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Abstract 

Issue related to xenobiochemistry at the begining of this millenium acquires new scientific connotations of 
theoretic and applicative interest by its ecological, nutritional, bio-medical and social implications. 
Reiterating the aspects which circumscribe the domain of biochemistry – metabolization of nutrients and  
that of xenobiochemistry – biotransformation of xenobiotics one can emphasize that physiological and 
physiopathological processes take place simultanously.  Xenobiochemistry of food interest concerns not 
only with the xenobiotics resulted from initial food contamination but also with the xenobiotics derived 
from food packaging materials. Irrespective of their origin all xenobiotics attain into the organism together 
with foodstuffs. 

In this context studies regarding the xenobiotics of food interest are of special importance. Certain food 
xenobiotics can come from deliberate contamination (food additivation) or from incidental contamination 
and from illicit contamination  (food pollution). These are the xenobiotics accompanying ab initio (a priori) 
the food nutrients. Other xenobiotics can result from the food packaging materials and are considered as 
xenobiotics accompanying a posteriori the food nutrients (post-processing, post-handling, post-storage).  

Studies regarding the effects caused by the substances originated from the packaging materials of 
foodstuffs must be performed by evaluating these effects at the interface of packaging-food, considering the 
migration of some xenobiotics from the packaging material into food nutrients. Also, the evaluation of the 
effects of some chemical derivatives of xenobiotics released from packaging materials may rise interest. In 
both situations the chemical xenobiotics appear a posteriori related to the processing period of foodstuffs. 
In case of plastic materials – discussed predilectly in this first note of the paper – the in vivo effects of 
xenobiotics are of interest. Usuall, the researches on food xenobiotics have in view three aspects: a) the role 
of chemical additives used in plastic materials for food packages; b) residual compounds resulting from 
organic synthesis of the food packages; c) monomers and their derivatives resulted from food packages in 
case of inadequate storage conditions and/or inadequate handling. 

Keywords: xenobiotics from food packaging materials - in vivo effects 
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1. Introduction 

Food is an important exposure route to various 
xenobiotics which can be classified in two groups. 
The first group of food xenobiotics includes the 
food additives and the contaminants like: 
mycotoxins, heavy metals, polycyclic aromatic 
hydrocarbons, biocides – substances capable to kill 
living organisms in a selective way (i.e. pesticides 
and antimicrobials). These food xenobiotics can be 
present in food ab initio together with the nutrients 
[14,15,17]. The second group of food xenobiotics 
comprises the substances released from certain 
packages intended to come into contact with 
foodstuff [9,23]. It is a known that some 
substances used in the composition of food 
packaging can migrate into food itself, becoming 
food xenobiotics which accompany a posteriori the 
food nutrients.  

However, in the last decade, the role of food 
packages has received less attention they 
contribute significantly to human exposure to 
xenobiotics [16,20]. Therefore the monitoring of 
food packaging xenobiotics migration and the 
evaluation of the health risks posed by them has 
become an important part of ensuring food safety.    

1. Materials used in food packages  

The type of xenobiotics that can leach from the 
package and affect the food quality is closely 
related to the materials used in food packaging. 
The main materials that can be used in food 
packaging are: paper and board, metals, glass, 
ceramics and various plastic materials (having in 
their composition synthetic polymers and 
plasticizers). The characteristics of these materials 
will be discussed below.  

Paper and board. Are made from different 
vegetable sources and composed mainly of 
cellulose and various additives. Additives used in 
this type of material include fillers, starch and 
derivatives, wet strength sizing agents, retention 
aids, biocides, fluorescent whitening agents and 
grease-proofing agents.  

Cellulose-based materials. Are among the first 
modern packaging materials used in food industry. 
The original packaging film was regenerated 
cellulose film (RCF).  Pure cellulose fiber derived 
from wood is dissolved and then regenerated by 
extrusion through a slot, casting onto a drum and 
following acid treatment, is wound up as film.  

 

Cellulose is a high-molecular weight, naturally 
derived, polymer. To make it flexible, it is plasticised 
with humectants (glycol type). The degree of 
flexibility can be adjusted to suit the application. 
Cellulose acetate is also derived from cellulose. It has 
high transparency and gloss and it can be printed.  

