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DEAR READERS AND AUTHORS,

As Editor-in-Chief of the journal Quality  of  Life, I look forward to the challenge of creating a 
journal that will enhance the quality of research in the various disciplines encompassing the Science and 
technology of food, Public health engineering, Sanitary inspection and control, Environmental and public 
health in our country, region as well as at the international level. The goal that we have set is high but not 
unachievable.

The journal Quality of Life was registered in the Register of Public Media in 2010 by the Decision 
of the RS Ministry of Education and Culture. Over the past years, this journal has published a large num-
ber of original scientifi  c research papers, communications and review papers. Quality of Life is published 
twice a year by Pan-European University “Apeiron” Banja Luka. 

All the papers published so far have undergone a thorough review by the editorial board and the 
reviewers, made up of experts from both RS/B&H, the surrounding and other countries, from proven and 
recognized university and research institutions. As a result of a professional approach to selecting and re-
viewing papers, and raising the quality of the journal,  Quality of Life was classifi  ed in the fi  rst category 
of journals in 2019 by the Ministry of Education and Culture.We are proud to say that Quality of Life has 
been well received by the scientifi  c and the general pub-lic in a relatively short period of time, which gives 
the editorial board a strong motivation for further work. 

The editorial team would like to thank our many reviewers who helped to maintain the journal 
standard; our many authors who submitted their best work to the journal; and, most important, our readers 
for your continuing support.

I shall assure all our readers that our consistent eff orts will be aimed toward increasing the visibility, 
impact, editorial cycle time, citations and the overall quality of our journals. We very much look forward to 
strengthening the reputation of our publications, and we want to attract more higher-quality submissions. I 
hope our readers and patrons share a similar vision, and we look forward to a productive, challenging and 
successful 2020 ahead. In the spirit of continuous improvement, any constructive input on streamlining our 
processes is very welcome. 

Please help us grow by citing articles that you read in Quality of Life. We look forward to receiving 
your contributions in the near future.

Editors 
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Abstract: The existence of three autochthonous crayfi sh species is confi rmed in the northwest of the Republic of Srpska: 
Astacus astacus, Pontastacus leptodactylus and Austropotamobius torrentium. There is a lack of information on the Euro-
pean crayfi sh population status in the Republic of Srpska comparing to other European countries. Our aim is to generate 
the latest information on crayfi sh distribution and population status, and make it the basis for managing and preserving 
natural population. The present study was implemented in the period from April 2018 until September 2019. Mostly 
distributed crayfi sh species in the Republic of Srpska is A. torrentium registered in 12 locations at altitude ranging from 
201 to 846 m in the Vrbas river basin, but it is also present in the tributary streams of the Sana river, in ecologically-like 
habitats, in particular in relatively clear waters with low quantity of organic substances (I and II water category). A. asta-
cus is mainly present in the Crna river basin, forming both river and lake population (a great number thereof is present 
in the Balkana lake) – waters with oxygen concentration over 8 g.O2.m-3 and with BOD5 values below 0.5 g.O2.m-3. P. 
leptodactylus was found only in two locations: the Matura river (in Srbac) and the Vrbas river (upstream from Razboj), 
in the I-III category waters. The identifi ed possible threats for autochthonous crayfi sh in fresh water ecosystems of the 
Republic of Srpska require urgent water management and preservation actions.

Key words: freshwater crayfi sh, Astacidae, Republic of Srpska.

INTRODUCTION
Basis for any astacological study of certain area fauna is gaining knowledge on population of living 

organisms in that area, specifi cally crayfi sh, and collecting relevant information on the presence of certain 
species, their number and possible endanger thereof. 

More information is available on distribution and zoogeography of European crayfi sh species than 
of other species of aquatic invertebrate; the situation is not the same in all parts of Balkan Peninsula. Cray-
fi sh information is quite well available in Slovenia, Croatia, Bosnia and Herzegovina, Serbia, Montenegro, 
Kosovo and Metochia (Simić et al., 2008; Trožić-Borovac, 2011; Rajković, 2012; Živić et al., 2014). Partial 
information is available for other places in the Balkan Peninsula, and practically no published scientifi c 
information is available for the Republic of Srpska. 

Local species are diff erently distributed in the European countries. The existence of four autoch-
thonous species from the Astacidae family was reported: Astacus astacus, Pontastacus leptodactylus, 
Austropotamobius torrentium and Austropotamobius pallipes which are typical for the Balkan Peninsula 
(Obradović, 1984; Maguire and Gottstein-Matočec., 2004; Karaman, 1976; Bedjanic, 2004; Simić et al., 
2008; Rajković, 2007; Trožić-Borovac, 2011; Živić, 2014). Globally, the A. astacus, A. pallipes and A. 
torrentium species are so pruned and threatened, and thus included in the international list of threatened 
species (IUCN Red List), and their habitats included in the Habitat Directive. The A. astacus species is clas-
sifi ed as species at risk (VU) on the International Red List, A. pallipes as threatened species (EN) and the 
A. torrentium is classifi ed as insuffi  ciently known species (DD). Given the diff erent levels of this species’ 
endanger and their habitats, a special conservation approach is required in many parts of their distribution.
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This study paper is intended for confi rming the presence of the Astacidae family species on the 
northwest of the Republic of Srpska, and making contribution to knowledge on their distribution and status 
of their population. 

MATERIALS AND METHODS
Observation of physical and chemical water features in researched locations and collection of cray-

fi sh samples was performed once a week in the period from April 9th, 2018 until August 23st, 2019. 
In line with crayfi sh sampling, the Institute for Public Health of the Republic of Srpska conducted 

studies of physical and chemical water parameters in selected areas for the purpose of this study. A portion 
of selected results was taken over from biological and ecological studies carried out by Crnogorac et al. 
(2013) and Lolić et al. (2017) to compare new results with results obtained from previous studies. 

Crayfi sh samples were collected manually, LiNi trap with baits and nets. Traps were placed by the 
watercourse edge, under stones and roots of the littoral vegetation and left overnight. Fresh crayfi sh were 
observed, both in the fi eld and laboratory. Afterwards, all collected organisms were classifi ed up to the spe-
cies level by applying illustrated guidance for identifi cation of European crayfi sh from the Astacidae family 
(Maguire, 2010). Morphometric features were measured by a vernier scale. Weighing was carried out by 
weighing scale produced by Kern PFB, Version 2.2 with maximum weight of 1200 g and accuracy of 0.01 g.

RESULTS 
In the northwest of the Republic of Srpska the existence of three European crayfi sh species from the 

Astacidae family was reported: A. astacus, P. leptodactylus and A. torrentium (Figure No. 1). Observations were 
performed on the Crna, Rudnička, Sokočnica, Vijaka, Stanikova, Mlinska, Korana rivers and on the Marjanovića, 
Matića, Dževerov, Zelenikovac, Ponor, Dobraš, Šargovački, Ledenac streams. Downstream of the Matura and 
Vrbas rivers was observed, as well as the Malo lake of the Balkana lake and Veliko lake of the Balkana lake. 

Table 1. Finding locaƟ ons of crayfi sh on northwest of the Republic of Srpska

Locality Number
of individuals Species Geographical coordinates Elevation 

(m) Date

Balkana 58 A. astacus 44.41547°N 17.04797°E 787 03.08.2018.
Crna river 26 A. astacus 44.41792°N 17.04739°E 754 03.08.2018.
Rudnička river 3 A. astacus 44.82929°N 17.09777°E 262 10.09.2018.
Sokočnica 1 A. astacus 44.27234°N 17.05662°E 467 31.03.2019.
Vijaka 1 A. astacus 44.80849°N 17.61730°E 165 22.08.2019.
Matura 24 P. leptodactylus 45.12330°N 17.43471°E 90 30.05.2019.
Vrbas 35 P. leptodactylus 45.06337°N 17.45603°E 92 31.05.2019.
Stanikova river 1 A. torrentium 44.73713°N 17.46004°E 328 09.04.2018.
Mlinska river 31 A. torrentium 44.75088°N 17.46322°E 267 22.08.2018.
Rudnička river 24 A. torrentium 44.82929°N 17.09777°E 262 10.09.2018.
Marjanovića stream 67 A. torrentium 44.71530°N 17.29464°E 310 21.10.2018.
Korana 46 A. torrentium 44.316525°N 16.93559°E 637 11.11.2018.
Matića stream 11 A. torrentium 44.88761°N 17.22211°E 233 12.11.2018.
Dževerov stream 1 A. torrentium 44.41230°N 16.98980°E 767 30.03.2019.
Zelenikovac 31 A. torrentium 44.394331°N 16.97244°E 846 30.03.2019.
Ponor 1 A. torrentium 44.28353°N 16.58584°E 680 30.03.2019.
Dobraš 7 A. torrentium 44.87569°N 17.24475°E 253 31.03.2019.
Šargovački stream 1 A. torrentium 44.82323°N 17.16140°E 201 29.06.2019.
Ledenac 1 A. torrentium 44.61569°N 16.99916°E 841 23.08.2019.
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Figure 1. DistribuƟ on of A. astacus, P. leptodactylus and A. torrenƟ um in the northwest of the Republic of Srpska

The European crayfi sh A. astacus is distributed in the north and the west of the Republic of Srpska 
in the downstream of the Crna, Rudnička, Sokočnica and Vijaka rivers and the Balkana lake. The observed 
aquatic habitats are located in highland area with altitude ranging from 165 to 787 m (Table 1). The water 
temperature in the part of the Rudnička river upstream is relatively low (12.8°C). While observing, the 
water temperature in the Crna river is higher (16.6°C). In all observed habitats the water was subalcaline 
(pH value ranges from 7.2 to 8.22). In all observed habitats, oxygen saturation was over 80%. Increased 
concentration of BOD5 was registered on the Crna river with 3.54 g.O2

.m-3 and BOD5 value on the upstream 
of the Rudnička river and Balkana lake was below 0.5 g.O2

.m-3. Analyzed parameters for the most observed 
aquatic habitats meet values anticipated under the Regulation referring to the fi rst category of surface wa-
ters, implying to satisfactory water quality. 

The Danube crayfi sh P. leptodactylus is distributed in the northern part of the Republic of Srpska, 
in the Matura river downstream and in the Vrbas river upstream in Srbac. Given its distribution, this spe-
cies was observed on an altitude ranging from 90 to 92 m (Table 1). Waters in these watercourses with the 
Danube crayfi sh present, has relatively high values of diluted oxygen (> 8 g.O2

.m-3) and BOD5 value which 
is rather low >1.92 g.O2

.m-3. Temperature measured in the sampling period fl uctuated from 8 to 18°C. In the 
subsequent studies, females (P. leptodactylus) with eggs were registered in the Vrbas location, referring to 
the successful existence of relatively stable population distributed on the surface of 13 km of the Vrbas river 
watercourse (from Razboj) all the way to the Sava river mouth (up to Srbac).

The existence of stone crayfi sh A. torrentium was reported on numerous locations in the Stanikova, 
Mlinska, Rudnička and Korana rivers and the Marjanovića, Matića, Dževerov, Zelenikovac, Ponor, Dobraš, 
Šargovački, Ledenac streams. Observed streams run through the highlands at altitude from 201 to 846 m 
(Table 1). Most locations have relatively small number of populations reported, and the biggest number 
was reported in the Marjanovića stream (in Čelinac) with 67 analyzed specimens. Presence of female with 
eggs was reported in the population found in the Marjanovića stream. Water temperature in all observed 
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locations fl uctuated from 11.5 to 15.5oC. Measurement results of diluted oxygen showed no big diff erence 
in concentration between observed locations and fl uctuated from 5.17 to 10.12g.m-3. In all observed loca-
tions the water saturation with oxygen was always over 80%. Given the pH value, all observed locations 
are situated in subalkaline area. The values of pH were ranging from 7.15 to 8.28. Increased BOD5 values 
were registered in the Ponor area with 2.99 g.O2

.m-3, and in other locations was below 0.5, in particular 0.6 
g.O2

.m-3.
Morphometric analysis was carried out on the European crayfi sh samples from the Balkana lake, 

the Danube crayfi sh from the Vrbas river and stone crayfi sh from the Marjanovića stream. According to the 
results, the longest body of the European crayfi sh was 114.87 mm, and the heaviest one was 55.9 g. The 
length of the Danube crayfi sh varied from 73.22 to 135.36 mm, with weight from 13.9 to 64.3 g. Smaller 
size, characteristic for stone crayfi sh, was measured and reached maximum of 117.9 mm with weight of 46 
g (Table 2).

Table 2. Values of morphometric features of the Astacidae representaƟ ve specimens from the northwest of the
Republic of Srpska

A. astacus (Balkana)
Males (N=38) Females (N=20)

Mean Min Max St.dev. Mean Min Max St.dev.
TBL 107.74 100.8 114.4 5.13 88.03 71.23 105.6 13.55

W 42.68 31.9 55.9 8.69 21.86 9.7 45.6 13.81

P. leptodactylus (Vrbas)
Males (N=22) Females (N=13)

Mean Min Max St.dev. Mean Min Max St.dev.
TBL 103.91 79.3 135.36 15.92 89.61 73.22 112.73 14.73

W 30.82 20.9 64.3 11.98 20.8 13.9 39 8.31

A. torrentium (Marjanovića stream)
Males (N=33) Females (N=34)

Mean Min Max St.dev. Mean Min Max St.dev.
TBL 104.01 82.64 117.9 8.86 93.47 69.48 114.37 8.12

W 28 12 46 6.95 16.67 6.6 28.6 4.85

Analyzing sex structure, we may notice the male majority, being presumably consequence of the 
period when female were laying eggs and were less active (Streissl and Hodl, 2002; Maguire et al., 2002; 
Rajković, 2012). 

DISCUSSION
The new records presented in this study paper include three species. Number of registered species 

was fairly uniform in comparison to information on registered species in Slovenia (three species - Bertok 
et al., 2003, 2004), Croatia (four species - Maguire and Gottstein Matočec, 2004), Srbiji (three species – 
Simić et al., 2008) and Montenegro (three species - Rajković, 2012).

The existence of the A. astacus species was reported in Europe at altitude ranging from 100 to 1600 
m (Subchev and Stanimirova, 1998), and from 165 to 787 m in the northwest of the Republic of Srpska, al-
though this species was found in Bosnia and Herzegovina and lowlands at altitude of 98 m, and high moun-
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tains up to altitude of 1128 m (Trožić-Borovac, 2011). Machino and Füreder (1998) states that upper height 
limit of the European crayfi sh distribution in Austria is at altitude of 1516 m (Prebersee). Rajković (2012) 
believes that this species population signifi cantly decreased in Europe mostly due to plague and habitat 
degradation. According to studies, this species appeared along with A. pallipes in Europe, in France (Souty-
Grosset et al., 2006). During 2002 the presence of this species along with white-clawed crayfi sh A. pallipes 
were reported in the Boracko lake, as well as in the location of Mostarsko blato (Šanda and Petrusek, 2008). 
Results of general ecological conditions where the European crayfi sh lives in Europe, somewhat match the 
conditions found in the Republic of Srpska. This species inhabits waters with lower temperature (around 
14.8 oC) and high oxygen percentage (over 80%). Further, individual ecology studies of the European cray-
fi sh were carried out in the region (Maguire, 2010; Rajković, 2012; Trožić-Borovac, 2012). It is stated that 
ideal habitats for A. astacus are clear streams with low water temperature (optimal from 12 to 14 oC), good 
oxygen saturation, loamy, rocky or gravel layer and abundance of water vegetation (Obradović, 1988). 

Today’s studies in Europe show that the Danube crayfi sh inhabits lentic and slow-fl owing rivers. 
Habitats are located at altitudes ranging from 0 to 858 m (Trichkova et al., 2013), and from 90 to 92 m in the 
northwest of the Republic of Srpska. In Bosnia and Herzegovina this species is recently offi  cially registered 
2005 (Trožić-Borovac, 2011); today we know that it inhabits the Sava river (the Brčko area) and Miljacka 
(upstream from Sarajevo). Uncontrolled, scientifi cally unjustifi ed introduction of the Danube crayfi sh to 
numerous European rivers, lakes, ponds, swamps, fi shponds, has signifi cantly spread its areal (Zaikov et 
al., 2009). The P. leptodactylus species behaves as invasive species not only in areas where introduced but 
also in areas where it is native in particular where spread naturally (Maguire and Dakić, 2011; Maguire 
2010; Holdich, 2002). Although widespread, a little information is available thereof (Maguire and Dakić, 
2011; Trožić-Borovac, 2011).

The existence of the A. torrentium species is registered at altitude ranging from 201 m (the Šargovački 
stream) to 846 m (Zelenikovac). It is mostly distributed in places ranging from 300 to 900 m, rarely below 
200 m and over 1200 m (Trichkova et al., 2013). Subchev and Stanimirova (1998) state that it is distributed 
at altitude ranging from 100 to 200 m, rarely over 1600 m. Bohl (1987) believes that these crayfi sh were 
displaced from their natural habitats in lowlands to higher altitudes due to anthropogenic infl uence to their 
habitats as confi rmed in the Republic of Srpska, because majority of these ecosystems is out of settlements. 
A. torrentium was found along with the European crayfi sh A. astacus in location of the Rudnička river in 
the village of Motike. According to studies in Bulgaria, this species occurs together with the A. astacus and 
P. leptodactylus species. Such cohabitation of the A. torrentium species with other crayfi sh is not usual for 
the species, and is rarely observed (Todorov et al., 2014). Analysis results of general ecological conditions 
where stone crayfi sh lives in Europe partially match conditions in the Republic of Srpska. Trožić-Borovac 
et al. (2007) state that this species is related to highland zone with beech trees. Namely, specimens prefer 
habitats with high quality degree (I/II), lower temperature (around 13oC) and high oxygen percentage (over 
80%). In addition, similar studies were carried out in the region regarding exclusive relationship between 
water quality and status of the stone crayfi sh population (Maguire, 2010; Rajković, 2012; Trožić- Borovac 
et al., 2007). It is emphasized that the ideal habitats for habitation of the A. torrentium species are clear 
fl owing waters with low water temperature, rich oxygen saturation, rocky or gravel layer and abundance of 
aquatic vegetation. 

