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Effectiveness of mineral-vitamin supplement to compmentary
feed mixture for dairy cattle nutrition

Efektywnai¢ stosowania dodatku mineralno-witaminowego do naieki
uzupetniagcej wzywieniu kréw mlecznych

Summary. The objective of the present study was to evaltia¢ effect of the commercial com-
plementary feedstuff inclusion into dairy cow ntitmh on milk yield and quality. The studies were
carried out in a specialized farm for 24 monthse Tésearch involved the cows with daily milk
production exceeding 20 kg which, having obtairtezlintended milk yield, were selected succes-
sively on the basis of analogues into two treatngeotips: control (C) and experimental (E). The
experimental factor was a commercial mixture supplet (MS) incorporated into a TMR fed to
the E cow group. During the study, the compositqumlity and nutritional value of the adminis-
tered feedstuffs (every 2 months) as well as telycomposition and quality of cow milk (once a
month) were analyzed. The present research indicatsignificantly increased milk production
efficiency of the cows fed a diet with MS additioh50 g/day/animal at lactation. The application
of the experimental mixture reduced the somatitamlints (SCC) in milk by ca. 25%. Feed addi-
tive inclusion at the amount of 50 g daily per ddictg animal is recommended to promote the cow
health state, especially the mammary gland, ans| toiimprove quality of the obtained milk.
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INTRODUCTION

Dairy cattle rearing and breeding require extenkivewledge, abilities and general
care in both, maintenance of good herd breedingtipes as well as appropriate choice
of feeds, their conservation and processing tedyyolBesides, proper evaluation of
feed nutritional value, especially for high yielgidairy cows is essential. However, the
rational cattle nutrition relies not only on a slyppf a palatable feed ration of high nutri-
tive value and adequate physical form along wittedl balanced energy-protein ratio. It
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should also provide organism with a broad rangmiokrals, vitamins and other dietary
additives that are vital to achieve the best afficy at good health status of animal [Kin-
caid et al. 2003, Enjalbertt al. 2006, Noceket al. 2006, Siciliano-Jonest al. 2008,
Saleset al. 2010, Erdmaret al. 2011]. Feeding a typical total mixed ration (TMi&}-
mulated on basis of maize silage, grass hay sidagk concentrate is associated with
mineral and vitamin deficiency [Kinal 1999, Erdmetnal. 2011]. Regarding minerals,
deficit of sodium, zinc and copper is reported momtnmonly [Whitakeret al. 1997,
Ahola et al. 2004, Stud4iski et al. 2006]. Therefore recently, new complementary feed-
ing stuffs have appeared that, if administerednaadequate level, ensure high and sus-
tained cow performance, have the potential to prethe incidence of metabolic disor-
ders to some extent, minimize herd reproductiorblgras and contribute to improve-
ment of obtained milk quality [Weiss al. 1990, Oldhanet al. 1991, Erskine and Bart-
lett 1993,Bouwstraet al. 2010, Lippolis 2011]. The feed additives incorgecdainto

a diet must bring economic benefits and their tgpe quantity should be tailored to
a given farm, regarding cow milk yield and feedaatcomposition. On that account, it is
necessary to perform continuous analysis of hetkl peirformance in relation to the feed
additives applied to monitor both, production gtyadind profitability [Szulcet al. 1992,
Jamrozet al. 2006]. Notably, a form of the applied mineral caments is also critical.
The application of microelements in organic compexprove especially effective
[Holwerd et al. 1995, Bednarek 1998, Klebaniuk and Grela 2008].

Various dietary supplements to energy-protein l@ddnfeed rations for cows con-
tribute to multi-directional improvement of rearimgd breeding performance of these
animals. The objective of the research was to askeseffectiveness of employment of a
commercial complementary mixture in dairy cattledmg. Primarily, dietary inclusion
of the experimental factor aimed at promoting nyikkld, especially the SCC reduction
in milk and thus, milk quality improvement.

