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1. Uvod

Mléko ma nezastupitelnou tlohu v lidské vyzivé. V podminkach Ceské
republiky je konzumovano predev§im mléko kravské, které je zdrojem
plnohodnotnych a dobfe stravitelnych bilkovin, vitamind, dobfe vstiebatelného

vapniku a dal$ich bioaktivnich latek.

Mlécny tuk piezvykavct, a tedy i dojnic, je svym charakterem tukem
nasycenym. Je to zpusobeno vys$Sim zastoupenim nasycenych mastnych Kkyselin,
které jsou ze zdravotniho hlediska hodnoceny méné piiznivé. Nenasycené mastné
kyseliny jsou naopak ze zdravotniho hlediska hodnoceny piiznivéji. Jejich zvyseni
ma kromé nutriéniho hlediska také vyznam z hlediska technologického (napft. lepsi

roztiratelnost masla).

Zmeén V zastoupeni nenasycenych mastnych kyselin lze dosahnout predevs§im
krmnou davkou (napi. pfidavkem olejnatych semen nebo zvySenim podilu Cerstvé
pice). Dalsi moznosti je modifikace mlééného tuku vyuzitim znalosti genetické

variability.

Cilem diserta¢ni prace bylo vyhodnoceni vlivu biologickych faktor (plemeno,
individualita, pofadi a stadium laktace, vyskyt polymorfismu v lokusech
souvisejicich s mléénym tukem) na zmény spektra mastnych kyselin mlé€ného tuku
u vybranych plemen skotu (Cesky strakaty a holstynsky), na jehoz zaklad¢ by bylo
mozné navrhnout praktické postupy k pozitivni modifikaci mlééného tuku — zvySeni

obsahu nutri¢né prospésnych mastnych kyselin.



2. Literarni piehled

2.1 Charakteristika mlééného tuku a mastnych kyselin

Obecné 1ze lipidy definovat jako slouceniny mastnych kyselin (FA, fatty
acids) s alkoholy, které jsou vzajemné spojeny esterovou vazbou -CO-O-. Podle
nazvoslovi uzivaného v organické chemii se jako FA oznacuji karboxylové kyseliny
svice nez tremi atomy uhliku s alifatickym (otevienym — pfimym nebo
rozvétvenym) uhlikovym fetézcem, zakoncené na jednom konci methylovou (-CHs),
na druhém karboxylovou (-COOH) skupinou (Velisek a Hajslova, 2009).

FA jsou obvykle v poétu tii FA vazany na glycerol. Tyto triacylglyceroly
(TAG, triglycerides) jsou hlavni slozkou mlé¢ného tuku a piedstavuji okolo 97-98 %
z celkového obsahu lipida (Vieitez a kol., 2016). Ostatni mlécné lipidy jsou
diacylglyceroly vzniklé navazanim dvou FA — 1,2-diacylglyceroly nebo
1,3-diacylglyceroly (cca 2 % lipidovych frakei), fosfolipidy (cca 1 %), volné FA
(FFA, free fatty acids), které tvoti méné nez 0,5 % a cholesterol (mén¢ nez 0,5 %),
ktery se fadi do tzv. doprovodnych latek lipidd, podobné jako karotenoidy nebo

vitaminy rozpustné v tucich (Jensen, 1995).

Teplota tani FA se zvysuje s délkou uhlikového fetézce (poctem uhlikil). Tato
vlastnost se dle Tvrzické a kol. (2011) odrazi také ve slouceninach, kde FA
predstavuji dalezitou slozku, napt. fosfolipidy nebo TAG. Autoii dale uvadéji, ze za
fyziologickych podminek jsou dvojné vazby v cis konfiguraci, ktera zpusobuje
30° vychyleni uhlikového fetézce. Toto vychyleni vede k vétsimu rozprostieni
v prostoru cis nenasyceného fetézce a snizeni van der Waalsovych interakci,

nasledkem ¢ehoz dochazi i ke snizeni bodu tani (Gunstone, 1994).

FA jsou nejcastéji rozdélovany na nasycené FA (SFA, saturated fatty acids),
mononenasycené¢ FA (MUFA, monounsaturated fatty acids), polynenasycené FA
(PUFA, polyunsaturated fatty acids) a malo se vyskytujici FA s trojnymi vazbami,
cyklicke, s kyslikatymi, sirnymi nebo dusikatymi funkénimi skupinami. FA jsou dale
rozliSovany podle délky uhlikového fetézce, a to na FA s kratkym fetézcem (SCFA,
short-chain fatty acids), FA se stiedné dlouhym fetézcem (MCFA, middle-chain fatty
acids) a FA s dlouhym fetézcem (LCFA, long-chain fatty acids).



FA lze diky jejich charakteristikam (Tabulka 1) pouzit jako markery, napf.
pro autentifikaci mléénych vyrobkd. Tyto charakteristiky se oznacuji jako profil
(nebo fingerprint) FA lipida (Bittante a Cecchinato, 2013).

Tabulka 1 Vybrané strukturni charakteristiky mastnych kyselin.

Charakteristika Skupiny
délka fetézce SCFA, MCFA, LCFA
nenasycenost (pritomnost dvojné vazby) SFA, UFA
pocet dvojnych vazeb MUFA, PUFA
funk¢ni skupiny hydroxy, epoxy apod.

poloha/y nenasycenych vazeb v uhlikovém fetézci
poloha/y funk¢nich skupin v uhlikovém fetézci
stereochemie!

prostorové uspotddani atomil v molekulach, jeho vliv na vlastnosti molekul a priibéh chemickych
reakci; SCFA — short-chain fatty acids, MCFA — middle-chain fatty acids, LCFA — long-chain fatty
acids, SFA — saturated fatty acids, UFA — unsaturated fatty acids, MUFA — monounsaturated fatty
acids, PUFA — polyunsaturated fatty acids;

Zdroj: upraveno dle Spitzera (1997)

SFA jsou tvoteny dlouhymi pfimymi fetézci, V nichz jsou obsazeny atomy
pfevazné o sudém poctu uhlikii (od 4 do 60 atomu). V fetézci MUFA je navic
obsazena jedna dvojna vazba. Jednotlivé FA jsou od sebe odliSovany polohou
a konfiguraci dvojné vazby (Tabulka 2). Mezi PUFA patii FA dienové se dvéma
dvojnymi vazbami, trienové se tfemi dvojnymi vazbami, déle tetraenové (4 dvojné
vazby), pentaecnové (5 dvojnych vazeb) az hexaenové (6 dvojnych vazeb). Stejné
jako u MUFA jsou i v této skupiné polohové a prostorové izomery. Navic se PUFA
rozli$uji podle polohy prvni dvojné vazby od methylové skupiny na n-6 (®-6) a n-3
(w-3) FA. Trans FA (TFA, trans fatty acids), ptesnéji trans izomery nenasycenych
FA jsou mastné kyseliny, které maji alesponn jednu dvojnou vazbu v trans
konfiguraci. Zvlastni vyznam maji FA s konjugovanymi dvojnymi vazbami (dvojné
vazby jsou oddéleny jednou vazbou jednoduchou), které se svou reaktivitou
podstatné 1i$i od FA s izolovanymi dvojnymi vazbami (mezi dvojnymi vazbami se
nachazi dv€ a vice jednoduchych vazeb) a maji také odlisné fyziologické ucinky
(Velisek a Hajslova, 2009). Jako piiklad 1ze uvést izomery konjugované kyseliny
linolové (CLA, conjugated linoleic acid). Polohové a geometrické izomery CLA
(C18:2n9c11t a C18:2n10tl2c) wvznikaji ptirozen¢ jako meziprodukty pfi
biohydrogenaci FA z krmné davky (tj. z C18:2n6¢c a C18:3n3c) prostiednictvim
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mikroorganizmi v bachoru. V mlécném tuku je zastoupen ptedevSim izomer

C18:2n9c11t, ktery je nazyvan rumenova kyselina (RA, rumenic acid).

Tabulka 2 Nazvoslovi hlavnich mastnych kyselin mlécného tuku.