CONCLUSION 
This paper presents information on distribution and individual ecology of crayfi sh in the northwest 

of the Republic of Srpska. Former studies confi rmed an inhabitation of the northwest of the Republic of 
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Srpska with three autochthonous European species: A. astacus, P. leptodactylus and A. torrentium. Total 
of 19 locations belonging to Black Sea watershed was observed. The A. astacus and A. torrentium species 
inhabit mountain ecosystems, in relatively clear waters with low quantity of organic substances (I and II 
water category). The altitude where the distribution spot of the A. astacus and A. torrentium species is pre-
sent, ranges from 165 to 846 m. Parts of lowlands of the Vrbas river (altitude of 92 m) and the Matura river 
(altitude of 90 m) were inhabited by specimens of the Danube crayfi sh P. leptodactylus. Former results of 
studies shows signifi cant astacological values in the northwest of the Republic of Srpska, and thus observa-
tion should be continued to a greater extent in the forthcoming years.
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Abstract: Gluten contains two fractions, which are represented in equal amounts. These are soluble gliadins and in-
soluble glutenins. Glutenin fraction is responsible for the dough and gluten viscoelastic properties. The dominant type 
of protein in glutenins are LMW glutenins.
The aim of this paper was to examine the infl uence of solvent type and column temperature on the separation eff ec-
tiveness of LMW glutenins. Extraction was performed with 50% (v/v) ethanol, 1-propanol and isopropanol to which 
Tris-HCl (0.05 mol/l, pH=7.5), urea (2 mol/l) and dithioerythritol (1%) were added. Separation of LMW glutenins 
was performed on HPLC Agilent Techologies 1260 Infi nity apparatus. 
After the extraction with 50% (v/v) ethanol, 1-propanol and isopropanol to which Tris-HCl (0.05 mol/l, pH=7.5), 
urea (2 mol/l) and dithioerythritol (1%) were added, the highest number of proteins was observed after extraction 
with 50% (v/v) 1-propanol and at a column temperature of 40 °C (Xsr=20, respectively RC=69.56%), and the lowest 
number at a column temperature of 45 °C (Xsr=14.17, respectively RC=66.42%). The obtained results were read at a 
wavelength of 210 nm. 
After the extraction of LMW glutenins with 50% (v/v) ethanol, 1-propanol and isopropanol to which Tris-HCl (0.05 
mol/l, pH=7.5), urea (2 mol/l) and dithioerythritol (1%) were added and detected at a wavelength of 280 nm, the 
highest number of proteins was observed after extraction with 50% (v/v) isopropanol and at a column temperature of 
50 °C (Xsr=24.17, RC=56.47%) and the lowest number of proteins after extraction with 50% (v/v) ethanol and at a 
column temperature of 50 °C (Xsr=12.17, RC=56.45%). 

Key words: RP-HPLC, C3 column, LMW glutenins.

INTRODUCTION
Glutenins are one of the gluten proteins fraction. These are polymers formed by binding poly-

peptides to disulfi de bonds. They are sparingly soluble proteins and the action of strong reducing agents 
(β-mercaptoethanol and dithioerythritol) breaks the intermolecular disulfi de bonds. As a result, glutenin 
subunits are released and they are soluble in aqueous alcohol (Urade et al., 2018; Bonilla et a. 2020).

The molecular weight of glutenins varies from 500,000 to 10 and more million daltons (Wieser et 
al., 2006). Glutenins are divided into two subunits. These are glutenins with high molecular weight (HMW-
glutenins) and glutenins with low molecular weight (LMW-glutenins) which give elasticity and viscosity to 
the dough (Wang et al. 2020; Gao et al., 2017).

The dominant type of glutenin subunits are low molecular weight glutenins (LMW-GS). They make 
up approximately 60% of total glutenin proteins. Their share in the total gluten protein content is approxi-
mately 20% (Wieser and Kieff er, 2001). Glutenins with low molecular weight (LMW-GS) are similar to 
α+β and γ gliadins in terms of amino acid composition and molecular weight. 

They contain the N-terminal region, which consists of repeating units of glutamine and proline. In 
addition to the N-terminal, they also contain a C-terminal region. This region is homologous to α+β and γ 
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gliadins. Glutenins with low molecular weight (LMW-GS) contain 8 cysteine residues (Grosch and Wieser, 
1999; Wieser, 2003; Huang et al., 2018). Of these, 6 residues are in a position homologous to α+β and γ 
gliadins. Two additional cysteine residues are unique to glutenins with low molecular weight (LMW-GS) 
(Wieser, 2007).

Although LMW glutenin subunits are similar to gliadins in primary and secondary structure, they 
still diff er in one very important characteristic. In addition to intramolecular, LMWs also form intermolecu-
lar disulfi de bonds. These bonds are incorporated into glutenin polymers (Delcour et al., 2012).

The contribution of LMW-GS to dough quality showed complex factors. Studies indicated that both 
the molecular structures and expression levels of glutenins had important eff ects on dough quality (Beom 
et al., 2018). Diff erent types of LMW-GS also aff ect the dough quality.

Considering the signifi cance of LMW glutenins on dough quality and the fastest and most effi  cient 
identifi cation, the aim of this study was to examine the infl uence of solvent type and column temperature on 
the effi  ciency of protein separation by high pressure liquid chromatography with reversed phase.

MATERIAL AND METHOD

Mൺඍൾඋංൺඅ
Glutenin proteins were extracted from wheat fl our type 500 purchased from the market of Bosnia 

and Herzegovina. 50% (v/v) ethanol, 1-propanol and isopropanol were used for the extraction.

Gඅඎඍൾඇංඇ ൾඑඍඋൺർඍංඈඇ 
The extraction of glutenin proteins was performed according to a modifi ed method of Wiser et al. 

(1998) and Gojkovic et al. (2019). First, albumin and globulins (soluble in aqueous and salt solution), then 
gliadins (soluble in alcohol) were extracted from wheat fl our. After these protein fractions were removed, 
glutenins were extracted. Glutenins were extracted under a nitrogen atmosphere at 60 °C with 50% (v/v) 
aqueous ethanol (REAHEM, Srbobran), isopropanol (Lach-Ner, Czech Republic) and 1-propanol (Lach-
Ner, Czech Republic) in which Tris-HCl (0.05 mol/l, Sigma-Aldrich, United States, pH=7.5), urea (2 mol/l, 
Sigma Aldrich, Germany) and dithioerythritol (1%, ACROS Organics, Switzerland) were added, at a room 
temperature, 20 °C. 

The extraction was performed twice with 1.0 ml of appropriate solvent each (50% v/v ethanol, 50% 
v/v 1-propanol and 50% v/v isopropanol). Each time after the extraction solvent was added, the sample was 
homogenized on a vortex (Advanced Vortex Mixer ZX3, Velp scientifi ca) for 2 minutes. Then stirring was 
continued on a magnetic stirrer (Velp scientifi ca) for 10 minutes. After homogenization was completed, 
centrifugation of the samples in a centrifuge (Hettich zentrifugen, rotina 380 R) was carried out for 20 min-
utes at 7000 rpm. The supernatants were made up to 2.0 ml with an appropriate extraction solvent. Samples 
were fi ltered through a 0.45 μm membrane fi lter (RC syringe fi lters, Filtratech, France) before the analysis 
began. 

Figure 1. shows a chromatogram of glutenins extracted with 50% (v/v) 1-propanol containing Tris-
HCl (0.05 mol/l, pH=7.5), urea (2 mol/l) and dithioerythritol (1%) and separated at a column temperature 
of 40 ºC and at a wavelength of 210 nm. 
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Figure 1. Chromatogram of glutenin proteins

RP-HPLC ർඁඋඈආൺඍඈඋൺඉඁඒ 
RP-HPLC chromatography was performed on an HPLC Agilent Technologies 1260 Infi nity appara-

tus. The separation of glutenin proteins was performed on a Zorbax 300 SB-C3 column (Agilent Technolo-
gies), size 4.6 x 150 mm, with a particle size of 5 μm. The column temperature was 40, 45 and 50 °C. Two 
mobile phases were used. These are deionized water and 0.1% trifl uoroacetic acid (TFA, Acros, France) in 
acetonitrile (ACN; Biosolve, Chimie, France). The fl ow rate was 1 ml/min. The injection volume was 70 μl 
and the detection wavelength was 210 and 280 nm, respectively.

Sඍൺඍංඌඍංർൺඅ ൽൺඍൺ ඉඋඈർൾඌඌංඇ
Statistical data processing was performed in IBM SPSS, Statistics 26. Descriptive statistical analy-

sis calculated the average value, standard deviation and 95% confi dence interval of the average value. Vari-
ance analysis of diff erent groups was used to evaluate the eff ect of column temperature on the number of 
detected proteins and the relative concentration of LMW glutenins.

RESULTS AND DISCUSSION
Table 1. shows descriptive indicators of the number of LMW glutenin proteins, after extraction with 

diff erent solvents of the same concentrations (50% v/v ethanol, 50% v/v 1-propanol and 50% v/v isopro-
panol, in which Tris-HCl 0.05 mol/l, pH=7.5, urea 2 mol/l and dithioerythritol 1%) were added, at diff erent 
column temperatures (40, 45 and 50 °C), aborbance measured at 210 nm. The number of detected LMW 
glutenin proteins and their relative concentration is calculated relative to total proteins and total relative 
concentration.
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Table 1. DescripƟ ve indicators for LMW glutenin proteins (solvent 50% v/v ethanol, 1-propanol and isopropanol, RP-HPLC Agi-
lent Technologies 1260 Infi nity, Zorbax 300 SB-C3 Agilent column, column size 4.6 x 150 mm, parƟ cle sizes 5 μm and column 

pressure 80 bar, glutenin proteins separaƟ on Ɵ me 21.0 min, measuring the absorbance at 210 nm

Column
temperature

(°C)
N Xav SD Std.

error

95% confi dence in-
terval of average Min MaxLower

Bound
Upper 
bound

50% (v/v)
ethanol

40 6 18.00 0.89 0.36 17.06 18.94 17 19

45 6 16.33 1.03 0.42 15.25 17.42 15 18

50 6 16.50 1.05 0.43 15.40 17.60 15 18

50% (v/v)
1-propanol

40 6 20.00 0.63 0.26 19.34 20.66 19 21

45 6 14.17 1.17 0.48 12.94 15.39 13 16

50 6 15.50 0.55 0.22 14.93 16.07 15 16

50% (v/v)
isopropanol

40 6 18.17 0.75 0.31 17.38 18.96 17 19

45 6 18.83 1.33 0.54 17.44 20.23 18 21

50 6 18.67 0.52 0.21 18.12 19.21 18 19

ANOVA (LMW) 50% (v/v) ethanol, F(2.15)=5.11, Sig.=0.020, eta square=10.11/24.94=0.40

ANOVA (LMW) 50% (v/v) 1-propanol, F(2.15)=81.37, Sig.=0.000, eta square=112.11/122.44=0.92

ANOVA (LMW) 50% (v/v) isopropanol, F(2.15)=0.83, Sig.=0.454>0.05

Descriptive analysis showed that the highest number of proteins within the LMW glutenin fraction 
was obtained after extraction with 50% (v/v) ethanol to which Tris-HCl (0.05 mol/l, pH=7.5), urea (2 mol/l) 
and dithioerythritol (1%) were added and at a column temperature of 40 °C (Xav=18). The lowest number 
of proteins was obtained at a column temperature of 45 °C (Xav=16.33). As the column temperature in-
creases, the number of proteins decreases, and then slightly increases (Table 1).

Descriptive analysis showed that the highest number of proteins within the LMW glutenin fraction 
was obtained after extraction with 50% (v/v) 1-propanol to which Tris-HCl (0.05 mol/l, pH=7.5), urea (2 
mol/l) and dithioerythritol (1%) were added and at a column temperature of 40 °C (Xav=20). The lowest 
number of proteins was obtained at a column temperature of 45 °C (Xav=14.17). As the column tempera-
ture increases, the number of proteins decreases, and then slightly increases (Table 1).

Descriptive analysis showed that the highest number of proteins within the LMW glutenin fraction 
was obtained after extraction with 50% (v/v) isopropanol to which Tris-HCl (0.05 mol/l, pH=7.5), urea (2 
mol/l) and dithioerythritol (1%) were added and at a column temperature of 45 °C (Xav=18.83). The lowest 
number of proteins was obtained at a column temperature of 40 °C (Xav=18.17). As the column tempera-
ture increases, the number of proteins increases, and then slightly decreases (Table 1).

Based on the obtained results (Table 1), it can be seen that the highest number of LMW glutenin 
proteins was obtained by extraction with 50% (v/v) with 1-propanol and chromatographic separation at a 
column temperature of 40 °C (Xav=20). One-factor analysis of variance examined the eff ect of column 
temperature at a constant solvent concentration (50% v/v 1-propanol to which Tris-HCl 0.05 mol/l, pH=7.5, 
urea 2 mol/l and dithioerythritol 1% were added, glutenin protein separation time and absorbance measure-
ment) on the number of proteins within the LMW glutenin fractions. It was found that there is a statistically 
signifi cant diff erence in the number of proteins within the LMW glutenin fractions.

Table 2. shows descriptive indicators of the relative concentration of LMW glutenin proteins, after 
extraction with diff erent solvents of the same concentrations (50% v/v ethanol, 50% v/v 1-propanol and 
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50% v/v isopropanol, in which Tris-HCl 0.05 mol/l, pH=7.5, urea 2 mol/l and dithioerythritol 1%) were 
added, at diff erent column temperatures (40, 45 and 50 °C).

Table 2. DescripƟ ve indicators of the relaƟ ve concentraƟ on of LMW glutenins (solvent 50% v/v ethanol, 1-propanol and isopro-
panol, RP-HPLC Agilent Technologies 1260 Infi nity, Zorbax 300 SB-C3 Agilent column, column dimensions 4.6 x 150 mm, parƟ cle 

sizes 5 μm and column pressure 80 bar, glutenin proteins separaƟ on Ɵ me 21.0 min, measuring the absorbance at 210 nm

 Column
temperature

(°C) 
N Xav SD Std.

error

95% confi dence in-
terval of average Min MaxLower

Bound
Upper 
bound

50% (v/v)
ethanol

40 6 84.99 1.47 0.60 83.46 86.54 83.48 87.34

45 6 80.59 2.34 0.96 78.13 83.05 78.00 84.80

50 6 71.48 1.94 0.79 69.45 73.52 69.75 75.23

50% (v/v) 
1-propanol

40 6 69.56 0.74 0.30 68.78 70.34 68.61 70.70

45 6 66.42 2.49 1.01 63.81 69.03 64.01 70.55

50 6 63.25 2.28 0.93 60.86 65.65 60.21 66.89

50% (v/v)
isopropanol

40 6 79.93 1.72 0.70 78.13 81.74 78.29 83.12

45 6 88.66 1.93 0.79 86.64 90.69 85.39 91.05

50 6 75.00 3.18 1.30 71.66 78.34 70.65 80.34

ANOVA (LMW) 50% (v/v) ethanol, F(2.15)=74.89, Sig.=0.000, eta square=569.83/626.90=0.91

ANOVA (LMW), 50% (v/v) 1-propanol, F(2.15)=15.00, Sig.=0.000, eta square=119.45/179.16=0.67

ANOVA (LMW) 50% (v/v) isopropanol, F(2.15)=51.33, Sig.=0.000, eta square=574.47/658.41=0.87

Descriptive analysis showed that the highest relative concentration within the LMW glutenin frac-
tion was obtained after extraction with 50% (v/v) ethanol to which Tris-HCl (0.05 mol/l, pH=7.5), urea 
(2 mol/l) and dithioerythritol (1%) were added and at a column temperature of 40 °C (Xav=84.99%). The 
lowest relative concentration within the LMW glutenin fraction was obtained at a column temperature of 50 
°C (Xav=71.48%). As the column temperature increases, the relative concentration decreases (Table 2). 

Descriptive analysis showed that the highest relative concentration within the LMW glutenin frac-
tion was obtained after extraction with 50% (v/v) 1-propanol to which Tris-HCl (0.05 mol/l, pH= 7.5), urea 
(2 mol/l) and dithioerythritol (1%) were added and at a column temperature of 40 °C (Xav=69.56%). The 
lowest relative concentration within the LMW glutenin fraction was obtained at a column temperature of 
50 °C (Xav=63.25%). As the column temperature increases, the relative concentration decreases (Table 2).

