the concentration range 10-1000 μg L-1, prepared after appropriate dilution of the ICP multi-element standard 
solution VI (110580 Merck, Darmstadt, Germany). Only for the element Sn separate series of calibration 
standards is prepared from monoelement standard of Sn (CPAchem Bulgaria). To control any nonspectroscopic 
multiplicative obstacles, monitoring signal Rh (CPAchem Bulgaria) was included, introduced as an internal 
standard for all test and standard solutions. 

 

3. RESULTS AND DISCUSSION 

3.1. Quality and organoleptic parameters of fats 

The observed fats take part in the coating and filling of cookies. The filling and coating are chemical nature and 
are a solution of solvent modificated fat and additives (sugar, cocoa mass, cocoa powder, milk powder). To 
produce the glaze or the filling, fat have to melt. This process takes place in a collector of chrome-nickel steel.  
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Analysis of the organoleptic characteristics of the three fats samples (Table 2) is performed. Fats which remained 
for 1h in the collectior of chrome-nickel steel, have no changes in the organoleptic indexes. In type 2 and type 3 
changes in the color and taste of the fat are observed after 16h of contact with the metal surface. Due to the 
contact of the molten fat with the vessel walls, heavy metal ions pass into the fat. These ions can have an 
catalytic effect on the fat and change its organoleptic and physico-chemical parameters, which is found in 
vegetable oils by other authors [Maneva,1984; Razgovorov, 2007]. 

Peroxide value of the three types in time of observation is in the range of 2.34-3.09 mmol O2 kg-1. The acid 
value in the reference period for the type 1 is within the range of 0.18-0.37 mg KOH g-1, for type 2 –  0.24-0.42 
mg KOH g-1 and for type 3 – 0.20 - 0.25 mg KOH g-1. 

Monitoring data shows that the time of heat treatment leads to rise in acid value for type 1 – from 0.18 to 0.28 
mg KOH g-1 and for type 2 – from 0.24 to 0.42 mg KOH g-1. For the peroxide value slight increase is observed 
in sample 1 which remained 2h – to 3.09 mmol O2 kg-1. The results of the organoleptic and quality 
characteristics the three types of fat shows that there are no unacceptable changes in them. 

 3.1. Fatty acids of fats 

It was found (see Table 2) that as a result of heat treatment and several times heating and cooling of the fats in a 
collector for melting, there can be a insignificant change of certain fatty acids.  

3.2. Monitoring of trace element content in fats 

During the thermal treatment of the fat, due to the contact of the fat with the walls of the container, there is 
migration of metal ions to the modificated fat. Determining the amount of essential metals and those with 
potentially toxic effects is of interest. In the three fats total quantity of the following metals was observed: Ti, Cr, 
Mn, Fe, Co, Ni, Cu, Zn, Ag, Sn and Pb (Table 4). 

It is known that small amounts of metals such as Fe, Zn, Cu, Mn, Cr and Co are essential for human health. The 
absence of any of them in the diet produces functional and structural abnormalities that are associated with or 
result in specific changes that can be canceled by the presence of metal (WHO, 1996; Goyer, 1998; Protasova, 
1998). Iron is a component of hemoglobin and myoglobin. It is stored in the tissues and is used by the body but 
its absence can cause anemia. Zinc is involved in the composition of more than 300 enzymes and its deficiency 
results in impaired cell growth. Copper is an element of the elastic tissues, certain copper-containing proteins 
and enzymes. Manganese activates several enzyme systems and is a major component of two important 
mitochondrial enzymes. Chromium is required for maintenance of normal glucose metabolism. Cobalt as a part 
of vitamin B12 and is required for the formation and the function of cells (Ochiai, 2011; WHO, 1996; 
FAO/WHO, 2009; FAO/WHO, 2005). 
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Because of the fact that the melting collector is made of chrome-nickel steel, it is expected that iron and 
chromium will migrate the most (Figure 1, 2 and Figure 3). Observation of type 1 in the entire time range, shows 
that until the second hour a very slight increase in the total amount of iron passed into the fat. Organoleptic 
analysis of the fat shows that there is no change in its appearance and color. Variation in chromium is similar - 
its quantity in the first hours rises steadily, but after the second hour almost does not change. 

