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PETIJUMA AKTUALITATE

Piensaimniecibas rentabilitate ir atkariga no veiksmigas ganampulka
apsaimniekoSanas: to nav iesp&ams organizet bez govju parraudzibas. Parraudzibas
rezultati dod iesp&ju sakartot ganampulka atrazoSanu, organizét pareizu &dinasanu,
sekmét ganampulka produktivitates kapinasanu, Iidz ar to arT ienakumus. Galvenie
ienakumi piena lopkopiba ir parstradei pardota piena daudzums un ta sastavs: tauku un
olbaltumvielu saturs. TieSi So sastavdalu daudzums un attiecibas nodrosina piena
produktu iznakumu un kvalitati (Verdier-Metz et al., 2001).

Pateicoties govju selekcijas programmam, péd&jo gadu desmitu laika ir
palielinajies izslaukums un uzlabojies piena sastavs. Latvija, veicot ciltsvertibas
noteikSanu govim, liela uzmaniba ir pievérsta tieSi olbaltumvielu saturam piena, jo
aprekinot razibas indeksu, ekonomisko svaru koeficients olbaltumvielu saturam ir 6,
izslaukumam 3 un tauku saturam 1 (LDC, 2010).

Kopproteina saturs govs piena ir atkarigs gan no govs iedzimtajam pasibam, gan
no &dinasanas un turésanas apstakliem.

Veicot piena sastava analizi laboratorijas apstaklos, nosaka kopproteina saturu,
tom@r neanalize ta sastavu. P&tfjumi apliecina, ka kopproteina sastava ietilpst kazeins
un siikalu olbaltumvielas, ko sauc par olbaltumvielam, ka arT neolbaltumvielu
slapeklis (NPN), kura galveno dalu veido piena urinviela. Arzemju autoru (Hui, 1993;
Ferguson, 2010) pétijumi liecina, ka NPN dala ir apméram 5% no kopproteina satura
piena.

Pedgjos gados, nosakot govju ciltsvértibu, vairakas valstis (ASV, Australija,
Francija, Ungarija) izmanto nevis kopproteina saturu, bet gan olbaltumvielu saturu
piena. Arl piena parstades uznémumus interes€ olbaltumvielu saturs, jo tas nosaka
ieghita produkta iznakumu (Raden un Powell, 2009). Ne mazak svariga ir piena
neolbaltumvielu dala, kuru Eiropa un Amerikas Savienotajas Valstis (ASV) izmanto
ka vides piesarnojuma kontroles raditaju (Bijgaart, 2003).

Kopproteina saturs govs piena ir nozimigs raditajs piena kvalitates un dzivnieka
ciltsvertibas noteikSanai. Latvija kopproteina sastavs govs piena nav plasi pétits, tadel
ir svarigi noskaidrot, kada ir olbaltumvielu dala kopproteina satura. Zinot
olbaltumvielu saturu, var precizak izvertét ganampulka esoso dzivnieku ciltsvértibu un
pilnveidot samaksas sistému par parstradei realizéto pienu.



PETIJUMA MERKIS UN UZDEVUMI

Promocijas darba meérkis ir skaidrot kopproteina un urinvielas satura dinamiku
Latvija audz€to govju piena, analizet to ietekm&josSos faktorus un vertét So raditaju
talakas izmantosanas iesp&jas efektiva ganampulka apsaimnieko$ana.

Darba hipotéze:

e piecaugot urinvielas saturam piena, palielinds kopproteina un neolbaltumvielu
slapekla saturs piena.
Merka sasnieg8anai izvirziti pétnieciskie uzdevumi:

e novertet vides, atsevisku fiziologisko faktoru un govs Skirnes ietekmi uz piena
produktivitates un kvalitates pazimju izmainam;

e veikt kopproteina, kazeina un urinvielas satura analizi pétijjuma saimniecibas
slaucamam govim ar noslégtu laktaciju;

e noskaidrot, olbaltumvielu un neolbaltumvielu slapekla (NPN) dalu ipatsvaru
kopproteina satura;

e izvertet urinvielas satura izmantoSanas iesp&jas ganampulka apsaimniekoSanas
vertesanai.

PETIJUMA NOVITATE

e Latvija pirmo reizi petijuma tiek noteikts kopproteina, kazeina un urinvielas
saturs individualo govju piena.

e Noskaidroti vides, atseviski fiziologiskie un genétiskie faktori, kuru ietekmé
novéro kopproteina un urinvielas satura izmainas piena.

e Veikta olbaltumvielu un neolbaltumvielu slapekla (NPN) dalas noteikSana
kopproteina satura un izvertéta NPN sakariba ar kopproteina un urinvielas saturu
Latvija audzg&to govju piena.

e Izvertetas piena kopproteina un urinvielas satura raditaju izmantoSanas iespgjas
veiksmigai ganampulka apsaimniekosanai.



ZINATNISKA DARBA APROBACIJA

Par darba gaitu un rezultatiem sniegti zinojumi 11 zinatniskajas un zinatniski

pétnieciskajas konferences Latvija, Zviedrija, Italija un Bulgarija:

1.

10.

11.

Ruska D., Jonkus D. (2014) Kopproteina sastavs piena. LLU Lauksaimniecibas
fakultates, Latvijas Agronomu biedribas un Latvijas Lauksaimniecibas un meza
zinatnu akadémijas organizéta zinatniski praktiska konferencé ,Lidzsvarota
lauksaimnieciba”. Jelgava, 20.—21. februar, 2014.

Ruska D., Jonkus D. (2013) Cows milk protein constitute varying in lactation days.
Annual International Symposium: Agriculture&Food, 3-6 June, 2013 (stenda
referats).

Ruska D. (2013) Misdienu iesp&jas piena kvalitates un sastava noteik$ana un iegiito
rezultatu  izmantoSana  veiksmigai  ganampulka apsaimniekos$anai. LLU
Lauksaimniecibas  fakultates, Latvijas Agronomu biedribas un Latvijas
Lauksaimniecibas un meza zinatnpu akadémijas organizéta zinatniski praktiska
konference ,,Zinatne Latvijas lauksaimniecibas nakotnei: partika, lopbariba, skiedra
un energija”. Jelgava, 21.-22. februari, 2013.

Ruska D., Jonkus D. (2012) Milk urea content as indicator feed protein utilization
and environmental pollution in farms. 18" Annual International Scientific
Conference “Research for Rural Development 2012”. Latvia University of
Agriculture, 15-17 May, 2012.

Ruska D., Jonkus D. Slaucamo govju piena produktivitates pazimju izmainas
atkariba no dazada somatisko Stnu daudzuma piena. LLU Lauksaimniecibas
fakultates, Latvijas Agronomu biedribas un Latvijas Lauksaimniecibas un meZza
zinatnu akadémijas organizéta zinatniski praktiska konferencé ,,Zinatne Latvijas
lauksaimniecibas nakotnei: partika, lopbariba, Skiedra un energija”. Jelgava, 23.-24.
februari, 2012 (stenda referats).

Ruska D., Jonkus D. (2012) Govju piena tauku un olbaltumvielu attiecibas un
urinvielas satura izmainas piena. ,,Razas svetki ,,Vecauce — 2012”, Studijas — zinatne
— prakse”. Zinatniskais seminars. Vecauce, 1. novembri, 2012 (stenda referats).
Ruska D., Jonkus D. (2011) Relationships between milk urea and production traits in
dairy herds in Latvia. 24th NJF Congress Food, Feed, Fuel and Fun. Nordic light on
future land use and rural development. SLU, Uppsala, Sweden, 14-16 June, 2011.
Ruska D., Jonkus D. (2011) Relation between milk protein and urea content in
different farms. Annual 17th International Scientific Conference: Research for Rural
Development, Latvia, Jelgava, 18-20 May, 2011.

Ruska D., Jonkus D. (2011) Relationships between milk production traits with
varying somatic cell in Latvian cow's milk. IDF World Dairy Summit. Parma. Italy.
15-19 October, 2011 (stenda referats).

Ruska D., Jonkus D. Piena sastavu ietekmé&joSo faktoru analize. Pasaules latvieSu
zinatnieku 3. kongress. Lauksaimniecibas un meza zinatnes: iespgjas un izaicinajumi
sabiedribas attistibai. Jelgava. 25. oktobri, 2011 (stenda referats).

Ruska D., Jonkus D. (2010) Content of total protein and casein in milk of dairy
cow’s in Latvia. XV Baltic Animal Breeding and Genetic Conference.
May 31th—June 1st, Riga, Latvia (stenda referats).
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MATERIALI UN METODES

P&ttjums veikts no 2009. gada septembra lidz 2011. gada oktobrim.

e  PEtfjums Tstenots razosanas apstak]os Cetras dazadas saimniecibas Latvija. Visas
saimniecibas veic piena parraudzibu. P&tfjuma saimniecibas atrodas dazadas
Latvijas vietas un parstav dazadas turé8anas un &dinasanas tehnologijas.

e  Akrediteta laboratorija SIA ,,Piensaimnieku laboratorija” veikta piena paraugu
testéSana.

e Piena neolbaltumvielu slapekla saturs noteikts Niderlandes piena centralaja
laboratorija QLIP ar laboratorija validétu metodi.

e Pétljuma laika iz&dinatas lopbaribas paraugi analiz&ti Igaunijas Dabaszinatnu
universitates Dzivnieku €dinasanas nodalas (Estonian University of Life Sciences
Department of Animal Nutrition) laboratorija.

e Dati par slaucamo govju izslaukumu, $kirni, laktaciju un laktacijas dienu iegiiti
no ikménesa ganampulka parraudzibas kontroles datiem no ,,Lauksaimniecibas
datu centra” datubazes.

Petijuma laika analiz€ti un apkopoti rezultati par piena paraugu sastavu no
saimniecibam, kuras izmantota dazada govju turé$anas un slauksanas tehnologija.

Divas lielajas saimniecibas (B un D, attiecigi 503 un 164 govis) ir briva govju
turéSana. Saimnieciba B atrodas valsts Dienvidos, savukart saimnieciba D —
Ziemelvidzemg. Saimniecibas veic piena parraudzibu un izmanto A metodi
(parraudzibas darbu veic neatkariga sertificéta persona) saskana ar Starptautiskas
dzivnieku parraudzibas organizacijas (International Comitie of Animal Recording,
ICAR) vadlinijam un Latvijas Republikas likumdoSanu par slaucamo govju piena
parraudzibas veikSanu (ICAR, 2011).

Mazajas saimniecibas (A un C, attiecigi 28 un 20 govis) govis tur piesieti, tas
netiek grup@tas, vasaras sezona govis gana. Saimniecibas A un C atrodas Latvijas
teritorijas centralaja dala netalu no Rigas, kas ierobezo lauksaimniecisko zemju
pieejamibu kvalitativu ganibu un zalaju ierikoSanai, jo lielaka dala zemju ir paredz&ta
apbuvei. Piena parraudzibas darbu veikSanai izmanto B metodi — p&c apliecibas
iegliSanas persona ir tiesiga veikt So darbu tikai sava ganampulka. Ar1 $adu
parraudzibas metodi paredz ICAR vadlinijas.

Visas saimniecibas slauksana notiek divreiz diena. Saimniecibas A un C slaukSana
notiek, izmantojot kuti izbtivétu piena vadu. Saimnieciba B slaukSana notiek pa
grupam, govis slauc slaukSanas zalg ar paral€lo izvietojumu. Saimnieciba D visas
grupas slauc slaukSanas zale, govju izvietojums skujinas veida.

Katru meénesi, laika perioda no 2009. gada septembra Iidz 2011. gada oktobrim,
slaucamo govju parraudzibas kontroles diena nemti piena paraugi. Piena paraugi
veidoti no visam slaukSanas reizém 24 stundu laika.

P&ttjuma saimniecibas audzeé gan Latvijas brtinas (LB), gan Holsteinas melnraibas
(HM) skirnes govis, ka arT So Skirpu krustojumus (XP). Pétijuma 26 méneSos kopa
Cetras pétljuma saimniecibas analizeéti 14 873 piena paraugi. Saimniecibas analiz&tais
piena paraugu skaits dazadu skirnu govim apkopots 1. tabula.
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1. tabula/ Table 1

Analizéto piena paraugu sadalijums pa saimniecibam un govju $kirném/
Analysed milk samples by farm and cow breed

e . Saimniecibas/Farms
Radieaji/Traits A (n=400) B (n=10280) C (n=432) D (n=3761)
Skirnes/Breeds LB|{HM | XP| LB | HM | XP | LB |HM | XP | LB | HM | XP
Paraugu skaits/
Number of 186 | 199 | 15 | 8663 | 1116 | 501 | 393 | — | 39 | 389 | 2035 | 1337
samples
Paraugu
sadaltjums/ 47 |49 | 4 |84 | 11 |5 |o1| — |9 |10 54 | 36
Breakdown of
samples, %
Laktacija, videji/
Lactation number 2.30 2.04 3.16 2.20
average
Laktacijas diena,
vidgji/Day in 185 182 178 185
lactation, average

Lai izvertetu neolbaltumvielu slapekla (NPN) saturu Latvija razotam pienam, tika
izveidota atseviSka pétjjuma grupa. Paraugi, kuriem noteica NPN saturu, tika atlasiti
vienreiz, 2012. gada septembr, no visam saimniecibam. No saimniectbam A un C
pan€ma pa 5 paraugiem, no B un D pa 10 paraugiem no katras. Paraugus nonéma no
dzivniekiem, kas parstav dazadas skirnes (LB, n=14; HM, n=10; XP, n=6) un
laktacijas: 1. ( n=6); 2. (n=7); 3. (n=7); 4. (n=10), bet visas govis bija viena laktacijas
perioda — no 100. Iidz 200. laktacijas dienai.

Piena paraugi saimniecibas A un C nonemti ar piena méritaja palidzibu katra
slaukSanas reiz€. P&c slauksSanas nolasfja piena daudzumu, pienu samaisija un
proporcionali izslaukumam nonéma paraugu. Piens tika parliets ~50 mL tilpuma
paraugu pudelité, apméram 20 mL katra slauksanas reizé. Saimniecibas B un D piena
paraugus nonéma no meriekartas trauka, kura piens nonak proporcionali slaukSanas
laika. Piena daudzumu automatiski merija elektronisks piena meritajs, kas ir iebiivets
slaukSanas sistéma. Paraugi konservéti ar Broad Spectum Microtab Il konservantu,
kura pamatdarbibas viela ir bronopols.

Piena sastavs analizéts akreditéta piena kvalitates kontroles laboratorija. Ar
infrasarkanas spektroskopijas metodi noteica piena kopproteina, tauku un laktozes
saturu saskana ar ISO 9622:1999 Whole milk. Determination of milkfat, protein and
lactose content. Guidance of mid—infrared instruments. Kazeina un urinvielas saturs
noteikts saskapa ar laboratorija validétam metodem MET-006 un MET-003.
Somatisko $tnu skaits noteikts ar fluorescento optoelektronisko metodi jeb pliismas
citometrijas metodi saskana ar LVS EN ISO 13366-2:2007 Piens. Somatisko Sunu
skaita noteiksana. 2. daja: noradijumi par fluorescentoptoelektronisko skaititaju
ekspluataciju standarta prasibam.




Piena paraugi neolbaltumvielu slapekla noteikSanai p&c nonemsanas konserveti ar
10 mg K,Cr,0; 100 mL™ piend un nosiititi uz Niderlandes piena centrilo laboratoriju
QLIP, kur paraugi analizgti ar laboratorija validétu metodi, saskana ar ISO 8968-4
Milk nitrogen content, non protein nitrogen content.

Petijuma izverteti slaucamo govju piena produktivitates raditaji: izslaukums
kontroles diena no govs (izslaukums, kg); tauku (%), kopproteina (%), kazeina (%),
urinvielas (mg dL™) un laktozes (%) saturs. P&tijuma par kvalitates raditaju
raksturojosu lielumu izmantots somatisko $tinu skaits (SSS).

P&tjjuma laika iegiito datu analizei izmantota aprakstosa statistika — vid&jais
aritmétiskais + vid€ja aritmétiska standartkliida. P&tito pazimju mainiba raksturota ar
minimalajam un maksimalajam vertibam un aprékinata standartnovirzes attieciba pret
aritmétisko vid&jo vertibu, izteiktu procentos, jeb variacijas koeficients V (%).

Fenotipiska korelacija (rp) starp urinvielas saturu un pargjiem piena sastava
raditajiem noteikta, izmantojot Pirsona korelacijas koeficientu.

Lai noskaidrotu vides, atsevisku fiziologisko faktoru un govs $kirnes ietekmi uz
piena sastava izmainam, izmantots daudzfaktoru linearais modelis, kura ieklauti
fiksetie faktori:

yijklmnsr = ,Ll+ Si + Sej +Sk + LI + I—F)m +Vn +Us + Rr +eijklmnsr (1)

S — saimniecibas (i=4)

Se — gada sezona (j=4)

S — skirne (k=3)

L — laktacija ( 1= 1-4)

LP — laktacijas periodi (m = 1-6)

Vn — veselibas stavoklis (n=6)

U — urinvielas satura Klase (s=4)

R — izslaukums kontroles diena no govs (r=6)

Daudzfaktoru dispersijas analizes linearaja modell ieklauto faktoru ticamiba
noteikta pie batiskuma limena o = 0.05; 0.01; 0.001. Faktoru ietekme novértéta ka
batiska, ja p<a. Determinacijas koeficienta (R?) vértiba norada, par cik procentiem
izvéletais modelis izskaidro pétitas pazimes izkliedi.

Model1 pétito faktoru gradacijas klasu vidgjo vertibu raksturo$anai izmantotas
mazako kvadratu summas (LMS) un to standartklidas. Butiskas at$kiribas starp
faktora gradacijas klas€m atzimétas ar dazadiem alfabéta burtiem augsraksta: a, b, ¢
utt. pie p<0.05.

Talakajos aprekinos somatisko iinu skaits (SSS), ko laboratorija noteica tiikstogos
1 mL piena, transforméts standartiz&tas vienibas — SCS (Somatic Cell Score),
izmantojot formulu (Schutz, 1990a):

SCS=log?2 (Somatisko Sinu skaits/100.000)+3 2

Edinasanas efektivitates izverteianai veikts piena tauku satura un kopproteina, ka
armT piena tauku un laktozes satura attiecibu aprékins. Iesp&amo saslimSanu
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novertéSanai un &dinasanas plana optimiz€Sanai iesaka izmantot optimalas tauku un
kopproteina satura attiecibas piena robezas no 1.1 Iidz 1.5 (Krause and Oetzel, 2006;
Toni et al., 2011). Savukart tauku un laktozes satura attiecibas optimala robeza ir lidz
0.81 (Steen et al., 1996; Reist et al., 2003). Iegatiec koeficienti izmantoti talakam
izverte§jumam.

