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Abstract

The study examines an analysis and evaluation of iodine content in raw cow’s milk in three
regions of the Czech Republic between the years 2008 and 2018. Bulk milk samples were
collected at dairy farms situated in South Bohemia, Central Bohemia, and the Vyso¢ina Region.
Iodine in milk was determined on the basis of alkaline ashing, using the spectrophotometric
method according to Sandell-Kolthoff. The highest mean iodine content was measured in
2009 (485.5 + 408.2 pg/l) and the lowest in 2016 (169.2 = 71.7 pg/l). Since 2010 there
has been a gradual decline of iodine concentration, from 479.5 + 304.9 pg/l in 2010 to
231.2+£63.5 pug/lin 2018. A similar decreasing tendency was recorded in all the monitored regions.
The percentage of samples containing iodine above 500 pg/l was on the decrease (37% in 2009; 0% in
2016-2018) and less than 80 pg/l (8% in 2009; 0% in 2017-2018). The current state corresponds
to the requirements for iodine content in milk for human consumption. The study emphasizes the
importance of continuous iodine content checks in milk and the related adjustments of iodine
supplementation to the feeding rations of dairy cows.

lodine concentration, nutrition, dairy farms, bulk samples

Iodine is an essential trace element for humans due to its incorporation in thyroid
hormones which affect many biological processes in the human body (Zimmermann
2011; Flachowsky et al. 2014; Nerhus et al. 2018). As a result of this, iodine deficiency
or excess may have a negative effect on human health. Many studies reveal that the
population exposed to the highest risks of iodine deficiency are pregnant and breastfeeding
women, children and also the elderly (Rehtifkova et al. 2010; Zamrazil et al. 2010;
Bilek et al. 2016; Ry3ava et al. 2016). The risks of excessive intake were recorded in
children of up to 10 years of age (Rehutkova et al. 2010).

The iodine sources in human nutrition are represented by foods with a natural iodine
content (milk, eggs, fish, and chicken meat), food fortified with iodine (salt, bread and
bakery products, dairy products, meat products) or nutritional supplements (Leung and
Braverman 2014; Steinhauserova et al. 2014). In the Czech Republic as well as in other
countries, milk and dairy products represent the most important iodine sources due to their
relatively high consumption (Dahl et al. 2003; Rehtitkova and Ruprich 2013; K¥izova
et al. 2014; Rysava et al. 2016; Van der Reuden et al. 2017; Dahl et al. 2018). For
example, in 2017 the average annual milk and dairy product consumption was 240 litres
per capita (CZSO 2017).

The iodine content in cow’s milk mainly depends on its intake in the feeding ration (Troan
et al. 2015). Low iodine level in the fodder, and consequently, in milk, is mainly affected
by its supplementation in feeding rations (Travnicek et al. 2004). Kursa et al. (1998)
reported that the iodine content in milk from cows without iodine supplements did not
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exceed 50 pg/l and often dropped below 20 pg/l (with clinical signs of iodine deficiency).
The optimal iodine content in milk for the necessary iodine supply to dairy cows and also
with respect to milk consumers ranges between 100 and 200 pg/l (Travnicek et al. 2011).

Values of less than 80 pg/l reflect a low iodine intake due to thyroid gland activity in
high-yielding dairy cows. Values higher than 250 pg/l are related to its excessive intake
(Travnicek et al. 2011). The determination of proportional iodine intake by cows is
connected with the presence of goitrogenic substances in the feeding ration (glucosinolates,
isoflavones, perchlorates, bromides, nitrates and others) reducing the use of iodine
for the synthesis of thyroid hormones (Pailan and Singhal 2007; Leung et al. 2012;
Flachowsky et al. 2014). Prevention of iodine deficiency, which is manifested by low
iodine concentration in milk, reduced milk production and thyropathies in calves during
the intrauterine development, consists of sufficient iodine supplementation during gestation
and lactation. The iodine content in cow’s milk has been systematically monitored in the
Czech Republic since the 1990s. Between 1988 and 1996, the mean iodine concentration
decreased to 31 pg/l as a result of insufficient supplementation (Kursa et al. 1998).
Between 1997 and 1999, the mean iodine content in milk increased to 128 pg/l, as a result
of enhanced care for mineral nutrition of high-yielding dairy cows. After 2000, there was
a steep rise in iodine concentration in milk which reached a mean concentration of 310 pg/1
of milk in 2003 (Kursa et al. 2005).

The aim of this work was to evaluate the development of iodine content in cow’s milk at
dairy farms situated in three regions of the Czech Republic between 2008 and 2018.

