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Abstract

This review should provide more information about the
importance of iodine in dairy cattle, since milk is considered as valuable
source of iodine in newborn animal nutrition and in recent years in human
nutrition. lodine is an essential element for thyroid gland function and it
is incorporated into the thyroid hormones, which play key role in energy
metabolism, growth and brain development. lodine also exert multiple
and complex actions on many organs that capture it, not including its
effects as part of thyroid hormones. Therefore, the adequate iodine
bioavailability and optimal feed intake in dairy cattle is of pivotal
importance for optimal iodine concentration in milk. Its concentrations in
milk may be variable as it is influenced by many factors: iodine intake in
feed, iodine forms used for feeding, iodine supplementation of feed,
presence of goitrogenic substances and its ratio in animal feed, milk yield,
seasonal fluctuations and also farm management.
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Introduction

Iodine (I,) is one of the most important micro-mineral which can
be categorized as an essential in dairy cattle and other animals (Kupper et
al., 2011). Iodine is predominantly needed for production of thyroid
hormones which play a pivotal role in maintaining energy metabolism
and also important for reproductive and productive performance in dairy
cattle. It is essential in fetal development since the utilization of iodine
starts in very early fetal stages and important for thyroid axis maturation
during the intrauterine period (Koneff et al., 1949). Adequate iodine
availability during prenatal period also reflects on postnatal growth and
development in newborn animal (Cardoso at al., 2021)". Furthermore,
recent investigation has reviled that iodine directly neutralizes free
radicals, induces the expression of type II antioxidant enzymes,
inactivates proinflammatory  pathways and have strong
immunomodulatory effect (Aceves et al., 2021).

Meeting the optimal iodine requirements in dairy cattle is
substantial not only in fulfilling the maximal productive and reproductive
performance in cattle, but also to ensure the adequate iodine supply
through milk consumption in human population, especially in iodine-
deficient regions (Flachowsky et al., 2014). Nowadays, despite the
WHO/UNICEF/Iodine Global Network recommendation in universal salt
iodization at a fortification level of 20-40 mg iodine per kg salt, iodine
deficiency remains as a global health concern in risk of insufficient iodine
intake (World Health Organization, 2007). Therefore, milk and dairy
products have become important sources of iodine in human population
especially in countries of continental geographical location.

Bioavailability
Iodine is naturally accruing environmental constituent and the
least abundant of all halogen elements in both, organic and inorganic

forms. Transport, distribution and transformation include various
complex physical, chemical and biological processes referred as the
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global iodine cycle (Cox and Aray, 2014). Iodine can be found naturally
in air, water and soil in several chemical forms - molecular iodine (I,),
iodide (I'), iodate (I0;) and periodate (IO4). Iodine in water exists as I’
and 105 and is related to the content of iodine in soil. Oceans are the most
abundant sources of natural iodine compared to fresh water. The more
distance from the sea, the less content of iodine in fresh water. The
average iodine concentration in air and soil is also variable and mostly
depends on geological structure of the soil (Whitehead, 1984). lodine
concentration in plants varies depending on location, climatic and
seasonal conditions, plant species and wuse of agro-technical
measurements (use of iodine-containing fertilizers). lodine cannot be
synthesized in animal organism, so air, soil and consequently plants are
the main source. Therefore, the type of diet and feeding management
closely correlates with iodine uptake in animals.