Lai izvertetu un salidzinatu pétijjuma rezultatus ar citiem veiktiem pétjjumiem un
noteiktu iesp&jamo slapekla daudzumu, ko saimniecibas izmanto nelietderigi, govis
&dinot nesabalans€ti, piena urinvielas saturs, ko laboratorija noteica mg dL,
transforméts % (FOSS Analytical, 2005) un p&c tam aprekinats urinvielas iznakums
(g) kontroles diena, saskana ar Starptautiskas dzivnieku parraudzibas komitejas
vadlinijam (ICAR, 2011).

Urinvielas molmasa ir 60 g molL ™, bet urinviela ir divas slapekla molekulas
— 28 g moL . Lidz ar to, aprekinot proporciju no urinvielas satura, var iegiit slapekla
saturu urinviela. Izmantojot proporciju (28/60), varam parrékinat urinvielas saturu
piena urinvielas slapekla satura. Lai salidzinatu rezultatus ar ASV veiktiem
petijumiem un pienemtajiem standartiem par urinvielas saturu piena, urinvielas saturs
piena tika parrékinats ari uz urinvielas slapekla saturu (MUN), talakiem aprékiniem
izmantojot formulu (Spiekers and Obermaier, 2012):

MUN = urinvielas saturs % 0.46 3)

Parrekinats arT piena kopproteina, kazeina un urinvielas slapekla saturs, ko

laboratorija noteica procentos uz kopproteina, kazeina un urinvielas slapekla
daudzumu (kg un g) péc ICAR vadliijam (ICAR, 2011).

Daudzums, kg = (izslaukums, kg x % saturs)/100 4)

Ieviesot Integrétas saimniekoSanas principus, to rezultatu kontrolei ir iesp&jams

izmantot vairakus raditajus. P&tljuma saimniecibu novert€sanai izmantots urinvielas

slapekla daudzums, kas tiek iznests no saimniecibas kopa ar pienu laktacijas laika.

Parrékins veikts uz standarta laktaciju 305 dienas péc sekojosas formulas:

Urinvielas slapekla daudzums, kg laktdcija no govs = (5)
= (MUN daudzums, kg x 305)/1000

Lai izvertetu iespgjamo amonjaka piesarnojumu pétljuma saimniecibas, veikti
aprékini, izmantojot Kalifornijas Universitate izstradato modeli (Burgos et al., 2010):

Amonjaka emisija, g diend no govs = 25.0 + 5.03 x MUN saturs mg dL* (6)
Datu statistiska apstrade veikta ar MS for SPSS (SPSS Inc. Chicago, Illinois, USA)

un MS Office programmas Excel palidzibu. Atteli veidoti ar MS Office programmas
Excel palidzibu.
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REZULTATI UN DISKUSIJA

1. Govju piena produktivitates raksturojums pétijuma laika

Veicot pétijumu saimnieciskas darbibas apstaklos, noskaidrots slaucamo govju
vidgjais izslaukums parraudzibas diena un piena sastavs.

Vertgjot ieghitos rezultatus pa gadiem, nav verojama kopiga tendence visiem
raditajiem, kas lautu apgalvot, ka gads ka faktors atstaj tieSu ietekmi uz visiem piena
produktivitates un kvalitates raditajiem. Vid&jais izslaukums kontroles diena pa
gadiem neatskiras un bija 24.2 kg, kaut gan atseviskam govim bija v@rojamas lielas
izslaukta piena daudzuma svarstibas, minimalais izslaukums 3.1 kg un maksimalais
61.1 kg diena 2010. gada un minimalais izslaukums 3.3 kg un maksimalais 59.2 kg
2011. gada, bet variacijas koeficients bija lielaks (35.5%) otraja pétijjuma gada.
Zemais izslaukums novérots pédgja laktacijas diena pirms cietlaiSanas, un pétijuma
laika tie bija atseviski gadijumi.

Pétijuma laika kopproteina saturs piena bija augstaks (attiecigi 3.55% un 3.61%)
neka republika vidgji, 2010. — 3.31% un 2011. — 3.31% parraudzibas gada. Vidgjais
kazeina saturs bija attiecigi 2.73% un 2.76% un no kopprotelna satura sastadija 76.9%
un 76.5%. Tas atbilst zinatnieku pétjjumiem, kuros noveérotas kazeina daudzuma
svarstibas no 76-80% (Hui, 1993).

Vidgjais tauku saturs bija augstaks (attiecigi 4.38% un 4.29%) neka vidgjie
republikas sasniegtie raditaji (4.29% un 4.26 %). Piena kimiska sastava vid&jie raditaji
— kopproteina, tauku un laktozes saturs — pétfjuma laika atbilda citu zinatnieku
pétijumos iegiitajiem rezultatiem, kuri publicéti literatiira, attiecigi no 3.4% lidz 6.1%,
no 2.8% lidz 3.7% un no 4.5% lidz 5.0% (Huth, 1995; Foissy, 2005).

Vidgjais urinvielas saturs piena pétijuma laika bija optimalas robezas, 26.0 mg dL™*
un 27.4 mg dL, lai gan atseviskam govim novérots gan loti zems (3.2 mg dL ), gan
augsts (79.9 mg dL ) urinvielas saturs piena. Eiropa par optimalu urinvielas saturu
piend uzskata 15 mg dL* lidz 30 mg dL™* (Bijgaart, 2003; Teepmoxie6 u
Pamanayckac, 2006; Oudah, 2009). Ar1 tauku un kopproteina saturs petijuma atbilst
iepriek§ zinotiem raditajiem, kas ir attiecigi robezas no 3.4-6.1% un 2.8-3.7%
(Huth, 1995).

Vidgjais SSS abos pétijuma gados atbilda kvalitativa piena prasibam
(150 tikst. mL™ un 139 tikst. mL™) un bija zemaks neka republikas parraudzibas
ganampulkos iegiitie rezultati (attiecigi 293 tikst. mL ™ un 291 tikst. mL ™).

2. Piena produktivitates un kvalitates pazimju ietekmgjosie faktori

Govju piena produktivitati (izslaukums, piena sastavs) un kvalitati (SSS) var
ietekm@&t dazadi vides, fiziologiskie un genétiskie faktori. Pie genétiskajiem faktoriem
pieskaita govju skirni. Vides faktori var biit dazadi: petjjuma gads, govju atneSanas
sezona, regions, saimnieciba un citi. Viens no galvenajiem faktoriem ir saimnieciba,
jo saimniecibas var atrasties dazados regionos, kuros klimatiskie un govju &dinasanas
un turéSanas apstakli var bt atskirigi. No fiziologiskajiem faktoriem parasti tiek pétits
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govs vecums, ko izsaka laktacijas, un laktacijas perioda ietekme uz piena
produktivitates un kvalitates pazimju izmainam.

Petjuma laika produktivitates pazimju izmainas analiz€tas atkariba no
saimniecibas, paraugu nemsanas sezonas, vecuma laktacijas, laktacijas dienas, govs
Skirnes, izslaukuma daudzuma, somatisko Stnu skaita un urinvielas satura piena.
Péetito faktoru ietekme uz piena produktivitates un kvalitates raditajiem apkopota
2. tabula.

2. tabula/Table 2

Faktoru ietekme uz piena produktivitates un kvalitates raditajiem/
Influence left by factors researched on milk productivity and quality traits

Pazimes/Traits
= E (=} - L
o |3 > | 2 —o | B
S X |2 .E = =2 oS> S
= - |8yl Ec e c 5 2 <
= R =R N = = S S =
. 28 [s2 5 §L 8L 85 8= n
Faktori/Factors EC ESS| <65 | &8s | 22| 28| O
i = |2 S c| g pa TER § 9 N o w
s (885 8| £5¢ S° | 8o
=T (259 38 | gx T | X2
— (@] w0 == |_ < O
@? > = M @ - LL 98
- S O | »= S
4
p — vértiba/value
Salmnleciba/l:arms *kk *kk *kk *kk *k*k *k*k *kk
Sezona/ Season *k *kk *kk *kk *kk *kk *
Laktécij alLactation *kKk *xk *xk 0.169 *k*k *kKk *kk
Laktac_ijas perIOdS/ *kk *k*k *k*k *k*k *kk *kk * )k
Lactation phase
Skirne/Breed * Fkk Fkk 0.157 falaed 0.181 Fkk
lzslaukums /Yield - *kk *kk KKk *kk *kk KKk
Somat_isko §tnu skaits/ . ok ok ox ek ek ~
Somatic cell count
Urinvielas saturs/ - . . _ e e -
Urea content
R2 0.940 | 0.440 | 0.422 0.821 0.228 | 0.280 | 0.796

*p<0.05, **p<0.01, ***p<0.001, p>0.05 nav ietekmes/no influence, — faktors nav analiz&ts/ factor was not
analysed

Petijuma laika visi pétitie produktivitates raditaji statistiski nozimigi atSkiras starp
saimniectbam (p<0.05; p<0.01; p<0.001). Iegitie rezultati atbilst R. Eicera un citu
zinatnieku (Eicher et al., 1999a) novérojumiem, ka urinvielas un kopproteina satura
izmainas ir atkarigas no &dinaSanas tehnologijas un turé8anas apstakliem. P&tjjuma
»Kopproteina un urinvielas satura dinamika slaucamo govju piena” tas atbilst
saimniecibas faktoram, jo Cetras saimniecibas nebija identiski €dinasanas un turésanas
apstakli.
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Vertgjot sezonas ietekmi uz piena produktivitates un kvalitates raditajiem redzams,
ka ta atstaj butisku ietekmi uz produktivitates raditajiem (p<0.05; p<0.001).

Laktacija neatstaja bitisku ietekmi uz urinvielas saturu, bet citi produktivitates un
kvalitates raditaji bitiski mainijas atkariba no laktacijas.

Laktacijas diena bitiski ietekm€ja visus piena produktivitates un kvalitates
raditajus, iepriek§ veiktie pétijumi to apstiprina (Ng-Kwai-Hang et al., 1985;
Wilmink, 1987; Huth, 1995; Jonkus et al., 2004).

Govs skirnei nebija bitiska ietekme uz laktozes un urinvielas saturu piena, bet ta
butiski ietekm&ja pargjos produktivitates raditajus. Ari citi pétnieki secina, ka
urinvielas saturu piena neietekmé govs Skirne (Stoop et al., 2006; Oudah, 2009;
Jonkus un Paura, 2011).

Baitiski atSkirigs piena sastavs un ta kvalitate bija govim ar dazadu izslaukuma
daudzumu, somatisko Stnu skaitu un urinvielas saturu piena kontroles diena
(p<0.05, p<0.01, p<0.001).

Talak peétijuma noskaidrots, ka piena produktivitates un kvalitates pazimes
izmainas katra atseviska faktora ietekmé. Analizéts izslaukums, bet no piena sastava
raditajiem galvena uzmaniba pieversta kopproteinam, kazetTnam un urinvielas saturam
piena. Tauku un laktozes saturs un SCS izmantots tikai ka papildus raditajs
saimniekoSanas efektivitates raksturosanai.

2.1. Vides faktori
Atskirigi saimnicko$anas modeli var bitiski ietekm&t piena produktivitates un
kvalitates raditajus. Vid€jie piena produktivitates raditaji pétjjuma saimniecibas

kontroles diena no govs paraditi 3. tabula.
3. tabula/Table 3

Slaucamo govju vidéjie piena produktivitates un kvalitates raditaji pétijuma
saimniecibas/ Average cow milk productivity and quality traits in farms studied

Saimniecibas/Farms

Raditaji/Traits A B c D

(n=400) | (n=10280) | (n=432) (n=3761)
Izslaukums/Yield, kg 252+0.11° | 24.9£0.05° | 24.2+0.11° | 25.4+0.05%
éﬁlﬁ’é’;‘gfé‘tl:lﬁactgﬁg % 3.3120.018% | 3.57£0.008" | 3.38+0.018° | 3.53%0.008°
Ié;:g:;‘i f,?]ttlérnst/ % 2.5440.014% | 2.72+0.006" | 2.57+0.014% | 2.69+0.006°
ll\jrlll‘mﬁ;ss;;‘t*éf‘/t mgaLt | 287:021° 29.840.10° | 34.14022° | 30.6+0.10°
;g‘t”z‘(‘) rft"";r‘:tr Sﬁ/o 4.25+0.045% | 4.40£0.021° | 4.09+£0.045¢ | 4.22+0.021°
'Eg‘c‘:gggscg;‘ft‘;ﬁ/ % 4.65:0.009* | 4.71£0.005° | 4.7120.010° | 4.71£0.005
SCS 41120.041% | 4.0620.019% | 3.81+0.041° | 4.23+0.019°

abcd _

indicators with unequal letter differed significantly among the farm (p<0.05)
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Pétfjuma saimniecibas bija veérojama bitiska izslaukuma atSkiriba, saimnieciba C
bija zemakais izslaukums (24.2 kg), bet saimnieciba D augstakais (25.4 kg). No
dazadu saimniecibu govim iegtitaja piena butiski atskiras arT kopproteina, kazeina un
urinvielas saturs. Saimnieciba B bija augstakais kopproteina saturs (3.57%), to var
skaidrot ar to, ka saimnieciba galvenokart audzé LB Skirnes govis, kuru piena
sastavam raksturigs augstaks kopproteina un tauku saturs piena sausna. Turklat
saimnieciba B govis bija nodrosinatas ar sabalansétu €dinasanu. Literatlira minéts, ka
netick novérotas kopproteina, tauku un laktozes satura butiskas izmainas piena
atkariba no dazadiem baribas veidiem, ja tiek ievérota sabalanséta &dinasana
(Bruckental et al., 2000). Kaut gan $is at$kiribas var izskaidrot ar dazadu baribas
proteinu avotu izmanto$anu saimniecibas. To apstiprina ari citu zinatnieku pétijumi,
kas noveroja izslaukuma un piena kopproteina satura izmainas atkariba no izmantota
baribas proteina veida (Chiou et al., 1997). Kazeina satura atSkiribas saimniecibas
iegiitaja piena bija butiskas. Augstakais kazeTna saturs piena noverots saimnieciba B
(2.72%), bet zemakais saimnieciba A (2.54%). Lidzigi ka kopproteina satura izmainas
saimniecibas iegltaja piena var skaidrot arT kazeina satura izmainas, jo kazeins ir
lielaka kopproteina sastavdala piena. Tas nozimé, ka kazeina satura izmainas var bt
saistitas gan ar dazadu &dinasanu saimniecibas, gan ar atskirigu Skirpu (LB vai HM)
govju Tpatsvaru ganampulka. Kaut gan saimnieciba C ir vislielakais LB Skirnes
ipatsvars (91%), tas nenodro$inaja augstako kazeina un kopproteina saturu piena. Lidz
ar to var secinat, ka skirnes potencials dod atdevi tikai pie pilnvértigas un sabalansétas
baribas devas (Eicher et al., 1999a; Janu et al., 2007).

Urinvielas saturs piena saimniecibas bija dazads (28.7 mg dL™ lidz 34.0 mg dL Y
un atskiras biitiski. Saimnieciba C &dinasana tiek organiz&ta viena grupa, vasaras sezona
govis gana. Urinvielas saturs piena saimnieciba C bija biitiski augstaks (34.0 mg dL ™)
neka citds saimniecibas. Tas norada uz iesp&jamam problémam baribas devas
sabalanséSana un saimniekosSana. Arl Cehij as un Lietuvas zinatnieki (Jilek et al., 2006;
Savickis et al., 2010) norada, ka urinvielas saturs piena atkarigs no saimniecibas
faktora.

Saimnieciba B novérots biitiski augstaks tauku saturs (4.40%) un bitiski zemaks
(4.65%) laktozes saturs piena. Tauku saturs piena bitiski zemakais (4.09%) bija
saimnieciba C. Laktozes saturs bija lidzigs saimniecibas B, C un D (4.71%) un bija
bitiski lielaks neka saimnieciba A.

Somatisko $tinu skaita logaritms iegiitaja piena bija robezas no 3.81 saimnieciba C
lidz 4.23 saimnieciba D. Sads SCS raditajs atbilst kvalitativa piena prasibam. SCS
vértiba 4 rada, ka SSS ir no 142 tikst. mL™ lidz 283 tikst. mL™ (Raubertas and
Shook, 1982). Ieprieks veiktie pétijumi ASV, kuros salidzinaja izslaukumu un SSS
izmainas atkariba no ganampulka lieluma, gan neapstiprina darba analiz&ta pétfjuma
rezultatus. Zinatnieki norada, ka lielaka ganampulka ir augstaki izslaukumi un zemaks
SSS piend, kaut gan tas var biit atkarigs ari no tehnologiskiem risindjumiem
ganampulka neatkarigi no ta izm&riem (Oleggini et al., 2001).

Lai izvértétu piena produktivitates raditaju izmainas atkariba no sezonas, analizgti
ziema, pavasari, vasara un rudeni iegiitie rezultati. Izvert&jot p&tijuma rezultatus,
redzams, ka atkariba no piena paraugu nemsanas sezonas butiski izmainas gandiiz visi
piena produktivitates raditaji (4. tab.).