Xenobiochemical aspects. Paper and board were 
officially recognized as a source of contaminants in 
the Resolution of the Council of Europe (2002) for 
paper and board in contact with foods, which lists the 
following xenobiotics: diisopropylnaphthalenes 
(DIPN), benzophenone, partially hydrogenated 
terphenyls, solvents, phthalates, azo-colourants, 
primary aromatic amines and polycyclic aromatic 
hydrocarbons [54].  

Metals. Are used in the fabrication of metal cans. 
Cans are made of tin-plate (steel coated with tin), tin-
free steel (steel coated with chromium and chromium 
oxides) or aluminium. Together with metals there are 
used sometimes varmish. Most cans are internally 
coated with a polymeric layer, and thus the food 
contact layer is not the metal but the lacquer.  

Xenobiochemical aspects. Therefore substances of 
concern in cans are not only the metals involved, but 
also components migrating from the coatings (e.g.: 
phenolic resins) – see Grob, 2002 [19]. 

Glass and ceramics. Glass is composed mainly of: 
silica, sodium and calcium oxides. These components 
have no significant effect on food safety. Ceramics is 
another important food contact material which is 
rarely found in packaging but is often found in dishes 
used to serve food. Clay, the major raw material of 
ceramics, is composed of alumina, silica and water. 
Substances of concern may, however, originate from 
glazes and printing inks.  

Xenobiochemical aspects Thus lead and cadmium are 
frequently controlled in such materials since they 
may be present as contaminants [55]. 

Plastic materials. As packaging there can be used 
various synthetic polymers - compounds with high 
molecular weight and very low biological 
availability.  

Among plastic materials used for food packaging one 
can mention: polyethylene, polypropylene, 
polyethylene terephthalate, polycarbonate, polyvinyl 
chloride, polyamide, polyacrylonitrile butadiene 
styrene a.o.  
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A detailed presentation of these plastics is making  
in the next pages. In case of plastic materials the 
xenobiotics of food interest, as it was shown, may 
be represented by: a) additives used in plastic 
packaging materials, e.g.: antioxidants, antistatics, 
antifoggings agents, palsticizers, heat stabilizers,  
dyes etc. ; b) residual compounds used in the 
manufacture of plastic materials, e.g.: solvents, 
catalizers, precursors used in the synthesis of 
plastics etc.; c) monomers resulting from the 
plastic materials which is released during 
inadequate preservation conditions  or their 
derivatives, e.g. styrene, caprolactam, melamine 
and formaldehyde, acetaldehyde etc.  

Xenobiochemical aspects. In plastic materials one 
can  find in reduced amount ingredients some of 
the above mentioned ingredients: a) plastic 
additives; b) residues of some compounds from the 
raw materials used in the manufacture of plastics; 
c) monomers released in time from the own plastic 
materials (in some storage conditions , usage). 

2.Chemical composition of the main plastic 
materials used in food package  

The plastics materials used in food-packaging are: 
polyethylene (PE), polypropylene (PP), polyesters 
(PET, PEN, PC), ionomers, ethylene vinyl acetate 
(EVA), polyamides (PA), polyvinyl chloride 
(PVC), polyvinylidene chloride (PVdC), 
polystyrene (PS), styrene butadiene (SB), 
acrylonitrile butadiene styrene (ABS), ethylene 
vinyl alcohol (EVOH), polymethyl pentene (PMP), 
high nitrile polymers (HNP), fluoropolymers (e.g. 
polychlorotri - fluoroethylene - PCTFE; 
polytetrafluoroethylene - PTFE), polyvinyl 
acetate (PVA). In Europe, PE constitutes the 
highest proportion of consumption, followed by 
four others, PP, PET, PS (including expanded 
polystyrene or EPS) and PVC [9]. The other 
plastics listed meet particular niche needs, such as 
improved barrier, heat sealability, adhesion, 
strength or heat resistance. These materials are all 
thermoplastic polymers. Each is based on one, or 
more, simple compound or monomer.  Their 
structural characteristics will be briefly discussed 
in the next subchapter.  