MATERIAL AND METHODS

The studies were conducted for 24 months (from @gng010 through December
2011) at a farm specialized in dairy cows breedirgg, Polish Holstein-Friesian breed,
Black-White variety. The cows were under permargnveillance of the Voivodship
Sanitary Inspectorate (VSI) and a local veterimardas well as underwent the routine
screening tests California Mastitis Test (CMT) hamvine mastitis.

The cows in the farm are fed a mono-diet (TMR) tigtwout the year. The feed ra-
tions are formulated according to the true nugitialue of the diets and in compliance
with the ruminant feeding program 1Z PIB-INRA [200®n the analyzed farm, a TMR
feeding system adapted several years ago has $edranilk performance. There were
limited to some extent nutrition-dependent disegaa®ng others, incidence of acidosis,
ketosis, mastitis and reproduction disorders). €ty in the farm, the basic feeds in-
cluded in a TMR are the following: maize silageagy hay silage, spent grain, straw and
concentrate incorporated at a different dietaripratubject to a production group. The
key ingredient proportion in a TMR ration intendfmt the cows under the study is
shown below (Tab. 1).
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Table 1. Ingredient composition of TMR for experirt@rtows
Tabela 1. Sktad komponentowy TMR dla kréwéd@mdczalnych

Maize silage Gre}ss hay ’L Concentratg
Item - silage Spent grain Straw - Total
P Kiszonka . . Mieszanka
Wyszczegolnienig Siano- Mtoto Stoma . Suma
z kukurydzy ; tresciwa
kiszonka
Forage diet
kg/d/unit 25 16 6 0.5 7 54.5
Pasza naturalna
kg/dzien/szt.
% in feed ration
Udziat w dawce, % 45.9 29.4 11.0 0.9 12.8 100.0

The herd is divided into production groups accaydm the physiological status and
milk production (drying off, periparturient periodjilk yield over 20 kg/d, milk yield
below 20 kg/d). The studies involved the cows fribva production group of the peak
milk yield, they were selected successively onltthsis of analogues when obtained min.
20 kg/d milk production and allocated to two tesiups — control (C) and experimental
(E). An experimental factor was a commercial com@atary mixture additive (MS)
included into a TMR and fed to the cows from theuyr E (Tab. ? supplied at
50 g/unit/day.

Table 2. Parameters of experimental mixture adglitiv
Tabela 2. Parametry dodatkusddadczalnego

Composition Component Measure (in 1 kg) Content
Skiad Sktadnik Jednostka miary (w 1 kg) Zawartg¢
Macroelements sodium/sod g 160
Makroelementy magnesium/magnez g 16.2
Microelements zmg/cynk g 8.0
. selenium/selen g 0.05
Mikroelementy - - -
microelements in organic complexes +
mikroelementy w paiczeniach organicznych
N vitamin E/witamina E g 6.2
Vitamine ——
Witaminy niacin/niacyna g 40.0
biotin/biotyna g 220.0

During the study period, there were recorded mesly ted intake results, whereas
the chemical composition, quality and nutritiveueabf the feeds provided (TMR) were
assessed every 2 months. The milk yield recorde waden once a month when milk was
collected for the laboratory analyses.

A content of basic nutrients (dry matter, crudet@irg crude fiber, ether extract,
crude ash) in TMR feed components was determinefooming to the methods stan-
dardized by AOAC [2005]. Cow milk production wasa&ated with a 1-cylinder WB
Auto Sampler milk meter. The milk samples were exanh for a level of dry matter,
protein, fat and lactose (Bentley 150 milk comgositanalyzer) and somatic cell counts
(Somacount 150).
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The studied parameters values were establisheldeobatsis of the weighted average
calculation. The obtained numerical data underwéet statistical analysis for non-
orthogonal data using the Statistica 5.1 softwaognam, while significance of differen-
ces was estimated with the Tukey's test.