Trivialni nazev Pocet Poloha dvojnych Konfigurace dvojnych  Sumarni
atomi vazeb vazeb vzorec
uhliku

nasycené

maselna 4 - - C4:0
kapronova 6 - - C6:0
kaprylova 8 - - C8:0
kaprinova 10 - - C10:0
laurova 12 - - C12:0
myristova 14 = = C14:0
palmitova 16 - - C16:0
stearova 18 - - C18:0
arachova 20 - - C20:0
nenasycené monoenoveé
olejova 18 9 cis C18:1n9c
trans-monoenové
palmitelaidova 16 9 trans C16:1t
petroselaidova 18 6 trans C18:1n6t
elaidova 18 9 trans C18:1n%t
vakcenova (VA) 18 11 trans C18:1n11t
cetelaidova 22 11 trans C22:1n11t
brassidova 22 13 trans C22:1n13t
nenasycené polyenové
rumenova (RA) 18 9,11 cis, trans C18:2n7c,t
n-6
linolova (LA) 18 9,12 Cis, cis C18:2n6¢
y-linolenova (GLA) 18 6,9, 12 all-cis C18:3n6¢
arachidonova 20 5,8,11, 14 all-cis C20:4n6c
n-3
o-linolenova (ALA) 18 9,12,15 all-cis C18:3n3c
timnodonova (EPA) 20 5,8, 11, 14,17 all-cis C20:5n3c
cervonova (DHA) 22 4,7,10, 13, 16, 19 all-cis C22:6n3c

Zdroj: upraveno dle Veliska a Hajslové (2009)

2.2 Vyznam mlééného tuku a mastnych kyselin z technologického

hlediska

Mléko je slozity disperzni systém s nékolika typy disperznich soustav,

pficemz mlécny tuk je v mléce obsazen ve formé emulze (typ olej ve vodég). Stav

disperze mlé¢ného tuku mé vliv na opticke, reologické a technologické parametry
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mléka jako jsou barva, viskozita, vodivost, rychlost separace, stabilita emulze

a vhodnost pro vyrobu riznych mléénych produktt (Bartowska a kol., 2011).

Jednou z neodmyslitelnych vlastnosti kravského mléka je vyvstavani
mlécného tuku, které je spolu s koncentraci aglutininti urcujici k jeho rozptyleni.
Aglutininy jsou latky, které podobné jako protilatky ¢i lektiny (bilkoviny predevsim
rostlinného pavodu jsou schopné vazat urCité struktury obsahujici cukr —
glykoproteiny, polysacharidy), zptusobuji shlukovani bunék nebo bakterii (Vokurka
a Hugo, 2015). Pokud je kravské mléko ponechano del$i dobu v klidu, vétSina
mlécného tuku vyvstane na povrch, predevsim z divodu odlisSné mérné hmotnosti
mlécéného tuku v porovnani s mléénou plazmou. Dal§imi faktory, které vyvstavani
ovliviiuji, jsou velikost tukovych kulicek a pfitomnost nativnich proteini —
imunoglobulind M (IgM), které Se vysrazi na povrchu ochlazovanych tukovych
kulicek. IgM jsou diky této vlastnosti nazyvany kryoglobuliny. Velké tukové kulicky
vyvstavaji zvySenou rychlosti a pii shlukovani mohou vytvaret agregaty. Cely proces

je katalyzovan kryoglobulinem (Fox, 2003).

Tukové kulicky maji dale vliv na sloZzeni mlé¢ného tuku. Couvreur a Hurtaud
(2017) zkoumali charakteristiku tukovych kulicek (primér, povrch membrany)
a zjistili souvislost s ukazateli mlécné uzitkovosti (obsah tuku — %, pomér tuku
a bilkovin) a zastoupenim FA (PUFA).

Browntv pohyb (ndhodny pohyb mikroskopickych ¢astic v kapalném nebo
plynném médiu) a van der Waalsovy sily zptisobuji, ze tukové kulicky suspendované
v kapalném tuku se shlukuji do trojrozmérnych (3D) siti (Obrdzek 1), které jsou
spojené s kontinualni olejovou fazi (de Man and Beers, 1987; Ribeiro a kol., 2009).
Shluky maji pravidelny a homogenni obal, ktery je nejvétsim konstrukénim prvkem
3D sité. Tvar a seskupeni tukovych kulicek ovlivituje velikost van der Waalsovych
sil vsitich. Jelikoz tukové kulicky nemaji stejnou velikost, nemaji ani stejné

pritazlive sily.
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Obrazek 1 Model 3D sité tukovych kulicek.

tukova kuli¢ka

homogenni obal

Zdroj: upraveno dle Wright a kol. (2001)

Tukové kulicky mléka jsou obklopeny membranou, kterd je tvofena pii
sekreci tukovych kulicek z epitelialnich bunék mlééné zlazy (Lopez a kol., 2008).
Membrana kuli¢ek mlééného tuku (MFGM, milk fat globule membrane) je bohata na
bilkoviny, glykoproteiny, glycerofosfolipidy, sfingolipidy (zejména sfingomyelin),
cholesterol, enzymy a dalsi slozky (Jensen, 1995). Fyzikalné-chemické vlastnosti
MFGM maji zasadni vyznam pro stabilitu tukovych kulicek v mléce a rovnéZ plisobi
jako bariéra proti hydrolyze TAG lipolytickymi enzymy. Fosfolipidy obsazené
vV MFGM pak maji emulgacni U¢inky a rovnéz vykazuji antioxidacni aktivitu

(Hamzawi, 1990).

Stfedni primér tukové kulicky v kravském mléce ¢ini 3,5 pm (s rozsahem
0,9 az 15,8 um) — Attaie a Richter (2000). Okolo 90 % z celkového obsahu tukovych
kulicek v kravském mléce ma pramér mensi nez 6,4 um a zaujima plochu
17 cm?-ml. Velikost tukovych kuli¢ek ovlivituje fyzikalné-chemické vlastnosti syri
(Michalski a kol., 2004). Goudédranche a kol. (2000) dale uvadé&ji, ze mléko
s mens$imi tukovymi kuli¢kami je vhodné pro vyrobu vSech mléénych produkti,
krom¢& masla. Maslo vyrobené z mléka (resp. smetany) s vétsimi tukovymi kulickami
(Bartowska a kol., 2011). MFGM velkych tukovych kuli¢ek jsou navic snadnéji
destabilizovatelné, coz pfispivd k rychlejSimu procesu stloukdni. Naopak maslo
z mléka s vétsim podilem mensich tukovych kuli¢ek je dle Bartowske a kol. (2011)
charakterizovano zvySenou koncentraci adsorbované vody a bilkovin, coz je

nezadouct, protoze je zvySovana pravdépodobnost Zluknuti.
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Vlastnosti masla, jako je napf. textura, jsou mj. ovlivnény zastoupenim FA.
Vyssi pomér SFA zapiiCinuje pii nizsich teplotach Spatnou roztiratelnost (Ashes
a kol., 1997). Naopak zvyseni podilu UFA v mléce umoziuje vyrobu masla s lepsi
roztiratelnosti. Bobe a kol. (2007) uvadgji, ze lepsi roztiratelnosti muze byt dosazeno
zménou vyzivy ¢i zdmérnou selekci dojnic. Tyto postupy zaroven umoznuji zachovat
pfirozenou jemnou chut' masla (Hillbrick a Augustin, 2002). Zmén vedoucich ke
zlepSeni roztiratelnosti Ize dosdhnout také pii vyrobé masla, bud’ frakcionaci
mlééného tuku (Henning a kol., 2006) nebo dle Wrighta a kol. (2001)

interesterifikaci (chemickou nebo enzymatickou).

Vyznamnou technologickou vlastnosti je také oxidacni stabilita. Ta miize byt
ovlivnéna strukturnimi charakteristikami (pocet, konfigurace a pozice dvojnych
vazeb v fetézci) UFA zastoupenych v mlééném tuku (Collomb a Spahni, 1996). FA
v trans konfiguraci jsou dle autort méné¢ nachylné k oxidaci nez FA v cis
konfiguraci. Kotakowska (2002) a Rafatowski a kol. (2014) dale uvadégji, ze FA
V pozici sn-2 na skeletu glycerolu jsou méné nachylné k oxidaci nez FA v pozici sn-1

¢1 sn-3.

2.3 Vyznam mastnych Kyselin z nutri¢niho hlediska

Lipidy a FA maji na bunééné trovni mnoho funkci, napf. jSou nezbytné pro
syntézu membran, lipoproteinti a glykolipidi nebo pro tvorbu rtiznych strukturnich
elementll (napt. vezikul) v buiikach a tkénich (German a Dillard, 2010). Déle se
podileji na rozpousténi fady nepoldrnich ¢i Spatné rozpustnych intracelularnich
a extracelularnich slozek a zajistuji transport molekul ve vnitrobunééném prostiedi

a mezi bunikami, resp. tkdnémi.

