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Abstract
The aim of this study was to determine the iodine concentrations in raw cow’s milk produced
in Federation of Bosnia and Herzegovina (B&H) and to evaluate the milk iodine contribution to the
iodine intake in the B&H population. Milk samples (n=139) were taken from five regions during the
spring, summer and winter season. Iodine concentrations were determined by the inductively coupled
plasma mass spectrometry (ICP-MS) method. The mean (± standard deviation) milk iodine concentration was 60.9±67.5 µg/kg and ranged from 4.4 to 378.7 µg/kg. Winter milk had higher iodine content
(84.0±88.2 µg/kg) than the spring (45.3±46.7 µg/kg) and summer milk (51.3±51.0 µg/kg), although
two of five investigated regions did not follow this tendency and had the similar milk iodine content
in all three seasons. Very low iodine concentrations (<20 µg/kg) were found in 41 milk samples from
four regions indicating extensive iodine deficiency in dairy cows. Milk samples from the north-east of
the country had much more iodine than samples from other regions in all seasons with no values below
20 µg/kg. With the current average intake of 0.4 L milk per day, the milk contributes with 20 % of the
recommended iodine intake for humans, ranging from 6 % to 72 % depending on the season of the year
and the region of the country. The results indicate the need for iodine supplementation of animal diets,
as well as for increased milk consumption in human population.
Key words: dairy cows, iodine, raw milk, deficiency

Introduction
Iodine is an essential element to humans and
animals. It is a constituent of the thyroid hormones
and its deficiency causes goitre and may increase the
risk for intellectual deficiency in affected populations. Iodine deficiency disorders represent a significant public health problem in 118 countries worldwide (Vitti et al., 2001). Among them, thirty-two
European countries were still affected by mild to

severe iodine deficiency in the late 1990s, including Eastern Europe as most severely affected region
(Delange, 2002). Adequate iodine supply has a
beneficial impact on health and iodine prophylaxis
programmes are operating in many countries (Vitti
et al., 2001).
Bosnia and Herzegovina (B&H) also belongs to
naturally iodine-deficient regions. Iodine deficiency
has been eradicated in the country since 1953, when
fortifying table salt with 3.75-11.25 mg of iodide as
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potassium iodide per kg of sodium chloride started
(Tahirovic et al., 2001). Nevertheless, some later
studies showed an evidence of iodine deficiency
(Filipovic and Siljak, 1974; Tahirovic et al.,
2001) why health officials wanted to increase the iodine content of salt, as well as to activate health control programmes focusing on iodine status of schoolchildren (Tahirovic et al., 2001). On 25th October
2001, Federation of B&H government promulgated
the new Regulations on Edible Salt Quality which
requires iodization of salt with 20-30 mg of iodine
per kg of salt (Anonymous, 2001). Two years after the introduction of the new mandatory salt iodination it was determined that the increased iodine
supplementation of salt in 2001 was successful and
that Federation of B&H is presently iodine sufficient
(Tahirovic et al., 2007).
However, humans obtain iodine from many
other food sources besides salt. There has never
been a systematic monitoring of the iodine intake
from the B&H diet, and recommendations for salt
iodization (Anonymous, 2001) were developed
without general consideration of the iodine supply
from other dietary sources like fish, eggs, meat and
dairy products. Dairy products, eggs, and meat have
traditionally been the principal foods of animal origin in the B&H diet. Unless processed, meat has low
iodine concentrations (Haldimann et al., 2005)
and represents a poor source of dietary iodine for
humans (Franke et al., 2008; Meyer et al., 2008).
Unlike meat, dairy products and eggs may contain
higher but variable amounts of iodine, depending on
its content in animal feeds (EF SA, 2005).
Milk and dairy products became a major source
of dietary iodine for humans in recent years. In Norway they contributed 55 % of the iodine intake in
adults and 70 % in children (Dahl et al., 2004),
and were considered as one of the principal sources
of dietary iodine in other industrialized countries
(Pennington, 1990; L amand and Tressol, 1992;
Vitti et al., 2001). Another important aspect of
milk iodine is that its concentration is a useful tool
in assessing the iodine intake of milk cows (Schöne
et al., 2009; Borucki Castro et al., 2011) because
high concentrations of iodine in animal diet increase
iodine concentrations in milk (National Research
Council, 2001; Schöne et al., 2009; Norouzian,
2011). Regarding the population, all iodine in the
milk is available for nutrition (Binnerts, 1989) and
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increasing the iodine levels in cow’s milk can be an
efficient way to improve iodine supply to humans.
Although some important investigations on iodine status in human population, especially children,
have been done in the past (Filipovic and Siljak,
1974; Tahirovic et al., 2001; Toromanovic and
Tahirovic, 2004), data on the iodine nutrition of
humans and animals in B&H are still very scarce.
The relative contribution of different foods in the
diet to the total daily intake of iodine is not known,
except for table salt, because the iodine concentration in foods, including milk, or feeds has never been
investigated.
The objective of this study was to evaluate the
content of iodine in milk produced under B&H conditions before its processing and to evaluate the effect of the season and region on iodine variability in
raw milk. Also it was intended to evaluate the milk
iodine contribution to the total iodine intake in the
B&H population.

