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PETIJUMA AKTUALITATE

Piens un ta produkti satur daudz vertigu lipidu savienojumu, pie kuriem pieder
ar1 karotinoidi, E un A vitamins. Tomer arvien biezak tiek novérots, ka, palielinoties
piena razoSanas intensifikacijai, So antioksidativo savienojumu saturs piena
samazinas. Nereti v@rojamas arT to koncentracijas svarstibas, kas saistitas ar
sezonalitati, dzivnieku veselibu, laktacijas periodu un baribas kvalitati. Karotinoidu
u.c. antioksidantu saturs piena pazeminas govju kitstures perioda beigas, kad bariba
esoSo antioksidantu koncentracija, to ilgstosi uzglabajot, samazinas. Tas ietekme ne
tikai piena uzturvértibu, bet arT biologiski aktivo savienojumu saglabaSanos piena
produktu razoSanas un uzglabasanas laika. Visnestabilakie savienojumi ir
fosfolipidi, polinepiesatinatas taukskabes, vitamini, to provitamini u.c. To oksidativo
un lipolitisko izmainu rezultata samazinas piena produktu uzturvertiba, ve€rojamas
nev€lamas sensoro Ipasibu (aromata, garSas, krasas) u.c. izmainas, ka arT partika
paaugstinas dazadu veselibai nevélamu un bistamu savienojumu koncentracija.

Lipidu stabilitati var paaugstinat, samazinot oksidacijas un lipolizes procesus,
kuru izpetei pedgjos gados pasaules zinatnieki veltijusi daudz uzmanibas, tomér par
pienu un ta produktiem $adu pétjjumu ir maz. Piena lipidu oksidativo stabilitati
ietekmé dazadi faktori. Novérots, ka zemaka oksidativa stabilitate ir pavasara
ménesos ieglitam pienam un no ta razotiem piena produktiem. Arvien vairak pasaulé
palielinas piena ar palielinatu nepiesatinato taukskabju saturu ieguve. Daudz
pétijumu tiek veikti par biologiski aktivas un veselibai nozimigas konjugétas
linolskabes (CLA) satura paliclinasanas iesp&jam piena taukos. Izmainitais
taukskabju sastavs pazemina piena lipidu oksidativo stabilitati.

Kavgjot nepiesatinato taukskabju u.c. lipidu oksidaciju, var bitiski pagarinat
piena taukus saturo$u produktu (piena, kr&juma, sviesta, dehidratéta piena u.c.)
uzglabasanas ilgumu. OksidéSanos var kavét, ne tikai optimizgjot piena ieguves,
parstrades un uzglabasanas tehnologiskos procesus un apstaklus, bet ari uzlabojot
sakotngjo izejvielas kvalitati un kimisko sastavu, kuri saistiti ar dztvnieku labturibu
— baribu, turéSanas apstakliem un veselibas stavokli. Pasaulé veikti pétijumi par
karotinoidu un citu antioksidantu satura palielina$anu piena, slaucamo govju baribai
pievienojot dabigiem identiskus preparatus, ka arT dabigus savienojumus saturosas
baribas piedevas, tomér iegiitie rezultati ir atSkirigi. Ar1 pétfjumi par karotinoidu
ietekmi uz piena lipidu stabilitati un govju baribas bagatinaSanas iesp&am ar
karotinoidus saturoSam piedevam ir nepietiekami, turklat iegiitie rezultati ir
pretrunigi.

Daudzas ar piena un ta produktu oksidaciju saistitas problémas pastiprinas ziema
un pavasari, tadel biitu japievers Tpasa uzmaniba lipidu stabilitates paaugstinasanai
Saja laika. Palielinot dabigo antioksidantu un taukos $kistoSo vitaminu — B-karotina,
tokoferolu, A vitamina u.c. koncentraciju piena un ta produktos, var tikt palielinats
to antioksidativais potencials un uzturvertiba, jo pret oksidaciju tiek aizsargati ne
tikai liptdu savienojumi, bet arT citas piena sastavdalas. Viena no iespg&jam ir dabigo
antioksidantu satura palielinasana piena ka izejviela un piena produktos, bagatinot
dzivnieku baribu. Sim nolikam var kalpot augu valsts produkti — burkani, sarkana
palmu ella u.c. Lai gan karotinoidu nozime ir bitiska ka slaucamo govju imunitates
stiprinasana, ta ar1 piena kvalitates paaugstinasana, pasaulé un arT Latvija samera
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maz uzmanibas tiek veltits p&tljumiem par to pareju no baribas piena. Ta ka
lopbariba esoSo karotinoidu ietekme uz piena oksidativo stabilitati nav pilniba
noskaidrota, ir biutiski veikt plasakus pétijumus par lopbaribas bagatinaSanas
iespgjam ar karotinoidiem un to ietekmi uz piena sastavu un kvalitati.

Izvirzita promocijas darba petijumu hipotéze — piena lipidu sastavu un stabilitati
ietekmé€ karotinoidus saturo$u piedevu pievienosana slaucamo govju baribai.

Promocijas darba pétijumu objekts ir piens, kurs tika iegiits konvencionalajas
saimniecibas, organizgjot atskirigi &dinatu slaucamo govju grupas, un no ta iegiita
sviesta ella.

Promocijas darba meérkis ir pétit piena lipidu stabilitates paaugstinaSanas
iespgjas, palielinot karotinoidu saturu slaucamo govju bariba.

Darba mérka sasniegSanai izvirziti $adi uzdevumi:

1. vertét piena kimiska sastava un krasas izmainas, palielinot karotinoidu saturu
slaucamo govju bariba;

2. salidzinat karotinoidus saturo$u slaucamo govju baribas piedevu ietekmi uz
piena lipidu oksidativo stabilitati;

3. vertet antioksidantu ietekmi uz sviesta ellas oksidativo stabilitati;

4. sniegt rekomendacijas piena razotajiem par ieteicamam, karotinoidus saturosam
govju baribas piedevam piena uzturvertibas paaugstinasanai un lipidu stabilitates
sekméSanai.

Promocijas darba hipotézi pierada ar $adam tézem:

1. piena antioksidativo potencialu iesp&jams paaugstinat, palielinot karotinoidu
saturu lopbariba;

2. piena tauku tauksk@abju sastavu var uzlabot, slaucamam govim iz&dinot
karotinoidus saturosas baribas piedevas;
un sviesta ella;

4. piena un sviesta e]las dzeltenas krasas intensitati iesp&jams palielinat,
slaucamajam govim iz&dinot karotinoidus saturosas baribas piedevas.

Promocijas darba novitate un zinatniskais nozimigums.

1. Analizéta karotinoidus saturoSu slaucamo govju baribas piedevu iz€dinasanas
ietekme uz piena izslaukuma, ka ar1 tauku, olbaltumvielu, laktozes, -karotina,
A, E un C vitamTnu satura izmainam piena.

2. Petita piena un sviesta ellas krasas intensitate saistiba ar govim iz€dinatas baribas
antioksidantu daudzumu.

3. Veikti pétijumi par piena taukskabju sastava izmainam, saistiba ar karotinoidu
daudzumu, kas uznemts ar govju baribu.

4. Pétita karotinoidus saturoSo baribas piedevu izédinasanas ietekme uz piena lipidu
stabilitati.

5. Petita karotinoidus saturoSo baribas piedevu izé€dinasanas ietekme uz dazados
temperatiiras un gaismas apstaklos uzglabatas sviesta ellas lipidu stabilitati.



6.

Veikta piena un sviesta ellas taukskabju un taukos $kistoSo A, E vitaminu un
karotinoidu satura noteik$anas metozu aprobacija.

Promocijas darba tautsaimnieciska nozimiba.
Promocijas darba rezultati apstiprina baribas sastava izskiroSo nozimi kvalitativa

piena ieguveé, pierada karotinoidu un E vitamina nepiecieSamibu govim, Ipasi
kiitstures perioda, lai uzlabotu dzivnieku veselibu, kapinatu piena uzturvértibu,
izslaukumu un tauku stabilitati uzglabasanas un parstrades laika.

ZINATNISKA DARBA APROBACIJA

Par rezultatiem zinpots 18 starptautiskajas zinatniskajas konferenc€s un

kongresos Latvija, Igaunija, Lietuva, Polija, Vacija, Zviedrija, Norvégija, Turcija,
Francija un starptautiskaja izstadé Riga Food 2012:

1.

Antone U., Sterna V., Zagorska J. Comparison of spectrophotometric methods
for assessment of oxidation of milk fat. lkgadgja 16. starptautiska zinatniska
konference "Research for Rural Development 2010", Jelgava, Latvija, 2010.
gada 19.-21. maijs (referats / oral presentation).

Antone U., Sterna V., Zagorska J. Composition of cow milk lipids and factors
influencing it. 5. Starptautiska zinatniska konference "Students on Their Way to
Science”, Jelgava, Latvija, 2010. gada 28. maijs (referats / oral presentation).
Jemeljanovs A., Sterna V., Antone U., Konosonoka I.H. Deficit of carotenoids
in forage and its influence on cow health and milk quality. Starptautiska
zinatniska konference ,,Risk Factors in the Process of Animal Feeding and Their
Implications on Food Quality”, BaltFoodQual, Palanga-Baisogala, Lictuva,
2010. gada 16.-17. septembris (referats / oral presentation).

Zagorska J., Antone U., Sterna V., Ciprovi¢a I. The influence of feed
supplemented with carotenoids on antimicrobial proteins in milk. 5. Baltijas
partikas zinatnes un tehnologijas konference ,,Foodbalt-2010”, Tallina, Igaunija,
2010. gada 29.-30. oktobris (referats / oral presentation).

Sterna V., Jemeljanovs A., Konosonoka I.H., Antone U., Lujane B. Composition
of cows milk fat in connection with carotenoids content in feed. 8. Eiropas
Lipidu Federacijas kongress, Minhene, Vacija, 2010. gada 21.-24. novembris
(stenda referats / poster presentation).

Antone U., Sterna V., Zagorska J. Potential to increase the stability of milk
riboflavin against photo-oxidative degradation. 6. Baltijas partikas zinatnes un
tehnologijas konference ,,Innovations for Food Science and Production Foodbalt-
20117, Jelgava, Latvija, 2011. gada 5.-6. maijs (stenda referats / poster presentation).
Antone U., Sterna V., Zagorska J. The influence of cow feed enriched with
carrots on milk quality and nutritional value. 17. starptautiska zinatniska
konference "Research for Rural Development 2011", Jelgava, Latvija, 2011.
gada 18.-20. maijs (referats / oral presentation).

Zagorska J., Antone U., Ciprovica 1., Konosonoka 1., Sterna V., Gramatina 1., Sarvi S.
The influence of immunoglobulins on microbiological quality of milk. Starptautiskais
Partikas kongress “Novel approaches in Food Industry NAFI 20117, Cesme-Izmir,
Turcija, 2011. gada 26.-29. maijs (stenda referats / poster presentation).
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9. Sterna V., Jemeljanovs A., Konosonoka I.H., Antone U., Lujane B., Anenkova
R. Comparison of carrots and red palm oil as source of carotenoids in feed.
24. Ziemelvalstu Lauksaimniecibas zinatnieku asociacijas (Nordic association of
Agricultural Scientists, NJF) kongress ,,Food, Feed, Fuel and Fun Nordic Light
on Future Land Use and Rural Development”, Upsala, Zviedrija, 2011. gada
14.-16. junijs (stenda referats / poster presentation).

10. Sterna V., Jemeljanovs A., KonoSonoka I. H., Antone U., Lujane B., Anenkova
R. Comparison of carrots and red palm oil as source of carotenoids in feed.
2. Ziemelvalstu Lopbaribas zinatnes konference, Zviedrijas Lauksaimniecibas
zinatgu universitate, Upsala, Zviedrija, 2011. gada 15.-16. junijs (stenda referats
/ poster presentation).

11. Miculis J., Jemeljanovs A., Sterna V., Konosonoka I.H., Antone U., Zagorska J.
Opportunity to increase milk quality with biologically active substances.
62. Ikgadgja Eiropas Dzivnieku Zinatnes federacijas tikSanas (European
Federation of Animal Science — EAAP), Stavanger, Norvégija, 2011. gada
29. Augusts-2. septembris (stenda referats / poster presentation).

12. Antone U., Jemeljanovs A., Sterna V., KonoSonoka L.H., Zagorska J. The
influence of cow feed carotenoids on milk antimicrobial properties.
3. Starptautiska konference “Laboratory Diagnostics in Veterinary Medicine,
Food and Environmantal Safety”, Riga, Latvija, 2011. gada 15.-16. septembris
(stenda referats / poster presentation).

13.Zagorska J., Antone U., Sterna V., Ciprovi¢a I. Evaluation of Immunoglobulin
and Lysozyme Concentration in Milk Enriched With Carotenoids.
5. Starptautiska konference par kvalitati un dro§ibu partikas razoSanas kédé
(Conference on the Quality and Safety in Food Production Chain), Vroclava,
Polija, 2011. gada 19.-20. septembris (stenda referats / poster presentation).

14. Antone U., Sterna V., Zagorska J. Carotenoid Potential to Protect Cow’s Milk
Fat against Oxidative Deterioration. Starptautiskd conference par partikas
inzenierzinatni un biotehnologiju (International Conference of Food Engineering
and Biotechnology), World Academy of Science, Engineering and Technology
(WASET), Parize, Francija, 2012. gada 24.-26. aprilis (referats / oral presentation).

15. Antone U., Sterna V., Zagorska J. Enhancement of cow’s milk fat oxidative
stability: potential of carrots as source of natural antioxidants. 7. Baltijas partikas
zinatnes un tehnologijas konference “Innovative and healthy food for consumers
Foodbalt-2012”, Kaunpa, Lietuva, 2012. gada 17.-18. maijs (stenda referats /
poster presentation).

16. Antone U., Sterna V., Zagorska J. Investigations into the enhancement of cow’s
milk oxidative stability. Ikgadgja 18. starptautiska zinatniska konference
“Research for rural development 2012, Jelgava, Latvija, 2012. gada 16.-18.
maijs (referats / oral presentation).

17. Antone U., Jemeljanovs A., Sterna V., Zagorska J. Dabigo antioksidantu —
karotinoidu potencials govs piena lipidu stabilitates un uzturvertibas uzlabosana.
Izstade “Riga Food 20127, Riga, Latvija, 2012. gada 5.-8. septembris (stenda
referats / poster presentation).



18. Antone U., Sterna V., Zagorska J. Improvement of cow’s milk fat nutritional

value: potential of palm oil as source of natural antioxidants. 10. Eiropas Lipidu
Federacijas kongress, Krakova, Polija, 2012. gada 23.-26. septembris (stenda
referats / poster presentation).

Pétijumu rezultati apkopoti un publicéti 6 recenzgjamos zinatniskajos izdevumos.

1.

Antone U., Sterna V., Zagorska J. (2010) Comparison of spectrophotometric
methods for assessment of oxidation of milk fat. In: Proceedings of the 16"
Annual International Scientific Conference "Research for Rural Development
2010" 19-21 May 2010, Jelgava. Latvia University of Agriculture. Jelgava: LLU.
Vol.1, p. 104-110. (CABI; AGRIS, CAB Abstracts, Ebscohost).

Antone U., Sterna V., Zagorska J. (2011) The influence of cow feed enriched
with carrots on milk quality and nutritional value. In: Proceedings of the 17"
Annual International Scientific Conference "Research for Rural Development 2011"
19-21 May 2010, Jelgava. Latvia University of Agriculture. Jelgava: LLU. Vol.1,
p- 80.-86. (EBSCO Academic Search Complete, CAB Abstracts, CABI, AGRIS).
Antone U., O$mane B., Sterna V. (2011) Lopbariba eso$o karotinoidu
raksturojums un loma piena ieguvé (Carotenoids in Feedstuffs and Their Role in
Milk Production). Latvijas Lauksaimniecitbas Universitates Raksti. Jelgava:
LLU, Latvija, Vol. 26 (321), 60.-68. lpp. (in Latvian). (CAB Abstracts; CABI full
text, AGRIS, Ebscohost).

Sterna V., Jemeljanovs A., KonoSonoka I.H., Antone U., Lujane B., Anenkova
R. (2011) Comparison of carrots and red palm oil as source of carotenoids in
feed. In: Proceedings of the 2" Nordic Feed Science Conference. 15th-16th June
2011, Uppsala, Sweden. Swedish University of Agricultural Sciences.
Department of Animal Nutrition and Management. Uppsala, p. 68-72. (CAB
Abstracts, CABI full text, Ebscohost).