14



4, tabula/Table 4

Slaucamo govju vidéjie piena produktivitates un kvalitates raditaji atkariba no
sezonas/ Average milk productivity and quality traits depending on season

Sezona/Season
Raditaji/Traits z P \Y R
(n=3367) (n=3522) (n=3514) (n=4470)
Izslaukums/Yield, kg 249+0.06° | 24.9+0.06° | 25.0+0.06" | 24.8+0.06°

Kopproteina saturs/

Crude protein content, %
Kazeina saturs/

Casein content, %
Urinvielas saturs/

Milk urea content, mg dL™
Tauku saturs/

Fat content, %

Laktozes saturs/ 4.69+40.005% | 4.7240.005° | 4.7120.005" | 4.670.005°
Lactose content, %

SCS 4.06+0.022° | 4.08+0.022% | 4.02+0.022° | 4.06+0.020°
abCT_ produktivitates raditaji ar dazadiem burtiem bitiski at3kiras starp sezonam/ productivity indicators
with unequal letter differed significantly among the seasons (p<0.05)

3.48+0.010° | 3.42+0.010° | 3.36+0.009° | 3.55:0.009"

2.65+0.007% | 2.61£0.007° | 2.57+0.007° | 2.70£0.007¢

29.9+0.12% | 31.1£0.12° | 31.120.11° | 31.2+0.11°

4.37£0.024* | 4.28+0.024° | 4.01£0.024° | 4.31x0.023"

Vasaras méneSos bija butiski augstakais izslaukums (25.0 kg), turpretim batiski
zemakais kopproteina un kazeina saturs (attiecigi 3.36% un 2.57%). Augstakais
kopproteina (3.55%) un kazeina (2.70%) saturs novérots rudens ménesos. P&tijuma
noverots, ka starp kopprotetna un kazeina saturu piena ir cieSa pozitiva korelacija
(r = 0.993) Ari citu zinatnieku pétijumos novérota lidziga tendence, tas ir, ka
kopproteina un kazeina satura sakariba ir cieSa (r = 0.96; Hayes et al., 1984).

Urinvielas saturs piena butiski neatSkiras pavasara, vasaras un rudens ménesos, bet
tas bija butiski zemaks ziemas perioda. lepriekS veiktos petfjumos zinatnieki arl
noveroja biutisku urinvielas satura paaugstinajumu vasaras méneS$os un zemako ta
saturu ziemas perioda iegiitaja piena (Bastin et al., 2009).

Tauku saturs piena bitiski augstaks bija ziemas méneSos (4.37%) un biutiski
zemaks (4.01%) vérojams vasaras ménesos. Turpretim laktozes saturs biitiski augstaks
bija pavasara un vasaras menesos sarazotaja piena (4.72%).

SCS logaritms butiski at$kiras pavasara un vasaras méne$os, to var skaidrot ar
ganibu sezonas sakumu pavasara ménesos un pieaugosu tesmena infic€Sanos ar vides
ierosinatajiem un ar1 ar krasu temperatiiras mainu (Harmon, 1994).

Arf citu zinatnieku veiktie pétijumi ar mérki noskaidrot sezonas ietekmi uz visiem
piena produktivitates raditajiem pieradija to biitiskas izmainas atkariba no gadalaika
(Verdi et al., 1987; Van Den Berg, 1996; Arunvipas et al., 2003a; Heck et al., 2009;
Konjaci¢ et al., 2010; Savickis et al., 2010).

Urinvielas saturs piena raksturo, cik pareizi dazadas produktivitates govim tiek
sabalanséts proteina un energijas daudzums baribas deva. Lai novertétu, cik nozimiga
ietekme uz piena produktivitates un kvalitates raditajiem bija sabalans€tam proteina
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un energijas daudzumam baribas deva, analizétas piena produktivitates izmainas
atkariba no urinvielas satura piena (5. tab.).

5. tabula/Table 5

Slaucamo govju vidéjie piena produktivitates un kvalitates raditaji atkariba no
urinvielas satura piena / Average milk productivity and quality traits depending on
urea content

Urinvielas saturs/Urea content, mg dL ™

Raditaji/Traits 3.0-15.0 15.1-30.0 30.1-45.0 45.1<

(n=1382) (n=8574) (N=4447) (n=470)
Vidgjais piena urinvielas
saturs gradacijas
Klase/Average milk urea 13.4+0.14 23.840.10 35.6£0.11 50.5+0.20
content in class, mg dL
Izslaukums/Yield, kg 24.8+0.07° 24.840.05 | 24.9+0.06*° | 25.1+0.11°
Kopproteina saturs/ 3.4140.012° | 3.46+0.008" | 3.47+0.009° | 3.46+0.017%°
Crude protein content, %
Kazetna saturs/ a b b a
Casein content, % 2.62+0.009 2.64£0.006° | 2.65+0.007° | 2.62+0.013
Tauku saturs/ 4.05+0.029* | 4.23+0.021° | 4.36£0.023° | 4.33+0.042°
Fat content, %
Laktozes saturs/ 470£0.006 | 47120004 | 4.70£0.005 | 4.67£0.009°
Lactose content, %
SCS 4.09+0.027° | 4.09+£0.019% | 4.04+0.021° | 3.99+0.039°

abC _ produktivitates raditaji ar dazadiem burtiem biitiski at3kiras pie dazada urinvielas satura/ traits with
unequal letter differed significantly between the urea level (p<0.05)

Izvertgjot iegiitos rezultatus noverots, ka visi pétitie produktivitates un kvalitates
raditaji butiski at$kiras atkariba no urinvielas satura piena. Izslaukums bija batiski
lielaks (25.1 kg) pie urinvielas satura virs 45.0 mg dL . P&tijuma 33% dzivnieku bija
paaugstinats urinvielas saturs piena. Tas liecina par problémam nodro$inat
augstrazigas slaucamas govis ar baribas devu, kura energija un proteins ir pareizas
attiecibas (Spohr and Wiesner, 1991; Spann,1993).

Kopproteina saturs piena bija bitiski zemaks (3.41%) govim, kuru urinvielas saturs
piend neparsniedza 15.0 mg dL . Biitiski augstakais kopproteina saturs novérots govim,
kuram pétijuma laikd urinvielas saturs piend bija no 15.1 lidz 30.0 mg dL™. Pie
paaugstinata urinvielas satura virs 45.1 mg dL " vérojama tendence kopproteina saturam
samazinaties.

Kazetna saturs piena izmainijas Iidzigi ka kopproteina saturs, tas ir, butiski
palielinajas, pieaugot urinvielas saturam piena, bet bija butiski mazaks pie urinvielas
satura virs 45.1 mg dL . S7 tendence parada, ka, palielinot baribas devas proteina
saturu, ar mérki ieglit augstaku kopproteina saturu, nenodroSinot pilnigu baribas
proteinu izmantoSanu, tiek samazinats kopproteina saturs piena. Francija veiktie
petijumi par paaugstinata urinvielas satura ietekmi uz siera iznakumu un garSas
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raditajiem paradija, ka kazeina saturs neizmainas, bet palielinds piena sarec€Sanas
laiks un izmainas siera garsas raditaji (Martin et al., 1997).

Zemakais tauku saturs piend (4.05%) bija pie urinvielas satura lidz 15.0 mg dL*
un butiski palielindjas, palielinoties urinvielas saturam piena. Laktozes saturs piena
batiski neatskiras pie urinvielas satura lidz 45.0 mg dL ™, bet biitiski samazinajas,
paaugstinoties urinvielas saturam virs 45.0 mg dL ™" (4.67%).

SCS logaritms pakapeniski samazinajas, picaugot urinvielas saturam piena. To var
skaidrot ar paraugu ipatsvaru urinvielas satura klasg virs 45.0 mg dL™%, kuru lielaka
dala bija no saimniecibas C, ar zemako SCS logaritmu 3.81 pétfjuma laika. Arl
Kanadas zinatnieku veikts pétjjums liecina par vaju negativu urinvielas slapekla
ietekmi uz SCS (r = —0.190) (Miglior et al., 2007).

Darba apliikota ne tikai vides faktoru ietekme uz piena produktivitates un
kvalitates raditajiem, bet arT apskatits, kadas izmainas uz raditajiem atstaj atseviski
fiziologiskie faktori.

2.2. Fiziologiskie faktori

Lai izvertétu fiziologisko faktoru ietekmi uz piena produktivitates raditajiem,
atseviSki apkopoti petjjuma rezultati atkariba no govju laktacijas un laktacijas dienas.

Pétijuma laika butiski zemakais izslaukums bija pirmas laktacijas govim (24.7 kg),
bet bitiski augstakais tresas laktacijas govim.

Bitiski augstakais kopproteina saturs piena (3.49%) bija otras laktacijas govim,
bet zemakais (3.37%) — pirmas laktacijas govim. TreSo, ceturto un vecaku laktaciju
govim kopproteina saturs biitiski neatSkiras (3.47%). Otras laktacijas govju piena bija
arT bitiski augstaks kazeina saturs (2.66%). To var skaidrot ar p&ttjuma iek]auto govju
vecumu, jo petfjuma laika 69% no visiem analiz€tajiem piena paraugiem iegiiti no
1. un 2. laktacijas govim, no kuram 44% bija 2. laktacijas.

Petfjumos noskaidrots, ka pirmaja un otraja laktacija govju augSana un piena
dziedzeru veidoSanas vél turpinas, tadél to izslaukums var bt 75-85% no piecaugusu
govju izslaukuma. P&c vairaku autoru domam govis par pieaugusam varétu sakt
uzskatit jau ar treSo laktaciju (Huth,1995; Gaillard, 2002). Tomér arvien plasak
izmantojot HM Skirnes govis, kuras ir atraudzigakas, jau otraja laktacija var novérot
maksimalu piena produktivitati.

Noskaidrots, ka petfjuma laika butiski augstakais urinvielas saturs piena bija otras
laktacijas govim (30.9 mg dL™; p<0.05) un zemakais treias laktacijas govim
(30.7 mg dL"). Pirmas un treias laktacijas govim urinvielas saturs piend starp
laktacijam atskiras nenozimigi. Ari Cehijas un Lietuvas zinatnieku pétijumos
noskaidrots, ka urinvielas saturs piena tre$as un vecaku laktaciju govim ir zemaks
neka pirmas un otras laktacijas govim (Jelik et al., 2006; Savickis et al., 2010).
Ontario veiktajos p&tijumos noskaidrots, ka urinvielas saturs piena ir biitiski zemaks
pirmas laktacijas govim (Godden et al., 2001b). Dazi zinatnieki $adus rezultatus
pamato ar to, ka pirmas laktacijas govis vél turpina augt un attistities un Iidz ar to
izmanto aminoskabes daudz efektivak. Rezultatd urinvielas veidoSanas aknas ir
samazinata, kas paradas ka samazinats urinvielas saturs piena (Oltner et al., 1985).
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Tauku saturs piena biitiski zemaks bija pirmas laktacijas govim (4.09%), bet pargjo
laktaciju govim tas biitiski neatSkiras un bija no 4.28% ceturtas un vecaku laktaciju
govim lidz 4.31% tre$as laktacijas govim.

Laktozes saturs biitiski atskiras starp pirmas, otras laktacijas govim un lidzigs bija
treSas un ceturtas un vecaku laktaciju govim. Augstakais laktozes saturs
(4.76%; p<0.05) bija pirmas laktacijas govju piend, un ar katru nakamo laktaciju
laktozes saturam bija tendence samazinaties.

SCS raditaji bitiski atskiras starp laktacijam un no zemaka raditaja pirmaja
laktacija pieauga ar katru nakamo laktaciju. To var skaidrot ar dzivnieka veselibas
stavokla pasliktinasanos ar vecumu, vai ar 11dz galam neizarstetu mastitu ieprieksgja
laktacija (Poso and Mantysaari, 1996; Kelly et al., 2000).

Laktacijas laika izmainas gan izslauktd piena daudzums, gan ta sastavs. Piena
produktivitates izmanas tiek analiz€tas pa laktacijas 100 dienam jeb fazém. Laktacijas
pirmas 100 dienas ir nozimigakas visas laktacijas laika, jo govim S$aja laika ir
augstakais piena izslaukums un tas ir jutigakas pret dazadiem vides kairinajumiem,
ipasi produktivitates izmainas ietekm& energijas un proteina nodro§indjums baribas
deva. Lai izvertétu energijas un proteina nodroSinajumu laktacijas laika, izvertéeti
piena produktivitates un kvalitates raditaji pa laktacijas dienas klasém, ipasa uzmaniba
veltita pirmajam 100 laktacijas dienam, kas pétitas vél detaliz&tak (6. tab.).

6. tabula/Table 6
Slaucamo govju vidéjie piena produktivitates un kvalitates raditaji atkariba no

laktacijas perioda / Average milk productivity and quality traits depending on
lactation phase

Laktacijas dienas/ Day in lactation

Raditaji/Traits 6-29 30-59 60-99 | 100-199 | 200-299 | 300<
(n=1157) | (n=1439) | (n=1840) | (n=4424) | (n=3821) | (n=2413)

25.2+ 25.5+ 25.2+ 249+ 24.5+ 241+

Izslaukums/Yield. kg | 9ot | 0,07 0.07* | 0.06° | 0.06° 0.07°

gffgg‘gf;?;;itgr:z | 336 322+ 330+ 347+ 3,59+ 3,74
% 0.013 0.012 0.011 0.009 0.010 0.011
Kazeina saturs/ 2.55+ 2.46+ 2.53+ 2.65+ 2.74+ 2.85+
Casein content, % 0.010° 0.009° 0.008? 0.007° 0.007¢ 0.008°
Driavielas saturs/ 3036 | 309¢ | 3L1E | 310+ | 300 | 307
a1 : 0.15° 0.14°¢ 0.13° 0.11° 0.11°¢ 0.13°
mg dL
Tauku saturs/ 4.57+ 4.12+ 4.06+ 4.14+ 425+ 432+
Fat content, % 0.032? 0.030¢ 0.028° 0.023° 0.024¢ 0.027e
Laktozes saturs/ 4.68+ 4.75+ 4,74+ 4.70+ 4.67+ 4.64+
Lactose content, % 0.007° 0.006° 0.006° 0.005° 0.005° 0.006d
scs 4.05+ 3.80+ 3.85+ 4.08+ 423+ 432+

0.029 0.027° 0.025" 0.021° 0.022° 0.025¢

abedel _ produktivitates raditaji ar dazadiem burtiem butiski atskiras dazadas laktacijas diends/ productivity

traits with unequal letter differed significantly among the lactation days (p<0.05)
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Pétijuma laika visi produktivitates un kvalitates raditaji butiski atSkiras starp
laktacijas periodiem. Laktacijas otraja perioda (30.—-59. diena) noverots izslaukuma
pieaugums, kopproteina, kazeina un tauku satura samazinajums. Laktacijas sakuma
govs organismam atri japielagojas jauniem vielmainas procesiem, kas ir atskirigi no
cietstaves perioda. Organisma notiek fiziologiskas izmainas, kas saistitas ar piena
razoSanu, tapéc strauji pieaug vajadziba p&c papildus baribas. Izsalkuma sajtta rodas
centralaja nervu sist€ma, ta balstas uz signaliem no vielmainas procesu (metabolitiem
un hormoniem) izmainam govs organisma. Govs fiziologiska Iidzsvara traucgjumi
kopa ar iespgjamu nepietickamu vai nesabalans€tu baribas devu atspogulojas piena
produktivitates svarstibas (Santos et al., 2000; Ingvarsten, 2006).

Bitiski atSkiras kopproteina saturs piena, kas no zemaka ta satura (3.22%)
laktacijas sakuma perioda (30.—59. diena) pakapeniski picauga, sasniedzot biitiski
augstaku saturu (3.74%) laktacijas beigas. Lidziga tendence vérojama arl kazeina
saturam piena, kur bitiski zemakais kazeina saturs (2.46%) bija no 30. Iidz
59. laktacijas dienai un, pakapeniski pieaugot, sasniedza augstako ta saturu (2.85%)
pedgjas laktacijas dienas.

Petfjuma laika urinvielas saturs piena biitiski atSkiras starp laktacijas dienas klasem
un bija robezas no 30.3 mg dL* Iidz 31.1 mg dL . Bitiski augstaks urinvielas saturs
novérots no laktacijas 60. dienas lidz 99. dienai, 31.1 ml dL™". Urinvielas saturs piena
Sajos periodos nedaudz parsniedza ieteicamo robezu 15 mg dL™ lidz 30 mg dL . St
tendence ir vérojama ari citu zinatnieku pétijumos, kur butiski zemakais urinvielas
saturs novérots pirmajas 60 laktacijas dienas, bet no 60. lidz 150. laktacijas dienai
verojams bitisks urinvielas satura piena paaugstinagjums, un atkal novérots
samazinajums péc 150. laktacijas dienas (Godden et al., 2001b; Arunvipas et al.,
2003Db; Bastin et al., 2009). To var skaidrot ar piena veido$anos organisma, kas notiek
straujak, neka ir baribas uzpemsSanas spg€ja, Iidz ar to nenodroSinot pietickamu
energijas daudzumu baribas proteina izmantoSanai, kas atspogulojas paaugstinata
urinvielas satura piena (Oltner et al., 1985; Ng-Kwai-Hang et al., 1987;
Rossow and Richardt, 2003; Ositis, 2005).

Paaugstinoties izslaukumam, otraja laktacijas perioda vérojams ari laktozes satura
pieaugums. A1l citos pétijumos starp izslaukumu un laktozes saturu piena novérota
pozitiva sakariba (Kairisa, Jonkus, 2008).

Laktacijas laika arT govim ar optimalu veselibas stavokli mainas somatisko $iinu
skaits piena. P&tfjuma butiski zemakais SCS bija no 30. Iidz 59. dienai, tad tas
pakapeniski pieauga, laktacijas beigu perioda peéc 300. dienas sasniedzot SCS 4.32,
kas ir fiziologiski normalas somatisko §inu skaita svarstibas, jo laktacijas beigu
perioda govju piena palielinds ne tikai leikocitu, bet ari epitélija Stnu skaits
(Jemeljanovs, 2001).

Somatisko Stinu skaits piena petjjuma izmantots ka kvalitates raditajs, un Iidz ar to
arT ka netieSs dzivnieku veselibas stavok]a raditajs. Jau ieprieks ir pieradita §1 raditaja
ietekme uz piena produktivitates izmainam (Brolund, 1985; Kelly et al., 2000;
Strautmanis un Sterna, 2003; Bailey et al., 2005; Kairi$a un Jonkus, 2008).

Biitiski augstakais izslaukums (25.3 kg) bija govim ar SSS no 1 lidz 100 tikst.
viena mililitra piena (p<0.05). Saja gradacijas klasé govim piend bija batiski augstaks
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urinvielas un laktozes saturs (31.0 mg dL™ un 4.80%), novérots ari zemakais
kopproteina, kazeina un tauku saturs piena (attiecigi 3.37%, 2.59%, 4.14%). Petijuma
novérots, ka pieaugot SSS piena, laktozes saturs samazinajas no 4.80% lidz 4.61%.

