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Balancing mineral nutrition of dairy cows is done according to the mineral
elements requirement for daily milk yield production by increasing the number of
dividing the share of crude protein in the diet on milk protein and minerals needed
for metabolic processes in the body. The requirement for mineral elements for milk
production, metabolic processes in the body and general requirement and their
ration content ant the elements assimilation ratio, the balance between the
requirement and forage availability for assertion should be mentioned. The insertion
of mineral supplements for satisfying physiological requirements should be
determined.
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There are three main assessment methods of cows mineral nutrition balancing,
they are empirical, factorial, system and Kinetic, each of them has its advantages and

disadvantages. The system and kinetic method is the development of the first



mentioned two methods on the tissue and cell levels taking into consideration
dynamic interactions of nutrients, replacement and compensation of substratum,
autoregulation effects [17, 19].

The excessive supply of animals by mineral substances causes the reducing of
forage nutrients usage, their productivity, reproducible ability and their resistance to
diseases [9].

The standards of cows mineral nutrition for certain elements differ greatly in
various countries. In order to compare them we will give some standards for cow
with body weight 600 kg, daily milk yield of 30 kg of milk fat 4% (per 1 kg dry
matter of feed): Russia [5] — 6.55 g Ca; 4.72 g P; 1.6 g Mg; 6.55 g NaCl; 6.7 g K;
219 S; 74 mg Fe; 10 mg Cu; 63 mg Zn, 63 mg Mn; 0.79 mg Co 1 0.88 mg J;
England [25] — 3.4g Ca; 3.1gP; 1.7 g Mg; 1.2 g Na; 7.4 g K; 40 mg Fe; 12 mg Cu;
40 mg Zn, 40 mg Mn; 0.11 mg Co; 0.5 mg J i 0.1 mg Se; the USA [23] — 5.8 g Ca;
3.7gP;2.0gMg; 1.8g Na; 9.0g K; 50 mg Fe; 10 mg Cu; 40 mg Zn, 40 mg Mn; 0.1
mg Co; 0.6 mg J10.3 mg Se; Japan [21] — 5.7 g Ca; 3.8 g P; 1.6 g Mg; 1.8 g Na; 8.0
g K; 50 mg Fe; 10 mg Cu; 40 mg Zn, 40 mg Mn; 0.1 mg Co 1 0.1 mg Se; Germany
[20] — 5.9 g Ca; 3.8 gP; 1.5 g Mg; 1.3 g Na; 50 mg Fe; 10 mg Cu; 50 mg Mn; 0.1
mg Co; 0.5 mg J 10.15 mg Se; Belorussia [12] — 8.2 gCa; 5.5gP;2.0g Mg; 6.6 ¢
NaCl; 6.7 g K;2.89S; 75mgFe; 14 mg Cu; 75 mg Zn, 86 mg Mn; 1.3 mg Co; 1.0
mg J 10.1 mg Se.

The unbalance of mineral nutrition of cows has characteristic clinical signs of
certain diseases in experimental conditions. The pathology of mineral nutrition can
be defined only by the biochemical examination of blood, organs and tissues, milk,
feces, pelage and analysis of forage and water. The importance of animal diet
balance by the elements that has not been researched has been experimentally
proved, they are silicon, selenium, chromium, lithium, boron, aluminum and others
[8].

The need for 1 kg of dry matter intake of cows for 15 mineral elements and the
data about requirements in these minerals by leading countries were summarized
(Table. 1 [8]) on the base of VA Kokorev others extensive research (2004).



