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PETIJUMA PRIEKSMETS UN PROBLEMAS AKTUALITATE

Viens no cilveka veselibas, dzivespriecka un darbaspéu saglabasanas
galvenajiem faktoriem ir veseligs uzturs. Veseligs uzturs nav iedomajams bez
augstvertigiem, kvalitativiem un uzturvértibas zina sabalans€tiem partikas
produktiem. Ped€jos gados ir ievérojami augusi sabiedribas interese par partikas
produktu uzturvértibu un veseligumu. Sai sakariba daudz tiek diskutéts par
tauku un holesterina nozimi uztura un cilvéka organisma un to iesp&jamiem
samazinasanas celiem partikas produktos.

Literatura atspogulota informacija par holesterina nozimi cilvéka uztura ir
pretruniga.

No vienas puses, svariga ir holesterina neaizvietojama daliba dazadu
organisma nozimigu biologisko procesu noris€s. Tas iesaistits vairakos
metaboliskajos procesos, ietilpst Sinu membranu sastava, zultsskabju un
vairaku hormonu sastava, D vitamina sintezg.

No otras puses, palielinats holesterina saturs, tapat ka palielinats
piesatinato taukskabju saturs uztura, paaugstina kopg&ja holesterina Iimeni un
zema blivuma lipoproteinu sastava esos$a holesterina koncentraciju asinis, kas
var nelabvéeligi ietekmét cilvéka veselibu. Holesterina Itmeni asinis cilvéka
organisma regulé specials mehanisms, kas uztur lidzsvaru starp organisma
sintezéto (1 1idz 2 g diend) un ar uzturu uznemto holesterina daudzumu. Ja Sis
regul&josais mehanisms ir bojats, asinis paaugstinas holesterina limenis.

Vairakos pétijumos konstatéts, ka samazinot ar uzturu uznemto holesterina
saturu, samazinas vid€jais holesterina saturs asinis. Uzskata, ka ikdiena ar
uzturu uznemtajam holesterina daudzumam nevajadzetu parsniegt 300 mg.
Noskaidrots, ka aptuveni treSdalai cilvéku ar uzturu uznemta holesterina
daudzums ietekme ta saturu asinis.

Holesterinu, ko uznemam ar uzturu, galvenokart sanemam no dzivnieku
valsts produktiem. Galvenie holesterina avoti uztura ir olas dzeltenums, ciku
aknas, sviests, treknie sieri un citi piena tauku produkti.

Viena no nozimigakajam uztura sastavdalam jau no pirmajam cilvéka
dzives dienam ir piens un piena produkti. Tas ir bagatigs uzturvielu avots, tad¢e]
piens ir neaizstajama, pilnvertiga un sabalansé€ta uztura sastavdala.

Dazados laika posmos piena kimiskais sastavs ir plasi pétits, bet tai pat
laika zinatniskie petijumi par piena esosa holesterina satura izmainam dzivnieka
Skirnes, gadalaika, vecuma, laktacijas perioda un veselibas stavokla ietekmé€ ir
saméra skopi, kas lauj secinat, ka Sis “lauks” ir maz pétits.

Ar1 Latvija praktiski nav veikti petijumi par holesterina saturu piena un ta
produktos. Nav izveértétas holesterina satura atSkiribas Latvijas brino un
HolSteinas melnraibo govju piena. Tade] §1 petijuma meérkis bija noteikt
holesterina dinamikas likumsakaribas Latvija audzétu govju Skirpu piena
sezonas un apkartgjas vides faktoru ietekme.



PETIJUMA MERKIS UN UZDEVUMI

Darba meérkis - noteikt holesterina dinamikas likumsakaribas Latvijas
govju piena saistot tas ar Skirném, edinasanu un dzivnieku labturibu.
So likumsakaribu novértésanai izvirziti sekojosi uzdevumi:

1) noskaidrot holesterina saturu Latvijas briino un HolSteinas melnraibo
govju piena un izp€tit ta iesp&jamas sakaribas ar galvenajam piena
sastavdalam: taukiem, olbaltumvielam, laktozi un somatisko Siinu skaitu,

2) izverteét holesterina satura izmainas piena atkariba no govs Skirnes,
laktacijas, gadalaika un dzivnieku labturibas,

3) izstradat holesterina dinamikas likumsakaribu vienadojumu, lietojot
kovariacijas analizi,

4) salidzinat ar dazadam holesterina satura noteikSanas metodém iegiitos
rezultatus.

PETIJUMA NOVITATE

1. Pirmo reizi Latvija kvantitativi noteikts holesterina saturs Latvijas briinas un
HolSteinas melnraibas Skirnes govju piena un ta korelativa saistiba ar tauku,
olbaltumvielu, laktozes saturu un somatisko Stinu skaitu.

2. Izvertéta piena kimisko sastavu ietekmé&joSo faktoru: dzivnieku Skirnes,
laktacijas, @dinasSanas, sezonas un vides apstaklu ietekme uz holesterina
satura izmainam govs piena.

3. Aprobéta holesterina satura noteikSanas metode piena.

ZINATNISKA DARBA APROBACIJA

Petijumi veikti laika posma no 2000. [idz 2003.gadam. Par rezultatiem
zinots LLU doktorantu zinatniskajas konferencgs, starptautiskajas konferencés
Kauna un Jelgava.

1. Sterna V. Holesterina satura dinamika Latvijas govju piena. Starptautiska
zinatniska konference “Zinatne lauku attistibai”, Jelgava, 2001.g. 23.-25.
maija.

2. Sterna V., Jemeljanovs A. Comparison of fatty acids and cholesterol content
in the milk of Latvian cows breeds. 8" Baltic Animal Breeding and Genetics
Conference, Kaunas, Lithuania, 5-8 May, 2002.

3. Sterna V. Comparison of different methods of cholesterol determination.
Starptautiska zinatniska konference “Zinatne lauku attistibai”, Jelgava,
2002.g. 23.-25. maija.
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produkti veseligam uzturam.”, Jelgava, 2003.g. 14.maija.

Sterna V. Estimation of some factors influencing cholesterol in milk.
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Kopuma publicéti 8 zinatniskie raksti latvieSu un anglu valoda, no tiem 6

publicéti visparatzitos recenz€jamos izdevumos:
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PETIJUMU METODIKA

P&tijumiem izmantoti Latvijas briinas (turpmak teksta LB) un HolSteinas
melnraibas (turpmak HM) Skirnes govju piena paraugi. Kopuma tika analizeti
195 piena paraugi, kas iegtti Cetras Rigas, Jelgavas un Césu rajona zemnieku
saimniecibas.

Piena paraugi tika pemti gan no rita, gan vakara slaukuma, divas, tris
dienas péc kartas un analizéti atseviSki. Katra ferma bija iesp€ja objektivi
izsekot holesterina dinamikai dazadu Skirnpu govju piena, tas turot vienados
kimisko sastavu, vienads ir kopSanas, slaukSanas un &dinasanas rezims.
Saimniecibu raksturojums apkopots 1.tabula.

1.tabula
Pétijuma apsekoto saimniecibu raksturojums
Saimnieciba | Analizéto | Govju Govju Govju Slauksanas process
paraugu | Skirne | vecums turéSanas
skaits veids veids biezums diena
ANNAS 55 LB, 5.-6. nepiesieta manuali 2 reizes
HM laktacijai
SESKI 49 LB 8.-9. nepiesieta manuali 3 reizes
laktacijai
ULBROKA 64 LB, 1.-6. piesieta mehanizeti 2 reizes
HM | laktacijai
CESIS 27 LB, 1.-4. nepiesieta manuali 3 reizes
HM | laktacijai

Baribas paraugi katra saimnieciba tika nemti vienu reizi vasaras un ziemas
laika un noteiktie raditaji attiecinati uz visu sezonu. Baribas paraugos noteikts
sausnas, kopproteina, koptauku daudzums, NDF, ADF un NEL (neto energija
laktacijai).

Lai salidzinatu kimisko sastavu un holesterina saturu piena, izé€dinot
atSkirigu baribu, piena paraugi tika sadaliti se$as grupas, skatit 1.att€la.

Saimnieciba ANNAS SESKI ULBROKA CEsIS
Ganibu perioda 1.grupa 3.grupa
Y A
Katstures
perioda 2.grupa 4.grupa 5.grupa 6.grupa

l.att.Piena paraugu sadalijums pa grupam atkariba no eédinasanas
veida



Holesterina saturs piena paraugos noteikts LLU zinatnes centra “Sigra”
akreditéta biokimijas laboratorija ar fotometrisko metodi, izmantojot
spektrofotometru C® 26 JIOMO. Kvantitativai holesterina noteikSanai piena
paraugos tika izraudzita Blura metode, lipidus iepriekS ekstrag€jot ar ROse-
Gottlieb lipidu ekstrakcijas metodi.

Piena paraugos noteikts tauku, olbaltumvielu un laktozes saturs, saskana ar
standarta IDF141C:2000 prasibam, un somatisko S$iinu skaits, saskanpa ar
standarta LVS EN ISO 13366-3:1997 prasibam, Siguldas ciltslietu un maksligas
aps€kloSanas stacijas akreditéta piena kvalitates kontroles laboratorija.

Taukskabju sastavs tika noteikts Valsts Veterinarmedicinas diagnostikas
centra Partikas kontroles laboratorija ar gazu hromatografijas metodes palidzibu.