Descriptive analysis showed that the highest relative concentration within the LMW glutenin frac-
tion was obtained after extraction with 50% (v/v) isopropanol to which Tris-HCl (0.05 mol/l, pH=7.5), urea 
(2 mol/l) and dithioerythritol (1%) were added and at a column temperature of 45 °C (Xav=88.66%). The 
lowest relative concentration within the LMW glutenin fraction was obtained at a column temperature of 
50 °C (Xav=75.00%). As the column temperature increases, the relative concentration increases and then 
decreases.

Based on the obtained results (Table 2), it can be seen that the highest relative concentration of 
LMW glutenin proteins was obtained by extraction with 50% (v/v) isopropanol and chromatographic sepa-
ration at a column temperature of 45 °C (RC=88.66%). One-factor analysis of variance examined the eff ect 
of column temperature at a constant solvent concentration (50% v/v isopropanol to which Tris-HCl 0.05 
mol/l, pH=7.5, urea 2 mol/l and dithioerythritol 1% were added, glutenin protein separation time and ab-
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sorbance measurement) on relative concentration of the LMW glutenin fractions. It was found that there is 
a statistically signifi cant diff erence in the relative concentrations of LMW glutenin fractions.

Table 3. shows descriptive indicators of the number of LMW glutenin proteins, after extraction with 
diff erent solvents of the same concentrations (50% v/v ethanol, 50% v/v 1-propanol and 50% v/v isopro-
panol, in which Tris-HCl 0.05 mol/l, pH=7.5, urea 2 mol/l and dithioerythritol 1%) were added, at diff erent 
column temperatures (40, 45 and 50 °C), aborbance measured at 280 nm.

Table 3. DescripƟ ve indicators for LMW glutenin proteins (solvent 50% v/v ethanol, 1-propanol and isopropanol, RP-HPLC Agi-
lent Technologies 1260 Infi nity, Zorbax 300 SB-C3 Agilent column, column size 4.6 x 150 mm, parƟ cle sizes 5 μm and column 

pressure 80 bar, glutenin proteins separaƟ on Ɵ me 21.0 min, measuring the absorbance at 280 nm

 Column
temperature

(°C) 
N Xav SD Std.

error

95% confi dence in-
terval of average Min MaxLower

Bound
Upper 
bound

50% (v/v)
ethanol

40 6 15.00 1.26 0.52 13,.67 16.33 14 17

45 6 16.33 1.03 0.42 15.25 17.42 15 18

50 6 12.17 0.75 0.31 11.38 12.96 11 13

50% (v/v)
1-propanol

40 6 17.33 0.82 0.33 16.48 18.19 16 18

45 6 14.00 0.63 0.26 13.34 14.66 13 15

50 6 15.50 1.52 0.62 13.91 17.09 13 17

50% (v/v)
isopropanol

40 6 19.83 0.41 0.17 19.40 20.26 19 20

45 6 16.67 1.37 0.56 15.23 18.10 14 18

50 6 24.17 0.75 0.31 23.38 24.96 23 25

ANOVA (LMW), 50% (v/v) ethanol, F=(2.15)=25.21, Sig.=0.000, eta square=54.33/70.50=0.77

ANOVA (LMW), 50% (v/v) 1-propanol, F(2.15)=14.90, Sig.=0.000, eta square=33.44/50.28=0.66

ANOVA (LMW), 50% (v/v) isopropanol, F(2.15)=98.14, Sig.=0.000, eta square=170.11/183.11=0.93

Descriptive analysis showed that the highest number of proteins within the LMW glutenin frac-
tion was obtained after extraction with 50% (v/v) ethanol to which Tris-HCl (0.05 mol/l, pH=7.5), urea 
(2 mol/l) and dithioerythritol (1%) were added and at a column temperature of 45 °C (Xav=16.33). The 
lowest number of proteins within the LMW glutenin fraction was obtained at a column temperature of 50 
°C (Xav=12.17). As the temperature of the column increases, the number of proteins increases and then 
decreases (Table 3). 

Descriptive analysis showed that the highest number of proteins within the LMW glutenin fraction was 
obtained after extraction with 50% (v/v) 1-propanol to which Tris-HCl (0.05 mol/l, pH=7.5), urea (2 mol/l) 
and dithioerythritol (1%) were added and at a column temperature of 40 °C (Xav=17.33). The lowest number 
of proteins within the LMW glutenin fraction was obtained at a column temperature of 45 °C (Xav=14). As 
the temperature of the column increases, the number of proteins decreases and then increases (Table 3).

Descriptive analysis showed that the highest number of proteins within the LMW glutenin fraction 
was obtained after extraction with 50% (v/v) isopropanol to which Tris-HCl (0.05 mol/l, pH=7.5), urea 
(2 mol/l) and dithioerythritol (1%) were added and at a column temperature of 50 °C (Xav=24.17). The 
lowest number of proteins within the LMW glutenin fraction was obtained at a column temperature of 45 
°C (Xav=16.67). As the temperature of the column increases, the number of proteins decreases and then 
increases (Table 3).
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Based on the obtained results (Table 3), it can be seen that the highest number of LMW glutenin 
proteins was obtained by extraction with 50% (v/v) isopropanol and chromatographic separation at a col-
umn temperature of 50 °C (Xav=20.17), at wavelength of 280 nm. One-factor analysis of variance exam-
ined the eff ect of column temperature at constant solvent concentration (50% v/v isopropanol to which 
Tris-HCl 0.05 mol/l, pH=7.5, urea 2 mol/l and dithioerythritol 1%, separation time glutenin protein and 
absorbance measurement) to the number of proteins within the LMW glutenin fraction. It was found that 
there is a statistically signifi cant diff erence in the number of proteins.

Table 4. shows descriptive indicators of the relative concentration of LMW glutenins, after extrac-
tion with diff erent solvents (50% v/v ethanol, 50% v/v 1-propanol and 50% v/v isopropanol to which Tris-
HCl 0.05 mol/l, pH=7.5, urea 2 mol/l and dithioerythritol 1% were added, at a diff erent column tempera-
tures (40, 45 and 50 °C).

Table 4. DescripƟ ve indicators of the relaƟ ve concentraƟ on of LMW glutenins (solvent 50% v/v ethanol, 1-propanol and isopro-
panol, RP-HPLC Agilent Technologies 1260 Infi nity, Zorbax 300 SB-C3 Agilent column, column size 4.6 x 150 mm, parƟ cle sizes 5 

μm and a column pressure 80 bar, glutenin proteins separaƟ on Ɵ me 21.0 min, measuring the absorbance at 280 nm

 Column
temperature

 (°C) 
N Xav SD Std.

error

95% confi dence in-
terval of average Min MaxLower

Bound
Upper 
bound

50% (v/v) etha-
nol

40 6 64.29 1.21 0.49 63.02 65.56 62.88 66.35

45 6 60.89 2.59 1.06 58.17 63.60 56.86 64.18

50 6 56.45 2.56 1.05 53.76 59.14 53.48 61.14

50% (v/v) 
1-propanol

40 6 37.75 3.32 1.36 34.26 41.24 34.23 43.62

45 6 62.09 2.88 1.17 59.07 65.11 56.86 64.32

50 6 52.56 2.82 1.15 49.61 55.52 48.48 55.14

50% (v/v)
isopropanol

40 6 59.81 2.20 0.90 57.50 62.12 56.47 62.96

45 6 69.86 4.24 1.73 65.41 74.30 63.76 75.30

50 6 56.47 3.66 1.50 52.63 60.32 52.43 63.12

ANOVA (LMW), 50% (v/v) ethanol, F=(2.15)=18.86, Sig.=0.000, eta square=185.31/258.99=0.71

ANOVA (LMW), 50% (v/v) 1-propanol, F(2.15)=99.21, Sig.=0.000, eta square=1804.99/1941.45=0.93

ANOVA (LMW), 50% (v/v) isopropanol, F(2.15)=24.12, Sig.=0.000, eta square=582.32/763.38=0.76

Descriptive analysis showed that the highest relative concentration within the LMW glutenin frac-
tion was obtained after extraction with 50% (v/v) ethanol to which Tris-HCl (0.05 mol/l, pH=7.5), urea 
(2 mol/l) and dithioerythritol (1%) were added and at a column temperature of 40 °C (Xav=64.29%). The 
lowest relative concentration within the LMW glutenin fraction was obtained at a column temperature of 
50 °C (Xav=56.45%). As the column temperature increases, the relative concentration of LMW glutenin 
decreases (Table 4).

Descriptive analysis showed that the highest relative concentration within the LMW glutenin frac-
tion was obtained after extraction with 50% (v/v) 1-propanol to which Tris-HCl (0.05 mol/l, pH=7.5), urea 
(2 mol/ l) and dithioerythritol (1%) were added and at a column temperature of 45 °C (Xav=62.09%). The 
lowest relative concentration within the LMW glutenin fraction was obtained at a column temperature of 
40 °C (Xav=37.75%). As the column temperature increases, the relative concentration of LMW glutenin 
increases and then decreases (Table 4).
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Descriptive analysis showed that the highest relative concentration within the LMW glutenin frac-
tion was obtained after extraction with 50% (v/v) isopropanol to which Tris-HCl (0.05 mol/l, pH=7.5), urea 
(2 mol/l) and dithioerythritol (1%) were added and at a column temperature of 45 °C (Xav=69.86%). The 
lowest relative concentration within the LMW glutenin fraction was obtained at a column temperature of 
50 °C (Xav=56.47%). As the column temperature increases, the relative concentration of LMW glutenin 
increases and then decreases (Table 4).

Based on the obtained results (Table 4), it can be seen that the highest relative concentrations of 
LMW glutenin proteins was obtained by extraction with 50% (v/v) isopropanol and chromatographic sepa-
ration at a column temperature of 45 °C (RC=69.86%), at wavelength of 280 nm. One-factor analysis of 
variance examined the eff ect of column temperature at constant solvent concentration (50% v/v isopropanol 
to which Tris-HCl 0.05 mol/l, pH=7.5, urea 2 mol/l and dithioerythritol 1%, separation time glutenin pro-
tein and absorbance measurement) to the relatice concentrations of LMW glutenin fractions. It was found 
that there is a statistically signifi cant diff erence in the number of proteins.

Based on the obtained results (Table 1 and Table 3), it can be seen that a higher number of pro-
teins was obtained by separation at a wavelength of 280 nm (Xav=24.17), than at a wavelength of 210 nm 
(Xav=20), but the separation at 210 nm is better, peaks are sharper and it is specifi c for peptide bond.

Wieser (2000) determined gluten proteins qualitatively and quantitatively in the framework of com-
parative studies of diff erent wheat varieties. Glutenins were extracted with 50% (v/v) 1-propanol and dithi-
oerythritol (DTE). The detection wavelength was 210 nm. Based on the obtained results, the retention time 
of LMW glutenin was > 27.

Horvat et al. (2006) analyzed gluten proteins in wheat by RP-HPLC chromatography. Diff erent 
wheat varieties were used for protein extraction. The column temperature was 50°C and the detection wave-
length was 210 nm. Based on the obtained results, retention time for LMW glutenins was 15-30 minutes 
(16-19 subunits).

Qian et al. (2008) characterized wheat gluten protein by high-pressure liquid chromatography 
(HPLC) and MALDI TOF mass spectrometry. The column temperature was 60 °C and the detection wave-
length was 210 nm. Based on the obtained results, LMW glutenins identifi ed 22 peaks.

Scherf (2016) investigated how the method of preparation of gliadin, glutenin and gluten from 
wheat starch samples aff ects their content when determining by high-pressure reverse phase liquid chroma-
tography (RP-HPLC) and enzyme-linked immunosorbent assay (ELISA). Glutenins were extracted with 
50% (v/v) 1-propanol containing Tris-HCl (pH=7.5), 0.06 mol/l (v/v) dithioerythritol and 2 mol/l urea. 
Samples were analyzed by high pressure reverse phase liquid chromatography (RP-HPLC), at a column 
temperature of 60 °C and at a wavelength of 210 nm. Separation of glutenin proteins was performed for 22 
minutes.

Figure 2. shows selected proteins of LMW glutenins. They extracted with 50% (v/v) 1-propanol 
containing Tris-HCl (0.05 mol/l, pH=7.5), urea (2 mol/l) and dithioerythritol (1%) and separated at a col-
umn Zorbax 300 SB-C3, Agilent, dimensions 4.6 x 150 mm, particle size 5μm, at a column temperature of 
40 ºC and a pressure of 80 bar. Glutenin protein separation time was 21.0 min and at a wavelength of 210 
nm. 
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Figure 2. Chromatogram of selected proteins of LMW glutenins 

Table 5. shows average values of retention time and relative concentration of selected proteins of 
LMW glutenins. 

Table 5. Average values of retenƟ on Ɵ me and relaƟ ve concentraƟ on of selected LMW glutenins 

Proteins Retention time ± SD Relative concentration ± SD
P1 8.94 ± 0.10 20.94 ± 0.95

P2 10.29 ± 0.15 26.01 ± 1.20

P3 11.08 ± 0.12 6.84 ± 0.55

P4 12.28 ± 0.08 4.25 ± 0.61

Based on the obtained results it can be seen that repeatability of these proteins is good, the standard 
deviations is small. Six repetitions were done.

In this work, the infl uence of solvent type was investigated (50% v/v ethanol, 1-propanol and iso-
propanol) to which Tris-HCl (0.05 mol/l, pH=7.5), urea (2 mol/l) and dithioerythritol (1%) were added and 
column temperature on the separation effi  ciency and identifi cation of LMW glutenin, in two wavelengths. 
Separation was performed on column C3. The most eff ective solvent was 50% (v/v) 1-propanol and a col-
umn temperature of 40 °C (Xav=20). The wavelength of 210 nm is more specifi c because it indicates the 
presence of a peptide bond. The results obtained in this paper are in agreement with the authors Horvat et 
al. (2006), Qian et al. (2008) and Scherf (2016).

CONCLUSION
After the LMW glutenins were chromatographically separated on an HPLC chromatograph, and 

after extraction with diff erent solvents and at diff erent column temperatures, the following conclusions 
were reached.

After extraction of LMW glutenin with 50% (v/v) ethanol, 1-propanol and isopropanol to which 
Tris-HCl (0.05 mol/l, pH=7.5), urea (2 mol/l) and dithioerythritol (1%) were added, at diff erent column 
temperatures (40, 45 and 50 °C) and by measuring the absorbance at 210 nm, the highest number of proteins 
was obtained by extraction of 50% (v/v) with 1-propanol and at a column temperature of 40 °C (Xav=20, 
respectively RC=69.56%), and the lowest number at a column temperature of 45 °C (Xav=14.17, respec-
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tively RC=66.42%). When measuring the absorbance at 280 nm, and by extraction and separation under 
the same conditions as previously mentioned, the highest number of proteins was obtained by extraction of 
50% (v/v) isopropanol and at a column temperature of 50 °C (Xav=24.17, respectively RC=56.47%), and 
the lowest number by extraction with 50% (v/v) ethanol and at a column temperature of 50 °C (Xav=12.17, 
respectively RC=56.45%).
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Abstract: Popularity and use of dietary supplements are constantly growing. Dietary supplements are food products in-
tended to supplement the usual diet and are concentrated source of nutrients or other substances with nutritional or physi-
ological eff ecst. The purpose of the Paper is to determine frequency of presence of cadmium, lead and mercury metals 
in dietary supplements based on protein and amino acids that were analyzed during 2018 and 2019 at the Public Health 
Institute of Republic of Srpska in Banja Luka. Content of metal was determined by the Atomic Absorption Spectropho-
tometry method. No health defective samples were identifi ed by public health control, but due to modern frequent use of 
dietary supplements in various population groups (children, adolescents, pregnant women, athletes, etc.), the aim of the 
Paper is to raise people’s awareness of the risks, such as heavy metals and artifi cial sweeteners, colors, prohormones and 
other chemical risks from dietary supplements since they may be associated with chronic health risks.

Keywords: public health control, chemical risks, dietary supplements, health risks.

INTRODUCTION
Dietary supplements are food products intended to supplement the usual diet and are concentrated 

source of nutrients (vitamins and minerals) or other substances with nutritional or physiological eff ects, 
individually or in combination - amino acids, essential fatty acids, fi bers, microorganisms, edible fungi, 
algae, bees products, raw materials of plant origin - biofl avonoids, carotenoids, isofl avones, glucosinolates 
and the like. (Food Additive Regulations, 2018). Dietary supplements are marketed in a dosage form such 
as capsules, lozenges, tablets, pills, ampoules with liquid, dropper vials and other similar forms for use in 
metered small quantities. 

The beginning of dietary supplements use is associated with Japan, when, in the eighties of the 20th 
century, began the use of food products for special nutritional purposes (Eng. Foods for special dietary uses 
- FOSHU). By using dietary supplements, consumers want to improve their overall health, “neutralize” the 
impact of malnutrition, or delay the onset of disease. Expertly justifi ed reasons for use of dietary supple-
ments are prevention of nutritional defi cits in age-specifi c population groups, persons with poor absorption 
syndrome, hepato-biliary and metabolic disorders, after surgical interventions in the gastrointestinal tract 
and long-term medicamentous therapy with corticosteroids and other medications (Torović et al., 2014).

Food is harmful to human health if it contains chemical risks above the maximum approved levels 
(Food Law, 2008; Regulation on maximum levels for certain contaminants in food, 2012), and presence of 
metals can occur as by-product of operations during production, processing, transport or storing food.

