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Abstract

The study compl esknowledge aboutthesignificance of zinc for ruminants, the causes and effects of insufficient zinc, sources
of zinc and its concentration in milk in connection with the human population, analyses the situation of zinc deficiercy in
cattle in the Czech Republic and addresses inorganic and organic formsof supplerrenting.
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INTRODUCTION

Intensification of production and increase of the
milk yield of cows requires not only full coverage of
the requirementsfor proteins and enegy, but also an
appropriate balancing of the mineral elementsand
vitamins with regad to physical form and interadion
betweenthecomponerts d thefeedprovided(Strusinska
etal., 2003).Provision of mineral-vitamin supplements
hastheeffed of increasing the concertration of vitamins
and macroand micro elementsn the coostrum and
milk (Strusinska, lwanska,1994)aswell asinfluencirg
the production and quality of milk (Kinal etal., 2004a).
In the caseof a Zn deficit in the feedration, there is a
reducedlevel also in milk, which hasan unfavourable
effed on the developmert of young ones (Lamond,
Périgoud, 1973in Vrzgulaetal., 1990).

State of feeding with zinc in the Czech Republic and
signifi canceof zincfor the organismof ruminants
Within the conditions of the Czedh Republic we
encaunter zinc deficieng diseaseprimarily in shat-
fed calves and bullocks, and lessfrequertly in dary
cows (lllek, 1990). The results d recertly conducted
monitoring of the zinc contert in con's milk in 84
stocksin 16 districts d the Czed Republic (Trévnicek
et al., 2004) shaved only approximately 13 % sub-
normative valuesand an averag concertration of 4.66
+ 0.59mg.|"%, and toxic limits were thus nat exceeded
A similar value was deeminedin Spain: 4.41 mg.I*
(Rodriguez etal., 2001in Dobrzaski etal., 2005). In
Pdand, within the Silesian macro region there was
an averag of 3,307+ 1,108 ug Zn.I* of milk in cows
a full lactation (Dobrzaski et al., 2005). Very low
valueswere recordede.g. in the milk of cowsin Croatia
- only 0.51+ 0.16 mg Zn.kg* (Sikiri¢ etal., 2003)and
in Cdif ornia, where concertrations were closeto the
analytical detedtion limit (McCaughey etal., 2005).
Zinc influences several hiological functions,
encanpassig DNA syrihess, cell division and gene
expressio (Prasd, 1991),and ranksamongstnutrients
which shae in bane formation on a cellular level
(RougheadandKunkel, 1991) asacomponert of alkaline
phosphatase(ALP) it plays arole in ossificaiion. Suchy
etal. (1998)mertionitsintegration into photochemical

processesf vision. Its positive effedt on the condition

of epidermis and epthelium, skin and hooves
(Kruczynska, 2004) may be placedwithin the context
of itsrole in keratinistion of mucousmenbranes,skin
and skin deilivatives (Suchy et al., 1998). According

to research sudies, zinc intake is important for the

regular function of the immune systen (Conway,

1988),isnecesary for cell-medidged immunity (Prasd,

1991),and an insuffi ciert amount of zinc, asobsrved
by Szczepaik and Wilkotek (2004) was the cause of

immunosuppession in trychophytosis. Presert studies
subsantiate the favouréable effed of organically bound
zincin increasing the level of immunodobulinsin the

cdostrums and in blood serum (Kinal, 2005a;Kinal et
al., 2004b),on increasing glucos and proteinsin blood

serum (Strusinskaet al., 2003),and on the production

(Kinal etal., 2004aKinal etal., 2005;Simek etal., 1995
in SiSke, 1997) and reproduction propetties of cétle

(Uchida etal., 2001; Campbell etal., 1999).Zinc plays

arole in the formation of insulin (Kruczynska, 2004)
and is necesary for the adivity of severalenzymesn

biological sydems (Prasd, 1991;Vrzgulaetal., 1990),
eg. alcohd delydrogenag, alkaline phosphatase

alddase lactate detydrogenag, RNA and DNA

polymerags, reverse transcriptase carboxypeptidag
A, B, G (Bendo etal., 1995)and superoxide disnutase
(SOD) (Yo, 1994 in Markiewicz et al., 2005), which

has antidioxant effeds — catalyses the conversion of

superoxide anions to axygen and hydrogen peroxide
(Noor etal., 2002in Blanderetal., 2003).