Lai salidzinatu iegiitos holesterina satura rezultatus, 14 piena paraugos
holesterina saturs tika noteikts arT ar gazu hromatorgafijas metodi (GH/MS-006)

P&tijuma raksturota arT holesterina satura sakariba ar svarigakajam piena
sastavdalam: olbaltumvielam, taukiem, laktozi un izvertéta somatisko Stnu
skaita ietekme uz holesterina saturu piena. Sakaribas raksturotas izmantojot
korelacijas un regresijas analizes. Lai dati blitu samérojami, somatisko Stnu
skaits piena izteikts ka naturalais logaritms — In (som).

Kvalitativo faktoru ietekmes biitiskums noteikts katram faktoram atseviski (ar
t-testa un F-testa palidzibu, dispersiju salidzinajums ar Levene’s testu), pec tam tas
izvertets ar kovariacijas analizes palidzibu, ieklauts modeli (GLM-General linear
model). Modelis mekléts, lai vienlaicigi izvertetu iepriekSanaliz€tos kvantitativos
faktorus (piena tauku saturs) un kvalitativos faktorus (govs skirne, laktacija,
€dinaSana, sezona, slaukums, somatisko Stinu skaits) un So faktoru mijiedarbibu
ietekmi uz holesterina satura izmainam piena. Modeli ieklautie faktori paraditi
2.tabula.

2.tabula
Modeli ieklauto faktoru apraksts
Modeli ieklautie faktori | Apzim&jums Apzim&jumi
Kvantitativs faktors:
tauku saturs Ts g 100g™
Kvalitativie faktori:

Skirne Sk 1 - Latvijas briina, 2 - HolSteinas melnraiba
Sezona S 1 - vasaras, 2 - ziemas

Menesis M Janvaris - Decembris

Laktacija L govs vecums laktacijas no 1. [idz 9.

Edinasana Ed 1. - 6.grupa (piena paraugu sadaljums pec dzivniekiem
iz&dinatas baribas), to apraksts dots 1.attela

Slaukums Sl 1 - rita slaukums, 2 - vakara slaukums

Darba ietverto attelu izveide un apréekini veikti ar MS Excel un SPSS 8.0
programmam. Darba izvirzitas hipotézes parbauditas ar p-veértibas metodi,
faktori novertéti ka bitiski, ja p < a (o = 0.05, ja nav noradits citadi).



PETIJUMU REZULTATI UN DISKUSIJA

1. HOLESTERINA SATURS PIENA UN TA MIJIEDARBIBA AR
SVARIGAKAJAM PIENA SASTAVDALAM: TAUKIEM, OLBALTUMVIELAM
UN LAKTOZI

Analizéto piena paraugu tauku, olbaltumvielu, laktozes un holesterina
satura vidgjie raditaji, minimalas un maksimalas vertibas, ka ari vidgjas
somatisko $iinu skaita logaritmiskas vertibas paraditas 3.tabula.

3.tabula
Piena kKimiska sastava raksturojums
Piena sastavdalas Paraugy Vidgja |Standart- Vertibas
skaits | vertiba | novirze | Minimala | Maksimala
Holesterina saturs, mg 100ml”’| 195 15.64 6.60 4.50 34.50
Tauku saturs, % 195 4.55 1.16 1.93 7.43
Olbaltumvielu saturs, % 195 3.29 0.45 2.41 441
Laktozes saturs, % 195 4.70 0.24 3.51 5.50
Somatisko Stinu skaits, takstml’| 123 571.10 | 897.30 1.00 4744
Somatisko Siinu skaits, In (somat) 123 5.45 1.49 0.00 8.46

Ka var redz€t 3.tabula, pétijjumos analiz€to piena paraugu vidgjais
holesterina saturs ir 15.64 mg 100ml™ piena. Literatiira minéts, ka holesterina
saturs govju piena vidgji ir 12.8 mg 100ml" piena, dazados pétijumos tas
svarstas no 10 Iidz 20 mg 100ml™ piena (Jensen, 1991).

Lai izvertétu, cik cieSa sakariba pastav starp holesterina saturu un
galvenajam piena sastavdalam: olbaltumvielam, taukiem un laktozi, tika veikta
korelacijas analize.

No korelacijas analizes rezultatiem secinats, ka analiz€tajos paraugos pastav
vid@ji ciesa, pozitiva korelacija starp tauku un olbaltumvielu saturu, kur korelacijas
koeficients ir r = 0.504. Vaja, negativa korelacija pastav starp somatisko Stinu
skaita logaritmu un laktozes saturu piena (r = -0.489). Secinats, ka piena pastav
vaja korelacija starp tauku un holesterina saturu (= 0.418). Visas minétas
korelacijas ir statistiski nozimigas (a=0.01). Vaja korelacija (r = 0.136) pastav ari
starp olbaltumvielu un holesterina saturu (a=0.10).

Ar varbutibu 95% statistiski nozimiga holesterina satura mijiedarbiba ir tikai ar tauku
saturu, tad turpmakajos petijumos uzmaniba galvenokart tika pieversta So sakaribu izpétei.
Sakariba starp tauku un holesterina saturu piena paradita 2.att€la.



Sakaribu starp tauku (x) un holesterina (y) saturu piena, var raksturot ar
sekojoSiem vienadojumiem:
y =2.397x +4.891; R*=0.175,
y = 0.3247x>-0.8162x+12.422; R>= 0.179.

y=2397x +4.891

35 % R*=0.175
*9 )
. 30 (3 /
5 8 251
g o
g T,g 20 .
5815
< g 10 s
= 5 PN oy, * 9% $¢ y=0.324x>- 0.816x + 12.422
R*=0.179
0 T T T T
0 2 4 6 8 10

Tauku saturs, %

2.att. Holesterina un tauku satura sakariba piena

Veicot regresijas vienadojuma novertejumu, ieglistam, ka F-testa p<0.01.
Tatad linearas regresijas modelis statistiski nozimigi izskaidro holesterina
satura izmainas piena (¢=0.01). Ar tauku satura izmainam var izskaidrot 17.5%
no holesterina satura svarstibam piena. Piena tauku saturs ka viens no
holesterina satura svarstibas ietekmgjoSiem faktoriem lietots ar1 turpmakajos
apréekinos, tas ieklauts kovariacijas analizg.

2. LATVIJAS BRUNAS UN HOLSTEINAS MELNRAIBAS SKIRNU GOVJU
PIENA KIMISKA SASTAVA SALIDZINAJUMS

LB un HM S3kirpu govju piena kimiska sastava atSkiribas paraditas
4.tabula.

4.tabula
Latvijas Briinas un HolSteinas melnraibas Skirnes govju piena kimiskais sastavs
Piena sastavdalas Skirne| Paraugu| Vidgja | Standart- Vertibas

skaits | vertiba | novirze Minimala | Maksimala
Holesterina saturs, LB 127 16.05 7.43 543 34.50
mg 100ml'1piena HM 68 15.20 5.27 4.50 27.77
Tauku saturs, % LB 127 4.82 1.22 2.37 6.90
HM 68 4.02 1.00 1.93 5.77
Olbaltumvielu LB 127 3.39 0.48 2.41 4.44
saturs, % HM 68 3.08 0.30 2.50 3.93
Laktozes saturs, % LB 127 4.72 0.23 4.08 5.50
HM 68 4.68 0.27 3.51 5.12
Somatisko Stnu skaits, | LB 89 5.36 1.47 0.00 8.38
In(somat) HM 33 5.66 1.54 1.39 8.46
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Pétijuma analizétajos Latvijas briinas Skirnes govju piena paraugos videji
par 0.8% augstaks tauku un par 0.3% augstaks olbaltumvielu saturs, neka
HolSteinas melnraibas Skirnes govju piena paraugos. Holesterina satura vidgjie
raditaji So Skirnu piena maz atskiras.

Holesterina saturs Latvijas briinas Skirnes piena paraugos svarstas plasaka
amplittida (5.43 1idz 34.5 mg 100ml™ piena), salidzinot ar HolSteinas melnraibas
skirnes paraugiem (4.50 lidz 27.77 mg 100ml™ piena).

Holesterina satura izmainas, atkariba no piena tauku satura, Latvijas briinas
un HolSteinas melnraibas Skirnes govju piena paraugos redzamas 3.attela.
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3.att. Holesterina satura izmainas atkariba no tauku satura
LB un HM S$kirnes govju piena

3.attela redzams, ka pétijuma analiz€to piena paraugu vid€jais holesterina
saturs Latvijas briinas Skirnes govim ir augstaks. Turpretim, paraugos ar
vienadu tauku saturu augstaks holesterina saturs ir HolSteinas melnraibas
Skirnes govju piena. Holesterina un tauku satura izmainu sakaribu LB un HM
Skirnes govju piena apraksta vienadojumi:

y=2.34x+4.71, R’=0.12 (LB),
y=2.26x+6.09, R*=0.19 (HM).

Ka redzams, holesterina un tauku satura sakariba ir cieSaka HM Skirnes
(korelacijas koeficients r = 0.44), neka LB Skirnes govim (r = 0.35).