The goals of the paper are:
1. Determine the incidence of cadmium, lead and mercury in dietary supplements in Republika 

Srpska analyzed during 2018 and 2019;
2. Indicate the public health importance of the presence of heavy metals in dietary supplementation 

patterns due to possible health consequences;
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3. Point out the need for monitoring and other chemical risks potentially present in dietary supple-
ments, ie artifi cial sweeteners, colors and prohormones as health risks.

Lead, cadmium and mercury represent persistent chemical risks to human health due to acute toxic 
and chronic cumulative eff ects on human body (Enviromnental Protection Agency US, 2005). Mercury 
shows teratogenic, spermiotoxic and neurotoxic eff ects. Cadmium, due to its incorporation into bone in-
stead of calcium, leads to osteomalacia and bone fractures, and, by aff ecting zinc metabolism, it represents 
risk for heart disease (Norberg et al., 2007). The International Agency for Research on Cancer (IARC) clas-
sifi es lead in Group 2B of human carcinogens and cadmium in Group 1 in human carcinogens because there 
is suffi  cient evidence of carcinogenic eff ect on humans (WHO/IARC, 2006). 

MATERIAL AND METHODS 
The study was conducted as retrospective study on 90 samples of dietary supplements based on 

protein and amino acids submitted for registration to the Public Health Institute in Republic of Srpska in 
2018 and 2019. The metal content was determined by the Atomic Absorption Spectrophotometry method 
(Atomic Absorption Spectrophotometry; AAS) on the “UNICAM” England device, a fl ame technique for 
lead and cadmium analysis. The mercury content of the samples was determined by method of amalgama-
tion by atomic absorption spectrophotometry using direct mercury analyzer (DMA-80). Elemental mercury 
analyzers, also known as automatic and direct analyzers, with atomic absorption and atomic fl uorescence 
detection methods are very sensitive and are designed for direct mercury detection in solid and liquid sam-
ples without previous sample preparation. Working principle of the instrument is based on thermal degrada-
tion, catalytic conversion, amalgamation and atomic absorption spectrophotometry. Descriptive statistics 
indicators (number of samples, minimum and maximum concentrations) were used for lead, cadmium and 
mercury content. Statistical analysis of mercury content of dietary supplementation samples (arithmetic 
mean, standard deviation) was performed. Determination of health safety of the samples was carried out in 
accordance with food safety regulations that wre in force during the study period (Food Law, 2008).

RESULTS AND DISCUSSION
Rezults regarding number of dietary supplements samples analyzed for metals in 2018 and 2019 are 

shown in the Table 1. 

Table 1: Number of dietary supplements samples analyzed for metals in 2018 and 2019 

Year 2018 2019 TOTAL

Total 62 28 90

Contaminated 0 0 0

Table 2 shows data on types of metals that were analyzed in dietary supplements (lead, cadmium 
and mercury) in 2018 and 2019, as well as their minimum and maximum concentrations. In all dietary sup-
plements samples, lead concentrations were found to be <0.01mg/kg and cadmium <0.03mg/kg. Mercury 
concentrations ranged from 0.008- <0.10 mg/kg (Table 2). The reference allowed values for lead content in 
dietary supplements are ≤ 3.0mg/kg, for cadmium ≤ 1.0mg/kg and for mercury ≤ 0.10mg/kg. 
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Table 2: Types and concentraƟ ons of analyzed metals in dietary supplements in 2018 and 2019 

Type of metal No. of 
Analyzed samples

Unit 
measure

Minimum
concentration

Maximum
concentration

Lead 90 mg/kg < 0.01 < 0.01

Cadmium 90 mg/kg < 0.03 < 0.03

Mercury 90 mg/kg 0.008 < 0.10

The results of the study of lead, cadmium and mercury at the Institute of Public Health in 2018 and 
2019 indicate that no health defective food samples were determined for the tested characteristics - lead, 
cadmium and mercury, that is, all determined concentrations of metals were below the legally prescribed 
maximum allowed concentration (MDC). The lead and cadmium concentrations found in all dietary sup-
plement samples were below the detection limit. A statistical analysis of the mercury content is present-
ed in a table in dietary supplementation samples, ie concentration range, arithmetic mean and standard 
deviation(Table 3).

Table 3: Mercury concentraƟ ons in protein and amino acid based dietary supplementaƟ on samples - sports supplements

Type of metal N Unit measure Range (a)  Mean (b) SD (c)
Mercury 90 mg/kg 0.008 - 0.010 0.0095 0.0007

N –Number of samples
(a) Range concentraƟ on 
(b) ArithmeƟ c mean 
(c) Standard deviaƟ on

The mercury content (as well as lead and cadmium) were analyzed in protein and amino acid based 
dietary supplements, which were submitted for registration to the Institute of Public Health of Republika 
Srpska during 2018 and 2019, and due to the representativeness of the sample (N = 90 samples). this type 
of dietary supplement.

The mercury study reduced the number of samples compared to the study presented, in West Africa 
(Ghana), consensus results were obtained because no health-safe dietary supplementation patterns were 
identifi ed. All established concentrations of mercury in ten omega-3 acid supplement products from dif-
ferent manufacturers were within acceptable limits. There are frequent use of omega-3 acid supplements 
in cardiovascular patients and pregnant women as these supplements are recommended as a measure to 
prevent cardiovascular disease and enhance intrauterine fetal development (Akwasi et al, 2014).

Consistent results as in the present study were confi rmed by studying of small number of dietary 
supplements samples (n = 10) in BiH (Bosnia and Herzegovina) during 2019 and no health defective food 
samples were identifi ed (Food Safety Agency, 2019).

The authors (Costa et al, 2019) investigate metals but also other contaminants (toxins, pesticides, 
dioxins and PCBs) as chemical risks in dietary supplements, highlighting the frequent preventive use of 
dietary supplements as a strategy to combat oxidative stress and aging, but despite the popularity of dietary 
supplements, there are concerns about their safety. The variety of nutritional supplements and the presence 
of potential metal contaminants (lead, mercury, arsenic and cadmium), each of which has a variety of toxic 
eff ects, undoubtedly adds to the complexity of the safety issues to be considered given the additional harm-
ful chemicals from other products and their possible toxicological interactions with toxic metals. Although 
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the presence of a contaminant does not necessarily mean that their concentrations exceed the maximum al-
lowable concentrations or that the intake of dietary supplements poses a risk to human health, it does warn 
of the need to continue monitoring the safety of dietary supplements.

There are studies where health defective dietary supplements samples were identifi ed when ana-
lyzed for metals. The content of arsenic, cadmium, mercury and lead was analyzed in 95 dietary supple-
ments and the measured concentrations of arsenic and cadmium were below the permitted limits, with only 
one dietary supplement having unacceptable mercury values. Nonetheless, the authors argued that this 
concern could be reduced in some way if part of the total determined concentration of mercury corresponds 
to the inorganic form of mercury rather than methyl mercury (Dolan et al. 2003).

The dietary supplements market in Poland is growing rapidly and number of registered products 
and their consumption is constantly increasing. Among the most popular supplements and those that are 
easily available are herbal supplements, available at any supermarket. During the study, 24 dietary sup-
plements available on the Polish market and containing one or more herbal ingredients were tested. The 
mercury content in concentration higher than allowed was found in preparations - the bamboo shoots and 
in algae Chlorella pyrenoidosa. The studies have shown that mercury is present in every herbal supplement 
tested, and its content in two preparations (with bamboo and algae) exceeds the allowed limit of 0.10 mg/
kg. Statistically signifi cant diff erences were found in occurrence of mercury depending on plant ingredient 
in the supplement. The lowest content was found in preparation with Tanacetum parthenia, and the highest 
in bamboo shoots. The mercury content of the tested herbal supplements was statistically signifi cant in the 
form of supplements - tablets and capsules. Calculation of daily, weekly, monthly and annual consumption 
of mercury with the tested dietary supplements was performed - results did not exceed PTWI - temporary 
intolerable weekly mercury intake (Brodziak-Dopierała et al., 2018).

Study in Lebanon shows that consumption of dietary supplements is widespread and on the rise. 
Dietary supplements are generally used without prescription, proper counseling or awareness of their health 
risk. The study aimed to analyze metals in 33 samples of imported dietary supplements, which were fre-
quently consumed by the Lebanese population, to ensure safety and increase citizens’ awareness of dietary 
supplements. It was found that all dietary supplements contained mercury and lead concentrations below 
the allowed limits, as well as daily exposure, while 30% of the analyzed samples had cadmium levels above 
the allowed limits but they statistically correlated with essential minerals calcium and zinc. For dietary sup-
plements consumed as basic nutrients, it has been emphasized that their calcium, zinc, iron and manganese 
content should be monitored for the level of toxic metals and their natural geochemical association with 
these parent metals to ensure safe allowed levels for consumers (Korfali et al ., 2013). 

Public health control of harmful substances in dietary supplements is important for consumer safety 
given the increasing frequency of use of dietary supplements in all population groups, especially specifi c 
age groups such as infants, young children, pregnant and lactating women, menopausal women and elderly 
persons. Many studies show the frequent use of dietary supplements in various countries. 

In the United States, a study conducted by the FDA (Food and drug administration) in 2002 found 
that as many as 73% of the population used dietary supplements and considered them natural and safe to 
use (Timbo et al., 2006). According to the study conducted by the NHANES (National Health and Nutrition 
Examination Survey) in 1999-2002 period, over 60% of the population with coronary artery disease, hyper-
tension, or hypercholesterolemia take one or more dietary supplements (Buettner et al., 2007). The study 
on use of non-vitamin /non-mineral dietary supplements such as amino acids, herbs and herbal products, 
conducted in early 2000, shows that 6.0% of respondents use these dietary supplements every day (Millen 
et al., 2004). 
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Study of the Canadian Institute has shown that more than 50% of people combine the use of at least 
one dietary supplement with medications they use, where an interaction was noticed in 28% of people, one-
third of whom had moderate or severe clinical consequences (Singh and Levine, 2004). 

Risk control in dietary supplements is important especially in sensitive population groups such as 
children, as exposure of children to chemical risks in food can have adverse eff ects on children’s health 
(WHO, 2009). 

Due to the use of additives in the production of dietary supplements, colors and artifi cial sweeten-
ers (acesulfame K, Na-saccharin, aspartame and Na-cyclamate) as chemical risks, there is possibility of 
chronic health risks (EFSA, 2006).

The widespread use of dietary supplements also points to other types of chemical and biological 
risks. The European Food Safety Authority (EFSA) has been asked for scientifi c advice on safety of hy-
droxanthracene derivatives and on daily intake that does not raise concerns about adverse health eff ects. 
Based on currently available data, the EFSA commission concluded that hydroxanthracene derivatives 
such as emodin, aloe-emodin and structurally related substance danthron showed in vitro genotoxicity. 
Aloe extracts have also shown to be genotoxic in vitro, possibly due to the presence of hydroxanthracene 
derivatives in the extract, as well as that aloe-emodin is genotoxic in vivo and that aloe extract and struc-
tural analog danthron are carcinogenic. Epidemiological data suggest an increased risk of colorectal cancer 
associated with general use of laxatives, some of which contain hydroxanthracene derivatives. Consider-
ing possible presence of aloe-emodin and emodin in extracts, the commission concluded that there were 
concerns about extracts containing hydroxanthracene derivatives that could be considered genotoxic and 
carcinogenic unless the opposite specifi c data existed. The Commission has been unable to advise on daily 
intake of hydroxanthracene derivatives that would not raise concerns about adverse health eff ects (EFSA, 
2018). 

EFSA was asked to provide scientifi c advice on safety of green tea catechins from food prodcts 
sources, including dietary supplements. Most polyphenols in green tea are made up of catechins. The EFSA 
Commission considered the possible link between (-) - epigallocatechin-3-gallate (EGCG) consumption, 
the most relevant catechin in green tea, and hepatotoxicity. The Commission concluded that catechins from 
green tea infusions prepared in traditional way and reconstituted beverages of the same composition as tra-
ditional green tea infusions, are generally considered safe under presumption of safety approach, provided 
that intake corresponds to the reported intakes in the European member states. However, rare cases of the 
liver damage have been reported after consumption of green tea infusion, most likely due to an idiosyn-
cratic reaction. On the basis of available data on potential adverse eff ects of catechins from green tea to the 
liver, the EFSA Commission concluded that there was evidence from clinical trials showing that intake of 
doses equal to or greater than 800 mg EGCG daily from dietary supplements induces statistically signifi cant 
increase of serum transaminase in treated persons in comparison with control group (EFSA, 2018).

Lately, concerns have been growing regarding the use of dietary supplements, especially when used 
for treating certain disease. There is increasing number of reported side eff ects and interactions that are as-
sociated with them. Unfortunately, credibility and amount of clinical evidence continues to vary, and these 
data are largely based on reported side eff ects during administration of these preparations. One extreme 
example of side eff ect is the risk of heart attack, arrhythmia, and even death associated with use of dietary 
supplements containing ephedra, which led to the fact that those products lost the license in the United 
States territory in 2004 (Rogers et al ., 2001). 

EFSA delivers scientifi c opinion on assessing safety of using the ephedra plant and its prepara-
tions when used in dietary supplements. The ephedra plant contains biological alkaloids: ephedrine, pseu-
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doephedrine, norephedrine, norpseudoephedrine (cathine), methylphedrine and methylpseudoephedrine. 
These alkaloids have a sympathomimetic eff ect, and some of them are also used as active ingredients in 
medicinal products. Use of ephedra plant in dietary supplements is banned in several European countries; 
however, supplements containing ephedra plant in combination with caff eine are marketed online. There 
are large diff erences in concentration of individual ephedra alkaloids in diff erent dietary supplements con-
taining ephedra. Due to the lack of adequate data on genotoxicity and reproductive toxicity, the EFSA 
Commission did not advise on daily intake of ephedra and its preparations that would not cause concern for 
adverse health eff ects. Consumption of ephedra dietary supplements may result in exposure to total ephedra 
alkaloids or ephedrine, which may exceed therapeutic doses for individual ephedra alkaloids or ephedrine 
in medications. Such exposure can lead to serious adverse eff ects that can be enhanced when combined with 
caff eine. The EFSA Commission concluded that the ephedra plant and its alkaloids used as dietary supple-
ments represent signifi cant concern for human safety at the level of estimated use (EFSA, 2013).

The fi ve-year study conducted by the “National Institute of Health” (NIH) in the USA, which in-
cluded 295 344 men who did not suff er from cancer, examined association of prostate cancer with use of 
multivitamines as dietary supplements. These studies have shown higher incidence of moderate and severe 
prostate cancer forms in men who used the multivitamins seven or more times per week compared to men 
who did not take the multivitamins (Wood et al., 2003). In addition to this case, harmfulness of excessive 
intake of dietary supplements was also determined on an example of use of antioxidants for primary and 
secondary protection of the body against disease. Studies have shown that persons who have been taking 
beta-carotene, vitamin C, vitamin A, vitamin E, and selenium in excess quantities increased their mortality 
rate (by various factors which led to such outcome) compared with persons who did not take dietary sup-
plements with antioxidant (Lanski et al., 2003).

Dietary supplements may contain substances that are not indicated on a declaration and may be due to 
expiration of the preparation or subsequent contamination of the product. According to the Food Law, declara-
tion is segment of product quality and an inadequately declared product is food of inadequate quality. 

Frequent use of dietary supplements in adolescents and athletes draws additional attention. The 
International Olympic Committee conducted a study which showed that 14.6% of dietary supplements 
intended for athletes contain prehormones which are not listed on a declaration (Geyer et al., 2006). The 
tennis player Guillermo Coria fi led a lawsuit in 2003 against a company that produced dietary supplements, 
claiming that the multivitamin he used contained substances that led to his doping test being positive 
(Johnson, 2007). Two cases of severe liver damage in 2007 were reported by patients using dietary supple-
ments containing anabolic androgenic steroids as adulterant (Kafrouni et al., 2007). Also in the USA, Joel 
Romero, a mixed martial arts fi ghter, fi led a lawsuit in 2016 against the “Gold Star Performance Products“, 
which produced dietary supplements, claiming that he had failed the doping test because the dietary sup-
plements he used contained ibutamoren. Romero received monetary compensation in May 2019 as he won 
a lawsuit against the said company (Bohn, 2019). 

Dietary supplements should be taken as recommended by a healthcare professional. Data from the 
survey conducted by the “Health and Diet Survey” in the United States in 2002 indicated that among di-
etary supplement users who reported an adverse eff ect, 33% of them were taking these preparations on their 
own instead of medical device that they were prescribed for treatment of relevant disease, where only 54% 
of respondents discussed possible replacement of therapy with physician or other healthcare professional 
(Timbo et al., 2006). 

Use of dietary supplements is becoming more frequent in persons with no nutritional defi ciency 
who use dietary supplements to maintain health. An additional problem is that in public, through the media, 
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large amount of information about dietary supplements is disseminated, and there are many unsubstanti-
ated claims about their action. Dietary supplements, for the purpose of informing consumers, labeling, ad-
vertising and presenting, in addition to requirements of the dietary supplement rulebook, should also meet 
requirements in terms of providing information to consumers about food and regulations on nutrition and 
health claims (Nutrition and Health Claims Regulation, 2018). 

The following are examples of health claims that appear on dietary supplement declaration and which 
are not in compliance with applicable regulations because they are not on the approved health claims list:

 - “During exercise, it replaces lost water, electrolytes, carbohydrates and vitamins-minerals, nec-
essary for proper metabolism during intense or prolonged training.”