Manifestations of deficiency and excessof zinc in
ruminants

In animals a Zn deficienoy may be manifested in
changes in taste percefdion, accanpanied ly damag
to the tongue ejthelium, aswell asdisorder of kerain
syrthesis, limited grovth of limb bonesand sight
disorders (Anke etal., 1994).The medanism d growth
retardation in the caseof zinc deficieng can be seen
in loss of appetite, imperfed uswe of nutrients from
feedtuffs and in disorders of the protein and enegy
metabolism (Illek, 1990).A specific disorder resulting
from zinc deficieng is paraleratosis — a disorder of
the epidermallayer d the skin acurring in cales,
sheep goats and piglets. In calves it manifeds itself
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in charaderistic sheddiig of the coa around the eyes
(“glassg’), on the head nedk and limbs (Suchy etal.,
1998). Similar findings in freeliving ruminants were
obsrved ty Abdou (2005). Excessintake of Zn is
relaively rare in farm animals. It occurs for exanple
in piglets treated with medicanerts with high zinc
contert. An excessof zinc reducesthe digedibility of
phosphorus, causes anaemiaand digedive disorders.
Pdsoning is conditionedprimarily by the antagonistic
relaionship of zinc to iron and copper (Suchy et al.,
1998) Noales et al. (2001) note that excessie intake
of Zinc addiivesmay leadto disorders of the esential
fatty acid metabadism, which influencessyrthesis of
prostglandin.

Relationship of zincto reproduction, milk efficiency
and quality parameters of milk
Theinfluence ©Zn on reproductive functions resides
in its effed on hormones (impading on excretion of
gonaddrophins,androgensand prostaglandins,shaing
in proladin release playing a role in contraction of
myometiium during birth, influencirg the matility of
spem and their ability to penetrde the eqg) (Suchy et
al., 1998) and in its role as an antidioxant (Fettman,
1991in Noakesetal., 2001).

The effeds d Zn deficieng relae to bah male and
female individuals. The higher Zn requiremert in
malesin comparison with femalesis conneded to the
consideralte quantity thered in prosiate secretion.
In the case of diets with insufficiert Zn, retarded
developmert of testidesand impared spematogenesis
has leenobsrved (Anlke etal., 1994),aswell aspoor
spem quality (Swenson and Johnson), reduced libido
sexudis, in femalesimparedsyrthesisand secretion of
FSH and LH, abnormal ovary developmert, disorders
of the oestrous cycle (Bedwal and Bahaguna,1994),
diffi cultiesin becoming gravid asa result of impared
ovulation, reduced number d fertile eggs,aswell as
low hirth weight, extended greidity period (Anke et
al., 1994), complications during birth and frequert
occurrence of miscarriages (Bedwal and Bahaguna,
1994).PMlasmazinc may be a useful biomarker for risk
of spataneaus miscarriage, and declinein plasmazinc
may be caused lg PGF2apha (Grahamet al., 1995).
Zinc significantly reducesthe effect of retardation of
intrauterine development (Simmer et al., 1991), and
intrauterine deficit thered retards developmert o
testides and may delay the onset of sexual méaturity.
Thesemanifestations of deficiengy also relaeto humans
(Anke etal., 1994). Feedirg of organically bound Zn
togetherwith Cu, Coand Mnto dary cowssignificantly
reduces the inseminaion interval (Campkell et al.,
1999) and the length of the service period (Uchida
et al, 2001). Organically baund zinc favourably
influences milkproduction (Kinal, 2005a; Kinal et
al., 2005) and reducesthe number d sométic cellsin
milk thanks to improved keratin formation in the teat
channel (Simek etat., 1995in SiSke, 1997).In contrast
with the aforemertionedauthors, Uchida etal. (2001)
did not deierminetheimpad of the organic form of Zn
on milk efficiengy and the number d somdic sells. Zn
supplemertation significantly (P < 0.01)increased the

Zn conceriration in the cream but not in the skim milk
fradion, sypporting the hypothesisthat the effed of Zn
may be as®ciatedwith an effed in the milk fat globule
menbrane(Hemansenetal., 1995).1n raw cow's milk
acorrelaive dependencwasdeeminedbetweenthe
Zn contert and the contert of milk proteins (r_ 0.30)

X

and ureain milk (r 0.44)(Travnicek etal., 2004).

