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Abstract 

Interaction between packaging and food consists of the transfer of substances from the environment as well 

as from the packaging into the food and vice versa. Chemical reactions inside the packaging or food are 

also possible. Experimental studies were conducted on the migration of Fe, Sn, in canned foodstuffs. In 

order to study the interaction of metal packaging at the same time to check the stability of protective 

varnish applied to the boxes, canned produced were analyzed periodically during storage, from the point of 

view of sensorial, physical - chemical and microbiological properties and of migration of heavy 

metals.Three-piece-cans had been protected with different coatings and techniques. After filling with 

different raw materials, cans were stored in ambient temperature (ca 20 °C) during 2 years. There was 

stated increasing dependence of storage time on concentration of Fe and Sn in cans. There are great 

differences among migration of Fe, Sn and migration trends of the other heavy metals reported in the 

literature. These phenomena are disadvantageous for quality of canned foodstuff. 
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1. Introduction 

Food packaging can retard product deterioration, 

retain the beneficial effects of processing, extend 

shelf-life, and maintain or increase the quality and 

safety of food. Undoing so, packaging provides 

protection from 3 major classes of external 
influences: chemical, biological, and physical.[1] 

Lately, food packaging has gained a widespread 

importance in food safety due to the possibility of 
migration of chemicals from food contact materials. 

The term ‘migration’ usually describes a diffusion 

process, which may be strongly influenced by an 

interaction of the packaging material with the food 

[2]. Although much work has been undertaken to 

help to reduce lab testing required through 

simplifying analytical procedures or use of 

mathematical modeling, within different EU 

projects during last years, further work was 

proposed before finally agreed models could be put 

forward for its adoption [2]. 

The current approach for the authorization and 

control of substances used in food contact materials 

is cautious in estimating the potential exposure of 

the consumer to these substances. Approaches, 
which take better account of the actual exposure of 

the consumer to food contact materials in risk 

assessment, are under discussion. 

To estimate dietary exposure to a substance 

migrating from a food packaging material, 

information is needed on the types of food 

packaged, the nature of the packaging material, 

migration data, packaging usage factors and food 

consumption Migration testing using food simulants 

is the normal procedure for checking compliance of 

a food packaging material against specific migration 

limits (SMLs).  
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However, as Feigenbaum et al. (2002) [15] point 

out, this is not practical for several reasons. 

Industries that put packaged foods or materials 

intended for food contact on the market do not 

know the identities of the potential migrants; 

sometimes, those who manufacture and sell these 

raw materials do not know the processing 

conditions or the final application; and even if the 

identities of the migrants were known it may be 
difficult to analyze them. Therefore, the use of 

mathematical modeling to predict migration, which 

can reduce the amount of tests to be undertaken, has 
been recently introduced into legislation [2]. 

In the packaging internally lacquered, the 

interaction product/packing occurs mainly through 
these discontinuities. The main consequence of this 

discontinuity is the iron, which can be dissolved in 

the food. The reactions involved can modify the 

flavor characteristic of the product conferring to it 

metallic flavor [3]. 

The combination of sensory, nutritional and 

hygienic characteristics will provide the quality of a 

food product [4]. For the case of the beverage cans 

made from tinplate, the control of the migration of 
iron acquires an even greater importance; because 

extremely small levels of iron migrated to the drink 

(0.5 ppm) can already compromise the flavor of the 
drink [5]. The lacquer coating is the most widely 

used method for reducing tinplate can corrosion [6]. 

A need for rapid development of new internal 

coatings on tinplate cans arise in the food and 

beverage industry, mainly as a response to proposed 

volatile organic compound regulations. Nowadays, 

the coatings industry is interested in water-based 

coatings, because they release very little organic 

solvent into the atmosphere [7]. 

Trace metal levels of various vegetable samples 

have been widely reported in the literature [8,9,10]. 

It is known that adequate iron in a diet is very 

important for decreasing the incidence of anemia. 

Iron deficiency occurs when the demand for iron is 

high, e.g., in growth, high menstrual loss, and 

pregnancy, and the intake is quantitatively 

inadequate or contains elements that render the iron 

unavailable for absorption [11]. Poor bioavailability 

is considered to be an important factor leading to 
iron deficiency in many countries. Iron content was 

ranged from 27.5 µg/g, in canned delicatessen to 

79.6 µg/g in canned mushroom samples. Iron levels 
in vegetables have been reported in the range of 

9.3–76.0 µg/g [9], 4.5–9.7 µg/g [12], and 40.1–

261.6 µg/g [10]. The maximum iron level permitted 

for canned food according to Turkish Food Codex is 

15µg/g [13]. Iron levels in analyzed canned samples 

were found to be higher than legal limits. It is 

predicted that high iron level is sourced from 

processing of raw materials.[14] 

2. Materials and methods 

In order to study the interactions between the 

package and the contents of can in practical terms 
during the period of storage it was tested four types 

of canned products manufactured with different 

lakes. In order to compare the skills of several 
systems for varnishing was used the same type of 

tin. Thus, it has sought the variation of migration of 

metals (iron and tin) of the packaging in food during 
storage, various canned peas, tomato paste, canned 

meat and liver pate, aimed at extending the term of 

protection systems conservability. 