1. The requirements of cow with body weight 600 kg, daily milk yield of 30 kg of

milk fat 4% (per 1 kg dry matter of feed) in mineral elements

in the leading countries

Element USA | Germany | Denmark | France | England | Belorussia | Ukraine | Latvia
Ca(Q) 6,5 6,6 3,4 57 59 8,2 7,3 6,5
P(9) 4,6 4,7 3,1 3,8 3,8 55 3,9 4,7
Mg (9) 1,7 1,6 1,7 1,6 15 2,0 2,3 1,6
Na (g) 2,5 - 1,2 1,8 1,3 - 1,6 -
CI(g) 3,0 - - - - - - -
NaCI(g) | 6,1 6,6 - - - 6,6 - 6,5
K (g) 6,7 6,7 7,4 8,0 - 6,0 7,5 6,6
S(9) 1,8 2,1 - - - 2,8 - 2,0
Fe (mg) 83 74 40 50 50 5 - 70
Cu(mg) |10 10 12 10 10 14 11 11
Zn(mg) | 49 63 40 40 50 75 38 70
Mn (mg) | 43 63 40 40 50 86 52 70
Co(mg) | 0,65 0,79 0,11 0,1 0,1 1,3 0,22 0,9
I (mg) 0,50 0,88 0,50 - 0,5 1,0 - 1,1
Se (mg) 0,15 - - 0,1 0,15 on 0,1 0,20
Mo (mg) | 0,33 - - - - - - 0,37

According to Durst and Vittman research (2003) the norms of iron, copper,

manganese, zinc, selenium, iodine and cobalt for cows per 1 kg dry matter are shown

in the table 2 [4].

2. The norms of microelements for cattle

(mg per 1 kg dry matter)

Microelement Calves up to 150 kg body weight Young animals Milking Cows
Iron 100 50 50
Copper 4 10 10
Manganese 60 50 50
Zinc 50 50 50
Selenium 0,15 0,15 0,15
lodine 0,25 0,25 0,50
Cobalt 0,10 0,10 0,10

Microelements Zn and Cu are classified as essence and heavy metals [1, 7].

However, they are positioned as biotic, atmophile or toxic depending on their

concentration in various biological objects (soil, plants, and animal products) and

their influence on animals and human bodies [18].

Nowadays the vitamin and mineral premixes of different structure produced by



domestic and foreign firms are used in dairy cattle-breeding to balance mineral
nutrition of cows. The main aim is to increase milk productivity of the cows without
taking into consideration the microelements balance that is transition of heavy metals
from diet into milk [3, 13] and their discharge from the feces and urine of animals
[18]. In the connection with the above mentioned to estimate the amount of removal
of essential trace elements Zn and Cu from manure and chicken litter into the soil to
prevent their excessive accumulation is very important [18].

Some researchers think that microelements dose in the animals diets should be
limited in order to reduce surface pollution by decreasing their applying with animals
manure and chicken litter. The laws on the maximum allowable concentrations of
copper, iron, zinc, cobalt and manganese in the litter were adopted in EU countries in
2003 [15].

However, the balance of mineral nutrition by the norms of mineral elements
per 1 kg dry matter has considerable differences. The iron requirement by the USA
norms per 1 kg dry matter is 83 mg, in Denmark — 40 mg, France and England — 50
mg, cobalt requirement in the USA is 0.65 mg, Germany — 0.79 mg, Denmark,
France, and England — 0.11-0.10 mg (table 1). So, the norms of mineral nutrition per
1 kg of dry matter don’t have the evolution criteria; they should be the base for
physiological balance of rations for milk production and metabolic processes cows
that have different productivity.

The material and methods of research. The new principle of mineral
nutrition balance for lactating cows is based on physiological criteria of mineral
nutrition evaluation. Such principle of mineral nutrition for lactating cows is not
based on the norms of mineral elements per 1 kg of dry matter of ration forage; it is
based on the mineral elements requirement per daily milk yield increased by quotient
of crude protein in milk and protein needed for metabolic processes cows, i.e. all the
tissues, internal and biological liquids, their portion is 50% except bones, the mineral
contents is taken as average in muscular tissue.

The suggested principle of mineral nutrition lactating cows balance will

provide the optimal level of metabolism, milk quality and reducing of discharge from



the feces of heavy metals (copper, zinc, manganese and cobalt); it is important factor
in organic crop production.

The research results. The requirement for macro- and microelements for milk
production and metabolic processes that are equaled 50% of body weight according
to our principle of cows mineral nutrition balance in comparison with the general
requirements according to the USA and Russia norms for dry matter of ration forage
is shown in the 3" table.

The calculations were carried out as follows.

The average daily milk yield of 20 liters was taken as an example; the protein
content was 3%.