 - “L-carnitine stimulates and accelerates higher consumption of calories during exercise” 
 - “L-glutamine will ensure more eff ective and faster regeneration after exercise.”
 - “Isotonic drinks are much better for adding energy, water and electrolytes than other beverages, 

and in addition they contribute to better durability. The drink is intended for athletes and other 
persons for long and enduring trainings.”

In everyday laboratory practice, the original dietary supplement declaration in English language 
often contains health claims approved by the European Food Safety Authority (EFSA) which may accord-
ingly be quoted on declaration in one of the languages which are in offi  cial use in RS.

CONCLUSION 
 - During 2018 and 2019, a total of 90 samples of dietary supplements submitted for registration 

to the Public Health Institute in the Republic of Srpska were analyzed for lead, cadmium and 
mercury presence.

 - No health defective samples were identifi ed during the study in terms of metal content, but 
early identifi cation of chemical risks (metals, artifi cial sweeteners, colors, prohormones...) and 
other risks from dietary supplements has the public health signifi cance for maintaining health of 
population considering the increasing frequency of use of dietary supplements in all population 
groups, especially specifi c age groups such as infants, young children, pregnant and lactating 
women, menopausal women and the elderly persons.

 - Long-term exposure even to the allowed concentrations of chemical risks can lead to chronic 
health risks (allergic reactions, potentially toxic eff ects and other adverse eff ects). 

 - On the dietary supplement declaration, only approved health claims shall be stated. 
 - - In order to increase the consumer safety, it is necessary to conduct further public health studies 

on dietary supplements and exercise stricter dietary supplements control. 
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Public Health Institute of the Republic of Srpska – Regional Centre Doboj

Аbstract: The goal of this paper is to point at the possibility of risk assessment and adoption of foodstuff s sampling 
plans for microbiological safety based on the results of multiyear food sampling. The results of microbiological food 
analysis performed in the Public Health Institute of the Republic of Srpska – Regional centre Doboj in the period 
2015 – 2019 were used as a sample. 

Keywords: foodstuff s, microbiological safety, risk assessment.

INTRODUCTION
In the daily diet, people use various types of food. Many of these foods are a suitable environment 

for the development and reproduction of microorganisms which, when introduced into the human body, 
can be the cause of many infectious diseases. Biological contamination of food most often occurs due to 
improper food storage. Saprophytic microorganisms do not pose a danger to human health, but by breaking 
down proteins, fats and carbohydrates, they reduce the nutritional value of food. Pathogenic microorgan-
isms present in food are danger to human health.

The primary goal of food hygiene is to eliminate or reduce the risk of exposure to food borne dis-
eases.1 It is necessary to monitor the hygiene of the food production process, storage, transport, as well as 
food distribution, which can be achieved by applying the applicable legislation for microbiological cleanli-
ness of the facility.2 That is, in order to protect food from contamination, it is necessary to implement legal 
regulations in primary production, which relate to the prevention of infectious diseases transmitted by food, 
in secondary production and processing, to control hygienic conditions and temperature, in the transport 
phase to control packaging, means of transport and food storage. The importance of maintaining personal 
hygiene of employees working on food preparation (wearing jewellery, rings, and bracelets) was confi rmed 
by research which proved the presence of enterobacteria and staphylococci, and even some E.coli colonies 
as indicators of faecal contamination.3 

Food monitoring calls for microbiological analysis which show which microorganisms are present, 
i.e. whether food meets microbiological standards that each country adopts individually. Application of 
applicable legislation in food control should ensure food safety at the time of production and at the time of 
placing it at market during its declared shelf life. Microbiological analysis and interpretation of the obtained 
results in Bosnia and Herzegovina are performed according to the standards prescribed by the applicable 
legislation at the level of Bosnia and Herzegovina, i.e. its entities. It is important to monitor sampling re-
sults over several years, to make risk assessments based on them and to adopt a sampling plan or adjust 
the existing plan for the next period in order to achieve even greater reliability in the production process.4 
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PAPER GOALS
1. To point at the importance of risk assessment and adoption of food sampling plans for microbio-

logical safety based on analysis of the results of multiyear food sampling.
2. To present the results of food analysis for microbiological safety performed at the Public Health 

Institute of the Republic of Srpska - Regional Centre Doboj in the period 2015-2019.

MATERIALS AND METHODS
The research was conducted as a retrospective study that included the results of food analysis for 

microbiological safety submitted to the Public Health Institute of the Republic of Srpska - Regional Centre 
Doboj in the period 2015-2019. The Central Protocol of the Laboratory of the Public Health Institute of the 
Republic of Srpska - Regional Centre Doboj was used as data source. The results of the analysis of food 
samples are presented by individual years in relation to 10 food groups: milk and dairy products, meat and 
meat products, eggs, biscuits and related products, vegetables and vegetable products, fruits and fruit prod-
ucts, grains and grain products, oil, margarine, mayonnaise, non-alcoholic drinks and beer. Determination 
of microbiological safety of food samples was performed in accordance with the relevant regulations in the 
fi eld of food safety applicable during the research period (Rulebook on microbiological criteria for food 
- Offi  cial Gazette of RS 109/12, Rulebook on microbiological criteria for food of animal origin - Offi  cial 
Gazette of RS 69/19)). The results of the analysis are presented in the form of tables and graphs. Methods 
of descriptive (tables and graphs) and inferential (chi-square test) statistics were used in data processing.

RESULTS
In the period 2015-2019, a total of 14,784 food samples were analysed for microbiological safety at 

the Public Health Institute of the Republic of Srpska - Regional Centre Doboj with 200 samples or 1.35% 
marked as contaminated. (Table 1). In relation to the origin of the analysed foods, the lowest percentage of 
contaminated samples was recorded for imported foods, at a level of high signifi cance (χ2 =17.184; p=0.0017). 

Table 1. Review of food analysis for microbiological safety in the period 2015 - 2019

Total Imported Off -the-shelf From production

2015
Total 2645 733 497 1415

Contaminated 58 2 23 33
% 2.19 0.27 4.63 2.33

2016
Total 3155 446 469 2240

Contaminated 37 1 6 30
% 1.17 0.22 1.28 1.34

2017
Total 2987 270 594 2123

Contaminated 35 1 9 25
% 1.17 0.37 1.51 1.18

2018
Total 3062 302 655 2105

Contaminated 34 0 3 31
% 1.11 0 0,46 1.47

2019
Total 2935 260 668 2007

Contaminated 36 0 1 25
% 1.23 0 1.15 1.25
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Total 
Total 14.784 2.011 2.883 9.890

Contaminated 200 4 42 144
% 1.35 0.20 1.46 1.46

Table 1 shows the total number of analysis, and the number or percentage of contaminated foods by 
year. The highest level of irregular samples compared to other years was in 2015, and this diff erence was 
highly signifi cant. (χ2 =20.542; p=0.0003). Graph 1, in a more obvious way in the form of a curve, shows 
previous descriptive diff erence in terms of contaminated samples in the fi rst year of the observed period 
compared to other years.

Graph 1. Graphic representaƟ on of the number of contaminated food samples by years 

In the period 2015-2019 200 samples were found contaminated and most commonly only one cause 
of contamination was recorded per analysed food sample, more precisely 1.04 on average.

Table 2. Causes of microbiological contaminaƟ on of analysed foodstuff s in the period 2015-2019

Total
of samples  1  2  3  4  5  6  7  8

2015 No 58 0 0 15 15 3 0 16 9

% 2.19 0 0 25.86 25.86 5.17 0 27.59 15.52

2016 No 37 0 0 0 5 5 0 24 4

% 1.17 0 0 0 13.51 13.51 0 64.86 10.81

2017 No 35 2 0 0 4 9 0 15 6

% 1.17 5.71 0 0 11.42 25.71 0 42.85 17.14

2018 No 34 2 0 0 7 2 0 21 2

% 1.11 5.88 0 0 20.59 5.88 0 61.76 5.88

2019 No 36 3 0 1 14 0 0 15 10

% 1.23 8.33 0 2.78 38.89 0 0 41.67 27.78

TOTAL No 200 7 0 16 45 19 0 91 31

% 1.35 3.35 0.00 7.65 21.53 9.09 0.00 43.54 14.83

Legend: 1. Staphylococcus 2. Staphylococcal enterotoxin 3. Escherichia coli 4. Yeasts and molds 5. Salmonella 6.Listeria mon-
ocitogenes 7. Enterobacteriaceae 8. Total number of microorganisms
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Three most common causes of contamination are Enetrobacteriaceae (43.54%), followed by the 
presence of yeasts and molds (21.53%), and an increased total number of bacteria (14.83%) (Table 2). No 
malformations for staphylococcus and listeria monocytogenes were found in any of the samples.

Table 3. Overview of the number of analysis and the share of contaminated fi ndings in relaƟ on to foodstuff s groups in the pe-
riod 2015-2019 

Foodstuff s 2015 2016 1017 2018 2019 Total

Milk and dairy products Number of 
analysis 156 229 204 188 128 905

% of
contaminated 10.90 10.04 6.86 10.64 6.25 9.06

Meat and meat products Number of 
analysis 381 305 424 518 576 2204

% of
contaminated 5.77 1.96 1.89 0.39 0.00 1.72

Eggs Number of 
analysis 11 15 14 15 13 68

% of
contaminated 0.00 0.00 0.00 0.00 0.00 0.00

Biscuits and related products Number of 
analysis 130 196 193 206 164 889

% of
contaminated 1.54 0.00 0.00 0.48 1.22 0.56

Vegetables and vegetable 
products

Number of 
analysis 22 41 41 40 29 173

% of
contaminated 0.00 0.00 2.44 5.00 0.00 2.31

Fruits and fruit products Number of 
analysis 1 8 13 7 3 32

% of
contaminated 0.00 0.00 0.00 0.00 0.00 0.00

Oils, margarine, mayonnaise Number of 
analysis 25 35 36 38 38 172

% of
contaminated 4.00 0.00 0.00 0.00 2.63 1.16

Grains and products Number of 
analysis 560 922 818 725 624 3.649

% of
contaminated 0.89 0.65 0.49 0.83 2.56 1.01

Refreshing non-alcoholic 
drinks

Number of 
analysis 170 123 101 83 99 576

% of
contaminated 1.76 0.00 4.95 0.00 1.01 1.56

Beer Number of 
analysis 532 167 135 142 131 1107

% of
contaminated 0.00 0.00 0.00 0.00 0.00 0.00

Among food groups, microbiological contamination was most often recorded in milk and milk 
products, i.e. almost every tenth product (9.06%) was microbiologically contaminated (Table 3). During 
the analysis of eggs, fruits and fruit products, and beer, no positive case was recorded. The percentage of 
contaminated samples in other food groups ranged from 0.56% (biscuits and related products) to 2.31% 
(vegetables and vegetable products).
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Table 4 Causes of microbiological contaminaƟ on of analyzed foodstuff s for the period 2015-2019 in relaƟ on to food groups 

Foodstuff s 1 2 3 4 5 6 7 8

Milk and dairy products Number of con-
taminated samples 1 0 1 1 1 0 76 3

% of contami-
nated 1.20 0 1.20 1.20 1.20 0 91.57 3.61

Meat and meat products Number of con-
taminated samples 0 0 15 0 18 0 0 5

% of contami-
nated 0.00 0.00 39.47 0.00 47.37 0.00 0.00 13.16

Biscuits and related prod-
ucts

Number of con-
taminated samples 1 0 0 2 0 0 2 0

% of contami-
nated 20.00 0.00 0.00 40.00 0.00 0.00 40.00 0.00

Vegetables and vegetable 
products

Number of con-
taminated samples 0 0 0 2 0 0 0 1

% of contami-
nated 0.00 0.00 0.00 66.67 0.00 0 0.00 33.33

Oils, margarine, mayon-
naise

Number of con-
taminated samples 0 0 0 1 0 0 1 1

% of contami-
nated 0.00 0.00 0.00 33.33 0.00 0.00 33.33 33.33

Grains and products Number of con-
taminated samples 1 0 0 30 0 0 7 1

% of contami-
nated 2.56 0.00 0.00 76.92 0.00 0.00 17.95 2.56

Refreshing non-alcoholic 
drinks

Number of con-
taminated samples 0 0 0 1 0 0 0 8

% of contami-
nated 0.00 0.00 0.00 11.11 0.00 0.00 0.00 88.89

Total % of con-
taminated samples 3 0 16 37 19 0 86 19

Legend: 1. Staphylococcus 2. Staphylococcal enterotoxin 3. Escherichia coli 4. Yeasts and molds 5. Salmonella 6.Listeria monoci-
togenes 7. Enterobacteriaceae 8. Total number of microorganisms

Table 4 shows the causes of microbiological contamination of the analysed foodstuff s by food 
groups. In the case of milk and dairy products, the total number of bacteria was stated as the cause of the 
contamination in as much as 91.57%. In meat and meat products, the most common causes of contamina-
tion were Salmonella (47.37%) and Escherichia colli (39.47%), while in grains and products, slightly more 
than ¾ of contaminated samples (76.02%) were yeasts and molds.

DISCUSSION
As there is no so-called concept of zero risk of contaminants in food, it is a tendency in all devel-

oped countries around the world to apply modern scientifi c methods to identify certain risks and reduce 
them to a minimum.2 one way is to analyze the results of multi-year sampling.

In the period of fi ve years, 2015-2019, in the microbiological laboratory of the Regional Centre 
Doboj a total of 14,784 food samples were analysed for microbiological safety, where in 200 foods or 
1.35% some kind of microbiological contamination was detected (Table 1). During the fi rst year of the ob-
served period lowest number of samples was analysed but it resulted in the highest number of contaminated 
samples. Data for the entire territory of the Republic of Srpska show a steady increase in the number of 
analysed samples, from 14,498 in 2015 to 17,228 in 2019. 5 - 9 The total number of samples for microbiologi-



107

Mൺඋංඇ Kඏൺඍൾඋඇං, Mංඅൾඇൺ Tඈൽඈඋඈඏංම:
R®Ý» AÝÝ�ÝÝÃ�Äã �Ä� A�ÊÖã®ÊÄ Ê¥ FÊÊ�Ýãç¥¥Ý S�ÃÖ½®Ä¦ P½�ÄÝ ¥ÊÙ M®�ÙÊ�®Ê½Ê¦®��½ S�¥�ãù B�Ý�� ÊÄ ã«� R�Ýç½ãÝ Ê¥ Mç½ã®ù��Ù FÊÊ� S�ÃÖ½®Ä¦ Qඎൺඅංඍඒ ඈൿ Lංൿൾ (2020) 11(3-4):102-109

cal safety was 82,661out of which 719 or 0.87% were contaminated, which is evidently a lower percentage 
of contaminated samples compared to the share of contaminated samples analysed in the Regional Centre 
Doboj in the same period. Such a ‘low’ percentage of contaminated samples in the Republic of Srpska was 
primarily conditioned by the participation of contaminated samples in 2016 (0.61%) and 2017 (0.59%). The 
causes of this phenomenon should be specifi cally examined. If we transfer the analysis to the entire territory 
of Bosnia and Herzegovina, then we notice almost twice as many samples in 2018 (66,035) compared to 
2015 (34,469).11 Percentage of contaminated samples in the period 2015-2018 in Bosnia and Herzegovina 
was 1.19%. 

Highest level of contaminated samples was recorded in 2015. Similar results were obtained based 
on the collected data on the results of laboratory analysis of food samples for microbiological safety for 
the entire territory of Bosnia and Herzegovina, where the percentage of contaminated samples in 2015 was 
1.50%, and in 2018 (for 2019 no results have been published yet) only 1.20%. The results for the entire 
territory of the Republic of Srpska show lower level of contaminated samples, with the lowest percentages 
recorded in the fi rst three years of the observed period, and in 2018 and 2019 the share of contaminated 
samples was similar to those recorded in the Regional Centre Doboj, i.e. for the whole Bosnia and Herze-
govina.