Materials and Methods

Iodine content was monitored in bulk milk samples of raw milk collected between 2008 and 2018 at dairy
farms in South Bohemia, Central Bohemia, and the Vyso¢ina Region (Table 1). The milk samples were taken from
milk tanks at the given breeding farms. The samples were taken using the same method as for the determination
of quality performed by qualified employees of the dairy farm. The samples were frozen in standard sampling
bottles on the day of sampling and kept at — 15 °C for 4 to 6 weeks before analysis. lodine in milk was determined
on the basis of alkaline ashing using the spectrometric method of Sandell-Kolthoff (Kursa et al. 2005). The
principle behind determination is the reduction of Ce* to Ce’*, in the presence of As** due to the catalytic effect
of iodine. Dry mineralisation takes place in the alkaline environment at 600 °C. The above described method was
used to determine total iodine (inorganically and organically bound iodine to proteins). Statistical processing of
data included the average values (means), standard deviations (SD), minimum and maximum values, median;
significance was determined by the ANOVA — Tukey’s test. Data were evaluated by STATISTICA 9.0. (StatSoft,
Inc.).

Table 1. Iodine content in bulk samples of cow’s milk (pg/l) in 2008-2018.

Number Mean + SD Min Max Median PCTL
Year Samples Herds 0.25 0.75
2008 78 78 390.1 +£250.0 28.2 1258.0 310.8 207.6 555.7
2009 140 70 485.5 +408.2* 13.4 2840.0 292.2 189.6 800.8
2010 70 70 479.5 £ 304.9° 70.4 1332.0 435.0 223.8 612.8
2011 84 42 402.2 +380.8¢ 21.0 1502.0 267.5 164.0 596.0
2012 80 40 344.1 + 354.0! 22.0 2080.0 232.5 127.7 440.0
2013 90 45 292.2 +264.1% 24.0 1200.0 224.0 145.7 296.2
2014 108 54 2193+ 874 50.0 456.0 229.0 140.0 292.5
2015 150 75 243.7 £ 129.9* 35.0 688.0 240.0 152.8 306.0
2016 70 70 169.2 £ 71.7° 40.0 316.0 158.0 112.7 227.5
2017 70 70 209.7 +53.6° 90.0 308.0 209.0 174.0 260.0
2018 70 70 231.2 +£63.57 110.0 460.0 228.0 210.0 265.0

3234567 P < (0.01; ¥ P <0.05; ®234567 P < (.01; 34567 P < (.01; SD — standard deviation, PCTL — percentile
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Results

Iodine content development in dairy cow’s milk is shown in Table 1. The highest mean
iodine content (485.5 £+ 408.2 ug/l) was found in the samples taken in 2009. Since 2010,
the mean values were significantly (P < 0.01) decreasing, even more markedly since 2014.
Table 1 also clearly shows a decrease in both the mean iodine content and the maximum
values of iodine. In 2012 the maximum iodine values reached 2080.0 pg/l, followed by
a sharp drop in 2014 with only 456.0 ng/l and 460.0 pg/l in 2018.

The recorded minimum iodine value ranging from 13.4 to 70.4 ng/l indicates the
existence of dairy farms with a significant iodine deficiency in the feed rations (Table 1).

An overview of the relative representation (%) of the samples by iodine content is shown
in Table 2. Samples with a low iodine content (less than 80 pg/l) did not occur in 2017 and
2018. During the reporting period their occurrence culminated between 2011 and 2013
(from 12% to 19%). Proportion of the samples with a standard iodine content (80250 pg/1)
did not exceed 46% between 2008 and 2015. Between 2016 and 2018 their representation
increased up to 74—73%. However, the samples proportion reflecting excessive iodine
intake decreased between 2016 and 2018. Samples with an iodine content of 250-500 pg/1
were represented by 13—27%, and samples containing more than 500 ng/l were no longer
present between 2016 and 2018.

Table 2. Relative proportion (%) of samples by iodine content in cow’s milk in 2008-2018.

Iodine content % samples
in samples (ng/l)
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
<80 5 7 1 12 12 19 6 8 13 0 0
80-250 31 32 21 29 43 38 33 46 74 73 73
250-500 32 24 31 33 26 27 45 39 13 27 27
> 500 32 37 47 26 19 16 16 7 0 0 0
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Fig. 1. Development of iodine content in milk (pg/l) depending on the daily milk production on the farm
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The relationship between the amount of milk delivered daily for dairy processing
and iodine content in a bulk sample is shown in Fig. 1. A lower iodine content was
found at the dairy farms producing up to 5 000 litres of milk per day and the highest
at the dairy farms producing 5 000 to 10 000 litres of milk per day. The highest
difference was discovered in 2012, the lowest in 2017. The most balanced iodine
content was found at the dairy farms with the highest daily milk production (over
10 000 litres).