Ca, its content is 1.2 g/l in milk [14], 0.012 g/kg in the muscle tissue [11];
0,012 x 300 (50 % of body weight) = 3.6 g — the requirement for metabolic processes;
20 liters of milk x 3 % (protein content) /100 = 600 g; the quotient of crude protein
in milk with daily milk yield of 20 liters per milk quantity [6]: 2325 : 600 = 3.9; 20 x
1,2 x 3,9 = 93.6 g — the requirement for milk production and general requirement is
93,6 +3,6=97.2g.

P, its content is 1.0 g/l in milk [14], 0.013 g/kg in the muscle tissue [11]; 0.013
x 300 (50 % of body weight) = 3.9 g — the requirement for metabolic processes; 20 x
1.0 x 3.9 = 78 g — the requirement for milk production and general requirement is 78
+3.9=824¢.

Mg, its content is 0.12 g/l in milk [14], 0.07 g/kg in the muscle tissue [11]; 0.07
g/kg x 300 (50 % of body weight)= 21 g — the requirement for metabolic processes;
20 x 0.12 x 3.9 = 9.36 g — the requirement for milk production and general
requirement is 9.36 + 21 = 30,36 g.

Cu, its content is 0.15 mg/l in milk [9], 0.3 mg/kg in the muscle tissue [11]; 0.3
mg/kg x 300 (50 % of body weight)= 90 mg — the requirement for metabolic
processes; 20 x 0.15 x 3.9 = 11.7 mg — the requirement for milk production and

general requirement is 11.7 + 90 = 101.7 mg.



3. The comparative evaluation of norms for macro- and microelements for cows
with body weight 600 kg and different productive levels by the requirement for
milk production and metabolic processes in comparison with the norms of

Russia and the USA per 1 kg dry matter of ration

Mineral elements Cows productivity, |

12 16 20 24 28 32 40
The requirement of Ca, g for:
milk production 68 81 94 112 128 154 | 187
metabolic processes 3,6 3,6 3,6 3,6 3,6 3,6 3,6
general requirement * 72 84 97 116 131 157 191
Russian norms [6] 78 94 110 126 142 158 | 190
Dry matters of the USA [23] 104 114 123 134 144 154 | 172
The requirement of P, g for:
milk production 57 67 78 94 106 128 | 156
metabolic processes 3,9 3,9 3,9 3,9 3,9 3,9 3,9
general requirement * 61 71 82 98 110 132 160
Russian norms [6] 54 66 78 90 102 114 | 138
Dry matters of the USA [23] 73 81 87 94 102 109 | 121
The requirement of Mg, g for:
milk production 7 8 10 11 13 15 19
metabolic processes 21 21 21 21 21 21 21
general requirement * 28 29 31 32 34 36 40
Russian norms [6] 25 28 30 32 35 37 42
Dry matters of the USA [23] 27 30 32 35 38 40 45
The requirement of Cu, mg for:
milk production 9 10 12 14 16 19 23
metabolic processes 90 90 90 90 90 90 90
general requirement * 99 100 102 104 106 109 | 113
Russian norms [6] 100 120 135 175 200 250 | 305
Dry matters of the USA [23] 159 175 189 205 221 237 | 264
The requirement of Zn, mg for:
milk production 228 269 312 374 | 426 512 | 624
metabolic processes 570 570 570 570 570 570 | 570
general requirement * 798 839 882 944 996 | 1082 | 1194
Russian norms [6] 665 785 905 | 1130 | 1295 | 1575 | 1940
Dry matters of the USA [23] 779 857 926 | 1004 | 1083 | 1161 | 1294
The requirement of Fe, mg for:
milk production 165 195 226 271 309 371 | 452
metabolic processes 2100 | 2100 | 2100 | 2100 | 2100 | 2100 | 2100
general requirement * 2265 | 2295 | 2326 | 2371 | 2409 | 2471 | 2552
Russian norms [6] 890 | 1050 | 1210 | 1390 | 1590 | 1800 | 2215
Dry matters of the USA [23] 1320 | 1453 | 1569 | 1702 | 1834 | 1967 | 2191
The requirement of Co, mg for:
milk production 0,192 | 0,256 | 0,32 | 0,384 | 0,448 | 0,512 | 0,64
metabolic processes 6 6 6 6 6 6 6
general requirement * 6,2 6,26 | 6,32 | 6,39 | 645 | 6,51 | 6,64
Russian norms [6] 7,8 9,2 10,6 | 13,9 | 159 | 20,3 | 24,9
Dry matters of the USA [23] 10,3 | 11,4 | 123 | 133 | 144 | 154 | 17,2
The requirement of Mn, mg for:




milk production 6 7 8 9 11 13 15

metabolic processes 105 105 105 105 105 105 105
general requirement * 111 112 113 114 116 118 120
Russian norms [6] 665 785 905 | 1130 | 1295 | 1575 | 1940
Dry matters of the USA [23] 684 753 813 882 950 | 1019 | 1135

Zn, its content is 4 mg/l in milk [9], 1.9 mg/kg in the muscle tissue [11]; 1.9
mg/kg x 300 (50 % of body weight) =570 mg — the requirement for metabolic
processes; 20 x 4 x 3.9 = 312 mg — the requirement for milk production and general
requirement is 312 + 570 = 882 mg.

Fe, its content is 2.9 mg/l in milk [9], 7 mg/kg in the muscle tissue [11]; 7
mg/kg x 300 (50 % of body weight) =2100 mg — the requirement for metabolic
processes; 20 x 2.9 x 3.9 = 226 mg — the requirement for milk production and general
requirement is 226 + 2100 = 2326 mg.

Co, its content is 0.004 mg/l in milk [22], 0.02 mg/kg in the muscle tissue [11];
0.02 mg/kg x 300 (50 % of body weight) =6 mg — the requirement for metabolic
processes; 20 x 0.004 x 3.9 = 0.312 mg — the requirement for milk production and
general requirement is 0.312 + 6 = 6.3 mg.

Mn, its content is 0.099 mr/n [9], 0.35 mg/kg in the muscle tissue [14]; 0.35
mg/kg x 300 (50 % of body weight) = 105 mg — the requirement for metabolic
processes; 20 x 0.099 x 3.9 = 7.72 — the requirement for milk production and general
requirement is 7.72 + 105 = 112.7 mg.

The discussion of research results.

Calcium. Taylor M. S. and others [24] compared the rations that were differ by
the Ca concentration (0.52 %, 0.78 % and 1.03 % of dry matter) at the beginning of
lactation period of cows. The calcium content was changed by increasing the level of
limestone in the ration. The consumption of dry matter didn’t differ in the rations, but
the daily dose of Ca increased from 0.52 % (125 g/cow) to 1.03% in ration dry
matter, it was 248 g per cow. The milk yield and its calcium (48-49¢) didn’t differ
among rations. The main discharge of Ca was with feces. As a rule, the calcium
assimilation in the intestine is controlled process and it changes a bit because of its

requirement. The Ca assimilation, as a rule, is not high; it is 15-35% of consumed.



The discharge of Ca with feces was from 88 to 168 grams per day and its assimilation
was from 26.5 to 30.8% of consumed. The Ca discharge with urine was less than 1g
daily at all three diets. Generally, if the Ca was 0.52% of ration dry matter during the
early lactation period the Ca balance was negative and there was calcium release
from the bones; two other rations had positive balances.

Phosphorus. The standards for cows P requirements in accordance with NRC
(1989) is from 10 to 22%; they are higher than in previous NRC (1978) because of
provided reducing its absorption efficiency [23]. The deficiency or surplus of Ca and
P can cause postnatal paresis of cows. The optimal Ca and P ratio is 1.5:1-3.5:1, the
best ratio is skeleton bones, it is 1,5-2:1 [7]. However, the ration should be balanced
according to Ca and P requirements, but not to their ratio. The level of phosphorus
assimilation is 30-40 % [16].

Copper. The difference between the US and Russian Cu standards and our Cu
requirement for milk production and metabolic processes is rather considerable; it is
2.5-3 times higher. We should mention that Cu-containing enzyme ceruloplasmin
restricts 95 % of changeable Cu in the cows’ bodies, regulates the iron accessibility,
involves in redox reactions and can regulate immune function [26]. The Cu
requirement for metabolic processes in the cow body weight of 600 kg is 90 mg and
for milk production with milk yield 40 I is 23 mg. The minimal horse requirement for
Cu is 60 mg per head. The molybdenum excess and sulfur rate cause copper
deficiency [26]. Saponite as mineral supplement is a natural source of copper for
COWS.