Ja izslaukums ir augsts, minéto piena sastava komponentu koncentracija
samazinas, uz to norada citu autoru noverota negativa sakariba starp piena daudzumu
un ta sastavu (KairiS$a un Jonkus, 2008). Polijas zinatnieki ir noverojusi, ka,
paliclinoties SSS  piena, batiski samazinas izslaukums un kopproteins
(Litwinczuk et al., 2011). Citi zinatnieki novérojusi no 3% lidz 9% izslaukuma
samazinajumu pie SSS virs 500 tikst. mL ™ (Hagnestam-Nielsen et al., 2009). Mastitu
gadijumos ne tikai samazinas izslaukums, bet novérotas ari piena kimiska sastava
izmainas. Vairaki autori laktozes saturu piena iesaka izmantot ka tesmena veselibas
indikatoru. Ir pieradits, ka subklinisko mastitu gadijuma laktozes koncentracija piena
samazins (Antane u. c., 1997). Pétfjuma, picaugot SSS piena, laktozes saturs
samazinajas no 4.80% Ilidz 4.61%. B. Rekika veiktaja pétfjuma izslaukuma
samazinajums pie paaugstinata SSS piena sasniedza 1.76 kg diena un olbaltumvielu
iznakuma samazinajums bija 75 g diena (Rekik et al., 2008).

Citu zinatnieku veiktie pétijumi, salidzinot kopproteina un neolbaltumvielu
slapekla saturu piena atkariba no SSS piena, neuzradija biitiskas izmainas, bet kazeina
saturs biitiski samazinajas, palielinoties SSS (Verdi et al., 1987). Tas parada, ka ir
svarigi saimnieciba sekot dzivnieku veselibai, lai nodroSinatu kvalitativas izejvielas
razosanu, jo piena parstradatajiem kazeina saturs piena nodrosina lielaku produkcijas
iznakumu. Veiktie p&tfjumi par SSS ietekmi uz siera iznakumu un kvalitati pierada,
ka, palielinoties SSS, samazinas siera iznakums un ta kvalitate (Verdier-Metz et al.,
2001; Leitner et al., 2006).

Bez vides un fiziologiskajiem faktoriem slaucamo govju piena produktivitati un
kvalitati ietekmé ar1 genétiskie faktori, pie kuriem pieskaita govs Skirni.

2.3. Skirne

Govs skirnes izvéle ir viens no noteicoSiem faktoriem, kas nosaka efektivas
saimnickoSanas modeli saimnieciba. Lidz ar to ir svarigi izveértét katras Skirnes
potencialu. P&tijuma noskaidrots, ka slaucamo govju Skirne atstdj batisku ietekmi uz
visam pétitajam produktivitates pazimém, ka ari uz SCS izmainam (7.tab.).

Petijuma laika butiski atsSkiras izslaukums starp dazadam Skirn€m, un lielakais
izslaukums (25.0 kg) bija HM Skirnes govim, bet zemakais (24.8 kg) LB un piena
skirnu krustojuma govim (24.9 kg). Starp dazadam govju skirném izslaukuma
atSkirtbas var bilit nozimigas, jo katra skirné selekcijas darbs tiek veikts, lai izkoptu
noteiktas pazimes. HM skirnes govis selekcionétas augstu izslaukumu ieguvei.

Kopproteina, kazeina un tauku saturs piena bija batiski lielaks LB Skirnes govim,
bet zemakais HM un XP $kirnes govim. Zinatnieki apstiprina piena kopproteina un
kazeTna satura atSkiribas starp Skirném (DeMarchi et al., 2008).
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7. tabula/Table 7

Slaucamo govju vidéjie piena produktivitates un kvalitates raditaji atkariba no
skirnes /Average milk productivity and quality traits depending on cow breed

o Skirne/Breed
Radiaji/Traits LB (n=9730) HM (n=3420) XP (n=1944)
Izslaukums/Yield, kg 24.8+0.05° 25.0£0.06° 24.9+0.07°
Kopproteina saturs/ a b c
Crude protein content, % 3.51+0.009 3.38+£0.010 3.45£0.011
Kazeina satis/ 2.68+0.006° 2.57+0.007" 2.63+0.008°
Casein content, %
Urinvielas saturs/
Milk urea content, mg dL™* 30.8+0.10 30.740.12 30.9+0.13
Tauku saturs/
Fat content, % 4.40£0.021a 4.11+0.024b 4.2240.028¢
Laktozes saturs/ 4.69+0.005 4.69+0.005 4.70+0.006
Lactose content, %
SCS 4.00+0.019° 4.10+0.022° 4.05+0.025°

@b _ produktivitates raditaji ar dazadiem burtiem batiski at3kiras dazadam skirnem/ productivity traits with

unequal letter differed significantly among the breeds (p<0.05)

Noskaidrots, ka Igaunijas sarkanas Skirnes govju piens ir ar augstaku kopproteina,
kazeina un tauku saturu neka Igaunijas HolSteinas Skirnes govim (Joudu et al., 2008).
Citu zinatnieku p&tijumos apstiprinats, ka augsta genétiska korelacija starp kazeina un
kopproteina saturu piena liecina: abi raditaji pasvitro Skirnes iezimi. Tomér jaatceras,
ka izmantojot olbaltumvielu saturu (tai skaita kazeinu), nevis kopproteina saturu, var
labak atspogulot piena ekonomisko vértibu, lidz ar to uzlabojot un precizgjot samaksu
par piena kvalitati. Olbaltumvielu satura izmantoSana dotu iesp&ju arl precizak
novértét govju ciltsvertibu un uzlabotos saimniecibu parvaldibas kvalitate
(Samorel et al., 2013). Pieméram, Danija eksportgjamo bullu novértésanai, aprékinot
ciltsvértibas indeksu, izmanto kazeina satura raditaju (Powell et al., 2003).

Petijuma iegitie produktivitates raditaji XP govim bitiski atskiras no LB un HM
govju raditajiem. Latvija saimnieki izv€las krustot LB $kirnes govis ar HM skirni, ar
merki iegtt augstakus izslaukumus, Iidz ar to arT piena sastavdalu daudzumu. XP
Skirnes raditaji petijuma ir augstaki neka HM skirnei, kas apstiprina vélama rezultata
sasniegSanu. Australija veikta pétfjuma, salidzinot piena produktivitates raditajus
Holsteinas Skirnes ar Dzersijas un Holsteinas Skirnes krustojumu ari novéroja
krustojumu Skirnes dzivnieku tauku un kopproteina satura paaugstinajumu, salidzinot
ar HM skirnes govim (Auldist et al., 2007). Piena sastava atSkiribas dazadu Skirpu
govim ir pieraditas daudzu autoru darbos (Emery, 1988; Schutz et al., 1990;
Huth, 1994; Glantz et al., 2009).

Vidgjais urinvielas saturs piena starp Skirném butiski neatSkiras un bija robezas no
30.6 mg dL lidz 30.9 mg dL™*. Veiktie pétijumi ar Hol3teinas, DZersijas un Sveices
briinas Skirnes govim pierada biitisku kopproteina un urinvielas satura piena atskiribu
atkariba no slaucamas govs skirnes (Carroll et al., 2006).
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Petfjuma laika bitiski atSkiras SCS atkariba no govs Skirnes. Lielakais SCS bija
HM un XP Skirnu govim, zemakais — LB, kaut gan visi rezultati neparsniedza
likumdogana noteiktas robezas 400 tiks. mL* (MKN Nr.123, 2010). Sos rezultatus
var skaidrot arT ar saimniecibas faktora ietekmi, LB Skirnes dzivnieku lielaka dala
atrodas saimnieciba B, kur p&tjjuma vidgjais SCS bija 4.06.

Izvertgjot atsevisko faktoru ietekmi uz piena kopproteina, kazeina un urinvielas
saturu piena redzam, ka nevar izmantot katru no Siem faktoriem un raditajiem
atseviski, lai izdaritu secinajumus par saimniekoSanas efektivitati.

Turpmak apskatitas pétijuma iegiito rezultatu izmainas atseviski: tikai govim ar
pabeigtu pilnu laktaciju, katra pétjjuma saimnieciba un mijiedarbiba ar citiem
faktoriem. Tapéc piena produktivitates pazimju izmainas katra saimnieciba apskatitas
mijiedarbiba ar pargjiem analiz&tajiem faktoriem. Saja analizé izmantoti tikai to govju
dati, kuras petijuma laika ir atnesusas un noslégusas laktaciju.

3. Govju piena sastava un urinvielas satura raditaju izmantosana ganampulka
apsaimniekoSanai

Daudzi pétnieki (Jonker et al., 2002; Dijkstra et al, 2011;
Gruber and Poetsch, 2012) norada uz kopproteina un urinvielas satura novérté$anas
lietderibu. Urinvielas saturu kopa ar kopproteina saturu piena var izmantot, lai
novertétu slaucamo govju baribas devas izmantoSanas efektivitati un prognozétu
slapekla izdalisanos apkartgja vide.

Vertgjot petijuma rezultatus, noskaidrots vidgjais urinvielas saturs piena katra
saimnieciba un to sadalijums p&c Eiropa rekomend@ta satura (1. att.).
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1. att. Piena paraugos noteikta urinvielas satura sadalijums pa saimniecibam
Fig.1. Milk urea content by farms
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Iegiitie rezultati liecina, ka trijas p&tfjuma saimniecibas (A, B un D) no 59% lidz
71% piena paraugu urinvielas saturs bija no 15.1 lidz 30 mg dL ™. Tomér arT 3ajas
saimniecibas no 29% lidz pat 41% piena paraugos urinvielas saturs bija zem vai virs
optimalas robezas. Neiepriecinosa situacija vérojama saimnieciba C, kur tikai 16%
govju urinvielas saturs vert€tajos piena paraugos pétfjuma laika bija optimalajas
robezas.

legiitie rezultati parada, cik viegli, izmantojot urinvielas saturu piena, var izvertet
katras saimniecibas baribas devas proteina izmantoSanas efektivitati un noteikt
potencialus vides piesarnojuma draudus. Spanu zinatnieku veiktie p&tijumi par ganibu
zales papildméslosanu ar vircu, ar mérki paaugstinat baribas devas slapekla
daudzumu, pieradija, ka parmériga méslosana nenes gaidito rezultatu, jo paaugstinas
urinvielas saturs piend, kas liecina par neefektivu slapekla izmantoSanu
(Arriaga et al., 2009). Citos pétijjumos ar dazadam baribas devam ar 52% un 72%
sausnas un vienadu proteina saturu (attiecigi 16.5% un 16.4%) noverots, ka urinvielas
saturs piena bitiski neizmainas atkariba no baribas devas sastava (Agle et al., 2010).

Izvertejot apkopotos rezultatus, var secinat, ka atSkiriba rezultatos starp
saimniecibam rodas arT at$kirigas edinasanas dél. Promocijas darba pétijuma rezultati
parada saimniecibu atSkiribu péc vid&ja urinvielas satura sarazotaja piena un lidz ar to
apstiprina citu zinatnieku pieradito, izmantojot urinvielas saturu piena efektivas
baribas devas sastadiSanai un aprékinasanai (Jonker et al., 1999). Zinatnieki norada uz
to, ka urinvielas satura izmainas piena var atspogulot pat 1% baribas proteina izmainas
baribas sausna. Aprakstitaja pétijuma govis tika &dinatas ar proteina saturu bariba
13.0%, 14.0%, 15.0% un 16.0% baribas sausna un noveroja biitiskas svarstibas tikai
urinvielas saturam piena, citos produktivitates raditajos tas neparadijas
(Zhai et al., 2006).

Izvertgjot pétijuma rezultatus un sakaribas, darba autore veiksmigai ganampulka
apsaimniekoS$anai iesaka urinvielas saturu piena izmantot Iidzas ar jau tradicionaliem
tauku un kopproteina satura raditajiem. Urinvielas satura regulara kontrole lauj
saimniekam parliecinaties par sastaditds baribas devas efektivitati un laikus
iesp&jamas problémas pamanit un labot.

Dazados pétijumos Eiropas valstls izmanto urinvielas saturu piena, bet Amerikas
kontinenta loti biezi tiek lietots cits raditajs — urinvielas slapekla (MUN) saturs piena.
Lai salidzinatu pétijjuma iegiitos rezultatus, veikts urinvielas satura parrékins uz
urinvielas slapekla saturu piena (MUN) (2. att.), ko izmanto slapekla izmantoSanas
efektivitates kontrolei ASV. MUN ieteicamais saturs piena ir noteikts no 8.0 mg dL™
lidz 12.0 mg dL™ (Kohn et al., 2002; Bucholtz et al., 2007).
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2. att. Urinvielas slapekla saturs piena pétijuma saimniecibas
Fig.2. Milk urea nitrogen content in researched farms

Izvertgjot petijuma rezultatus, redzams, ka visas petijjuma saimniecibas parsniegta
pielaujama MUN robeza. Lidz ar to jasecina, ka saimniecibas japiever§ uzmaniba
baribas proteina izmanto$anai un sabalansé$anai ar energiju baribas deva. ASV
apkopotie pétijumu rezultati par baribas proteina un urinvielas slapekla saturu piena
parada: lai sasniegtu MUN robezu 12 mg dL™, nepiecieSams samazinat baribas
proteina daudzumu lidz 12.8% baribas sausna (Aquilar et al., 2012).

Zinatnieki no valstim, kuras saimniecibas izverté slapekla izmantoSanas apméru un
baribas devas slapekla izmanto$anas efektivitati, iesaka izmantot urinvielas satura
raditaju saimniekoSanas modela izvértéSanai un planosanai (Godden et al., 2001c;
Haig et al., 2002).

Kopproteina sastava ietilpst ari ekonomiski un uztura nelietderiga slapekla
savienojumu dala — neolbaltumvielu slapeklis, kas sastada apméram 6% no
kopproteina satura piena un izveidojas govs organisma péc olbaltumvielu vielmainas
procesiem (DePeter and Ferguson, 1992; Hui, 1993).

4. Kopproteina satura un neolbaltumvielu slapekla analize piena

Lai izvertetu kopproteina, neolbaltumvielu slapekla un urinvielas satura sakaribas
piena, randomiz€tas izlases veida izveidota pétijuma grupa, kurai noteikts
neolbaltumvielu slapekla saturs piena. Petijuma iegiitie rezultati apkopoti 8. tabula.

Vidgjais izslaukums pétljuma grupa bija 28.8 kg. Lai arT pétljuma grupa visas
govis atradas laktacijas otraja faze, tas ir, no 100. Iidz 200. laktacijas dienai,
izslaukuma amplitiida bija plasa, no 15.0 kg lidz 47.8 kg. Vidgjais grupas kopproteina
saturs bija 3.43%.
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8. tabula/Table 8

Vidgjie piena produktivitates un kvalitates raditaji un neolbaltumvielu slapekla
saturs pétfjuma grupa/ Average milk productivity and quality traits and NPN
content in research group

Raditajs/Traits XtSs, min. max. S V, %
Izslaukums/Yield, kg 28.8+1.03 15.0 47.8 8.0 27.8
Kopproteina saturs/ 3.43+

Crude protein content, % 0.039 2.88 4.19 0.298 8.7
Kazeina saturs/ 2.65+

Casein content, % 0.028 2.18 3.23 0.220 8.3

Urinvielas saturs/
Milk urea content, mg dL-. 28.3+1.25 12.6 52.9 9.69 34.2

Neolbaltumvielu slapekla saturs/ 0.204+

Non-protein nitrogen, % 0.0032 0.162 0.255 | 0.24%6 | 1224

Vidgjais urinvielas saturs piend bija 28.3 mg dL™, kas ir ieteicamajas robeZas.
Neolbaltumvielu slapekla saturs bija 0.204%. Latvija neolbaltumvielu slapekla saturu
slaucamo govju piena laboratorijas apstaklos nenosaka, tadel ieglitos rezultatus var
salidzinat tikai ar citu valstu zinatnieku rezultatiem. P&tijuma iegttais NPN ir lielaks
par Amerikas zinatnieku (Raden and Powell, 2009) pienemto NPN saturu — 0.19%.
Turpreti Niderland€ veikta pétijuma NPN saturs piena bija zemaks (0.182%;
Heck et al., 2009) neka $aja petijuma.

Citas valstis iepriek§ veiktie p&tfjumi apstiprina neolbaltumvielu slapekla satura
izmainas atkariba no saimniecibas, Skirnes, laktacijas, laktacijas dienas un sezonas
(NG-Kwai-Hang et al., 1985), tapéc ari darba autore pétijuma iegiitos rezultatus
izvert&jusi, nemot veéra augstak minétos faktorus.

Talak izvertéta Skirnes ietekme uz kopproteina un neolbaltumvielu slapekla satura
izmainam (9. tab.).

Iegiitie rezultati parada, ka LB $kirnes govim ir batiski zemaks izslaukums, bet
butiski augstaks kopproteina un kazeina saturs piena. Neolbaltumvielu slapekla un
urinvielas saturs biitiski neatSkiras starp Skirn€m. Ari citu zinatnieku veiktajos
petijumos nav noverotas neolbaltumvielu slapekla un kopproteina satura izmainas
atkariba no slaucamo govju $kirnes (Carroll et al., 2006).
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9. tabula/Table 9

Vid@jais piena izslaukums, kopproteina, kazeina, neolbaltumvielu slapekla un
urinvielas saturs atkariba no govs Skirnes/Average milk yield, content of crude
protein, casein, non-protein nitrogen, and urea depending on cow breed

. . Skirne/Breed

Raduajs/Traits LB (n=14) HM (n=10) XP (n=6)
Izslaukums/Yield, kg 22.7+1.04° 33.0+1.23 36.1+1.59
Kopproteina saturs/ 3.59:0.049° 3.3340.058 3.2440.075
Crude protein content, %

IC(:Z::‘“; (S,?,ttlérnst/ % 2.78+0.035% 2.57+0.042 2.5140.054
Urinvielas saturs/ a b ab
Milk urea content, mg dL 30.541.79 24.642.12 2024274
Neolbaltumvielu slapekla saturs/ 0.210£0.005 0.197:£0.006 0.201:£0.007
Non-protein nitrogen, %

ab_ produktivitates raditaji ar dazadiem burtiem bitiski atskiras péc Skirnes/ productivity traits with unequal

letter differed significantly among the breeds (p<0.05)

Petijuma grupas rezultatus var salidzinat ar Niderlandeé iegiitiem datiem.
Niderlandé domingjosa skirne ir HM. Promocijas darba analizEtie urinvielas un
neolbaltumvielu slapekla satura rezultati iegtiti septembri, un HM Skirnei tie bija
24.6 mg dL ™ un 0.197%, kas atbilst Niderland@ iegatiem datiem, kur augusta ménesi
iegiitie urinvielas un neolbaltumvielu slapekla satura raditaji bija 26.0 mg dL™ un

0.190% (Heck et al., 2009).