Obecna vyzivova doporuceni pro piijem makronutrientd vedouci ke zlepSeni
celkového zdravi obyvatelstva jsou zameéfena predevSim na snizeni obsahu
cholesterolu, SFA a TFA ve stravé (Spolecnost pro vyzivu, 2012). Cilena zména
sloZzeni mlécného tuku ptrezvykavcl snizenim C12:0, C14:0 a C16:0 a naopak
zvySenim C18:1n9c a C18:2n9cl1lt je dle Shingfielda a kol. (2013) s ohledem na

mozné ptinosy pro lidské zdravi vyhodna.
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Hulshof a kol. (1999) uvadéji, ze mléko a mlécné produkty jsou pro
evropskou populaci hlavnim zdrojem SFA. Naopak UFA obsazené v mlécném tuku
prezvykavci (napt. C18:1n9c, nékteré izomery CLA ¢i ALA), mohou byt pro lidské
zdravi prospéS$né a pusobit preventivné proti nékterym chorobam (Bauman a kol.,
2006). Napiiklad bylo prokazano preventivni pasobeni n-3 FA v piipadé
kardiovaskularnich onemocnéni (CVD, cardiovascular diseases; Baum a Hamm,
2012) ¢i pii snizeni vyskytu rakoviny prsu a prostaty (Stephenson a kol., 2013). CVD
jsou ve vyspélych zemich jednou z hlavnich pii¢in amrti a jsou spojovany piedevs§im
s nevhodnym Zivotnim stylem (nespravna vyziva, obezita, stres apod.) a s dalSimi

chronickymi chorobami (napft. diabetes mellitus).

Omezenim pfijmu cholesterolu a SFA snizenim konzumace Zzivoéisnych
produkti (véetné mléénych produkti) by mohlo vést dle Siurany a Calsamiglie
(2016) ke snizeni vyskytu CVD. Oproti tomu jiné epidemiologické studie (napf.
Gibson a kol., 2009) nezjistily pifimou spojitost mezi ptijmem SFA, cholesterolem,
rozvojem aterosklerotickych zmén a CVD. Elwood a kol. (2010) provedli celkem 11
prospektivnich epidemiologickych studii zaméfenych na riizné faktory (index télesné
hmotnosti, konzumace alkoholu, koufeni, pravidelné cviceni), ze kterych vyplynulo,

ze konzumace mléka a mlécnych produktii naopak vyskyt CVD snizuje.

Protektivni vlastnosti mléka v souvislosti sCVD jsou spojovany mj.
s obsahem CLA. Studie provedené na zvifatech (hlodavcich) potvrdily pozitivni
ucinky CLA spocivajici v inhibici karcinogeneze, ve snizeni rozvoje ateroskler6zy,
hypocholesterolemickych ucincich apod. (Pariza a kol., 2001). Nicméné
epidemiologické studie provedené u lidi nejsou jednoznacné a pouzitd metodika je
Vv jejich ptipadé mnohdy sporna (Whigham a kol., 2007). Tetens (2010) dospél
k zavéru, ze konzumace ekvimolarni smési izomera C18:2n9cl11t a C18:2n10tl12c
nema zadny vliv na udrzeni nebo dosaZeni optimalni télesné¢ hmotnosti, zvySeni
citlivosti na inzulin nebo ochranu DNA, proteini a lipidd pfed oxidacnim

poskozenim.

I pfes nckteré negativni zavéry souvisejici se zdravotnim vyznamem CLA
maji producenti mléénych produktii stdle snahu uvadét na trh produkty obohacené
0 CLA, a proto i nadale pfetrvava zajem o studium faktort, které¢ by CLA v mlééném
tuku zvySovaly. Nutri¢ni hodnotu Zivoc¢isnych produktl 1ze pozitivné ovlivnit také

zvysenim skupiny PUFA, zejména n-3 (Kouba a Mourot, 2011). Petit (2002) ve své
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studii uvadi, ze pridavek Inéného semena bohatého na ALA do krmné davky (KD)
snizuje podil SCFA a MCFA a naopak zvySuje obsah PUFA. Ptidavek Inéného
semena ma navic kromé zmény zastoupeni FA také dal$i pozitivni Gcinky — je
pfirozenym zdrojem rostlinnych lignana (napf. matairesinol; reg. ¢. CAS 580-72-3),
které jsou povazovany za zdroj antioxidanti. Mikrobiota v bachoru dojnic dokaze
pfemeénit tyto rostlinné lignany na tzv. ,sav¢i lignany™ (terminus technicus), tedy
produkty metabolizmu rostlinnych lignant (Kasper, 2014). Mezi sav¢i lignany je
fazen napf. enterolakton (reg. ¢. CAS 78473-71-9), ktery je postupné vstiebavan
a Ize ho nalézt v moci, krvi a také mléce (Gagnon a kol., 2009). Enterolakton ma dle
Prasada (2000) dokonce vyssi antioxidacni aktivitu nez vitamin E. Obrdzek 2
znazoriuje chemickou strukturu enterolaktonu.

Obrazek 2 Chemicka struktura enterolaktonu (hydroperoxy
methyl-formiat).

Zdroj: NCBI — National Center for Biotechnology
Information (2010)

2.4 Faktory ovliviujici zastoupeni mastnych Kkyselin mlééného tuku

Zmény jak v obsahu mlé¢ného tuku, tak i1 v jeho slozeni, ovliviiuje mnozstvi
ruznych faktorti. Mechanismus ptisobeni téchto faktord je dilezité znat s ohledem na
potfeby modifikace profilu FA. Snahy o zmény v zastoupeni FA jsou nejcastéji
vyvolané v dusledku zdravotnich ucinkd jednotlivych FA (Haug a kol., 2007), ale
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pficinou mize byt i ovlivnéni technologickych (Bartowska a kol., 2011) ¢i

senzorickych (Chilliard a Ferlay, 2004) vlastnosti mlécného tuku.

2.4.1 Vliv vyzivy

Vyziva je bezesporu velmi vyznamnym faktorem, ktery ovliviiuje zastoupeni
FA mlécného tuku. V naSich podminkach jsou zakladem KD pro dojnice objemna
krmiva (pastva, Cerstva pice, konzervované krmivo — senaze a silaze) a jadrna krmiva
(obiloviny a lusténiny). Pastva je tvofena smiSenou vegetaci riznych druhi rostlin
o rizném podilu, napi. traviny (Celed’ lipnicovité), luskoviny (Celed” bobovité)
arostliny zdalSich celedi (napf. hvézdnicovité ¢i razovité) S variabilnim
zastoupenim FA (Kala¢ a Samkova, 2010). Elgersma a kol. (2006) charakterizuji
pastvu jako cCerstvou pici obsahujici 1-3 % FA (50-75 % téchto FA tvoii ALA),
SnejvysSimi hodnotami béhem jara a na podzim. Konzervovand krmiva jsou
v nékterych chovech jedingym piedkladanym objemnym krmivem nebo jsou

vyuzivany pouze v obdobi vegetac¢niho klidu (zimni obdobi).

Kukufi¢na silaz je jednim z hlavnich energeticky bohatych krmiv pro dojnice
Vv intenzivnich produk¢nich systémech. Je bohata na C18:1n9c¢ a LA, a naopak chuda
na ALA (Ferlay a kol., 2006). Vyuzivanymi zdroji bilkovin jsou dle AbuGhazaleha
akol. (2007) predevsim luskoviny (vojtéska, jetel apod.), které zvySuji obsah
zejména n-3 FA. Roy a kol. (2006) uvadé¢ji, ze KD zaloZena na kukuficné silazi
snizuje napt. obsah FA s rozvétvenym fetézcem (BCFA, branched-chain fatty acids)
a naopak zvysuje zastoupeni LA a CLA (C18:2n9c11t a C18:2n10t12c).