Iron. The milk production iron requirement is minimal; it cannot give the
necessary amount for young organism, but such low level has one positive effect, it
limits the bacteria growth in the milk, because milk is necessary for reproduction of
different bacteria. The metabolic iron requirement for cows with different productive
level is more substantial and larger than general requirements by the dry matters of
Russia [6] and the USA [23]. The iron assimilation from roughage is about 3-4% [7].

Cobalt. In the rumen the microorganisms are used to synthesize vitamin By,

its molecule (cyanocobalamin — Cg3Hg,014Co0) contains one cobalt atom (4.5 weight



percent) [7]. 1 liter of milk contains 4.2 mkg of By, [2], it is equal to 0.189 mkg of
cobalt. According to other authors milk contains 0.002-0.003 mg/l of cobalt [9];
Malbe M. [22] thinks milk contains 0.004 mg of cobalt.

So the requirement of cobalt for milk production and metabolic processes for
cows with daily milk yield 40 | is 6.63 mg, according to Russian dry matters
standards [6] the requirement is 24.9 mg, according to the US dry matters standards
[27] the requirement is 24.9 mg. The natural source of cobalt is saponite; it contains
0,5-4,0-10% % [7] of cobalt. The average cobalt assimilation is 30% [7].

Manganese. The Mn requirements for milk production are minimal. If the milk
yield is 40 | of milk the requirement is 15 mg for metabolic processes in the cow
body weight of 600 kg is 105 mg. The Mn general requirements for cows with such
productivity and body weight of 600 kg is 120mg, according to dry matters Russian
standards[6] it is 1940 mg and US [23] it is 1135 mg; it is in 10-16 times more. The
animal body contains about 0.2-0.3 mg of manganese per 1 kg body weight and it is
distributed in such way: the skeleton has 55-57 %, liver — 17-18 %, muscles — 10-
11%, skin — 5-6%, other organs — 10-13 %. About 1% of manganese is absorbed by
ruminants from forage [7]. The animal Mn requirement is caused mainly by its
reproductive functions but its requirement for intensive growth [10]. According to
Russian norms the Mn requirement is 1940 mg and its assimilation at 1.0 % is
19.4mg, the largest part is discharged with milk and the rest is left for metabolic
processes in the cow body.

The Mn requirement of cows is 20-25 mg/kg of forage, but its norms are
increased in 2-3 times because of its important role in regulation of reproductive
function [25, 20]. However, the increasing Mn content can suppress the immune
system and reduce the lifespan of animals [9].

Conclusions

The balancing of mineral nutrition of cows according to the standards of
mineral elements per 1 kg of ration dry matter has considerable differences. So, the
US iron requirement per 1 kg of ration dry matter is 83 mg, it is 40 mg in Denmark, it

Is 50 mg in France and England; the US cobalt requirement is 0.65 g, it is 0.79 mg in



Germany, it is 0.11-0.10 mg in Denmark, France and England. So, the norms of
mineral nutrition per 1 kg of ration dry matter don’t have evaluation criteria, they
should be base for physiological standards for milk production and metabolic
processes of the bodies of cows with different productivity level.

The analysis of macro- and microelements balance for milk production and
metabolic processes in the animal body and standards by dry matter ration is a
confirmation that these figures shouldn’t be equal. The requirements of mineral
elements for milk production and metabolic processes and general requirements
should be mentioned in the rations of cows with different productive level; the
balance between requirements and availability of elements in the forage should be
mentioned, too. The insertion of mineral elements to the ration is calculated to satisfy
physiological needs.
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HoBi npuHuunu OanaHCyBaHHS MIHEPaIbHOTO >KUBJEHHS NIMHUX KOPIB 3a
noTpeO0I0 Ha YTBOPEHHS MOJIOKA 1 0OMIHHI IPOIIECH B OpraHi3MI.