. Antone U., Sterna V., Zagorska J. (2012) Carotenoid Potential to Protect Cow’s

Milk Fat against Oxidative Deterioration. World Academy of Science,
Engineering and Technology, issue 64, April. Paris, France, p. 1132-1136.
Antone U., Sterna V., Zagorska J. (2012) Investigations into the enhancement of
cow’s milk oxidative stability. In: Proceedings of the 18" Annual International
Scientific Conference "Research for Rural Development 2012". 16-18 May,
2012, Jelgava. Latvia University of Agriculture. Jelgava: LLU. Vol.1, p.
164-170. (CABI, AGRIS).



Pateicibas

Promocijas darba autore izsaka vislielako pateicibu Latvijas Lauksaimniecibas
universitates Partikas tehnologijas fakultates macibspékiem, pé&tnickiem un
darbiniekiem par sniegtajiem padomiem un palidzibu promocijas darba izstradg.

Pateicos Latvijas Lauksaimniecibas universitates agentiiras ,,Biokimijas un
veterinarmedicinas zinatniska institita ,,Sigra™ kolégiem par sniegtajam
konsultacijam un palidzibu petijumu praktiskas dalas realizacija un Siguldas novada
zemnieku saimniecibu “Dzilnas” un “Strautini” saimniekiem par sadarbibu p&tfjumu
veiksana.

Paldies arT manai gimenei un draugiem par atbalstu cela uz doktora grada
ieglisanu.

MATERIALI UN METODES

Pétijumu laiks un vieta
Petijumi veikti no 2009. gada septembra Iidz 2013. gada janvarim:

1. LLU agentiiras ,,Biotehnologijas un veterinarmedicinas zinatniska institaita
,»Sigra”” Biokimijas un mikrobiologijas zinatniskaja laboratorija;

2. LLU Partikas tehnologijas fakultates Piena un galas produktu tehnologijas un
Iepakojuma materialu ipasibu izp&tes laboratorijas;

3. RTU Materialzinatnes un Lietiskas Kimijas fakultates Degvielu kvalitates
kontroles un pétijumu laboratorija;

4. AS ,Siguldas ciltslietu un maksligas apséklosanas stacija” Piena kvalitates
kontroles laboratorija;

5. Karotinoidu piedevu iz€dinaSanas izmé&ginajumi slaucamajam govim veikti
Siguldas novada zemnieku saimniecibas “Strautini” 03.2010.—05.2010. un
“Dzilnas” 03.2011.-06.2011.; 03.2012.-06.2012.

Pétijuma izmantotie materiali

Pétijuma objekts ir piens, kur$ tika iegiits konvencionalajas saimniecibas,
sviesta ella. [zm&ginajumi tika veikti kiitstures perioda beigas — pavasari.

Tika veikti tris atsevisSki eksperimenti, katra eksperimenta izveidojot vienu vai
vairakas eksperimentalas govju grupas, kuru bariba tika papildinata ar karotinoidus
saturo$am piedevam, un viena kontroles grupa, kura govju bariba netika papildinata.
Grupas tika ieklautas veselas govis ar somatisko Stnu skaitu piena Iidz
400 tiikst. mL™'. Govju grupas komplektétas iesp&jami lidzigas, nemot véra kirni,
laktacijas ménesi, laktaciju skaitu, piena tauku, olbaltumvielu saturu un izslaukumu.

Katra eksperimenta ietvaros visas grupas nodroSindja ar vienadu pamatbaribu.
Eksperimentos izmantotas Latvija pieejamas dzivnieku baribas piedevas ar atskirigu
karotinotidu saturu, sagatavoSanas un uzglabaSanas veidu — burkani, rapsu ella,
sarkands palmu ellas baribas piedeva Carotino' CAF 100, sarkana palmu ella
Carotino NVRSO un sarkanas palmu ellas karotinoidu koncentrats Carotino
CC-05, ko skidinaja rapsu ella, iegtstot 5% Skidumu.

! Carotino SDN. BHD, J.C. Chang Group, Malaizija / Malaizia
9



Govju grupu izveide un
€dinasana /Cow group
establishment and feeding

B

grupa il
/ Control 8

Kontroles

Piena paraugu
nonemsana /
Milk sampling

\‘

Pétamais
objekts /
Research object

Pétijumu virzieni
/ Directions of the
research

» Sastava un

group - 4 kvalitates
KG) Pamatbariba / Piens / Milk pétijumi /
Basic feed Studies on
“> un / vai composition
( and/or and quality
. Sviesta ella /
Eksperi- BL Buster ol > Stabilitates

mentala étijumi
H pétijumi /
grupa / [ .8 Studies on
Experimen- [ 4 stability
tal group _ )
(EG) Pamatbariba / 7/
Basic feed

+ karotinoidus
saturosas piedevas /
carotenoid additives

1. att. Vispariga izméginajumu shéma / Fig. 1. General research scheme

Govim iz&€dinatas pamatbaribas, baribas piedevu daudzums un raksturojums, ka
arT uznemtais karotinoidu un a-tokoferola daudzums apskatams 1. tabula. Katra
eksperimenta piena paraugi nonemti vairakkart.

Petijuma tika vertéta mingto piedevu iz€dinasanas ietekme uz piena un sviesta
ellas kvalitati, sastavu un lipidu stabilitati.

Paraugu nonems$ana un sagatavo$ana analizém

Pétijuma laika analizéti dazadi paraugi: piens un no ta iegiita sviesta ella.
Paraugu sagatavosanas un veikto p&tijumu shémas dotas 2. un 3. attelos.

Piena paraugu nonemsana veikta saskana ar standartu LVS EN ISO 707:2011 L
»Piens un piena produkti. Noradijjumi par paraugu nemsSanu (ISO 707:2008)”.
Fizikali-ktmisko analizu veikSana sakta tlit pec paraugu nogadasanas laboratorija.
Grupu vid&jie koppiena paraugi sastava un lipidu stabilitates petijumiem iegiiti,
salejot kopa atsevisku govju pienu vienados daudzumos.
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I

1.tabula / Table 1

Izedinatas pamatbaribas, piedevu un ar baribu uznemtais antioksidantu daudzums (govij diena)/

Amount of basic feed, feed supplements and antioxidants ingested by feed (per cow per day)

- Ar baribu uzpemtais vidéjais antioksidantu daudzums,
:xZ-' ) . mg govij diena / Amount of antioxidants ingested by feed,
< Z| Govju mg per cow per day
£ é grll/])as Pamatbariba / Basic feed Izedinatas piedevas / o . - -~ o - -
Ec Feed supplements e8| 25§ 25 g 2 & & g
S o Cow SE23 3 S 3 S 3 B o< 3
o o 53 °o 9 RS 2. = 5 'i
5| groups RSN SIS SIS S 223
= gz 8| FJ& il ) N
= =z = © AR 3 S = <
KGI rapsu ella / rapeseed oil — 100 g 225 207 Z.n.r. Z.n.r. 210
burkani / carrots — 7 kg,
EGI-1 zales skabbariba / grass silage — ad rapdu ella / rapeseed oil — 100 g 1325 1090 221 zn.r 210
- libidum; rapSu rausi / rapeseed meal —
EGI-2 2kg NVRSO-100 g 275 225 22 0.8 640
CC-05 skidums rapsu ella (5%) /
EG1-3 solution in rapeseed oil (5%) 320 250 20 2.0 210
KGII skabsiens, siens / haylage, hay — ad - 242 195 Z.1.T. Z.1.T. 80
EGIL-1 | !ibidum; papildbariba slaucamam govim | iari/ comrors — 7 kg 387 329 47 Znr. 80
—_ LUX — feed additive for dairy cattle
= | EGII-2 | Lux—2kg CAF 100 —400 g 292 239 16 74 200
visas / g_arﬁbu zale / pasture grass — ad libidum; | 707 650 o _— 1235
all siens / hay—10 kg
KG I siens, skabsiens / haylage, hay — ad - 217 206 Z.n.r Z.n.r. 273
libidum; papildbariba slaucamam govim
LUX — feed additive for dairy cattle .
E EG I LUX -2 kg; cukurbicsu melase / beet burkani / carrots — 7 kg 299 268 32 Z.N.T. 273
molasses — 0.5 L
abas/ ganibu zale / pasture grass — ad libidum;
both siens / hay— 10 kg - 590 568 Z.N.T. Z.N.1. 1053

z.n.r. — zem noteik8anas robezas / below detection limit




Piena paraugu nonemsana un sagatavosana analizém /
Milk sample collection and preparation for analyses

v

v

Piena sastava un kvalitates analizes /
Analyses of milk composition and quality:
tauku un olbaltumvielu saturs / fat and

protein content;

C vitamina saturs / vitamin C content;
B-karotina, A un E vitaminu saturs /
content of f-carotene, vitamins A and E;

taukskabju sastavs / fatty acid
composition;
krasa / colour.

Piena lipidu stabilitates petijumi, to

uzglabajot 4-6 °C temperattira, 5 dnn

un nosakot: / Investigations of milk lipid

stability during the storage at 4—6 °C

temperature 5 days, measuring:

¢ sekundaro oksidacijas produktu
koncentracijas izmainas / changes
of the concentration of secondary
oxidation products;

e polinepiesatinato taukskabju satura

izmainas / changes of the content
of polyunsaturated fatty acids.

2. att. Noteiktie raditaji I eksperimenta iegiitiem paraugiem /
Fig. 2. Parameters determined for samples acquired within Experiment |

Piena paraugu nopemsana un sagatavosana analiz€m /
Milk sample collection and preparation for analyses

v

v

Piena sastava un kvalitates
analizes / Analyses of milk
composition and quality:

e tauku, olbaltumvielu,
laktozes saturs / fat,
protein,lactose content;

e (C vitamina saturs / vitamin
C content;

o taukskabju sastavs / fatty
acid composition;

e krasa/ colour.

Sviesta ellas ieguve / Butter oil extraction

v

Sviesta ellas sastava un kvalitates

analizes / Analyses of butter oil

composition and quality:

e [(-karotina, o-tokoferola saturs /
content of f-carotene, o-tocopherol;

o taukskabju sastavs / fatty acid
composition;

e krasa/ colour.

Sviesta ellas oksidativas stabilitates petfjumi, to uzglabajot dabigaja, maksligaja
apgaismojuma vai tumsa un 60+1 °C temperattira / Researches on butteroil oxidative
stability when storing it in natural, artificial light or in the dark and at 60+1 °C

temperature:

e peroksidu skaitla izmainas / changes of peroxide value;
e skabes skaitla izmainas / changes of acid value;
e oksidativa stabilitate ar Rancimata metodi / oxidative stability by Rancimat method.

3. att. Noteiktie raditaji II un III eksperimenta iegtitiem paraugiem /
Fig. 3. Parameters determined for samples acquired within Eksperiments Il and 111




Piena paraugu sagatavoSana piena lipidu oksidativas stabilitates
pétijumiem. Nepasterizéta piena paraugi ielieti 500 mL aizvakojamos stikla traukos
un uzglabati aizverta veida ledusskapi 4-6 °C temperatiira 5 diennaktis.

Sviesta ellas iegiiSana un sagatavoSana lipidu oksidativas stabilitates
pétijumiem. P&c piena nogadasanas laboratorija no ta tika iegiita sviesta ella.
saskana ar 4. att€la redzamo shemu.

Piens / Milk N Vajpiens /
separéSana / skimming (t = 40-45 °C) Skim milk
v
Kré&jums / Cream Paninas /
nogatavina$ana / ripening (t = 46 °C, 20£1h); kulsana / churning [®|  Buttermilk
v

Sviests / Butter
centrifugésana / centrifugation (14360 xg, t = 40+1°C)

v

Sviesta ella / Butter oil

v

Oksidacijas paatrinasana ar gaismas un temperatiiras palidzibu /
Acceleration of oxidation by means of the light and temperature

v

Sviesta ellas oksidativas stabilitates analizes /
Analyses of butter oil oxidative stability

4. att. Sviesta ellas ieguve un sagatavoSana oksidativas stabilitates parbaudei /
Fig. 4. Butter oil extraction and preparation for analysis of oxidative stability

Sviesta ellas paraugu oksidacijas paatrinasana veikta sekojosi:

e II eksperimenta tos uzglabajot tumsa (4-6 °C, 3 h), vai saules gaisma
(2041 °C, 3 h). Turpmak paraugi 25 dnn uzglabati termostata 60 °C temperatiira.

. IIT eksperimenta oksidacijas procesu paatrinasSanai sviesta ellas paraugi
izturéti 48 h fluorescentaja gaisma 40+1 °C temperatira (Angelantoni EkoChil
klimatiskaja kamera 1500P-IW dienasgaismas spuldzu apgaismojuma, kura
intensitate 7560+20 Lux un gaismas vilna garums 400-750 nm). Turpmak 25 dnn
paraugi uzglabati termostata 60+1 °C temperatiira.

Peroksidu un skabes skaitla mérjjumi tumsa uzglabatiem paraugiem veikti
vairakas reizes 25 dienu perioda, bet gaisma uzglabatiem sviesta e]las paraugiem —
14 (IT eksperimenta) vai 25 dienu (III eksperimenta) perioda. Indukcijas perioda
ilgums aprekinats, izmantojot tangensu metodi (Zlatkevich, 2002).

Darba izmantoto analiZu metoZu raksturojums. Iegilito piena un sviesta e]las
paraugu analizes veiktas saskana ar 2. tabula apkopotajam metodem.
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2. tabula / Table 2

P&étljumos izmantotas analiZu metodes / Analytical methods

Pétijumi
/ Studies

AnaliZzu nosaukums / Name of analysis

Metode / Method

Sastava un kvalitates petijumi /
Studies on composition and quality

Tauku, olbaltumvielu, laktozes saturs / Fat,
protein, lactose content

ISO 9622-1999 (E)

C vitamina (L-askorbinskabes) saturs /
Content of vitamin C (L-ascorbic acid)

Tilmansa metode / Method of
Tilmans (Matiseks u.c., 1998)

B-karotina, retinola, o~ un y-tokoferolu saturs /
Content of p-carotene, retinol, o- and y-
tocopherol

AESH metode / HPLC method
LVS EN ISO 9936:2006, LVS
EN 12823-1:2001, LVS EN
12823-2:2001, Granelli,
Helmersson (1996)

Taukskabju saturs / Content of fatty acids
(FA)

Gazu hromatografijas metode /
Gas chromatography method
Sempor¢, Bézard (1996),

ISO 15885:2002

Dzeltenas krasas intensitate (b*) / Yellow
colour intensity (b*)

CIE 1976 L*a*b* krasu modelis
/ model of colours (Coultate,
2002)

Lipidu stabilitates pétijumi /

Studies on lipid stability

Sekundaro oksidacijas produktu
(karbonilsavienojumu) koncentracija /
Concentration of secondary oxidation products
(carbonyl compounds)

Endo et al. (2003)

Peroksidu skaitlis / Peroxide value

Jodometriskas titréSanas metode
/ lodometric titration method
(Oxpumenko u zp., 2005)

Skabes skaitlis / Acid value

LVS EN ISO 660:2009

Oksidativas stabilitates noteikSana ar
Rancimata metodi / Analysis of oxidative
stability with Rancimat method

LVS EN ISO 6886:2009

Atsevisku taukskabju veidu saturs tika aprékinats saskana ar 1. — 6. formulam:
piesatinatas taukskabes (PTS) / saturated fatty acids (SFA) = sum (C4:0, C6:0, C8:0,

C10:0 Iidz/ till C18:0, C20:0, C22:0, C24:0) (L)
e 150 un vidgji garo kéZu piesatinatas taukskabes / short and medium chain

saturated FA = sum (C4:0, C6:0, C8:0, C10:0) )
e mononepiesatinatas taukskabes (MNTS) / monounsaturated FA (MUFA) =

=sum (C14:1, C15:1, Cl16:1, C18:1m9c, C18:1m9t, C20:109) 3)
¢ polinepiesatinatas taukskabes (PNTS) / polyunsaturated FA = sum (C18:2c0,
C18:2t, C18:36, C18:3m3, C20:4m6, C20:5m3, C22:503, C22:603) 4)
o 3 =sum(C18:3w3, C20:503, C22:5003, C22:603) (5)
o  ®6=sum (C18:2cwb, C18:306, C20:4w6) (6.