Obsah CLA izomeru lze rovnéz zvysit doplnénim KD 0 semena olejnin nebo
rostlinné oleje obohacené o LA (Dhiman a kol., 2005). Dal§i moznosti je ochrana
CLA izomeru pted biohydrogenaci v bachoru bud’ aplikaci syntetické smési izomert
nalevem ptimo do slezu (Chouinard a kol., 1999; Shingfield a kol., 2010), nebo
aplikaci izomerti ve form¢ monofosfatu ionoforu do KD (Dhiman a kol., 1999).
Zmény ve strategii krmeni dojnic obvykle méni v rizné intenzité zastoupeni

jednotlivych FA i jejich skupin, jak uvadi Tabulka 3.
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Tabulka 3 Strategie krmeni a jeji vliv na zastoupeni mastnych kyselin v mlééném

tuku dojnic.
FA Strategie Vysledek®
C4:0-C16:0 nizky podil pice a vysoky podil jadrmych krmiv v KD min-pram 1T % FA
Vv mléce
C18:1n9c zvySeni podilu jadrnych krmiv nebo prodlouzeni ¢asu na pram 1 % FA
pastvé vV mléce
C18:2n9c11t  vysoky podil LA, ALA nebo PUFA v KD (vysoky podil max 1 % FA
C18:2n7c,t pastvy) v mléce
C18:2n6¢c vysoky podil jadrnych krmiv, kukufice nebo pastvy pram 7 % FA
(vysoka ucinnost prenosu piedevsim z pastvy) v mléce
C18:3n3c vysoky podil jadrnych krmiv pfedev§im z olejnatych prim T % FA
semen, napt. Inéna semena v mléce

!min — mirnd zména (<25 %), priim — primérna zména (25-100 %), max — velka zmé&na (>100 %); FA
— fatty acids, KD — krmna davka; 1 — zvyseni; vysledek je vyjadten jako relativni zména jednotlivych
mastnych kyselin v porovnani s pivodnim krmnym rezimem;

Zdroj: upraveno dle Elgersma (2015)

Z literarnich zdroji tedy vyplyva, Ze zmény ve slozeni mlééného tuku
zpusobuje napf. podil objemnych a jadrnych krmiv (Dewhurst a kol. 2006), podil
Cerstvé pice (Elgersma a kol., 2006) a podil konzervovanych krmiv (Chilliard a kol.,
2007). Zmény v profilu FA v disledku Gpravy KD nastupuji obvykle velmi rychle
a tykaji se pfedevs§im LCFA, coz vyplyva ze zakonitosti syntézy FA (de novo vs. FA

ptivadéné krvi z KD nebo tkanovych rezerv).

Bauman a Griinari (2003) dale uvadé&ji, ze profil FA mlé¢ného tuku je
ovlivnén také biohydrogenaci v bachoru a konverzi prostfednictvim enzymu A-9

desaturazy (C18:0 na C18:1 — viz kapitola 2.4.3).

2.4.2 Vliv biologickych faktori

K biologickym faktortm ovliviiujicim FA mléného tuku jsou fazeny
genetické zaloZeni (plemeno a individualita dojnice), pofadi a stadium laktace
amlécna uzitkovost. Zmény v zastoupeni FA souvisejici s témito faktory jsou
pomérn¢ Casto studovany (Pesek a kol., 2005; Soyeurt a kol., 2006a; Conte a kol.,
2010; Kirchnerova a kol., 2013; Tousova a kol., 2013; Kadlecova a kol., 2014).

Za vyznamny faktor ovliviiujici sloZzeni FA mezi jednotlivymi plemeny ¢i

dojnicemi je povazovana produkce tuku za den (Samkova a kol., 2012). Rozdily jsou
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vysvétlovany odliSnym zaméfenim — mlécny, masny nebo kombinovany uzitkovy
typ (Milanesi a kol., 2008), ¢i jako dusledek polymorfismu — stav, kdy v populaci
existuji pro uréity znak minimaln¢ dv¢ alely — genetické varianty (Schennink a kol.,

2008). Blize v kapitole 2.4.3.

Z dosud provedenych studii vyplyva, Ze sloZzeni mlécného tuku souvisi také
s laktaci. Mléko ziskané od dojnic na prvni laktaci mé ve srovnani s mlékem
ziskanym od dojnic na druhé a dalSich laktacich vyssi obsah UFA oproti SFA.
Divodem mohou byt odliSné metabolické naroky organizmu dojnic na druhé
a dalsich laktacich v porovnani s dojnicemi na prvni laktaci (Lake a kol., 2007) nebo
negativni energeticka bilance, ktera ptimo ovliviiuje zastoupeni UFA (Penasa a kol.,
2015).

Slozeni mlééného tuku dojnic zavisi dale na metabolickém stavu dojnice
béhem laktace. Samkova a kol. (2012) uvadéji, ze nejvyssi obsah UFA v mléce je na
zacatku laktace, uprostied klesa a ke konci se opét mirné€ zvySuje. Naopak zastoupeni
SFA je nejvyssi uprostied laktace. Stoop a kol. (2009a) zjistili, Ze zastoupeni SFA,
zejména C6:0 az C14:0 vrcholi kolem tfetiho mésice laktace. V porovnani s potfadim
laktace ovlivituje stadium laktace zastoupeni FA vice. FA jsou sledovany vétSinou
pouze ve tfech obdobich — na zacatku, uprostied a na konci laktace, pficemz za
nejvyznamnéjsi z hlediska zmén v zastoupeni FA je povazovana prvni tfetina

laktace.

MIlécna uzitkovost rovnéz ovliviiuje slozeni mlécného tuku. Zavislost
zastoupeni FA na mlécné uZitkovosti dokladaji nékteré studie zabyvajici se korelacni
analyzou (Bastin a kol., 2011; Penasa a kol., 2015). Napt. Bastin a kol. (2013) zjistili
pozitivni korelace mezi FA a produkci tuku (kg) ¢i obsahem tuku (%) a proteinti (%).
Petrini a kol. (2016) zjistili nejvyssi hodnoty korela¢nich koeficientd mezi obsahem
tuku (%) a SFA a C16:0.

2.4.3 Genetické aspekty syntézy mlé¢ného tuku

Obsah tuku je podobné jako zastoupeni FA vyznamnym ukazatelem kvality
mléka (Harvatine a kol., 2009). FA mlécného tuku vznikaji témétr z 60 % de novo

syntézou v epitelidlnich bunkach mlécné zlazy, zbyvajici cast pak pfeménou FA
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piijatych v KD nebo pfeménou z endogennich lipidi (Palmquist a kol., 1993).
Gebauer a kol. (2007) dale uvadeji, ze v mlééné zlaze piezvykavceu je témét 50 % FA
mlécného tuku syntetizovano zacetatu a kyseliny B-hydroxymaselné (BHA,
S3-hydroxybutyric acid) resp. z meziproduktu jejiho metabolizmu — butyratu (BHB,
f3-hydroxybutyrate). Cirkulaci mtize byt acetat transportovan z krve do mlécné zlazy,
kde je pfeménovan na FA. KD mlze vyznamné ovlivnit zastoupeni FA v mlééném
tuku zménou poméru mezi acetitem a butyratem uréeného pro de novo syntézu
v mlécné zlaze nebo ovlivnénim FA pochazejicich z krmiva biohydrogena¢nimi
procesy v bachoru (Conte a kol., 2016). Jacobs a kol. (2013a) zjistili, Ze acetat kromé

syntézy mlécného tuku ovliviuje také expresi lipogennich genti.

Yonezawa a kol. (2004) ve své studii popisuji G¢inky BHA, ktera podle nich
stimuluje akumulaci TAG vV epitelialnich buiikach mlééné Zlazy, ovSem bez Gcasti na
tvorbé tukovych kuli¢ek. Autoti dale uvadéji, ze BHA inhibuje expresi leptinu (LEP,
leptin) a syntézu lipidt v epitelidlnich bunkach mlééné zlazy. Jacobs a kol. (2013a)
ve své studii také zjistili, ze BHA zvySuje expresi stearoyl-CoA desaturazy 1 (SCD1,
stearoyl-CoA desaturase 1) o 44 %, acetyl-koenzymu A karboxylazy o (ACACA,
acetyl-CoA carboxylase a) o 28 % a syntazy mastnych kyselin (FASN, fatty acid
synthase) 0 29 %.

Identifikace biologickych drah, genomovych oblasti a geni poskytuje
v oblasti produkce mlééného tuku cenné informace vyznamné pro zménu slozeni
mlécného tuku. Mach a kol. (2013) zjistili, ze zmény v profilu FA jsou doprovazeny
zménami exprese regulacnich gend spojenych se Sirokym spektrem metabolickych
funkci. Genova exprese je elementarni proces, pii kterém genotyp jedince v interakci
s prostfedim urcuje fenotyp, tedy vysledny projev daného znaku (napf. redlné
existujici bunéénou strukturu nebo funkci). Exprese gend tedy pravdépodobné
souvisi také s metabolizmem lipidd, respektive se zastoupenim FA v mlé¢ném tuku,

a s tim souvisejicimi procesy regulujicimi sekreci FA mléka.