Vidgjais holesterina saturs HolSteinas melnraibas Skirnes govju piena ir
0.46%, bet Latvijas briinas Skirnes govju piena — 0.36% no tauku satura, turklat
palielinoties tauku saturam, holesterina saturs (% no piena tauku satura) piena
paraugos samazinas.
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Ja holesterins piedalas piena sint€z€, piesaistot no asinim garo oglekla
virknu taukskabes, tad var secinat, ka pieaugot tauku saturam piena, palielinas
iso jeb no jauna sintezéto taukskabju Ipatsvars piena. Sie pétfjuma rezultati
sakrit ar literatiira apkopoto informaciju, ka korelacija ar tauku saturu parasti ir
pozitiva taukskabém ar Tsu oglekla atomu virkni un negativa taukskabém ar
garu oglekla atomu virkni (Karijord et al., 1982).

Lai pilnigak salidzinatu pétamo govju Skirnu piena kimisko sastavu, tika
veikta arT taukskabju sastava izpéte. PEtijuma noteiktais taukskabju sastavs
Latvijas briinas un HolSteinas melnraibas Skirnes govju piena paradits 4.attela.
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4.att.Taukskabju saturs LB un HM Skirnu govju piena

Latvijas briinas 8kimes piena ir lielaks Tso taukskabju : laurinskabes 0.09 g 100g™
un miristinoleinskabes 0.42 g 100g" ipatsvars (Holsteinas melnraibas skirnes
govju piena, attiecigi, 0.07 un 0.31 g 100g™"), savukart zemaks piesatinato
taukskabju — palmitinskabes (1.01 g 100g™") un stearinskabes (0.12 g 100g™") un
nepiesatinatas taukskabes — oleinskabes (0.28 gl100g™) saturs. Holiteinas
melnraibas $kirnes goviju piena tas sastada, attiecigi, 1.08; 0.17 un 0.38 g 100g™
piena. Tas liecina, ka Latvijas brunas skirnes govju piena ir lielaks no jauna
sintez€to, bet zemaks no asinim piesaistito taukskabju ipatsvars.

T-testa rezultati liecina, ka biutiski atSkiras olbaltumvielu un tauku saturs
Latvijas briinas un HolSteinas melnraibas Skirnes govju piena (p<0.01). Ar
varbutibu 95 % var apgalvot, ka holesterina saturs salidzinato Skirpu govju
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piena neatskiras (p=0.36>0.05). Bitiski neatskiras ar1 laktozes saturs un somatisko
Stinu skaits So Skirnu piena paraugos (attiecigi, p=0.29>0.05 un p=0.34>0.05).

Ziemas sezona holesterina satura vid€jie raditaji pétamo Skirnu govju piena
atSkiras vairak, neka ganibu sezona (Homer, Virtanen, 1967). Holesterina saturs
LB skirnes govju piena ziema vidgji ir 16.66 mg 100ml™, HM $kirnes paraugos
15.41 mg 100ml”, ganibu sezona atikiribas ir mazakas, attiecigi, 14.23 mg
100mlI™ un 14.64 mg 100ml”". Tas varétu biit saistits ar izmainam &dinasana, jo
kiitstures perioda §ts atSkiribas ir izteiktakas.

Sie rezultati ir 1idzigi Bachman secindjumam, kur§ salidzinajis holesterina
saturu HolSteinas, Dzersejas un Dzernsejas Skirnu govju piena paraugos laika
no augusta lidz oktobrim un noveérojis, ka ta saturs dazadu skirnu govju piena
butiski neatSkiras (Bachman, Wilcox, 1976).

Ka liecina pétijuma rezultati, vid&jais holesterina saturs HM un LB Skirnes
govju piena paraugos arl ziemas sezona biitiski neatskiras (p=0.29>0.05).

3. HOLESTERINA SATURA IZMAINAS PIENA ATKARIBA NO GOVS
LAKTACIJAS

Holesterina saturs dazadu laktaciju govju piena paradits 5.att€la.
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Holesterina saturs, mg 100m]™
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Laktacija
5.att. Holesterina saturs dazadu laktaciju govju piena

Holesterna satura vid&jie raditaji laktacijas svarstas no 10.40 lidz 18.29 mg
100ml™" piena. Lai noteiktu vai holesterina saturs dazadu laktaciju govju piena
atSkiras, tika veikta vienfaktora dispersijas analize. Tas rezultati paradija, ka vid€jais
holesterina saturs piena dazadu laktaciju govim biitiski neatskiras (p=0.06>0.05).
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Lidz ar to var secinat, ka govju €dinasana, sezona un citi apkartjas vides
faktori, holesterina saturu piena ietekme vairak, neka laktacija.

Secinajumi veikti analiz€jot dazadu laktaciju dzivnieku piena paraugus, atSkirigas
saimniecibas. Lai varétu izdarit korektus secinajumus, tika noteikts holesterina saturs
vienu un to pasu dzivnieku secigu laktaciju piena paraugos. Konstatéts, ka govim
kltistot vecakam holesterina saturs piena palielinas. Tomer, lai veiktu statistiski ticamus
secinajumus biitu javeic papildus petijumi vairaku gadu garuma.

4. IZEDINATAS BARIBAS IETEKME UZ TAUKU UN HOLESTERINA
SATURU PIENA

Govim izédinatas baribas energétiskais nodros$inajums ganibu un kitstures
perioda paradits 5.tabula.

5.tabula
Baribas energétiskais un proteina nodrosinajums govju grupam
Piena | Sausna, | NEL, Kopproteins NDF, | ADF, Koptauki
paraugu kg MJ sausna, % % sausna, kg
grupa kg kg | g NEL"
ganibu perioda
1 19.46 | 1049 | 2.07 19.73 | 12.09 | 7.31 0.39
3 1796 | 104.5] 2.18 20.90 9.20 5.97 0.38
kutstures perioda
2. 13.61 | 83.74 | 1.59 19.00 4.88 3.04 0.37
4. 13.65 | 99.38 | 1.64 16.50 5.28 3.76 0.36
5. 12.63 | 62.13 | 1.54 25.00 536 | 444 0.58
6. 12.39 | 73.55| 1.26 17.00 6.30 | 4.46 0.46

Dzivniekiem iz€dinatas sausnas daudzums ir lidzigs 2. un 4.grupa, kuras
1z&dinats siens, attiecigi, 13.61 un 13.65 kg, un 5. un 6.grupa ar plasaku baribas
lidzeklu spektru —12.63 un 12.39 kg diena. Vislielaka starpiba kutstures
perioda, holesterina satura zina noverota starp otras un sestas grupas piena
paraugiem, lai gan koptauku un kopproteina saturs iz€dinataja bariba krasi
neatSkiras.

1. un 3. grupas dzivnieki ar baribu sanémusi Iidzigu energijas daudzumu.
Visaugstakais nodroSinajums ar proteinu ir 5. grupas dzivniekiem, attiecigi,
25 g proteina uz vienu NEL vienibu, bet vismazakais 4. grupas dzivniekiem -
16.5 g uz vienu NEL vienibu. Kitstures perioda vislielakais energijas daudzums
laktacijai nodroginats 4. grupas dzivniekiem, attiecigi, 99.38 MJ kg

Analizéto piena paraugu holesterina saturs, atkariba no govju €dinaSanas
veida, paradits 6.att€la.
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6.att. Holesterina saturs piena dazadi édinatam govim

Analiz€to piena paraugu holesterina saturs, atkariba no dzivniekiem
iz€dinatas baribas ganibu un kiitstures perioda, paradits 6. tabula.

6.tabula
Olbaltumvielu, tauku, laktozes un holesterina saturs atseviSku govju grupu piena

Grupa| Paraugu | Statistiskie | Tauku | Olbaltumvielu |Laktozes| Holesterina
skaits raditaji | saturs, saturs, %  [saturs, % saturs
% mg 100m]™
Ganibu perioda
1 35 videji 4.69 3.10 4.75 15.39
S 0.95 0.25 0.17 5.61
3 12 vidéji 4.09 3.02 4.92 9.56
S 1.53 0.10 0.11 4.61
Kiutstures perioda
2 19 vidgji 4.62 3.15 4.71 21.54
S 0.71 0.36 0.19 5.78
4 37 vidéji 5.09 3.06 4.79 16.91
S 1.28 0.63 0.20 7.24
5 64 vidéji 4.34 3.30 4.57 16.13
S 1.20 0.37 0.24 5.65
6 27 vidgji 4.17 3.13 4.75 11.57
S 1.20 0.37 0.24 5.65

s —standartnovirze

Lai izvertetu, vai svarigako piena sastavdalu saturs piena paraugos atskiras,
tika veikta vienfaktora dispersijas
olbaltumvielu, tauku, laktozes un holesterina satura vid&jie raditaji dazadi

-15-

analize.

Tas rezultati

paradija,

ka



€dinatu govju piena bitiski atSkiras (p<0.01). P&tijjuma tika noteikts, ka
holesterina saturs dazadi €dinatu govju piena atSkiras ne tikai starp vasaras un
ziemas sezonam (otra un tre$a piena paraugu grupa, treSa un piektd), bet ari
vienas sezonas ietvaros, t.i., ziemas laika iz€dinot atSkirigu baribu (otra un sesta
grupa). Lai gan koptauku un kopproteina saturs izédinataja bariba krasi
neatSkiras, tomer sagatavotie baribas Iidzekli atSkirigi ietekméja piena kimisko
sastavu.