Taukskabju veselibas ietekmes indeksi aprékinati saskana Ulbricht un Southgate
(1991) izstradatajam formulam (7.-8.):
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o aterogénais indekss / index of atherogenicity (IA) = [C12:0 + (4 x C14:0) +

+C16:0]/ [MNTS + PNTS®6 + PNTS®3] (7)
¢ trombogenais indekss / index of thrombogenicity (IT) = [C14:0 + C16:0+ C18:0]/
/(0,5 X MNTS) + (0,5 X PNTS®6) + (3 x PNTS®3) + (PNTS®3 / PNTSw6)] 8.

IIT eksperimenta ar spektrofotometrisko metodi (Jlabopamopmvie uccredosanus
6 semepunapuu, 1971) noteikts kopgjais karotinu saturs govju asins plazma. Paraugi
nemti dienu pirms un 6 nedélas péc karotinoidu piedevu iz€dinasanas uzsaksanas.

Statistiska datu apstrade

Rezultatu statistiska apstrade veikta, izmantojot MS Office programmu Excel, ka
ar1 programmu Microsoft Windows for SPSS (SPSS 17,0, SPSS Inc. Chicago,
Illinois, USA). Dati atspoguloti ka vidgjais + vidg€ja standartnovirze (SN) vai vidgja
standartkliida. Pazimju atSkiribas vairaku paraugkopu salidzinaSanai izvertétas ar
ANOVA metodi. Izvirzitas hipotézes parbauditas ar ticamibas intervala un p-
vertibas metodi, un faktori novertéti ka butiski, ja p-vertiba < o gs. Izvertgjot dazadu
pazimju savstarp&jas kopsakaribas, tika izmantota korelacijas un regresijas analize.

REZULTATI UN DISKUSIJA
1. Piena sastavs un kvalitate
1.1. p-karotina, A, E un C vitaminu asimilacija govs organisma un piena

Lai spriestu par dazadu karotinoidu piedevu izédinasanas ietekmi uz analiz&to
vitaminu saturu piena, vertétas to satura izmainas I eksperimenta iegiitajos paraugos.

p-Karotina saturs piend pirms karotinoidus saturoSu baribas piedevu
iz€dinasanas, tas laika un 1 nedelu peéc tas partrauksanas apskatams 5. attela.

0.6

c
E-g_ 054y ] -
B ED 04 | po ] g
SESE 03 |m S— T Te—
LI |
ZE45F o
278 KGI EGI-1  EGI2  EGI3

O pirms eksperimenta / before experiment
B eksperimenta laika / during experiment
péc eksperimenta / after experiment

5. att. p-karotina satura salidzinajums atSkirigi édinatu govju piena /
Fig 5. Comparison of p-carotene content in milk of cows fed differently

Sakotngjais B-karotina saturs Cetru govju grupu koppiena paraugos bija biitiski

(p < 0,05) atskirigs. KG I un EG I-1 piena tas bija visaugstakais: 0,49+0,014 un

0,55+0,015 mg L™, bet EG I-2 un EG I-3 piena — 0,320,006 un 0,210,008 mg L™

Karotinoidu piedevu izédinasanas perioda (ta ilgums — 6 ned€las) B-karotina saturs

EG I-1 un KG I piena butiski samazinajas 1idz 0,30+0,017 un 0,35+0,032 mg L,

EG I-2 bitiski nemainijas (0,28+0,027 mg L"), bet EG I-3 grupas piena bitiski
15



paaugstingjas lidz 0,36+0,033 mg L (p < 0,05), salidzinot ar B-karotina saturu

pirms eksperimenta. Eksperimenta laika vidgjais B-karotina saturs visu grupu

paraugos bitiski neatSkiras. Sakotn&jas B-karotina satura atSkiribas un ta izmainas so
grupu piena ir skaidrojamas ar vairakiem iemesliem.

1. Zemaks sakotngjais B-karotina saturs EG I-2 un EG I-3 grupu piena un izteikta
samazinasanas KG I un EG I-1 grupu piena (p < 0,05) var but saistita ar grupas
ieklauto dzivnieku individualajam Ipatnibam un f-karotina patéréSanu dazadam
organisma vajadzibam (A vitamina sint€zei, rezervju uzkraSanai organisma,
govju imunitates funkciju nodrosinasanai).

2. KG I, EG I-1 un EG I-2 grupu piena novérota B-karotina satura samazinasanas
var biit saistita ar govju laktacijas perioda izmainam.

3. PB-karotina satura nepaaugstinasanos EG I-1 un EG I-2 grupu piena, salidzinot
raditajus piedevu izé€dinasanas perioda un pirms tas, var skaidrot ar citu p&tnicku
novéroto, ka karotinoidu pareja no baribas piena ir salidzinosi zema.

4. Piedevas iz€dinasanas ietekme nav tulit€ja, bet var paradities p&c noteikta laika
posma, turklat eksperimenta ieklautas ari melnraibo Skirpu govis, kuram
karotinoidu pareja piena ir mazak izteikta neka sarkano skirnu govim.

P&c eksperimenta PB-karotina saturs butiski palielinajas EG I-3 grupas piena (p <
0,05), KG I piena biitiski nemainijas, EG I-1 grupas piena butiski samazinajas (p <
0,05), bet EG I-2 grupas piena samazinajas nebitiski, ko var skaidrot ar
ieprick§minétajiem iemesliem. [-karotins ir viena no svarstigakajam piena
sastavdalam. Ta saturs var biit atkarigs no daudzu dazadu faktoru ietekmes — baribas
sastava un kvalitates, baroSanas rezima, laktacijas perioda, piena tauku satura, no
govju Skirnes un veselibas stavokla, ka ari no uzpemto baribas piedevu veida,
taukvielu klatbatnes.

III eksperimenta tika salidzinats kopgjais karotinu saturs dzivnieku asins
plazma pirms un p&c 6 ned€lu ilgas burkanu piedevas iz€dinasana (6. att.).

6.20

mKGIII (n = 10)

B EG III (n = 10)

plazma, pg mL1! /
p-carotene content in

Kopéjais karotinu
saturs govju asins

cow's blood, ug mL*!

o v K~ o ®

S S S (e S
,

pirms eksperimenta / 6 ned. / 6 weeks
before experiment

6. att. Kop@ja karotinu satura izmainas govju asinis /
Fig. 6. Changes of total carotene content in cow blood

Pirms piedevu iz€dinasanas abu grupu dzivnieku asins vid€jais kopgjais karotinu
limenis bija zem ieteicama 3,0 ug mL™ limena (Friesecke, 1978). Novérojumu
perioda vid&jais kop&jais karotinu saturs izteiktak palielinajas eksperimentalas
grupas dzivnieku asinis — 2,6 reizes, kamér kontroles grupa — tikai 1,7 reizes. Tas ir
nopietns faktors, kas ietekme ne vien govju veselibu, bet arT iegiita piena kvalitati.
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A vitamina (retinola) satura izmaipas piend 1 eksperimenta iegitajos piena
paraugos apskatamas 7. attcla.

. £

.2 0.60 I T

-0 :[ I
S025 050 4~ o —
£ EDE E 040 |- ii ------------- .i ----------------------------
Ealy

SEET 030

T2 E KG I EG I-1 EG I-2 EG I-3

< g

O pirms eksperimenta / before experiment
B eksperimenta laika / during experiment
péc eksperimenta / after experiment

7. att. A vitamina satura salidzinajums atSkirigi édinatu govju piena /
Fig. 7. Comparison of vitamin A content in milk of cows fed differently

Sakotngja A vitamina koncentracija 4 grupu piena bija bitiski (p < 0,05)
atskiriga: KG I — 0,560,011 mg L, EG I-1 — 0,51+0,003 mg L', EG 1-2 —
0,43+0,013 un EG I-3 piena 0,55 £+ 0,008 mg L' A vitamina koncentracija
karotinoidu piedevu iz€dinasanas laika KG 1 piena bitiski samazinajas Iidz
0,40+0,040 mg L! (p <0,05), bet EG I-1, EG 1I-2 un EG I-3 piena biitiski nemainijas
(attiecigi 0,46+0,046, 0,530,098 un 0,52+0,035 mg L'l), salidzinot ar saturu pirms
eksperimenta. A vitamina satura samazinasanas KG I piena skaidrojama ar govju
laktacijas perioda izmainam Iidzigi ka fB-karotina gadijuma. Laktacijai progresgjot,
tas var gan palielinaties, gan samazinaties atkaribd no govju nodroSingjuma ar
karotinoidiem. Ta koncentracijas samazinasanas KG I grupas piena saistama ar
iesp&jamo karotinoidu deficitu. Pargjas grupas bija vérojama retinola koncentracijas
stabilitate, kas, visticamak, saistita ar karotinoidus saturo$o baribas piedevu
iz€dinasanu eksperimentalajas grupas. Eksperimenta laika retinola saturs starp
grupam bitiski neat$kiras, tomer bija vérojama tendence, ka vidgjais ltmenis KG 1
un EG I-1 grupu piena bija zemaks neka pargjas grupas. Péc piedevu iz€dinasanas
partrauksanas tas butiski mainijas tikai EG I-1 piena, paaugstinoties I1dz 0,61+0,024
mg L' (p < 0,05). Ta ka B-karotina saturs §s grupas piend piedevu iz&édinasanas
laika un péc piedevu iz&dinaSanas partrauksanas butiski (p < 0,05) samazinajas,
salidzinot ar saturu pirms eksperimenta, jasecina, ka tas izmantots retinola sintézei.

E vitamina satura izmainas pienda 1 eksperimenta paraditas 8. att€la.

Sakotngja E vitamina koncentracija 4 govju grupu piena butiski atSkiras
(p < 0,05). KG I un EG I-1 ta bija 0,46£0,001 un 0,37+0,017 mg L. EG 1-2 un
EG I-3 piena E vitamina saturs bija zemaks — 0,250,011 un 0,07+0,005 mg L
Lidziga tendence novérota ari attieciba uz [B-karotina saturu piena. Atskiribas
skaidrojamas ar grupas ieklauto dzivnieku individualajam Tpatnibam, ta izmanto$anu
organisma vajadzibam.
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8. att. E vitamina satura salidzinajums atskirigi édinatu govju piena /
Fig. 8. Comparison of vitamin E content in milk of cows fed differently

Eksperimenta laika E vitamina koncentracija KG I piena batiski (p < 0,05)
samazinajas Iidz 0,20+0,003 mg L' bet EG I-1, EG 1-2 un EG -3 piena butiski
(p < 0,05) palielinajas (attiecigi lidz 0,55+0,005, 0,53+0,013 un 0,35+0,006 mg L'l).
E vitamina samazinasanas KG I piena var bt saistita ar laktacijas perioda, ka art
pamatbaribas sastava (t.i., antioksidantu satura) izmainam kitstures perioda.
Paaugstinasanas EG I-2 grupas piena skaidrojama ar palmu ellas iz€dinasanu, jo ta
satur ne tikai karotinoidus, bet ari E vitaminu. Saja grupa ar baribu uznpemta E
vitamina daudzums bija vislielakais. Tomér ari EG I-1 un EG I-3 grupu, kuras ar
baribu uzpemts mazak a-tokoferola, E vitamina saturs piena biitiski palielinajas
(p < 0,05). Tatad E vitamina pareju piena ietekmé ar baribu uznemto antioksidantu
kopgjais daudzums. Jo tas lielaks, jo vairak E vitamina var tikt izmantots piena
sintézei.

Taukos SkistoSo antioksidantu — f-karotina un a-tokoferola — satura izmainas
no piena iegiita sviesta ella 111 eksperimenta apskatams 9. attela. Kiitstures perioda
B-karotina vidgjais saturs KG III un EG III sviesta ellas paraugos neatskiras.

a-tokoferola vidgjais saturs bija biitiski augstaks EG III paraugos (p < 0,05).
Ganibu sezona (7 ned€las péc tas sakuma jeb piedevu iz&dinasanas beigam)
antioksidantu saturs ella, salidzinot ar kutstures periodu, bitiski palielinajas
(p <0,05).
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Antioksidantu saturs
sviesta ella, mg kg! tauku /

Content of antioxidants in
butter oil, mg kg™ fat

B-karotins / B-carotene a-tokoferols / a-tocopherol

B kiitstures perioda / indoor period (KG III - kontrole / control)

m kiitstures perioda / indoor period (EG III - burkani / carrots)
ganibas / pasture (KG III)

® ganibas / pasture (EG III)

9. att. B-karotina un o-tokoferola saturs sviesta ella /
Fig. 9. B-carotene and a-tocopherol content in butter oil

C VITAMINA satura izmainas piena 1 eksperimenta apskatamas 10. attgla.
Sakotngja C vitamina koncentracija 4 grupu piena atskiras bitiski (p < 0,05).
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pec eksperimenta / after experiment

10. att. C vitamina satura izmainas at$kirigi édinatu govju piena /
Fig. 10. Changes in content of vitamin C in milk of cows fed differently

Piedevu izeédinaSanas laika kontroles grupas piena ta nemainijas; EG I-1 un EG
I-2 piena — palielinajas butiski (p < 0,05), bet EG I-3 piena — nebiitiski. C vitamina
satura palielinaSanas var€tu bait saistita ar to, ka, uzpemot ar baribu papildu
antioksidantus; organisma patéréta C vitamina daudzums samazinas, un piena tas
pariet lielaka daudzuma. Jasecina, ka, iz€dinot burkanu un sarkanas palmu ellas
piedevas, piena antioksidativais potencials uzlabojas — palielinas taukos S$kistoSo
(A, E, P-karotina), ka ar1 Gdeni Skistosa C vitamina saturs taja. Tomer to var
ietekmét ne tikai iz€dinato piedevu veids un antioksidantu saturs tajas, bet arT to
izmantoSanas efektivitate, piena izslaukuma, tauku satura svarstibas u.c. faktori.
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1.2. Tauku, olbaltumvielu, laktozes saturs piena un izslaukums

Apkopojums par piena tauku, olbaltumvielu satura un izslaukuma raditajiem
skatams 3. tabula. Salidzinot grupu vidg€jos raditajus pirms piedevu iz€dinaSanas un
tas laika, izmainas nebija biitiskas neviena no grupam. Noverota tendence tauku
saturam KG I, EG I-1 un EG I-2 grupu piena samazinaties, bet EG I-3 —
palielinaties. II eksperimenta vid€jais tauku saturs visvairak samazinajas kontroles
grupas KG II piena, tomér §is izmainas nebija biitiskas. III eksperimenta tendence
bija pretgja. Izteiktaka tauku satura samazinasanas KG I un KG II grupu piena var
biit saistita ar to, ka bariba netika papildinata ar karotinoidu piedevam. Arl
olbaltumvielu satura izmainas piena neviena no eksperimentos ieklautajam grupam
nebija butiskas, tomér bija vérojama tendence, ka KG I, EG I-1 un EG I-2 grupu
piena vidgjais olbaltumvielu saturs pazeminajas, bet EG I-3, ka ar1 II eksperimenta
visas grupas palielinajas. Izslaukuma izmainas neviena no grupam nebija bitiskas,
tom@r noveérota tendence, ka KG I, EG I-2 un KG III grupas tas samazinajas, bet
pargjas grupas palielingjas. Tatad katra eksperimenta karotinoidu piedevu
iz€dinasanas ietekme bija atSkiriga. To var ietekm@t dazadi faktori — iz€dinasanas
ilgums, daudzums, sastavs, antioksidantu saturs tajas, ka arT izédinatas pamatbaribas
sastavs, kvalitates svarstibas vai izmainas govju laktacijas perioda. Bez tam ar
baribu papildus uznemtais B-karotina daudzums eksperimentalajas grupas visos
3 eksperimentos bija salidzinosi neliels — mazaks par 100 mg B-karotina govij diena,
iznemot EG I-1 grupu.