Lai izveértétu saimniecibas ietekmi uz pétijuma grupas piena produktivitates
raditajiem un neolbaltumvielu slapekla saturu, rezultati apkopoti 10. tabula.

10. tabula/Table 10

Vidgejais piena izslaukums, kopproteina, kazeina, neolbaltumvielu slapekla un
urinvielas saturs atkariba no saimniecibas / Average milk yield, content of crude
protein, casein, non-protein nitrogen and urea depending on farm

. . Saimniecibas/Farms

Radrtajs/Traits A (n=5) B (n=10) C (n=5) D (n=10)
Izslaukums/Yield, kg 30.6+1.79° 25.2+1.27° 20.4+1.79° 35.8+1.27¢
Kopproteina saturs/ 3.30£0.084% | 3.61£0.060° | 3.51£0.084*° | 3.20+0.060°
Crude protein content, %

Ié;;ﬁ‘;‘igﬁttgft/ % 2.56£0.060* | 2.79+£0.043" | 2.71£0.060%° | 2.53+0.043%
Piena urinvielas saturs/ a ac b ¢
Milk urea content, mg dLt 21.3+1.76 24.5+1.24 45.6+1.76 26.9+1.24
Neolbaltumvielu slapekla

saturs/ Non-protein 0.194+0.007 0.201+0.005 | 0.232+0.007% 0.19840.005

nitrogen, %

abcid

with unequal letter differed significantly among farms (p<0.05)
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Saimniecibas faktors bitiski ietekm@ja izslaukumu, kopproteina, kazeina un
urinvielas saturu. Arl pétijuma grupa ieklautajam saimniecibas C govim bija btiski
augstiks urinvielas un neolbaltumvielu slapekla saturs (45.6 mg dL 'un 0.232%).
Turpretim izslaukums saimnieciba C bija viszemakais.

Bitiskas atSkiribas noverotas starp visdm saimniecibam. Saimnieciba D bija
augstakais izslaukums, 35.8 kg. Arl kopproteina saturs butiski atSkiras starp
saimniecibam. Augstakais kopproteina un kazeina saturs bija saimnieciba B (attiecigi
3.61% un 2.79%). Savukart saimnieciba D zemakais kopproteTna un kazeina saturs
(attiecigi 3.29% un 2.53%).

Analizgjot sezonas ietekmi uz piena produktivitates raditajiem, citi zinatnieki
noverojusi, ka zemakais kopproteina un olbaltumvielu saturs piena ir vasaras menesos,
turpreti neolbaltumvielu slapekla un urinvielas saturs Sajos ménesos ir butiski augstaks
(Heck et al., 2009). Ari citos pétijumos ir noverots, ka kopproteina un ari kazeina
saturs piena ir zemaks, kad neolbaltumvielu slapekla saturs, kas satur urinvielu,
palielinas (Carlsson et al., 1995; Ferguson et al., 1997; Godden et al., 2001b).

Kopproteina vertigaka sastavdala ir kazeins. Bez kazeina kopproteina sastava
ietilpst arT siikalu olbaltumvielas un neolbaltumvielu slapeklis. Kopproteina sastavdalu
procentualais sadalijums pa saimniecibam pétijuma grupas govim apkopots 3. attéla.

100 IR

80

I

60
ES

40

20

A B C D

MNeolbaltumvielu slapeklis/Non-protein nitrogen
B Sukalu olbaltumvielas’'Whey proteins
[ Kazems/Casein

3. att. Kopproteina procentualais sastavs pétijjuma saimniecibas
Fig. 3. Composition of crude protein in researched holdings; per cent

Lielaka kopproteina frakcija ir kazeins. P&tfjuma grupas govim kazeina saturs
piena atSkiras visas saimniecibas, zemakais saturs (76.9%) noveérots saimnieciba D,
bet augstakais (77.6%) — saimnieciba A. Neolbaltumvielu slapekla saturs bija robezas
no 5.6% saimnieciba B I1dz 6.6.% saimnieciba C. ArT citi zinatnieki novérojusi NPN
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svarstibas atkariba no saimniecibas. Svarstibu amplitida novérota no 3.73% Iidz
7.95% (Barbano and Lynch, 1992).

Lai pieraditu p&tijuma izvirzito hipot€zi, izvertetas neolbaltumvielu slapekla un
kopproteina savstarp&jas sakaribas. PE&tjjuma grupas govim ve€rojama vaja
neolbaltumvielu slapekla ietekme uz kopproteina satura izmainam piena (4.3%). Sada
ietekme ir neliela, tomér vérojama pozitiva tendence. Palielinoties pétijuma grupas
apjomam, iegiitie rezultati butu ticamaki un vél vairak apstiprinatu to, ka kopproteina
satura izmainas ietekmg ari nelietderigas slapekla dalas palielinajumu piena.

Viena no neolbaltumvielu slapekla sastavdalam ir urinviela. Sakariba starp Siem
raditajiem rada pozitivu un vidgji cie$u sakaribu (r = 0.677) starp neolbaltumvielu
slapek]a un urinvielas saturu piena. Noskaidrota determinacijas koeficienta vértiba
(R? = 0.458) liecina, ka neolbaltumvielu slapekla dalas palielinasanos piena urinvielas
saturs ietekmé par 45.8%. legiitie rezultati lauj urinvielas satura raditaju izmantot
neolbaltumvielu slapekla dalas prognozésana, noskaidrojot nelietderigo slapekli
saturo$o vielu daudzumu piena.

Pétijuma rezultati parada, ka, vertgjot saimniecibas sarazota piena kopproteina
saturu, lai veiktu samaksu par sarazoto pienu vai novértétu govju ciltsvertibu,
lietderigak biitu izmantot kazeina vai olbaltumvielu satura raditajus, nevis kopproteina
saturu piena, jo tiesi Sie raditaji piena parstradatajiem dod skaidru prieksstatu par
iespgjamo produktu iznakumu no iepirkta piena (Sustova et al., 2007).

5. Piena sastava raditaju izmantoSana saimniekoSanas novértéSanai

Slaucamas govis ar lielaku efektivitati neka citi atgremotaji ne tikai spgj parveidot
baribas kop€jo protetnu piena olbaltumvielas, bet arT izdala slapekli mé&slos un urina.
Slapekla saturs méslos var biit pat divas Iidz tr1s reizes lielaks neka piena. Lidz ar to,
palielinot proteina daudzumu bariba, iegiist ne tikai vairak piena, bet pieaug arT risks
apkartgjas vides piesarnosanai. Turklat saimniecibai palielinas izmaksas, sagatavojot
ar proteiniem parbagatu baribu.

Daudzi zinatnieki pieradijusi, ka piena sastava raditajus var izmantot ne tikai
dzivnieku produktivitates noveértésanai, bet ari lai raksturotu vielmainas procesus
dzivnieka organisma un Iidz ar to laikus paredz&tu iesp&jamo saslimsanu un kontrolétu
saimnickosanas efektivitati. Organisma vielmainu raksturojoSos produktivitates
raditajus sauc arT par biomarkieriem. Somatisko $iinu skaitu izmanto, lai vertetu
dzivnieka veselibas stavokli, bet urinvielas saturu piena — lai noteiktu proteina un
energijas bilanci bariba un vertétu baribas proteina izmantoSanas efektivitati, ka ari
varétu prognozet iesp&jamo vielmainas saslimSanu risku (ketozi, acidozi) un
iespgjamos apkart€jas vides piesarnojuma draudus. Pieradits, ka pastav bitiska
sakariba starp urinvielas saturu piena un slapekla daudzumu dzivnieka urina un
méslos (Eckersall and Bell, 2010; Burgos et al., 2010; Klein et al., 2011;
Spek et al., 2013).

Izmantojot pétfjuma laikd noskaidroto vid&jo izslaukumu un piena sastava
raditajus, aprékinats saimniecibas sarazotd kopproteina, kazeina, urinvielas un
urinvielas slapekla daudzums kg katra pétijuma saimnieciba (11. tab.).
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11. tabula/Table 11

Slaucamo govju vidéjais izslaukums un kopproteina sastavdalu daudzums
pétijuma saimniecibas/Average cows milk yield and volume of crude protein
components in researched farms

Saimniecibas/Farms

Raditaji/Traits A B C D

(n=400) (n=10280) (n=432) (n=3761)
inse'%”'f(‘émy 252+0.11%° | 24.9£0.05° | 242+0.11° | 25.4+0.05°
Ié;’j’é’g‘gfc‘)‘tl; r???gé“fg/ 0.81£0.005% | 0.87+£0.003° | 0.80+£0.005% | 0.87+0.003"
Iég:;l;\li/ i‘ﬁgdi;m/ 0.62+0.004* | 0.66£0.002° | 0.61£0.004* | 0.66+0.002°
}\Jﬂrillﬁvjfgsy(ilz};dzng/ 736£0.071% | 7.56+0.034° | 7.2120.072% | 7.95+0.034°
Urinvielas slapekla
daudzums /Milk urea 3.38+0.0332 3.48+0.016° 3.324+0.033% | 3.66+0.016°
nitrogen yield, g

abed_ produktivitates raditaji ar dazadiem burtiem batiski atskiras dazadas saimniecibas/ productivity traits

with unequal letter differed significantly among farms (p<0.05)

Vertgjot kopproteina sastava raditajus péc daudzuma, pastav biitiska atskiriba starp
saimniecibam. Butiski augstakais kopproteina daudzums kontroles diena iegiits
saimniecibas B un D (0.87 kg), bet zemakais saimnieciba C (0.80 kg). Jau ieprieks
zinatnieki nove@rojusi &dinaSanas un baribas devas dazadibas ietekmi uz piena
kopproteina saturu un daudzumu. Baribas devas sastavs vairak ietekme tiesi
kopproteina daudzumu nevis ta saturu piena (Schingoethe, 1996). Attiecigi starp
saimniectbam sadalijas arT sarazotais kazeina daudzums. Turpreti butiski zemakais
urinvielas daudzums diennakti sarazots saimnieciba C (7.21 g), bet butiski augstakais
saimnieciba D (7.95 g), kaut gan p&c urinvielas satura butiski augstakais raditajs bija
saimnieciba C (34.1 mg dL ™). Ari urinvielas slapekla daudzums pa saimniecibam
sadalas lidzigi urinvielas daudzumam. Saimniecibas ir nepiecieSams izvertet razoSanas
efektivitati péc piena produktivitates raditdju daudzuma, jo tieSi péc Siem
aprékinatajiem raditajiem tiek veikta samaksa par realiz€to pienu un ciltsvertibas
noteikSana slaucamam govim.

Urinvielas daudzumu saimnieciba var izmantot integrétas saimniekoSanas
apstaklos. Sis raditajs norada uz neizmantota slapekla daudzumu, kas ar urinu un
stikalam péc biezpiena un siera razoSanas nonak atkritumos un talak apkartgja vide.
Izmantojot aprékinos urinvielas slapekla daudzumu, var izvértét vid€ji no vienas
slaucamas govs laktacijas laika ar pienu iznesto slapekla daudzumu katra saimnieciba
(4. att.).
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4. att. Ar pienu izdalitais vidéjais urinvielas slapekla daudzums no govs laktacija
pétijuma saimniecibas
Fig. 4. Average urea nitrogen emitted with milk by cow in lactation in farms
researched

Aprekinot vid&jo urinvielas slapekla daudzumu, ko viena govs laktacijas laika
izdala ar pienu un iesp&jamo urinvielas slapek]a (MUN) daudzumu pie optimala MUN
satura 8.0 mg dL!, varam secinit, ka Sie raditaji ievérojami atskiras. Lielako
urinvielas slapekla daudzumu ar pienu izdala saimnieciba D, 1.116 kg, bet pie
optimala MUN tas biitu tikai 0.620 kg, kas ir praktiski par pusi mazak neka faktiskais
izdalitais slapekla daudzums. Lidz ar to katrs saimnieks, zinot, cik izmaksa viens
kilograms proteina baribas, var aprékinat saimnieciba nelietderigi izmantotas naudas
daudzumu.

Ieprieks veiktos pétijumos ir pieradita cie$a pozitiva korelacija starp urinvielas
saturu piena un urina slapekla saturu, kas parada, ka, palielinoties urinvielas saturam
piena, palielinas arT slapekla daudzums urina un lidz ar to palielinas vides
piesarnojuma draudi un nelietderigi izmantota  proteina zudumi
(Shingfield et al., 2001; Gressley and Armentano, 2007).

Pieaugot iedzivotaju skaitam uz planétas, aktuals kltst jautajums, ka nodroSinat
cilveékus ar partiku. NepiecieSsams palielinat lauksaimniecisko razosanu, taja pasa laika
nenodarot pari apkartgjai videi. Daudzi petfjumi verS uzmanibu uz sabalansétu
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lauksaimniecisko razosanu, meklgjot veidu, ka iegiit optimalu dzivnieku produktivitati
ar minimalu vides piesarnoSanas iesp&ju.

S. A. Burgoss un citi zinatnieki veica eksperimentu ar slaucamam govim dazadas
laktacijas dienas. Govis &dindja ar baribas devam, kas at$kiras ar proteina saturu
(15%, 17%, 19% un 21%). Govis $adu baribu sanema sesas dienas. Septitaja diena
panéma piena, urina un fekaliju paraugus. Izmérija un aprékindja amonjaka iznesi no
urina un fekaliju paraugiem. Piena paraugos noteica urinvielas slapekla saturu.
Pieaugot proteina saturam (no 17.2% lidz 19%) baribas deva, novéroja urina apjoma
palielinagjumu (no 22.2 L diena Iidz 25.6 L diend) slaucamam govim. Izmantojot
petijuma iegltos datus, veica aprékinus un noskaidroja cieSu sakaribu starp amonjaka
iznesi ar fekalijam un urinu un urinvielas slapekla saturu piena (R? = 0.85).
Pamatojoties uz ieglitajiem rezultatiem, zinatnieki izstradaja vienadojumu, kuru
izmanto, lai kontrolétu amonjaka emisiju atkariba no urinvielas slapekla satura piena.
(Burgos et al., 2010).

Balstoties uz So vienadojumu, aprékinats iesp&jamais gaisa piesarpojums ar
amonjaku pétijuma saimniecibas (5. att.).
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5. att. Aprekinata amonjaka iznese vidéji no govs diena pétijjuma saimniecibas
Fig. 5. Calculated daily ammonium emission per cow in farms

Aprekini liecina, ka mazako gaisa piesarnojumu ar amonjaku raditu saimnieciba
A, bet lielako saimnieciba C (attiecigi 91.4 g un 104 g). Izmantojot Sos datus, katra
saimnieciba var veikt aprékinus un prognozet saimniekoSanas efektivitati un vides
piesarnojuma risku. Niderlandé jau Sobrid notiek vides piesarnojuma draudu
uzraudziba un novert€Sana, izmantojot urinvielas saturu no govju piena parraudziba
iegiitiem datiem. Kops§ 1998. gada veiktie pasakumi, kontrolgjot likumdoSanas normu
izpildi un zemniekiem kontrolgjot un korig€jot baribas proteina un energijas
daudzumu, deva rezultatus. Jau p&c trim gadiem noveroja amonjaka piesarpojuma
samazinasanos par 12% (Bijgaart, 2003).

Daudzi zinatnieki uzsver, ka urinvielas satura izmanto$ana nav viennozimiga un to
nevar lietot atseviski, nenemot véra faktorus, kas ietekmé ta izmainas: ne tikai vides
un fiziologiskos, bet ari piena paraugu pemsanas laiku un izmantoto testéSanas
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metodi, ka arT laboratoriju, kura veikta test€Sana. Tade|l zinatnieki un &dinasanas
specialisti iesaka regularai ganampulka kontrolei izmantot aprékinatos vidg€jos
rezultatus, kas iegiiti no individualiem dzivniekiem, nevis urinvielas satura raditajus,
kuri noteikti koppienam. Ja ir iespgjams, $os aprékinus javeic dzivniekiem, kas atrodas
viena &dinasanas grupa (Bijgaart, 2003; Ingvarsten, 2006).

Izvertgjot pétjjuma rezultatus, redzams, ka ir lietderigi katrai saimniecibai,
planojot saimniekoSanu, rékinaties ne tikai ar piena sastavu, bet veikt arT parrekinus un
izvertet piena galveno sastavdalu daudzumu kilogramos un gramos. Sanemta samaksa
par pienu veidojas tie$i no iznakuma aprékina vai sarazota piena daudzuma. Ne
vienmér augsts kopproteina saturs piena nozimé augstu samaksu par pienu un pret&ji,
liels izslaukums ar mazu kopproteina saturu var nest lielaku ieguvumu. Katram
saimniekam paSam ir jaizvert€ ieguvumi un zaud&umi, un, izmantojot visus
pieejamos piena produktivitates un kvalitates raditajus, ir japienem l€mums par
efektivako un apkartgjai videi draudzigako saimniekosanu.

SECINAJUMI

1. Slaucamo govju izslaukumu, kopproteina, kazeina, tauku un laktozes satura
izmainas piena butiski ietekm&ja saimnieciba, sezona, Skirne, laktacija un
laktacijas periods, izslaukums kontroles diena, urinvielas saturs un somatisko $tinu
skaits piena (p<0.001; p<0.05), bet urinvielas satura izmainas piena no minétajiem
faktoriem biitiski neietekmgja Skirne un laktacija. Petitie faktori produktivitates
pazimju izmainas izskaidroja no R? = 0.228 lidz R? = 0.940.

2. Saimniecibas ar nepiesieto govju turéSanu kopproteina saturs piena bija no 3.53%
lidz 3.57% un urinvielas saturs piend no 29.8 lidz 30.6 mg dL™. Saimniecibas ar
piesieto govju turéSanu kopproteina saturs bija no 3.31% Iidz 3.38% un urinvielas
saturs no 28.7 lidz 34.1 mg dL™. Konstatéts, ka trijas saimniecibas optimals
urinvielas saturs piena bija no 58% lidz 70% piena paraugu, bet viena saimnieciba
tikai 17%.

3. Laktacijas laika vérojama izslaukuma, kopproteina un urinvielas satura dinamika.
Biitiski augstakais izslaukums 25.5. kg un urinvielas saturs 30.9 mg dL™ bija no
30. lidz 59. laktacijas dienai, bet kopproteina saturs $aja perioda bija bitiski
zemakais 3.22%.