Exprese gentl, které koduji enzymy a proteiny potiebné pro de novo
lipogenezi, je rovnéz napadné zvysSena v mlécné Zlaze beéhem laktogeneze (proces,
kterym alveolarni bunky mlécné zlazy ziskavaji schopnost sekrece mléka). Syntéza
FA v mlééné Zlaze vyzaduje ucinné absorp¢ni, metabolické a sekre¢ni mechanismy

zahrnujici koordinovany a spolecny uc¢inek vice gen (Shingfield a kol., 2010).
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Vedle de novo syntézy usnadnuji metabolizmus FA dalsi procesy souvisejici s lipidy,

jako je transport FA s dlouhym fetézcem a prodlouzeni a desaturace FA.

Biosyntéza TAG (Obrdzek 3) v epitelidlnich buiikach mlé¢né zlazy probiha
postupnym pifidavanim aktivovanych FA na glycerol-3-fosfat prostiednictvim
acyltransferdz (Coleman a Mashek, 2011). Biochemicka draha syntézy TAG je
Vv prvé fad¢ katalyzovana glycerol-3-fosfat acyltransferazami (GPAT), které ptidavaji
mastné acylové skupiny do polohy sn-1 glycerol-3-fosfatu, coz vede k tvorbé
monoacylglyceroli (MAG). Hlavni izoformy GPAT jsou glycerol-3-fosfat
acyltransferaza (GPAM, produkce v mitochondriich) a 1-acylglycerol-3-fosfat
acyltransferaza 6 (AGPAT6, produkce v mikrozomech; Bionaz a Loor, 2008a).
Druhy krok biosyntézy TAG je katalyzovan AGPAT, ktera piidava mastné acylové
skupiny na skelet glycerolu do polohy sn-2. Diky tomuto kroku jsou MAG
pfeménény na diacylglyceroly (DAG, také nazyvany jako kyselina fosfatidova nebo
kyselina 1,2-diacylglycerol-3-fosforecna). Pied zavérecnym krokem biosyntézy TAG
dochazi k defosforylaci DAG odstépenim fosfatové skupiny prostiednictvim enzymu
fosfatidat fosfatazy (také nazyvan lipin — LPIN, hlavni izoforma genu LPIN1) — Reue
a Brindley (2008). Finalni krok cyklu biosyntézy TAG je katalyzovan diacylglycerol
acyltransferazami, které pridavaji mastné acylové skupiny do polohy sn-3 na skeletu
glycerolu, coz vede k tvorbé TAG (Nafikov a kol., 2014).

Obrazek 3 Hlavni drahy biosyntézy triacylglyceroli.
Glycerol Dihydroxyaceton phosphate

Glycerol-3- Triose phosphate
phosphotransferase isomerase

Glycerol-3-phosphate

Glycerol-3-phosphate
Acyitransferase

Monoacylglycerol-3-phosphate

Monoacylglycerol-3-phosphate
Acyltransferase

Monoacylglycerol Phosphatidic acid

Phosphatidic acid
Monoacyiglycerol l
Acyltransferase phosphatase
(MGAT) 1,2-diacylglycerol
Diacylglycerol
Acyltransferase (DGAT)

Triacylglycerol
Zdroj: Vaziri a kol. (2004)
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Pozicni rozdéleni FA mlééného tuku v TAG neni nahodné, nybrz je
ovlivnéno specifi¢nosti raznych acyltransferdz pro konkrétni FA (Christie
a Clapperton, 1982). Z tohoto faktu lze usuzovat, Ze mutace v genech acyltransferaz
mohou m¢énit specificitu enzymi, coz muze vést k predpokladu, Ze geneticky
polymorfismus  diacylglycerol acyltransferazy 1 (DGAT1, diacylglycerol
acyltransferase 1) a dalSich acyltransferaz (napi. AGPAT aj.) je odpovédny za zménu

zastoupeni FA mlé¢ného tuku.

Stoop a kol. (2009b) a Bouwman a kol. (2011) provedli detekci lokust
kvantitativnich znakid (QTL, quantitative trait loci) u FA mlééného tuku
a identifikovali dvé QTL oblasti pro SCFA a MCFA na chromozomu 14
a chromozomu 26 (BTA, Bos taurus), které byly pravdépodobné zptsobené
mutacemi genli DGAT1 a SCD1. Studium QTL umoZiuje identifikovat kandidatni
polymorfni geny, které vysvétluji variabilitu studovaného znaku. Pomoci
jednonukleotidového polymorfismu (SNP, single nucleotide polymorphism) Ize
vysvétlit ¢ast genetické variace, napf. indexil nenasycenosti FA souvisejicich s geny

DGATL1 a SCD1 (Marchitelli a kol., 2013).

Buitenhuis a kol. (2014) identifikovali celkem 1233 vyznamnych SNP
markert tykajicich se FA (napf. C6:0, C8:0, C14:1, C16:1, CLA, C6-C10, C14
index, CLA index) lokalizovanych na 18 chromozomech. Ke studiu autofi vyuzili
celogenomovou asociaéni studii (GWAS, genome-wide association study), jejiz
vysledky byly vyuzity pii vyhledavani genetickych rozdili a podobnosti mezi
riznymi plemeny, jakoz 1 pii vyhledavani biochemickych drah, které jsou spojovany
napf. s obsahem tuku (Subramanian a kol., 2005). Tabulka 4 uvadi ptehled
vybranych SNP markeri identifikovanych pomoci GWAS.

Tabulka 4 Ptehled vybranych jednonukleotidovych polymorfismu identifikovanych
pomoci celogenomové asociacni studie.

Lokalizace na

FA Pocet SNP chromozomu
C6:0 32 BTAO9, 12, 25
Cil4:1 83 (7 pro SCD1) BTAS5, 7, 8, 12, 26
Cil6:1 29 (nékteré SNP piifazené k DGAT1) BTAS, 14
CLA 2 BTA17
C6-C10 11 BTA9

FA — fatty acids; SNP — single nucleotide polymorphism; BTA — Bos taurus; DGAT1 — diacylglycerol
acyltransferase 1; SCD1 — stearoyl-CoA desaturase 1;

Zdroj: upraveno dle Buitenhuise a kol. (2014)
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Pti studiu biosyntézy mlécného tuku skotu byly provedeny rtizné genetické
analyzy odhalujici urCité odlisnosti v zavislosti na jedinci (Krag a kol., 2013).
Polymorfismus genti DGAT1 ¢i SCD1 ma velky vliv na slozeni mlécného tuku
(Schennink a kol., 2008; Conte a kol., 2010), nicméné nutno podotknout, Ze
biosyntéza mlééného tuku je slozity proces regulovany mnoha dal$imi geny (Bionaz

a Loor, 2008b).

2.4.3.1 DGAT1

Gen DGAT1 byl lokalizovan na chromozomu BTA14. Bylo zjisténo, Ze
ovliviiuje kvantitativni vlastnosti mlééného tuku a produkuje mikrozomalni enzym
(enzym produkovany hladkym endoplazmatickym retikulem) diacylglycerol
O-acyltransferazu (DGAT, EC 2.3.1.20), ktery katalyzuje posledni krok v procesu
biosyntézy TAG a podili se tak na fizeni rychlosti syntézy TAG v adipocytech
(Ibeagha-Awemu a kol., 2008). Pti studiu enzymu DGAT byla provedena izolace
komplementarni DNA (cDNA, complementary DNA), z niz vyplynulo, ze koduje dvé
izoformy tohoto enzymu (DGAT1 a DGAT2) — Cases a kol. (1998). cDNA je DNA
syntetizovand z templatu mRNA reverzni transkriptdzou (enzym katalyzujici pfepis —
transkripci genetické informace z RNA do DNA). Technika cDNA je vyuzivana pro
analyzu genové exprese a potencialem této technologie je schopnost provadéni
expresniho profilu celého genomu, tedy analyzy tisicti gend v jednom experimentu
(Khan a kol., 1999).