Kymuk M. @., linopenko T. O., O6eptiox 0. B., Ckopomnua O. 1., Tyunk A. B.

banancyBanHs MIHEpaTbHOTO >KMBICHHS IIMHUX KOPIB TMPOBOIUTHECS 3a
MOTPeO0I0 MIHEpaIbHUX CIIEMEHTIB Ha TPOAYKIII0 J000BOr0 HAIOK0 MOJIOKA TPHU
30UIbIIEHH] I1i€1 KUTbKOCTI HAa YacTKy JUICHHS CHPOTO MPOTEiHy B paIlioHI Ha
KUTBKICTh OUTKa MOJIOKA 1 TOTPeOO0I0 MIHEpATLHUX €IEMEHTIB Ha OOMIHHI TIPOIIECH B

oprauiBMi. Y paiioHaX HEOOXIIHO 3a3HAaYUTH MOTPeOy MIHEpATbHUX €JIEeMEHTIB Ha
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YTBOPEHHSI MOJIOKa, OOMIHHI MIPOIIECH B OpraHi3Mi Ta 3arajibHy MOTpedy, a TakoK
BMICT y pallioHi i koe(illieHTa 3aCBOEHHS IIUX €JIEMEHTIB, iX OajgaHc MK MOTpeboIo
1 HAABHICTIO JOCTYNHUX JJI1 3aCBO€HHS e€leMeHTIB B KopMmax. llicns wmporo
BU3HAYAETHCS BBEACHHA N0 pallioHy MIHEpalbHUX I00aBOK g 3a0e3medeHHs
¢G1310J10TYHOT TOTPEOU.

Kiro4doBi cjioBa: MakpoeneMeHTH, MIKPOEIEMEHTH, JiiH1 KOPOBH, MOJIOKO,

noTpeda Ha MOJIOKO i OOMIHHI IIPOIIECH, 3arajbHa NoTpeda, 3aCBOEHHS MIHEpPaIB.

HoBeie mpuHIunbel 6aaHCUPOBAHKS MHUHEPATIHHOTO MUTAHUS JTOWHBIX KOPOB
1o noTpedbHoCcTH Ha 0Opa3oBaHUE MOJIOKA U OOMEHHBIE MTPOIIECCHl B OpTaHU3ME.
Kymuk M. @., lunopenxo T. O., O6epTiox FO. B., Ckopomua O. U., Tyuuk A. B.
banancupoBanne MUHEPATHLHOTO MHWTAHHS JOWHBIX KOPOB MPOBOAUTCS TIO
MOTPEOHOCTH MHHEPATBHBIX 3JICMEHTOB Ha TPOJIYKIIMIO CYTOYHOTO HAJ0s MOJIOKA
IIPU YBEIMYESHUH 3TOTO KOJIMYSCTBA Ha JOJIO JICJICHHUS CHIPOTO MPOTCHHA B pallMOHE
Ha KOJMYECTBO Oe€lKa MOJIOKAa U TOTPEOHOCTHIO MHUHEPAIbHBIX JJIEMEHTOB Ha
OOMCHHBIC TIpOIlECCHI B OpraHM3Me. B pammoHax HEOOXOAUMO OTMETHUTh
MOTPEOHOCT, MHHEPATLHBIX JJEMEHTOB Ha 00pa3oBaHHWe MOJ0OKa, OOMEHHBIC
MPOIIECCHl B OpraHu3Me M OOIIyI0 TMOTPEOHOCTh, a TAKXKE COJEPIKaHUE B paIlOHE U
ko3 duieHTa yCBOCHHSI ITUX JJIEMEHTOB, MX OallaHC MEXAy MOTPEOHOCThIO U
HAIMYUEM JOCTYNHBIX JJII YCBOSHHWS DOJEMEHTOB B Kopmax. [locie »Toro
OTIpE/ICIACTCS BBOJ B pAallMOH MHUHEPAILHBIX J100ABOK I OOCCIICUCHHS
(GU3HOJIOTNUeCKON IOTPEOHOCTH.
KimoueBble cloBa: MakKpOXJIEMEHTHI, MHMKpPOAJIEMEHTBI, JOWHBIC KOpPOBEHI,
MOJIOKO, TIOTPEOHOCTh Ha MOJIOKO W OOMEHHBIE TPOIIECCHI, OO0Ias MOTPEOHOCTD,

YCBOCHHNEC MUHCPAJIOB.
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