Diff erences in the share of contaminated food samples in relation to their origin (Table 1), with 
lowest level of contamination of imported samples compared to off -the-shelf and food from production, 
can be explained primarily by quality controls in countries of origin. The three most common causes of 
food contamination in the fi ve-year period were Enetrobacteriaceae (43.54%), followed by the presence 
of yeasts and molds (21.53%), and an increased total number of bacteria (14.83%) (Table 2). If we add that 
Escherichia coli were also a very frequent cause of contamination, we can make a conclusion that causes 
of contamination were hygienic failures. It is these, the so-called hygiene indicators, especially in the case 
of their increased number, that should be taken as a warning about possible appearance of pathogens and 
the need to perform additional analysis to exclude pathogens. Right behind these causes of contamination 
stands Salmonella. Very similar causes of food contamination were recorded for the entire territory of 
Bosnia and Herzegovina: Enterobacteriaceae, Escherichia coli, aerobic mesophilic bacteria, yeasts and 
molds, Salmonella. 10 - 13 The three-year expert report of the Croatian Food Agency registered the presence 
of an increased number of aerobic mesophilic bacteria in most food categories, followed by enterobacte-
ria, yeasts and molds. Reports from the European Food Safety Authority and Centres for Disease Control 
from diff erent countries show some similarities, but also diff erences in terms of the most common food 
contaminants: Campylobacter spp., Salmonella spp. (especially Salmonella enteritidis), Listeria monocy-
togenes, Escherichia coli, Yersinia enterocolitica. 14,15 While Listeria monocytogenes is one of the common-
est causes of contamination here, at the same time, for a fi ve-year period, Doboj Regional Centre did not 
record this type of contamination in any foodstuff s. At the Republic of Srpska level only individual cases 
have been reported. 5 - 9

Food of animal origin (meat, poultry, fi sh, eggs, milk) is most often contaminated, while food of 
plant origin is less suitable for the reproduction of microorganisms, and thus less dangerous to human health. 
So, milk and milk products proved to be the ‘ riskiest’ food group followed by meat and meat products 
(Table 3). Of particular concern is the fact that almost every tenth sample of milk and milk products was 
contaminated, having 9 out of 10 causes of contamination related to an increased number of total bacteria. 
The most common causes of contamination in meat and meat products, Salmonella and Escherichia coli, 
indicate poor hygiene, as well as the risk of transmitting salmonella to humans, i.e. causing food poisoning. 
It is indicative that, for example only in 2019, two major epidemics of food poisoning were registered in the 
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area under the jurisdiction of the Doboj Regional Centre, where salmonella was undeniably confi rmed by 
laboratory analysis as the causative agent, and the epidemiological survey among patients showed that the 
route of transmission was through mayonnaise. However, the mayonnaise samples from the places where 
the incriminated food was consumed were negative because they were probably ‘prepared’ for sampling in 
the meantime. In this, but also in similar cases in previous years, it was a ‘homemade’ mayonnaise which 
was not properly stored before use, primarily referring to the air temperature during summer months. This 
indicates the importance of preventive analysis of this type of food, i.e. raw materials (primarily eggs) from 
which these foods are obtained. However, the number of analysis shows a low level of eggs control, i.e. 
egg products, primarily mayonnaise. Dominant cause of contamination in the group of grains and grain 
products was in the form of yeasts and molds. By its activity mold creates compounds that can be useful, 
e.g. antibiotics, but also harmful, e.g. mycotoxins. And it is the molds in grains that create the fear of the 
appearance of mycotoxins, i.e. increased control of this group of foods for mycotoxins is required, whether 
they are imported or domestically produced..16 An additional problem, a potential danger to human health, 
is the diet of domestic animals with foods in which mycotoxins are present, which may result in the pres-
ence of mycotoxins in milk and meat. In the whole of Bosnia and Herzegovina, meat and meat products, as 
well as grains, proved to be the riskiest food groups.

CONCLUSION
The lack of so-called zero risk of contaminants in foodstuff s imposes the need for constant monitor-

ing of microbiological food safety. In the fi ve-year period, 2015-2019, in the microbiological laboratory of 
the Regional Centre Doboj a total of 14,784 food samples were analysed for microbiological safety, where 
in 200 foods or 1.35% some kind of microbiological contamination was detected. Hygiene indicators, as the 
most common causes of contamination, indicate the need for higher hygiene control throughout the food 
production process, from raw materials to the fi nal product, as well as the need to conduct additional analy-
sis to exclude pathogens. Milk and milk products, and meat and meat products, have proven to be groups 
of foods whose consumption carries the highest risk of transmitting the infection through food. Given that 
mayonnaise has proven to be the most common way of transmitting infectious diseases through food in 
the area of jurisdiction of the Regional Centre Doboj in epidemic form, the control of this food, i.e. eggs 
as a basic raw material for its production, in addition to the already mentioned two groups of foods, should 
be one of the priorities in food control, especially during summer months. Complete absence of listeria 
monocytogenes and staphylococci in food indicates the need to additionally examine this and to conduct 
additional tests. 

Based on the multi-year continuous monitoring of test results, it is possible to make a risk assess-
ment and adopt plans for food sampling for microbiological safety. Accordingly, we propose that in Bosnia 
and Herzegovina, in addition to previous annual reports for local levels, entity levels, level of Bosnia and 
Herzegovina, which are often stereotypical, analysis of results of foodstuff s control, should be done for a 
period of several years e.g. three –year period. Application of the proposed method would improve food 
safety in Bosnia and Herzegovina.
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Abstract: Phthalates are esters of phthalic acid and aliphatic alcohols. It is widely used in everyday life, and can be 
used as a plasticizer, solvents and additives in many products, from food packaging to items of general use. Plastic 
materials are widely used in food industry and potentially can be source of phtalates in food. Phtalates can be present 
in food as a result of contamination of food. Phtalates in food, as a result of contamination of food or migration from 
packaging can jeopardiye human health. This work provides an overview of the presence of phthalates in food pack-
aging, its migration into food, as well as the negative impact on human health by consuming and inhaling them.

Keywords: Phtalates, food, packaging, contamination, human health.

INTRODUCTION
Phthalates are esters of phthalic acid and aliphatic alcohols. It is widely used in everyday life, and 

can be used as a plasticizer, solvents and additives in many products, from food packaging to items of gen-
eral use. High molecular weight phthalates, of which DEHP is the most common, are used as a plasticizer in 
food-grade plastic packaging material, while low molecular weight phthalates, as DEP and DnBP, are used 
as solvents and plasticizers in the production of items of general use. 

The use of plastic materials is generally present in the food industry, so they are used as packaging 
material for packaging fi nished products, and in the process of processing and production. Since phthalates 
are not chemically bounded to the PVC polymer, they migrate very easily from the packaging material to 
the food product, but migration can occur during the technological process of food production and process-
ing from plants in industrial facilities. Because of their lipophilic character, phthalates most often migrate 
to foods that are high in fat such as milk and dairy products, meat and meat products, fi sh, vegetable oils 
and fats.

Phthalates are, also, detected in food products that are not packed in packaging material containing 
phthalates, from which it can be concluded that the contamination of the product occurred due to environ-
mental pollution such as water, air, soil as well as due to widespread use and its disposal to landfi lls. 

Based on available scientifi c research, it has been proven that there is no bioaccumulation of phtha-
lates and their esters in the human body. Because of the increasing use of phthalate, as well as its presence 
in the environment there is a justifi ed concern for human health, especially because it leads to disorders in 
the reproductive and endocrine systems of human. Considering the high exposure of human to phthalates, 
the question of the justifi cation of the use of phthalates arises, both in food packaging and in items of gen-
eral use. This work provides an overview of the presence of phthalates in food packaging, its migration into 
food, as well as the negative impact on human health by consuming and inhaling them.
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DIVISION, PROPERTIES AND METHABOLISM OF PHTHALATES
Phthalates are compounds of synthetic origin that are most often added to plastics to improve their 

mechanical properties, especially softness, fl exibility and extensibility. As plasticizing additives, they are 
present in a number of items of general use, such as children’s toys, cosmetics, solvents and insecticides, 
food packaging, medical devices, transfusion accessories and home improvement products, as well as in 
technological processes in the food and similar industries. (David and associates, 2003; ATDSR, 2001; 
ATDSR, 2002; Heudorf and associates, 2007). According to their chemical composition, phthalates are 
esters of phthalic acid and aliphatic alcohols (diesters of phthalic acid). These are volatile liquids that are 
added to plastic to increase its mobility.

Phthalates are obtained by esterifi cation of phthalic anhydrides with long-chain alcohols (C7-C10) 
(Earls amd associates, 2003). If two ester groups are attached in the meta and para positions on the aromatic 
ring, they are called isophthalates or teraphthalates. In case the two ester groups are in the ortho position on 
the aromatic nucleus of 1,2-benzenedicarboxylic acid, they are called phthalic acid esters. The two alkaline 
groups may be similar or diff erent; they may be branched or unbranched; may contain aromatic substitutes, 
for example butyl benyl phthalate (BBP) or other functional groups (Croatian Food Agency, 2014)

FIGURE 1: General chemical structural formula of phthalate

The proportion of phthalate in a plastic product can be up to 45% of its total weight, depending 
on the type and purpose of the plastic product (Peakall, 1975; Brooke and associates, 1991; WHO, 1997; 
Bouma and Schakel, 2002). The most common DEHP that adds to plastics to provide elasticity and softness 
(Croatian Food Agency, 2014). Every year, about a million tons of phthalate are produced in Western Eu-
rope, where the most common are: di- (2-ethylhexyl) phthalate (DEHP), diisononyl phthalate (DiNP) and 
diisodecyl phthalate (DiDP) (Fierens and associates, 2012), di metli phthalate (DMP), di ethyl phthalate 
(DEP), di n butyl phthalate (DBP), butyl benzyl phthalate (BBP) and polyethylene ether phthalate (PET) 
which in addition to being used as an intermolecular lubricant tend to be excreted from the medium (Karen 
and Wright, 2006). 
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FIGURE 2: Structural formulas of phthalates (Frederiksen and associates, 2007)

Phthalates which have slightly short alkyl groups in their structure, such as methyl and butyl groups, 
have the feature of solubility in water, and phthalates with long alkyl chains or aromatic structures on the 
end chains are poorly soluble in water. High molecular weight phthalates, such as DEHP, are mainly used 
as a plasticizer in the production of PVC polyvinyl chloride, which is used in consumer products, such as 
food packaging (plastic packaging fi lm), medical devices, vinyl foils (ATSDR , 2002). Lower molecular 
weight phthalates, such as DEP and DnBP, are used as solvents and plasticizers for cellulose acetate, in the 
manufacture of varnishes, personal care products (e.g. perfumes, lotions), as well as medicine packaging 
(ATSDR, 1995, 2001) such as prolonged-release medications (Hauser and associates, 2004).

Because of its lipophilicity, the largest amount of phthalates is found in fatty foods, such as milk and 
dairy products, fi sh, meat, and vegetable oils (David and associates, 2003). If short alkyl groups such as e.g. 
methyl or ethyl group, are at the end of chains, the volatility of phthalates is stronger, so it is possible that 
we will inhale phthalates without even being aware of it, so in the cosmetics industry these compounds are 
used in the production of perfumes and fragrances.

Phthalates are not chemically bound to polymers, so they can migrate freely from packaging as well 
as during the production process into food, beverages and drinking water (Serôdio and Nogueira, 2006). 
Phthalate migration is accelerated by aging and cracking of plastic packaging or plastic parts used in the 
food and beverage production process (Harris and Sumpter, 2001). 

Since they are not chemically bound to plastic material, phthalates are easily washed away, evapo-
rate quickly into the air and easily migrate into food, beverages and drinking water, most often from pack-
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aging material, but other sources of food contamination with phthalates are also possible, e.g. from parts of 
the technological process of food production (European Chemical Bureau, 2008; European Union Council, 
2001; Balafas and associates, 1999; Chou and Wright, 2006). Thanks to this, phthalates contaminate the 
environment and the food chain and are now one of the ubiquitous environmental contaminants. As a result, 
the general population is extensively and continuously exposed to phthalates (Sioen and associates, 2012). 
Since its fi rst use as a plasticizer in 1930, phthalates have become one of the most widespread contaminants 
in the modern world. Unlike persistent organic pollutants such as organochlorine pesticides e.g. DDT, 
phthalates and its metabolites do not accumulate in the environment and have a short half-life in living 
organisms. Thus, monoester metabolites were detected in 90–100% of urine samples of men and women 
of the general population (Duty and associates, 2005a; Hoppin and associates, 2002; Kato and associates , 
2005; Swan and associates, 2005). 

One of the essential properties of phthalates, which determines their application, is the molecular 
weight. High molecular weight phthalates DEHP, DINP and DIDP are mainly used to soften PVC. Low mo-
lecular weight phthalates DEP, DBP and BBP have solvent function in consumer items (Cao XuL, 2010). 
They are mostly used in the cosmetic and pharmaceutical industries. DEP is used as an odor fi xative or 
carrier in the production of fragrances, perfumes and in prolonged-release medications. Among other low 
molecular weight phthalates, dimethyl phthalate (DMP) should be mentioned. DMP is most commonly 
used to stabilize and dilute organic peroxides during transport and storage (Clark and associates, 2011). 

Table 1: ProperƟ es of phthalates (Cao XuL, 2010)

Phthalates CAS number Formula Density (g/ml) Boiling point 
(oC)

Melting 
point (oC)

Water solubility 
(mg/l) at 25oC

DEHP (di-2-
ethylhexyl phthalate) 117-81-7 C24H38O4 0,985 384 -47 0,195

DBP (di-n-butyl
phthalate) 84-74-2 C16H22O4 1,043 340 -35 9,9

BBP (benzyl butyl
phthalate) 85-68-7 C16H22O4 1,119 370 -35 3,8

DINP (di-iso-
nonyl phthalate)

68515-48-0;
28553-12-0 C26H42O4 0,972 370 -50 3,08 x 10-4

DIDP (di-iso-
decyl phthalate)

68515-49-1;
26761-40-0 C28H46O4 0,966 400 -50 3,81 x 10-5

DNOP (di-n-octyl
phthalate) 117-84-0 C24H30O4 0,985 390 -25 2,49 x 10-3

DEP (diethyl
phthalate) 84-66-2 C12H14O4 1,232 295 -40,5 591

PHTHALATES IN FOOD PRODUCTS
Progress in the science of packaging materials in recent decades have led to the widespread and 

diverse use of plastics to provide cheaper, lighter, stronger, safer, more durable and versatile products and 
consumer goods that serve to improve quality of life. Plastics can be designed to keep food fresher for 
longer, and can provide therapeutic benefi ts through time-release medications and other medical applica-
tions (Andrady and Neal. 2009; Thompson and associates, 2009 a, b).

The presence of phthalates in food can be the result of their migration from packaging materials 
and objects in direct contact with food, and food contamination from the environment or food contamina-
tion caused during the production or processing process. The most commonly observed phthalate in food 
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is DEHP, which is not surprising given the fact that 50% of total annual phthalate production is DEHP 
(Wenzl, 2009). Phthalates identifi ed in food are mainly higher molecular weight phthalates such as DIDP, 
BBP and DIBP. The amount of phthalates that will migrate into food, and especially into fatty foods, will 
be greatly infl uenced by their initial concentration in the material, lipophilic character, temperature, storage 
and storage conditions, and the fat content in the food. Phthalates are not covalently bound within the PVC 
molecule, in principle similarly dissolve similarly, small amounts of fatty foods or oils are suffi  cient for 
complete extraction of lipophilic softeners into food. As the release of phthalates from PVC is mainly re-
lated to direct contact with fatty foods, manufacturers of packaging materials have changed the recipes. Di-
isononyl adipate (DINA) and di-2-ethylhexyl adipate (DEHA), which until recently were used as a substi-
tute for DEHP (Cao XuL, 2010), are slowly being replaced by citrates. The most commonly used citrate as a 
softener for PVC but also for other types of packaging materials in contact with fatty and non-fatty foods is 
acetyl tributyl citrate (ATBC). Except ATBC, there are a signifi cant number of other substitute softeners for 
phthalates, but there is insuffi  cient scientifi c evidence of their adverse eff ects on human health. Phthalates 
are most often present in multilayer packaging, while in smaller quantities they are found in varnishes and 
printing inks. Phthalates can be present in the coatings of dishes, utensils and food preparation equipment 
from which they can be released into food during thermal food preparation (Fierens and associates, 2012). 
Choosing the type of packaging in which a particular type of food will be packaged can reduce or increase 
the specifi c migration of phthalates.

Food products are contaminated with phthalates by unintended migration during the technological 
process of production, processing and packaging of fi nished products through packaging materials in which 
the fi nished products are packed. Fresh agricultural products contain minimal concentrations of phthalates. 
The total concentration of phthalate in fresh meat (muscle) and raw milk is 120 - 280 micrograms / kg, rare-
ly exceeding 500 micrograms / kg (Casajuana and Lacorte, 2004; Rhind and associates., 2005; Sharman and 
associates, 1994). Elevated phthalate values up to 53000 micrograms / kg have been detected in fi nished 
food products that are considered to be most likely contaminated during processing or in the packaging 
process (Castle and associates, 1989). Studies have shown an increase in DEHP from 80 micrograms / kg 
in fresh chicken meat to 13100 micrograms / kg after frying in a Tefl on-lined pan, and 16100 micrograms / 
kg after packaging (Tsumura and associates, 2001a). 

Hot fats and food products packed in PVC packaging, signifi cantly raise the level of phthalates. High 
temperatures and fatty hot food in contact with PVC products can cause high levels of phthalate contamina-
tion. Many of us buy and store cooking oil in plastic bottles, eat butter, margarine, cheese spreads from plastic 
containers and it never occurs to us to take in some foreign substances that “dissolve from plastic”. Phthalates 
are released especially quickly from plastic bottles that contain mineral water and carbonated drinks. Contami-
nation of the land with phthalates near the waste recycling site was also observed. So waste recycling places 
have become a threat to human health. The main pollutants found in the soil are DEHP and DnBP.

The plastic fi lm used in greenhouses has become another source of phthalate in food, with an el-
evated concentration of phthalate in vegetables ranging from 790 ± 630 to 3010 ± 2130 mg / kg on Nanjing 
agricultural land where vegetables are grown. Ma and associates, 2015).

EFSA (2005) reported a tolerant daily intake (TDI) of 50 μg / kg body weight for DEHP and 10 
μg / kg body weight for DnBP. A regulation issued by EFSA to prevent food contamination by phthalates 
considers that phthalate concentrations in food greater than or equal to a specifi c migration limit (SML) of 
300 μg / kg are high (Petersen and Jensen, 2010). Concentrations in food between 0 and 50 μg / kg were 
considered low, because in the opinion of EFSE, the migration in these concentrations refl ects the low ex-
posure potential. Concentrations between 50 and 300 μg / kg are marked as mean (Engel and associates, 
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2012). Thus, when classifying food, it is necessary to apply the criteria for average, and not for maximum 
measurements, so as not to misclassify food as food with a high phthalate concentration. To protect human 
health, the European Food Safety Authority (EFSA) has established a total daily intake (TDI) for some of 
these food-contaminating substances, in particular for DBP 0.01 mg / kg body weight, for BBP 0.5 mg / kg 
body weight, for DiNP and DiDP 0.15 mg / kg body weight, for DEHP 0.05 mg / kg body weight (EFSA, 
2005a, b, c, d, e). Due to toxicity and widespread use, European Regulation no. 10/2011 established a spe-
cifi c migration limit (SML) for DEHP of 1.5 mg / kg. 