RESULTS AND DISCUSSION

Average chemical composition and nutritive valudhaf feed stuffs supplied during
the 2-year experimental period were uniform (Tabadd did not deviate significantly
from the data presented in literature [IZ PIB-INRA09]. The dietary experimental
supplement did not affect markedly the chemical position or nutritional value of the
TMR applied, while feed intake by the cows in tlmtrol and experimental group was
similar and averaged 18,74 and 18,51 dm/unit/cheetsvely.

Table 3. Average chemical composition and nutritiskie of feeds
Tabela 3Sredni sktad chemiczny i waé pokarmowa skarmianych pasz

Maize silage Concen-
Item . 9 Haysilage Spent grain | Straw trate
P Kiszonka . . . .
Wyszczegblnienie Sianokiszonka Mioto Stoma | Mieszanka
z kukurydzy i
tresciwa
Dry matter, g-kg- 358 412 242 873 928
Sucha masa, g-kY
In 1 kg DM (g)/W kgsuchej masy (g)
Crude protein 71.4 119.4 337.6 91.1 283.3
Biatko surowe
Crude fiber 202.1 358.3 156.2 349 ¢ 49.1
Wibkno surowe
Ether extract
Ekstrakt eterowy 37.1 12.4 87.9 17.1 37.5
Crude ash 52.1 98.7.0 56.3 92.6 83.6
Popiot surowy
NFE
BAW 637.3 509.9 362.0 449.4 546.5
Nutritive value 1 kg DM/Wart& pokarmowa 1 kg suchej masy
UFL
IPM 0.89 0.78 0.93 0.62 1.15
PDIN, g
BTIN, g 52 74 227 56 195
PDIE, g
BTJE. g 69 69 190 61 175
LFU
WK 1.09 1.23 - 1.18 -

NFE — Nitrogen Free Extract, UFL — Feed Unit fotknproduction, PDI — Protein truly Digestible inetlsmall
Intestine (PDIE — when energy limits microbial @iot synthesis, PDIN — when nitrogen limits micrdbia
protein synthesis), LFU — fill units for cows

BAW - zwigzki bezazotowe wyggowe, JPM — jednostka paszowa produkcji mleka, BTiatko trawione
w jelicie cienkim (BTJE — biatko rzeczysudie trawione w jelicie cienkim, obliczone na podgtadostpnej
w zwaczu energii, BTIN — biatko rzeczyweie trawione w jelicie cienkim obliczone na podstadostpnego
w zwaczu azotu), JWK — jednostka wypetnieniowa dlankro
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The main objective of dairy farming is to get opii production of good quality
milk, which depends on a number of factors, fromvdeealth status, especially the
mammary gland, through the entire milk processauihologies before it reaches a pur-
chase point [Sawa 2004].