2.1.Structural characteristics of the constituents  

Polyethylene (PE). Is structurally the simplest 
plastic and is made by addition polymerisation of 
ethylene gas in a high temperature and pressure 
reactor.  

Polyethylene is a thermoplastic polymer consisting of 
long chains of the monomer ethylene (CH2=CH2). 
The heat resistance of PE is lower than that of other 
plastics used in packaging, with a melting point of 
around 120°C, which increases as the density 
increases. 

Polypropylene (PP). Is an addition polymer of 
propylene and has a linear structure with protruding 
methyl (CH2) groups. Polypropylene is a harder and 
denser than PE and more transparent in its natural 
form and has the lowest density and highest melting 
point of all the high volume usage thermoplastics. 
The high melting point of PP (160°C) makes it 
suitable for applications where thermal resistance is 
needed. 

Polyesters. Are condensation polymers formed from 
ester monomers, resulting from the reaction of a 
carboxylic acid with an alcohol.  

a. The most used polyester in food packaging is 
polyethylene terephthalate (PET) which is 
obtained when terephthalic acid reacts with 
ethylene glycol and polymerises. Polyethylene 
terephthalate melts at a much higher temperature 
than PP, typically 260°C, and does not shrink 
below 180°C.  

b. Another polyester used in food packaging is 
polyethylene naphthalene dicarboxylate (PEN), 
which is a condensation polymer of dimethyl 
naphthalene dicarboxylate and ethylene glycol. 
This polyester is UV resistant and has higher 
temperature resistance compared with PET.  

Polycarbonate (PC). Is a polyester containing 
carbonate groups and bisphenol in its structure. It is 
formed by the polymerisation of the sodium salt of 
bisphenolic acid with phosgene.  

It is glass clear, heat resistant and is mainly used as a 
glass replacement in processing equipment and for 
glazing applications. Its use in packaging is mainly 
for large water bottles. It is also used for sterilisable 
baby feeding bottles and as a replacement in food 
service. Bisphenols and their derivatives with epoxy 
or chlorohydrin groups are known to be endocrine 
disruptors in humans and also as having potentially 
carcinogenic effects [26,43].  

Their migration from can coatings/varnishes, 
polycarbonate (PC) bottles and sealants have been 
studied intensively in the last decade [5,12,18,23,33].  
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Polyvinyl chloride (PVC). Is obtained by the 
addition polymerisation of vinyl chloride which is 
similar in structure with ethylene, but with a 
hydrogen atom substituted by a chlorine atom. It is 
used in the fabrication of bottles for vegetable oil 
and fruit drinks. PVC softens, depending on its 
composition, at relatively low temperatures (80–
95°C). 

Polyvinylidene chloride (PVdC). Is a polymer 
derived from vinylidene chloride (ethylene with 
two hydrogen atoms replaced by chlorine atoms). 
PVdC is a widely used component in the 
packaging of cured meats, cheese, snack foods, 
tea, coffee and confectionery. 

Polystyrene (PS) is an addition polymer of styrene, 
a vinyl compound where a hydrogen atom is 
replaced with a benzene ring. Polystyrene is easily 
processed by foaming to produce a rigid 
lightweight material which has good impact 
protection properties. The blown PS foam can be 
extruded as a sheet and used to make trays for 
meat and fish, egg cartons etc.  

Polyamides (PA). Are commonly known as nylon. 
Polyamide plastics are formed by a condensation 
reaction between a diamine and a diacid or a 
compound containing each functional group 
(amine). The different types of polyamide plastics 
are characterized by a number related to carbon 
atoms in the originating monomer. Such a 
compound is nylon 6.6 or polyamide 6.6 , having 
the chemical name of polyhexamethylen 
adipamide. 

Ethylene vinyl acetate (EVA). Is a copolymer of 
ethylene with vinyl acetate. The weight percent of 
vinyl acetate usually varies from 10 to 40%, with 
the remainder being ethylene. It is a polymer that 
approaches elastomeric materials in softness and 
flexibility. 

Polystyrene butadiene (PSB). Is also a packaging 
polymer which is tough and transparent. Blown 
film of PSB has high permeability to water vapour 
and gases. It is used to pack fresh produce. 