Inorganic versus organic zinc supplements and other
factors influencing the requiremert for zincin animals
Zinc aceurs mostfrequertly in the forms of ZnCl,,

ZnSQ, - 7H,0 or ZnO, and may also occur in the form

of organicsaﬁts(chemical bnding of mellic caionwith
the remainderof organic acid). Studiesconducted in
the 1970senalbed the compilation of a biotechndogical
metod of syrthesisof subsances- binding of micro-
elements with amino acids, polypeptides, proteins
or polysactharides (Stupczynska and Kinal, 2003a).
Consideralte interest in the use of chelae or organic
trace elements the diet d ruminants was sypported
by contributions for improved gravth, reproductions
and health in ruminantsfed by an organic form of trace
elementgSpears, 1996).Use of amino acidchelaesand
Bioplexesof zincfor the production of mineral addives
for ruminants is also subsantiated by their favourable
physical-chemical properties in comparison with
sulphaes and oxides (Stupczynska and Kinal, 2003Db).
The effedivenes of organic forms residesin their
higher adivity and biological availability (Hemken et
al., 1996in Kinal etal., 2004a),digestiblity of Zn from
bonds with proteindes, yeas cells, lactates et., and
is several times higher in comparison with inorganic
compounds. We of Zn from zinc sulphae indicaes
15-40% (Suchy et al., 1998). Higher absorption was

obsrved in zinc sulphae than in zinc oxide (Kinal,

2000). Higher absorption and utilisation of zinc in its
organic forms is also confirmed ty Kinal (2005b)in
lambs, whilst aganst this Spears (1989in Spears, 1996)
mentions equal absarption of Zn from the form of Zn-
metionine and zinc oxide. Upon use of the organic
form, statistically significant differences of the Zn
contert in the serum of calves(Kinal etal., 2004a)and
piglets (Novotny etal., 2005)were obsrved Whitaker
etal. (1997)did not deeminedifferencesn the number
of somaic cellsin the milk of cows sypplemerted with
an addition of theinorganic form of Zn + Zn-proteinae
and dary cows fed only with the inorganic form of Zn.
A positive impad of organically bound Zn was also
foundin poultry (Jankowski etal., 2003).

Regrption of zincis furtherdependem on the quantity
thered in the feed(in the caseof a reducedquantity of
zinc resorption is increased and conversely is reduced
in the caseof a high quantity of zinc), on age, and
interadion with other elemetms: Ca, Fe Cu, Cd, Mn,
Se (Suchy etal., 1998),Mg, As, Ph Hg and Al. Low Zn
contert in earth and feeds,high intake of phosphates,
deficieng of carbohydraes,vitamin A and aminoacids
in feed conditions the occurrence of hypozincaemia
(Vrzgula and Sokol, 1987). Absorption of zinc is also

reduced ly an exces or deficiengy of proteins in feed
(Vrzgulaetal., 1990).Lowerabsorption of zincwasalso

obwrved after aal feedirg of large doses of zinc and
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in the preenceof interfering factors in diet, suc as
phytates,whereas absorption of zincis increased in the
caseof low body weight and reducedcontert of zincin
the organism(Bene&n Neuberg, 1978in Bencko etal.,
1995) Ofallthedietary addtives,phyticacids prdinarily
foundin plants, have the mostapparent impad on the
degeedf utility of zinc. Thishowever probally concemns
only hexghosphate and pentaphosphate detivatives of
inositol, forming insoluble and thus unusable calcium-
zinc-phytate complexes,which shavsthat the degeeof
utility of zinc from a diet containing phytate depends
also on the presenceof calcium (Kvasnikova, 1998).1n
balancing the Zn requiremert it is necesary to devote
attention also to the contert of Fe and Cu (Grelaand
Pastuszak, 2004). Increasing the Zn dose to the level
of 1,000-3,000mg.kg? of feedled to a dedine in the
concertration of Cu in blood serum (Hill etal., 2001
in Grelaand Pastuszak,2004)and in connectio with
areducedconcertration of cemuloplasminto lower use
of Fe