Polymorfismus DGATL je popsan v nékolika studiich. Grisart a kol. (2002)
zjistili, Ze polymorfismus DGAT1 ma spojitost s produkei a slozenim mléka. Dalsi
autofi uvadéji souvislost s obsahem mlééného tuku (Bastin a kol., 2013) a jeho
slozenim (Bilal a kol., 2012). V piipadé¢ FA se jedna o aminokyselinovou mutaci
zpusobujici substituci lysinu za alanin na exonu 8 v pozici 232 (K232A). Schennink
a kol. (2007) uvadgéji, ze alela Lys je spojena s vy$sim podilem SFA a C16:0 a nizS§im
podilem C14:0, C18:1n9c a CLA. Dle Buitenhuise a kol. (2014) potvrzuje
polymorfismus DGAT1 vztah k C16:1 a procentualnimu obsahu tuku u plemen

danského holstynského a jerseyského skotu.
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2.4.3.2SCD1

Gen SCD byl lokalizovan na chromozomu BTA26. U piezvykavca je gen
SCD charakterizovan dvéma izoformami, SCD1 a SCD5, které¢ koduji enzymy SCD1
a SCD5 (Leskinen a kol., 2016). Oba geny maji podobnou velikost, sdili 65 %
identity aminokyselinové sekvence, ale exprese genu SCD5 je v mlécné zlaze
laktujicich dojnic mnohem nizs§i nez u SCD1 (Jacobs a kol., 2013b). Enzym stearoyl-
CoA desaturaza 1 (delta-9 desaturaza, EC 1.14.19.1) katalyzuje konverzi SFA
(C10:0-C18:0) na MUFA. Studie Buitenhuise a kol. (2014) potvrdila spojitost
polymorfismu SCD1 s C14:1. Bernard a kol. (2006) dale potvrdili, ze C14:0 je
vyluéné produkovana de novo syntézou v mlééné zlaze a je tudiz pravdépodobné, ze
C14:1n9c (kyselina myristoolejova) je syntetizovana pomoci SCD1. SCD1 je
spojovan také se zastoupenim jednotlivych FA mlééného tuku (Conte a kol., 2010)
a dale je odpovédny za preménu C18:2n9c11t a C18:1n9c (Shingfield a kol., 2013).

2.5 Metody stanoveni mastnych Kyselin a genotypizace

V oblasti vyzkumu dnes existuje né€kolik moZnosti (metod) stanoveni
zkoumané latky nebo jejiho slozeni. Svou zésluhu na tom mé ptfedevSim pokrok
V instrumentélni analyze, ktera umoziuje ¢im dal rychlej$i a ptesnéjsi zplsoby
meéfeni €1 detekce. Moderni technologie jsou vSak zaloZeny na platnych principech

zékladnich védnich obort, jakymi jsou napf. fyzika, matematika ¢i chemie.

2.5.1 Stanoveni mastnych kyselin

Prvni zminky o chromatografii sahaji na pfelom 19. a 20. stoleti (Day, 1897).
Nazev chromatografie pochazi z feckych slov chrom (barva) a graf (psat). Proces byl
pojmenovan Tswettem (1903, 1906), ktery zaroven chromatografii popsal jako
adsorp¢ni jev. Napiiklad Graff a Skau (1943) ve své studii sledovali separaci FA, pro

kterou pouzili fenolovou cerven (reg. ¢. CAS 143-74-8) na hoicikové kolong.

Plynova chromatografie (GC, gas chromatography) byla popsana
Claessonem (1946) a zahrnuje dva analytické postupy — chromatografii v systému

plyn-pevna latka (GSC, gas-solid chromatography) a v systému plyn-kapalna latka

24



(GLC, gas-liquid chromatography). GSC je tzv. adsorp¢ni chromatografie a byla
popsana napt. Jamesem a Phillipsem (1954). GLC byla popsana Jamesem
a Martinem (1952) a v porovnani s GSC ma vice vyhod. Jedna se o tzv. rozdélovaci

chromatografii, pti které jsou latky rozpoustény v obou fazich.

V dusledku technického pokroku bylo od roku 1960 v oblasti chromatografie
vyvinuto mnoho novych aplikaci, které maji uplatnéni v biochemii, potravinarské
chemii apod. (Spitzer, 1997). Zadn4 jina separacni technika neméla v historii tak
obrovsky vliv na analytickou a organickou chemii, biochemii ¢i biotechnologii
(Brondz, 2002). V soucasnosti je pievazna vétsina profild FA lipidd stanovovana
metodou GC (po predchozi derivatizaci na methylestery FA — FAME, fatty acid
methyl esters), ktera pro stanoveni vyuziva kapilarni kolonu a plamenové-ioniza¢ni

detektor (FID, flame-ionization detector).

V mlé¢ném tuku jsou Castecné obsazeny molekuly BCFA (Ballesteros a kol.,
1994), které mohou byt hydrolyzou pfeménény na FFA nebo trans-esterifikovany na
FAME (Kates, 2010). Esterifikace zvysuje tékavost FA, zlepSuje konfiguraci piku,

separaci a citlivost detektor.

Derivatizace FA pro analyzu GC se stejné jako esterifikace provadi pro
zvySeni tékavosti, zlepSeni separace a také redukci konci fetézcii. Lipidy jsou
rozpustné v organickych rozpoustédlech, proto jsou pii derivatizaci pouzivany napt.
ether, petrolether, hexan, benzen nebo smés chloroformu a methanolu (Brondz,
2002). Nejcastéji pouzivanymi derivaty jsou pak alkylové derivaty (napi. methyl-,
ethyl-, propyl-, isopropyl-, butyl- nebo i-butyl-).

Pii GC jsou pouzivany rizné nosné plyny, pfedev§im dusik, helium nebo
vodik. Vodik je vhodny pro rychlost analyzy, lepsi separaci latek a pouzitelnost
s naplinovou i kapilarni kolonou. Pfi detekci pomoci FID jsou latky pyrolyzovany
v atmosféfe vodik-kyslik (Wolff a Fabien, 1989). V tomto procesu jsou vytvateny
ionty, které 1ze detekovat. Tabulka 5 uvadi detektory a detekéni systémy pouzivané

pfi stanoveni FA.
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Tabulka 5 Detektory a detek¢ni systémy pouzivané pii stanoveni mastnych kyselin.

Detektor Citlivost!
termalné-vodivostni (TCD, thermal-conductivity detector) ng
plamenové-ionizacni (FID, flame-ionization detector) pg
elektronového zachytu (ECD, electron capture detector) fg
elektroliticky-konduktivni (ELCD, electrolytic-conductivity detector) pg
dusiko-fosforovy (NPD, nitrogen-phosphorus detector) pg
plamenové-fotometricky (FPD, flame-photometric detector) pg
foto-ioniza¢ni (PID, photo-ionization detector) pg

Spektralni detek¢ni systémy
ultrafialovy (UV, ultra violet)
hmotnostni spektrometr (MS, mass spectrometry)
MS/MS
nuklearni magneticka rezonance (NMR, nuclear magnetic resonance)

infraervena spektroskopie s Fourierovymi transformacemi
(FT-IR, Fourier transform infrared spectroscopy)

Ing — nanogram, pg — pikogram, fg — femtogram;

GC je jednou z nejrozsifenéjSich metod pro kvantifikaci FA. Jensen (2002)
a Delmonte a kol. (2012) uvadgji, ze mlé¢ny tuk obsahuje vice nez 400 riznych FA
s riznou délkou fetézce, poctem dvojnych vazeb nebo polohou funkénich skupin.
Americka spole¢nost pro chemii oleji (AOCS, The American Oil Chemists’ Society)
zavedla oficialni metodu pro analyzu mléénych tuka (Ce 1j-07), ktera je zalozena na
separaci FAME pomoci kolony (100 m SP-2560, popt. CP Sil 88) pracujici
Vv izotermickych podminkach (180 °C po dobu 32 min, nasledné 215 °C) se zamérem
eluovat nasycené a nenasycené FAME s dlouhym fetézcem (AOCS, 2007). Nicméné
nekteti autof1 uvadeji, ze pii pouziti této metody se specifickymi parametry separace
a teplotnimi gradienty (Kramer a kol., 2008; Mossoba a kol., 2009) dochazi
k vzajemnym piekryvim mezi FAME. Teng a kol. (2017) uvadgji jako oficialni
standardni metodu GB 5413.27-2010 (GB, 2010) pro stanoveni FA v kojenecké
vyzivé, mléce a mlécnych produktech. Metoda vyuziva standardni smési 37 FAME
pro identifikaci jednotlivych FA a pro vypocet jejich hmotnostnich procent pomoci
metody vnitini normalizace plochy piku. V porovnani napi. s metodou AOAC (1997)
je tato metoda snaze proveditelnd. Metodou vSak nelze (nebo pouze jen omezeng)
identifikovat trans MUFA ¢i BCFA, diky ¢emuz je sniZen rozsah jejiho pouziti.

Navic, pro zpiesnéni vypoctu kvantifikace FA musi byt Casto pouzivany korekéni
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faktory odezvy (hodnota odezvy detektoru se lisi od skute¢ného poctu uhlika

v fetézci FA), coz potvrzuji napt. Firl a kol. (2014).