Materials and methods
Sampling
Bulk samples of raw cow’s milk were collected
in accordance with standard ISO 707 (ISO, 2008).
Samples were taken from five regular collecting areas for dairy processing as shown in Figure 1. These
areas were covered by different milk processing factories which organize local milk collecting units for
milk produced by small farmers and other producers. Region 1 (R1) covered a part of the south-eastern B&H near the Adriatic Sea. Regions 2 and 3 (R2,
R3) were located in the middle of the country, and
regions 4 and 5 (R4, R5) partially covered the north
of the country on the eastern and western side, respectively. In every region milk was sampled during
the early spring, summer and winter season. Thereby ten milk collecting units were randomly chosen,
except in R1 where summer milk samples were not
available, and nine samples were taken in the spring.
Thus, the total number of milk samples was 139.
Number of samples from each region and season are
presented in Figure 2.
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Figure 1. Regions in Federation of B&H where milk iodine was investigated in the study
Approximately 20 mL of each samples was collected, packed into plastic bottles and stored at -22 °C
with no preservative added. The frozen milk samples
were sent from Veterinary Faculty - Sarajevo (B&H)
to the Swiss Federal Office of Public Health for
the inductively coupled plasma mass spectrometry
(ICP-MS) measurement of iodine content.

Samples preparation
Portions of 2 g of the samples were extracted
with tetramethyl ammonium hydroxide during 3 h
at 90 °C. After dilution with deionized water to a
volume of 50 mL and sedimentation to remove the
solid particles in suspension, aliquots of 2.5 mL were
spiked with 20 ng of 129I (NIST SRM 4949C, Iodine-129 radioactivity standard; National Institute
of Standards and Technology, Gaithersburg, USA)
and diluted with water to 5 mL for the final ICP-MS
measurement.
Determination of iodine content
The 129I/127I ratios in the sample solutions were
measured using an Element2 sector-field ICP-MS
(Finnigan MAT, Bremen, Germany) at a resolution
setting of m/m∆ = 300. The ICP-MS was equipped
with a special high-solids nebulizer and a PFA (Scotttype) spray chamber. Isotope dilution evaluation of
the data according to:

m = n(RM - RS)M
where m is the total mass of natural iodine 127I in
the sample aliquot, n is the number of moles of the
radioisotope 129I in the added spike, RM and RS are
the molar ratios 127I/129I in the resulting mixture and
added spike, respectively, and M is the molar mass
of the isotope 127I.
The limit of detection in isotope dilution analysis is given by the spike ratio according to:

 127 I 
R LOD >  129 
+ 3s
I
 Spike

where s is the standard deviation of the spike ratio
measurement. The detection limit for iodine in fresh
milk was 0.2 µg/kg. All measured samples were
clearly above this limit value.
The whole milk reference material RM 8435
from NIST was included in each run (n=7). The
measured iodine concentration of 239±7.1 µg/kg
agreed well with the reference concentration of
230±40 µg/kg at the 95 % confidence interval (CI).
All concentrations are given in µg iodine per kg of
milk as the samples (2.0 g) have been weighed; however, the unit µg/kg corresponds approximately to
µg/L.
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Statistical analysis

higher comparing to season means, and three to sevenfold higher comparing to regional means (Table 1).