In fat type 2, an increase of total quantity of iron and chromium is observed, which passed in the fat for the entire 
time of observation. This sample shows lower absolute values of the migrated iron and chromium in the first 
hours, but there is increase in their value at the end of the reference period.  

According to the requirements of European legislation [CR (EC) №1881, 2006], the amount of iron and 
chromium in vegetable fats is not subject to control, but it would be correct to compare the results to the 
FAO/WHO regulated standards for maximum tolerable weekly intake of these two metals. 

 

 
Figure 1. Effect of heat treatment time on the amount of iron Fe and chromium Cr migration in the fat from type 

1 
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Figure 2. Effect of heat treatment time on the amount of iron Fe and chromium Cr migration in the fat type 2 

 

The observed modificated fat form up 30% in weight of coating and the coating participates with 20% in the 
final product. Therefore the share of fat in the final product is 6%. When the fat is used in production, it melts at 
t = 45-50 oC for about 1h in the production collector and then passes through the production facilities to be 
included in the composition of the coating. To calculate the intake of iron and chromium, we take the quantity 
data of the two metals in the fat which stayed in the production collector for 1h. 

As established by the FAO/WHO norms, maximum daily intake of inorganic iron (PTWI) is 0.8 mg/kg bw/day 
and respectively 5.6 mg/kg bw/ week [FAO/WHO, 2005]. In sample 1 after 1h stay the obtained iron is 120 
mg/kg in the fat i.e. 7.2 mg /kg in the final product. If a person weighing 70kg consumes 50g per day of this 
product, he/she will take up to 5.1 μg/kg bw /day of Fe and 36.0 μg/kg bw /week, i.e. 0.6% of the tolerable 
weekly intake. PTWI of inorganic chromium is 23.3 μg/kg bw/ week [FAO/WHO, 2007]. For sample 1 after 1h 
stay is determined chromium of 19 mg/kg in the fat i.e. 1.1 mg/kg in the final product. If a person weighing 70 
kg consumes 50g of this product per day, he/she will take up to 5.7 μg/kg bw/week of Cr, i.e. 24% of the 
tolerable weekly intake.  Similar limits of Fe and Cr was also established in foods by other authors [Ochu et al., 
2012; Kakalova, 2012]. 

 

 
Figure 3. Effect of heat treatment time on the amount of iron Fe and chromium Cr migration in the fat from type 

3. 
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In sample 2 after 1h stay the obtained iron content in the fat is 135 mg/kg, i.e. 8.1 mg/kg in the final product. In 
this case person weighing 70 kg consumes Fe 5.7 μg /kg bw / day or 40.5 μg/ kg bw / week, i.e. 0.7% of the 
tolerable weekly intake. The amount of chromium, which a person weighing 70 kg would take per week if you 
consume this product is Cr 5.1 μg/ kg bw /week, i.e. 15% of the tolerable weekly intake.  

The observed filling fat (type 3) form up 30% in weight of filling and the filling participates with 30% in the 
final product. Therefore the share of fat in the final product is 9%. After 1h stay the obtained iron content in the 
fat is 80 mg/kg, i.e. 7.2 mg/kg in the final product. In this case person weighing 70 kg consumes Fe 5.1 μg/kg 
bw/day or 36 μg/kg bw/week, i.e. 0.6% of the tolerable weekly intake. The amount of chromium, which a person 
weighing 70 kg would take per week if you consume this product is Cr 4.5μg/ kg bw/week, i.e. 19% of the 
tolerable weekly intake.  

 

 
 

In order to fully clarify microelement composition of the test samples other essential elements such as Zn, Mn, 
and Co (Table 4) were examined. The content of Ti has also been determined. The analysis of the results shows 
that if the fats are retained longer in the collector, amounts of these minerals increases steadily. 

