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Selenium and iodine content was analyzed in sheep milk from 4 and 6 different farms in central and east Bohemia. Samples
had been collected monthly in two years period. lodine was determined by high performance liquid chromatography (HPLC)
with electrochemical detection and selenium using electrothermal atomization atomic absorption spectrometry (ETA-AAS)
with hydride generation. The average levels of selenium and iodine in milk from small family farms were 39.09 + 12.77 pg/kg
and 47.99 + 13.24 pg/kg, respectively. On the big farm focused on commercial breeding the average values were significantly
higher (576.7 + 261.2 png/kg). Significant differences in levels of both elements were found between summer and winter peri-
od. In the winter period, the average level of selenium was 68.33 + 43.75 ng/kg and in the summer period 30.67 + 8.31 pg/kg.
Levels of iodine show the same tendency: 72.42 + 64.37 pg/kg in the winter and 37.84 + 16.09 ng/kg in the summer period.
Moderately strong correlation (r = 0.39) was found between selenium and iodine content in sheep milk. The comparison of io-

dine and selenium content in sheep milk and whey implies that 69.4% of iodine is transferred to the whey fraction.
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INTRODUCTION

Milk and milk products are considered a good
source of selenium and iodine, i.e. minerals, which are
highly important for thyroid gland function (Kvicala,
2010).

Selenium, 40 years ago considered as toxic, nowa-
days is recognized as an essential trace element with
a high impact in human health and currently is in the
center of research focus. In organisms it appears in the
form of proteins and, in some cases, as a sugar. Selenium
is a part of enzymes glutathione peroxidase, deiodinase,
thioredoxin reductase, selenium phosphate synthetase,
selenium protein P and others, whose functions have
not been yet clarified (Kvicala, 2002). Selenium
influences a wide range of hormones, especially the
biochemistry of those in the thyroid gland, whereby,
to a certain point, can influence the metabolism of
iodine. Optimal intake of selenium is recommend-
ed in the range of 20-50 pug per day (OSancova,
1990). A scientific committee for food suggests as
a suitable daily intake 40 pg of selenium for men and
30 pg for women (Brown et al., 2001).

Iodine is a necessary element for thyroid hormones
— thyroxine and triiodthyronine, which are participat-
ing in metabolism speed regulation. According to the
newest attitude of the Interdepartmental commission for
iodine deficiency solution (National Institute of Public
Health in Prague) about half of European population

is considered to have an insufficient iodine intake
(Rysava, Kiiz, 2010). In Czech Republic the
iodine supply is satisfactory and according to WHO
criteria the past iodine deficiency can now be con-
sidered as fixed, thanks to salt iodization and iodine
supplementation of dairy cows (Zamrazil et al.,
2004). EU regulations warn against health risks se-
quent to exceeding limit values of 0.008—0.010 mg/kg
of body weight of daily iodine intake, or intake lower
than daily optimum 150-300 ug (notice of the Ministry
of Agriculture of the Czech Republic, No. 446/2004).
The optimal concentration of iodine in milk for human
nutrition is in the range from 200 to 300 pg/l.

The relationship between selenium and iodine was
reviewedbyZimmermann, Kéhrle (2002).
Selenium deficiency leads to decreased activity of
glutathione peroxidase (GPx) and deiodinase (DI). GPx
causes increased levels of hydrogen peroxide and DI
catalyzes the activation of prohormone T4 to the active
thyroid hormone T3. Both enzymes are influencing
the efficiency of thyroid hormone synthesis and thus
metabolism of iodine.

Common levels of iodine found in sheep milk by dif-
ferent authors are in the range of 48—-829 ug/l (Herzig
et al., 1995; Ferri, 2003; Hampel et al.,
2004; Paulikova, 2008). Number of studies,
which are engaged in researching levels of selenium
in sheep milk, is much lower. The range of values is
14-37 ng/l of selenium in sheep milk (Koutnik et
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al., 1996; Yanardag and Orak,
Hampel et al., 2004).

There are various factors, which can influence
the content of selenium and iodine in milk, e.g., the
way of feeding, including mineral supplementation,
locality, breed, application of disinfectants contain-
ing iodine etc. Levels of iodine in milk taken from
animals in winter period are higher than in summer
period (Herzig et al., 1995; Paulikova,
2008). Levels of iodine in milk are influenced also
by presence of goitrogens in fodder. For example
rapeseed cake, which is known for its high content of
goitrogenic substances, was proved to cause decreased
absorption of iodine (Hermansen et al., 1995;
Tfinacty et al., 2001).

