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Abstract

DUŠOVÁ, H., TRÁVNÍČEK, J., PEKSA, Z., FALTA, D., PÁLKA, V.: Trace element content in market eggs in 
Bohemia.  Acta univ. agric. et silvic. Mendel. Brun., 2012, LX, No. 6, pp. 75–80

The aim of this study was to analytically determine the content of iodine, copper, zinc and manganese 
in the yolk of consumer eggs in Bohemia in 2007 and 2008. Investigated eggs originated from six 
so called intensive farms with large fl ocks (118 eggs) and twelve backyard farms or small-fl ock 
establishments (136 eggs) from three administrative regions in Czech Republic. Eggs from intensive 
farms were obtained directly from the establishments, while eggs from backyard farms were purchased 
from private farmers. Spectrophotometric Sandell-Kolthoff  method was used for determination of 
iodine content in egg yolk, while Cu, Zn and Mn levels were determined by the fl ame absorption 
spectrophotometric method (AAS). The average content in fresh egg yolk from intensive farms was 
determined to 0.9 ± 0.2 for iodine, 8.4 ± 2.1 of copper, 29.8 ± 6.9 of zinc and 1.2 ± 0.3 of manganese, 
all in mg·kg−1, as compared to yolk content from backyard farms with 0.4 ± 0.04 mg·kg−1 of iodine, 
10.8 ± 2.9 of copper, 32.5 ± 6.9 of zinc and 1.5 ± 0.3 of manganese. Average content of copper, zinc 
and manganese was lower in egg yolks from intensive farms (P < 0.01) as compared to the egg yolks 
from backyard farms, while iodine content on the other hand was lower in eggs from backyard farms 
(P < 0.01).

egg yolk, iodine, copper, zinc, manganese

For the past ten years several authors have dealt 
with the essential trace elements in hen eggs in 
relation to given feed (Balevi and Coskun, 2004; 
Haldimann et al., 2005; Skřivan et al., 2005, 2006; 
Trávníček et al., 2005, 2006), with focus on the eff ects 
of both the elements defi ciency and surplus. 

Eggs belong to easily digestible food with 
balanced content of nutrients. Among signifi cant 
components in eggs dominate proteins that are 
furthermore biologically more valuable than meat 
proteins. The content of vitamins, minerals and trace 
elements is also considerable, and can be infl uenced 
by the composition of hen feed. 

The defi ciency of trace elements in hens 
contributes to several problems, such as enlarged 
endocrinal glands, slow growth and increase of fat 
reserves in case of iodine (Zelenka and Zeman, 2006), 
lower egg production and feed intake, worsened 
quality of eggshells and increased embryonic 
mortality in case of copper (Wolf et al., 1998), zinc 
(Zamani et al., 2005) and manganese (Hossain and 

Bertechini, 1998). Many authors have discussed the 
infl uence of trace element supplementation to hens 
on their egg production. For instance, Yalcin et al. 
(2004) claims that supplementation of 6 mg I per kg 

feed is adequate and has no negative infl uence on 
the production, egg quality or overall eff ectivity of 
the hens, even though Zelenka et al. (2006) places the 
iodine requirement for laying hens at 1 mg of iodine 
per kg feed (at 115 g feed daily). Idowu et al. (2006) 
found a positive infl uence of supplementation of 
100–300 mg Cu·kg−1 feed, although supplementation 
of 450 mg Cu·kg−1 results in production decrease 
(Güçlü et al., 2008). Zelenka et al. (2006) determined 
the requirement of copper for egg laying hens at 10 
mg·kg−1 of feed mixture. Increased egg production 
dependent of zinc supplementation was also 
shown by Durmus et al. (2004), where the amount 
was established at 70 mg·kg−1 of feed (Zelenka et al., 
2006). However, surplus supplementation of trace 
elements has been shown to have several negative 
eff ects including inhibited ovulation or increased 
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embryonic mortality for iodine surplus (Lewis, 
2004), lower egg weight for surplus of zinc (Kim 
and Patterson, 2005), decreased egg production for 
surplus of copper (Chiou et al., 1998 and Güçlü et al., 
2008) and decrease of food intake caused by surplus 
of manganese (Black et al., 1985).