Piena kimisko sastavu ietekm& ne tikai tauku saturs bariba, bet arl
izédinato tauku sastavs, taukskabju savstarp€jas proporcijas izédinataja bariba
un tauku aizsardzibas pakape (Ashes et al., 1997).

5. HOLESTERINA SATURA IZMAINAS PIENA SEZONAS IETEKME

Griti ir nodalit vai piena kimiska sastava izmainas ir sezonas vai
€dinaSanas ietekmg€tas. P&tijuma analiz€to piena paraugu kimiska sastava
1zmainas ziemas un vasaras sezona paraditas 7.tabula

7.tabula
Piena kKimiskais sastavs ganibu un Kitstures perioda
Sezona [Paraugu Vid&ja | Standart- Vertibas
skaits | vértiba | novirze | Minimala Maksimal3
Olbaltumvielu ziemas | 145 3.34 0.479 2.41 441
saturs, % vasaras| 50 3.12 0.298 2.73 4.10
Tauku saturs, % [ziemas | 145 4.53 1.151 1.93 6.90
vasaras| 50 4.58 1.126 1.97 6.89
Laktozes saturs, [ziemas | 145 4.68 0.259 3.51 5.50
% vasaras| 50 4.78 0.176 4.13 5.12
Somatisko Sinu  [ziemas | 116 5.44 1.528 0 8.46
skaits, In(som)  |vasaras| 6 5.42 0.360 4.62 7.83
Holesterina satursjziemas | 145 16.22 6.789 4.50 34.50
mg 100mI 'piena vasaras| 50 | 14.37 | 6.667 5.43 26.95

Pétfjuma rezultati liecina, ka vasaras meéneSos holesterina saturs piena ir
zemdks (14.37 mg 100ml") neka katstures periodd (16.22 mg 100ml™).
Konstatéts, ka 2001. un 2002. gada vasaras vid€jais holesterina saturs piena bija
zemaks neka ziema, savukart 2003. gada vasara tas bija augstaks neka ziema.
Literaturas dati liecina, ka holesterina saturs piena vasaras ménesos ir nedaudz
augstaks, bet §1s atSkiribas nav izteiktas (Timmen, Dimick, 1972).
iespejams, saistits ar ganibu sezonas uzsakSanu. Tomeér dazadu Skirnpu govis
atSkirigi reagé uz apkart§jo faktoru iedarbibu. Holesterina satura izmainas
sezonas ietekmeé LB un HM skirnes govju piena paraditas 7.attela.
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7.att. Holesterina satura izmainas piena atkariba no tauku satura
Ziemas un vasaras sezonas

Jasecina, ka pie vienada tauku satura ziema un vasara ir atsSkirigs holesterina
saturs piena. Ziemas perioda ar tauku saturu var izskaidrot 17.4% no holesterina
satura izmainam piend (y=2.608x+4.640; R* = 0.174, p<0.05), bet vasaras perioda
tikai 3.8% (y=0.8x+9.867; R> = 0.038, p>0.05). Jasecina, ka vasara pastiprinas arT
citu faktoru ietekme uz holesterina satura dinamiku piena. Lidzigi secinajumi
minéti ar1 literattira. LB Skirnes govim holesterina satura izmainu sezonalitate bija
izteiktaka ziemas perioda R* = 0.273 neka vasara R” = 0.034 (Paura u.c., 2002).

Lai izvertétu iegiitos datus, tika izmantots t-tests. Ta rezultati liecina, ka
statistiski nozimigi atSkiras olbaltumvielu (p<0.01), tauku (p<0.01) un
holesterina saturs piena (p=0.028<0.05).

Holesterina saturs piena biitiski atSkiras vienas sezonas dazados méne3os,
proti, katras sezonas sakuma holesterina saturs piena samazinas, péc tam
pakapeniski pieaug. Lidz ar to var secinat, ka dazadas sezonas iegiita piena
holesterina satura vid€jo raditaju atSkiribam ir gadijuma raksturs. Tas izskaidro
ar1 pretrunas literatiira atspogulotajos pétijumos (Timmen, Dimick, 1972).

6. HOLESTERINA SATURA IZMAINAS PIENA VIDES FAKTORU
IETEKME

Holesterina satura izmainas gada laika Latvijas briinas un HolSteinas melnraibas
Skirnes govju piena paraditas 8.attela.
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8.att. HolesterIna satura izmainas Latvijas briinas un HolSteinas
melnraibas Skirnes govju piena gada laika

No 8.att€la var redz€t, ka holesterina saturs abu Skirnu govju piena svarstas
lidzigi, tomér HolSteinas melnraibas Skirnes piena ir mazaka svarstibu amplitida.
Viszemakais holesterina saturs piena ir vasaras meénesos, proti, maija un jiinija,
attiecigi, 11.61 un 11.30 mg 100ml". Tas varétu but saistits ar tauku satura
izmainam uzsakot ganibu sezonu. Dzivniekam pamazam piemérojoties apkartgjas
vides izmainam, tauku saturs piena normaliz€jas, lidzigi arT holesterina saturs.
Rudens un ziemas méneSos, t.i., oktobri, novembri un decembri tika konstatets
augstaks holesterina saturs piena neka vasaras meéneSos. Vienfaktora dispersijas
analizes rezultati liecina, ka tauku, olbaltumvielu, laktozes un holesterina saturs
bitiski atSkiras gada laika (p<0.01).

Piena kimiskais sastavs atSkiras ar1 rita un vakara slaukumos. Tauku un
holesterina satura izmainas piena rita un vakara slaukumos paraditas 9.attela.
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9.att. Tauku un holesterina saturu atSkiribas piena rita un vakara slaukumos
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9.attela redzams, ka tauku saturs vakara slauktd piena ir augstaks neka rita
slaukuma. Sis atSkiribas ir statistiski butiskas. Literatira ari minéts, ka vakara
slaukuma piens ir treknaks par rita slaukumu (Hardings, 1999).

Holesterina saturs vakara iegiitajos piena paraugos vari€ plasaka amplitida
neka nemtajos no rita. Tacu vidgjais holesterina saturs rita un vakara slaukumos
bitiski neatSkiras (p=0.172>0.05). Literatiira nav izdevies atrast ptijumu rezultatus,
kuros biitu salidzinats holesterina saturs rita un vakara slaukumos.

Petijuma analiz€tajos piena paraugos somatisko Stinu skaits varieé no 100 tukst
ml" lidz 5 milj ml"'. Holesterina saturs $ajos paraugos, attiecigi, svarstijas no 4.5
lidz 32.43 mg 100ml™ piena. Sakariba starp holesterina saturu un somatisko $tinu
skaitu piena paradita 10.attela.
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10.att. Sakariba starp holesterina saturu un somatisko Stinu skaitu piena

10.att€la redzamo sakaribu starp holesterina saturu un somatisko $tnu

skaitu piena paraugos apraksta vienadojums
y=0.235x + 13.852; R>=0.003 (p>0.05).

Tas liecina, ka ar somatisko Stinu skaita izmainam var izskaidrot mazak ka
1% no holesterina satura izmainam piena. Redzam, ka pieaugot somatisko $iinu
skaitam piena paraugos, holesterina saturs praktiski nemainas. Korelacijas
koeficients Sai sakaribai ir r=0.05.

Sie dati ir pretruna ar vairaku autoru veiktajiem pétijumiem, kuri uzskata, ka
palielinoties somatisko S$iinu skaitam, palielinas ari holesterina saturs piena
(Bachman, 1976, Miller et al., 1992). lesp€jams, secinajumi literatiira attiecas uz
veselo govju pienu, proti, kad somatisko §@nu skaits neparsniedz 400 tikst. ml.
Petijuma noteikts, ka $ada piena sakariba starp somatisko S$tinu skaitu un
holesterina saturu piena ir cie§aka R’=0.0742 neka piend ar paaugstinatu somatisko
$tinu skaitu (R*=0.0195).
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Petijuma tika salidzinats holesterina saturs piena, kur somatisko Siinu
skaits ir piena produkcijas raZo$anai atbilstosa daudzuma lidz 500 tikst ml™, un
tada, kas produkcijas razoSanai nav derigs. Vidgjais holesterina saturs piena,
minimala un maksimala veértiba paradita 8.tabula.

8.tabula
Holesterina saturs piena ar atbilstoSu un paaugstinatu somatisko Stinu skaitu
Somatisko Stinu|Holesterina saturs,| n Standart- Vertibas
skaits, tikst ml"| mg 100ml" piena novirze | Minimala [Maksimala
lidz 500 15.23 91 6.47 5.00 3243
virs 500 14.81 31 6.84 4.50 32.00
videji 15.12 122 6.54 4.50 32.43

No 8.tabulas var redzet, ka piena paraugos ar paaugstinatu somatisko Stinu
skaitu vid&jais holesterina saturs ir mazaks neka piena ar atbilstoSu somatisko
sinu skaitu. Tomér § at3kiriba nav liela tikai 0.42 mg 100ml’ piena.
Holesterina saturs abos gadijumos svarstds robezas no 4.5 lidz 32 mg 100ml™
piena. Lai parliecinatos vai vid€jo holesterina saturu starpiba piena paraugos ar
atbilstoSu un paaugstinatu somatisko Stnu skaitu ir statistiski nozimiga, tika
veikta vienfaktora dispersijas analize. Secinats, ka p=0.761>0.05, tatad
holesterina saturs abas grupas biitiski neatskiras.