Klasické metody, mezi n¢z je fazena také GC, maji fadu vyhod (vysoka
pfesnost) i nevyhod (naro¢nost ¢asova i v provedeni, nutnost pouziti organickych
rozpoustédel, vysoké naklady). Z tohoto divodu se hledaji rizné alternativy pro

béznou analyzu mléka, resp. mlécnych produkti.

Jednou z alternativ je infracervena (IR) spektroskopie, ktera je vyuzivana jiz
nekolik desetileti (Biggs, 1967). Metoda je rychld, presnd a mén¢ nakladna (Foss,
2009). IR spektroskopie s Fourierovymi transformacemi (FT-IR, Fourier transform
infrared spectroscopy) je nedestruktivni metodou schopnou analyzovat slozeni

s minimalni naro¢nosti pii pripravé vzorku (Koca a kol., 2010).

Nedavno doslo k vyznamnému pokroku v pienosnych systémech zalozenych
na principu IR spektroskopie. Tyto systémy jsou vhodné z hlediska jejich nizké ceny,
kompaktnosti, odolnosti, robustnosti, nizké hmotnosti, minimalni zkuSenosti
pozadované pro jejich provoz a fady moZznosti jejich pouziti k rutinnim analyzam,
napt. pro kontrolu kvality suroviny (Ellis a Goodacre, 2006). Soyeurt a kol. (2006b)

popsali potencidl FT-IR pro predikci podrobného slozeni mlécného tuku.

Zakladni ptedpoklad pro vyuziti spektroskopickych technik je zalozen na
generovani vysledkli v podobé "fingerprintl". Naptf. mlécny produkt s urcitym
chemickym slozenim, ktery je vystaven svételnému zdroji, ma charakteristické
spektrum, které vyplyva z absorpce riznych chemickych slozek (Karoui
a de Baerdemacker, 2007). Autofi dale uvadéji, ze vzhledem k tomu, Ze ptesné
sloZeni jakéhokoli pfirodniho materidlu se méni v zavislosti na druhu, odridé, sezoné
a dalich charakteristikach, je nutné mit soubor reprezentativnich spekter nebo

"standardl", které 1ze srovnavat s testovanym materialem.

Na trhu jsou v soucasnosti k dispozici rtizné pfistroje FT-IR, které zahrnuji
kompaktni (napt. pouZivané pro kontrolu jakosti mléka pfi pfijmu v mlékarn¢) nebo
vysoce vykonné (napf. pouzivané centralni laboratofi s vétSimi analytickymi
kapacitami; az 600 vzorki / h) systémy (Obrdzek 4). Obrazek 5 popisuje vysledky
ziskané meéfenim na pfistroji CombiScope FTIR 600 (Delta Instruments B.V.,

Netherlands). Coitinho a kol. (2017) uvadgji, ze kompaktnost zafizeni FT-IR
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umoznuje jeho pouziti v mlékarenském provozu a zahrnuti do programi kontroly

kvality suroviny nebo dokonce nahrazeni tradi¢nich (chemickych) metod.

Obrazek 4 Pristroj CombiScope FTIR 600 (Delta Instruments B.V.,
Netherlands) pracujici na principu FT-IR.

wr =

B

Ptistroj je soucasti vybaveni rutinni ¢asti akreditované laboratofe pro rozbor syrového
mléka ve spoleénosti State Enterprise “Pieno Tyrimai”, Kaunas, Litva;

Zdroj: Robert Kala

Obrazek 5 Vysledky méfeni na ptistroji CombiScope FTIR 600 (Delta
Instruments B.V., Netherlands) — tuk, bilkoviny, laktoza,
susina (%), mocovina (mg-17%), bod mrznuti (°C).

Pfistroj je soucasti vybaveni rutinni ¢asti akreditované laboratofe pro rozbor syrového
mléka ve spoleénosti State Enterprise “Pieno Tyrimai”, Kaunas, Litva;

Zdroj: Robert Kala
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Soyeurt a kol. (2006b) a de Marchi a kol. (2014) uvadgji, ze pro vysoce
vykonnou analyzu vzorkll mléka, zahrnujici profil FA slouzi IR spektroskopie ve
stiedni oblasti spektra (MIR, mid-infrared spectroscopy). Infracervené spektrum
absorbuje elektromagnetické zareni pii frekvencich, které koreluji s vibracemi
specifickych chemickych vazeb uvnitf molekuly (Coates, 2000). Stfedni oblast
spektra (vinova délka 400 az 4 000 cm™) je velmi citlivd na chemické prostiedi,
jelikoz v této oblasti dochazi k zakladni absorpci molekularnich vibraci (Belton,
1997), a MIR spektroskopie tak mtize byt vyuzita k odhadu riznych kvantitativnich
vlastnosti (Tabulka 6). Pokyny pro pouziti MIR u mléka a tekutych mléénych
produkti jsou uvedeny ve standardu EN ISO 9622:2013 (ISO-International
Standards Office, 2013).

Tabulka 6 Vyhody infracervené spektroskopie v blizké a stiedni oblasti spektra.

mala nebo Zadna pieduprava vzorku
nedestruktivni metoda
nevyzaduje pouziti chemikalii nebo jinych spotfebnich materiali
spektra jsou ziskavana velmi rychle a automaticky

spektra mohou byt ziskana pomoci pfenosnych zafizeni pouzitelnych na farmeé, v pramyslu,
maloobchodu ¢i v laboratornich nebo doméacich podminkach

pro nékteré aplikace mohou byt spektra ziskana z povrchu intaktnich ¢i tézko
vzorkovatelnych materialti (pouzitim specifické sondy)

uzpusobitelna a zjednoduSena zafizeni jsou k dispozici pro prubézné sledovani potravin
,,V fadé*, béhem zpracovani

data obsazena ve spektrech jsou velmi slozitd a mohou odrézet jak fyzikalni stav,
tak molekularni strukturu

spektralni data lze snadno ukladat
vzhledem k dostupnosti spravnych kalibraci miZze byt jedno spektrum soucasné pouzivano
pro nékolik chemickych ¢i fyzikalnich predikei
spektralni informace mohou poskytnout velmi komplexni popis vzorki (,,fingerprint*), které
mohou byt uzitecné pii popisu kvality a typickych vlastnosti potravin
v pripad€ nové kalibrace existuje pro znak (stary nebo novy) ulozené spektrum vzorku, které
jiz nejsou k dispozici; pomoci nové kalibrace Ize tedy vzorky opét vyhodnotit

Zdroj: upraveno dle Bittante a Cecchinato (2013)

2.5.2 Genotypizace vybranych genii metodou polymerizové retézové reakce

S naslednou analyzou polymorfismu délky restrikénich fragmenti

Polymerazova ftetézova reakce (PCR, polymerase chain reaction) byla
objevena vroce 1985 Saikim a kol. (1985) a americkym chemikem Kary B.

Mullisem (Mullis a kol., 1986; Mullis, 1994). Ptinosem je ptedevsim védecky vyvoj
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VvV oblasti molekuldrni biologie (napf. sekvenovani genomu, genova exprese
vV rekombinantnich systémech apod.). Objev byl jednim z nejvétsich uspéchu 20.
stoleti na poli biologickych disciplin (Valones a kol., 2009). K vyhodam
molekularnich technik patfi snadné provedeni, vysokd citlivost, opakovatelnost

a reprodukovatelnost (Hazra a kol., 2017).

PCR pouziva piirozen¢ se vyskytujici nukledzovy enzym DNA-polymerazu
(Taq polymeraza izolovana z bakterie Thermus aquaticus) katalyzujici regeneraci
DNA fetézovou reakci, sestavajici ze tii kroki, které se nckolikrat opakuji
a exponencialn¢ amplifikuji cilovou DNA (Garcia a Ma, 2005). Metoda umoziuje in
vitro syntézu nukleovych kyselin, pomoci kterych mutze byt segment DNA
specificky replikovan semikonzervativnim zpisobem (Obrdzek 6). Tagq polymeraza
syntetizuje komplementarni sekvenci DNA za pouziti malého fragmentu — primeru,
ktery je spojen s jednim z feté¢zcii DNA ve specifickém mist€. Primery omezuji
sekvenci, ktera ma byt replikovana. Vysledkem je zesileni urcit¢ DNA sekvence
o miliardy kopii (Mullis, 1990).

Obrazek 6 Schématické znazornéni polymerazové fetézové reakce.

Polymerase chain reaction - PCR

anaa] /

original DNA "
to be replicated 5 3 5 3" / “ \
» /. lllllml - ""HH' /.