Due to the increasing popularity of farmers markets
and interest in local groceries, sheep milk is recently
more available. However, the intake of selenium and
iodine from sheep milk, while used as a substitute of
cow milk, is not well known yet. This situation leads
us to believe that there is an urgent need for analyti-
cal determination of sheep milk nutrients, especially
trace elements. The aim of this study is to observe the
natural occurrence of selenium and iodine in sheep
milk of the most commonly kept breeds in the differ-
ent localities of the Czech Republic.

1998;

MATERIAL AND METHODS

Levels of selenium and iodine were determined in
sheep milk samples taken from four different farms
(A-D) and from two more farms (E and F) only for
iodine, of central and east Bohemia. Samples had
been collected repeatedly once a month during the
years 2007-2008, including the winter period. In the
farms A—D the samples were obtained every time
from the same animals, while in the farms E and F the
samples were taken from pool milk. From the farm
F, simultaneously with milk, samples of whey were
also collected. In total, 77 samples were collected to
the clean, plastic sampling flasks of 100 ml volume,
frozen as soon as possible, transferred to the lab in
thermo boxes and stored in the freezers with highest
temperature less than —20°C.

Farm characteristics

Farm A: small family farm, herd of 30 heads (12 lac-
tating ewes), breed Merino. Keeping: all year outdoor,
with free entrance to the barn. Feeding: pasture, old
bread, beet root, apples, hay and straw freely available.

Farm B: small family farm, herd of 25 heads
(8 lactating ewes), breed Merino. Keeping: all year
outdoor, free entrance to the shed, in a barn overnight.
Feeding: pasture, old bread, straw, occasionally apples.
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Farm C: small family farm, herd of 15 heads
(6 lactating ewes), breed Merino. Keeping: during
the summer period outdoor, overnight in a barn, in
the winter period continually in a stable, occasion-
ally outside. Feeding: pasture, grains, salt licks, hay,
straw, old bread, occasionally beet root and apples.

Farm D: small family farm, herd of 20 heads
(8 lactating sheep), breed Romanov sheep. Keeping:
all year outdoor with possibility of a shed. Feeding:
pasture, grains, salt licks, hay, straw, old bread, beet
root, apples, corn.

Farms A-D are localized in central Bohemia,
loamy sand to sand soils, typical crop potatoes, alti-
tude 400—-600 m a.s.l.

Farm E: big commercially focused farm with
300 lactating sheep and 100 lambs, breed East Friesian
Milk sheep, localized in east Bohemia. Keeping: during
the summer period all day long outdoor, in the winter
period in a stable. Feeding: in the summer pasture, in
the winter hay and grains. Molassesed mineral lick for
organic farming available: Natumel (Iframix). lodine
content: 110 mg/kg, selenium content: 45 mg/kg.

Farm F: commercially focused farm localized in
cast Bohemia, keeping the breed East Friesian Milk
sheep. Feeding: hay, straw, pasture, pressed oat and
barley. Mineral lick Biosaxon was available, with iodine
content 120 mg/kg and selenium content 30 mg/kg.

Samples of milk for iodine determination were dried
and prepared using alkalic ashing, in the presence of po-
tassium hydroxide and zinc sulfate, in accordance with
amethod after Fiedlerova (1998). Supernatants
were filtered and iodine was analyzed using high
performance liquid chromatography with electro-
chemical detection (HPLC-ED, Waters) on reversed
phase column NOVA-PAK C-18 (Hejtmankova
et al., 2005), due to modified procedure in ac-
cordance with IDF technical standard 167:1994, which
describes direct determination of iodine content in
fresh or dried refreshed milk.

Milk samples for determination of selenium were
exposed, after lyophilization, to acid treatment of
concentrated nitric acid (2 ml) and hydrogen peroxide
30% (3 ml) overnight. Afterwards were wet-ashed in
microwave mineralizer MW-3* Speedwave (Berghof).
Selenium was reduced from oxidation form VI to IV
by exposition to concentrated hydrochloric acid. The
analysis was performed by atomic absorption spec-
trometry with electrothermal atomization (Varian) and
generator of hydrides (GH-AAS).