Holesterins ir katras dzivas Sunas, tai skaita arT somatiskas S$unas
sastavdala, tad to skaitam piena palielinoties, japalielinas ari holesterina
saturam. Tomér vienlaicigi piena noris ari holesterina saturu pazeminosi
procesi, kuru iemesli droSi nav zinami. DaZi no tiem varétu but piena tauku
satura samazinasanas, tauklodiSu lipoproteina apvalka biezuma izmainas
mastita rezultata vai vecpiena.

No iepriekSteikta jasecina, ka piena vienlaicigi notikus$i vairaki procesi,
kuru rezultata kop&ja holesterina satura izmainas, atkariba no somatisko Stinu

7.HOLESTERINA DINAMIKAS LIKUMSAKARIBU MODELIS

Petijuma tika analizéti galvenokart tie faktori, kuri ietekmé piena tauku
saturu. lzanalizgjot atseviski katra faktora ietekmi uz holesterina satura
izmainam piena, secinats, ka ne vienmér faktori, kuri izmaina piena tauku
saturu, butiski ietekmé& arT holesterina saturu. Analiz§jot faktoru ietekmi uz
holesterina saturu, iegiita virkne raditaju. Petijuma izverteto kvalitativo faktoru
iedarbibas biitiskuma p-vertibas apkopotas 9.tabula.
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9.tabula
Piena sastavdalas ietekméjoso kvalitativo faktoru biitiskumu kopsavilkums

Faktors Olbaltumvielu Tauku Laktozes | Holesterna saturs,
saturs, % saturs, % | saturs, % mg 100ml™
faktora ietekmes biitiskums, p-veértiba

Skirne (Sk) 0.000 0.000 0.290 0.360
Sezona (S) 0.000 0.000 0.378 0.028
Laktacija (L) 0.000 0.004 0.001 0.065
Edinasana (Ed) 0.000 0.006 0.000 0.000
Slaukums (S1) 0.813 0.001 0.172 0.149
Menesis (M) 0.000 0.000 0.000 0.000
Somatisko 0.000 0.014 0.000 0.761
Stinu grupa (Gs)

No 9.tabulas var redzet, ka tauku un olbaltumvielu saturs statistiski
nozimigi atSkiras LB un HM Skirnes govju piena paraugos (p<0.01), bet
holesterina saturs Sajos paraugos neatSkiras (p=0.360). Lidzigi atSkiras ari
faktoru “laktacija” un “slaukums” ietekmes. Pasi Sie faktori holesterina saturu
piena neietekmé, tomér So faktoru mijiedarbiba varétu ietekmét holesterina
satura izmainas piena.

Veicot kovariacijas analizi, modeli tika ieklauti sekojoSi faktori: piena
tauku saturs, Skirne, laktacija, €dinasana, sezona, slaukums, ménesis, ka ar1 So
faktoru mijiedarbibas.

Ka ieprieks pieradits, somatisko §tinu skaits butiski neietekmé holesterina
saturu piena (p>0.05), tadel tas modelt ieklauts netika. Aprékinu rezultata
noskaidrots, ka $ada modela determinacijas koeficients ir R*=0.70. Tomé&r
vairumu no modelt ieklautajiem faktoriem biitu jauzskata ka nebiitiskus.

Pakapeniski no modela izslédzot nebiitiskos faktorus, tika iegiits modelis,
kura determinacijas koeficients ir R>=0.615. Sads modelis izskaidro 61.5% no
holesterina satura izmainam piena. Holesterina dinamikas likumsakaribu
modelis, kas izveidots ar kovariacijas analizes palidzibu sevi ietver:

Piena tauku saturs(Ts), §l§irne(§l§), laktacija(L), slaukums(Sl),
édinasana(Ed), ménesis(M), Skirne * ménesis, laktacija * slaukums

Tadi faktori ka “Skirne” un ‘“‘slaukums”™ biitiski neietekmé holesterina satura

izmainas piena, bet statistiski biitiskas ir So faktoru mijiedarbibas. Faktoru “Skirne” un
“menesis” mijiedarbiba biitiski ietekmé holesterina saturu, kas velreiz apliecina, ka
dazadu skiru govis atskirigi reag€ uz sezonas mainu.
Papildus apskatitajiem, modeli ieklautajiem faktoriem, holesterina saturu vél varétu
ietekmet ar1 iedzimstamiba (Brzoska, Sala, 2000), atneSanas (Timmen, 1972), ka ar1
asins lipidu sastavs, izmainas tesmens lipidu sastava (Bitman et al., 1992) un citi
faktori.
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8.AR DAZADAM METODEM NOTEIKTO HOLESTERINA SATURA
REZULTATU SALIDZINAJUMS

Ar gazu hromatografijas (GH) un ar kolorimetrisko metodi noteiktais
holesterina saturs piena paraugos paradits 10. tabula.

10.tabula
Ar dazadam metodem noteiktie holesterina satura vidéjie raditaji piena

Holesterina saturs, mg 100 ml™ Paraugu Vidgjie Standart-
skaits raditaji novirze
Noteikts ar spektrofotometru (SF) 14 21.05 7.51
Noteikts ar gazu hromotografu (GH) 14 18.29 6.84

Ka paradits 10.tabula, ar spektrofotometru (SF) noteikta holesterina satura
vidgja vértiba ir 21.05 mg 100 ml”, kas ir par 15 % augstaka, nekd ar gazu
hromatografu noteiktd — 18.29 mg 100 ml™.

Pettjuma tika izvertets vai holesterina saturs, kas noteikts ar SF un GH biitiski
atSkiras. Vienfaktora dispersijas analizes rezultati liecina, ka vidgjais holesterina
saturs noteikts ar atSkirigdm metodeém bitiski neatSkiras (p=0.31>0.05). Grafiski ar
gazu hromatografu un spektrofotometru noteiktais holesterina saturs piena paradits
10.attela.
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Ar SF noteiktais holesterina saturs, mg 100ml"

10.att. Sakariba starp holesterina saturu piena, kas ieguta ar
spektrofotometu (SF) un gazu hromatografu (GH)

10.att€la redzamo sakaribu starp holesterina saturu piena, kas iegiits ar

divam atSkirigam noteikSanas metodém var aprakstit ar vienadojumu
y =0.3665x + 0.12146, R*=0.3164.

Salidzinot iegiitos rezultatus var secinat, ka pétijuma izmantota
kolorimetriska holesterina noteikSanas metode atspogulo holesterina saturu
piena, lidzigi IDF 159: 1992 ieteiktajai gazu hromatografijas metodei, un layj
korekti izvertet holesterina dinamiku piena. Ar abam metodém noteiktie
holesterina satura rezultati savstarpéji ciesi korel€ (r = 0.6).

-22 -



SECINAJUMI

. Darba izpétitas holesterina satura izmainas piena atkariba no dzivnieka
Skirnes, laktacijas, €dinasanas, gadalaika un slaukuma. Konstatéts, ka
holesterina saturs Latvijas briinas un HolSteinas melnraibas Skirnes
govju piend svarstas 5.0 [idz 34.5 mg 100 ml™.

. Izvertejot holesterina satura iesp&jamas sakaribas ar nozimigakajam
piena sastavdalam: taukiem, olbaltumvielam, laktozi un somatisko
Sinu skaitu, konstatéta vaja korelacija ar tauku saturu (r=0.418,
p<0.01), un olbaltumvielu saturu (r=0.136, p<0.10). Ar laktozes saturu
un somatisko Siinu skaitu statistiski nozimigas sakaribas nav
noverotas.

. Holesterina saturu Latvijas briinas un HolSteinas melnraibas Skirnes
govju piena bitiski ietekmé dzivnieku €dinaSana (p<0.01) un gada
meénesis 1pasi parejas perioda no kitstures uz ganibu sezonu.

. Govju skirnei, laktacijai un slaukSanas laikam nav biitiskas ietekmes
uz holesterina satura izmainam piena (p>0.05). Latvijas briinas skirnes
govju piena holesterina saturs svarstas plasaka amplitida, neka
HolSteinas melnraibas Skirnes govju piena.

. Ar kovariacijas analizes palidzibu izstradatais holesterina dinamikas
likumsakaribu modelis var izskaidrot 61.5% no holesterina satura
izmainam piena (p<0.01).

. Ar aprobéto holesterina satura noteikSanas metodi, lipidus ieprieks
ekstraggjot ar Rose-Gottlieb metodi un kvantitativi nosakot holesterina
saturu ar spektrofotometra palidzibu, iegiitie rezultati butiski
neatskiras (p>0.05) no holesterina satura noteikSanai lietotas
standartmetodes, t.i. gazu hromatografijas.
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THE RESEARCH SUBJECT AND TOPICALITY OF THE PROBLEM

Healthy nutrition is a contributing factor in ensuring man’s health,
vitality, and capacity of work. Optimal nutrition means a healthy and balanced
diet, which includes all groups of food products. Milk and dairy products are
one of main food products groups, which is indispensable for optimal nutrition
and for human health.

Milk fat also contains a moderate amount of cholesterol.

Cholesterol is a constituent of lipids, which in milk is present primarily
as a component of milk fat globule. It is involved in many metabolic functions,
for example, as a structural compound in cell membranes, as a precursor of bile
acids and steroid hormones, etc.