Iodine availability also depends on the presence of goitogenic
substances in dairy cattle diet. In ruminants, ingestion of natural
goitrogenic substances is often associated with intake of plants mainly
belonging to the Brassicaceae tamily (Cruciferae). These plants contain
goitrogenious glucosinolates which can be found within all parts of the
plant and during processing and chewing, glucosinolates are quickly
hydrolyzed in isothiocyanates, thiocyanates, and other goitrogenic
substances, which diminish the iodine uptake in thyroid and mammary
gland (Ishida at al., 2014). Thiocyanate content and marginal deficiency
or lower iodine content in dam’s diet, could be a reason for congenital
goiter in newborn calves (Seimiya at al., 1991). Investigations of iodine in
milk confirmed that the presence of rapeseed in dairy cattle diet without
supplementation significantly lowers the concentration of iodine in milk
(Hejtmankovaat al., 2006). Although, ruminants are considered less
sensitive to glucosinolates but long-term nutrition with food containing
goitrogenic substances in cattle may cause thyroid function disorders and
symptoms of iodine deficiency (EFSA, 2008). The allowed measurable
residues in dairy milk are set to approximately 0.1% of the given
progoitrin dose allowed in animal feed (EFSA, 2008).
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Iodine requirements/recommendations

The average concentration of iodine in animals varies depending
on the age, genetic differences and production status. Iodine is needed in
lactating cow during the maximum lactation since the transfer of iodine
from feeds to milk ranges from 7 to 27%, depending on the amount fed to
the animal (Moschini et al., 2010). Not every time, cattle meet the optimal
requirements through food so iodine supplementation is needed since the
majority of farm animal feed is plant matter which may usually contain
insufficient iodine concentrations (<20-50 pg/kg dry matter (DM)).
Additionally, iodine content of water is also generally low (2—7 pg/l)
(Flachowsky et al., 2007). However, iodine concentration in different
type of plants is mostly affected by season, its botanical composition and
varietal differences (Coneyworth at al., 2020). Iodine concentration of
non-fortified feed components (forages) is often <2 mg/kg DM, and
typically ranges between 0 and 0.2 mg/kg DM. Based on analysis of mean
iodine levels content in forages, as well as on calculations for a typical
lactating cow, has been concluded that forages supplied approximately
17% of iodine requirements in average lactating cattle (Castro et
al.,2011). Taking in consideration that forage constitute up to 70% of dry
matter consumed by the cow, it is clear that the food very often is
insufficient iodine supply in cattle.

Iodine demands in cattle is defined under optimal conditions, as
nutrient requirements and the recommendations are estimated to meet the
average gross demands under certain conditions, plus a safety factor
considering the individual variability, iodine availability and potential
interaction with other nutrients and substances. Therefore, the European
Food Safety Authority (2005) suggested that the maximum iodine content
in dairy cow rations be set at 0,44 mg/kg of feed (as fed, 88% DM).
According the European Union Commission Regulation EC 1459/2005
maximum iodine concentration requirements in dairy feed stuffs should
not be more than 5 mg iodine/kg 88% dry matter. Several authors
suggested that iodine requirements for lactating cattle should be based on
the fact that in lactating cattle iodine utilization is increased since the rate
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of thyroxin production increases about 2.5 and increased iodine secretion
in milk (Sanchez, 1995; Enjalbert, 2009). But these recommendations
may vary in different countries and are limited through country-specific
regulations (Flachowsky et al., 2007). Recommended iodine intake in
cattle is designed to prevent iodine deficiencies, maintain adequate iodine
stores, sustain optimal thyroid function and to facilitate a high
performance in reproduction and production in cattle. But some authors
point out that these requirements are empirically established on
inappropriate approach and suggested that guidelines should be based on
targeted dose—response studies in animals using growth and performance
data, as well as laboratory diagnostic criteria (Schone and Rajendram,
2009).
Supplementation