Resorption of zincis an adive process,a pat of zincis
retained in intestinal mucous,from where it is slowly
releaed In the intestine this binds to protein and
upon consumption of ATP is carried wer the basa
menbrane Absorbed zinc binds to albumin and is
distributed via the liver to further tissues(Suchy et
al., 1998).In experimenrtal animalsabsorption of zinc
is stated within a scope from 10 to 90 %. In healthy
persons, 58-77 % absorption was deemined upon
provision o low doss of ®ZnCl,, in paients with
acrodermatitis enterohepaticaonly 16-42% absorption
of the givendoe wasdeemined(Lombed etal., 1975
in Bencko etal., 1995). Elimination of Zn takesplace
mosty through defecdion (Vrzgulaetal., 1990),e.9. in
mice 50 % of the given doe wasfoundin defecdions
during the course of one weekfollowing intravenaus
dosirg of 0.3 ug ZnCl,, secretion in urine was lower
(< 5 %) (Sheline etal., 1943 in Bencko etal., 1995).
In dary cows Kroupova (2002) states Zn contert in
defecdions within the range of 39.3-196.4mg.kg* of
dry métter. Excessve intake of calcium plays arole in
increasing Zn secretion through defecdion (Kroupova
etal., 2001).

Contenyorary researcheshaveergagal withtheimpad
of the yeastculture Saccharenycescerevisiaé®®on the
availability of mineral subsincesfor milk syrthesis.
The effed depends 0 the dynamics of degradéon of
mineralBioplexesin the rumenand the mineral sétus
of dary cows (lwanska et al., 1999). The addition of
yeastcellsstimulgedanincreasein the Znlevel in milk
(Strusinskaetal., 2004).The addition of yeastcellsand
chelaesof mineral elementcreasestheir availability
for rumen micro-organisms, and thus conditions the
growth of transpat of micro-elementsnto tissuesor
blood (Strusinskaetal., 2003).

Sourcesof zincfor animals, evaluation parameters of
deg eeof supply of zincto animalsand its occurr ence
in the organism

Natural sourcesof zinc for farm animalsare primarily

bran, grans and fodderyeasts (Suchy etal., 1998).The

average zinc concertration in feedss 36 mg.kg* of dry

matter (Minson, 1990in Undemwood and Suttle, 2001).
Bujanowicz-Haras etal. (2004)deemminedan averag
of 33.60 mg Zn.kg! of dry métter in standard feed
dosesin centraland eastein Pdand. A liquid addtive
of mineral element$§Nutra-Lix, Billings, MT), which
containsinteralia330mg Zn.kg* (Earley etal., 1999)is
also currertly commecially availablefor céttle.

Upon an evaluation of zinc deficit, measuremerof the
zincconcerirationin blood plasmais takenasthe basis
(Kvasntkové, 1998).1n a human this is approximately
15 pma Zn.I* (Jackson, 1989 in Tapiero and Tew,
2003) in blood plasma, a referential physiological
range of 10.7-16.8umal.I* is stated (Masopust,1982).
Thenormal scope of Zn in the plasma 6dary cowsis
10.5-17umol/l (Calamari etal., 1989in Masoero efal.,
1998).Strusinskaand Iwanska(1994)publish the value
of 15.7umal Zn.I* in the blood plasma 6cows 60 days
pod partum. TheZn requiremert for catleis 50mg.kg*
(min.45,max.250)of dry matter d feeddos, for dary
cows in lactation this is 850-1,200mg Zn.dg* (upon
consumption of 17—24kg per dry matter) and for non-
lactating dary cows 600mg/day (upon consumption of
12 kg per dry matter) (Kruczynska,2004).In clinically
healthy dary cows in full lactation and age of 4-12
yearsan amount of 2,575+ 6449 Zn.I* of whole blood
wasdeemined(Dobrzaiski etal., 2005),Kruczynska
(1992) observed that the level of zinc in blood serum
of cows is on averag 13.0-48.7umal.I'* and in calves
10.7-39.Qumal.I2.