Concern about cholesterol in the diet arises because of high serum
cholesterol, especially the low-density lipoproteins, which is only one of the
risk factors associated with arteriosclerosis. Other dietary factors are total fat
intake, saturated fat intake, and a lack of dietary fibres. It is recommended that
the daily cholesterol intake should be less than 300 mg.

Egg yolk, liver of pigs, dairy products such as butter and cheese are main
sources of cholesterol in diet. Amount and composition of milk were influenced
by genetic potential, quality of feeding, season, lactation, cow’s state of health
and keeping conditions, among which feeding is considered as one of most
significant. Cholesterol dynamic in cow’s milk has not been completely
investigated.

In Latvia, investigations into cholesterol content in the milk of different
breeds of cows have not been carried out up to now. Therefore the aim of this
study was investigate regularities of cholesterol dynamics in the milk of breeds
grown in Latvia and to determine factors influencing the cholesterol content in
milk most significant.

THE AIM AND TASKS OF PROMOTION WORK

The aim of the research work is to determine the regularities of
cholesterol dynamics in relation to breeds, feeding, and welfare of animals.
Therefore, the tasks of the study are as follows:

- to determine the cholesterol level in Latvian Brown and Holstein Black and
White cow’s milk and investigate the possible relationship between the
cholesterol content and main milk constituents — fat, protein, and lactose;

- to investigate the cholesterol dynamics in milk depending on cow’s
breed, age of a cow, feeding, season, and keeping conditions;

- to find a cholesterol dynamics model (included factors with major
influence on cholesterol content), using covariation analysis;

- to compare results determined by different methods of determination of
cholesterol content in milk.
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SCIENTIFIC NOVELTY

1. For the first time in Latvia cholesterol content has been determined in the
milk of Latvian Brown and Holsteins Black and White breeds cows.

2. Factors, affecting milk composition such as cows breed, age, feeding,
season, and keeping condition have been analysed and their effect on the
cholesterol content in cow’s milk has been examined.

3. The colorimetric method for determination of cholesterol content in milk has
been adapted for daily use.

THE SCIENTIFIC WORK APPROBATION

Research was made during 2000 — 2003. The results have been reported in
international scientific conferences at LLU and Lithuania.

L.

2.

Sterna V. Holesterina satura dinamika Latvijas govju piena. International
scientific conference research for rural development, Jelgava, 23-25 May, 2001.
Sterna V., Jemeljanovs A. Comparison of fatty acids and cholesterol
content in the milk of Latvian cows breeds. 8" Baltic Animal Breeding
and Genetics Conference, Kaunas, Lithuania, 06 May, 2002.

. Sterna V. Comparison of different methods of cholesterol determination

/I International Scientific Conference Research for rural development,
Jelgava, 23-25 May, 2002.

Sterna V., Jemeljanovs A. Holesterina limena izmainas govs piend
€dinasanas ietekmé // International Veterinary Scientific Conference
“Animals. Health. Food Quality” 14 and 15 November, 2002.

. Sterna V., Ciprovi¢a 1., Jemeljanovs A. Holesterina dinamikas péttjumi

piena // International Scientific Practical Conference “Safety food
production for the healthy nutrition”, Jelgava, 14 May, 2003.

Sterna V. Estimation of some factors influencing cholesterol in milk //
International scientific conference research for rural development,
Jelgava,21-24 May, 2001.

During the research period, 8 scientific articles have been published in the
Latvian and English languages, 6 of which-in scientifically recognised journals
(generally approved reviewable scientific issues).

1.

Sterna V. 2001. Holesterina satura dinamika Latvijas govju piena //
“Research for rural development”: International scientific conference
proceedings, Jelgava, -pp.124-126.

Sterna V. 2002. Comparison of different methods in the determination of
cholesterol // “Research for rural development”: International scientific
conference proceedings, Jelgava, -pp.170-172.

. Sterna V., Jemeljanovs A. 2002. Holesterina Iimena svarstibas govju

piena atkariba no to €dinasanas // “Animals. Health. Food Quality.”:
International scientific conference proceedings, Jelgava, -pp.260. -265.
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. Sterna V., Jemeljanovs A. 2003. Comparison of fatty acids and
cholesterol content in the milk of Latvian cows. “VETERINARIJA IR
ZOOTECHNIKA”, Kaunas, T.22 (44), -pp.95-98.

. Sterna V., Ciprovi¢a I, Jemeljanovs A. 2003. Investigation of cholesterol
dynamic in milk // ”Safety food production for the healthy nutrition”:
International scientific conference. Reports, Jelgava, -pp.65-70.

. Sterna V. 2003. Estimation on some factors influenced cholesterol in
milk // “Research for rural development”: International scientific
conference proceedings, Jelgava, -pp.156-160.

. Strautmanis D., Sterna V.. Somatic cell count in milk as cows breeding
value index for udder health / Proceedings of the 8" Baltic Animal
Breeding and Genetics Conference, 5-8 May 2002.Kaunas, Lithuania. -
Kaunas, 2002. pp. 65.

. Strautmanis D., Sterna V. Somatisko §inu skaits piena — viens no
ciltsvertibas raditajiem // Agronomijas veéstis. — Nr.5.(2003), 259-263.1pp.

MATERIALS AND METHODS

In the present research, 195 milk samples of Latvian Brown (LB) and
Holsteins Black and White (HB&W) breed’s cows have been investigated.
Measurements and statistical analyses were based on milk samples collected from
2000 through 2003, from different regions of Latvia — Riga, Jelgava, and Cg&sis.

Milk samples were collected at the morning and evening milking two,
three days in succession and analysed separately. In each farm it was possible to
observe the cholesterol dynamics in the milk of different breeds of cows kept at
the same keeping conditions. Description of farms is shown in Table 1.

Tablel
Characteristics of farms
Farm Number of Breed | Lactation Milking regime
milk samples
process frequency
in day
ANNAS 55 LB, 506" manual 2
HB&W
SESKI 49 LB g9 manual 3
ULBROKA 64 LB, 1°-9" | mechanical 2
HB&W
CESIS 27 LB, 1’4" manual 2
HB&W
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Feed samples were collected once per season and were analysed for
protein, fat, NDF, ADF, and NEL (netto energy in lactation)

In order to make comparison of the chemical and cholesterol contents, milk
samples were divided into 6 groups depending on the feed given to cows in
different farms during indoor and outdoor seasons, see Figure 1.

Farm ANNAS SESKI ULBROKA CESIS
Outdoor 1" gr 3" gr
\4 ) \4
Indoor 2" gr 4" gr 5" gr 6" gr

Figure 1. Groups of milk samples depending on the feed

Fat, lactose and protein contents were analysed using Milkoscan 133
according to IDF141C: 2000, somatic cell count - “Somacount 300” according
to LVS EN ISO 13366-3:1997.

Cholesterol content was analysed using colorimetric method by Blur with
prior lipid extraction by ROse-Gottlieb procedure using spectrophotometer CD 26
JIOMO, at the 656 nm.

The fatty acid composition and cholesterol content were analysed at the
National Veterinary Laboratory by the gas-chromatography method using
GC/MS-006 [IDF 159:1992].

To make data comparable, the number of somatic cells was expressed as
In (som) to estimate the connection with the cholesterol content in milk.

Milk samples were divided into 2 groups:

1* group — somatic cell count<500 thous. ml™,

2" group — somatic cell count>500 thous. ml™.

Statistical methods F—test and t— test were used to estimate cholesterol
content in Latvian Brown, Holsteins Black and White cows breeds milk.

Analysis of covariance allows simultaneous evaluation of a large number
of explanatory variables to examine their effect on the cholesterol content and
interaction between these variables. Therefore the data were analysed using the
General Linear Models procedure of programme SPSS. The following factors
were included in the model (see Table 2):
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Table 2

Characteristics of factors included in the model

Factors Symbol Characteristics
Quantitative factors:
Fat content Ts g 100g™
Categorical factors:
Breed Sk 1-Latvian Brown, 2-Holstein Black and White
Season S 1-outdoor, 2-indoor
Month M January - December
Lactation L Age of cows: 1% - 9" lactation
Feed Ed 1~ 6™ group of milk samples, see Figure 1
Milking M I-morning, 2- evening

RESULTS

1. CHOLESTEROL CONTENT IN MILK AND ITS CONNECTION WITH
MAIN MILK CONSTITUENTS — FAT, PROTEIN, AND LACTOSE

Mean indices and standard deviations for cholesterol, fat, protein and
lactose content and somatic cell count In(somat) are shown in Table 3.

Table 3

Chemical composition of milk

Milk constituents | Number of | Average | Standard- | Minimum |Maximum
samples deviation

Cholesterol content, 195 15.64 6.60 4.50 34.50
mg 100ml”
Fat content, % 195 4.55 1.16 1.93 7.43
Protein content, % 195 3.29 0.45 2.41 441
Lactose content, % 195 4.70 0.24 3.51 5.50
Somatic cell count 123 5.45 1.49 0.00 8.46
In(somat)

The cholesterol content obtained in this study was 15.64 mg 100ml’,
which is in agreement with other authors. As mentioned in the literature,
average cholesterol content in cow's milk is 12.8 mg 100ml” (Homer, Virtanen,
1967), 10 to 20 mg 100ml™" of milk (Jensen, 1991).

Relationship between the cholesterol content and main milk constituents
— fat, protein, lactose, and number of somatic cells was determined by

correlation analysis.