All the samples were measured in triplicates. Results
were processed in Microsoft Excel and statistically evalu-
ated in Statgraphics. For the evaluation of average variabil-
ity of selenium and iodine values, the One-Way ANOVA
was used. For the comparison of samples and for the
evaluation of correlations, Multiple Sample Comparison
and Multiple Variable Analysis were respectively used.
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Table 1. Analytical results of certified reference material

BCR 063 H 281
. I (mg/kg) Se (mg/kg)
average 0.82 0.022
Measured values (n = 6)

uncertainty 0.07 0.001

Certified values average 081 0.028

uncertainty 0.05 0.004

Table 2. Todine content (pg/kg) in sheep milk from the different farms
Mean Min. value Max. value St. dev. CV (%) Median Samples
Farm A 34.92 15.04 49.63 12.71 36.4 37.52 23
Farm B 62.23 22.7 141.1 38.05 61.15 52.14 14
Farm C 56.12 20.23 197.7 45.00 80.2 38.14 12
Farm D 38.69 23.32 89.6 20.7 53.6 29.52 5
Farm E 576.7 348.8 1398 261.2 453 503.9 13
Farm F 123.5 47.08 203.9 51.06 41.7 65.16 10
Table 3. Selenium content (pg/kg) in sheep milk from different farms
Mean Min. value Max. value St. dev. CV (%) Median Samples

Farm A 27.36 15.07 58.78 14.39 52.6 20.61 23
Farm B 40.41 30.00 50.86 7.84 19.4 40.4 14
Farm C 32.13 22.94 44.54 6.72 20.94 31.75 12
Farm D 56.46 18.37 173.0 41.37 73.27 39.37 5

RESULTS AND DISCUSSION

Quality control of analytical data was verified by
simultaneous analysis of certified reference material
BCR 063 (skim milk, iodine) and BCR H281 (ray
grass, selenium) (Table 1).

Determined average levels of selenium and io-
dine in sheep milk, obtained from different farms, are
shown in the Tables 2 and 3. Average content of sele-
nium in milk from small family farms A—D was 39.09
+12.77 pg/kg and average content of iodine was 47.99
+ 13.24 ng/kg. According to Groppel (1993),
levels of iodine in sheep milk below 79 pg/l are already
deficient. Thus, on farms A—-D, the status of iodine was
below recommended limit. Differences in content of
iodine and selenium in sheep milk from small farms
were not statistically significant, even though on the
farm D a different breed was kept (Romanov sheep,
farm A—C Merino).

The determined content of iodine in sheep milk was
found within the range 15.04—203.9 ug/kg whereas the
selenium content interval was 15.07—173 pg/kg. On both
commercially focused farms E and F the same breed
(East Friesian Milk sheep) was kept, but the content
of iodine was significantly different. The high levels
of iodine in milk of ewes from farm E are apparently a
consequence of iodine mineral lick intake, which was
not applied on the small farms. It is highly probable that

the crucial factor for iodine content in milk is the way
of keeping and feeding, regardless of the kept breed.

Studies about iodine in sheep milk were conduct-
ed also by Travnic¢ek, Kursa (2001), who
determined an average concentration of iodine of
1055 pug/l,Hejtmankova et al. (2008) found
out on average 214.3 pg/kg, Hampel (2004)
520 + 60 pg/kg and Ferri (2003) even 675
+ 154 ng/kg. Azuolas, Caple (1984) published
results from measuring iodine in sheep milk in range
79-1931 pg/l. On commercially oriented farms E and
F the determined average levels of iodine in sheep
milk were higher, namely 576.7 = 261.2 pg/kg and
123.54+51.06 ng/kg and significantly higher (P < 0.05)
content of iodine in milk from farm E in comparison
with other farms was confirmed. However, Schone,
Rajendram (2009) consider iodine concentra-
tions in milk higher than 500 pg/l as undesirable.