Iodine content in eggs from hens in the CR has 
been studied by Trávníček et al. (2005), who found 
an average value of 1.1 ± 0.3 mg·kg−1 of fresh mass 
in egg yolk from intensive farm production while 
only 0.2 ± 0.07 mg·kg−1 in backyard farm production. 
Kroupová et al. (1999) show statistically signifi cant 
dependence between iodine content in egg yolk 
and its intake from feed. The average content of zinc 
in egg yolk is according to Kaya et al. (2001) 38.4 ± 
1.2 mg·kg−1 and that of copper 0.8 ± 0.01 mg·kg−1 
of fresh mass (Idowu et al., 2006). Mabe et al. (2003) 
determined the average content of manganese to 
0.63 mg·kg−1 of fresh mass. For egg laying hens 70 mg 
of manganese per kg feed is a necessary daily dosage 
at 115 g of feed (Zelenka et al., 2006). 

The choice of egg yolk as the target material for 
trace element content determination was based 
on data obtained by Groppel et al. (1989) showing 
twenty times higher concentration of iodine in egg 
yolk as compared to egg white, with similar results 
for concentrations of Zn, Mn and Cu. Keeping 
track of trace elements in eggs is important not only 
regarding the health of the hens, but also because 
eggs are an important trace element source for 
people. 

The aim of this study was to analytically determine 
the content of iodine, copper, zinc and manganese 
in yolk of market eggs in Bohemia. 

MATERIALS AND METHODS
The content of iodine, copper, zinc and 

manganese in egg yolk was followed between March 
2007 and June 2008 in eggs from twelve backyard 
farms and six intensive farms in South Bohemian, 
Central Bohemian and Pilsen regions. Eggs from 
intensive farms were bought directly on the farms, 
while eggs from backyard farms were purchased 
from private farmers. The total of 118 eggs from 
intensive farms and 136 eggs from backyard farms 
were examined. It was approximately 20 eggs from 
each intensive farm and approximately 12 from each 
backyard farm. Most farms were in South Bohemian 
region and therefore there were evaluated the most 
of eggs. Laying hens in intensive farms (all regions) 
were in the collection of eggs at 26–35 weeks of lay. 
It was not possible to determine in laying hens of 
backyard farms. For the analysis of the 4 elements 
was used 1 egg yolk. Iodine content was determined 
by the spectrophotometric Sandell-Kolthoff  method 
a� er incineration in alkaline solution. The principle 
of the assessment is reduction of Ce4+ to Ce3+ in the 
presence of As3+ and measuring the catalytic eff ect 
of iodine. Cu, Zn and Mn contents were determined 
by the fl ame absorption spectrophotometry method 
(AAS), using atomic absorption spectrophotometer 

UNICAM 969 from Chromspek, Prague. In order 
to determine the source of the examined elements, 
their content in feed mixtures used in the followed 
intensive farms was established. Obtained results 
showed 0.81–2.5 mg of iodine, 13.3–15.5 mg of 
copper, 70.9–92.4 mg of zinc and 99.8–134.0 mg of 
manganese per one kilogram of dry feed. Laying 
hens in intensive farms were fed by feed for laying 
hens called N1. There were no diff erences in the 
composition of the mixture between intensive 
farms. All intensive farms used for breeding of laying 
hens the battery cages. The feed of laying hens from 
backyard farms was consisted mainly of a mixture 
of cereals, especially wheat. Further included bread 
and kitchen scraps. Laying hens in backyard farms 
were fed by no premix with minerals or vitamins. 

Statistical analysis
Data was analysed using the Statistica 6.0 Cz 

so� ware. Scheff e’s tests were performed on 
confidence level 95%. Results are expressed in mean 
values, standard deviations (SD), minimum and 
maximum.