Vertgjot ar baribu uzgpemta antioksidantu daudzuma ietekmi uz piena tauku un
olbaltumvielu saturu, veikta regresijas analize visa pétijumu laika iegiitiem datiem
(skat. 11. un 12. att.).
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Ar baribu uzpemtais p-karotina daudzums, mg govij diena /
p-Carotene amount ingested by feed, mg per cow per day

11. att. Tauku satura piena un ar baribu uzpemta p-karotina daudzuma
korelacija / Fig. 11. Correlation between fat content in milk and amount of
p-carotene ingested by feed
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IC

Comparison of the average milk fat, protein, lactose content and milk yield of differently fed cow groups

3. tabula / Table 3
Atskirigi édinatu govju piena vidéja tauku, olbaltumvielu, laktozes satura un izslaukuma salidzinajums /

KGI EGI-1 EG1-2 EG1-3 KGII EG II-1 EG 112 KG Il EG III

Raditaji / Indicators Videjais+SN / | Videjais£SN / | Videjais+SN / | Vidcjais+SN / | Videjais=SN / | Videjais+SN / | Videjais£SN / | Videjais=SN / | Vidcjais+SN /
AveragexSD | AveragexSD | AveragexSD | AveragexSD | AveragexSD | AveragexSD | AveragexSD | AveragexSD | Average+SD

= Tauku saturs, % / Fat

g auku saturs, % 4.06£1.02 4.43£0.09 4.1720.16 433032 4.56+0.39 3.92+1.09 4.530.69 4.16£0.65 448037

£ S |content, %

%5 5

£ £ |Oaltumvielu saturs,

TE |0 poe et | 2962003 | 3284035 | 3042008 | 3.0950.09 | 3132007 | 3474004 | 3220009 | 3294023 | 3372039

8 £ |%/Protein content, %

=

- Laki 0,

S 3 aktozes saturs, % / n.a n.a, n.a. n.a n.a, n.a, n.a 4.78%0.12 4.65+0.11

'E o |Lactose content, %

w e

E 2 |Izslaukums, kg diena /

£ @ | Baukums, kg ACMI/ o) 50,081 | 22312121 | 25.11£0.88 | 21.26+1.22 | 17.43+1.17 | 19.40+1.09 | 18.48:1.53 | 20.42+1.08 | 17.79:1.81

A~ Milk yield, kg per day

=~ |Taukusaturs, % / Fat

5 c:melr']ts 1/0 7 3.66£0.22 (]) | 4.28:0.18 (1) | 3.95:0.07 (1) | 4.50+0.40 (1) | 4.15:0.17 () | 3.86£0.60 () | 4.530.51 | 4.37:0.54 (1) | 4.37£0.25 ())

3 5 '

E g Olbaltumvielu saturs

gt umvielu saturs, N L " " + + + =+ +

3 & ou/Protein content, 56| 2925005 () | 298:0.16.(1) | 30350.08.(1) | 315035(1) | 3322007 (1) | 320009 (1) | 336:0.07(1) | 3260.10(1) | 3402014 D)

£2

g S |Lak .

%3 aktozes saturs 0/0/ n.a. n.a. n.a. n.a. n.a. n.a. n.a. 4.78+0.08 4.64+0.11

= g’ Lactose content, %

2 £

2 3 |Izslaukums, kg diena /

20 | 8 [ 26346139 (1) | 23.0151.01 (1) | 23504091 (1) | 24.46+3.97 (1) | 18.30:+2.06 (1) | 19.97£2.20 (1) | 19.321.25 (1) | 19.7241.09 (1) | 18.0420.57 (1)

Milk yield, kg per day

n.a. — netika analiz&ts / not analysed; (|) — nebutiski samazinajas / diminished not significantly (p > 0,05);
(1) nebitiski palielindjas / increased not significantly (p > 0,05).




Starp piena tauku saturu un uznemto kopg&jo karotinu un B-karotina daudzumu,
noverota vaja, tomér biitiska korelacija (r = 0,45 abos gadijumos; p < 0,05). Tauku
saturam piena ir tendence (p < 0,05) pieaugt, palielinoties ar baribu uznpemto
karotinu daudzumam. Starp uznemta kopgja karotinu vai B-karotina daudzumu un
olbaltumvielu saturu piena korelacija ir vaja (r = 0,41, 0,40) (p < 0,05), tomer
lineara tendence ir pozitiva (skat. 3.13. att.) (p < 0,05).
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Ar baribu uznemtais kop€jais karotinu daudzums, mg govij diena /
Total amount of carotenes ingested by feed, mg per cow per day

12. att. Olbaltumvielu satura piena un ar baribu uzpemta kopéja karotinu
daudzuma korelacija / Fig. 12.Correlation between protein content in milk and
total amount of carotenes ingested by feed

Tauku un olbaltumvielu satura palielinaSanos piena vargja sekmét ari iz€dinatas
karotinoidus saturo$as baribas piedevas ka papildus energijas avots, jo lopbaribas
saknes un e]lu médz izmantot govju baribas energétiskas véribas palielinasanai.

1.3. Piena taukskabju sastavs

Taukskabju sastavs ietekmé piena tauku uzturvertibu, to fizikalas pasibas, arl
izturibu pret oksidaciju. Lai prognozétu tauku vai ellu iesp&amo ietekmi uz
veselibu, tiek aprekinatas noteiktu taukskabju attiecibas un veselibas ietekmes
indeksi. Ir vE€lama IA un IT indeksu un ®6 / ®3 taukskabju satura attiecibas
pazemina$anas (Simopoulos, 2008), bet stearin- / palmitinskabes (C18:0 / C16:0) un
olein- / stearinskabes (C18:1c / C18:0) attiecibas palielinasanas (Chillard et al.,
2000). Promocijas darba vertetas taukskabju sastava un veselibas ietekmes indeksu
izmainas pirms piedevu izédinasanas un tas laika. III eksperimenta salidzinata ari
kiitstures un ganibu sezonas ietekme. I eksperimenta (13. att.), iz€dinot burkanus
un rapSu ellu, izteiktak neka kontroles grupa palielindjas stearin-, olein- un
linolénskabes saturs (p < 0,05), nebitiski palielinajas 1so un vidg&ji garo k&zu (C4:0-
C10:0) un MNTS saturs. Izteiktak pazeminajas (p < 0,05) palmitinskabes saturs.
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13. att. Taukskabju sastava un veselibas ietekmes indeksu izmainas piena I
eksperimenta / Fig. 13. Changes in FA content and health indices in milk (Exp. I)
*izmainas, salidzinot raditajus piedevu izédinaSanas perioda ar raditajiem pirms piedevu
iz€dinasanas / changes compearing parameters before and during supplementation period;
1,1 —palielinajas vai samazingjas biitiski (p < 0,05) / increased or decreased significantly (p < 0,05).

Tas pozitivi ietekm€ja indeksu IA un IT izmainas. Bitiski palielinajas stearin- /
palmitinskabes satura attieciba (p < 0,05). 1z&€dinot sarkano palmu ellu (NVRSO),
pozitivas tendences novérotas attieciba uz laurin- un miristinskabes satura
pazeminasanos, olein-, linolénskabes un kop&ja MNTS satura paaugstinasanos, ka
rezultatd TA un IT indeksu samazinaSanas (p < 0,05) bija izteiktaka, neka iz€dinot
burkanus. Palielinajas arT oleinskabes / stearinskabes satura attieciba, tomér PNTS
saturs samazinajas vairak neka kontroles grupa. Sarkanas palmu ellas koncentrata
CC-05 rapsu ellas Skiduma izédinasanas ietekme bija atSkiriga — butiski (p < 0,05)
pazeminajas PNTS saturs, bet indeksu IA un IT vertibas nebttiski palielinajas.
Olein- / stearinskabes un stearin- / palmitinskabes satura attieciba pazeminajas
nebitiski, tomér pedéjas samazinasanas tendence bija mazak izteikta neka kontroles
grupa, kas vert€jams pozitivi. ArT II eksperimenta, iz€dinot burkanus vai sarkanas
palmu ellas piedevu CAF 100, pozitivas izmainas attieciba uz lielako dalu
taukskabju bija izteiktakas, salidzinot ar izmainam kontroles grupa (skat. 14. attelu).
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14. att. Taukskabju sastava un veselibas ietekmes indeksu izmainas piena 11
eksperimenta / Fig. 14. Changes in FA content and health indices in milk (Exp. I1)
*izmainas, salidzinot raditajus piedevu iz€dinaSanas perioda ar raditdjiem pirms piedevu
izédinasanas / changes compearing parameters before and during supplementation period; 1,| —

palielindjas vai samazinajas butiski (p < 0,05) / increased or decreased significantly (p < 0,05).

Iz&dinot burkanus, bitiski palielinajas mono- un polinepiesatinato, seviski ®3
taukskabju saturs (p < 0,05), ka ar1 bija vérojama penta- (C15:0), heptadekanskabes
(C17:0) un Tso un vidgji garo kézu (C4:0-C10:0) piesatinato taukskabju satura
palielinasanas tendence. Izteiktak neka kontroles grupa, tomeér nebiitiski samazinajas
®6 / ®3 taukskabju satura attieciba. Piedevas CAF 100 iz&dinasanai bija pozitiva
ietekme uz MNTS un PNTS satura palielinasanos (p < 0,05). Tomér o6 / ®3
taukskabju satura attiecibas izmainu tendence, salidzinot ar abam parg€jam grupam
bija mazak pozitiva — ta palielinajas nebitiski. Abas eksperimentalajas grupas
spécigak neka kontroles grupa samazindjas palmitinskabes, kop&jais PTS saturs
(p < 0,05), IA (p = 0,05) un IT (p < 0,05) indeksi. Bija ve€rojamas ar1 pozitivakas
izmainas stearin- / palmitinskabes (palielinajas bitiski (p < 0,05) un izteiktak ka KG
IT), un olein- / stearinskabes (p > 0,05) attiecibas.

Taukskabju sastava izmainas III eksperimenta apliikojamas 15. attéla.

Abas grupas, piena taukskabju sastava nebitiski samazinajas PNTS saturs, tacu
EG III ®3 taukskabju, t.sk. linolénskabes, satura samazinasanas tendence bija mazak
izteikta neka kontroles grupa. Ta rezultata EG III piena taukos @6 / ®3 taukskabju
attieciba pazeminajas, kas uzlikojams pozitivi.

24



80 1 ®KG III (kontrole, kiitsture / control, indoor period)*
B EG III (burkani, kiitsture / carrots, indoor period)*
7 M Ganibas/ Outdoor period**
60
1
50
40
30 T
10 1
1
0 -
10 - 1 i
-20 i
-30
= < < = = = = = b3 > e o > >
SIS E|E| 8|8 5 5 8|S £|/E/2|% 8|5/ 3|8 2
— e e | e | e | o= = e R = = R~ S| o= =
O 0|o|l0 0|0 |8l g0 S8 & £ & e | 0|0
— — - | @»n = =) =) 3 g ~
Q Q e < I ; 7)) I I =) 3}
® | % |~ L= 22 % | =
o e Z | | o - ®
&) = 4 ) 3 2 &) s
E7 gz
© z |z
< | o~
-
@]
E
H
Taukskabes / Fatty acids Taukskabju indeksi un
attiecibas / Fatty acid
indices and ratios
Izmainas, % / Changes, %

15. att. Taukskabju sastava un veselibas ietekmes indeksu izmainas piena 111
eksperimenta / Fig. 15. Changes in FA content and health indices in milk (Exp. I11)
*izmainas, salidzinot raditajus piedevu iz&€dinaSanas perioda ar raditajiem pirms piedevu
iz€dinasanas / Changes compearing parameters before and during supplementation period;
**{zmainas, salidzinot raditajus ganibu sezona (abas grupas) ar raditajiem kitstures perioda
(kontroles grupa) / Changes compearing parameters during outdoor and indoor period; 1,] —

palielinajas vai samazinajas bitiski (p < 0,05) / increased or decreased significantly (p < 0,05).

Visos 3 veiktajos eksperimentos noverots, ka burkanu piedevas izédinasana
sekmé ©6 / ®3 taukskabju attiecibas uzlaboSanos. Tomér ietekme uz citam
taukskabju sastava un veselibas ietekmes indeksu izmainam nebija vienada. Izteikti
pozitiva ietekme uz indeksu IA un IT vai uz stearin- / palmitinskabes attiecibas
izmainam novérota, izédinot burkanus ar augstaku karotinoidu saturu (I un II eksp.).
Burkanus iz&dinot kopa ar rapsu ellu (EG I-1), palmitinskabes saturs taukos
samazinajas izteiktak, neka pamatbaribai pievienojot tikai rapsu ellu (KG I) vai tikai
burkanus (EG II-1). Izvértgjot sarkanas palmu ellas piedevu NVRSO un CAF 100
iz€dinaSanas ietekmi uz piena taukskabju sastavu, jasecina, ka ta kopuma ir pozitiva.
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Izteiktak, ka iz€dinot burkanus, palielinajas MNTS saturs (p < 0,05), samazingjas [A
vertiba. Abu piedevu iz€dinasana palielingja (p < 0,05) C18:1 cis un trans izomeru
saturu piena taukos; ta rezultata bija vérojama pozitiva tendence attieciba uz olein- /
stearinskabes satura attiecibas izmainam. Palmitinskabes saturu piena taukos ta
butiski neietekméja — izmainas eksperimentalajas un atbilstosajas kontroles grupas
bija lidzigas. Tomér, salidzinot ar burkaniem, palmu ellas piedevu iz€dinasanas
ietekme bija mazak izteikta uz PNTS, t.sk. linolénskabes satura un uz stearin- /
palmitinskabes attiecibas izmainam. III eksperimenta ganibu sezona bija izteikti
pozitivas izmainas piena taukskabju sastava — butiski (p < 0,05) palielinajas
heptadekanskabes (C17:0), ari MNTS un PNTS, seviski 03, taukskabju saturs, ka ari
stearin- / palmitinskabes satura attieciba. Spécigak, neka kontroles grupa,
samazinajas palmitinskabes saturs (p < 0,05), indeksi IA un IT, ka arT o6 / ®3
taukskabju attieciba. Tatad ganibu perioda piena tauku uzturvértiba taukskabju
sastava un ieprieks apskatita antioksidantu satura zina palielinas.

Lai izvertetu saistibu starp uznemtas baribas antioksidantu daudzumu un piena
taukskabju sastavu vai veselibas ietekmes indeksu izmainam, tika veikta regresijas
un korelacijas analize. Noteikts, ka starp PNTS saturu piena taukos un ar baribu
uzgemto kopgjo karotinu un B-karotina daudzumu ir lineara,vidgji ciesa (r = 0,64,
r=0,71; p < 0,05) un pozitiva saistiba (p < 0,05) (skat. 16. att.). Tatad, palielinoties
ar baribu uzgemtajam karotinu daudzumam, piena taukos palielinas PNTS saturs.
Uznemtajam kop&jam karotinu un B-karotina daudzumam ir vidgji ciesa (r = 0,73,
0,75; p < 0,05), lineara un pozitiva saistiba ar linolénskabes saturu piena taukos
(p < 0,05). Savukart linolskabes, PTS un MNTS saturu piena taukos uzpemtais
kopgjais karotinu un f-karotina daudzums neietekmé.

Uznemot lielaku kop&jo karotinu daudzumu, taukos samazinas ®6 / ®3
taukskabju attieciba, tomér lineara tendence, kaut ari ir bitiska (p < 0,05), ir vaja

uz §Ts attiecibas samazinasanos bija burkanu iz€dinasanai.
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16. att. Ar baribu uznemta p-karotina daudzuma un piena tauku
polinepiesatinato taukskabju satura korelacija / Fig. 16. Correlation between
p-carotene amount ingested by feed and milk PUFA content

Analizgjot ar baribu uzpemto karotinu daudzuma un taukskabju veselibas
ietekmes trombogéna indeksa (IT) korelaciju (skat. 17. att.), jasecina, ka tendence
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ir lineara, butiska (p < 0,05) un vidgji ciesa (r = -0,51 ar kopgjo karotinu daudzumu
un r = -0,54 ar B-karotina daudzumu; p < 0,05). Tatad, slaucamajam govim ar baribu
uzgemot lielaku karotinu daudzumu, samazinas piena tauku trombogeéna indeksa
vertiba, kas ir vélams no uzturvertibas viedok]a.
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17. att. Ar baribu uznemta f-karotina daudzuma un piena tauku trombogena
indeksa korelacija / Fig. 17. Correlation between f-carotene amount ingested by
feed and thrombogenic indice of milk fat

Regresijas analizg starp uzpemto karotinu daudzumu un tauku aterogéno indeksu
netika konstatéta statistiski nozimiga sakariba. Lidzigi rezultati iegti arT attieciba uz
stearin- / palmitinskabes un olein- / stearinskabes satura attiecibam, tacu atsevisku
piedevu ietekme var biit izteiktaka neka pargjam.

Kopuma jasecina, ka, palielinoties ar baribu uzgpemtajam karotinu daudzumam,
palielinas piena taukos esoSo polinepiesatinato taukskabju saturs, uzlabojas tauku
tromboggnais indekss. Tom@r to var ietekm@t ari citi piedevu sastava esoSie
savienojumi. Nozimigs ir iz&€dinato piedevu veids. Burkanu iz€dinasana veicina ari
stearin- / palmitinska@bes satura, bet palmu ellas piedevu iz€dinasana sekmé olein- /
stearinsk@bes satura attiecibas palielinasanos. Tomér polinepiesatinato taukskabju
satura palielina$anas dél §adi tauki var bt vieglak oksidéjami, tap&c svarigi, lai tajos
pietiekama daudzuma biitu arT dabigie antioksidanti.