AAS determination of heavy metals migration 

Microwave digestion.One gram of sample was 

digested with 6 ml of concentrated HNO3 (65%) 

(Suprapure, Merck) and 2 ml of concentrated H2O2 

(30%) (Suprapure, Merck) in microwave digestion 

system. After that was diluted to 10 ml with double 
deionised water (Milli-Q Millipore 18.2 MΩ/cm 

resistivity). A blank digest was carried out in the 

same way (digestion conditions for microwave 
system were applied as 2 min for 250 W, 2 min for 

0 W, 6 min for 250 W, 5 min for 400 W, 8 min for 

550 W, vent: 8 min, respectively). 

Trace metals determination: A Perkin–Elmer 

Analyst 400 atomic absorption spectrometer, with 

found correction absorbance (D2 lamp), for all 

metals analysis was used, except tin, which was 

analysed using an ICP-AES spectrophotometer. The 

operating parameters for working elements were set 
as recommended by the manufacturer. The 

operating parameters for working elements were set 

as recommended by the manufacturer; iron and tin 

in canned food during 36 months storage were 

determined by HGA graphite furnace using argon as 

inert gas. The elements were determined by using 

air-acetylene flame. Milestone Ethos D microwave 

closed system (maximum pressure 1450 psi, 

maximum temperature 300
0
C) was used. 

3. Results and Discussion 

Varnish- 1 – universal varnish; 

Varnish - 2 – epoxifenolic varnish 

In figure 1 it is observed that during the period of 
storage for 0-1080 days appears insignificantly Fe 
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content in both types of cans, and the following 

period is currently a significant increase of Fe. 

 
Figure 1. Variation of iron content of peas cans at 

storage 

In figure 2 it is observed that during the period of 

storage of 720-1080 Sn content migration of the 

product packed in the box covered with varnish I 

shall have much faster than changing the Sn of the 

product currently packed in the box covered with 

varnish II. 

 

Figure 2. Variation of tin content of peas cans at storage 

 

 
Figure 3. Variation of iron content in tomato cans at 

storage 

The analyses carried out shows that migration of Fe 

content in the product presents a significant increase 

for the duration of storage of all types of used cans. 

 

Figure 4. Variation of tin content in tomato cans at 

storage 

The figure above shows that throughout the storage 

Tin content migration is more pronounced in the 

canned lacquer-coated epoxifenolic. 

 
Figure 5. Variation of iron content in pork in own juice 

cans at storage 

 
Figure 6. Variation of tin content in pork in own juice 

cans at storage 

In figure 5, it could be observed a significant 

increase of the content of Fe in the first storage 

period (0-720 days) and in the second part of the 
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migration of Fe content storage becomes constant 

and insignificant. 

In figure 6 it observed that the migration of Sn 

content preserved covered with lacquer, sulfur-

resistant is more pronounced in the first storage 

period than the canned lacquer coated universal. 

 
Figure7. Variation of iron content in liver pate cans at 

storage 

In figure 7 it could be observe a constant increase in 

iron content of both products throughout the storage 

time. 

In figure 8 are observed a significant increase in the 

levels of Tin in the second period preserved in 

storage-covered varnish sulfur-resistant to varnish 

preserved covered with universal. 

 
Figure 8. Variation of tin content in liver pate cans at 

storage 

 

4. Conclusion 

After 6 and 12 months of storage, the contents of 

heavy metals of rehydrated peas in tins packed with 
protective film, varnish II, I do not very 

significantly, the product fits within the scope of the 

Ministry of Health Order No. 975\/1998. The only 
change refers to the slight increase of iron content in 

the two types of varnishing. As regards the contents 

of tin was not only a slight increase observed, barely 

after 12 months of storage, the product is packed in 

boxes protected with yellow.  After 24 month the 

content of metals increases significantly. 

After 6 and 12 months of storage, heavy metal 

content of tomato pulp packed in tins that are 

protected with protective lacquer film White and 

yellow varies significantly. Changes are observed in 

all the three systems for varnishing in regards to the 
content of iron and tin, with progressive increases 

both after 6 months and after 12 months of storage. 

• analysis of the appearance of the interior of the 
varnish, running a representative sample of open 

boxes, also has been properly and did not submit 

any changes during storage (in normal conditions at 
room temperature), in both variants of varnishing. 

• in view of the fact that it was used to protect the 

inside of the boxes, so a specific meat products, 

sulfur-resistant -type \"White Lake\" and a 

\"universal-yellow Lake\", comparative analysis of 

the properties of the product is important.  

• From the analyses carried out would result in a 

significant increase in heavy metal content of the 

product packed in cans of film, protected by varnish 
1 and varnish 2. 
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