Polyacrylonitrile butadiene styrene (PABS). Is a 
copolymer of acrylonitrile, butadiene and styrene, 
with a wide range of aplications which can be 
varied by altering the proportions of the three 
monomer components. It is a tough material with 
good impact and good flexing properties. PABS is 
either translucent or opaque.  

A major use is in large shipping and storage 
containers (tote boxes), and it has been used for thin-
walled margarine tubs and lids. 

Ethylene vinyl alcohol (EVOH). Is a copolymer of 
ethylene and vinyl alcohol. It is a high-barrier 
material with respect to oil, grease, organic solvents 
and oxygen. It is moisture sensitive and, in film form, 
is water soluble. Ethylene vinyl alcohol is typically 
coextruded or laminated as a thin layer between 
cardboard, foil, or other plastics.  

Polyvinyl acetate (PVA). Is a polymer which forms a 
highly amorphous material with good adhesive 
properties in terms of open time, tack and dry bond 
strength. The main use of PVA in food packaging is 
as an adhesive dispersion in water. PVA adhesives 
are used to seal the side seams of folding cartons and 
corrugated fibreboard cases and to laminate paper to 
aluminium foil. 

Polymethyl pentene (PMP). Is a methyl pentene 
copolymer. It is based on 4-methyl-1-ene and has the 
lowest density of commercially available packaging 
plastics (0.83 cm3). It is a clear, heat-resistant plastic 
which can be used in applications up to 200°C. The 
main food packaging use is as an extrusion coating 
onto paperboard for use in baking applications in the 
form of cartons and trays for bread, cakes and other 
cook-in-pack foods. 

High nitrile polymers (HNP). Are copolymers of 
acrylonitrile. The nitrile component contributes to 
good gas and odour barrier properties and also to 
good chemical resistance. High nitrile polymers 
therefore offer very good flavour and aroma 
protection. 

Fluoropolymers. Are high-performance polymers 
related to ethylene where all the hydrogen atoms are 
replaced only by fluorine or by fluorine and chlorine. 
From this group there are mentioned: 

a) polytetrafluoroethylene (PTFE) which is known 
to have a high melting point (327°C), and is 
known to be extremely chemically resistant to a 
large variety of chemicals; 

b) polychlorotrifluoroethylene (PCTFE) - material 
with the highest water vapour barrier of all the 
commercially available packaging polymers. It is 
a very good gas barrier and offers high resistance 
to most chemicals at low temperatures. In many 
applications, it is used as a replacement for 
aluminium foil.  



 
 

 
Z. Garban et.al. / Journal of Agroalimentary Processes and Technologies 2010, 16(2) 

 
 

   
 

 

 269

Ionomers. Are polymers formed from metallic 
salts of acid copolymers and possess interchange 
ionic crosslinks which provide the characteristic 
properties of this family of plastics. One example 
of an ionomer is poly(ethylene-co-methacrylic 
acid). This polymer is a sodium or zinc salt (which 
provides the ions) of copolymers derived from 
ethylene and methacrylic acid. 

An other important aspect, from ecological point of 
view, is the knowledge of the degradation / 
biodegradation of these substances in the 
environment. 

3. Effects in vivo induced by constituents of plastic 
food packaging materials  

In the case of polymers used in food packaging it 
must be noted that the polymer itself has no 
significant toxicity. The problem arise form the 
potential of migration of various plastic additives 
(plasticizers and esters, antioxidants, initiators, 
stabilizers etc.), of various residues of  unreacted 
compounds used in the polymer fabrication and also 
the polymer potential to release in certain conditions 
the monomers from its structure which can exert 
harmful effects.  

2.2.Compositional peculiarities and the migration 
of certain ingredients from plastic packaging 
materials into foodstuff 

Corroborated literature data referring to the 
compositional peculiarities of plastic packaging 
materials are presented in table 1. Approaching the 
problem of the migration of some chemical 
compounds or some of their derivatives - formed 
during storage or transport, from the packaging 
materials into foodstuffs, implies the knowledge of 
the chemical composition of the packages.  