1.4. Piena un no ta ieguitas sviesta ellas krasas intensitates analize

Karotinoidi ka dzeltenas, sarkanas un oranzas krasas pigmenti ietekmé daudzu
partikas produktu krasu. Darba tika pétits, vai tos saturo$u baribas piedevu
izé€dinasana ietekm& piena un sviesta ellas dzeltenas krasas intensitati (DzKI). Tas
izmainas piena Il eksperimenta att€lotas 18. attela.

Pirms piedevu iz€dinaSanas piena DzKI starp grupam biitiski atSkiras (p < 0,05).
Tas skaidrojams ar grupas komplekteéto govju individualajam ipatnibam (sp&ju
absorbet karotinu un ta pareju piena), ka ar1 ar piena tauku satura atSkiribam.
Eksperimenta laika DzKI visizteiktak samazinajas kontroles grupas piena.
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18. att. Piena dzeltenas krasas intensitates izmainas Il eksperimenta /
Fig. 18. Changes in intensity of milk yellow colour found out during Experiment 11

Eksperimentalajas grupas sakotngji noverota DzKI samazinasanas skaidrojama
ar to, ka baribas papildinasanas efekts nav tulitgjs, tas saistits ar karotinoidu rezervju
veidoSanos un izmantoSanu govju organisma. Kaut arT karotinoidus saturosas
piedevas nepalielinaja, tas tomér kavéja DzKI samazinasanos eksperimentalo grupu
piena. Ganibu sezona DzKI biitiski palielinajas visu grupu piena.

Piena DzKI izmainas I1I eksperimenta att€lotas 19. attéla.

Abas grupas kitstures perioda ieglitos piena paraugos (lidz 5 ned.) DzKI
palielinajas. Izmainas kontroles grupas paraugos, kuras bariba netika papildinata ar
burkanu piedevu, skaidrojamas ar govim iz&dinatas pamatbaribas karotinoidu satura
palielinasanos. Ganibu sezona DzKI abu grupu piena biitiski palielinajas.
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19. att. Piena dzeltenas krasas intensitates izmainas III eksperimenta /
Fig. 19. Changes in intensity of milk yellow colour found out during Experiment 111

Analizgjot I1I eksperimenta ar baribu uznemto antioksidantu (kop€ja karotinu un
B-karotina) daudzuma un piena DzKI saistibas cieSumu, redzams (skat. 20. att.), ka
lineara korelacija ir cieSa (r = 0,84, 0,81; p < 0,05) un pozitiva (p < 0,05).
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20. att. Piena dzeltenas krasas intensitates un ar baribu uznemta kopgeja
karotinu daudzuma korelacija / Fig. 20. Correlation between f-carotene amount
ingested by feed and intensity of milk yellow colour

Ieprieks tika konstatéts, ka, palielinoties ar baribu uzpemtajam karotinu
daudzumam, palielinas ari piena tauku saturs, tadel pétits, vai DzKI palielinasanos
ietekmé tauku satura izmainas piena. Noteikts, ka piena DzKI un tauku satura
lineara korelacija ir ciesa (r = 0,83; p < 0,05) un pozitiva (p < 0,05).

Sviesta ellas DzKI izmainas III eksperimenta, att€lotas 21. attéla. Piedevu
iz€dinasanas laika EG III paraugu DzKI bija augstaka, neka kontroles grupai.
Ganibu sezona bija verojama abu grupu sviesta ellas DzKI izteikta palielinaSanas
lidzigi, ka piena paraugiem.
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21. att. Sviesta ellas dzeltenas krasas intensitates izmainas III eksperimenta /
Fig. 21. Changes in intensity of butter oil yellow colour during Exp. 111

Analizgjot sakaribu starp sviesta ellas DzKI un ar baribu uznemto antioksidantu
(kop€ja karotina un B-karotina) daudzumu, noteikts, ka saistiba ir lineara, pozitiva
un vidgji ciesa (r = 0,74 un 0,73; p < 0,05). Analizgjot sakaribu starp sviesta ellas
DzKI un taja esos$a P-karotina saturu, secinats, ka lineara tendence ir pozitiva
(p < 0,05), bet vaja (r = 0,49; p < 0,05), liecinot par blakus faktoru ietekmi. Tacu
nelinearas polinomialas sakaribas determinacijas koeficienta vertiba ir augsta
R*=0,79 (p < 0,05). Saistiba starp a-tokoferola saturu sviesta ella un DzKI ir ciesa
(r=0,83; p <0,05), lineara un pozitiva.
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2. Piena lipidu stabilitates petijumi
2.1. Lipidu oksidativa stabilitate piena

Piena kopgja karbonilsavienojumu satura izmainas I eksperimenta (piedevu
iz€dinasanas ilgums — 3 ned.) atspogulotas 22. att€la. Salidzinot rezultatus piena
uzglabasanas sakuma un beigas (1. un 6. diena), visu grupu paraugos tas bija
nebiitiskas. Tatad, iesp&jams, ka S$aja laika oksidacija piena nenotiek (piena
antioksidantu saturs v€l ir pietickams) vai metodes jutiba ir nepietickami augsta.

0.37

0 1 2 3 4 5
Uzglabasanas ilgums, dienas / Storage time, days

22. att. Kopéja karbonilsavienojumu satura izmainas piena, kas kontrolétas ar
absorbcijas mérijumiem pie vilnpa garuma 420 nm /
Fig. 22. Changes in total carbonyl compound content in milk controlled with
measurements of absorption at wave length 420 nm

Peétot piena polinepiesatinato taukskabju (PNTS) stabilitati, secinats, ka
kop&ja PNTS satura izmainas, pienu uzglabajot 5 diennaktis 4—6 °C temperatiira
tumsa, visas paraugu nonemsanas reizés ieglitam pienam nebija bitiskas nevienas
grupas piena. Turpmak nolemts lietot apstaklus, kas piena lipidu oksidaciju
veicinatu un lipidu stabilitates pétijumus veikt no piena atdalitai sviesta ellai.

2.2. Sviesta ellas stabilitates izvértéjums saistiba ar govim izédinato
karotinoidus saturoSo baribas piedevu veidu

Peroksidu skaitla izmainas. Sviesta ellas paraugu, kas iegtti II eksperimenta
péc 3 nedelu ilgas piedevu iz€dinasanas un uzglabati 3h tumsa, kam sekoja
uzglabasana 60£1 °C temperatiira, oksidativa stabilitate bija salidzinosSi augsta —
25 dienu laika bija v€rojams tikai indukcijas periods, kad skabekla pat€rins ir neliels
un pietieckama daudzuma ir antioksidanti; brivo radikalu veidoSanas tikai sakas.
Gaismas iedarbibai paklautiem (3h) paraugiem novérotas daudz atrakas oksidativas
izmainas (skat. 23. att).

4. tabula apkopoti rezultati par paraugu indukcijas perioda ilgumu un PNTS
saturu. Abu eksperimentalo grupu sviesta ellas paraugu (3 ned.) oksidativa stabilitate
bija butiski (p < 0,05) augstaka, salidzinot ar kontroles grupas sviesta ellas
stabilitati. Ta iemesls varétu but karotinoidus saturoSo piedevu iz&dinasana
eksperimentalajam grupam. Visaugstaka stabilitate noteikta EG II-2 e]las paraugiem.
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23. att. Gaisma (3h) un 60+1 °C temperatiira uzglabatas sviesta ellas peroksidu
skaitla izmainas / Fig. 23. Changes of peroxide value of butter oil stored in light
(3 h) and at 60+/ °C temperature
A — indukcijas periods, B — aktiva peroksidu un hidroperoksidu veidoSanas faze /
A — induction period, B — active phase of peroxide and hydroperoxide formation

Tas skaidrojams ar izédinatas piedevas augsto karotinoidu, o-tokoferola un
likopéna saturu, ka arT ar, iesp&jams, labaku taja esoSo taukos $kistoSo antioksidantu
absorbciju govs organisma, salidzinot ar burkaniem.

4. tabula / Table 4
Sviesta ellas paraugu indukcijas perioda ilgums un polinepiesatinato
taukskabju saturs / Butter oil samples: induction period and PUFA content

Indukcijas perioda ilgums PNTS saturs,% no kopgjam
Grupas / Groups dienas / Induction period da,ys taukskabem (£SN) / PUFA
' content,% of total FA (+SD)

3 ned.* 5 ned.* 3 ned.* 5 ned.*
KG 1I (konfrole/ control) 10.97% 11.85% 1.96+£0.27% 1.87+0.23%
EG I1-1 (burkéni/ carrors) 12.03° 12.54° 1.98+0.38? 2.17+£0.24%
EG I1-2 (CAF 100) > 14.00° 13.44° 2.284+0.27° 2.06+0.17°

*Piedevu izédinasanas ilgums / Supplementation time; ® ™ ° — vértibas, kas kolonnas atzimatas

ar vienu un to paSu burtu, sava starpa butiski neatSkiras (p > 0,05) / Values, marked with the
same superscript letters in a column, are not significantly different (p > 0,05).

Péc 5 nedélu ilgas piedevu izédinasanas II eksperimenta novérota oksidativo
izmainu tendence bija Iidziga, tom@r nedaudz atskiriga — EG II-2 ellas stabilitate bija
butiski (p < 0,05), bet EG II-1 e]las stabilitate — nebutiski augstaka neka KG II ellai.
Taja pasa laika noverota tendence, ka abu eksperimentalo grupu el]la PNTS saturs
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bija augstaks (p > 0,05), kas norada uz ellas vieglaku oksidéjamibu. Tacu ta ka So
grupu ellas oksidativa stabilitate bija augstaka neka kontroles grupai, jasecina, ka
abu piedevu izédinaSanai bija pozitiva ietekme uz lipidu oksidativo stabilitati.

Sviesta e]las oksidativas stabilitates novértéjums ar Rancimata metodi veikts
IT eksperimenta péc 3 ned. piedevu izédinaSanas perioda iegiitiem sviesta ellas
paraugiem. Rezultati apskatami 24. attéla. Vidgjais indukcijas perioda ilgums tumsa
uzglabatiem paraugiem bija 12,59+0,29 h un tas bija batiski (p < 0,05) lielaks neka
paraugiem, kas uzglabati gaisma, t.i., 2,60+0,19 h. Rezultati apliecina, ka gaismas
ietekme uz oksidacijas procesu norises atrumu ir nozimiga.

15 712.01 12.76 13.01 0 Tumsa uzglabati paraugi /

Dark-stored samples

(=]

O Gaisma uzglabati paraugi /
5 242 2.60 2.78 Light-affected samples

oL E Bm EE

EGII-1 EGII-2 KGII  Grupas/ Groups

Indukcijas perioda
ilgums, h /
Induction period, h

24. att. Ar Rancimata metodi noteiktais sviesta ellas indukcijas perioda ilgums /
Fig. 24. Induction period of butter oil measured by Rancimat method

Noteikta oksidativa stabilitate eksperimentalo grupu paraugos nebija bitiski
augstaka, salidzinot ar kontroles grupu, ne tumsa, ne gaisma turétiem paraugiem.
Tas skaidrojams ar Rancimata metodé izmantotajiem spécigajiem oksidaciju
veicino$ajiem apstakliem (augsta temperatiira +110 °C, ka ari saskarsme ar gaisa
skabekli), kuros karotinoidi vargja zaud&t savas aizsargspéjas.

Sviesta ellas oksidativas stabilitates novertéjums ar skabes skaitla metodi.
Skabes skaitla izmainas liecina par brivo taukskabju u.c. skabju koncentracijas
izmainam ella. Tas sagaidamas tres€jo oksidacijas produktu veidosanas posma, kad
notiek sekundaro oksidacijas produktu sadaliSanas un veidojas skabes ar Tsu oglekla
kedes garumu (Gunstone, 1996). II eksperimenta skabes skaitla izmaigu pétijumi
tika veikti pec 3 un 5 ned€lu ilgas karotinoidu piedevu iz€dinaSanas no iegiita piena
atdalitai sviesta ellai, kas uzglabata 60+1 °C temperatiira. leglitie rezultati abas
paraugu nemsanas reiz€s bija Iidzigi. Kaut arT sakotn&jas skabes skaitla vertibas
3 grupu paraugos, kas uzglabati tumsa bija atskirigas, 25 dienu uzglabasanas laika to
izmainas nebija biutiskas visu grupu paraugos. Tatad oksidativie vai hidrolitiskie
procesi sviesta e]]a, kura netika pak]auta gaismas iedarbibai, praktiski nenotika. Saja
laika, analizgjot primaro oksidacijas produktu koncentraciju ar peroksidu skaitla
metodi, arT novérots tikai indukcijas periods. Gaisma uzglabatai ellai, kas iegiita pec
5 ned. piedevu izédinasanas perioda, skabes skaitla izmainas apskatamas 25. attela.

Izmainas 25 dienu uzglabasanas laika bija neliclas, bet bitiskas (p < 0,05).
Visticamak, skabju saturs sviesta ella galvenokart palielinajas ka tresgjie oksidacijas,
nevis hidrolitiskas skelSanas produkti — visizteiktak KG II, bet mazak EG II-1 un EG
II-2 e]la. Izmainu tendence lidziga primaro oksidacijas produktu izmainam.
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25. att. Gaisma (3h) un 60 °C temperatiira uzglabatas sviesta ellas skabes
skaitla izmainas / Fig. 25. Changes of acid value of butter oil stored in light (3 h)
and at 60 °C temperature

Kopuma jasecina, ka abu eksperimentalo grupu lipidu stabilitate bija augstaka
neka kontroles grupai. Gaisma un tumsa uzglabatas sviesta e]las oksidativas
stabilitates atSkiribas liecina par gaismas nozimigo ietekmi uz oksidacijas
procesiem, kuru jacenSas novérst, lai saglabatu iesp&ami augstu piena produktu
kvalitati.

IIT eksperimenta tika pétits oksidacijas primaro un tres€jo produktu veidoSanas
intensitates saistibas cieSums (skat. 26. att.). Lielaks indukcijas perioda ilgums, ka
arT mazaks skabes skaitla pieaugums liecina par labaku ellas oksidativo stabilitati.
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26. att. Sviesta ellas oksidacijas primaro un treséjo produktu veidoSanas
korelacija / Fig. 26. Correlation between primary and tertiary oxidation products
of butter oil

Korelacijas koeficienta vértiba r = -0,70 (p < 0,05) Jauj secinat, ka starp sviesta
ellas indukcijas perioda ilgumu un skabes skaitla piecaugumu pastav vidgji ciesa
negativa lineara sakariba (p < 0,05). Ta ka starp Siem raditajiem pastav pietickami
spéciga korelacija, tad turpmak runats galvenokart par vienu no tiem — sviesta ellas
indukcijas perioda ilgumu, kas att€lo atrakas oksidativas izmainas produkta.
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2.3. Ar baribu uznemta antioksidantu daudzuma ietekme uz sviesta ellas lipidu
stabilitati

Lai izvertetu, cik liela meéra ar baribu uznemtais karotinu daudzums ietekmée
sviesta ellas oksidativo stabilitati, III eksperimenta veikta regresijas analize starp
sviesta ellas oksidativas stabilitates raditajiem un ar baribu uzpemto antioksidantu
daudzumu. Analizgjot kiitstures un ganibu perioda iegiitos datus, jasecina, ka lineara
sakariba starp indukcijas perioda ilgumu un B-karotina saturu sviesta e]la nepastav.
Nelineara sakariba ir ciesaka, tomér nav statistiski nozimiga. Atseviski apskatita
korelacija kitstures perioda (27. att.). Lineara tendence (p < 0,05) ir negativa un
korelacija starp ellas indukcijas perioda ilgumu un uznemta f-karotina daudzumu ir
vidgji ciesa (r = -0,61; p < 0,05), bet ar uznemto kopgjo karotinu daudzumu
kiitstures perioda lineara sakariba nav bitiska. Starp skabes skaitla picaugumu un
uznemta kopéja karotinu vai p-karotina daudzumu kitstures perioda lineara sakariba
ir butiska (p < 0,05) un ciesa (r = 0,81 un r = 0,80, attiecigi; p < 0,05). Butiska ir ar1
nelineara (polinomiala) sakariba starp Siem raditajiem, analizgjot kopg€jos datus, kas
iegiiti abos periodos (p < 0,05).