One-way ANOVA with the factor “Region”
and “Season” and Tukey pairwise mean comparisons
were carried out using statistical software Minitab
14® (Minitab, 2003). P values below 0.05 were
considered as significant. In the case of two groups’
comparison, t-test for independent samples was
used. ANOVA was computed based on logarithmically transformed values. Residual analysis was
performed by generating normal probability plots,
which indicated near normality after log transformation.

Useful biological indicators of iodine concentration in the soil of particular area are ruminants,
which are fed roughages and water from the area
where they are living (Herzig et al., 2003). About
80 to 90 % of dietary iodine is absorbed and most
of the iodine not taken up by the thyroid gland is
excreted in urine and milk (National Research
Council, 2001). Based on a number of published
studies, National Research Council (2001)
stated that milk normally contains from 30 to 300
µg iodine/L depending on its content in the diet of
cows, and this relationship makes iodine content of
milk an appropriate indicator of iodine status of the
soil and animals.

Results and discussion
Means ± standard deviations (SD) of iodine
concentrations in milk samples are shown in Table
1. Recorded values ranged from 4.4 to 378.7 µg/kg
of milk with overall mean of 60.9±67.5 µg/kg. Winter samples contained the highest levels of iodine in
three of five tested regions. Regions R3 and R5 did
not follow this tendency and had similar milk iodine concentrations in all three seasons. Concerning
sampling regions all together, winter milk also had
the highest mean concentration of iodine reaching
almost as much as double values as spring and summer samples.

Means of iodine concentration in milk samples
in this study, for all regions and all seasons (Table 1),
suggested normal values and adequate iodine supply
in animals, but variations among individual samples
were very wide (Figure 2). Only two samples had iodine concentration above 300 µg/kg, while 41 samples (29 % of total) had iodine concentration below
20 µg/kg. Values lower than 20 µg/L suggest iodine
deficiency in the rations with no iodine supplements
added (Herzig et al., 2003). Low values were found
in all three seasons and in all regions except in R4
(Figure 2). Such findings might indicate possible iodine deficiency disorders in ruminants although field
experiences suggest no apparent signs of it. However, subclinical and less recognized consequences of

Comparing the regions, samples from R4 had
much more iodine than samples from other four regions in all three seasons, ranging from 36.1 to 378.7
µg/kg (Figure 2). The values were two to threefold

Table 1. Means (±SD) of iodine concentrations (µg/kg) in raw cow’s milk produced in Federation of B&H*
Spring
Region

Summer

Winter

mean

SD

mean

SD

R1

23.7

15.3

-

R2

32.0

25.6

R3

25.0

R4

1,a
1

mean

SD

mean

SD

-

78.8

55.7

2

52.7

49.5

41.4

43.3

60.9

69.0

12

44.8

49.1

1

8.9

18.5

2,a

114.5

60.5

R5

1

29.2

All regions

45.3a

1

All seasons

2,b
12

14.5

23.9

2,a

104.4

53.4

215.6

89.7

144.9

84.4

16.8

1

40.9

42.3

12

40.5

18.1

36.9

27.8

46.7

51.3a

51.0

84.0b

88.2

1

1
3,b

11.9

1

22.5

11.9

3

12

60.9

*regions and seasons have been compared by one-way ANOVAs and Tukey comparisons, except R1 row which was a t-test
- means in the same column with different superscript number differ significantly (p<0.05)
- means in the same row with different superscript letter differ significantly (p<0.05)

1, 2, 3
a, b

67.5
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Figure 2. Iodine concentrations of individual milk samples from five different regions (R1-R5) of Federation
of B&H in spring (Sp), summer (Su) and winter (Wi) season.
iodine deficiency usually remain without diagnosed
causes, including reproductive disturbances with reduced subsequent fertility in animals (Kursa et al.,
2005). Low values of milk iodine recorded in this
study clearly show extensive deficiency of iodine in
animals in the most of country.
Winter milk would be expected to have higher
iodine content than summer milk, as found in earlier studies (L amand and Tressol, 1992; L ee et
al., 1994; L arsen et al., 1999; Dahl et al., 2003;
Travnicek et al., 2006; Brzóska et al., 2009).
Use of iodine supplements in feed is usually more
widespread in winter season and can be associated
to increased iodine in the milk (Pennington, 1990;
Dahl et al., 2003). Two investigated regions in this
study showed no seasonal differences and had the
lower means of milk iodine in comparison to other
samples. Concerning that farming practice is similar
throughout the country, it is not clear why samples
from these two did not show the similar tendency
in seasonal variations. Data on glucosinolates, plant
compounds that interfere with iodine uptake by the
thyroid gland (EF SA, 2008), could help to explain
regional differences in part but their levels in animal
feeds have never been investigated in B&H.
The most significant findings in this study were
related to milk samples from region R4 which had the
highest iodine concentrations with no values less than