4. Kazeina saturs piena, ka vertigaka kopprotelna sastavdala bija no 76.9% Iidz
77.6%, stkalu olbaltumvielu saturs no 16.2% Iidz 17.1%, bet ekonomiski
nevertiga neolbaltumuvielu slapekla (NPN) saturs bija no 5.6% Iidz 6.6%.

5. Noskaidrota vaja neolbaltumvielu slapekla ietekme uz kopproteina satura
izmaipam piena (r = 0.088), bet bitiska urinvielas satura ietekme uz
neolbaltumvielu slapekl]a dalas izmainam piena (r = 0.677).

6. Urinvielas slapekla (MUN) saturs pétijuma saimniecibas bija no 13.2 lidz
15.7 mg dL*, bet laktacijas laika no vienas govs ar pienu izdalitais urinvielas
slapekla daudzums govju nepiesietas tur€Sanas saimniecibas bija lielaks
(no 1.061 kg Iidz 1.116 kg) neka piesietas turéSanas saimniecibas (no 1.013 kg lidz
1.031 kg).
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7.

Prognozg€jamais gaisa piesarnojums ar amonjaku diena no saimniecibam ar govju
piesietas turéSanas veidu varétu bt no 91.4 Iidz 104.0 gramiem, bet no
saimniecibam ar govju nepiesietas tur€Sanas veidu no 93.9 lidz 95.9 gramiem
diena.

Darba izvirzita hipoteze ir apstiprindjusies dalgji. Pieaugot urinvielas saturam
piena, palielinas neolbaltumvielu slapekla saturs, bet kopproteina saturs palielinas
lidz urinvielas saturam 450 mg dL™. Urinvielas saturam parsniedzot
45.0 mg dL™ kopproteina saturs piend samazinas.

IETEIKUMI PIENA RAZOTAJIEM UN PARSTRADATAJIEM

Izmantojot piena noteikto urinvielas satura raditdju saimniecibas regularai
kontrolei, nedrikst aprobezoties ar laboratorijas rezultatiem, ir jagem vera art
faktori, kas var ietekmé&t urinvielas un kopproteina satura izmainas. P&tfjuma
rezultati apstiprina ar &dinaSanu nesaistito faktoru ietekmi uz piena kopproteina
un urinvielas satura izmainam, un lauj identific€t iespgjamas novirzes, kas nav
atkarigas no &dinasanas.

Piena produktivitates raditajus saimnickoSanas kontrolei jaizmanto kopa ar
kontrolétu un zinamu baribas devu, pretéja gadijuma produktivitates pazimju
izmainas precizi izskaidrot nevar.

Visam pienu razojosam saimniecibam ieteicams regulari kontrolét urinvielas
saturu individualo govju piena, bet parraudziba eso$ajam saimniecibam
urinvielas saturu noteikt ikménesa parraudzibas kontrol€s visam govim.
Ciltsdarba specialistiem un piensaimniecibas nozar€ iesaistitajam organizacijam
javienojas par kopproteina, olbaltumvielu vai kazeina satura izmantoSanu razibas
indeksa aprékinasana, bet piena parstrades uznp@mumiem janoverté kazeina satura
nozime gala produkta iznakuma un samaksa janosaka pec vertigakas kopproteina
sastavdalas piena.

Ciesa neolbaltumvielu slapekla (NPN) korelacija ar urinvielas saturu dod iesp&ju
novertét piena razoSanas efektivitati, izmantojot urinvielas satura raditaju: tas
lauj izmantot ieglitos rezultatus vides piesarnojuma kontrolei.
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RESEARCH TOPICALITY

Profitability of dairying industry depends upon successful management of herds: it
cannot be organised without suitable monitoring of cows. Monitoring allows
organising herd reproduction, arrange correct feeding, improve herd productivity and
thus also increase income. The main income in dairying is generated by the milk sold
to processing enterprises and is influenced by the milk content, namely composition of
fat and proteins; amount and proportions of these components affects milk yield and
quality (Verdier-Metz et al., 2001).

Due to cow breeding programmes implemented lately, yield and composition of
milk during the last years has improved. When determining breeding value in Latvia,
great attention is given to milk protein content, since, in the calculation of productivity
index, the coefficient of economic weights comprises 6 for proteins, 3 for milk yield,
and 1 for fat content (LDC, 2010).

Content of crude protein in cow milk depends upon cow hereditary characteristics,
feeding and housing facilities.

Analyses of milk samples in laboratory allow finding out crude protein amount;
however they do not examine protein composition. Researches show that crude
protein contains casein, whey proteins (called true proteins) and non-protein nitrogen
(NPN), the main part of which is formed by milk urea. Researches (Hui, 1993;
Ferguson, 2010) indicate that share of NPN constitutes approximately 5% of the milk
crude protein.

During the recent years, several countries (USA, Australia, France, or Hungary) in
determination of cow breeding value are using true protein content instead of crude
protein content in milk. Also milk processing enterprises are interested in true protein
content, as it determines the volume of product yielded (Raden and Powell, 2009).
Share of non-proteins is of a great significance as well, since in European countries
and United States of America (USA) it is used to control environmental pollution
(Bijgaart, 2003).

Crude protein content in cow milk is an indicator significant to find out quality of
milk and breeding value of animal. Crude protein content in cow milk in Latvia is
little studied; therefore research on the share of true proteins in the content of crude
protein is of a high importance. By knowing content of true proteins, the breeding
value of herd may be evaluated more precisely and system of payments for the milk
sold to processing enterprises may be improved.
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RESEARCH AIM AND TASKS

The study aims at researching dynamics of crude protein and urea content in milk
yielded from cows in Latvia, analysing factors having the greatest influence on it, as
well as evaluating further use of the results acquired to facilitate more effective
management of herds
Paper hypothesis:

e as urea content in milk increases, the content of crude protein and non-protein
nitrogen rises.
To achieve the aim, the following research tasks were set:

e to estimate influence left by environmental factors, selected physiologic factors
and cow breed on changes in milk productivity and quality characteristics;

e to analyse crude protein, casein and urea content in milk yielded from dairy cows
with full lactation in farms engaged in the research;

o to find out share of true proteins and non-protein nitrogen in crude protein;

e to evaluate possibilities for using urea indictors in assessment of herd
management.

RESEARCH NOVELTY

e  For the first time in Latvia the content of crude protein, casein and urea in milk
yielded from individual cows was researched.

e Environmental, selected physiological and genetic factors, under the influence of
which changes in crude protein and urea content in milk are observed, were
found out.

e  Proportion of true protein and non-protein nitrogen (NPN) in crude protein was
measured, and correlation between NPN and content of crude protein and urea in
milk gained from Latvia cows was evaluated.

e  Opportunities for using crude protein and urea indicators for successful herd
management were assessed.
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MATERIALS AND METHODS

Research was conducted during the time period from September 2009 to October
2011.

e  Under production conditions and in four different agricultural holdings in Latvia.
All holdings are engaged in milk recording program.. Holdings included in the
research are located in various places of Latvia and represent different animal
housing and feeding technologies.

e Testing of milk samples was carried out in accredited laboratory
Ltd. “Piensaimnieku laboratorija”.

e  Content of milk non-protein nitrogen was found out in Netherlands milk central
laboratory QLIP with the help of a method validated in this laboratory.

e  Samples of fodder fed to animals during the research were analysed in laboratory
supervised by Estonian University of Life Sciences Department of Animal
Nutrition.

e Data on milk quantities yielded from dairy cows, cow breed, lactation and day in
lactation were acquired from monthly herd recording data available in
Agricultural Data Centre database.

Within the framework of the research, information on composition of milk
samples acquired from the holdings using differing cow housing and dairying
facilities was compiled.

Two large holdings (B and D, 503 and 164 cows, respectively) are keep indoor
freestall housing system. Holding B is located in Southern part of the country, while
farm D — in Northern Vidzeme. Farms recording milk production and uses method A
(recording is performed by independent certified person) in line with International
Committee of Animal Recording (ICAR) guidelines and legislation of the Republic of
Latvia on recording of dairy cows (ICAR, 2011).

In small farms (A and C, 28 and 20 cows, respectively) cows are tie stall housing
system, they are not grouped and are grazed in summer. Farms A and C are located in
central part of Latvia, near Riga; thus they are limited in availability of agricultural
area for high quality grazing areas and meadows, as most of the land is envisaged for
construction. Milk production is recording with the help of method B - after
acquisition of certificate, person has a right to perform this task only in own herd. This
is recording method suggested by ICAR guidelines.

In all farms cows are milked twice a day. Farms A and C are using milking line.
Farm B is milking cows by arranging them into groups, and the process takes place in
milking hall with parallel animal placement. All cow groups in farm D are milked in
milking hall, animals are placed in herringbone stall.

During the time period from September 2009 to October 2011, milk samples were
taken each month in control day. Milk samples were collected from all milking times
made during the 24-hour period.

Farms taking part in the research are breeding Latvian Brown (LB) and Black and
White Holstein (HM) cows, as well as mix of the both breeds (XP). During the 26
months, 14 873 milk samples acquired from four farms were analysed. Information on
milk samples in breakdown by farm and cow breed has been compiled in the Table 1.
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With an aim to estimate content of non-protein nitrogen (NPN) in milk produced
in Latvia, a separate experimental group was formed. Samples, for which NPN
content was studied, were taken once (in September 2012) from all farms. 5 samples
were taken from farms A and C, while from farms B and D — 10 samples from each.
Milk samples were taken from cows representing various breeds (LB, n=14; HM,
n=10; XP, n=6) and lactation 1% (n=6); 2" (n=7); 3" (n=7); 4™ (n=10), while all cows
were in the same lactation phase — from 100™ to 200" lactation day.

Milk samples in farms A and C were taken with the help of milk meter in each
milking time. After milking, milk volume was measured, milk was mixed and sample
was taken in proportion with the volume of milk yielded. Milk was poured into
~50mL bottle, ~20mL in each milking time. In farms B and D milk samples were
taken from measuring equipment bowl, in which milk flows proportionally during
milking. Milk volume was automatically measured by the milk meter that is integrated
in milking system. Samples were conserved with Broad Spectrum Microtab Il
preservative which is based on bronopol.

Milk composition was analysed in accredited laboratory for milk quality control.
Infrared spectroscopy method helped in finding out content of milk crude protein, fat
and lactose in compliance with 1SO 9622:1999 Whole milk. Determination of milk fat,
protein and lactose content. Guidance of mid—infrared instruments. Content of casein
and urea were measured in line with methods validated in laboratory — MET-006 and
MET-003. Somatic cell count was studied by using fluorescent opto-electronic
method or flow cytometry in compliance with the requirements of the standard LVS
EN ISO 13366-2:2007 Piens. Somatisko Sunu skaita noteiksana. 2. daja: noradijumi
par fluorescentoptoelektronisko skaititaju ekspluataciju (Milk. Determination of
somatic cell number. Section 2: Guidelines for operation of fluorescentoptoelektronic
meters).

Milk samples to estimate NPN were preserved with 10mg of K,Cr,0O- 100mL™ and
sent to central milk laboratory QLIP in Netherlands, where they were analysed with
method validated in laboratory in compliance with ISO 8968-4 Milk nitrogen content,
non-protein nitrogen content.

Research includes evaluation of dairy cow milk productivity traits: yield per cow
in control day (yield, kg); content of fat (%), crude protein (%), casein (%), urea
(mg dL™) and lactose (%). Indicator used to characterise quality in this research is
somatic cell count (SCC).

Analysis of the data obtained within the framework of the research was based on
descriptive statistics — arithmetic mean + mean arithmetic standard deviation.
Variability of the characteristics studied was described with minimum and maximum
values and standard deviation ratio to the arithmetic mean value in per cent (variation
coefficient (V, %) was calculated.

Phenotypic correlation (r,) between content of urea and other milk composition
indicators was found out by using Pearson Correlation Coefficient.

With an aim to research influence left by environmental and selected physiological
factors, as well as cow breed on changes in milk composition the multifactor linear
model was used; it included the factors fixed:
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yijklmnsr = ,U+ Si + Sej +Sk + I-I + LPm +Vn +Us + Rr +eijklmnsr (1)

S — farms (i=4)

Se — season of the year (j=4)

S — breed (k=3)

L — lactation (1= 1-4)

LP — lactation phases (m = 1-6)

Vn — health status (n=6)

U — urea content class (s=4)

R — milk yield per cow in control day (r=6)

Credibility of factors included in linear model of multifactor dispersion analysis
was found out at significance level a = 0.05; 0.01; 0.001. Influence left by factor was
assessed as significant if p<o. Value of determination coefficient (R?) indicates for
how many per cent selected model explains dispersion of the feature researched.

Gradation class average values of the factors researched in model are characterised
by last squares mean values (LMS) and standard deviations thereof. The most notable
differences among factor gradation class are indicated by various letters: a, b, c etc. if
p<0.05.

In further calculations, somatic cell count (SCC) (that in laboratory was measured
in thousands per 1mL of milk) was transformed to standardised units — SCS (Somatic
Cell Score) by using following formula (Schutz, 1990a):

SCC=log2 (somatic cell count/100.000)+3 2

Feeding efficiency was evaluated by calculating ratio between milk fat and crude
protein content as well as milk fat and lactose content. Assessment of possible
ilinesses and optimisation of nutrition plan requires using optimum fat and crude
protein content ratios varying between 1.1 and 1.5 (Krause and Oetzel, 2006;
Toni et al., 2011), whereas optimum limit for the ratio between fat and lactose content
comprises 0.81 (Steen et al., 1996; Reist et al., 2003). The coefficients acquired are
used for further evaluations.

With an aim to evaluate and compare research results with other studies and to
find out possible nitrogen amount that is wasted by holdings when feeding cows in
imbalanced way, content of milk urea that in laboratory was measured as mg dL* was
transformed into % (FOSS Analytical, 2005) and afterwards urea volume (g) in
control day was calculated in compliance with the guidelines of International
Committee for Animal Recording (ICAR, 2011).

Molar mass of urea comprises 60g moL ™, while urea has two nitrogen molecules —
28g moL . Thus, by calculating proportion from urea content, the content of nitrogen
in urea may be found out. By using proportion (28/60) we may recalculate urea
content in milk into content of urea nitrogen. In order to be able to compare results
with the corresponding data in USA researches and standards , milk urea content was
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recalculated also into milk urea nitrogen (MUN) content, for further calculations using
following formula (Spiekers and Obermaier, 2012):

MUN = urea content x 0.46 3)

Also content of crude protein, casein and urea nitrogen (that in laboratory was
measured as per cent of crude protein, casein and urea nitrogen volume (kg and g))
was recalculated in compliance with ICAR guidelines (ICAR, 2011).

Volume, kg = (yield, kg x % of content)/100 4

When introducing integrated farming principles, results thereof may be controlled
with the help of several indicators. In the research, holdings were assessed by using
urea nitrogen volume that is taken from farm together with milk during lactation
phase. Recalculation was made per standard lactation (305 days) with the following
formula:

Urea nitrogen volume, kg per cow in lactation = (5)
= (MUN volume, kg x 305)/1000

Possible ammonium pollution in holdings was evaluated with the help of
calculations based on model developed in University of California (Burgos et al.,
2010):

Ammonium emission, g per cow daily = 25.0 + 5.03 x MUN content mg dL* (6)

Statistical processing of the data was carried out with MS for SPSS (SPSS Inc.
Chicago, Ilinois, USA) and MS Office programme Excel.
Images were created with MS Office programme Excel.

RESULTS AND DISCUSSION

1. Characterization of cow milk productivity observed during research

With the help of research conducted under real faming conditions the average milk
yield and milk content in the control day was found out.

Evaluation of the results in breakdown by year does not show common trend that
would allow saying that year is a factor having direct influence on all milk quality and
productivity traits. Average milk yield in control day did not differ between years and
comprised 24.2kg, nevertheless several cows indicated notable fluctuations in the
volume of milk yielded — between 3.1kg and 61.1kg per day in 2010 and between
3.3kg and 59.2kg per day in 2011 — variation coefficient was higher (35.5%) in the
second research year. The low milk yield was observed in the last lactation day before
drying off, and during the research those were only separate cases.
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Crude protein volume in milk during the research was higher (3.55% and 3.61%,
respectively) than national average (3.31% in 2010 and 3.31% in 2011). Average
casein content correspondingly constituted 2.73% and 2.76% and it accounted for
76.9% and 76.5% in the crude protein content. The results acquired meet data from
other researches that have found variations in casein content between 76% and 80%
(Hui, 1993).

Also mean fat content (4.38% and 4.29%, respectively) exceeded the country
average (4.29% and 4.26%). Average indicators of milk chemical composition —
content of crude protein, fat and lactose — was equal to the one discovered by other
researchers: from 3.4% to 6.1%, from 2.8% to 3.7%, and from 4.5% to 5.0%,
correspondingly (Huth, 1995; Foissy, 2005).

Average researched urea content in milk did not exceed the optimum limits
(26.0 mgdL™ and 27.4 mg dL™); however milk of several cows had very low
(3.2 mg dL™) or very high (79.9 mg dL™) urea content. Urea volume considered to be
optimum in Europe is from 15mg dL* to 30mg dL* (Bijgaart, 2003; TBeproxie6 n
Pamanayckac, 2006; Oudah, 2009). Also fat and crude protein content found within
the framework of the research coincides with the traits reported prior — varying
between 3.4% and 6.1% and between 2.8% and 3.7% (Huth, 1995).

Average somatic cell count in both years met requirements for high quality milk
(150 thousand mL* and 139 thousand mL™) and was below the results found in other
herds of the republic (293 thousand mL ™ and 291 thousand mL ™, correspondingly).

2. Factors influencing milk productivity and quality traits

Productivity (yield, content) and quality (somatic cell count) of cow milk may be
influenced by various environmental, physiological and genetic factors. Genetic
factors include breed of a cow. Environmental factors may be various: research year,
calving season, region, particular agricultural holding etc. Farm is one of the key
factors, because they may be located in various regions with differing climatic, cow
feeding and housing conditions. The physiological factors studied more often are
animal age that is expressed in lactations and influence of lactation phase to changes
in milk productivity and quality traits.

Within the research, changes in productivity features were analysed depending on
holding, season when sample was taken, animal age, lactation, day in lactation, cow
breed, volume of milk yielded, somatic cell count and content of urea in milk.
Influence of the factors investigated on milk productivity and quality has been
summarised in Table 2.