Talak tika méginats rast skaidrojumu, kadel III eksperimenta kitstures perioda
sviesta ellas indukcijas perioda ilgums samazinajas, palielinoties ar baribu
uznemtajam B-karotina daudzumam.
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27. att. Sviesta e]las indukcijas perioda un ar baribu uznemta p-karotina
daudzuma korelacija / Fig. 27. Correlation between butter oil induction period
and f-carotene amount ingested by feed

Analizgjot sakaribu starp B-karotina saturu sviesta e]la un uznemta B-karotina
daudzumu (r = -0,73; p < 0,05), vérojama lidziga negativa tendence — kiitstures
perioda palielinoties ar baribu uznemtajam B-karotina daudzumam, -karotina saturs
sviesta e]la samazinas (skat. 28. att.).

Tatad viens no oksidativas stabilitates mazinaSanas iemesliem III eksperimenta
kiitstures perioda varétu but B-karotina satura samazinaSanas sviesta ella, jo
B-karotinam piemit antioksidanta TpaSibas un ta satura samazinaSanas negativi
ietekm@ oksidativo stabilitati. STs izmainas varétu but skaidrojamas ar tauku satura
izmainam piena.
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28. att. Sviesta ellas f-karotina satura un kitstures perioda ar baribu uznemta
B-karotina daudzuma korelacija / Fig. 28. Correlation between butter oil p-carotene
content and B-carotene amount ingested by feed during indoor period

Palielinoties baribas [-karotina saturam vai ari pateicoties tam, ka ar
karotinoidus saturosam piedevam tiek uzpemtas citas vertigas baribas sastavdalas,
kas kalpo ka papildus energijas avots, govs sintezétais tauku daudzums palielinas.
Govij sarazojot vairak tauku, B-karotina koncentracija tajos var nepieaugt
proporcionali (t.s. ,atS8kaidiSanas” efekts). Lidzigi secinajumi aprakstiti ar citu
pétnieku publikacijas, uzsverot to, ka musdienas ar genétikas un piena raZoSanas
intensifikacijas palidzibu, arvien vairak palielinot piena izslaukumu un tauku saturu,
tajos esoSo antioksidantu saturs samazinas. Turklat ne viss ar baribu uzpemtais
B-karotina daudzums pariet sviesta ella, tas var tikt izmantots arT A vitamina
(retinola) sint€zei u.c. govs organisma vajadzibam.

Otrs oksidativas stabilitates pasliktinaSanas iemesls varétu bt polinepiesatinato
taukskabju (PNTS) satura palielinaSanas sviesta ella, palielinoties ar baribu uznemto
karotinoidu piedevu daudzumam.

Tatad, palielinoties ar baribu uzpemtajam [-karotina daudzumam noverota
sviesta ellas oksidativas stabilitates samazinasSanas III eksperimenta, jo 1) sviesta
ella samazinajas P-karotina koncentracija, kas skaidrojams ar tauku satura
palielinaSanos piena; 2) sviesta el]la palielingjas vieglak oksidgjamo
polinepiesatinato taukskabju saturs. Salidzinot II un III eksperimenta rezultatus,

ellas oksidativas stabilitates uzlaboSanos bija izteiktak pozitiva. To var&ja ietekmet,
piem., izmantoto piedevu veids, antioksidantu saturs, atSkirigs sakotn&jais (pirms
eksperimenta) govju nodroSinajums ar antioksidantiem, oksidativas stabilitates
petijumos izmantotas gaismas ietekme.

2.4. Sviesta e]las lipidu stabilitate atkariba no taja esoSo antioksidantu satura

Tika analizéta korelacija starp sviesta ellas oksidativo stabilitati un taja noteikto
antioksidantu saturu. Noteikta lineara tendence nav statistiski nozimiga (p > 0,05),
turpreti nelineara polinomiala sakariba ir batiska (R* = 0.58; p < 0,05) (skat. 29.
att.).
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29. att. Sviesta ellas indukcijas perioda un p-karotina satura korelacija /
Fig. 29. Correlation between butter oil induction period and f-carotene content

Tatad sviesta ellas indukcijas perioda ilgumu ietekm& arT citi faktori. Pie
mazakas B-karotina koncentracijas ella, tai palielinoties, indukcijas perioda ilgums
(oksidativa stabilitate) palielinas. Pie liclakas [-karotina koncentracijas ella,
indukcijas perioda ilgums vari¢ spécigak, ko var skaidrot ar iesp&jamu B-karotina
antioksidativo Tpasibu mainu vai pat prooksidativo ipasibu pastiprinasanos noteiktos
apstaklos.

Attieciba uz saistibas cieSumu starp a-tokoferola saturu sviesta ella un tas
oksidativo stabilitati, ko raksturo indukcijas perioda ilgums vai skabes skaitla
picaugums, tad regresijas analizes hipotézu parbaude liecina, ka starp Siem
raditajiem lineara vai polinomiala saistiba nepastav. P&tijuma rezultati var bit
skaidrojami ar So dazado antioksidantu atskirigo aktivitati p&tjjuma izmantotajos
oksidaciju veicinosajos apstaklos. Sviesta ellu paklaujot fluorescentas gaismas un
paaugstinatas temperatiiras (60+1 °C) iedarbibai, B-karotina antioksidativa iedarbiba
visticamak ir spécigaka, salidzinot ar o-tokoferola iedarbibu. Ir zinams, ka
B-karotina loma fotooksidativo reakciju kavéSana ir nozimiga — tie darbojas ka
singleta skabekla neitralizétaji — un var but liclaka neka o-tokoferolam; bez tam
B-karotina antioksidativa aktivitate ir augstaka mazas skabekla koncentracijas.

SECINAJUMI

1. Govim izédinot karotinoidus saturosas baribas piedevas, piena palielinas tauku un
olbaltumvielu saturs; korelacija ir vaja, tomér tendence ir statistiski ticama (p < 0,05).

2. Burkanu izédinasana veicinaja karotina satura palielinaSanos govju asinis — ietekme
bija biitiska (p < 0,05) un izteiktaka, salidzinot ar izmainam kontroles grupa.

3. Slaucamam govim iz&dinot karotinoidus saturo$as baribas piedevas, piena
palielinas taukos SkistoSo antioksidativo savienojumu (retinola, tokoferolu un
B-karotina) saturs. Tas ir atkarigs no iz&dinato baribas piedevu veida, uznemto
antioksidantu kop&ja daudzuma, iz€dinasanas ilguma, piena izslaukuma un citu
faktoru izmainam.

4. Lielaks karotinoidu un E vitamina saturs bariba sekmé to koncentracijas paliclinasanos
sviesta ella, tomér to ietekmé arT piena tauku saturs un citi faktori. Izteikta antioksidantu
satura palielinaSanas sviesta ella noverota ganibu sezona (p < 0,05).
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. Palielinoties ar baribu uznemtajam antioksidantu daudzumam, bitiski (p < 0,05)
palielinas polinepiesatinato taukskabju, Ipasi linolénskabes, saturs piena taukos
un samazinds trombogenais veselibas ietekmes indekss. Abu raditaju korelacija
ar uzgemto B-karotina un kopgjo karotinu daudzumu ir vidgji cieSa. Izteiktas So
raditaju izmainas noveérotas ganibu sezona ieglitam pienam.

Sviesta ella palielinoties vieglak oksidéjamo polinepiesatinato taukskabju
koncentracijai, palielinas tas oksidéjamiba; ja antioksidantu saturs nav
pietickams, sviesta ellas lipidu stabilitate var samazinaties.

Bitiski augstaka (p < 0,05), salidzinot ar kontroles paraugu, lipidu stabilitate
noteikta gaisma (3h) un 60 °C temperatiira uzglabatai sviesta ellai, kas iegita,
slaucamam govim iz€dinot burkanus un sarkanas palmu ellas Carotino CAF 100
piedevu.

Sakariba starp sviesta ella esoSo antioksidantu koncentraciju un tas dzeltenas
krasas intensitati ir pozitiva (p < 0,05); lineara sakariba ar a-tokoferola saturu ir
cieSa, bet ar B-karotina saturu — vaja, kas liecina par blakus faktoru ietekmi.
Ciesa un pozitiva korelacija noverota starp piena dzeltenas krasas intensitati un
tauku saturu (p < 0,05).

saturosu piedevu pievienoSana slaucamo govju baribai, ir apstiprinajusies.

Ieteikumi piena raZotajiem

Lai nodro$inatu dzivnieku veselibu un iegiita piena augstu kvalitati, ieteicama
slaucamo govju baribas papildinaSana ar karotinoidus saturo$am baribas
piedevam. Ta rekomendgjama intensivas piena lopkopibas saimniecibas, ka ari
iz€dinot karotinoidiem nabadzigu baribu (sienu, graudus saturosu koncentréto
spekbaribu, kukuriizas skabbaribu), seviski kiitstures un govju cietstaves perioda
beigas, laktacijas perioda sakuma un govim, kuram biezak novérota saslimSana
ar mastitu, reproduktivajam un citam slimibam. leteicama ar baribu uzpemta
karotinoidu daudzuma un ta Iimena govju asinis regulara novérosana.

. No pétijuma vertétam piedevam razotajiem var bt Ipasi ieteiktas divas: burkani
(5-20 kg govij diena) un sarkanas palmu ellas produkts Carotino CAF 100 (300—
500 g govij diena). Burkani ir vietgjas izcelsmes produkts; tajos esoSo skistoso
cukuru un citu sastavdalu klatbiitne labveligi ietekm& govju gremoSanas
procesus, uzlabojot spurekla darbibu un palielinot piena sekréciju. To trikums —
dazada kvalitate pavasara méneSos un darbietilpigais sagatavoSanas process.
Sarkanas palmu ellas piedeva CAF 100 ir bagata ar augstu karotinoidu un
E vitamina saturu; dzivnieku bariba ta kalpo ari ka energijas avots; tas
uzglabasana un izédinasana ir salidzino$i vienkar$a. Abu piedevu izmaksas
pétljuma izedinatajam devam ir I1dzigas.

Lai samazinatu oksidacijas procesus piena ieguvé un parstrade, ieteicams pec
iespg€jas izvairities no mehaniskas iedarbibas un piesarpojuma ar metalu joniem,
ka arT 1pasi svarigi piena produktu kvalitates un uzturvertibas saglabasana ir
izvairities no gaismas ietekmes, izv€loties atbilstoSas slauksanas, uzglabaSanas
un parstrades iekartas un iepakojamos materialus.
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TOPICALITY OF THE RESEARCH

Milk and dairy products contain many lipid compounds with high nutritional
value, which also include carotenoids, vitamins E and A. However, observations
show that due to the increasing intensification of milk production their content in
milk decreases. Fluctuations in their concentration that are related to season, animal
health, lactation period and feed quality are often observed. The content of
carotenoids and other antioxidants in milk decreases mostly at the end of the indoor
period when concentration of antioxidants in the feed decreases due to prolonged
storage. This phenomenon influences not only the nutritional value of milk as raw
material, but also the maintenance of biologically active substances during the
production and storage of dairy products. Phospholipids, unsaturated fatty acids,
vitamins, their provitamins and other components are the most unstable. Because of
the oxidative and lypolytical degradation of these compounds the unfavourable
changes in the nutritional value, sensorial (aroma, flavour, colour) and other
properties of dairy products are occurring; concentration of various unhealthy and
hazardous compounds is increasing as well.

Lipid stability can be improved by decreasing oxidative and lipolytical processes
that recently have been widely investigated by many scientists all over the world,
however, there are no numerous studies of milk and dairy products. The oxidative
stability of milk is influenced by many factors. It has been observed that oxidative
stability of milk and dairy products decreases in spring. The production of milk with
elevated content of polyunsaturated fatty acids is increasing. There are many
researches on possibilities to increase the content of conjugated linoleic acid (CLA)
- biologically active substance that is important for health - in milk fat. The changed
fatty acid composition decreases the oxidative stability of milk lipids. Prevention of
unsaturated fatty acid and other lipid oxidation significantly increases the storage
time of products containing milk fat (milk, cream, butter, dry milk and other). The
oxidation can be hindered by optimizing technological processes and conditions of
milk collection, processing and storage, as well as by improving initial quality and
chemical composition of the raw milk - factors closely related to animal welfare
(feed, housing conditions and health). In the world there are several studies
investigating whether antioxidant content in cow feed can be increased not only by
supplementing it with synthetic but also with natural feed additives; however, the
results vary rather greatly. Moreover there are few researches on the influence of
carotenoids on cow milk lipid stability and on possibilities to enrich the cow feed
with carotenoid additives; besides, the results obtained are contradictory.

Due to the fact that many of the problems related to the oxidation are
aggravating during the winter and spring season, it is worth to give attention to the
improvement of lipid stability during this period. The antioxidative potential and
nutritional value of milk and dairy products can be developed by increasing the
natural antioxidant and fat-soluble vitamin concentrations in milk and dairy
products, because apart from the lipid compounds also many other compounds can
be protected against oxidation. One of the possibilities to increase the natural
antioxidant content in milk as raw material is the supplementation of animal feed.
There are a lot of natural products (carrots, red palm oil etc.), which are potential
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source for the supplementation of dairy cow feed and may be used to increase its
antioxidative potential. Despite the crucial role of carotenoids in the strengthening of
dairy cow immunity and improvement of milk quality, rather little attention is given
to the studies on their transition to the milk. As the influence of carotenoids in cow
fodder on the oxidative stability of milk has not been fully explored, it would be
valuable to undertake more comprehensive and detailed study on the cow feed
supplementation with carotenoid additives, their influence on milk composition,
quality and antioxidative potential.

Hypothesis of the promotion work — the composition and stability of milk lipids
is influenced by the supplementation of dairy cow feed with carotenoid additives.

The research object of the doctoral thesis is milk that was obtained in
conventional farms from dairy cow groupings fed differently and the butteroil
extracted from this milk.

The aim of the promotion work is — finding out possibilities for improving cow
milk lipid stability by increasing the carotenoid content in fodder.

The following tasks have been set to achieve the aim:

1. to evaluate the changes in chemical composition and colour of milk by
increasing the carotenoid content in cow fodder;

2. to compare the influence of cow fodder carotenoid additives on the oxidative
stability of milk lipids;

3. to evaluate the influence of antioxidants on the oxidative stability of butter oil;

4. to give recommendations for the milk producers about advisable cow feed
supplements with an aim to improve the milk nutritional value and lipid stability.

The novelty and scientific significance of the paper

1. The influence of the dairy cow feed carotenoid additives on changes of the milk
yield, content of fat, protein, lactose, B-carotene, and vitamins A, E, C in milk
was analyzed.

2. The colour intensity of milk and butter oil in relation to the antioxidant amount
in cow feed was investigated.

3. Changes of milk fatty acid composition in relation to the carotene amount
ingested by dairy cows with feed were researched.

4. The influence of feed supplementation with carotenoid additives on the oxidative
stability of milk lipids was analyzed.

5. The influence of feed supplementation with carotenoid additives on the oxidative
stability of butter oil under various light and temperature conditions was analyzed.

6. Methods for the determination of fatty acid and vitamin (A, E vitamin and
carotenoid) content in milk and butter oil were approbated.

The importance of the research for the national economy.

The acquired results may serve as an incentive for the milk producers to draw
attention to the composition of cow fodder, its carotenoid and vitamin E content;
moreover, it is recommended to supplement fodder with natural antioxidants,
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particularly at the end of the indoor period, thus improving animal health and the
quantity and nutritional value of the milk.

APPROBATION OF THE SCIENTIFIC WORK

The results of the research work have been presented in 18 international
scientific conferences and congresses in Latvia, Estonia, Lithuania, Poland,
Germany, Sweden, Norway, Turkey, and France, and the International food
exhibition “Riga Food 2012”.

Research results are summarized and published in six reviewed scientific
publications (the list of attended conferences and publications see on pages 6 — 8).

MATERIALS AND METHODS

Time and place of the research

Doctoral thesis has been developed from September 2009 till January 2013 at the
scientific laboratory of Biochemistry and Microbiology of the Agency of the Latvia
University of Agriculture (LLU) ,Research institute of Biotechnology and
Veterinary Medicine “Sigra””’; at the Department of Food Technology of the LLU —
in the Laboratory of Milk and Meet Product Technology, and in the Packaging
Material’s Attributes Research laboratory; at the Department of the Faculty of
Material Science and Applied Chemistry of the Riga Technical University — in the
Research Laboratory for Fuel Quality Control; at the joint-stock company ,,Breeding
and Artificial Insemination station of Sigulda” — in the Laboratory of Milk Quality
Control. The experiments on feeding dairy cows with carotenoid supplements were
performed at dairy farms “Strautini” (03.2010.-05.2010) and “Dzilnas” (03.2011.—
06.2011; 03.2012.-06.2012) in Sigulda region.