It is a known fact nowadays that: a) additives used in 
the synthesis and manufacturing of plastic materials 
used in food packaging; b) residues of unreacted 
compounds used in the polymer fabrication; c) 
monomers from plastic materials can migrate in 
foodstuffs.  

Also, there is important to know the conditions 
(temperature, pressure, pH) which contribute to the 
release of those substances from the packaging 
materials.   

  
 
Tabel 1. Main food packages of plastic materials – chemical characteristics chimice, usage related to 
foodstuffs 
Nr. 
crt. 

Compound 
denomination 

Chain fragment 
(from macromolecule) 

Chemical proprieties of 
general interest  

Uses in 
packaging  

1. Polyethylene (PE) CH2 CH2 n  

- it can be utilized even at 
temperatures of 121-177°C 
- recommended sterilization 
temperatures: 100°C for 
packages with a over 0.5 mm 
thickness and 65.5°C for 
packages with 0.1-0.5 mm 
thickness 

grocery bags, 
sandwich bags, 
squeeze bottles, 
freezer bags 

2. Polypropylene (PP) 
CH2 CH n

CH3  

- breaking temperature: -
9.44°C 
- resists to water vapors, fats, 
acids, bases, solvents 
-  maximum temperature of 
use: 37,18°C 
- corrugates at 45°C  

containers for 
yogurt, 
margarine, 
syrups  

3. Polyethylene terephthalate 
(PET) 

CO OOC CH2 CH2 O
n

 

- maximum temperature of 
use: 100°C 
-at 82,2°C it starts to 
denaturate 

bottles for 
various 
beverages, for 
vegetal oils, 
containers for 
mouthwashes, 
grocery bags, 
microwave 
trays   
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Table 1. Main food packages of plastic materials – chemical characteristics chimice, usage related to 
foodstuffs   (continue) 
Nr. 
crt. 

Compound 
denomination 

Chain fragment 
(from macromolecule) 

Chemical proprieties of 
general interest  

Uses in 
packaging  

4. Polycarbonate (PC) 
CH3

O
CH3

C

O

n
O

 

- good resistance to acids and 
fats but poor resistance to 
bases and solvents 
- doesn’t tolerate boiling in 
water 
- maximum temperature of 
use: 135°C 

baby bottles, 
milk bottles, 
large water 
containers 

5. Polyvinyl chloride (PVC) 
CH2 CH n

Cl  

- maximum temperature of 
use: 65.5°C 
- resistant to water, acids, 
bases, some solvents, fats and 
oils 

bottles for 
vegetable oils 
and fruits juices 

6.  Polyvinylidene chloride 
(PVdC) CH2 CCl2 n 

- resistant to water, oxygen, 
acids, bases, solvents 

packages for 
meat, cheese, 
tea, coffee and 
baking products 

7. 

Polyamide (PA), e.g.  
Polyhexamethyleneadipam
ide 
(polyamide 6.6 or nylon 6.6 ) 

OC ( )4CH2 CO
n

NH ( )6CH2 NH
 

- good barrier for water and 
oxygen  

packages for 
food kept at 
room 
temperature 

8. Ethylene vinyl acetate 
(EVA) 

m
OH3C CO

CHCH2 CH2 CH2n

 
 

- instable at high temperatures 
- resistant at low temperatures 
and to sterilization through 
irradiation  

flexible 
packaging 
material for 
fatty foods,  

9. Polystyrene butadiene 
(PSB) 

CH2 CH CH CH2 mCH
n

CH2

 

- temperature of use: from -40 
to 100°C packages for 

fresh products 

10. Polyacrylonitrile butadiene 
styrene (PABS) 

CH2 CH CH CH2 CH
n

CH2CH2 CH

CN
 

- denaturizes at 93.33°C 
- maximum temperature of 
use: 74°C 
- resistant to acids, bases, oils 
- poor resistance to solvents 
and light 

Packages for 
various food 
products with 
the exception of 
those 
containing 
alcohol and 
those 
designated to 
microwave or 
oven 
preparation   

 
3.1.Chemical additives used in plastic materials 
for food packaging.   