All productivity traits studied within the research differed statistically significantly
among farms (p<0.05; p<0.01; p<0.001). The results obtained meet the findings of
R.Eicher and other scientists (Eicher et al., 1999a) that changes in content of urea and
crude protein depend on feeding technology and housing conditions. In research
“Dynamics of crude protein and urea content in dairy cow milk” it corresponds to the
holding factor, because feeding and housing conditions in the four farms were not the
same.
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Assessment of seasonal influence on traits of milk productivity and quality shows
that it does affect productivity significantly (p<0.05; p < 0.001).

Lactation does not leave significant influence on urea content, while it does have
effect on other productivity traits.

Day in lactation considerably affected all milk productivity and quality traits;
moreover researches conducted prior also prove it (Ng—Kwai—-Hang et al., 1985;
Wilmink, 1987; Huth, 1995; Jonkus et al., 2004).

Breed of the cow also did not leave significant effect on content of lactose and urea
in milk, while it had significant influence on other productivity traits. Also other
researchers have concluded that urea content in milk is not influenced by cow breed
(Stoop et al., 2006; Oudah, 2009; Jonkus and Paura, 2011).

Major differences in milk composition and quality were found in the milk gained
from cows yielding various milk volumes, with differing somatic cell count and urea
content in milk collected in control day (p<0.05, p<0.01, p<0.001).

Further research allowed finding out changes in milk productivity and quality traits
depending on each separate factor. Analysis covered milk yielded, while the main
attention among milk content indicators was given to crude protein, casein and urea
content. Content of fat and lactose and SCS will be used only as additional indicator to
characterise farming efficiency.

2.1. Environmental factors

Farming methods may have significant influence on milk productivity and quality
traits. Average milk productivity traits per cow in the control day are shown in the
Table 3.

Milk yield in farms participating in research differed significant — it was the lowest
in holding C (24.2kg), while highest in farm D (25.4kg). Content of crude protein,
casein and milk urea varied significantly among the farms. Milk produced in farm B
had the highest content of crude protein (3.57%); it may be explained by the fact that
holding is mainly breeding Latvian Brown cows, milk of which is characteristic with
higher crude protein and fat content in milk dry matter. Moreover, cows in farm B
received well-balanced fodder. Various references state that it has been observed that
content of crude protein, fat and lactose may change significantly depending on
feeding (Bruckental et al., 2000). Nevertheless the differences may be explained also
by use of different protein sources in farm. This fact has been testified also by
researches conducted by other scientists (Chiou et al., 1997). Casein content varied
significant among the holdings; it was the highest in farm B (2.72%) and the lowest in
farm A (2.54%). Explanation to variations in casein content is very similar to one
describing changes in content of crude protein, since casein forms most part of crude
protein. It means that changes in casein content may be related to various feeding
methods in holding and to share of particular cow breed in herd (LB or HM). On the
other hand, nevertheless farm C had the highest share of LB cows (91%), it did not
ensure the highest casein and crude protein content. Thus it may be concluded that
breed potential may be fulfilled only by ensuring wholesome and well-balanced
feeding (Eicher et al., 1999a; Janu et al., 2007).
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Urea content in milk also varied among the holdings (from 28.7mg dL™ to
34.0mg dL™). In farm C feeding was organised on one group, and in summer cows are
grazed. Urea content in milk produced in farm C was significant higher (34.0mg dL 1),
as compared to other farms. It indicates possible problems in fodder dose balancing
and farming. Also Czech and Lithuanian scientists (Jilek et al.,, 2006;
Savickis et al., 2010) emphasize that urea content in milk depends on farm factor.

Milk yielded in farm B had significantly higher fat content (4.40%) and significant
lower (4.65%) lactose content. Fat content was the lowest in holding C (4.09%), while
lactose content was similar in farms B, C and D (4.71%), moreover it was
significantly higher than in farm A.

Somatic cell count logarithm ranged between 3.81 in farm C and 4.23 in farm D.
such SCS meets high quality requirements. Value 4 indicates that SCS varies between
142 thousand mL ™ and 283 thousand mL ™ (Raubertas and Shook, 1982). Researches
comparing milk yield and changes in SCS depending on herd size conducted prior in
USA do not prove results acquired within this research. Scientists point out that bigger
herd ensures higher milk yield and lower somatic cell count, nevertheless it may
depend also upon technological solutions in herd and not upon size thereof
(Oleggini et al., 2001).

Evaluation of changes in milk productivity traits depending on season was based on
analysis of results acquired in winter, spring, summer and autumn. Research results
show that season, when milk samples were taken, significantly influences almost all
milk productivity traits (Table 4).

Highest milk yield (25.0kg) and lowest crude protein and casein content (3.36% and
2.57%, respectively) were recorded in summer months. Highest crude protein (3.55%)
and casein (2.70%) content was observed in autumn months. Researches show that
content of crude protein and casein has close positive correlation (r = 0.993). Also other
scientists have discovered similar trend, i.e., correlation between crude protein and
casein content is close (r = 0.96; Hayes et al., 1984).

Urea content in milk did not differ significant in spring, summer and autumn months,
while it was significant lower during winter period. In researches conducted prior
scientists have observed significant urea content rise in milk yielded during summer
months and significant decline thereof during winter months (Bastin et al., 2009).

Fat content in milk was significantly higher in winter months (4.37%) and much
lower (4.01%) in summer months. Whereas lactose content was higher in milk
produced during spring and summer months (4.72%).

SCS logarithm differed significant in spring and summer months; it may be
explained by start of grazing season in spring and more common udder infection
caused by environmental pathogens and by dramatic change in temperature
(Harmon, 1994).

Also studies performed by other researchers aiming at fining out seasonal
influence on all milk productivity indicators resulted in discovering that season of the
year has rather significant effect (Verdi et al., 1987; Van Den Berg, 1996; Arunvipas
et al., 2003a; Heck et al., 2009; Konjaci¢ et al., 2010; Savickis et al., 2010).

Urea content in milk shows how correct or suitable is balancing of protein and
energy in fodder for cows with various productivity traits. Evaluation of how great is
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the influence of well-balanced protein and energy amount in fodder dose to milk
productivity and quality traits is based on analysis of milk productivity changes
depending on urea content thereof (Table 5).

Evaluation of the results acquired shows that all productivity and quality traits
researched differed significantly depending on urea content in milk. Milk yield was
significantly higher (25.1 kg) if urea content exceeded 45.0mg dL ™. 33% of animals
in research had increased urea content in milk. It indicates a problem related to
ensuring highly productive dairy cows with fodder dose having adequate proportions
of energy and protein (Spohr and Wiesner, 1991; Spann, 1993).

Crude protein content was significant lower (3.41%) in milk yielded from cows the
milk urea content of which did not exceed 15.0 mg dL™. The highest crude protein
content was observed in milk produced by cows the milk urea of which ranged between
15.1 mg dL* and 30.0 mg dL. . Along with higher milk urea content (above 45.1 mg dL ™) crude
protein content tends to reduce.

Casein content in milk changes similarly as content of crude protein, i.e., it rose
significant as urea content went up, and was significantly lower if urea content
exceeded 45.1mg dL™*. Such a trend shows that, as protein content in fodder is
increased with an aim to gain higher crude protein content, not ensuring complete use
of proteins in feed, the content of crude protein in milk is reduced. Researches
conducted in France on influence left by higher urea content to cheese volume yielded
and taste characteristics thereof showed that casein content does not decline, while
milk coagulation time rises and cheese taste features are changing as well
(Martin et al., 1997).

The lowest fat content in milk (4.05%) was found with urea content below
15.0 mg dL™, and it rose notably as urea content in milk increased. Lactose content
did not differ significantly if urea content comprised less than 45.0mg dL*, while it
decreased significantly as urea volume went up above 45.0mg dL ™ (4.67%).

SCS logarithm reduced gradually as urea content in milk rose. It may be explained
by the share of samples in grade class with milk urea content above 45.0 mg dL*, the
most part of which was collected from farm C — the one with the lowest SCS
logarithm of the research (3.81). Also study carried out by Canadian researchers
indicates weak negative milk urea nitrogen influence on SCS (r = -0.190;
Miglior et al., 2007).

The paper deals with analysing not only influence left by environmental factors on
milk productivity and quality traits, but also with studying changes caused by separate
physiological factors.

2.2. Physiological factors

With an aim to evaluate influence left by physiological factors on milk productivity
traits we have separately compiled research results regarding cow lactation and day in
lactation.

The lowest milk yield recorded during the research was observed for cows in first
lactation (24.7 kg), while the highest — for cows in third lactation.
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The highest content of crude protein in milk (3.49%) was recorded for cows in
second lactation, whereas the lowest (3.37%) — for cows in first lactation. Content of
crude protein in milk yielded from cows in third, fourth and higher lactation did not
differ significantly (3.47%). Milk of cows in second lactation indicated significantly
higher casein content (2.66%). This may be explained by the age of cows engaged in
the research, since 69% of all milk samples analysed were produced by animals in
first and second lactation, 44% of which were yielded by cows in second lactation.

Researches allowed finding out that cows in first and second lactation are still
growing and their mammary glands are still forming, therefore milk volume yielded
from them may comprise 75-85% of the amount produced by adult cows. Several
authors believe that cow should be considered adult when it is in its third lactation
(Huth, 1995; Gaillard, 2002). However more common breeding of HM cows, which
are more fast-growing, allows observing maximum milk productivity already in the
second lactation.

The highest urea content during the research was recorded in milk yielded by cows
in second lactation (30.9 mg dL; p<0.05) and the lowest — by cows in third lactation
(30.7 mg dL™). Urea content in first and third lactation milk differed significantly.
Also Czech and Lithuanian studies have shown that urea content in third and older
lactation milk is lower than one in milk produced by cows in first and second lactation
(Jelik et al., 2006; Savickis et al., 2010). Studies conducted in Ontario have shown
that urea content is significantly lower at first lactation (Godden et al., 2001b). While
several scientists state that such results may be explained by the fact that cows in first
lactation are still growing and developing and thus are using amino acids more
effectively. As a result, formation of urea in liver is smaller and it is manifested as
lower urea content in milk (Oltner et al., 1985).

Fat content was significantly lower in milk acquired from cows in first lactation
(4.09%), while in milk produced by cows in other lactations it did not differ
significantly and comprised from 4.28% in milk from cows in fourth and further
lactations to 4.31% in third lactation milk.

Milk lactose content did not differ significantly among cows in first or second
lactation and was similar to one gained from cows in third, fourth or further lactation.
The highest lactose content (4.76%; p<0.05) was observed in milk from cows in first
lactation; moreover, along with each following lactation, the lactose content tended to
reduce.

Somatic cell count indicators differed significantly among various lactations,
rising gradually starting from the lowest indicator at first lactation. It may be
explained by worsening of animal health along with the ageing, or by mastitis not
completely healed since the previous lactation (Poso and Mantysaari, 1996;
Kelly et al., 2000).

During the lactation, both volume of milk yielded and content thereof changes.
Alterations in milk productivity are analysed by 100 lactations days or phases. First
100 days in lactation are the most important of the whole lactation, since cows at this
time bring the highest milk yield and are the most sensitive towards various
environmental irritations, thus provision of energy and protein with fodder dose is of
especially high importance. Evaluation of energy and protein supply during lactation
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is based on assessment of milk productivity and quality traits by lactation day classes,
devoting particular attention to the first 100 lactation days that have been studied more
in detail (Table 6).

All milk productivity and quality traits acquired within the framework of the
research differed significantly among the lactation phases. Second lactation phase
(day 30-59) is characteristic with higher milk yield and reduction in crude protein,
casein and fat content. At the beginning of lactation, cow organism has to adapt
quickly to new metabolism processes that differ from the ones present during dry
period. Physiological changes related to milk production take place in organism,
therefore need for additional food is growing very fast. Feeling of hunger is formed in
central nervous system; it is based on signals from changes in metabolism processes
(metabolites and hormones). Disorders in cow’s physiological balance together with
possibly insufficient or badly balanced fodder dose are reflected by fluctuations in
milk productivity (Santos et al., 2000; Ingvarsten, 2006).

Crude protein content in milk differed significantly — from lower (3.22%) at the
beginning of lactation (day 30-59) to highest (3.74%) at the end of lactation. Similar
trend was observed also in respect to casein content — lowest (2.46%) was recorded
from 30™ to 59™ lactation day, and gradually increasing it reached the highest point
(2.85%) in the last lactation days.

During the research, urea content in milk differed significantly among lactation
day classes and ranged between 30.3 mg dL and 31.1 mg dL™. The highest urea
content was recorded from 60" to 99" lactation day — 31.1 ml dL™*. Urea content during
the phases slightly exceeded the threshold recommended (15 mg dL™* — 30mg dL™).
This trend may be seen also in researches conducted by other scientists, showing the
lowest urea content in the first 60 lactation days and significantly rise thereof from
60™ to 150" lactation day, followed by drop after 150" lactation day (Godden et al.,
2001b; Arunvipas et al., 2003b; Bastin et al., 2009). It may be explained by milk
formation in body that takes place much faster than animal is able to intake food, thus
energy to use food protein cannot be provided at sufficient amount, and that manifests
in higher milk urea content (Oltner et al., 1985; Ng-Kwai—Hang et al., 1987;
Rossow and Richardt, 2003; Ositis, 2005).

Along with higher milk yield during second lactation phase, also rise in lactose
content may be observed. Also other researches indicate positive correlation between
the milk yield and lactose content (Kairi$a, Jonkus, 2008).

During the lactation, somatic cell count in milk produced by cows with optimum
health status changes. The lowest SCS was recorded from 30" to 59" lactation day,
afterwards it grew gradually and at final lactation phase after 300" day it reached 4.32.
Those are physiologically normal fluctuations in somatic cell count, since at final
lactation phase not only number of leukocytes, but also number of epithelial cells in
cow milk is growing (Jemeljanovs, 2001).

SCS in milk within the framework of this research has been used as quality indicator,
and thus also as indirect animal health indicator. Influence of this indicator on the
changes of milk productivity was confirmed already prior (Brolund, 1985;
Kelly et al, 2000; Strautmanis un Sterna, 2003; Bailey et al., 2005;
Kairisa un Jonkus, 2008).
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The highest milk yield (25.3 kg) was recorded for cows with SCS between 1 and
100 thousand in one milk millilitre (p<0.05). In this gradation class, milk had
significantly higher urea and lactose content (31.0 mg dL* and 4.80%), and lowest
crude protein, casein and fat content in milk (3.37%, 2.59%, and 4.14%, respectively)
was observed as well. Research allowed concluding that, along with SCS rise, the
content in lactose dropped from 4.80% to 4.61%.

If milk yield is high, concentration of mentioned milk components reduces; this
negative correlation between milk volume and composition thereof has been observed
also by other researchers (Kairisa and Jonkus, 2008). Polish scientists have noticed
that, along with higher somatic cell count in milk, milk yield and crude protein content
reduces significantly (Litwinczuk et al., 2011). Other researchers have discovered
decline in milk yield by 3-9% of SCS is above 500 thousand mL™
(Hagnestam-Nielsen et al., 2009). In mastitis cases, not only milk yield reduces, but
also changes in milk chemical composition have been observed. Several authors
suggest using lactose content in milk as udder health indicator. It has been proved that
in case of subclinical mastitis concentration of lactose in milk decreases
(Antane et al., 1997). In this research, along with rise in SCS, lactose content reduced
from 4.80% to 4.61%. In study conducted by B. Rekik, milk yield drop with higher
SCS reached 1.76 kg per day and decline in protein volume comprised 75 g daily
(Rekik et al., 2008).

Researches related to comparison of crude protein and non-protein nitrogen
content in milk depending on SCS performed by others did not show significant
changes, while casein content reduced significantly, as SCS rose (Verdi et al., 1987).
It means that animal health in farms should be monitored to ensure production of high
quality raw material, as for milk processing enterprises casein content gives higher
production volume. The researches carried out about influence of SCS on cheese
amount and quality indicate that, along with higher SCS, the cheese outcome and
quality thereof reduces (Verdier-Metz et al., 2001; Leitner et al., 2006).

Apart from environmental and physiological factors productivity and quality of
dairy cow milk is influenced by genetic factors that include also cow breed.

2.3. Breed

Cow breed is one of the key factors determining effective farming model in farm.
Thus it is of a great significance to assess potential of each breed. Research showed
that cow breed has considerable effect on all productivity features studied as well as
on changes in SCS (Table 7).

Within the framework of the research, significant differences were observed in
milk volume yielded from various cow breeds. The highest milk yield (25.0 kg) was
produced by HM cows, while the lowest — by LB cows (24.8 kg) and cows of mixed
milk breeds (24.9 kg). Differences in milk yield may vary rather greatly among the
breeds, since selection of each breed is made to develop particular characteristics. HM
cows were bred for high milk yield.

Crude protein, casein and fat content was significantly higher in milk produced by
LB cows, while lower in milk gained from HM and XP cows. Scientists have
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confirmed that there are differences in crude protein and casein content depending on
cow breed (DeMarchi et al., 2008).

It has been found out that, as compared to Estonian Holstein cows, milk produced
by Estonian Red cows has higher crude protein, casein and fat content
(Joudu et al., 2008). Researches of other scientists have proved high genetic
correlation between casein and crude protein content, and they indicate that both
indicators emphasize breed characteristics. However, it should be noted that, by using
true protein content (incl. casein) instead of crude protein content, economic value of
milk may be reflected much better, thus improving and specifying payment for the
milk quality. Use of true protein content would allow also more precise estimation of
cow breeding value and improve quality of the farming management
(Samorel et al., 2013). E.g., in Denmark calculation of the breeding value index for
bulls to be exported is based on casein content indicator (Powell et al., 2003).

Productivity traits acquired within the research for XP cows differed significantly
from the indicators characterising LB and HM cows. Latvian farmers are
interbreeding LB and HM cows with an aim to get higher milk yield, thus also volume
of milk components. XP breed indicators found in research are higher than ones of
HM breed — a proof that desired aim may be reached. Research carried out in
Australia, dealing with comparison of milk productivity traits for Holstein cows and
mix of Jersey and Holstein cows, allowed observing higher fat and crude protein
content in cow milk yielded from mixed breed (Auldist et al., 2007). Differences in
milk composition among various breeds have been established in several researches
(Emery, 1988; Schutz et al., 1990; Huth, 1994; Glantz et al., 2009).