-28 -



Significant correlation was observed between fat and protein
contents (r = 0.504, p<0.01), as same as between somatic cells count and
lactose content (r = -0.489, p<0.01), and between fat and cholesterol contents
(= 0.418, p<0.01), between protein and cholesterol contents (r =0.136, p<0.10). No
connection between somatic cells count and cholesterol content was observed.
Relationship between the fat and cholesterol contents is shown in Figure 2.
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Fat content, %
Figure 2. Connection between the fat and cholesterol contents in milk

Figure 2 demonstrates linear relation. Connection between fat content

and cholesterol content in milk samples is characterized by equations
y =2.397x +4.891; R>=0.175,
y = 0.3247x>-0.8162x+12,422; R?>= 0.179.

Determination coefficient of the linear regression shows that 17.5% of
cholesterol dynamic can be explained by changes in the fat content.

Estimation of regression equation showed that value of F-test was
p<0.01, which means that regression is statistically significant.

The obtained results demonstrated that the content of milk fat affected
the cholesterol content and thus should be included in the model as a
covariance.

2. COMPARISON OF THE MILK COMPOSITION OF LATVIAN BROWN
AND HOLSTEIN BLACK AND WHITE BREEDS COWS

Differences in the composition of milk of Latvian Brown and Holstein Black
and White breeds are shown in Table 4.
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Chemical composition of milk of Latvian Brown and

Holstein Black and White breeds

Table 4

Measurements | Breed | n | Mean | Standard | Minimum | Maximum
deviation
Cholesterol content,| LB | 127 | 16.05 7.43 543 34.50
mg 100ml™ HB&W| 68 | 15.20 5.27 4.50 27.77
Fat content, % LB | 127 | 4.82 1.22 2.37 6.90
HB&W| 68 | 4.02 1.00 1.93 5.77
Protein content, % LB | 127 | 3.39 0.48 241 4.44
HB&W| 68 | 3.08 0.30 2.50 3.93
Lactose, % LB | 127 | 4.72 0.23 4.08 5.50
HB&W| 68 | 4.68 0.27 3.51 5.12
Somatic cells count, | LB 89 | 5.36 1.47 0.00 8.38
In(somat) HB&W| 33 | 5.66 1.54 1.39 8.46

The research showed that cholesterol content in the milk of Holstein Black and
White breeds cows made 15.20 mg 100 mI™" and in the milk of Latvian Brown breed
cows- 16.05 mg 100ml". Black and Whites had a smaller difference between the
minimal and maximal content of cholesterol. For example, content of cholesterol in
milk samples of HB&W was within the range 4.55 - 27.77 mg 100ml”, but in the
samples of LB cows ranged from 5.43 to 34.50 mg 100ml". Connection between fat
content and cholesterol content in milk of different cows breeds is demonstrated in

Figure 3.
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Figure 3. Relation between the fat and cholesterol contents in the milk of
Latvian Brown (LB) and Holsteins Black and White (HB& W) breeds cows
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Connection between fat content and cholesterol content in milk samples is

characterized by equations:
y=2.34x+4.71, R>=0.12 (LB),
y=2.26x+6.09, R>=0.19 (HBW).

Analysis of milk samples showed that average cholesterol content was
higher to Latvian Brown breed cows. However, higher cholesterol content in
milk samples with the same fat content was found to Holsteins Black and White
breeds. Composition of fatty acids in the milk of Latvian Brown and Holstein
Black and White dairy breeds is shown in Figure 4.
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Figure 4. Composition of fatty acids in the milk of LB and HB&W dairy breeds

Higher content of lauric acid (0.09 g 100g™") and myristoleic acid (0.42 g
100g™") was observed in the milk of Latvian Brown breeds (in the milk of
Holstein Black and Whites - 0.07 and 0.31 g 100g™, respectively), but content
of long-chain fatty acids - palmitic acid (1.01 g 100g™), stearic acid (0.12 g
100g™) and oleic acid (0.28 g100g™) was lower (to Holstein Black and White
cows - 1.08, 0.17 and 0.38 g 100g™", respectively).

T—test was used for estimating the difference in the cholesterol content of
milk of both breeds. Results of t—test showed that the means of fat and protein
content significantly differ (p<0.01). The means of cholesterol content of milk
of both breeds are not significantly different (p=0.36>0.05), the same as means
of lactose and somatic cell count (p=0.29>0.05 and p=0.34>0.05, respectively.
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The research data found in literature are the same regarding the effect of
bred on cholesterol content in milk (Bachman, Wilcox, 1976).

In winter, cholesterol content in the milk of Latvian Browns is on average
16.66 mg 100ml™, in the milk of Holstein Black and Whites- 15.41 mg 100ml".
The difference is smaller in pasture period: cholesterol content makes 14.23 mg
100 ml" and 14.64 mg 100ml™, respectively. Results showed that the means of
cholesterol amount to both breeds do not differ significantly (p=0.29>0.05)
even in indoor period.

3. CHANGES IN CHOLESTEROL CONTENT DEPENDING ON
LACTATION

Variations in the content of cholesterol in milk from 1st to 9th lactation are
demonstrated in Figure 5.
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Figure 5. Content of cholesterol in the milk of cows in different lactations

The average content of cholesterol ranged from 10.40 to 18.29 mg 100ml”. The
research suggests that the means of cholesterol content in different lactations
are not significantly different (p=0.06>0.05). The conclusion is based on
analysis of cow’s milk in different lactations and in different farms. The
research data does not founded in literature in this regard.

4 INFLUENCE OF FEEDING ON THE FAT AND CHOLESTEROL
CONTENT IN MILK

Energy supply in the groups of cows with a different diet is shown in Table
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Table 5

Energy and protein supply in groups of cows with a different diet

Group| Dry NEL, Protein in DM NDF, | ADF, | Fatin DM
by | matter, | MJkg kg | % | gNEL % % kg
feed kg
pasture feeding
1 19.46 | 104.90 |2.07 |10.60 | 19.73 | 12.09 | 7.31 0.39
3 17.96 |104.50 |2.18 | 12.10 [20.90 | 9.20 |5.97 0.38
indoor feeding
2 13.61 |83.74 [1.59]11.70 | 19.00 [4.98 |3.04 0.37
4 13.65 19938 [1.64]12.00 | 16.50 |5.28 |3.76 0.36
5 12.63 |62.13 [1.54]12.20 |25.00 |5.36 |4.44 0.58
6 12.39 | 73.55 |1.26]10.10 [17.00 | 6.30 |4.46 0.46

The amount of dry matter in feed was the same in groups 2 and 4 (13.61 kg),
where basic feed was hay and in groups 5 and 6 (13.65 kg), where cows were
given silage. In the groups with pasture feed, energy supply to cows was the
same. Protein supply was the best in group 5th (25 g NEL™), but the smallest - in
group 4th (16.5 g NEL™).
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Figure 6. Cholesterol content in the milk of cows according to feed groups

It was found that cholesterol content in the milk of Holstein Black and
White breed cows was comparatively lower in all groups. Chemical
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composition of milk as influenced by feed in different farms in pasture and
indoor periods is shown in table 6.

Table 6
Protein, fat, lactose and cholesterol content according
to different feed groups
Group Statistical Protein Fat Lactose Cholesterol
measurement | content, | content, content, content,
% % % mg 100m]”’
Pasture period
1 means 4.69 3.10 4.75 15.39
number of 35 35 35 35
samples
stand. dev. 0.94 0.25 0.17 5.61
3 means 4.09 3.02 4.92 9.56
number of 12 12 12 12
samples
stand. dev. 1.53 0.10 0.11 4.61
Indoor period
2 means 4.62 3.15 471 21.54
number of 19 19 19 19
samples
stand. dev. 0.71 0.36 0.19 5.78
4 means 5.09 3.06 79 16.91
number of 37 37 37 37
samples
stand. dev. 1.28 0.63 0.20 7.24
5 means 4.34 3.30 4.57 16.13
number of 64 64 64 64
samples
stand. dev. 1.20 0.37 0.24 5.65
6 means 4.17 3.13 4.75 11.57
number of 27 27 27 27
samples
stand. dev. 1.20 0.37 0.24 5.65

Dispersion analysis demonstrated that the means of protein, fat, lactose,
and cholesterol differed significantly (p<0.01) according to groups with
different feeding.
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5.CHANGES IN CHOLESTEROL CONTENT DEPENDING ON SEASON

Composition of milk in pasture and indoor seasons is shown in Table 7.

Table 7
Composition of milk in summer and winter seasons
Season|Sample] Mean | St.dev. | Minimum| Maximum
Protein content, % | winter| 145 | 3.34 0.479 2.41 441
summer 50 3.12 0.298 2.73 4.10
Fat content, % winter| 145 | 4.53 1.151 1.93 6.90
summern 50 4.58 1.126 1.97 6.89
Lactose content, % | winter| 145 | 4.68 0.259 3.51 5.50
summer 50 4.78 0.176 4.13 5.12
Somatic cells count, | winter| 116 | 5.44 1.528 0 8.46
In(somat) summern 6 5.42 0.360 4.62 7.83
Cholesterol, winter| 145 | 16.22 6.789 4.50 34.50
mg 100ml'of milk |summel 50 | 14.37| 6.667 5.43 26.95

Investigations showed that the average cholesterol content was higher in
indoor season (16.22 mg 100ml™") compared with the pasture season (14.37 mg
100ml™).