Zinc concertrations in blood serum or plasmaare the
mod widely used indictor, but low valuesare usually
an early change and a measure of deficiengy, lacking
cettainty and sensitivity as a diagnostic dterion.
However, arecert study reportedareductionin growth
before any fall in plasmazinc in heifers (Engle et al.,
1997in Undemwood and Suttle, 2001).

There is a considerable quantity of Znin cow's milk in
comparison e.g. with the Cu contert. According to lllek
etal. (2000) milk contains 4-5mg Zn.I*. The concen-
tration of Zn in milk is higherthan the concernration
of Se (Hatano etal., 1985in Alaejosand Romeio, 1995).
Campillo etal. (1998)deemined3 +0.2ug Zn.mit in
cow's milk and 23.5+ 0,3 ug.g* in dried milk. TheZn
contert in milk can be influenced # nutrition, whilst
the contert of certain elements (&, P)in milk is con-
stant and is not reduced evenin the caseof a severe
deficieng/ of these elemets, becaise dédry cows re-
leasetheseelementsnto milk from the skelebn (lllek,
1998).According to McCaughey etal. (2005),the min-
eralcomposition of milk doesnot dependon diet.Lehti
(1990)deeminedthat agehasno significantinfluence
on the Zn quantity in milk.

The most zinc in the organism is found in muscle
tissueg the liver, bonesand mammay glands (Suchy et
al.,, 1998).In milk Zn is bound primarily to cdloidal
calcium phosphate of the casén micelle (Silva etal.,
2001). In the blood zinc is 75 % baund in plasma
(primarily to proteins), 22 % in erythrocytes 3 % in
leukocytes (Sollman, 1957in Bencko etal., 1995).The
conceriration of zinc in plasmais approximately 15
umol.I* of which 84 % is bound to albumin, 15 % to
a2—maaoglobulin and 1 % to amino acids (Jackn,
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1989 in Tapiero and Tew, 2003). After intravenaus
dosirg %Zn quidckly disgppearsfrom blood and appears
in a high concertration in the pancreas,liver, spleen,
kidneys, and only in low concertrationsin the muscles
and brain (Rubini et al., 1961, Spencer efal,, 1965in
Bencko etal.,, 1995).Vrzgulaetal. (1990)state similar
findings,de<cribing the creation of reservesin theliver,
speenand pancreaswhich can be mobilised. Following
Zn syplemeration an increased Zn contert was
ob=rvedin bonetissuein bulls (lllek, 1990)and other
animals,eg. piglets(Novotny etal., 2005).

The effect of zinc supplemerting, zinc coitent in
products of animal origin and determination of the
zincrequiremert in people

Expeaimerts conducted on calves,heifers and bullocks
infeedirgfoundapositiveimpad of zincsuypplemerting
on grovth and also on certain biochemical paameers
of the blood. Long-tem sypplemerting of Zn and
Co to feedfor bullocksin feedirg hada fundametel
impad on the intensity of growth of animals (16 %
higher weight gan), the contert of haemotpbin and
the number d erythrocytes,and in the shat term also

the levels of proteinaemia,glycaemiaand zincaemia.

The contert of vitamin B, in blood plasma and Co
and Zn in the liver tissueof animalswas significantly
influenced (lllek, 1990).