Serrano and associates (2014) in their study compared the association of a group of foods with high 
(≥300 μg / kg) and low (<50 μg / kg) phthalate concentrations, as well as their relationship with the load 
they represent for the human body. Based on the data obtained in the study, they found high concentrations 
of DEHP in poultry meat, roasting oil and cream-based dairy products (≥300 μg / kg). Also, the presence 
of DEP in small concentrations in all food groups was determined. According to the data of this research, 
epidemiological studies have shown a positive connection between the consumption of meat, fat, dairy 
products and DEHP. The estimated DEHP exposure based on typical diet was 5.7; 8.1 and 42.1 μg / kg per 
day for women of reproductive age, adolescents and newborns, with dairy products as the largest source 
of exposure. A diet rich in meat and milk resulted in a twofold increase in exposure. Estimates for infants 
based on a typical diet exceeded the Environmental Protection Agency’s reference values of 20 μg / kg per 
day, while a diet rich in milk and meat in adolescents also exceeded this threshold.

Fierens and associates (2012) investigated the eff ect of cooking (cooking, steaming, frying or grill-
ing) at home on the level of phthalates in diff erent types of food (starch products, vegetables, meat and 
fi sh). In general, phthalate concentrations in food were reduced after cooking, except in vegetables, where 
there were almost no changes. DEHP, which was present in all raw foods, decreased to 65.4% after cook-
ing. Sioen and associates (2012) in their study, found cooked food in kindergartens and primary schools has 
a higher concentration of DEHP and DBP after packaging in aluminum-lined polyethylene containers and 
stored in warm electric isothermal serving carts compared to before, which implies migration from packag-
ing (Cirrilo and associates, 2011). The infl uence of cooking and heating in phthalate-containing contain-
ers must be taken into account when calculating the exposure assessment in order to determine the exact 
phthalate content in food directly consumed. Also, it is necessary to determine the diff erence between food 
products when calculating daily intakes (milk, meat, cereals), and take into account which of the products 
are most exposed to phthalates, this is especially important when making dietary recommendations for 
foods with high phthalate exposure that should be avoided.

PLASTIC WRAPPING
Today’s way of life is diffi  cult to imagine without the use of plastic products, which, as such, ac-

company a person throughout his life, starting from birth (Brooke and associates, 1991; WHO, 1997; Pe-
terson and Breindahl, 2000).

Food packaging is very important for storing food at diff erent temperatures, prolongs the shelf 
life of the food product itself, and also protects foods from natural agents such as air, which can reduce or 
change the quality of the product itself. In practice, plastic is used as a safe and suitable packaging for pri-
mary food packaging. There are several diff erent types of plastics, each of thoose has unique properties and 
applications in the food sector, e.g. polycarbonate, high and low density polyethylene, styrene, polypropyl-
ene. Plastic packaging is made of various polymers, and additives are used to improve elasticity, fl exibility, 
color, resistance, durability, etc. Both plastics and additives can migrate over time from packaging to food 
or beverages as a result of increased product temperatures or mechanical stress. 
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According to Cao (2010) research, phthalates can migrate into foods made from PVC materials, 
such as pipes commonly used in the milking process, lid seals, food packaging foils, gloves used in food 
preparation, and conveyor belts. Phthalals are also found in printing inks and adhesives on food wrappers, 
as well as container coatings used in food packaging (NTP-CERHR, 2003; Indirect food additives, 2014). 
In the United States, phthalates are approved by the Food and Drug Administration (FDA) as plasticizers in 
food packaging and food contact materials used during processing and storage, while the European Com-
mission and Chinese authorities have restricted phthalates in contact with food (Petersen and Jensen, 2008). 
There may be large variability in phthalate concentrations in food groups depending on the food production 
process, processing process, presence and type of packaging, and lipid content (Wittassek and associates, 
2011; Schecter and associates, 2013). The assessment of phthalate exposure in food has become a topic of 
great interest given the importance of the dietary pathway and the health impacts associated with specifi c 
phthalate species found in food.

Increased phthalate content has been reported in drinking water packaged in polyethylene bottles 
(Criado and associates, 2005). The results of the research (Bošnir and associates, 2007) show that the values 
of phthalate migration from plastic packaging into soft drinks are many times higher (5 to 40 times) than 
the migration of phthalate from the same packaging into mineral water. As one of the possible reasons, 
the authors state a diff erence in pH value that is less than 3 in soft drinks and greater than 5 in all mineral 
waters (Jurica and associates, 2013). The World Health Organization has defi ned the maximum permissible 
concentration of the most used phthalate DEHP in drinking water and it is 8 micrograms / l (WHO, 2011).

Polyvinyl chloride (PVC) polymer without the addition of softener would be very heavy, brittle and 
practically useless for technical application, so that with the addition of softener it becomes fl exible and 
elastic. Softeners are mostly added to polymers used in the food industry. These are foils for wrapping food 
and the like. Contamination of food with softeners can occur. The best known softeners to be added are high 
molecular weight phthalates, such as butylbenzyl phthalate (BBzP), di-2-ethylhexyl phthalate (DEHP) and 
di-n-octyl phthalate (DnOP) used as plasticizers in PVC materials, such as are food packaging and medical 
products. In recent years, di-nonyl phthalate (DiNP) and di-decyl phthalate (DiDP) have increasingly re-
placed DEHP in these products (Zotta and associates, 2014). Due to non-covalent bonds between phthalates 
and their parent substances, there can be signifi cant migration of phthalates not only into the food product 
but also into the environment which can lead to environmental pollution and thus ubiquitous exposure in 
the population. 

Castle and associates (1988a) proposed two ways to reduce the migration of phthalates from PVC 
food fi lms:

• production of thinner fi lms with a reduced level of DEHA that is normally present in PVC fi lms
• partial or complete replacement of DEHA with higher molecular weight plasticizers. 
The migration of plasticizers from DEHA-coated PVC packaging fi lms increases with prolonged 

contact time between the food product and the PVC packaging fi lm (Down and Gilbert, 1977). It was ob-
served that when using thinner PVC fi lms containing 13.3% DEHA compared to conventional PVC fi lm 
with 18.30% there was a decrease in the level of DEHA migration from 41% to 53%. The migration level 
of plasticizer from PVC foil with 23% plasticizer was 3 to 21 times lower than the level of DEHA migrat-
ing from conventional PVC fi lm with 18% DEHA. Also, DEP was detected in baked food products, which 
were packed in cardboard boxes with cellulose-acetate openings plasticized with 16 to 17% DEP, where 
DEP is present in the product in the range of 1.7 to 4.5 mg / kg. From which it can be concluded that DEP 
evaporated, and thus DEP migrated into food, although there was no direct contact of DEP with food.

Tsumura and associates (2001b) investigated the contamination of food with phthalates derived 
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from PVC gloves in retail outlets serving ready-to-eat foods. PVC gloves used in food preparation contain 
up to 41% DEHP, 60.2% DEHA, 74.8% DiNO, 27.9% BBzP. They came to the conclusion that the level of 
phthalates in ready meals (in contact with PVC gloves) was increased in relation to the raw materials from 
which the fi nished dish was prepared (not yet in contact with PVC gloves). The authors also noted lower 
phthalate levels in ready meals in which PVC gloves were not used in the preparation.

Diff erent plasticizers such as epoxidized soybean oil (ESBO), phthalates, adipates, etc. can be used 
as PVC sealants in diff erent countries. In order to reduce the migration of plasticizers from PVC lid seal-
ants into foods, especially fatty foods, the use of polyadipates as high molecular weight plasticizers was in-
vestigated (Biedermannand associates, 2008). Although polyadipates have been used successfully as PVC 
interrogators, they are not easy to work with because they create a viscous plastisol that makes it diffi  cult to 
place a uniform ring in the lid, so viscose plastisol needs to be diluted with less viscous plasticizers (Castle 
and associates, 1988a). The results of the research showed that the migration of polyladipates was below 
the legal limits in 11 foods that were stored for two years in packaging containing polyadipates. Thus, di 
(2-ethylhexyl) terephthalate (DEHT) is used as a new plasticizer in Canada, as a substitute for DEHP in 
PVC sealants used to close beverage bottles (Parent, 2009), indicating a declining trend in the use of DEHP 
in packaging materials in food products in North America.

Polystyrene (PS) is a styrene polymer that in its pure state is a hard, colorless plastic with limited fl ex-
ibility. It can be poured into molds with fi ne details and thus used for packaging yogurt and dairy products. 
The packaging for the yoghurt packaging contained traces of DMP, but also high amounts of DEHA. These 
compounds can migrate into fatty foods at high temperatures during production. On the other hand, expanded 
polystyrene can be used as a base for packaging meat, fi sh, cheese, fruit and the like. Polystyrene substrates 
can release some compounds such as DMP, DEHP, OP, NP and DEHA (Fasano and associates, 2012). 

PET is a product formed by the reaction of terephthalic acid and ethylene glycol. Because of the 
properties such as strength and clarity, this polymer is used for the production of PET bottles for water 
packaging, soft drinks and other food products. Comonomers such as isophthalic acid and dimethyl tereph-
thalate can be used to produce polymers that provide thicker-walled PET bottles, which allows them to be 
used for packaging large-volume liquids (Park and associates, 2008). Due to incomplete reaction, residues 
of monomers (terephthalic acid, ethylene glycol, isophthalic acid, dimethyl terephthalate) in the polymer 
can migrate from PET packaging to food. PET degradation products (e.g., terephthalate) and polymeric ad-
ditives such as Tinuvin P or Tinuvin 234 can migrate into food (Monteiro and associates, 1999; Begley and 
associates, 2004; Choodum and associates, 2007). Due to the name “phthalate” in the name of the polymer, 
it gives the wrong impression that phthalates and DEHA can be migrated from PET packaging to food 
(Biscard and associates, 2003; Farhoodi and associates, 2008; Montuori and associates, 2008). It should be 
emphasized that PET polymers have no chemical or physical bonds with phthalates, even their chemical 
structures are diff erent. Phthalates are esters of orthophthalic acid, while paraphthalic acid (terephthalic 
acid) or metaphthalic acid (isophthalic acid) is used to produce PET polymers. Unlike PVC packaging, 
which needs to be plasticized with phthalates in order to be more fl exible, PET packaging should be as 
strong and rigid as possible, for that reason it is important to emphasize that phthalates are not used in the 
production of PET polymers. 

Plasticizers, such as DBP, DCHP and DEHP are ingredients in printing inks (2-8%) for food pack-
aging, and are used to improve the adhesion of paint to the packaging surface, fl exibility and resistance to 
crease formation (Castle and associates, 1988). Regardless of the fact that the ink is on the outside of food 
packaging (fi lm, cardboard), it can be one of the sources of phthalates in food. The ink used to print dec-
larations on confectionery and snack products is one source of phthalate contamination of these products 
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(Castle and associates, 1989). Confectionery and snack products were stored for 90 to 180 days at 20 ℃ 
in polypropylene packaging with printing ink. Considering propylene itself does not contain plasticizers, 
the migration of plasticizers into food came from the printing ink on the packaging. Castle and co-workers 
found in their research that there was an increase in DBP migration from 0.2 to 6.7 mg / kg over a period 
of 180 days. The presence of one or more plasticizers has been observed in a number of confectionery and 
snack products packaged in printed polypropylene packaging. Balafas and associates (1999) discovered 
the presence of phthalates and adipates in food products packaged in printed PE materials, which led to the 
conclusion that printing inks are the ultimate source of food contamination. To solve these problems, new 
technologies are being introduced where packaging material manufacturers are focusing on minimizing the 
use of ink and introducing new ink curing techniques such as fast UV systems that reduce ink evaporation. 
Phthalates were also detected in food packaged in paper and cardboard packaging, e.g., the level of DiBP 
and DBP in sugar packaged in paper packaging (packaging contains 95 - 98 mg / kg DiBP and 56 - 64 mg / 
kg DBP) after storage at room temperature after 4 months it was 2.2 - 2.6 mg / kg DiBP, or 0.50 - 1.00 mg / 
kg. The main source of phthalates in paper and cardboard packaging was from printing inks and adhesives. 
Also, if recycled materials are used to make paper and cardboard packaging, phthalates may be transferred 
from the ink and glue if the ink and glue have not been completely removed during the recycling process.

PVC pipes are commonly used in the process of milking and transferring milk between tanks and 
reservoirs in dairy farms and milk processing plants. Phthalates are used as plasticizers that give PVC pipes 
fl exibility, of which DEHP is used the most with as much as 40% in pipes (Ruuska and associates, 1987; 
Tsumura and associates, 2002a). Because they are not chemically bound to the polymer, plasticizers can 
migrate from PVC pipes to milk, especially at higher temperatures during the milking process. In dairy 
products, more than 80% of the total phthalate concentration, found in an amount of 50 to 200 micrograms 
/ kg, may come from milking equipment (Casajuana and Lacorte, 2004; Castle and associates, 1990). Ad-
ditional processing, packaging, and condensation can lead to a 5 to 100-fold increase in DEHP concentra-
tion in dairy products, such as cheese and cream (Casajuana and Lacorte, 2004; Mortensen and associates, 
2005; Petersen, 1991; Sharman and associates , 1994). Due to concern for human health, some countries 
have banned the use of DEHP in the production of PVC pipes for milking, e.g. Denmark banned the use of 
DEHP in the production of milking tubes in 1989, while in Norway DEHP is replaced by other plasticizers 
in the production of milking tubes (Petersen, 1991). The UK uses plasticizer-free pipes, except in the center 
of gravity between tankers and tanks where DiDP-coated PVC pipes are used rather than DEHP (Castle and 
associates, 1990). In their study, Feng and associates (2005) found that the level of DEHP in cow’s milk col-
lected using PVC tubes plasticized with 28% DEHP ranged from 111.7 to 282.9 ng / g, which is on average 
15 times more than milk hand-collected without the use of PVC pipes (8.4 to 23.7 ng / g), indicating that 
migration from PVC pipes could be a major source of DEHP in milk and dairy products . The increase in 
the concentration of DEHP to 11000 micrograms / kg in food products can also be attributed to rinsing from 
PVC gloves used during food preparation (Tsumura and associates, 2001a; Tsumura and associates, 2001b).

Food that is prepared by heating in microwave ovens can be contaminated with phthalates, so that 
heating facilitates the migration of phthalates from the packaging material in which the food is packaged to 
the food product. In the case of food products packed in cardboard boxes with cellulose acetate windows 
plasticized with 16 - 17% DEP, the presence of DEP in the range of 1.70 to 4.5 mg / kg was detected during 
heating. It is concluded that there is a possibility that DEP has evaporated from the fi lm to the food without 
direct contact of the food packaging (Cao, 2010). 
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HEALTH IMPACT
Phthalates, in addition to aff ecting the organoleptic properties of food (Wagner and Oehlmann, 

2009), are considered by many to be endocrine distortions (EDs), and aff ect the human reproductive system 
and may have a carcinogenic eff ect on the human body. In the public, phthalates have been associated with 
adverse health eff ects, particularly with regard to early life exposure (Serranoand associates, 2014). 

The main source of exposure of the human body to phthalates is the consumption of food that is 
contaminated during production, processing and packaging. Other important sources of exposure include 
inhalation of contaminated air, unintentional inhalation of dust, and the use of general use items such as 
personal care products and cosmetics (Koo and Lee, 2004; Kavlock and associates, 2006). So we can con-
clude that human exposure to phthalates can be oral (by consuming food and water), inhalation (by inhaling 
dust particles) and dermal (using cosmetic products and personal hygiene products). Exposure of the human 
body to phthalates through food is mainly possible through the accumulation of phthalates in the food chain 
and the use of PVC in food packaging (Chai and associates, 2008; Li and associates, 2012; Spillmann and 
associates, 2009; Wormuth and associates, 2006 ). 

Because DEHP is a lipophilic molecule, it dissolves immediately in whole blood, plasma, plate-
let concentrate, lipid-containing infusion solutions, parenteral solutions, or other substances that dissolve 
intravenous drugs. This is the reason for phthalate exposure to medical procedures such as: hemodialysis, 
whole blood, platelet or plasma transfusion, extracorporeal membrane oxygenation, cardiopulmonary by-
pass, intravenous infusion solutions, enteral and parenteral nutrition (Vidić, 2008). 

In humans, phthalates e.g. DEHP, are intensively hydrolyzed to monoesters, then further metabo-
lized by enzymatic oxidation of the alkyl chain to more hydrophilic metabolites (MEHP), which are further 
oxidized to mono-2-ethyl-5-hydroxyhexyl phthalate (MEHHP, 5OH-MEHP) and mono- 2-ethyl-5-oxohex-
yl phthalate (MEOHP). In contrast, monoethyl phthalate (MEP), the DEP hydrolysis monoester, is mainly 
excreted in its free form (Gomez and Gallart, 2018).