Materials used in research
The research object is milk that was obtained in conventional farms from dairy
cow groupings fed differently and the butteroil extracted from this milk.

Three separate experiments were conducted; they covered formation of one or
more experimental cow groups, feed of which was supplemented by carotenoid
additives, and arrangement of one control group, cow feed in which was not
supplemented. The groupings consisted only of healthy cows yielding milk
containing less than 400 000 in mL™ somatic cells. Cow groups were formed as
similar as possible, taking into account cow breed, lactation month and number,
content of milk fat and proteins as well as yield. All cows within the framework of
each experiment received the same basic feed. Feed additives used in the experiment
were all available in Latvia and had different carotenoid content, type of preparation
and storage — carrots, rapeseed oil, red palm oil feed additive Carotino CAF 100
(Carotino SDN. BHD, J.C. Chang Group, Malaizia), red palm oil Carotino NVRSO
and red palm oil carotenoid concentrate Carotino CC-05 that was solubilised in
rapeseed oil (5% solution). The quantity of basic and additional feed,
characterization thereof, as well as amount of carotenoids and a-tocopherol ingested
are presented in the Table 1. Milk samples in each experiment were taken
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repeatedly. The research aimed at evaluating effect of feed supplementation on
quality and composition of milk and butter oil as well as lipid stability.

Sample collection and preparation for analyses

Experiment covered analyses of various samples: milk and butter oil extracted
from it. The schemes for sample preparation and researches performed are given in
Fig. 2 and 3. Sampling of milk was made in accordance with the standard LVS EN
ISO 707:2011 (ISO 707:2008). Physical and chemical analyses were started
immediately after the samples were delivered to the laboratory. The pooled samples
of groups for content and lipid stability examination were obtained by pouring
together equal quantities of milk from individual cows.

Preparation of milk samples for reasearch of lipid oxidative stability.
Samples of unpasteurized milk were poured in sealable 500 mL glass vials, closed
and stored in refrigerator at 4—6 °C temperature for 6 days.

Extraction of butter oil and preparation thereof for investigations of lipid
oxidative stability. After milk was delivered to the laboratory, butter oil was
extracted from it according to the scheme presented in the Fig. 4. The intensification
of butter oil sample oxidation was performed as follows:

e  within the Experiment II, butter oil samples were stored in dark (4-6 °C,
3h) or in sunlight (20+1 °C, 3 h); samples for further studies were stored at
temperature of 60 °C for 25 days;

e  within the Experiment III, butter oil samples with an aim to intensify
oxidation process were stored in fluorescent light (Angelantoni EkoChil climatic
chamber with daylight illumination 1500P-IW 7560+20 Lux) at 40+1 °C
temperature for 48 h; afterwards samples were stored in thermostat at 60 °C
temperature for 25 days.

The measurements of peroxide and acid values for samples stored in dark were
taken several times within 25-day period, while for samples stored in light — within
14-day (Exp. II) or 25-day (Exp. III) period. The length of induction period was
calculated basing on the tangent method (Zlatkevich, 2002).

The analytical methods used in the research are summarised in Table 2. The
content of different fatty acids (FA) was calculated according to formulas 1-6.
Health indices of FA were calculated in compliance with the formulas 7-8,
developed by Ulbricht and Southgate (1991). Within the framework of the Exp. III
the total carotene content in cow blood plasma was determined with the help of the
spectrophotometric method (JIaGoparopusie nccinenoBanus B BetrepuHapuu, 1971).
Samples were taken one day before and 6 weeks after the start of feed
supplementation.

Statistical data processing of the acquired results was carried out by using
programs MS Excel and SPSS 17. Data were presented as mean + standard deviation
(SD) or standard error of means. Differences in the data were studied by using one-
factor analysis of variance (ANOVA). The hypotheses suggested were tested by
using confidence interval and p-value methods; factors were recognized as
significant if p-value was < 0s. Results were interpreted assuming that o = 0,05,
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with 95% confidence, if not indicated otherwise. Mutual correlations among various
characteristics were observed with the help of correlation and regression analyses
(Arhipova, Balina, 2003).

RESULTS AND DISCUSSION
1. Milk composition and quality
1.1. Assimilation of B-carotene, vitamins A, E and C in cow’s body and milk

Judgement about the influence of different carotenoid additives on vitamin
content in milk was based on the evaluation of changes thereof in the milk samples
acquired within the Exp. 1. p-carotene (BC) content in milk before feed
supplementation, during it and one week after supplementation are shown in Fig. 5.
The initial content of BC in bulk milk samples yielded from four cow groups
differed significantly (p < 0,05). During the supplementation period (6 weeks long),
BC content in milk of EG I-1 and KG I decreased notably, in milk of EG I-2 — it
almost did not change, while in milk of EG I-3 it raised considerably (p < 0,05), as
compared with BC content before experiment. The average content of BC during the
experiment between groups did not differ radically. The initial difference in BC
content and its changes in milk may be explained by several causes.

1. Lower initial BC content in milk yielded by groups EG I-2 and EG I-3 and the
explicit decrease (p < 0,05) thereof in milk produced by groups KG I and EG I-1
may be related to the individual characteristics of animals and consumption of
BC for different needs in body (synthesis of vitamin A, its accumulation, or
immunity functions).

2. Decrease in the BC content in milk of groups KG I, EG I-1 and EG I-2 may be
caused by the changes in cow lactation period.

3. BC content stagnation in milk of groups EG I-1 and EG 1-2, when comparing
values during feed supplementation and before it, may be explained by other
scientist observations related to the fact that transition of carotenoids from feed
to milk is relatively low.

4. The effect of feed supplementation is not immediate. It may be observed only in
a longer period of time; moreover, experiment involved also black-and-white
cows, carotenoid passage to milk of which is less distinct, as compared to the red
breed cows.

After the experiment, significant rise in the BC content was recorded in milk of
group EG I-3 (p < 0,05), it did not change notably in milk of group KG I,
considerable decrease was observed in milk of EG I-1 (p < 0,05), while insignificant
reduction was found in milk of EG I-2 group, that may be explained by the reasons
above. BC is one of the most erratic compounds in milk. Content thereof may depend
upon many and various factors — composition and quality of feed, feeding regimen,
lactation period, milk fat content, cow breed and health status, as well as type of
supplement and presence of fats in it.

Exp. III covered comparison of total carotene content in blood plasma of
animals before and after 6-week feed supplementation with carrots (Fig. 6). Before
use of additives, average carotenoid level in blood of both group animals was below
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the recommended (3,0 ug mL™") (Friesecke, 1978). During the observation period,
more dramatical increase in the average carotene content was recorded in blood of
animals from the experimental group — 2,6 times, while in control group the rise
comprised only 1,7 times. It is a serious factor influencing not only health of cows,
but also quality of milk.

Changes in vitamin A (retinol) content in milk samples acquired within the
Exp. I are presented in the Fig. 7. The initial concentration of vitamin A in milk
yielded from 4 cow groups differed significantly (p < 0,05): during the
supplementation period, its content in milk of group KG I decreased notably (p <
0,05), whereas in milk of groups EG I-1, EG I-2 and EG I-3 it almost did not
change, as compared to the content thereof before the experiment. Reduction in
A vitamin content in milk of KG I may be explained by the changes in cow lactation
period, similarly as it was with the BC. As the lactation progresses, retinol content
may increase or decrease depending on the cow provision with carotenoids. Drop in
concentration thereof in milk of KG I may be related to the possible shortage of
carotenoids. Analysis of milk yielded from other groups indicated stabile retinol
content, and that likely is due to the supplementation of feed with carotenoid
additives in experimental groups. Comparison of the retinol concentration among
groups shows that it did not differ significantly; however a general trend was
observed — the average level of vitamin A in milk of groups KG I and EG I-1 was
lower than in other groups. After the end of the feed supplementation, concentration
of retinol raised significantly only in milk of EG I-1 (p < 0,05). Considering that
concentration of BC in milk yielded from this group decreased extensively
(p < 0,05), if compared to the content thereof before the experiment, it may be
concluded that it was used for the synthesis of retinol.

Changes in vitamin E content in milk samples acquired within the Experiment I
are shown in the Fig. 8. Initial concentration of vitamin E in milk acquired from 4
cow groups varied considerably. Its content was lower in milk produced by cows in
groups EG I-2 and EG I-3. Similar tendency was observed also in respect to the BC
content in milk. The differences may be explained by the individual features of the
animals and its utilization for the body necessities.

During the experiment, the concentration of vitamin E in milk of KG I
diminished, but in milk yielded from groups EG I-1, EG I-2 and EG I-3 it grew
notably (p < 0,05). The vitamin E decrease in milk of KG I may be caused by
changes in lactation period and alteration in basic feed composition (its antioxidant
content) taking place during the indoor period. Vitamin E content increase in milk of
group EG I-2 may be explained by the feed supplementation with palm oil, as it
contains not only carotenoids, but also vitamin E. This group indicated the highest
amount of vitamin E ingested by feed. However, also milk produced by cows in
groups EG I-1 and EG I-3 (that ingested less a-tocopherol) indicated a rise
(p < 0,05) in the vitamin E content. Thus, transition of vitamin E to milk is
influenced by the total amount of antioxidants ingested by feed. The higher this
amount, the more vitamin E can be used for the synthesis of milk.

Changes in content of fat-soluble antioxidants — g-carotene and a-tocopherol
in butter oil samples acquired within the Experiment III are presented in Fig. 9.
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During the indoor period, average content of BC in the butter oil samples of KG III
and EG III did not differ significantly. Average content of a-tocopherol was
significantly higher in samples of EG III (p < 0,05). In comparison with the indoor
period, the content of antioxidants during the grazing season (7 weeks after its
beginning or end of the food supplementation) grew considerably (p < 0,05).

Changes in vitamin C content in milk samples acquired within the Exp. I are
shown in Fig. 10. Initial concentration of vitamin C in milk yielded from 4 cow
groups differed notably (p < 0,05). During the feed supplementation, content thereof
in control group milk did not change; increased significantly (p < 0,05) in milk
produced by groups EG I-1 and EG I-2, but in EG 1-3 — it rose insignificantly.
Growth in the concentration of vitamin C may be related to the fact that ingestion of
additional antioxidants reduces the amount of vitamin C utilized by body, and
greater amount of it can be secreted into the milk.

It can be concluded that supplementation of feed with carrots and red palm oil
additives develops the antioxidative potential of milk — the concentration of fat-
soluble vitamins (A, E, BC) as well as water-soluble vitamin C increases. However,
it may be influenced also by the efficiency of additive-contained antioxidant
assimilation, fluctuations in milk yield and fat content as well as other factors.

1.2. Milk fat, protein, lactose content and yield

The summary of indicators characterising milk fat and protein content as well as
milk yield is given in the Table 3. Comparison of the average parameters before feed
supplementation and during it does not indicate significant changes in any of the
groups. The influence of carotenoid addition to food varied among the experiments.
Evaluation of the influence of antioxidant amount ingested by feed on milk fat and
protein content was based on the regression analysis (see Fig. 11 and 12). There was
a weak, still significant, correlation between the fat content in milk and total
carotene and BC content ingested by feed (r = 0,45 in both cases; p < 0,05). Thus,
fat content in milk tends to increase (p < 0,05) when the amount of antioxidants
ingested by feed is also growing. The correlation between the total carotene and BC
content ingested by feed and the milk protein content also is weak (r = 0,41; 0,40;
p < 0,05); however the linear trend is positive (p < 0,05). Carotenoid supplements
fed to the cows may have facilitated rise in the fat and protein content in milk also as
an additional energy source, because fodder roots and oil may be used to increase
the energetic value of feed.

1.3. Milk fatty acid composition

The FA composition influences nutritional value and physical characteristics of
milk fat as well as its durability against oxidation. With an aim to forecast possible
influence of fats or oils on health, the ratios of certain FA and health indices were
calculated. The decrease of IA and IT indices, in ratio between 6 and ®3 FA, as
well as increase in ratio between stearic / palmitic acids (C18:0 / C16:0) and oleic /
stearc acids (C18:1¢ / C18:0) are desirable (Simopoulos, 2008; Chillard et al., 2000).
The doctoral thesis covered evaluation of the changes in FA composition and health
indices, by comparing indicators before and during the feed supplementation. In
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Exp. II also the influence of indoor and grazing season was compared. Feeding of
cows with carrots and rapeseed oil within the Exp. I (Fig. 13) resulted in higher
content of stearic, oleic and linolenic acids (p < 0,05), as compared to the control
group; the content of short FA and MUFA increased insignificantly, while decrease
in the palmitic acid content was more distinct (p < 0,05). This favoured the changes
of indices IA and IT. Stearic / palmitic acid ratio rose notably (p < 0,05).

Feeding of cows with the red palm oil (NVRSO) indicated positive trends
regarding the decrease in lauric and myristic acid content and increase in oleic,
linolenic and MUFA contents, and as a result reduction of indices IA and IT was
more explicit than when feeding animals with carrots. Also the ratio between oleic
and stearic acids rose, while PUFA content diminished more greatly, as compared to
the control group. The influence of the fodder supplementation with red palm oil
concentrate CC-05 solution in rapeseed oil differed — the content of PUFA
decreased considerably (p < 0,05), whereas the values of indices IA and IT grew
insignificantly. The ratios between oleic and stearic acids and between stearic and
palmitic acids dropped slightly, still the latest decrease was less explicit than in
control group, and that may be assessed as a positive trend.

In comparison with the control group, positive changes in respect to the most FA
were clearer also in the Exp. II, within which cows were fed with carrots and red
palm oil feed supplement CAF 100 (see Fig. 14). Changes in FA content observed
within the Exp. III are given in the Fig. 15.

All 3 experiments indicated that supplementation of feed by carrots favors the
improvement of ratio between w6 / ®3 acids. However, the influence on other
changes in FA composition and health indices was not the same. Very positive effect
on the changes of IA and IT indices or ratio between stearic / palmitic acids was
observed when supplementing feed with carrots having higher content of
carotenoids (Exp. I and II). Feeding of cows with carrots together with rapeseed oil
(EG I-1) resulted in more notable decrease in the palmitic acid content, as compared
to the fodder supplementation only with rapeseed oil (KG I) or carrots (EG II-1).

Assessment of the red palm oil supplement (NVRSO and CAF 100) influence
on milk FA composition indicated that in general it is positive. MUFA content rose
more notably, as compared to one observed when feeding animals with carrots
(p <0,05); whereas the value of TA index decreased. Supplementation of fodder with
both palm oil additives caused increase in the content of cis and trans isomers of
C18:1 acid in milk fat, and as a result a positive trend in respect to the changes in
ratio between oleic and palmitic acid was observed. It did not leave major influence
on the content of palmitic acid in milk fat — the changes in both experimental and
control groups were similar. However, in comparison with carrots, the influence of
feed supplementation with palm oil caused smaller effect on the changes in PUFA
content and ratio between stearic / palmitic acids.

Experiment III revealed strong positive changes in milk FA composition during
the grazing season — the content of heptadecanoic acid (C17:0), MUFA and PUFA,
especially w3 FA, as well as ratio between stearic / palmitic acids increased
significantly (p < 0,05), while the content of palmitic acid, indices IA and IT, as well
as w6 / 3 FA ratio reduced notably. Thus, the nutritional value of milk fat during
the grazing season is increasing.
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Correlation analysis indicated that there is a linear, medium strong (r = 0,64,
r = 0,71, p < 0,05) and positive correlation (p < 0,05) between the milk fat PUFA
content and the amount of total carotenes and BC ingested by feed (see Fig. 16).
Thus, as the amount of carotenes ingested by feed grows, the PUFA content in milk
fat rises. However, due to increasing amount of polyunsaturated fatty acids such fat
can be oxidized more easily, therefore it is important they contain sufficient quantity
of natural antioxidants.

It was also observed that by ingesting higher amount of total carotenes, the ratio
between 6 / ®3 FA reduces; nevertheless, despite the significant linear tendency
(p < 0,05), the correlation is weak (r = -0,44; p < 0,05). It can be influenced by the
type of feed supplements — the greatest influence on reduction of this correlation
was observed when supplementing feed with carrots.