In the manufacturing process of plastic materials 
used in food packaging various chemical additives 
are used. These additives are agents with various 
functions: antioxidant, antistatic, antifogging, 
plasticizers, temperature stabilizers, flame 
retardants, UV stabilizers, colorants. 

Among additives used in the production of plastic 
materials the most important through the impact on 
food safety are the plasticizers. Plasticizers or 
dispersants are known as additives that increase 
the plasticity or fluidity of the materials to which 
they are added. Plasticizers added to plastics 
increase the flexibility of the final product.  

These plasticizers can be considered also as 
xenobiotics because they can migrate into the 
foodstuffs. 

Diesters of phthalic acid (referred to often as 
phthalates) and other plasticizer are used mainly in 
plastic materials and are considered one of the most 
abundant man-made environmental pollutants. 
Humans can be exposed to these compounds through 
ingestion, inhalation and dermal exposure for their 
whole lifetime [30].  

One of the most discussed plasticizers that migrate 
from plastic packages is phthalates. Phthalates are 
easily released into the food because there is no 
covalent bond between them and the plastics in 
which they are mixed. As the plastic material age and 
break down the release of phthalates accelerates.  
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Phthalates are considered to be endocrine disruptor 
compounds which have been shown to change 
hormone levels and cause birth defects [53].  

Studies made on rodents and primates showed that 
some phthalates can suppresses steroidogenesis 
[22, 47] and may have the potential to alter 
androgen-responsive brain development in humans 
[46]. There are also studies that link the endocrine 
disruptor effect of phthalate with obesity and 
insulin resistance [21].   

The most important plastic materials and the ones 
with the highest impact from this point of view are 
polyvinyl chloride (PVC) and polyvinylidene 
chloride (PVDC) which contain large amounts of 
plasticizers, having thus a higher  degree of 
migration [24]. In the food products that come into 
contact with PVC or PVDC packages there are ten 
plasticizer which are commonly found as migrants: 
4 phthalates – di-n-butylphthalate (DBP), n-
butylbenzyl phthalate (BBP), di(2-
ethylhexyl)phthalate (DEHP), diisononyl phthalate 
(DINP); 3 adipates – di-n-alkyl adipate (DAA), 
di(2-ethylhexyl)adipate (DEHA), diisononyl 
adipate (DINA) and 3 other compounds – dibutyl 
sebacate (DBS), O-acetyl tributyl citrate (ATCB) 
and diacetyllauroyl glycerol (DALG) – Tsumara et 
al., 2002.  Lower molecular weight phthalates, 
including DBP and diethyl phthalate (DEP), are 
used as solvents and plasticizers for cellulose 
acetate. 

There are limited information about the toxicity of 
adipates. Two adipates have especially raised 
concerns: DEHA and diethyl adipate. DEHA is 
considered to be a potential carcinogen and diethyl 
adipate shows reproductive toxicity in animal 
experiments [40]. 

Acetyl tributyl citrate (ATBC) is one of the most 
widely used plasticizers. It is used especially in 
PVC films that are the raw materials for a large 
variety of kitchen wraps used increasingly in 
microwave ovens to cover foods while cooking 
and heating. Studies in humans showed that ATCB 
is toxic to human KB cells, a subline of the 
ubiquitous keratin-forming tumor cell line HeLa 
and also ATCB can inhibit the proliferation of 
Lympho node T cells thus affecting immunity [37]. 
In the case of polyethylene terephthalate (PET) a 
study made on Salmonella strains grown directly 
in the plastic bottles with water stored for a period 
of 1 month shown leaching of mutagens. This 
activity was higher after storage in daylight [10].  

Even if phthalates are not used as substrates or 
precursors in the manufacture of PET, there is 
evidence of phthalates leaching from PET bottles. 
Also recent studies shows that PET may yield 
estrogenic disruptors and the leached phthalate are 
the main compounds that can be incriminated for 
these efects [41]. 

Another important plastic additives class, which can 
migrate in foods and may affect human health are 
UV stabilizers. This class of plastic additives is used 
in food packages mainly to prevent polymer 
degradation and changes in the quality of the packed 
food due to UV rays. Some of the compounds used as 
UV stabilizers have been reported to have estrogenic 
activity. This is the case of 2-hydroxy-4-
methoxybenzophenone and 2,2’-dihydroxy-4-
methoxybenzophenone which exert estrogenic 
activity [25] and are potential carcinogens involved 
in breast cancer [36, 42]. 