Table 4. Cow milk yield, composition and quality

Tabela 4. Wydajn&, skilad i jaké¢ mleka kréw

Gro- Measurements in months 2010 and 2011
Index up Pomiary w miesjcach 2010 2011 r.
Wskaznik Gru-
0a [ ol v [ v o|[ve Vi x| x| x| X
. C | 20.2| 242 27.4| 24.4| 22.8| 24.6(|23.9| 21.2| 22.6| 22.4]20.0°| 22.4
vield, kg #(30.6| 28.4| 26.2| 21.8|26.2| 30.0
Wydajnai, kg E |226| 25.6| 26.2| 22.2| 23.6|21.4 (30. . ) . . :
D [217] 203|178 214 | 191|298 [518] 523|327 | 212|396 | 487
Dry master, % C | 122|124 12.3] 125| 12.3] 12.1] 12.4 12.2] 12.4] 12.3| 125] 12.3
Sucha masa. 9 |_E_| 12.5] 12.5| 12.4) 124 | 125/ 12.3| 124 12.4| 12.5| 12.4| 12.4| 125
’ S [017]013]021]010|022] 037045/ 051|034 ]029]0.39] 0.28
Lactose. % C | 461] 452 460 4.63| 4.47/4.38|4.52| 4.43| 4.61| 457| 456 4.62
Lakioza. % E |4.71]| 480| 4.80| 4.64| 4.62|4.73|4.82| 4.73| 4.79| 4.91| 4.82| 4.80
’ D [015]029] 031|009 |028]043[073] 070|043 | 054|043 049
C | 4.65/4.16|5.03| 4.53| 4.27/3.8F[4.23| 4.22| 4.37| 4.68|5.27| 5.0F
Fat, % b 2 b
Thiszcz. % E | 473|475 |43P| 457| 4.66| 451 |3.8P| 4.05| 4.21| 4.94|4.42| 450
’ D [089]072]077]032|045] 117 [093] 046 | 021 | 028] 064 | 0.73
Protein. % C | 3.65| 3.49| 3.39) 3.39| 3.45| 3.41] 3.27 3.39] 3.45| 3.70| 3.79] 3.68
Bialko. % E |3.66| 3.58| 3.39| 3.24| 3.30| 3.48| 3.34 3.40| 3.57| 3.61| 3.39| 3.57
’ D [007]013] 006019 |018]011]021]006]|022]018]041] 023
SCC count, C | 650| 488| 54%7| 456 | 508| 971]|637| 615 | 553 | 734 | 619 | 688
thousand mt E | 588| 579| 278| 457 | 520| 50%7|522°| 408 | 300’ | 489 | 591 | 328
tfnﬁ?iys'for?forep D | 129|137 | 186 | 59 | 63 | 298 |124| 213 | 267 | 231 | &4 | 246
MeanSrednia
Yield, kg 21.8(24.9%| 26 ¢ |23.3%(23.28|23.0%|27 2|24 8%{24. 4| 22 B|23.1¥| 26.2
Wydajnai¢, kg
Dry master, % 12.4| 125| 12.4] 125| 124/ 12.2| 123 12.3| 125| 12.4| 125| 12.4
Sucha masa, %
Lactose/Laktoza, % 4.664.66| 4.70| 4.64| 4.55 4.55| 4.67 4.58| 4.70| 4.74| 4.69| 4.71
Fat/Tluszcz, % 4.684.46%(4.67%4.58%|4.475| 4.16 |4.0F| 4.1£ |4.29®| 4.81*| 4.88'| 4.76"
Protein, %
. 3.66| 3.54| 3.39| 3.32| 3.38 3.45| 3.31 3.40| 3.51| 3.66| 3.59| 3.63
Biatko, %
SCC count, thousand ™
Liczba komdrek som., |619°8| 53F | 413 | 457 | 514 | 739" 58078 51 | 427 |612*®|605"°| 506°
tys. mi*
Number of cows 20| 20| 21| 24| 26/ 259 25 25 24 24 24 23
unit 4
Liczba kiow, szt B | 24| 26| 26| 24| 29 31 3D 20 25 2 p 31

C — control group/grupa kontrolna, E — experimegtalip/grupa eksperymentalna
2 b c_ yalues marked with different lowercase lettéffedsignificantly between the groups with p0s05
b C_ wartdci oznaczone ehymi malymi literami rénia sk istotnie statystycznie poguizy grupami przy p 9,05,