Several Czech authors analyzed the iodine content in
cow milk. Forinstance Tfinacty et al. (2001)
found an average content of iodine in cow milk 594
+178.1 ug/kg, Travnicek et al. (2006) pub-
lished 442.5+ 185.6 pg/l, Hejtmankova et al.
(2006) 225 £ 109 pg/kg and Paulikova et
al. (2008) 136.9 +258.2 pg/l. Thus, it was not
confirmed that levels of iodine in sheep milk could be
so significantly higher than in cow milk,as Hampel
et al. (2004) presented in his work.
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Table 4. Selenium and iodine content (pg/kg) in sheep milk in summer and winter period

Element Period Mean Min. value Max. value St. dev. CV (%) Median Samples
winter 68.33 25.74 173.0 43.75 64.04 51.66 15
Selenium
summer 30.67 15.06 50.86 8.31 27.11 29.44 38
winter 75.42 29.08 197.6 46.37 61.48 60.00 15
Todine
summer 37.84 15.04 89.66 16.09 46.64 29.93 38

On the other hand, the average content of selenium
in sheep milk 14 = 3 pg/kg, determined by Hampel
et al. (2004), is about half the average content
of selenium in sheep milk determined in this work and
which nicely corresponds with selenium content in cow
milk 32.2-39.5 pg/l (Koutnik et al., 2005).

Contents of iodine and selenium in sheep milk,
obtained in the winter period (October—March) and in
the summer period (April-September) are presented
in Table 4. The results imply that in the winter period
the levels of both elements are significantly higher
(P <0.05) and in the summer period decrease roughly
tohalf. Groppel, Anke (1991), Dahl et al.
(2003) and Travnicek et al. (2006) share
the opinion that it is a consequence of differences in
summer and winter fodder. The reason for these differ-
ences is a lower content of iodine in summer feeding
(pasture). Concentration of iodine increases with de-
creasing concentration of water in plant tissues. Thus,
hay and silage contain higher concentrations of iodine
(Herzig, Suchy, 1996; Bobek, 1998).

Another reason could be the presence of goitro-
gens in the summer fodder. It is expectable, that fresh
fodder contains goitrogenic substances, which are
responsible for decreased levels of iodine in milk. The
values found in milk in this work are in accordance
with those investigated by Paulikova (2008),
who determined an average iodine concentration of
197.6 ug/kg in sheep milk in the winter period and of
56.0 png/kg in the summer period. Levels of selenium
determined in sheep milk were significantly higher
(P < 0.05) in the winter period than in the summer
period as well.
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Fig. 1. Correlation of selenium and iodine contents in sheep milk (ng/kg)
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Fig. 1 shows the correlation between the contents
of selenium and iodine in sheep milk. The graph is
interlaid with linear regression line. Statistical evalu-
ation of data resulted to moderately strong correlation
(r=0.39).

The distribution of iodine in milk fractions was
also observed. For this purpose, the milk and whey
obtained from the farm F was analyzed. In milk and
whey was found, on average, 143.1 + 113.1 pg/kg
and 99.38 + 58.58 ug/kg of iodine, respectively.
This implies that 69.4% of iodine in the milk moved
to the whey fraction. Thus, whey could be consid-
ered not only as a source of nutritionally valuable
proteins, but of iodine as well. Transfer of iodine to
whey was confirmed also by Rudolfova et al.
(2000). The relationship between iodine content
found in sheep milk and whey is depicted in Fig. 2. The
slope of the line and values of regression coefficient
(b=1.74) implies that the values of iodine determined
in milk and whey are significantly correlated.

CONCLUSION

Statistically significant differences of iodine content
in sheep milk from different farms were confirmed.
Concentration of iodine in sheep milk obtained from
small family farms were below the required limit for
iodine in milk. On the other hand, the content of iodine
in milk from farm E was above the optimal range. The
levels of iodine and selenium determined in sheep milk
were comparable with the amounts commonly found
in cow milk. In the winter period the concentration
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Fig. 2. Comparison of iodine values found in sheep milk and whey (ng/kg)
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of both iodine and selenium was significantly higher
than in the summer period. Moderately strong correla-
tion was found between iodine and selenium contents.
Approximately 70% of the iodine in milk transfers to
the whey fraction, and thus whey, not only milk, is
a good source of iodine in nutrition.

REFERENCES

AZUOLAS, J.K. — CAPLE, I.W.: The iodine status of grazing
sheep as monitored by concentrations of iodine in milk.
Australian Veterinary Journal, 6/, 1984: 223-227.

BOBEK, S.: lodine prophylaxis in animals. Medycyna Wetery-
naryjna, 54, 1998: 80-86. (in Polish)

BROWN, K.M. — ARTHUR, J.R.: Selenium, selenoproteins
and human health: a review. Public Health Nutrition 4 (2B),
2001: 593-599.