RESULTS AND DISCUSSION
The average content of iodine in fresh matter 

of yolk from intensive farm produced eggs was 
measured to 0.9 ± 0.2 mg·kg−1 (Tab. I). Literature 
sources diff er greatly on the iodine content, with 
higher values reported for example by Trávníček 
et al. (2006), with 1.7 ± 1.2 mg I·kg−1 or Haldimann 
et al. (2005) with 1.6 mg I·kg−1. Similar values to our 
study were presented by for example Kaufmann, 
(1997) and Herzig et al. (2005). Lower average iodine 
content in egg yolk was found by Dahl et al. (2004) 
at 0.5 mg I·kg−1 and also by Lee et al. (1994) with 
only 0.3 mg·kg−1. The lowest average iodine content 
was found in eggs from intensive farms in Central 
Bohemian region (P < 0.01). Average iodine content 
found from backyard farms (0.4 ± 0.04 mg·kg−1) was 
similar to concentrations reported by Herzig et al. 
(2005) and Trávníček et al. (2006). The diff erences 
between the minimum and maximum values show 
a tendency to large variability of the measured 
iodine content (Tab. I) which can be related to the 
diff erent contents of iodine in feed used on diff erent 
farms as the iodine content in egg yolk is directly 
dependent on its intake from feed (Kroupová et al., 
1999). Zelenka et al. (2006) determined the need 
of iodine for egg laying hens to 1 mg per kilogram 
of feed mixture (at 115 g feed per day). Feed 
mixtures fed to hens in the observed intensive farm 
establishments varied between 0.81 and 2.5 mg per 
kg of dry feed. This supply of iodine was estimated 
as suffi  cient with tendency on surplus. 

Egg yolks from backyard farms were shown to 
contain less than half the amount of iodine (Tab. I) as 
compared to egg yolks from intensive farms. These 
diff erences were statistically very signifi cant in both 
investigated years (P < 0.01). The higher content of 
iodine in the yolk from the intensive farm results 
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from the use of iodine supplemented feed mixtures 
in these establishments. 

The concentration of copper in fresh matter of 
yolk from intensive farm eggs was 8.4 ± 2.1 mg·kg−1 
on average (Tab. II). In comparison to literature 
these values are higher. For example Idowu et al. 
(2006) puts the copper content in egg yolk only 
to 0.77 ± 0.01 mg ·kg−1 and Mabe et al. (2003) to 
1.64 mg·kg−1. Slightly higher values of copper 
content are presented by Skřivan et al. (2005), namely 
3.32 mg·kg−1 dry mass and as early as 1929 Lindow 
et al. (1929) published a study with the value of 
4 mg·kg−1. 

Lowest concentration of copper obtained in 
this study was obtained from eggs from intensive 
farms in Pilsen region, namely 4.3 ± 1.0 mg·kg−1 

(P < 0.01). The average amount of copper in fresh 
egg yolk matter from backyard farm production 
was shown to be 10.8 ± 2.9 mg·kg−1. No signifi cant 
diff erences could be seen in copper concentration 
values between backyard farm produced eggs 
from diff erent regions. However, these values were 
signifi cantly higher as compared to the copper 
contents in intensive farm produced eggs (P < 0.01). 
Feed mixture given to laying hens in intensive farms 
contained 13.3 to 15.5 mg per kg of dried feed. The 
stated values twice exceeded the need of copper for 
laying hens argued by Zelenka et al. (2006) about 
10 mg·kg−1 feed (at 115 g feed per day). Copper 
saturation of egg laying hens in the followed farms 
can be seen as exaggerated although the opinion 
on the infl uence of copper content in feed and its 
eff ect on its content in egg yolk diff er, where already 
in 1929 Elvehjem et al. (1929) found that copper 
supplementation of feed does not increase its 
content in eggs and Mabe et al. (2003) shown a slight 

increase of copper content in egg yolk a� er feed 
supplementation with inorganic form of copper. 
On the other hand, Pesti and Bakali, (1998), Güçlü 
et al. (2008), Skřivan et al. (2005) as well as Idowu 
et al. (2006) all agree on a positive impact of copper 
supplementation of feed on its content in eggs.

The average zinc content in fresh matter egg 
yolk from intensive farms was 29.8 ± 6.9 mg·kg−1 
(Tab. III), which is similar to values presented by 
authors concerned with zinc content in eggs. For 
example Mabe et al. (2003) puts the zinc content in 
egg yolk at 37.08 mg·kg−1 and Kaya et al., (2001) at 
30.35 ± 2.73 mg·kg−1. For backyard farms the average 
zinc content in fresh matter egg yolk was 32.5 ± 
6.9 mg·kg−1 (Tab. III). Signifi cant diff erences have 
not been found between diff erent regions, although 
the type of farming does play a signifi cant role 
(P < 0.01). Laying hens in intensive farms were fed 
mixtures that contained between 70.9 and 92.4 mg 
Zn per kilogram of dry mass which surmounts the 
necessary dosage by about a third according to 
the 70 mg Zn·kg−1 dry mass (at 115 g feed per day) 
published by Zelenka et al. (2006). 