A B, C
A B C

p<0,05

— values marked with different capital letterdetiignificantly between months with_p0<05
— wartéci oznaczone edymi dwymi literami r&nia sk istotnie statystycznie pogeizy miesicami przy
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An alarm signal indicating an early stage of thelardhealth state deterioration
proves to be elevated somatic cell counts (SCGhilk. Somatic cells, i.e. the cells of
peeled off lactiferous alveolus epithelium, lactifés ducts and sinus, leukocytes and
lymphocytes penetrating into milk during milkingagtice are considered a major indica-
tor of the herd body condition. The SC numbersragarded as a udder health measure
because leukocyte counts substantially increasla@nmilk from affected cows. Milk
from healthy cows contains from 100 000 up to 400 GC/ml, however, the counts
grow to several million at infection status. TheGSid milk, reflecting any changes in its
biochemical composition, is widely accepted as @rm@nant method for milk quality
and udder health evaluation. Therefore, preveraiomilk SCC elevation appears to be
the easiest and most cost-effective practice [Danédd Cais-Sokatiska 2003]. A so-
matic cell count increase may result from the tiotri mistakes, among others feeding
poor quality diets [Kamienieclat al. 2004]. If nutrient requirements of dairy cattle ar
not satisfied or feeding unstable then, not onlikmield depresses but overall animal
immunity towards pathogens also impairs and coresattyy disease incidence increases,
especially mastitis [Weisa al. 1990, Erskine and Bartlett 1993, Smithal. 1997, Ma-
linowski and Ktossowska 1999, Majewsdtial. 2000]. Mastitis is a major disease affect-
ing commonly high yielding cows and is associatéth whysiology of the cow mam-
mary gland. It is estimated that the productionldfter of milk requires 500 liter of
blood moving through the udder , which is enormprduction effort [Kowalski and
Kaminski 1999]. Nevertheless, a definite number of sanatlls is necessary and al-
ways present in milk and it may also change, stlie¢he physiological status of cow
(lactation stage, gestation, oestrus) [Saval. 2000, Dankéw and Cais-Sokidka
2003]. Comparison of milk yield, its compositiondaquality throughout the research
period has shown slight seasonal fluctuations ithbquantity and quality of milk
(Tab. 4). At the same time, there was stated statily significant improvement of the
analyzed milk parameters, notably the lowered numloé SC in the milk from cows
receiving the experimental dietary additive.

kg 25,0

23,0

21,0
19,0

17,0

15,0 - .
Cow yield; Wydajnos ¢

BcC 23,1
E 25,4

& b_ values denoted with different letters are siatifly significantly at p <0.05
. b_ wartdci oznaczone thymi literami rénig sic istotnie statystycznie przy pG;05

Fig.1. Comparison of average cow milk production
Rys. 1. Poréwnanigredniej wydajnéci mlecznej kréw
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The dietary MS supplementation at the amount ofj/8ilanimal has resulted in an
overall increase in milk production and quality.pontantly, there was found signifi-
cantly higher milk production performance of thevsdrom the experimental (E) group
as compared to the control (C ) (Fig. 1). Furtimer,significant differences in average
content of fat, protein or lactose were recorddd.(E). In most cases, mastitis develops
when the innate immune system of the bovine mamrmkayd is compromised. How-
ever, resistance may be boosted and the immurensysthanced through the appropriate
feeding strategy [Peterson and Dwyer 1998]. Pdmalgnced diet in terms of the energy,

% 5,00

4,00
3,00

2,00
1,00

L

0,00

Fat; Tluszcz Protein; Biatko Lactose; Laktoza

mC 4,52 3,51 4,54
E 4,46 3,46 4,76

Fig. 2. Comparison of average fat, protein and Eetmntent in cow milk
Rys. 2. Poréwnanigredniej zawartéci tuszczu, biatka i laktozy w mleku

vs-mi” 700
thousand ml 600 -
500

400

300 A

200

100

0

SCC count; Liczba komérek somatycznych

oc 622
E 463

&b_ yalues denoted with different letters are siatifly significantly at p <0.05
2 b_ wartdci oznaczone tymi literami rénia sic istotnie statystycznie przy p;05