DAHL, L. - OPSAHL, J.A. - MELTZER, H.M. — JULSHAMN,
K.: Iodine concentration in Norwegian milk and dairy prod-
ucts. British Journal of Nutrition, 90, 2003: 678—685.

FERRI, N. — ULISSE, S. — AGHINI-LOMBARDI, F. — GRA-
ZIANO, F.M. — DI MATTIA, T. - RUSSO, F.P. — ARIZZI,
M. — BALDINI, E. - TRIMBOLI, P. - ATTANASIO, D. —
FUMAROLA, A. - PINCHERA, A. - D’ARMIENTO, M.:
Iodine supplementation restores fertility of sheep exposed to
iodine deficiency. Journal of Endocrinological Investigation,
26,2003: 1081-1087.

FIEDLEROVA, V.: Spectrophotometric determination of iodine
and its content and stability in selected food raw materials
and products. Czech Journal of Food Science, /6, 1998:
163-197.

GROPPEL, B. — ANKE, M.: Iodine content in foodstuffs and
iodine intake of adult in central Europe. In: Mom¢éilovi¢ B.
(ed.): Trace Elements in Man and Animals. 7, 1991, Croatia,
Zagreb, 981-985.

GROPPEL, B.: lodine deficiency in animals. In: Anke M.,
Girtler H. (eds.): Minerals and Trace Elements in Nutri-
tion. Verlag Media Touristik, 1993, Germany, Gersdorf,
127-156. (in German)

HAMPEL, K. — SCHONE, F. - BOHM, V. — LEITERER, M. —
JAHREIS, G.: Composition and nutritional importance of
sheep milk and sheep milk products. Deutsche Lebensmittel
Rundschau, /1, 2004: 425-430. (in German)

HEJTMANKOVA, A. - KUKLIK, L. - TRNKOVA, E. - DRA-
GOUNOVA, H.: Iodine concentrations in cow’s milk in
Central and Northern Bohemia. Czech Journal of Animal
Science, 51, 2006: 189-195.

HEJTMANKOVA, A. - MIHOLOVA, D. - KOLIHOVA, D.:
Content of selected minerals in sheep milk and whey. In:
Day of milk 2008. Proceedings from international confer-
ence, 23™ September 2008, Prague, Czech Republic, pp.
116-118. (in Czech)

SCIENTIA AGRICULTURAE BOHEMICA, 42, 2011 (4): 153-158

HEJTMANKOVA, A. - VEJDOVA, M. - TRNKOVA, E.:
Determination of iodine in biological samples by high—
performance liquid chromatography with electrochemical
detection. Chemické Listy, 99, 2005: 657-660. (in Czech)

HERMANSEN, J.E. — AAES, O. — OSTERSEN, S. — VESTERG-
AARD, M.:. Rapeseed products for dairy cost — milk sold
and milk quality. Forskningsrapport fra statens husdurbrugs-
forsog, 29, 1995: 1-31.

HERZIG, 1. — SUCHY, P.: Current views on the importance
iodine for animals. Veterinary Medicine—Czech, 4/, 1996:
379-386.

KOUTNIK, V. - KOUREK, B. - HAVLICEK, Z.: Selenium con-
tent in milk of some dairy cattle herds in the south Moravian
region. Zivo&i§na vyroba, 41, 1996: 473—-474. (in Czech)

KVICALA, J.: Selenium and its impact on human organism. In:
Microelements 2010, Collection of papers from XLIIT"Msemi-
nar about methodics of determination and impact of trace
elements in biological material and environment. 2 THETA,
10.—12.May 2010, 14-24, Valtice. (in Czech)

OSANCOVA, K.: Recomended nutritional rations of EEC
countries. In: New recommended nutritional rations for new-
borns, children and adolescents of CSFR. Casopis Pediatr,
45,1990: 746-747. (in Czech)

PAULIKOVA, I. - SEIDEL, H. - NAGY, O. - KOVAC, G.:
Milk iodine content in Slovakia. Acta Veterinaria Brno, 77,
2008: 533-538.