Higher Zn content (P < 0.01) in egg yolk from 
backyard farms shows that the natural form of feed 
given to hens in this type of establishment is from 
that point more advantageous. Literature data on the 
infl uence of zinc content in feed on its content in 
egg yolk diff er. Verheyen et al. (1990) and Stahl et al. 
(1986) for example show signifi cant increase of zinc 
content in egg yolk in case of zinc supplementation 
of feed, while Skřivan et al. (2005) and Kaya et al. 
(2001) report a decrease of zinc content in egg yolk 
when supplemented in feed. 

Manganese content in fresh matter of egg yolk 
from intensive farms was 1.2 ± 0.3 mg·kg−1 on average 

I: Iodine content (mg·kg−1 fresh matter) in yolks from intensive farms and backyard farms eggs 

Number 
of fl ock Region

Iodine in the yolk (mg·kg−1 fresh matter)

Eggs Intensive farms Eggs Backyard farms

n mean SD min. max. n mean SD min. max.

1 South Bohemian 581 1.1a 0.4 0.3 1.7 884 0.3c 0.03 0.1 0.5

2 Central Bohemian 202 0.6b 0.2 0.2 1.1 245 0.4 0.04 0.2 0.6

3 Pilsen 403 1.0 0.4 0.2 1.9 246 0.6 0.20 0.2 1.2

 Suma 118 0.9d 0.2 0.2 1.7 136 0.4e 0.04 0.1 1.2
a:c; d:e P < 0.01; a:b P < 0.05
13 farms, 21 farm, 32 farms, 48 farms, 52 farms, 62 farms

II: Copper content (mg·kg−1 fresh matter) in yolks from intensive farms and backyard farms eggs 

Number 
of fl ock Region

Cu in the yolk (mg·kg−1 fresh matter)

Eggs Intensive farms Eggs Backyard farms

n mean SD min. max. n mean SD min. max.

1 South Bohemian 581 6.3 1.5 1.8 14.3 944 10.6 2.2 1.4 25.1

2 Central Bohemian 202 14.5a 3.0 7.4 14.6 205 11.6 3.1 5.5 16.8

3 Pilsen 403 4.3b 1.0 1.5 10.5 226 11.3 3.0 3.6 19.7

 Suma 118 8.4c 2.1 1.5 14.6 136 10.8d 2.9 1.4 25.1
a:b P < 0.05; c:d P < 0.01
13 farms, 21 farm, 32 farms, 48 farms, 52 farms, 62 farms
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(Tab. IV). Literature data is generally lower than data 
from this study. For example Mabe et al., (2003) found 
0.63 mg Mn kg−1 and USDA (2002) 0.55 mg·kg−1. The 
lowest Mn content was found for intensive farms 
in Pilsen region (P < 0.01). The average manganese 
content in fresh matter off  egg yolk from backyard 
farms was 1.5 ± 0.3 mg·kg−1 (Tab. IV). There were no 
signifi cant diff erences in manganese concentrations 
in egg yolk among the backyard farms, but the 
values were generally higher when compared to the 
intensive farm values (P < 0.01). The minimum and 
maximum values show considerable variability in 
the measured manganese content. Feed mixtures 
given to laying hens in intensive farms contain 
from 99.8 to 134.0 mg Mn·kg−1 dry mass and these 
contents are almost double from the 70 mg·kg−1 
requirements (Zelenka et al., 2006). Higher content 
(P < 0.01) of Mn in egg yolk from backyard farms also 
explains the diff erent opinions on the infl uence the 
Mn content in feed has on the resulting content in 

yolk. Ochrimenko et al. (1990) for instance found that 
manganese supplementation has no infl uence on its 
content in eggs. Mabe et al. (2003) on the other hand 
showed a slight increase of Mn content in egg yolk 
while Hill and Mathers, (1968) found a signifi cant 
increase a� er an addition of Mn to feed. 