The major metabolite of DEHP, mono-2-ethylhexyl phthalate, is excreted in the urine along with 
urine and faeces, unchanged or conjugated as glucuronide (Itoh and associates, 2005) but has been detected 
in breast serum and breast milk (Ghisari and Bonefeld-Jorgensen , 2009; Albro and Lavenhar, 1989; Koch 
and associates, 2005; Frederiksen and associates, 2007; Gomez and Gallart, 2018). After exposure, phtha-
lates are rapidly metabolized and excreted in urine and feces (ATSDR 1995, 2001, 2002). 

 
FIGURE 3: DEHP metabolism in the human body (Hauser R., Calafat A.M., 2005)
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The most common approach to researching human exposure to phthalates is to measure urinary con-
centrations (biomarkers) of phthalate metabolites such as mono-ethyl phthalate (MEP), mono-2-ethylhexyl 
phthalate (MEHP), mono-butyl phthalate (MBP) and mono-benzyl phthalate. (MBzP). Two oxidative me-
tabolites of DEHP, mono- (2-ethyl-5-hydroxylhexyl) phthalate (MEHHP) and mono- (2-ethyl-5-oxohexyl) 
phthalate (MEOHP) were present in most subjects at urinary concentrations higher than those in MEHP , 
which is a hydrolytic metabolite of DEHP (CDC 2005). 

The metabolites DMP, DEP, DiBP, DnBP, BBzp, DEHP, DiNP, and DiDP have been identifi ed as 
biomarkers of current human exposure to phthalates (Latini and associates, 2005).

TABLE 2: Phthalates and their metabolites (Serrano and associates, 2014)

NAME OF PHTHALATE CODE URINARY METABOTYL CODE
Dimethyl phthalate DMP Mono-n-methyl phthalate MmMP

Diethyl phthalate DEP Mono-ethyl phthalate MEP

Di-isobutyl phthalate DiBP Mono-isobutyl phthalate MiBP

Di-n-butyl phthalate DnBP Mono-n-butyl phthalate MnBP

Di-n-octyl phthalate DnOP Mono- (3-carboxypropyl) phthalate MCPP

Di-n-isononyl phthalate DiNP Mono-carboxyoctyl phthalate MCOP

Di-n-isodecyl phthalate DiDP Mono-carboxynonyl phthalate MCNP

Benzylbutyl phthalate BzBP Mono-benzyl phthalate MBzP

Di-2-ethylhexyl phthalate DEHP Mono-2-etilheksil ftalat MEHP

Mono- (2-ethyl-5-hydroxyhexyl) phthalate MEHHP

Mono- (2-ethyl-5-oxyhexyl) phthalate MEOHP

Mono-(2-etil-5-karboksipentil) ftalat MECPP

Koch and associates (2013) monitored urinary phthalate excretion in individuals who fasted for 
48 hours, found that diet was the most important route of DEHP, DiNP, and DiDP exposure, while DMP, 
DEP, DiBP, DnBP, and BBzP were primarily associated with exposure to other items of general use and 
surroundings. 

Phthalates have also been identifi ed in the placenta, and their presence has also been found in breast 
milk. From which it can be concluded that fetal exposure is directly related to maternal exposure to phtha-
lates (Latini and associates, 2003; Lin and associates, 2008). Increased concentration of metabolites DEP, 
DiBP, DnBP, DEHP in the mother also aff ects the shortening of anogenital gap (AGD) in male newborns, a 
marker of andorgenization (Swan and associates , 2005; Swan, 2008). Prenatal exposure to phthalates has 
been associated with changes in labor time, neonatal hormone levels, and mental behavior in children and 
infants (Sathyanarayana, 2008). 

In the adult population, various epidemiological studies support an association between phthalate 
exposure and testicular markers in men, particularly with reduced semen quality (Joensen and associates, 
2012). Some phthalates act as antiandrogens and can seriously disrupt the development of the male repro-
ductive system, although details of the mechanism are still incomplete. Toxicity of some phthalates to testes 
and ovaries, including DEHP, is due in part to interference with follicle-stimulating hormone (FSH) func-
tion at the level of sertoli cells in the testis and granulosa cells in the ovary. Some phthalates are weak es-
trogens, as evidenced by binding to estrogen receptors (WHO, 2012). Phthalates are considered endocrine 
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distortions due to their complex eff ects on several hormonal systems, including the estrogenic androgenic 
system. Some phthalates, including BBP and DBP, act as weak estrogens in cell culture systems. They can 
bind to estrogen receptors, elicit estrogen-appropriate cellular responses, and act as an adjunct to natural 
estrogen, estradiol, in altering these systems (Joblind and associates, 1995; Kang and associates, 2005). 
Phthalates also bind less to androgen receptors, disrupting cellular activities that are otherwise initiated by 
androgens (Borch and associates, 2006). DBP, DiBP, and BBP bind most strongly to androgen receptors, 
and could therefore be expected to act most extensively through this cellular pathway (Fang and associates, 
2003). In addition to their direct eff ects prescribed through interactions with steroid hormone receptors, 
phthalates can also cause proliferation, malignant invasions, and breast tumor formation in carcinogenic 
cell cultures that have low hormone defi ciency or defi ciency, indicating that at least some eff ects of these 
compounds are independent of their direct estrogenic or androgenic eff ects (Hsieh and associates, 2012). 

Stahlhut and associates (2007) link endometriosis in women with high levels of phthalate metabo-
lites. Cobellis and associates (2003) published a study examining the association between DEHP levels 
in plasma, peritoneal fl uid, and endometriosis. Plasma samples were obtained the day before surgery or 
immediately before anesthesia for laparoscopy. Peritoneal fl uid was obtained during laparoscopy. Concen-
trations of DEHP and MEHP in plasma and peritoneal fl uid were measured using HPLC-UV. The results 
showed that women with endometriosis show higher plasma DEHP concentrations. An association between 
plasma DEHP concentration and endometriosis was observed, suggesting a possible role of phthalate esters 
in disease development. 

Duty and associates (2005) examined the relationship between urinary phthalate levels, sperm qual-
ity and phthalate exposure, as well as reproductive hormone levels in adult men using LC-MS / MS analy-
sis. They found that some phthalate monoesters were associated with lower sperm concentration, lower 
motility, and increased sperm percentage with abnormal morphology in humans. In particular, an associa-
tion between monobutyl phthalate (MBP), a metabolite of DBP, with motility and sperm concentration was 
observed. 

CONCLUSION
Many chemicals, including phthalates, which are in commercial use, can damage human health. 

The presence of phthalates in the human body can cause endocrine distortions that can negatively aff ect the 
human reproductive system, and cause carcinogenic eff ects in the human body. Recently, the rate of patients 
with endocrine-related cancers and the number of people with genital malformations, as well as complica-
tions during pregnancy, have increased. Thus, it is concluded that genetic factors can not be the only ones 
responsible, other factors must be taken into account, such as diet, lifestyle, environment with chemicals, 
and the infl uence of the external environment.

Since phthalates enter the human body mostly from packaging material, the aim of this work is to 
point out its harmfulness, as well as to point out the need to fi nd packaging material that is not harmful to 
the human body. Research into the eff ects caused by phthalates in the human body is very important to pro-
vide evidence that would help in the adoption of adequate legislation in this area, and thus reduce the risk 
of diseases that may arise from the possible use of these materials.
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Abstract: Urolithiasis and osteoporosis are two signifi cant multifactorial diseases that cause the constant increase in 
the number of aff ected persons due to the increased age of population and negative eff ects of environmental factors, 
i.e. unhealthy lifestyle. Those aff ected by urolithiasis have an increased risk for osteoporosis. Association of urolithia-
sis and osteoporosis in postmenopausal women is still not completely understood, but it is certain that those diseases 
may cause serious consequences leading to the permanent disability and even death due to osteoporotic hip fractures. 
This is why those disorders remain very signifi cant social, economic and health problems not only for those aff ected 
but for the whole society, due to very high treatment costs. Identifi cation of risk factors for menopausal women aims 
at decreasing the rate of disease and improving of preventive measures. Since both disorders are preventable, preven-
tive measures should be applied from young age, with identifi cation of risk factors being extremely important for 
signifi cant decrease of morbidity rate.

Key words: osteoporosis, urolithiasis, postmenopause, risk factors.

INTRODUCTION
Urolithiasis and osteoporosis are two pathological entities that represent serious metabolic disor-

ders and signifi cantly contribute to increased disability rate of aff ected persons. Osteoporosis is metabolic 
bone disease causing very signifi cant public health problems worldwide, with postmenopausal women be-
ing especially aff ected. Also, urolithiasis remains one of the biggest health problems, with its prevalence 
constantly increasing in the last two decades and its increased rate among female population; studies have 
shown that more than 7% of women had an episode of symptomatic urolithiasis in their middle age (1, 2). 

This review article discusses diff erent pathophysiological mechanisms contributing to development 
of those diseases, their age and sex distribution, overweight and obesity as important segments of metabolic 
syndrome, as well as bad lifestyle habits (smoking, drinking coff ee and alcohol, insuffi  cient physical activ-
ity) as strong predictors of those diseases. Timely preventive measures and educating population on risk 
factors may greatly reduce mortality and morbidity rates of those diseases.

PATHOPHYSIOLOGICAL MECHANISMS
Association of urolithiasis and osteoporosis in postmenopausal women may be caused by several 

reasons. Clinical research revealed increased destruction and reduced bone mass in patients with calcium 
urolithiasis. Some studies indicated that hypercalciuria and increased excretion of potassium, which are 
present in majority of urolithiasis patients, turned out to be major risk factors for osteoporosis and bone 
fracture in postmenopausal women (3-7). In their study, Denburg et al. also concluded that urolithiasis is 
associated with high incidence of bone fracture, especially in women older than 70 (8). On the other hand, 
some studies found reduced bone density in patients with normal calciuria (9, 10). 

Bone mass is reduced in all patients with urolithiasis, i.e. there is a reciprocal relationship between 
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urolithiasis and loss of bone mass, regardless of the value of some serum parameters (11). Patients with 
recurrent calcium urolithiasis and idiopathic hypercalciuria have reduced bone mineral density (BMD), i.e. 
they have increased incidence of osteopenia and osteoporosis measured by DEXA method (12). In post-
menopausal women there may be some additional problems present: negative balance of calcium, which is 
doubled during menopause, increased values of parathyroid hormone (PTH) and low level of estrogen. All 
that may result in lower levels of serum calcium, with consequent formation of calcium calculi, reduced 
bone mineral density (BMD) and development of disease (13,14). 

AGE AND SEX 
Regardless of numerous scientifi c studies, the association of urolithiasis and osteoporosis in women 

remains controversial (15). It should be emphasized that although urolithiasis and osteoporosis are two dif-
ferent pathological entities, both are characterized with high risk of complications (fracture of hip, spine), 
especially in older population, which may have severe consequences for the overall health of patients, lead-
ing to disability and even death (16). Scientifi c studies show increased presence of osteopenia and osteopo-
rosis in older population, meaning that patient’s age (over 60) represent important risk factor for urolithi-
asis and osteoporosis. Prevalence of osteoporosis increases with age; 2-8% of men and 9-38% of women 
over 50 who live in industrialized countries are aff ected by this disease. Results of numerous studies show 
that osteoporosis incidence increases with age, approximately by 20% (16, 17). Normal DEXA fi ndings 
decrease with age, i.e. the percentage of those with abnormal fi ndings is increased in older population (18). 
New studies by multiple regression show signifi cant impact of age and daily calcium intake on bone mass 
loss in urolithiasis patients. Signifi cantly reduced bone mass was found in urolithiasis patients compared to 
control group, and it was more prevalent in older population, especially women in menopause (19). 

Urolithiasis prevalence is increased worldwide, including both sexes and diff erent age groups. 
Women are especially aff ected in USA. Overweight is important risk factor in development of this disease, 
as well as insulin resistance and hypertension, conditions met in metabolic syndrome, and they contribute 
to this phenomenon (20). Recent scientifi c research revealed higher percentage of urolithiasis patients who 
also have osteopenia to be women in older age (over 60). Bone mineral density analysis by DEXA method 
show signifi cantly higher percentage of women with osteopenia and urolithiasis (36.1%) compared to men 
(2.1%), which represent statistically very signifi cant diff erence (21). 

OVERWEIGHT AND OBESITY 
Numerous studies indicated overweight as signifi cant factor contributing to development of uro-

lithiasis. According to the estimate of World Health Organization (WHO), 1.7 billion people worldwide are 
aff ected by obesity (BMI > 30 kg/m²) and overweight (BMI 25-29 kg/m²), and increased urolithiasis inci-
dence -- higher than 75% was found in overweight and obese patients compared to persons of normal body 
weight (22-24). Numerous studies revealed that overweight and increasing body mass directly correlated 
with increased risk of kidney disease like urolithiasis, where increased risk had the tendency of being higher 
in women than in men (25). Wrobel et al. indicated association of overweight and kidney disease, like 
calcium-oxalate calculi, with signifi cant results related to BMI, urine pH and urine citrates, but overweight 
was not found to be risk predictor for recurrent calcium-oxalate calculi (26). Recent studies have shown 
association between increased BMI and urolithiasis by age groups, i.e. there is statistically signifi cant cor-
relation between older age (over 60) and urolithiasis (27). 

For years overweight and obesity have been considered protective factors for bones and osteoporo-
sis development. Nevertheless, new studies show that obesity, being one of main components of metabolic 
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syndrome, has negative eff ects on bones despite normal values of bone mineral density (BMD) measured 
by DEXA method, which is considered to be the consequence of increased mechanical pressure on the bone 
(28, 29). Ong et al. think that higher BMD is not protective factor for osteoporotic fractures, for signifi cant 
number of such fractures occurs in obese women due to body habitus or mechanism of injury (30). Research 
in this area found obesity to be very signifi cant risk factor aff ecting reduction of bone mineral density and 
occurrence of vertebral fractures (27, 31). Adipose tissue functions as endocrine organ and releases more 
adipokines that modulate metabolism, infl ammatory reactions, insulin resistance and disrupts normal ho-
meostasis of bone cells, which may cause reduced bone mineral density and disease (32-34). Reference data 
indicate that overweight and obesity are more prevalent in men with urolithiasis than in women, while the 
results of linear regressive analysis show signifi cant positive relationship between increased BMI among 
men and women with urolithiasis (p = 0.015) (25, 35). 

Data on longitudinal correlation between BMI and bone mineral density from early childhood (ear-
ly adolescence), being the period in life when bone density is mostly formed, and during its later variations, 
are very scarce. Also, association of adipose and muscle tissues with bone mineral density in postmenopau-
sal women may be the result of many factors working together, mainly genetic components and diff erent 
eff ects of environmental risk factors, which should be within the scope of some future studies. 

GENETIC PREDISPOSITION AND ENVIRONMENTAL FACTORS 
There are numerous factors that increase the risk of urolithiasis and osteoporosis. The data indicate 

increase of urolithiasis prevalence by 70% in the last 15 years, aff ecting all age and ethnic groups, espe-
cially women (36), where it is associated with osteoporosis. Scientists agree that those two diseases repre-
sent the consequence of diff erent factors working together, including genetic predisposition, environmental 
factors (dietary habits, diff erent lifestyles, bad habits), lack of physical activity and sedentary lifestyle. 

Despite all the eff orts, genetic predisposition for urolithiasis has not been clearly identifi ed so far. 
Genome-wide association studies are widely used for identifi cation of genetic risk factors for diff erent 
diseases, for they lighten the load of DNA sequence examination with the aim of fi nding mutations, vari-
ants and single nucleotide polymorphisms (SNPs) (37). Such polymorphisms play very important role in 
determining the genes associated with urolithiasis, and understanding ways of their association might aid 
in interpretation of genomic initiators of lithogenesis. Also, understanding responsible genes might lead to 
more eff ective and directed genetic therapy and better prevention of this disease in the future (38).

The reference data indicate that diff erent environmental factors, together with adopted bad lifestyle 
habits, may be important predictors of development of diseases like urolithiasis and osteoporosis in post-
menopausal women. Increased intake of salt (6, 39), calories (40), animal proteins (41), lower calcium in-
take (4) and decreased intake of fl uids (41) are signifi cant risk factors that individually or in synergism may 
lead to stone formation. Smoking is an independent risk factor for osteoporosis in postmenopausal women 
(42) and many studies indicate much higher osteoporosis prevalence in group of smokers (31.3%) com-
pared to former smokers (28.6%) or non-smokers (7.5%) (43-45). Also, excessive consumption of alcohol 
and coff ee may lead to rapid bone loss in lumbar spine in older postmenopausal women (46-48), which is 
related to increased risk of fractures. Research revealed that daily consumption of large amounts of alcohol 
has negative eff ects on mechanisms of bone remodeling, i.e. has direct negative eff ects on bone homeostasis 
(49, 50), thus representing signifi cant risk factor for osteoporosis and bone fracture (51, 52).

Physical activity is signifi cant protective factor for bones; more active women are more rarely af-
fected by osteoporosis. It is a known fact that increased bone density results from increased mechanical 
load on bones and increased activity of bone cells osteoblasts (53). Studies show that recreational sports or 
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active walking for 30-60 minutes more than twice a week reduces the risk of osteoporosis in women (54). 
Exercising improve the balance and movement coordination, as well as functional muscle activity, which 
reduces the risk of falls and fractures (55, 56). That is why regular exercises are required for healthy bones, 
but physical activities should be adjusted individually.
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