REGULATION NO. 446/2004, Nutritional supplements and
food additives. Collection of Laws. 2004, part 149 (cit.
2011-04-01). Available at http://www.sagit.cz/pages/sbirkatxt.
asp?cd=76&typ=r&zdroj=sb04446 (in Czech)

RYSAVA, L. - KRiZ, J.: Organization and results of iodine
deficiency prevention in terms of public. In: Collection from
international conference Day of lodine 2010, Public Health
Institute, 2010: 5-6. (in Czech)

SCHONE, F. - RAJKUMAR RAJENDRAM: Iodine in farm
Animals. In: Preedy, V.R. — Burrow G.N. — Watson R.R.
(eds.): Comprehensive Handbook of Iodine: Nutritional,
Biochemical, Pathological and Therapeutic aspects. Elsevier,
USA, 2009: 151-170.

TRAVNICEK, J. - HERZIG, J. - KURSA, J. - KROUPOVA,
V. - NAVRATILOVA, M.: Iodine content in raw milk.
Veterinary Medicine—Czech, 57, 2006: 448—453.

TRAVNICEK, J. - KURSA, J.: Iodine concentration in milk
of sheep and goats from farms in South Bohemia. Acta
Veterinaria Brno, 70, 2001: 35-42.

TRINACTY, J. - SUSTALA, M. - VRZALOVA, D. - KUDR-
NA, V. — LANG, P.: Milk iodine content in goats fed rapeseed
meal iodine suplement. In: Book of Abstracts of th 52nd
Annual Meeting of the European Association for Animal
Production, 26-29 AUGUST 2001, 2001: 106-110.

YANARDAG, R. — ORAK, H.: Selenium content of milk and
milk products of turkey. Biological Trace Element Research,
68, 1998: 79-95.

157



ZAMRAZIL, V. — BILEK, R. - CEROVSKA, J. - DELANGE, Biochemistry and relevance to public health. Thyroid, 12,
F.: The elimination of iodine deficiency in the Czech Re- 2002: 867-878.
public: The steps toward success. Thyroid, /4, 2004: 49-56.

ZIMMERMANN, M.B. — KOHRLE, J.: The impact of iron and Received for publication on July 12, 2011

selenium deficiencies on iodine and thyroid metabolism: Accepted for publication on November 1, 2011

ROZENSKA, L. - HEITMANKOVA, A. - KOLIHOVA, D. - MIHOLOVA, D. (Cesk4 zemé&délska univerzita,
Fakulta agrobiologie, potravinovych a piirodnich zdroji. katedra chemie, Praha, Ceska republika)

Obsah selenu a jédu v ov&im mléce z farem ve stfednich a vychodnich Cechach
Scientia Agric. Bohem., 42, 2011, 153-158

Ov¢i mléko z riiznych farem ve stiednich a vychodnich Cechach bylo analyzovano na obsah selenu (4 farmy)
a jodu (6 farem). Vzorky byly odebirany jednou mési¢né ve dvouletém casovém rozsahu. Jod byl stanoven
pomoci vysokouéinné kapalinové chromatografie s elektrochemickou detekci (HPLC-ED) a selen pomoci
elektrotermické atomové absorpéni spektrometrie s hydridovou technikou (ETA-AAS-HG). Primérné obsahy
selenu a jodu v mléce z malych rodinnych farem byly 39,09 + 12,77 pg.kg™! resp. 47,99 = 13,24 pg.kg™'.
Na velké farmé, zabyvajici se komerénim chovem, byly primérné hodnoty obsahu jédu v mléce statisticky
vyznamné vy$si (576,7 £261,2 ng.kg™). Mezi letnim a zimnim obdobim byly nalezeny statisticky vyznamné
rozdily v obsahu obou prvka. Hladina selenu v zimnim obdobi byla primérné 68,33 + 43,75 ug.kg™! zatimco
v letnim obdobi primérmné 30,67 + 8,31 ng.kg™!. Jod vykazuje podobny trend: 75,42 £ 46,37 pg.kg~'v zimnim
obdobi a 37,84 + 16,09 pg.kg~! v letnim obdobi. Mezi obsahem selenu a jodu v ovéim mléce byla zjisténa
stfedné¢ silna korelace (r = 0,39). Dale byl porovnan obsah jéodu v ovéim mléce a syrovatce. Bylo zjisténo, ze
z mléka do syrovatky prejde 69,4 % jodu, coz potvrzuje, ze nejen mléko, ale i syrovatka je dobry zdroj jodu
v lidské vyzive.

selen; jod; ov¢i mléko; ovei syrovatka; HPLC s elektrochemickou detekci; hydridova technika
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