The obtained values were compared with the standards of FAO/WHO for the quantity of Zn and Mn which must 
be in the diet [FAO/WHO, 2007; Nasreddine, 2010]. If a person consumes 50g/den of a product produced by 
either of the two fats, he/she will take 6.3 μg Zn (0.6% PMTDI) if it is produced with the first fat and 12.6 μg Zn 
(1.3% PMTDI) with the second one. The amount of Mn which is taken at similar consumption is 8.7 μg Mn 
(0.4% RDA) if it is produced with the first fat or 5.1 μg Mn (0.3% RDA) with the second one. If a person 
consumes 50g/day of a product produced by filling fats –type 3, he/she will take 3.1 μg Zn (0.3% PMTDI) and 
0.2 μg Mn (˂0.1% RDA). 

Data on the quantity of the titanium indicate that it uniformly grows and the sample from type 1 shows higher 
value in the first hour of observation. Except as an additive in food and pharmaceutical products, titanium is 
biocompatible and is widely used in medicine [Brunette, 2001; ITA,1999]. Titanium is not toxic and its 
compounds are adsorbed slightly. Having in mind that percentage size of the fat in the final product (6%), the 
amount of Ti in the final product is insignificant (˂14μg kg-1). 

Lead enters the human body through food, water or inhalation of aerosol particles from the air. Damage from 
lead is expressed in high blood pressure and abnormal activity of the nervous system, liver and kidneys [Zheng 
et al., 2007; Wang et al., 2007]. The maximum level of lead in fats according to European legislation is 0.1 mg 
kg-1 [CR (EC) №1881, 2006]. Increased levels of lead in both control fats were observed. The recalculated total 
Pb content in the final product is less than 70 μg kg-1 (the basis for the calculation is the quantity data of lead in 
both fats which stay for 1h in the collector). 

Elevated quantity of nickel and copper in the control specimens of all the three fats was observed, which may be 
explained by residual amounts of catalyst for the hydrogenation of fats and is also found by other authors [Nach, 
1983; Liorent – Martinez, 2011; Razgovorov, 2007]. From the results obtained it is also visible, that in the 
process of melting and heat treatment, the amount of the two metals can be increased considerably, especially by 
long term heat treatment of type 2.  
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In the production conditions the heat treatment continues for 1h. The amount of nickel, which migrates up to that 
moment (see Table 4), i.e. in the final product this amount is 0.72 mg kg-1, 0.6 mg kg-1 and 0.3 mg kg-1 
respectively for fats type 1, 2 and 3. There is exceeded limit of 0.2 mg kg-1 [CR (EC) №1881,2006] for the 
nickel content in all the final products with three hydrogenated fats, which was found by other authors in 
chocolate [Ochu et al., 2012; Sager, 2012]. 

Copper is a necessary trace element for humans, but this metal can have a toxic effect caused by its 
accumulation. The amount of copper which migrates in the observed fats after 1h in fats type 1, 2 and 3 (Table 4) 
corresponds to respectively 0.43 mg kg-1 , 0.036 mg.kg-1  and  0.012 mg.kg-1 in the final product produced with 
these fats. There is exceeded limit of 0.1 mg kg-1 [CR (EC) №1881,2006] for the copper content in coating fats.  

After 1h stay in the vessel made of chrome-nickel steel, the amounts of silver and tin (Table 4) in the 
modificated fats are within acceptable limits [CR (EC) №1881,2006]. 

 

4. CONCLUSION 

1. Using ISP mass spectrometry three kinds of modificated fats were observed and the total amount of following 
metals was evaluated: Ti, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ag, Sn and Pb. It is found that as a result of migration of 
metals in normal time the technological process, there no change of organoleptic properties and no significant 
change in the fatty acids. 

2. The maximum weekly intake of inorganic metals was calculated if the consumed products are made with the 
observed fats (stay for 1h in the observed production volume).  Consumption in 50 g/day of product with these 
fats satisfies the recommended daily intake for Fe, Cr, Mn and Zn, which is important for the adequate trace 
element supply by nutrition. 

3. The amount of the tested toxic metals does not exceed permissible limits. The exception is the increased 
amount of copper in two and nickel in the three type fats. 
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