Average urea content in milk did not differ significantly among various breeds and
ranged between 30.6 mg dL* and 30.9 mg dL . Studies performed with Holstein,
Jersey and Switzerland brown cows show significant difference in content of crude
protein and urea depending on breed of the dairy cow (Carroll et al., 2006).

During the research, SCS varied significantly depending on cow breed. The
highest SCS was recorded for HM and XP cows, while the smallest — for LB cows;
nevertheless all results did not exceed limits stipulated by the legislation —
400 thousand mL™ (Regulations of the Cabinet of Ministers No 123, 2010). Such a
result may be explained by the holding factor influence. The highest share of LB cows
is held in agricultural holding B, the average SCS in which comprised 4.06.

Evaluation of the influence left by separate factors on crude protein, casein and
urea content in milk shows that factors cannot be used separately to make some
judgements about the farming efficiency.

3. Analysis of dairy cow milk composition and urea content in farms
researched

Several scientists (Jonker et al, 2002; Dijkstra et al, 2011;
Gruber and Poetsch, 2012) emphasize usefulness of crude protein and urea content
estimation. Urea content together with crude protein content may be used to assess
efficiency of cow feed dose and estimate nitrogen emission into environment.

48



Analysis of the results found have resulted in average urea content in milk in each
farm and breakdown thereof by the content recommended in Europe (Figure 1).

The results acquired show that in three farms (A, B and D) urea content in 59-71%
of milk samples comprised 15.1-30.0 mg dL*. However, also in these holdings urea
content in 29-41% of samples was below or above the optimum threshold. Unpleasant
situation was observed in holding C; there urea content only in 16% of milk samples
was within the optimum limits.

The results obtained show how easy urea content in milk allows assessing
efficiency with which protein is utilised in each feed dose and identifying potential
threats for environmental pollution. Spanish researches on fertilising pastures with
slurry, aiming at increasing nitrogen amount in fodder, showed that excessive
fertilisation does not give the result desired, since urea content in milk increases, and
that, in turn, points to inefficient nitrogen utilisation (Arriaga et al., 2009). Other
studies on various fodder doses with 52% and 72% of dry matter and equal protein
content (16.5% and 16.4%, respectively) resulted in observation that urea content in
milk does not change significantly depending on fodder dose (Agle et al., 2010).

Analysis of the results compiled allows concluded that differences in the results
among various holdings arise due to differing feeding methods. Results of this study
show differences in average milk urea content among farms, and thus confirm also
findings of other researchers about use of milk urea content for effective planning and
calculation of effective fodder dose (Jonker et al., 1999). Scientists point out that
changes in milk urea content may reflect even 1% change in protein contained by feed
dry matter. In the researches mentioned, cows were fed with feed containing 13.0%,
14.0%, 15.0% and 16.0% of protein in dry matter, and significant fluctuations were
observed only in urea content, other productivity traits did not change
(Zhai et al., 2006).

After evaluation of the research results and correlations, author for successful herd
management suggest using milk urea content parameter together with traditional fat
and crude protein parameter. Regular control of urea content allows farmer to make
sure that fodder doses are effective and ensures that possible problems are discovered
and solved in time.

Various researches conducted in Europe have used urea content in milk, while
USA studies more often are using other parameter — milk urea nitrogen (MUN)
content. In order to be able to compare research results, urea content was recalculated
into MUN (Figure 2) that is used for efficiency control in USA. Advisable MUN
content should comprise 8.0-12.0 mg dL* (Kohn et al., 2002; Bucholtz et al., 2007).

Research results show that MUN threshold was exceeded in all farms engaged in
the study. Thus it may be concluded that farms have to pay attention to utilisation of
protein in fodder and balancing thereof with energy in single feed dose. Findings
compiled in the USA regarding fodder protein and MUN content show following: to
reach MUN limit 12mg dL™, it is necessary to reduce protein amount in food to
12.8% in dry matter (Aquilar et al., 2012).

Scientists from countries assessing nitrogen use and efficiency, with which
nitrogen in single feed dose is utilised, suggest using urea content parameter to
evaluate and plan farming model (Godden et al., 2001c; Haig et al., 2002).
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Crude protein contains also part of nitrogen useless economically and for
nutrition — non-protein nitrogen that comprises approximately 6% of crude protein
content in milk and is formed in cow organism after protein metabolism processes
(DePeter and Ferguson, 1992; Hui, 1993).

4. Analysis of crude protein and non-protein nitrogen content in milk

With an aim to evaluate correlations between content of crude protein, non-protein
nitrogen and urea, with the help of random sampling a research group was created. For
this group non-protein content in milk was found out. The results acquired are shown
in the Table 8.

Average milk yield in the research group comprised 28.8 kg. Nevertheless all cows
of the research group were in the 2" phase of the lactation, i.e., from to 100" to
200" day in lactation, milk yield amplitude was rather wide — from 15.0 kg to 47.8 kg.
Average crude protein content in group accounted for 3.43%.

Average urea content in milk constituted 28.3 mg dL™, thus meeting the limits
suggested. Non-protein nitrogen content comprised 0.204%. Non-protein nitrogen
content in Latvia under laboratory conditions is not measured; therefore the results
acquired may be compared only with the findings of researchers from other countries.
The NPN obtained within the study is higher than one in American researches
(Raden and Powell, 2009) — 0.19%. While NPN content found in research conducted
in Netherlands was lower (Heck et al., 2009) than in this study (0.182%).

Researches performed prior in other countries affirm changes in non-protein
nitrogen content depending on holding, breed, lactation, day in lactation and season
(NG-Kwai-Hang et al., 1985), therefore also author of this paper has evaluated results
of this research considering all the factors above.

Henceforth paper includes assessment of the influence left by cow breed on
changes in content of crude protein and non-protein nitrogen (Table 9).

The results obtained indicated that volume of milk yielded from LB cows is
significantly smaller, while crude protein and casein content in milk is significantly
higher. Non-protein nitrogen and urea content does not differ significantly among
breeds. Also studies of other researchers do not show that cow breed causes changes
in content of non-protein nitrogen and cure protein (Carroll et al., 2006).

Research group results may be compared with data acquired in Netherlands. The
cow breed dominating in Holland is HM. Urea and non-protein nitrogen content
results analysed in the Doctoral Paper were obtained in September, and for breed HM
those were 24.6 mg dL " and 0.197%, meeting the data acquired in Netherlands — there
urea and non-protein nitrogen parameters obtained in August comprised 26.0 mg dL™
and 0.190% (Heck et al., 2009).

With an aim to evaluate farm influence on milk productivity traits and non-protein
nitrogen content in research group, the results found are compiled in Table 10.

Holding factor had significant influence on milk yield, crude protein, casein and
urea content. Also farm C cows engaged in the research had significantly higher urea
and non-protein nitrogen content in milk (45.6 mg dL* and 0.232%), while milk yield
in holding C was the lowest.
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Significant differences were observed among all holdings. Farm D indicated the
highest milk yield — 35.8 kg. Also crude protein content varied remarkably among the
farms. The highest crude protein and casein content was recorded in farm B (3.61%
and 2.79%, respectively); whereas farm D indicated the lowest crude protein and
casein content (3.29% and 2.53%, correspondingly).

Analysis of seasonal influence on milk productivity traits shows that other
scientists have discovered that lowest crude protein and true protein content in milk
may be observed in summer months, while content of non-protein nitrogen and urea
during these months is significantly higher (Heck et al., 2009). Also other studies have
observed that crude protein and casein content in milk is lower when volume of non-
protein  nitrogen (containing urea) increases (Carlsson et al, 1995;
Ferguson et al., 1997; Godden et al., 2001b).

Casein is the most valuable part of crude protein. Apart from casein, crude protein
contains also whey proteins and non-protein nitrogen. Percentage breakdown of crude
protein components by farms is summarised in Figure 3.

Casein forms the largest group of crude protein. Casein content in milk yielded
from research group differed among all holdings; the lowest (76.9%) was recorded in
farm D, while highest (77.6%) — in farm A. Non-protein nitrogen content varied
between 5.6% in farm B and 6.6.% in farm C. Also other scientists have observed
fluctuations in NPN content depending on holding. Amplitude in fluctuations ranged
between 3.73% and 7.95% (Barbano and Lynch, 1992).

To prove the hypothesis of the research, mutual correlation between non-protein
nitrogen and crude protein were evaluated. Research group cows indicate weak
non-protein nitrogen influence on changes of crude protein content in milk (4.3%).
Such effect is small, however a positive trend may be observed. If size of research
group is bigger, the results acquired may be more credible and prove that changes in
crude protein content increase also share of useless share of nitrogen.

Urea is one of non-protein nitrogen components. Correlation between non-protein
nitrogen and urea content in milk is positive and medium close (r = 0.677). Value of
the determination coefficient found (R? = 0.458) indicates that urea content influences
the increase in share of non-protein nitrogen by 45.8%. The results obtained allow
using urea content parameter to estimate share of non-protein nitrogen, finding out
volume of substances containing useless nitrogen in milk.

Research results show that, when assessing crude protein content in milk produced
with an aim to make payment for the milk produced or evaluate cow breeding value, it
would be useful to use casein or true protein content parameters instead of crude
protein content in milk, as those are indicators giving milk processing enterprises clear
view about the possible outcome from the milk purchased (Sustova et al., 2007).

5. Use of milk composition traits to assess farming method

As compared to other ruminants, dairy cows are able to transform fodder crude
protein into milk proteins more effectively and are discharging nitrogen with manure
and urine. Nitrogen content in manure may be two, three times higher than one in
milk. Thus, as protein volume in feed is increased, not only more milk is produced,

51



bet also threats for environmental pollution are growing. Moreover, costs necessary to
prepare fodder rich in proteins are increasing.

Many researchers have proved that milk content traits may be used not only to
assess animal productivity, but also to characterise metabolism processes in animal
body and thus also to foresee possible illnesses in time and control farming efficiency.
Productivity traits characterising body metabolism processes are called biomarkers.
Somatic cell count is used to evaluate animal health status, while urea content in milk
— to find out protein and energy balance in fodder and assess efficiency of feed
protein use, as well as to prognosticate possible risks of metabolism illnesses (ketosis,
acidosis) and possible environmental threats. It has been proved that there is
significant correlation between milk urea content and nitrogen content in animal urine
and manure (Eckersall and Bell, 2010; Burgos et al., 2010; Klein et al., 2011;
Spek et al., 2013).

With the help of average milk yield and composition traits acquired within the
research the volume of crude protein, casein, urea and urea nitrogen produced in each
farm was calculated (in kg) (Table 11).

Analysis of crude protein content parameters basing on volume shows that there
are significant differences among holdings. The highest crude protein amount in
control day was acquired from farms B and D (0.87 kg), whereas the lowest from farm
C (0.80 kg). Researchers have noticed influence of feeding and fodder dose versatility
on crude protein content and volume. Composition of feed dose affects crude protein
volume and not content thereof in milk (Schingoethe, 1996). Corresponding
breakdown among farms was observed also in respect to casein volume. Whereas the
lowest urea amount within twenty-four hours was produced in holding C (7.21g), and
the highest in farm D (7.95g), nevertheless highest urea content parameter was
observed in farm C (34.1mg dL%). Also amount of urea nitrogen by farms is broken
down similarly to urea amount. It is necessary to evaluate production efficiency in
holdings by the amount of milk productivity parameter, as they are the ones basing on
which payment for the milk is made and dairy cow breeding value is determined.

Farm may use urea volume under integrated farming. This indicator points to
volume of unused nitrogen that with urine and whey after curd and cheese production
gets into waste and afterwards in surrounding environment. By basing calculations on
urea and nitrogen amount, volume of nitrogen emitted with milk on average by single
cow during lactation may be calculated per each farm (Figure 4).

When calculating average milk urea nitrogen volume that is produced with milk
during lactation and possible milk urea nitrogen (MUN) amount at optimum MUN
content 8.0mg dL%, it may be concluded that these indicators differ significantly.
Highest urea nitrogen with milk is emitted farm D — 1.116 kg, while at optimum MUN
it would be only 0.620 kg, i.e., practically a half less than actual nitrogen volume
emitted. Thus each farmer, knowing cost of one protein feed kilogram, may calculate
amount of money wasted by farm.

Researches conducted prior have resulted in close positive correlation between
milk urea content and milk urea nitrogen; meaning that as urea content in milk
increases, also nitrogen content in urine grows, and thus environmental threats and
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volume of wuselessly utilised protein rises as well (Shingfield et al., 2001;
Gressley and Armentano, 2007).

As earth population number is growing, issue on food supply becomes
increasingly more topical. It is necessary to increase agricultural produce while
safeguarding environment. Many researches underline well-balanced agricultural
production, seeking for a way to achieve optimum animal productivity with minimum
environmental pollution.

S.A.Burgos and other scientists experimented with dairy cows in various lactation
days. Cows were fed with fodder doses having various protein contents (15%, 17%,
19% and 21%). Cows received such feeding for six days. In the seventh day, milk,
urine and faecal samples were taken, ammonium emission from urine and faecal
samples was measured and calculated, and nitrogen content in milk samples was
studied. As protein content in fodder dose increased (from 17.2% to 19%), also urine
volume of dairy cows grew (from 22.2L daily to 25.6L daily). Basing on the data
acquired in the research, calculations were made. Results thereof showed close
correlation between ammonium emission with faeces and urine and milk urea content
(R?=0.85). Basing on the results acquired, scientists worked out equation that is used
to control ammonium emission depending on milk urea content (Burgos et al., 2010).

On the basis of this equation, possible ammonium pollution in researched farms
was calculated (Figure 5).

Calculations show that smallest ammonium pollution would be emitted by holding
A, while biggest — by farm C (91.4g and 104g, respectively). By using these data, each
farm may make calculations and forecast farming efficiency and environmental
threats. Netherlands already currently are monitoring and evaluating environmental
threats basing on urea content parameter acquired from cow milk monitoring data.
Measures taken since 1998, covering monitoring of legislation and farmer control over
and correction of fodder protein and energy amount, have produced good result.
Already in three years, 12% reduction in ammonium pollution was recorded
(Bijgaart, 2003).

Many researchers emphasize that use of urea content is not unambiguous, and it
may not be used separately without considering factors influencing changes thereof —
not only physiological, but also time, when milk samples were taken, and testing
method, as well as laboratory in which testing was performed. Therefore scientists and
feeding specialists suggest basing regular herd control on average results calculated
that were obtained from individual animals instead of urea parameter found for total
milk produced. If possible, calculations should be made for animals located in the
same feeding group (Bijgaart, 2003; Ingvarsten, 2006).

Evaluation of the research results shows that, when planning farming method, it would
be useful for each farm not only to consider milk composition, but also to recalculate
and assess volume of key milk components in kilograms and grams. Payment for milk
is derived directly from the outcome calculated and volume of milk produced. Not
always high crude protein content in milk means high payment for the milk and vice
versa — high milk yield with small crude protein content may give better outcome.
Each farmer has to evaluate advantages and disadvantages, and, by using all available
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milk productivity and quality traits, he/she has to make a decision on the most
efficient and environmentally friendly farming method.

CONCLUSIONS

1. It the paper, during the two research years, it was found out that changes in milk
yield, content of crude protein, casein, fat and lactose were significantly influenced
by particular agricultural holding, season, cow breed, lactation and lactation phase,
milk yield in control day, milk urea content and somatic cell count (p<0.001;
p<0.05), while among the factors above changes in the milk urea content were not
affected by cow breed and lactation. The factors researched allowed explaining
alternations in productivity characteristics from R? = 0.228 to R*= 0.940.

2. Milk crude protein content in holdings using frestall housing comprised
3.53-3.57% and milk urea content constituted 29.8-30.6 mg dL™*. While in farms
using tie stall housing the indicators accounted for 3.31-3.38% and 28.7-34.1 mg
dL™, respectively. It was found out that in three farms optimum milk urea content
was recorded in 58-70% of milk samples, while in one farm only in 17% of
samples.

3. Crude protein and urea content dynamics was observed in lactation phases.
Significantly highest milk yield 25.5 kg and urea content 30.9 mg dL™ was from
the 30" to 59" day of lactation, but the crude protein content in this period was
significantly lower 3.22%.

4. Content of the most valuable crude protein component casein in the farms studied
varied between 76.9% and 77.6%, volume of whey proteins — between 16.2% and
17.1%, while amount of economically useless non-protein nitrogen (NPN) —
between 5.6% and 6.6%.

5. Evaluation of the correlation between non-protein nitrogen and crude protein
content allowed concluding that there is weak influence left by non-protein
nitrogen on changes in crude protein content (r = 0.088), while effect of urea
content on changes in share of non-protein nitrogen in milk is significant
(r =0.677).

6. Milk urea nitrogen (MUN) content in milk produced in the agricultural holdings
researched ranged between 13.2 mg dL* and 15.7 mg dL*, while MUN volume
emitted by single cow during lactation in holdings using freestall housing was
higher (from 1.061kg to 1.116kg), as compared to farms using tie stall housing
(from 1.013kg to 1.031kg).

7. The forecasted ammonium pollution emitted daily from agricultural holdings using
tie stall housing may comprise 91.4-104.0g, while amount emitted by holdings
using freestall housing may constitute 93.9-95.9¢ daily.

8. The hypothesis of the paper has been proven partly; as milk urea content increases,
also content of non-protein nitrogen in milk grows, but, when urea content exceeds
45.0 mg dL true protein content decreases.
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SUGGESTIONS FOR MILK PRODUCERS AND PROCESSERS

When using milk urea content parameter for regular control of the holding, one
should not be limited to results acquired in laboratory. Also other factors that may
influence changes in content of urea and crude protein should be taken into
consideration. Research results prove that factors not related to feeding have effect
on changes in milk crude protein and urea content, and allow identifying possible
deviations not related feeding.

Milk productivity traits for farming control should be used together with controlled
and known fodder dose, otherwise changes in productivity features may not be
explained precisely.

All agricultural holdings producing milk should control urea content in milk
yielded from each individual cow on regular basis, while farms engaged in milk
monitoring should find out milk urea content for all cows within monthly control.
Breeding specialists and organisations engaged in dairying industry should agree
upon using crude protein, true protein or casein content in calculation of
productivity index, while milk processing enterprises should evaluate importance
of casein content in final product outcome, and payment should be set basing on
the most valuable crude protein component in milk.

Close non-protein nitrogen (NPN) correlation with urea content allows evaluation
milk production efficiency, by using milk urea content indicator: it allows using
results acquired to control environmental pollution.
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