Introducing optimal iodine concentration in dairy cattle very often
is achieved by adding iodine supplements in food or other form of iodine
uptake. The type of supplementation depends on management system, so
range of most suited options for certain system are needed. Therefore,
supplementation methods suited to common cattle management are via
the feed, water supply, slow-release bolus, solidified free-choice products,
skin application, long acting injection, or by periodic drenching. All these
methods were examined under experimental conditions as most suitable
in which supplements can provide short and long term efficacy (Grace
and Knowels, 2012). According to the EU Legislative, iodine nutritive
additives for feed supplementation in form of sodium iodide (Nal),
potassium iodide (KI), calcium iodate hexahydrate (Ca(103),x6H,0) and
calcium iodate (Ca(10s3),), are approved. Oral drenches, compressed salt
blocks, dispensing soluble minerals into a water supply and many
varieties of mineral premixes as food supplement, are considered as
simple methods that provides short term efficacy, best suited to farming
operations where animals are closely managed or handled frequently. In
contrary, methods which can provide long term efficacy, like forms of
products that create a persistent depot, intraruminal boluses and usage of
trace-element fertilizers are more suitable for open system management
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and reduce labor-using activity. A study based on iodine secretion
through milk, urine and feces in dairy cattle, shows the difference of
utilization between inorganic and organic iodine supplements (Franke et
al., 2009). It is very important to mention that iodine content in
supplements used in animal nutrition may be variable, since the physical
stability of the inorganic preparations of iodine is significantly lower and
depends on the method of storing (EFSA, 2013).

Farm management

Development of organic breeding system and other sustainable
production systems are very popular in recent years. Today, organic
production and organic livestock farming, which contribute to the
improvement of the environment and the health of animals and humans,
are increasingly relevant. Due to the strict rules regarding the use of
mineral-vitamin supplements in the diet of domestic animals, the iodine
content in organic milk can be in a very low range (Payling et al., 2015).
In order to enable sufficient iodine supplementation and to support animal
health, organic producers are using preventive approaches in accordance
to organic dairy feeding systems. (Combet et al., 2014; Lopez et al.,
2016).

Iodine metabolism - absorption, distribution and elimination

Iodine species (iodide, iodate) enters the body through food and
water mainly as inorganic and in a very small amount as organic form
(iodinated amino acids). Absorption largely occurs by the gastrointestinal
tract but there is significant absorption by the lungs and dermal/mucosal
surfaces (Vandecasteele al., 2000). Almost 80 to 90 % of dietary iodine is
absorbed in form of iodide by the gastrointestinal system, mediated by the
expression of NIS (Na'/I” symporter) on the apical surface of the small
intestinal epithelium (Nicola et al., 2009). Absorption may be influenced
by the different chemical form and stability of dietary iodine sources
(Zicker and Schoenherr, 2012). Abomasus plays an important role in
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iodine concentration and secretion (Miller at al., 1975). The abomasus
promote iodine conservation and forms an extravascular iodine pool, thus
preventing the urinary excessive loss of iodine which ensures the optimal
availability of iodine for further uptake by the thyroid gland (Mertz,
2012). The secretion of iodine in abomasus is 18 times greater than its
absorption. Most of the secreted iodine in abomasus later is absorbed by
small and large intestines. The recycling of iodine also includes iodine
secretion in small rate by the rumen epithelium and salivary gland (Mertz,
2012). But the rumen and other forestomach fluids do not concentrate
iodine in bovine. On the other hand, iodine pool incorporated in thyroid
hormones are secreted by the bile and only 10% is reabsorbed by the
intestine. After absorption iodine is distributed through blood in form of
inorganic nonprotein- bond iodine and the most bond-protein organic
iodine, after what is mainly transferred in to extracellular pool and tissues
specialized for the accumulation of iodide. The half-life of plasma iodine
is approximately 10 hours under normal circumstances and mainly vary
depended on thyroid activity and iodine utilization (Chung, 2014). The
blood clearance of iodine is through many tissues that are specialized in
utilization of iodine, predominantly in thyroid gland, and excretion of
iodine in urine, feces and milk. The thyroid gland is major organ that uses
over 70% of total iodine and its uptake is moderated by specific active
transport system specialized for iodine transportation in thyroid follicular
cells (Underwood, 1999; Ahad and Ganie, 2010). The amount of received
iodine manifested as concentration of iodine in thyroid gland, induces
morphological changes in thyroid gland (Peksa et al., 2011). The uptake
of iodine may be influenced by many factors that may reflect the activity
of the thyroid gland. The increased peripheral utilization of thyroid
hormones activates thyroid feedback control mechanism and stimulates
secretion of hypothalamic thyroid realizing hormone (TRH) and pituitary
thyroid stimulating hormone (TSH), that increase the iodine capture by
the thyroid gland (Sarne, 2016). Nevertheless, the content of thyroid
gland not always is indicative on thyroid gland activity since the thyroid
gland has very good storage capacity of iodine which can be used in
situations of increased need for thyroid hormones secretion.
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Iodine in other tissues and mammary gland