Flame retardants are another class of plastic additives 
which is used in food packaging materials and poses 
health risks through migration and contamination of 
foods. Flame retardants are compounds that have an 
inhibitory effect on the ignition of combustible 
materials. Of the commercialized chemical flame 
retardants, the brominated variety is most widely 
used. They are very effective in plastics and also in 
textile as they reduce the flammability. One of the 
most discussed food contaminants from this category 
are polybrominated diphenyl ethers (PDBE). 
Additive flame retardants like PBDEs are not 
chemically but physically combined with polymers at 
levels ranging from 5 to 30 per cent by weight, 
creating the possibility for them to leach out of the 
treated materials into the food or into the surrounding 
environment.  Polybrominated diphenyl ethers are 
known as endocrine disruptors which affects the 
thyroid function [29]. Animal studies have 
demonstrated that PBDEs are anti-androgenic 
compounds [45] and that the foetal period may be 
one of high sensitivity to PBDE exposure [32]. A 
recent study reported statistically significant 
associations between concentrations of PBDE 
congeners in breast milk and adverse birth outcomes, 
including reduced birth weight, birth length and 
reduced chest circumference [7]. 

Another flame retardant highly used in the plastic 
materials fabrication is tetrabromobisphenol A 
(TBBPA) which is a derivative of bisphenol A. As an 
additive flame retardant tetrabromobisphenol A it is 
used especially in acrylonitrile butadiene styrene.  
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In vitro studies have suggested a possible 
interference of TBBPA with thyroid hormone 
function and a potential of TBBPA as "endocrine 
disruptor" has been discussed [28].  Also recent 
studies have shown that TBBPA has also 
immunosuppressive effects on human natural killer 
cell [27]. 

3.2.Residual compounds derived from the 
manufacture of food packages  

Various compounds used especially as catalyzers 
in the polymerization process may leave traces 
amounts in the structure of polymer. These 
compounds used in the packaging fabrication 
process may, in different conditions, migrate into 
food and influence the food safety.  

Epidemiology studies have demonstrated 
measurable levels of perfluorochemicals in the 
serum of various individuals. One of the most 
encountered  compound was perfluorooctanoic 
acid (PFOA), a processing aid in the manufacture 
of PTFE, which have been detected in the serum of 
elderly Americans as high as 175 and 16.7 ng ml-1, 
respectively, with higher amounts being measured 
in production workers [38]. Toxicologically, 
PFOA is a peroxisome proliferator, a term used to 
describe a diverse group of non-genotoxic 
chemicals that target the liver, inducing 
peroxisomal β-oxidation and activation of the 
peroxisome proliferator activated receptor [1]. In 
rodents, peroxisome proliferators induce 
hepatomegaly, causing hypertrophy and 
hyperplasia of the liver, ultimately resulting in the 
formation of hepatic tumours. In addition, rodent 
studies indicate that some peroxisome 
proliferators, including PFOA, induce tumours in 
Leydig and pancreatic acinar cells [2]. 
Perfluorooctanoic acid has also been characterized 
as a developmental toxicant, causing increased 
mortality, reduced body weights and delayed 
sexual maturation in pups [56] and as having a 
long human half-life of 4.4 years [6]. Another 
compound that may contribute to the mutagenic 
and endocrine disruptor effect of PET is antimony 
(Sb) which is used in the form of antimony 
trioxide (Sb2O3) or antimony triacetate as a catalyst 
in the production of PET.   

Though the estrogenic disruptor effect of antimony 
was not studied extensively, there are reports that 
indicate antimony to have "high estrogenicity" [8].  

The PET resin typically contains antimony in 
concentrations between 100 and 300 mg/kg [11] and 
experimentally investigations have demonstrated 
significant levels of antimony in water bottled in PET 
containers [44], levels which increase with the raising 
of the ambient temperature [49]. 