This study also focused on regional differences in the iodine content (Fig. 2). However,
during the reporting period, significant differences were recorded only in 2017. Figure 2
shows that since 2014 the dispersion of values was decreasing in percentile 0.75 along with
the decreasing iodine content in milk (Table 1).
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Year

Fig. 2. Development of iodine content in milk (ng/l) in three regions of the Czech Republic
a:b P<0.01, b:c P<0.05

Discussion

This study deals with the iodine content development in cow’s milk in three regions of
the Czech Republic in the last eleven years (2008—2018). Bulk milk samples were collected
at dairy farms situated in South Bohemia, Central Bohemia, and the Vyso¢ina Region. The
work follows from the extensive study of Kursa et al. (2005) and the study of Travnicek
et al. (2006) who monitored the iodine content in milk between 2003 and 2005. Both
authors recorded a marked increase in the iodine content in milk compared to the previous
10 years. Based on an analysis of 226 bulk samples, Kursa et al. (2005) noted a mean
iodine content of 310.4 pg/l milk. In 2005, Travnic¢ek et al. (2006) analysed milk samples
from 169 bulk transportation tanks with an iodine value of 442.5 pg/l. The increase in
iodine content in milk was the result of targeted iodine supplementation in feeding rations
of dairy cows initiated between 1997 and 1999. The increased supplementation responded
to the insufficient subsidy of feed rations and an increased intake of goitrogens contained
in the feed of plant origin (Travnicek et al. 2011).

The recorded high iodine content in raw cow’s milk and milk used for commercial
purposes indicated the potential risk of excess iodine in the selected population group
(Travnicek etal. 2011; Kavtik et al. 2018; Nejedla 2018). As a result of these findings,
the Intersectoral Committee on lodine Deficiency Solution responded by recommending
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a reduction of the maximum iodine content in cow’s milk mineral feed supplements
(Nejedla 2018). The iodine content in the cow’s milk feed was also regulated via
Commission Regulation (EC) No. 1459/2005, decreasing the maximum iodine content in
dairy cows feed to 5 mg/kg of feed (Travnicek et al. 2011; Nejedla 2018). After the
implementation of this Regulation in 2006, we recorded a mean iodine content in raw
cow’s milk amounting to 371.8 & 235.0 ug/l (data not shown). Table 2 clearly shows that
between 2008 and 2009, the mean iodine content in milk temporarily increased again
and in 2009 the highest value (485.5 pg/l) was recorded during the monitored period
(2008-2018). This value was also the highest value in comparison to the other European
countries (Germany 124.5 + 30.6 pg/l, Poland 183.5 + 5.0 ug/l, Ireland 449.0 pg/l)
(Kohler 2012; O’Brien et al. 2013; Sliwinski et al. 2015). Since 2010, a desirable
gradual decrease in the mean iodine values in milk (Table 2) has been recorded. In 2017
and 2018 the mean and median values already met the requirements for the iodine content
in milk as a food product (Kursa et al. 2005).

The results gathered from this study are slightly different compared to the data provided
by the National Institute of Public Health in Brno (NIPH) which monitors the dietary
exposure of the population of the Czech Republic to iodine and its most important dietary
sources. In 2009, the NIPH also recorded increased mean iodine values in milk used for
commercial purposes (whole and skimmed milk). However, the iodine values had an
increasing tendency until 2011 (Rehtfkova et al. 2010; Kavtik et al. 2018). Between
2012 and 2014, they recorded a relatively stable mean iodine content in market milk of
around 250 pg/l, which was followed by a temporarily increased mean iodine content of
over 300 pg/l in 2015 (Kavtik et al. 2018). This study also recorded this tendency, yet the
values increased only by 11.13% to 243.7 pg/l.

The recorded differences in dynamic and mean values were probably due to the different
size of the monitored areas and numbers of the analysed samples. The NIPH analysed
lower numbers of samples per year. Another factor might be the regional difference in the
ratio of small and large dairy farms described by Vorlova et al. (2014).

Paulikova et al. (2008) and Crnki¢ et al. (2014) describe a significant difference in
the iodine content in different regions of their countries. Results of this study also record
regional differences in the iodine content, however, they showed significant differences
(P<0.01; P<0.05) only in 2017 (Fig. 2).

Changes in the relative proportions (%) of iodine content in samples (Table 2) confirm
positive changes in the iodine saturation of dairy cows which are manifested both by the
desirable decrease in mean values and the decrease in low and extremely high values
(Table 1). Samples with a low iodine content (less than 80 ug/l) were not present in
2017-2018 and samples containing more than 500 pg/1 have not been part of our set since
2016. The balancing of the iodine content in milk between dairy farms with a different
production and supply of milk for processing is also a very important finding (Fig. 1).
The above facts are the results of the controlled optimization of iodine content in feeding
rations in dairy farms with a daily milk production exceeding 5 000 or rather 10 000 litres,
which significantly affects the amount of iodine in raw milk and consequently in drinking
milk and dairy products.

Positive changes in the iodine content in cow’s milk are related to the current systematic
coverage of its content in bulk milk samples. The optimal content of iodine in cow’s milk
is an important contribution by the dairy industry to supplying the Czech population with
iodine from natural sources.
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