The mechanism of iodine accumulation also exists in the salivary
glands, gastric mucosa, choroid plexus, ovaries, placenta, and the
mammary glands during pregnancy and lactation. NIS transporters are
present on the epithelial lining on these tissues and accept iodine via
simport transport by the same mechanism as in the thyroid gland. This
structural and functional similarity of the NIS molecule with the thyroid
molecule exists, especially on the epithelial cell in salivary gland and the
gastrointestinal tract (Ravera et al., 2017). But the expression and
function are not under TSH control as it is in the thyroid gland.

In mammary gland, the processing and expression of the NIS
molecule differs and increases by increasing the level of lactation (Wen et
al., 2016). Prolactin, estrogen and oxytocin regulate the expression and
function of iodine transporters in mammary gland tissue (Tazebay et al.,
2000). The concentration of iodine is also influenced by the expression
and activity of deiodinase. In cattle, during lactation, type 2 deiodinase
(5'D-2) is predominantly active, which is important for maintaining T3
concentrations in mammary gland cells. This could be considered as an
adaptive mechanism to high milk production, providing enough energy
for intensive work of the mammary gland and maintaining the euthyroid
state (Pezzi et al., 2003).

The concentration of iodine in milk is positively correlated with
the iodine nutritional intake. Iodine supplementation has also resulted in
higher milk iodine concentration. But increased iodine intake in feed did
not have any effect on milk yield or protein and fat content in the milk
(Grace and Waghorn, 2005). In recent study, reduced iodine transfer was
observed in high yield cow assuming on effect of iodine dilution in milk
which can be minimized by controlled iodine supplementation
(Coneyworth et al., 2020). Inconsistent data has been reported regarding
the iodine concentration and milk yield, but according Flachowsky and
coworkers (2014) iodine concentration in milk should not be changed in
the case of linear correlation between iodine intake and milk yield.
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However, negative correlation was shown between the lactation phase
and the concentration of iodine in milk. Colostrum has two to three time
higher concentrations (264+100ug/L) than milk (98+£82ug/L) and the
concentration of iodine decreases towards the end of lactation (NRC,
2005).

Iodine concentration in milk can also be affected by the use of
iodine-containing solutions for teat disinfection before and after milking.
Increased iodine in milk was recorded in dairy cattle that were treated
before and after milking with iodine-based disinfectant. Some authors
suggest that the time of dipping and application of spray iodine
disinfectant could have more impact on iodine in milk (Miklas et al.,
2021). The available level of iodine in disinfectant and also milk yield
seems to be also important (Flachowsky et al., 2014), although there is an
argument about the mode that iodine enters in milk ( van der Reijdenet
al., 2017). Therefore, usage of iodine-based disinfectants in combination
with iodine supplementation could significantly increase the iodine
content in cow milk.

Conclusion

Meeting the optimal iodine requirements in dairy cattle is
necessary for optimal function of the animal organism and also to provide
adequate concentration of iodine in milk, available to newborn animal
and the more important optimal iodine supplementation in nutrition of
human population. Maintaining the optimal level of iodine in animal’s
body, is influenced by many endogenous and exogenous factors, but
iodine content in milk is more or less linearly related to the available
dietary iodine content. Other factors, like farm management, milk yield
and at finally milk processing, may cause significant variation in iodine
content and also could alter the availability of iodine in milk. Therefore,
recommendations given for optimization of iodine intake should be
followed but at the same time some measurements of reducing variation
of iodine concentration in milk should be considered.
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