CONCLUSION
Eggs from both intensive and backyard farms 

have the potential of being a natural source of 
iodine, copper, manganese and zinc for humans. 
Average content of copper, zinc and manganese was 
lower in egg yolks from intensive farms (P < 0.01) 
as compared to the egg yolks from backyard farms, 
while iodine content on the other hand was lower in 
eggs from backyard farms (P < 0.01). Further increase 
of these trace elements in feed of egg laying hens 
in intensive farms would be benefi cial for neither 
health nor production of the hens, nor for nutrition 
of the inhabitants of Bohemia.

III: Zinc content (mg·kg−1 fresh matter) in yolks from intensive farms and backyard farms eggs 

Number 
of fl ock Region

Zn in the yolk (mg·kg−1 fresh matter)

Eggs  Intensive fams Eggs Backyard farms

n mean SD min. max. n mean SD min. max.

1 South Bohemian 581 28.3 5.1 15.2 38.2 884 33.4 8.1 17.6 50.8

2 Central Bohemian 202 29.3 8.0 16.1 43.8 245 31.8 3.5 21.1 37.3

3 Pilsen 403 31.7 6.8 18.1 36.3 246 32.3 7.3 22.6 53.2

Suma 118 29.8a 6.9 15.2 43.8 136 32.5b 6.9 22.6 53.2
a:b P < 0.01
13 farms, 21 farm, 32 farms, 48 farms, 52 farms, 62 farms

IV: Manganese content (mg·kg−1 fresh matter) in yolks from intensive farms and backyard farms eggs 

Number 
of fl ock 

Region

Mn in the yolk (mg·kg−1 fresh matter)

Eggs Intensive farms Eggs Backyard farms

n mean SD min. max. n mean SD min. max.

1 South Bohemian 581 1.3a 0.3 0.2 3.4 924 1.4 0.3 0.2 2.6

2 Central Bohemian 202 1.7c 0.4 0.7 3.7 245 1.1 0.4 0.2 2.2

3 Pilsen 403 0.5b 0.1 0.1 0.9 206 1.3 0.3 0.4 2.2

Suma 118 1.2d 0.3 0.1 3.7 136 1.5e 0.3 0.4 2.6
b:a,c P < 0.05; d:e P < 0.01
13 farms, 21 farm, 32 farms, 48 farms, 52 farms, 62 farms

SUMMARY
Eggs belong to major components of nutrition for the human population in Bohemia. The aim of 
this study was to analytically determine the content of iodine, copper, zinc and manganese in egg 
yolk of consumer eggs from laying hens bred in Bohemia. The concentration of the mentioned trace 
elements in egg yolk was investigated between March 2007 and June 2008 in twelve small-scale or 
backyard farms and six large-scale or intensive farms in three administrative regions. The total number 
of investigated eggs reached 118 from intensive farming and 136 from backyard farms. Iodine content 
was determined a� er incineration in alkaline environment by spectrophotometric Sandell-Kolthoff  
method. Contents of Cu, Zn and Mn were established by fl ame absorption spectrophotometry 
(AAS), with atomic absorption spectrophotometer UNICAM 969 from Chromspek Prague. For the 
assessment of supply of the trace elements to hens, their contents in hen feed mixtures used on the 
investigated intensive farms were determined with the result of suffi  cient or surplus concentrations 
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of these elements found. Average iodine content in fresh egg yolk matter was measured to 0.9 ± 
0.2 mg·kg−1 in intensive farm eggs and 0.4 ± 0.04 mg·kg−1 in the small-scale farm eggs (P < 0.01). The 
average content of the other investigated elements in intensive farm eggs was 8.4 ± 2.1 of copper, 29.8 
± 6.9 of zinc and 1.2 ± 0.3 of manganese, all in mg·kg−1 fresh matter. In backyard farm eggs the average 
contents were measured to 10.8 ± 2.9 of copper, 32.5 ± 6.9 of zinc and 1.5 ± 0.3 of manganese, again 
in mg·kg−1 fresh matter. Eggs from both intensive and backyard farms have the potential of being 
a natural source of iodine, copper, manganese and zinc for humans. Average content of copper, zinc 
and manganese was lower in egg yolks from intensive farms (P < 0.01) as compared to the egg yolks 
from backyard farms, while iodine content on the other hand was lower in eggs from backyard farms 
(P < 0.01). Further increase of these trace elements in feed of egg laying hens in intensive farms would 
be benefi cial for neither health nor production of the hens, nor for nutrition of the inhabitants of 
Bohemia.
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