Fig. 3. Comparison of average SCC numbers in cow milk
Rys. 3. Poréwnanigredniej liczby komoérek somatycznych w mleku krow
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protein and antioxidants ratio as well as stres®facontribute to the impaired immune
system [Bartnikowska 1992, Kowalski and Kaski 1999]. The experimental additive

tested was formulated to contain some vitaminsteamk elements that favor the appro-
priate functioning of epithelial tissues, whichtimn, promote animal resistance to minor
infections within the udder as well as improve stirmations, like hooves, horns and
hairs [Klebaniuk and Grela 2008, Wektsal. 2010]. Such specific "tightening” of the

epithelium allows for reduction of infection inciuee that translates into minimized
immune responses in animal and consequently, lowerscounts of immune compo-

nents, determined as somatic cells, that penetnateow milk. Hence, the most indica-
tive effect of the experimental supplement (MS)laagion has proven to be the signifi-

cantly decreased numbers of somatic cells detedrimehe milk from the cows under

investigation (Fig. 3).

RESUME AND CONCLUSION

Bovine mastitis develops predominantly in immunopoomised cows. However,
the natural self-defense mechanisms may be boastddesistance strengthened through
feeding a correct diet. Badly balanced dairy catdtons in terms of energy, protein,
minerals and vitamins, primarily of antioxidant pesties, and exposure to stress have
detrimental effect on the immune system functionifiberefore, a key principle is im-
plementation of a stable nutrition strategy baseavell matched feedstuffs (quantity and
quality) so that they can ensure maximum genetifopmance achieved at reasonable
economic costs. The rational system of cow feediritlp, a special concern to animal age
and lactation stage, is essential to maintain dveealth status of cows and mammary
gland in particular. Any nutritional mistakes inijacattle diet, i.e. imbalances in basic
and mineral-vitamin nutrition have been shown tegehaegative impact on animal im-
mune system and thus, can increase the risk fatitteascurrence. For that reason, even
well balanced feed rations need supplementatioim satme minerals, vitamins and other
feed additives to optimize animal performance atdgphysical body condition.

In the present studies, the long-term and systeradininistration of the experimen-
tal additive supplied at 50 g/d/unit resulted ia fhllowing:

1. A significant increase of cow milk yield.

2. Reduction in somatic cell counts in milk by 28%.

Addition of mixture supplement (MS) at the amouh&6 g/d/unit to lactating cow
feed rations may be recommended due to its beakfiopact on the cow health state,
especially mammary gland and thus, improvement@bbtained milk quality.
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Streszczenie Celem bada byta ocena wplywu zastosowania komercyjnego dedatkneralno-
witaminowego do mieszanki uzupetniegj wzywieniu kréw mlecznych, na wydajdd skiad
i jakos¢ mleka. Badania przeprowadzono w gospodarstwie algygznym, w okresie 24 miesi
cy. Do bada wykorzystano krowy o wydajsoi powyzej 20 kg/dz., ktére na zasadzie analogéw
dobierano sukcesywnie, wraz z uzyskaniem oczekijwaygajnasci, do dwoch grup daviadczal-
nych: kontrolnej (K) oraz eksperymentalnej (E). Qadem déwiadczalnym byt wprowadzony
do TMR-u dla kréw grupy E dodatek uzupeta@j (MS). W czasie trwania bagl@aceniono skiad,
jakos¢ i wartas¢ pokarmowy skarmianych pasz (co 2 migse) oraz wydajn&, skiad i jakdé
mleka krow (raz w miescu). W przeprowadzonych badaniach stwierdzononigteizrost wydaj-
nosci kréw otrzymujicych w okresie laktacji dodatek mieszanki uzupgdei MS w ilcici
50 g/dz./szt. Stosowanie @uadczalnej mieszanki uzupetniagj ograniczyto liczb komérek
somatycznych w mleku o okoto 25%. Dodatek mieszamkipetniagcej MS w ilasci 50 g/dz./szt.
do dawek dla krow podczas laktacji aeoby¢ polecany jako pozytywnie wptywgjy na zdrowot-
nos¢ kréw, a zwkaszcza wymienia, a tym samym poprawigjakas¢ pozyskiwanego mleka.

Stowa kluczowe krowy, zywienie, dodatki mineralno-witaminowe, wydajéo jakas¢ mleka,
komérki somatyczne