3.3.Monomers and their derivatives resulted from 
food packages 

Monomers and teir derivatives derived from various 
polymers used in plastic materials packages can be 
released in the conditions of inadequate handling and 
utilization. Important studies have been also made to 
determine the migration and toxicity of some 
monomers. In this context it can be reminded the 
following compounds: styrene [31], caprolactam [3], 
melamine and formaldehyde[4], acetaldehyde and 
other oligomers used in the composition of 
polyethylene terephthalate - PET [35].  

An important monomer that can migrate from food 
packages is bisphenol A (BPA) which also can exert 
endocrine disruptor effects. Bisphenol A is found 
especially in the polycarbonate as monomer but it is 
also used as a plasticizer in other plastic materials. 
Bisphenol A presents both estrogenic and 
antiandrogenic activity and it is able to activate 
estrogen receptors at concentrations lower than 1µM, 
while it exhibits antiandrogenic activity at 
concentrations higher than 5µM. Moreover BPA has 
also a slight activity is on the pregnane X receptor 
[34]. Studies have shown that BPA induces also 
thyroid hormone mimicking effects [51]. Bisphenol 
A has been reported to induce aneuploidy and give 
rise to DNA adducts in cultured hamster embryo cells 
[48] and also to have potential carcinogenic effect, 
being associated with cancers of the hematopoietic 
system and with an increased incidence of interstitial-
cell tumors of the testes. An, early life exposure to 
BPA may predispose to preneoplastic lesions of the 
mammary gland and prostate gland in adult life [26].  

Bisphenol A is also used as an antioxidant in some 
plasticizers, and as a polymerization inhibitor in 
PVC. Also epoxy resins containing bisphenol A are 
used as coatings on the inside of almost all food and 
beverage cans [13]. In the case of polyacrylonitrile 
butadiene styrene (PABS), during the production of 
acrylonitrile copolymers, a small fraction of 
unreacted acrylonitrile monomer becomes physically 
entrapped in the polymer and can migrate slowly 
during storage or the contact with food or other 
materials.  
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Regarding its toxicity, acrylonitrile is a carcinogen 
and mutagen [39] Decreased fertility and birth 
defects have been observed in some laboratory 
animals exposed to high concentrations of 
acrylonitrile in air or drinking water [52]. Also 
studies revealed that exposure to acrylonitrile can 
induce DNA strand breakage and sex chromosome 
aneuploidy in human spermatozoa [50]. 

Concluding remarks 

1. Thorough studies on xenobiotics originated from 
food packaging materials impose to reconsider 
the current problems related to food 
xenobiochemistry and food safety.  

2. Food xenobiochemistry – dealing with the 
biotransformation of chemical xenobiotics and 
biochemistry - dealing with the metabolization 
of nutrients, are domains with synergistic 
evolution because chemical food xenobiotics 
accompany the food nutrients.  

3. Xenobiotics of food interest which accompany 
ab initio the food nutrients can come from 
deliberate (additivation) or incidental and illicit 
contamination (pollution) of foodstuffs. 

4. Xenobiotics derived from food packaging 
materials vary in accordance with the chemical 
composition of the packaging materials. In case 
of food packaging represented by “plastic 
materials” –  the subject discussed in this paper - 
the in vivo effects are caused  predilectly by: a) 
chemical additives introduced in the composition 
of the “plastic food packaging materials” like: 
antioxidants, plastifiers,  heat stabilizers etc.;  b) 
residual compounds resulted from the synthesis 
and manufacturing of the “plastic food 
packaging materials”; c) monomers and their 
derivatives present in the composition of  
“plastic food packaging materials” which, in 
some conditions (storage, handling etc.) can 
migrate into the foodstuffs. All the above 
mentioned xenobiotics coming from food 
packaging materials constitute the group of food 
xenobiotics accompanying a posteriori the food 
nutrients.  

5. In the complex framework of food 
xenobiochemistry the specific analytical 
determinations must have in view the two groups 
of food xenobiotics, i.e. the “xenobiotics present 
ab initio in foodstuffs of animal and non-animal 
origin” and the  “xenobiotics derived from food 
packaging materials”.  Only thus food safety and 
consumer protection will be guaranteed.  
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