20 µg/kg (Figure 2). Again, there are no important
differences in feeding practice between the regions
and authors expected lower iodine values, keeping in
mind the distance from region R4 and the sea coast
(Figure 1). Finally, sanitisation agents or disinfectant
containing iodophores, which can contaminate milk
with iodine (Herzig et al., 2003; Flachowsky et
al., 2007), were generally not used in dairies in the
country, and could not be considered as a possible
cause of higher iodine in milk from the region. Iodine
concentrations in crops and grasses decreased with
distance to the sea, but the relation to the geological composition of the soil may be the predominant
factor (Herzig et al., 2003). However, data on the
geological composition of region R4 are lacking, and
without knowledge of the iodine content in animal
feeds and drinking water, reasons for high iodine
content in milk from north-east of the country remain unclear. On the other hand, the obtained values
showed a good status of iodine with no need for additional supplementation of animal diets that is beneficial from the human health point of view.
Average daily consumption of milk and dairy
products in B&H population is equivalent to 0.4 L
of milk with 3.6 % of fat (L oza, 2007). With this
amount of milk, daily consumption of iodine is expected to be about 30 µg that is 20 % of daily needs
in adults, ranging from 9 µg in region R3 during the
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summer to 108 µg of iodine in region R4 during the
winter (from 6 % to 72 % of daily needs) (WHOUNICEF-ICCIDD, 2001). Even on this low level
of consumption, milk represents important source
of dietary iodine for B&H population.

Conclusions
Analysis of iodine concentrations in milk in this
study showed wide variations considering the season
of the year and geographical origin of the milk. Some
exceptions and conflicting data, especially from the
north-east of the country, require further investigation on natural iodine sources and general status of
iodine in the area including soil, water, plants and
animal tissues. Developing strategy for use of iodine
supplements in animal diets is needed where iodine
deficiency in milk was recorded, keeping in mind
the upper limit of 5 mg I/kg feed of dairy cows (EU,
2005). Health education programs should also promote increased milk consumption. Reducing iodine
deficiency in animals and increase of milk consumption would be expected to improve iodine status in
human population, especially children and individuals who may not use table salt as a primary source of
dietary iodine.
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uzorcima određena je metodom ICP-MS. Srednja
vrijednost (± standardna devijacija) sadržaja joda u
mlijeku iznosila je 60,9±67,5 µg/kg i varirala od 4,4
do 378,7 µg/kg. Zimsko mlijeko sadržavalo je više
joda (84,0±88,2 µg/kg) nego proljetno (45,3±46,7
µg/kg) i ljetno mlijeko (51,3±51,0 µg/kg), iako u
dvije od pet istraživanih regija nije postojala ovakva
tendencija a sadržaj joda u mlijeku bio je sličan u sve
tri sezone. Vrlo niske koncentracije joda (ispod 20
µg/kg) utvrđene su u 41 uzorku, ukazujući na raširen deficit joda kod muznih krava. Mlijeko iz sjeveroistočnog dijela zemlje imalo je znatno veći sadržaj
joda nego mlijeko iz preostale četiri regije u sve tri
sezone. U svim uzorcima iz te regije sadržaj joda bio
je veći od 20 µg/kg. Uz trenutno postojeću prosječnu
konzumaciju od 0,4 L dnevno, mlijeko sudjeluje s 20
% u preporučenom dnevnom unosu joda za ljude, varirajući od 6 % do 72 %, ovisno o sezoni godine i dijelu
zemlje. Rezultati ukazuju na potrebu dodatnog obogaćivanja obroka životinja jodom, kao i na potrebu povećanja konzumacije mlijeka kod ljudske populacije.
Ključne riječi: muzne krave, jod, sirovo mlijeko,
deficit
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