Foodstuffs of animal arigin contain alarger quantity of
zincin comparison with foodstuffs of avegetable origin
(lllek, 2000). Milk is a source of very well available
zinc for human nutrition. The absorption rate of Zn
from milk is steted at approximately 61 % (Bell etal.
1987).Cheess and yoglurts have a higher Zn content
than raw milk (Park, 2000). For persons in the Czedh
Republic, Znin milk coversfrom 18.5% (breastéediry
women) to 29.6 % (children aged 1-10) and 59.2 %
(children aged under 1) of the daly requiremen
(Trévnicek et al., 2004). A higher Fe sipplemert in
infant formulas may lead to reducedzinc absorption
from these products (Craig et a., 1984).In human milk
there is approximately 1/3to ¥lessZn than in cow's
milk: 1.12 + 0.05 pg Zn.ml* (Campillo et al., 1998),
2.93% 2.11mg.I"* (Pilecki etal., 1999), approximately
3mg Zn.I* (Schlettwien-G=ll and Mommsen-Straub
1970in Bencko etal., 1995), whilst bioavailability of
certain mineral element&rom human milk is however
higher than from cow's milk (Emmet and Roges,
1997).1n orderto undestand the problem d the zinc
meibolism within the human organism techniques
have been developed enabliy measuremdnaof even
small changesin the dosageof the zinc siable isotope
in biological samples, the use of which wasapplied in
study of the role of the intestinesin mairtaining zinc
homeosésis,and which are paticularly valuable for the
study of regulaing of homeosasisof Znin childrenand
womenduring the sexual cycle (Krebsetal., 1995).
Theconceriration of Zn and its bioavailabili ty probaly
determineghe contert of milk proteinsin human milk
in a significant manner (Farida and Srikumar, 2000),
and the contert thered significantly reducesthe length
of the durdion of lactation (Dai and Tang, 1991).6,040
+ 3,590 ug Zn.I* was deeminedin the colostrums
of women,and in maure milk approximaely 8-times

less: 760+ 600 pg.I* (Rosspal and Krachler 1998).
Benemaiya etal. (1995)recordedareduction of theZn
level in human milk during lactation from an average of
3.8+ 0.5ug.mittothevalue d 0.75+ 0.02pg.mi* (after
10 months). Significant changes in zinc conceriration
in human milk during the course of lactation are also
stated ty Dorea (2000). In the first days pod partum
the zinc concenration drops sheply, and later slowly
dedines,and in the 3@ month readesarelaively stble
level. Despte the increasing consumption of milk by
infants the overall zinc intake is reducedasa result of
the reduction of its concertration in milk. Although
human milk sufficiertly covers the nutritional
requirements bchildren for growth, dermatiis from
zinc deficit is decribedin approximately the 3@ month
(more frequertly in premaurely ban infants). The
suscepbility of infants to dermetitis conditionedby a
zincdeficieng is probablly conneded to themetabalism
of the infants bodily reserves.Supplemerting mathers
with zinc with the aim of eniiching the mathers milk
wasnot effedive, but it seems that abnormalities of the
zinc meibolism corred thenselves during gestation
and lactation. The occurrence of dermatiis due to
Zn deficieng in premaurely barn infants aged 2-
4 months is also mertioned by Zimmermann et al.
(1982in Yu, 1999).

Methods of determinin g zinc

Determining zincin biologicalmaterial waspreviously
conduced spectophotometrically, polarogrgphically
and spedrogragohically. Todg priority is given to
the atomic absrption spedrophotometic metod
(Bardodgj et al., 1980 in Bencko etal., 1995). The
high sensitivity of this metod enalles deeminaion
of low concernrations of zinc in samples from the
environmert and also in biological materials (tissues,
blood, plasma,hairs, urine). Other metods which
can be usedat presert to deermine zinc are neuron
adivation analysis (Anonymous, 1989in Bencko etal.,
1995)and inductively coupled plasma ptical emission
spedrometry (ICP-OES)(Silvaetal.,2001;Dominguez
etal., 2004a).Thetested ion chromatogrgphic metod
was suitable for determining Zn (Buldini etal., 2002).
In recert years Inductively Coupled Plasma-Mss
Spedomeery (ICPMS) has lecome the dominant
method for traceand ultra-traceanalysis, which at
presern hasaconsiderally lowerdetdion limit for the
mgority of elementshan ordinary analytical methods,
and is charaderised by high measuremdnspeed
low sample consumgption, high productivity and the
possbility of detemmining the isotope composition of
elements(Bend| 1997). The DF-ICP-MS (DF-doulde
focusing), following microvave assiséd digedion, is
usedor concurrentanalysesof mineral elements milk
samples. DF-ICP-MS instrumens are able to overcome
inter-atom interference (mutual interaction), which
does not resolve the use o the ICP-MS quadropole
(Martino etal., 2001).
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