The correlation trend between the carotene content ingested by feed and FA
thrombogenic index (IT) is linear, significant (p < 0,05) and medium close
(r =-0,51 with total carotene and -0,54 with the amount of BC; p < 0,05) (see Fig.
17). Thus by ingesting higher amount of carotene, the value of milk fat IT decreases,
and that is favourable from the nutritional value point of view. However, it may also
be influenced by other components present in feed additives.

1.4. Analysis of milk and butter oil colour intensity

Carotenoids as yellow, red and orange pigments are influencing colour of many
food products. The research covered study of milk and butter oil yellow colour
intensity (YCI) depending on the supplementation of cow fodder with carotenoids.
Its changes in milk during the Exp. II are presented in the Fig. 18. Before the feed
supplementation, the YCI of milk differed significantly among the groups
(p <0,05). It may be explained with the individual characteristics of cows (ability to
absorb carotene and its secretion into milk) and differences in milk fat content.
During the experiment, the most distinct reduction of YCI was observed in milk
produced by the control group. The initial decrease in experimental groups may be
explained by the fact that the effect of feed supplementation is not immediate; it is
related to the formation of carotenoid reserves and their utilization in cow’s body.
Although the amount of supplements containing carotenoids was not increased, they
hindered the decrease of YCI in milk yielded by the experimental groups. YCI in
milk samples acquired during the grazing season increased significantly in the milk
produced by all groups.

The changes of the milk YCI during Exp. III are presented in Fig. 19. The YCI
increased in samples of both groups (till week 5). The changes in samples of control
group can be explained with the increase of carotenoid content in basic feed. During
grazing season Y CI increased in the milk of both groups. Analysing the closeness of
the relationship between the amount of antioxidants (total carotenes and BC)
ingested by feed and the milk YCI, it can be seen (Fig. 20) that there is a close linear
and positive correlation (r = 0,84, 0,81; p < 0,05).

Previous studies show that milk fat content rises along with the higher carotene
content ingested by feed; therefore research covered investigation of the assumption
that more intense colour of milk is influenced by the fat content in it. It was
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observed that between these parameters there is close (r = 0,83, p < 0,05) and
positive (p < 0,05) linear correlation.

Changes in the butter oil YCI during the Exp. III are presented in the Fig. 21.
During the feed supplementation, yellow colour of milk samples acquired from the
EG IIT was more intense than one of milk yielded by the control group. During the
pasture, the YCI of butter oil produced from both group milk increased significantly,
similarly to the milk samples. Analysis of the correlation between the YCI of butter
oil and amount of antioxidants (total carotenes and BC) ingested by feed showed
linear, positive and medium close correlation (r = 0,74 and 0,73; p < 0,05).
Assessment of the relationship between BC concentration in butter oil and intensity
of its yellow colour resulted in a positive (p < 0,05) and linear correlation, still it was
weak (r = 0,49; p < 0,05), that indicates an influence of confounding factors. At the
same time, determination coefficient of nonlinear polynomial function is high
(R* =0,79). Correlation between a-tocopherol content in butter oil and YCI is close
(r=0,83; p <0,05), linear and positive.

2. Investigations of milk lipid stability
2.1. Oxidative stability of lipids in milk

Changes in total content of milk carbonyl compounds in the Exp. I (duration of
feed supplementation — 3 weeks) are shown in the Fig. 22. Comparison of the results
obtained at the beginning and end of milk storage period (1st and 6th day) indicates
that they were insignificant in all group samples. Thus, it is possible that during this
period oxidation process in milk does not take place (content of antioxidants is
sufficient) or the method is not sensitive enough. Research of the polyunsaturated
fatty acid (PUFA) stability led to the conclusion that there were no major changes
in the total PUFA content, when storing milk for 5 days, at 4-6 °C temperature and
in dark. For further research it was decided to intensify oxidation processes and to
investigate lipid stability of butter oil extracted from the milk.

2.2. The assessment of butter oil stability in relation to the type of carotenoid
supplements fed to cows

Changes of peroxide value. The oxidative stability of butter oil samples
acquired within the Exp. II (after 3-week feed supplementation) and stored in dark
for 3h and at 60+1 °C temperature was relatively high — during 25 days only
induction period was observed (i.e., oxygen consumption is low and amount of
antioxidants is sufficient and free radicals are only starting to develop). Oxidative
changes in light-affected (3h) samples were faster (see Fig. 23).

Results regarding the duration of sample induction periods and PUFA content
are summarised in the Table 4. Oxidative stability of butter oil samples produced by
both experimental groups (3 weeks) was significantly higher (p < 0,05), as
compared to the stability of control group’s oil. The reason behind this may be
supplementation of fodder with carotenoid additives in experimental groups. The
highest stability was established for the butter oil samples yielded from EG II-2.
This may be explained by the high carotenoid, a-tocopherol and lycopene content in
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the feed additive and possibly better absorption of fat soluble antioxidants in cow
body, as compared to carrots.

Changes in oxidative stability were similar to the trend observed after S5-week
feed supplementation, however slightly different — the stability of EG II-2 oil was
notably higher (p < 0,05), while stability of EG II-1 oil was insignificantly higher
than one of the oil produced by KG II. At the same time, PUFA content in the oil
produced by both experimental groups was unsignificantly higher. Higher PUFA
content indicates greater susceptibility to oxidation, still oxidative stability of these
groups was higher as compared to control group; thus it can be concluded that feed
supplementation with both additives had positive influence on the oxidative stability
of lipids.

Evaluation of butter oil sample oxidative stability with the help of Rancimat
method was performed within the Exp. II for butter oil samples acquired after
3-week feed supplementation. Results are presented in the Fig. 24. The average
induction period for samples stored in dark was 12,59+£0,29 h, and it was
significantly higher (p < 0,05) as one of the samples stored in light, i.e., 2,60+0,19 h.
Results show that light notably affects the speed of oxidation processes. Oxidative
stability of samples stored in both light and dark and yielded by experimental groups
was not considerably higher, if compared to the control group. It may be explained
by the fact that oxidation-promoting environment used in this method was much
stronger, and under such conditions carotenoids could lose their resistance due to
high temperatures (110 °C) and presence of oxygen.

Evaluation of butter oil oxidative stability with the help of acid value
method. Changes of the acid value indicate alterations in the concentration of free
FA and other acids in oil. This may be expected during the formation of tertiary
oxidation products, when secondary oxidation products are decomposing and short
chain acids are forming (Gunstone, 1996). Within the framework of the Exp. II,
changes of acid value were studied after 3- and 5-week feed supplementation period
in the butter oil stored at 60+1 °C. The acquired results were similar in both
sampling times. Although the initial acid values in dark-stored samples acquired
from 3 groups differed, none of the groups indicated major changes during the
25-day storage. Thus we may conclude that oxidative or hydrolytic processes in
dark-stored samples almost did not take place. When changes in the primary
oxidation products during this time period are analyzed with the help of the acid
value method, only induction period was observed. Changes of the acid value of
light-affected samples acquired after 5-week food supplementation are presented in
the Fig. 25.

Only minor changes were observed during 25-day period (p < 0,05). The most
likely acid value in butter oil rose as tertiary oxidation products, instead as products
of hydrolytic decomposition — the most explicit increase was recorded in KG II oil,
as compared to the oil of EG II-1 and EG II-2. The trend was similar to the changes
in primary oxidation products. Generally it may be concluded that lipids of both
experimental groups were more stable than ones of control group. Differences in
oxidative stability of light- and dark-stored samples indicates the immense role of
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light on the oxidative processes, that has to be averted in order to retain the quality
of milk products as high as possible.

The Exp. IIT aimed at studying correlation between the primary and tertiary
oxidation products (see Fig. 26). Longer induction period and smaller increase of the
acid value are indicators of better oxidative stability of the oil. Value of the
correlation coefficient r = -0,70 (p < 0,05) allows concluding that there is a medium
close and negative linear coherence (p < 0,05) between the length of the induction
period of the butter oil and the increase of the acid value. As the correlation between
these parameters is strong enough, hereafter emphasis will be put mainly on one of
them — length of butter oil induction period, representing faster oxidative changes in
product.

2.3. Influence of the antioxidant amount ingested by feed on butter oil lipid stability

In order to assess the extent to which the amount of carotene ingested by feed
affects the oxidative stability of butter oil, the Exp. III covered regression analysis of
parameters indicating oxidative stability of butter oil and the amount of antioxidants
ingested by feed. Analysis of the data obtained during indoor and outdoor periods
shows that there is no linear relationship between the length of the induction period
and B-carotene content of butter oil. Non-linear coherence is closer; however it is not
statistically significant. Correlation during the indoor period was also researched
(see Fig. 27). The linear trend (p <0,05) is negative, and correlation between the
length of oil induction period and amount of B-carotene ingested by feed is medium
close (r = -0,61, p <0,05), nevertheless the coherence with the total amount of
carotenes ingested by fodder is not significant. The linear relationship between the
increase of the acid value and the amount of total carotenes or -carotene ingested
by feed during the indoor period is significant (p < 0,05) and close (r = 0,81 and
r = 0,80, respectively; p < 0,05). The non-linear (polynomial) coherence between
these parameters is also close, if analyzing data obtained during both periods
(p <0,05).

An attempt was made to find an explanation — why butter oil induction period
decreases as the amount of B-carotene ingested by feed is growing. Analysis of the
relationship between [-carotene content of butter oil and amount of B-carotene
ingested by feed (r = -0,73, p < 0,05) indicates a similar negative trend during the
indoor period — as the amount of P-carotene ingested by feed increases, the
B-carotene content of butter oil is declining (see Fig. 28). Thus, one of the reasons
for reduction in oxidative stability during the indoor period in the Exp. III could be
the drop in the B-carotene content in butter oil. This is understandable, since B-
carotene has antioxidant properties and its diminish gives adverse effect on the
oxidative stability. These changes could be explained by the changes in milk fat
content. It has been mentioned that there is weak (r = 0,45) while significant trend
related to the fact that, as higher amount of carotene is ingested, the fat content in
milk is growing. Thus, due to the increase in -carotene content in fodder or because
of the fact that additives containing carotenoids are supplying other valuable feed
ingredients serving as an additional source of energy, the cow-synthesized fat are
growing. If cow is producing more fat, B-carotene levels may not to rise
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proportionally (so-called "dilution" effect). Similar conclusions were made also by
other researchers highlighting that nowadays along with the intensification of
genetics and dairy sector milk yield and fat content thereof is increasing, and the
antioxidant content of milk is reducing. In addition, not all amount of B-carotene
ingested by feed is transmitted to the butter oil; it can also be used for synthesis of
vitamin A (retinol) and other needs of a cow. Another reason behind the
deterioration of oxidative stability could be higher content of polyunsaturated fatty
acids (PUFA) in butter oil, as the quantity of carotenoid supplements ingested by
fodder is rising.

Thus, during the Exp. III, the decrease in the butter oil oxidative stability was
observed due to the increase in the amount of B-carotene ingested by feed, because
1) concentration of B-carotene in butter oil decreased, that may be explained by the
increase in milk fat, and 2) the content of polyunsaturated fatty acids that most
sensitive to oxidation rose. Comparison of the results acquired within the Exp. II and
Exp. III showed that they differ, because the effect of feed supplementation in Exp.
IT on the oxidative stability of butter oil was more positive. It could have been
affected, e.g., by the type and antioxidant content of feed additives, different initial
provision of cows with antioxidants, or by effects of light used in studies of
oxidative stability.

2.4. Dependence of butter oil lipid stability upon to its antioxidant content

The correlation between the oxidative stability of butter oil and its antioxidant
content was analyzed. The linear trend established was not statistically significant
(p > 0,05), whereas the non-linear polynomial trend is significant (p < 0,05) (see Fig.
29). Thus length of the butter oil induction is also influenced by other factors. When
lower concentration of B-carotene in oil is increasing, the duration of induction
period (oxidative stability) is growing. Along with the higher concentration of
B-carotene in oil, the induction period varies more considerably, that may be
explained by possible alterations in antioxidant properties of B-carotene, or even
prooxidative performance enhancement under certain circumstances.

In respect to the correlation between content of a-tocopherol in butter oil and its
oxidative stability, characterized by the length of the induction period or increase of
the acid value, the verification of hypotheses in regression analysis shows that there
is no linear or polynomial relationship between the indicators. Results of the
research may be explained by the varying activity of different antioxidants under
oxidation-promoting conditions used within the study. Exposition of butter oil to
fluorescent light and elevated temperature (60 + 1 °C) will lead to stronger
antioxidant effect of fB-carotene, as compared to o-tocopherol. It is known that
B-carotene fulfils crucial role in the prevention of photooxidative reactions,
moreover this role may be more major than that of a-tocopherol, and antioxidant
activity of B-carotene is higher with low oxygen concentrations.
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CONCLUSIONS

. By feeding carotenoid supplements to dairy cows, a particular tendency was
observed — milk fat and protein content increases; correlation is weak, still
statistically significant (p < 0,05).

. Carrot supplementation promoted the increase of carotene content in cow blood
— the influence was significant (p < 0,05) and more pronounced, as compared to
changes in control group.

. When feeding cows with the additives containing carotenoids, the concentration
of fat-soluble antioxidants in milk (retinol, tocopherols and B-carotene) is
increasing. This phenomenon depends on the type of supplements fed, total
amount of antioxidants ingested by feed, duration of supplementation, milk yield
and changes in other factors.

. Higher content of carotenoids and vitamin E in feed facilitates higher
concentration thereof in butter oil; nevertheless it also is affected by the milk fat
content etc. factors. Marked increase in the antioxidant content in butter oil was
observed during the outdoor season (pasture) (p < 0,05).

. Along with higher amount of antioxidants ingested by feed, following significant
changes (p < 0,05) were observed: rise in the content of polyunsaturated fatty
acid, especially linolenic acid, in milk fat, and reduction of health thrombogenic
index. Correlation between the two above indices and intake of B-carotene and
total carotenoids amount is medium close. Very explicit changes of these indices
were observed in milk yielded during the grazing season.

. As concentration of butter oil polyunsaturated fatty acids more vulnerable to
oxidation is growing, also oxidizability thereof rises; moreover, if the antioxidant
content is not sufficient, the stability of butter oil lipids may reduce.

Significantly higher (p < 0,05) lipid stability, as compared to the control group
samples, was found in butter oil stored in light (3h) and at 60 °C temperature,
obtained from dairy cows fed with carrots and red palm oil additive Carotino
CAF 100.

. Correlation between antioxidant concentration in butter oil and intensity of its
yellow colour is positive (p < 0,05); linear correlation with the a-tocopherol
content is close, but with the B-carotene content — weak, and that indicates the
influence of confounding factors. Strong and positive correlation was observed
between milk yellow colour intensity and the fat content (p < 0,05).

. Hypothesis of the promotion work — the composition and stability of milk lipids
both are influenced by the supplementation of dairy cow feed with carotenoid
additives — has been confirmed.
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Suggestions for milk producers

. In order to maintain good health of animals and ensure high quality of milk,
farms engaged in intensive milk production are recommended to add carotenoid
supplements to the dairy cow feed, moreover it is adivsable also in situations
when carotenoid content in feed is low, e.g., if main fodder is based on hay,
concentrates containing grain products or corn silage. The feed supplementation
is advisable also during the most critical periods of milk production — at the end
of the indoor and cow dry period, at the beginning of the cow lactation period, as
well for cows often being ill with mastitis, reproductive system illnesses, etc.
diseases prophylaxis of which require carotenoids and vitamin A. Amount of
carotenoids ingested by feed and level thereof in cow blood should be observed
on regular basis.

. Out of the supplements evaluated within the framework of the research two may
be suggested to the producers: carrots (5-20 kg per cow per day) and red palm
oil product CAF 100 (300500 g per cow per day). Advantages of carrot
supplements — product is locally-grown; soluble sugars and other components
contained by carrots positively influence cow digestion processes, by improving
the rumen function and increasing milk secretion. The benefits gained when
using red palm oil are the high contents of carotenoids and vitamin E. Oil
additives in fodder also are a source of energy. Nevertheless a disadvantage in
the use of carrots lies in their varying quality during the spring months and
labour-consuming preparation process, whereas storage and feeding of the
additive CAF 100 is relatively simple. Costs of both supplements in respect to
their dosages researched within the study are similar.

. Oxidation process in milk production and processing may be hindered by
avoiding from mechanical influence and presence of metal ions; moreover, in
order to preserve dairy product quality and nutritional value, it is highly
important to avoid from the influence of light, by choosing appropriate milking,
storage and processing equipment as well as packaging materials.
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