T-test was used for estimating the difference in cholesterol content
depending on a season. The results showed that means of fat, protein and
cholesterol content were significantly different; p-values were p<0.05; p<0.05
and p=0.028<0.05, respectively.

The data in literature are quite contradictory about the influence of season
on the content of cholesterol in milk. It might be explained by individual
peculiarities of cows of different breeds under seasonal influence.

The cholesterol content differs significantly between different month of
each season. As cholesterol content in milk at the beginning of each season
gradually decreases and then again increases, the difference between the means
has a random character. This also explains discrepancies in data in the literature
(Timmen, Dimick, 1972).

The connection between the cholesterol and fat contents in different
seasons 1s shown in Figure 7.

Connection between fat content and cholesterol content in milk samples is
characterized by equations:
y=2.608x+4.64; R’=1735 (p<0.05)-in winter,
y=0.800x+9.867; R*=0.038 (p>0.05)-in summer.
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Figure 7. Connection between the cholesterol and fat contents in different seasons

The research suggests that correlation is stronger in winter milk samples (r = 0.42),
than in summer (r = 0.19). The data in literature are same - correlation is stronger in
winter (r = 0.52), than in summer (r = 0.18) (Paura u.c., 2002).

6. INFLUENCE OF ENVIRONMENTAL FACTORS ON THE
CHOLESTEROL CONTENT

Cholesterol content in the milk of cows in different month see in Figure 8.

30
E /\
g 20 A
on
=
Q
=
3
,—d 10— T 4
8
3
2 LB
Q
0 . . . . . . . . . . HBW

Figure 8. Content of cholesterol in the milk of cows
from January to December
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Analysis of milk samples showed that average cholesterol content was
lower in summer in May and June 11.61 un 11.30 mg 100ml™, respectively. It
might be explained by changes of fat content at the beginning of pasture season.
Analysis of milk samples collected in autumn showed that cholesterol content
was higher in October.

Milking routine also influences the quantity and quality of milk.
Differences in the fat and cholesterol contents in milk samples collected in the
morning and in the evening are shown in Figure 9.
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Figure 9. Differences in the fat and cholesterol contents in milk samples
collected in the morning and evening milking

The obtained results show that fat content in evening milking is higher
than in morning milking; the differences are statistically significant (p<0.01).
Differences in the means of cholesterol content in the morning and evening
milking are not significant (p-value=0.149>0.05). The amount of cholesterol in
milk samples collected in evening milking varied in a wider range than in milk
samples from morning milking.

The research data found in literature differ regarding the effect of somatic
cell count on the cholesterol content in milk (Bachman, 1976, Miller et al.,
1992). In the present research somatic cell count in samples of milk varied from
100 thousand per millilitre to 5 million per millilitre of milk (or O<in
(somat)<9); the content of cholesterol varied from 4.5 to 32.43 mg 100ml™".

Relationship between somatic cell count and cholesterol content is
illustrated in Figure 10.
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Figure 10. Relationship between somatic cell count and cholesterol content

The equation describing this connection is
y =0.235x + 13.852; R*=0.003,

which suggests that somatic cell count explains only <0.3% of the cholesterol
content variations in milk. Weak correlation (r=0.14) between the cholesterol
content and somatic cell count was observed.

Investigations showed that correlation is stronger (R*=0.0742) in milk
samples with somatic cell count under 500 thousand per millilitre.

The comparison of cholesterol content in milk with a normal and increased
somatic cell count is shown in Table 8.

Table 8
Cholesterol content in milk with normal and increased somatic cell count
Group |Content of cholesterol,| Number |Standard| Minimum |Maximum
mg 100ml™ of milk |of samples|deviation
1. 15.23 91 6.47 5.00 32.43
2. 14.81 31 6.84 4.50 32.00
On average 15.12 122 6.54 4.50 32.43

The cholesterol content varied from 4.5 to 32 mg 100ml™” in both cases.
Though the difference of the means of cholesterol is not significant - 0.42 mg
100ml™ (p-value = 0.761>0.05).

The obtained results suggest that several processes have been taking place
in the milk simultaneously. The content of cholesterol increases due to increase
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of somatic cell count. At the same tame, cholesterol content is also decreasing
possibly because of the decrease in fat content and in membrane material
thickness as a result of mastitis. Thus, due to the processes in milk, it can be
concluded that the influence of somatic cell count on total cholesterol level can
be regarded as insignificant.

7. MAIN FACTORS INFLUENCING THE CHOLESTEROL CONTENT IN
MILK

Summary of the effect of investigated factors — breed (Sk), season (S),
milking time (SI), feed (Ed), group of somatic cells (Gs), month (M), and
lactation (L), is reported in Table 9.

Table 9
Significance of categorical factors affecting composition of milk
Factors Protein Fat Lactose Cholesterol
content, % | content, % | content, % content,
mg 100m]”’
significance of factors, p-value
Breed (Sk) 0.000 0.000 0.290 0.360
Season S 0.000 0.000 0.378 0.028
Lactation (L) 0.000 0.004 0.001 0.065
Group of feed (Ed) 0.000 0.006 0.000 0.000
Milking (Sl) 0.813 0.001 0.172 0.149
Month (M) 0.000 0.000 0.000 0.000
Group of somatic 0.000 0.014 0.000 0.761
cells (Gs)

All these factors have influence on the fat content in milk, but influence on
the cholesterol content is insignificant.

Analysis of covariance allows simultaneous evaluation of a large number
of explanatory variables to examine their effect on the cholesterol content and
interaction between these variables. Therefore the data were further explored
using analyse of covariance - General Linear Model.

It was found that the influence of somatic cell count on the cholesterol
content is not significant (p>0.05) therefore somatic cell count not included in
the model.

This model explains 70% of cholesterol dynamics in milk samples
(R?=0.70), however, most of factors included in the model are insignificant.
After gradually excluding the insignificant factors, the final model was
obtained:

-30 .



Fat content, breed, lactation, feed, milking, month,
breed * month, lactation * milking

This model consists of significant factors only (p-value of breed is
0.313>0.05, though it is not excluded because interaction with month is
significant, p-value of milking is 0.210>0.05, but interaction with milking
is significant). The model explains 61.5% of cholesterol content changes
in milk (R*= 0.615).

The investigated model did not completely reflect the dynamics of
cholesterol, because it did not include such factors as stage of lactation and
inheritance, which was affect the cholesterol content.

There are no complex investigations found in the literature. Mostly
differences in breeds or seasons have been investigated. The majority of
available data have originated from model experiments, and not from studies
carried out under conditions of commercial farming.

Estimation of this model showed that it significantly explained the changes
in cholesterol content (p-value<0.01) under conditions of commercial farming.

8. COMPARISON OF CHOLESTEROL CONTENT DETERMINATE BY
DIFFERENT METHODS

The obtained mean values and standard deviations for protein, fat and
cholesterol are given in Table 10.

Table 10
Means and standard deviations for milk measurements
Measurement Samples Mean Standard deviation
Cholesterol content, mg 100ml™ 14 21.05 7.51
(by spectrophotometer)
Cholesterol content, mg 100ml” 14 18.29 6.84
(by gas chromatography)

The mean value for cholesterol content as determined by
spectrophotometer was 21.05 mg 100 ml’, which was higher than values
obtained by gas- chromatographic procedure — 18.29 mg 100 ml™.

T-test was used for estimating the difference in the analysed methods for
cholesterol determination. Results showed that the means of cholesterol
contents, as detected by both methods, did not differ significantly
(p=0.31>0.05).

The relationship between both the methods is illustrated in Figure 10.
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Figure 10. Relationship between the results determined by the
spectrophotometer (SF) and gas-chromatograph (GH)

The relationship between both the methods can be expressed by equation:
Y = 0.3665x + 0.12146, R>=0.3164. The results determined by the different
methods are strongly correlated (r = 0.6). Both methods could be used for daily
work.
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CONCLUSIONS

. Investigations have been made on the changes of cholesterol content
in milk depending on animal’s breed, age, season, feeding, and
milking. The content of cholesterol in milk samples obtained from
Holstein Black and White and Latvian Brown breed cows varied from
5t0 34.5 mg 100ml™".

. Evaluation of the possible correlation between the cholesterol content
and most significant milk components: fat, protein, lactose, and
somatic cell count showed that correlation with fat content(r=0.418,
p<0.01) and protein content (r=0.136, p<0.01) is weak. No connection
was observed between the lactose and cholesterol content and between
the somatic cell count and the cholesterol content.

. The influence of feed and month on cholesterol content in milk of
Latvian Brown and Holstein Black and White was statistically
significant at p<0.01.

. The influence of the cow's breed, age (lactation) and milking routine
on the cholesterol content in milk was not significant (p>0.05). In the
milk samples of Latvian Brown cows the content of cholesterol varied
in a wider range than in milk samples of Holstein Black and White
breed cows.

. The cholesterol dynamic model based on covariation analysis explains
61.5% of changes in the cholesterol content in milk (p<0.01).

. The results obtained by the practically tested cholesterol content
determination method, with a prior lipid extraction in milk by Rdse-
Gottlieb method and quantitative determination of the cholesterol
content using spectrophotometer, did not significantly (p>0.05) differ
from those obtained by the standard procedure, 1.e., gas-
chromatography.
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