&£ g ¥ 5|||||||||3 3 5 \ ““
s W oy @ Wil g
HHHHHL o o o o
: s © o O

» & |‘||||||||' 5 3 ““
L t|* : : \ |m||||| ., |m=|u| / \‘
‘ DNA primer 3 5 3 5 /'
nucleotide \ In m \

@ Denaturation at 94-96°C
a Annealing at ~68°C

o Elongation at ca. 72 °C

Zdroj: OBN — Online Biology Notes (2017)

PCR s polymorfismem délky restrikénich fragmenti (RFLP, restriction
fragment length polymorphism) je jednou z druhti molekularnich technik, které se
pouzivaji napi. k detekci SNP (Tabit, 2016) nebo pii identifikaci druhi mléka
pouzitého pii vyrobé mlécnych produkta (Ewida a Abd EI-Magiud, 2018). Technika

zahrnuje amplifikaci segmentu DNA s primery, po které¢ nasleduje Stépeni
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amplifikovaného segmentu restrikénimi enzymy a analyza gelovou elektroforézou
(Obrazek 7). Vyhodou PCR-RFLP jsou niz$i naklady na analyzu, napf. v porovnani
s kvantitativni PCR (qPCR nebo real-time PCR), ktera umoziuje kvantifikaci
sledovaného Useku DNA v redlném case. Dalsi vyhodou je ziskani profilu RFLP
béhem nékolika hodin (Abdel-Rahman, 2017), vysoka specificnost a dobra
reprodukovatelnost. V. RFLP technice se amplifikovana PCR rozstépuje na

fragmenty s riznou velikosti podle pouzitého restrikéniho enzymu.

Obrazek 7 Vyhodnoceni metody polymerazové feté¢zové reakce s naslednou
analyzou polymorfismu délky restrikénich fragment pomoci gelové
elektroforézy (gen stearoyl-CoA desaturaza 1; genotypy 425 —TT,
427 -TC, 426 — CC).

Fotografie byla pofizena dokumenta¢nim zafizenim Biolmaging InGenius 3 (Syngene, USA)
na Katedre genetiky a specialni produkce rostlinné, ZF, JU;

Zdroj: Robert Kala
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3. Cil prace

Cilem prace bylo vyhodnoceni vlivu biologickych faktori na zmény spektra

mastnych kyselin mléného tuku u vybranych plemen skotu (Cesky strakaty

a holstynsky), na jehoz zékladé by bylo mozné navrhnout praktické postupy

K pozitivni modifikaci mlééného tuku — zvySeni obsahu nutriéné prospéSnych

mastnych kyselin.

Dilci cile:

Posoudit vliv genetického zalozeni (plemene a individuality dojnice),
pofadi a stadia laktace na zastoupeni mastnych kyselin mlééného tuku

u dojnic ¢eského strakatého a holstynského skotu.

Zjistit ¢etnosti polymorfismu genl souvisejicich s biosyntézou mlééného
tuku a mastnych kyselin u dojnic ¢eského strakatého a holsStynského

skotu.

Vyhodnotit vztah polymorfismu genit DGAT1 a SCD1 (ptipadné dalsich

souvisejicich se syntézou mlécného tuku) a ukazateli mlécné uzitkovosti.

Zjistit moznosti stanoveni mastnych kyselin pomoci rutinni metody

a porovnat je se stanovenim mastnych Kyselin referenéni metodou.

Zjistit moznosti izolace DNA ze vzorku mléka a vyhodnotit metody

genotypizace vybranych gend souvisejicich s kvalitou kravského mléka.
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Disertacni prdce vznikla jako soucdst ieSeni ndsledujicich projektii:

* NAZV KUS QJ1510336 — Vyzkum a podpora produkce zdravotné
a spotiebitelsky benefitnich mléénych vyrobki cilenou selekci
a modifikaci profilu mastnych kyselin mlécného tuku. Poskytovatel:

Ministerstvo zemédélstvi CR. Hlavni fesitel: doc. Ing. Eva Samkova,

Ph.D. Doba feseni: 2015-2018.

= NAZV KUS QJ1510339 — Komplexni systém zvySeni kvality mléka,
mlécnych produktli a monitoring zdravotniho stavu krav s cilem zvysit
ptidanou hodnotu zemé&délské produkce v CR. Poskytovatel: Ministerstvo
zemédélstvi CR. Hlavni fesitel: prof. Ing. Oto Hanus, Ph.D. Doba fe$eni:
2015-2018.

= GAJU 002/2016/Z — Genetika, zdravi zvifat a kvalita produktd jako
zaklad konkurenceschopnosti. Poskytovatel:  Grantovd agentura
Jihoceské univerzity v Ceskych Budéjovicich. Hlavni fesitel: prof. Ing.
Martin Kvac, Ph.D. Doba feSeni: 2016-2018.

» GAJU 011/2013/Z - Zdravi hospodaiskych zvifat a zdravotni
bezpe€nost potravin — genetické, parazitdrni a nutriéni aspekty.
Poskytovatel: Grantovd agentura Jihoceské univerzity v Ceskych

Budejovicich. Hlavni tesitel: prof. Ing. Martin Kvac, Ph.D. Doba feSeni:
2013-2015.

= NAZV QH81210 - Analyza moznosti zvySeni hladiny zdravi
prospésnych mastnych kyselin v syrovém mléce prostfednictvim cilenych
chovatelskych postupti. Poskytovatel: Ministerstvo zemédélstvi CR.
Hlavni tesitel: prof. Ing. Oto Hanus, Ph.D. Doba feSeni: 2008-2012.
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4., Material a metodika

Kapitola ,,Materidl a metodika* neni v praci podrobné zpracovana. Jednotlivé
metody a designy experimentt jsou uvedeny v piisluSnych publikacich (viz kapitola
12. Piilohy).
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5. Vysledky a diskuze

Kapitola ,,Vysledky a diskuze® byla zpracovana s ohledem na dil¢i cile
disertacni prace a prispévky, které byly v pribéhu studia publikované. Struktura
nasledujicich podkapitol byla vytvofena podle kli¢ovych témat — i) vlivu faktort
(zejména biologickych) ovliviiyjicich zastoupeni FA, ii) vyskytu polymorfismu gent
souvisejicich s obsahem a sloZzenim mlééného tuku a iii) metodami stanoveni
mastnych kyselin mlééného tuku. V tivodu jsou vzdy uvedeny jednotlivé ptispévky,
poté nasleduje struéné shrnuti dané problematiky. Diskuze byla rozsifena i o n¢které

dalsi poznatky, které v danych ptispévcich ptimo uvedeny nebyly.

5.1 Faktory ovliviiujici zastoupeni mastnych kyselin mlééného tuku

5.1.1 Publikace vztahujici se k danému tématu (viz kapitola 12. PFilohy)

Hanug, O., Samkova, E., Ktizova, L., Hasofova, L., Kala, R. 2018. Role of fatty acids in milk fat
and the influence of selected factors on their variability — A review. Molecules, 1636,
23(7): 1-32.

Samkova, E., Koubov4, J., Hasonova, L., Hanus, O., Kala, R., Kvaé, M., Pelikanova, T., gpiéka,

J. 2018a. Joint effects of breed, parity, month of lactation, and cow individuality on the
milk fatty acids composition. Mljekarstvo, 68(2): 98-107.

Kala, R., Samkova, E., Koubova, J., Hasolova, L., Kva¢, M., Pelikanova, T., Spiéka, J., Hanus,
0. 2018a. Nutritionally desirable fatty acids including CLA of cow’s milk fat explained
by animal and feed factors. Acta Universitatis Agriculturae et Silviculturae Mendelianae
Brunensis, 66(1): 69-76.

Kala, R., Samkov4, E., Hasomova, L., gpiéka, J., Pelikénova, T., Ktizova, Z., Hladky, J. 2016a.
Proportion of important fatty acids in cow and goat milk fat. In: 23" International PhD
Students Conference MendelNet 2016. Brno, 9-10 November. Brno: Mendel University in
Brno, Faculty of AgriSciences, Czech Republic, 582-587. ISBN 978-80-7509-443-8

5.1.2 Komentaf k problematice

Jiz pocatkem 90. let 20. stoleti byly publikovany souhrnné publikace, které se

zabyvaly studiem faktori ovliviiyjicich sloZzeni mlé¢ného tuku. Zasadni vyznam
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m¢ély piedevsim studie Palmquista a kol. (1993) a pozdé&ji Jensena (2002). Autofi zde
oznacuji jako urcujici faktory souvisejici se slozenim mlééného tuku predevsSim

biologické faktory a vliv vyzivy.

Na dana témata byla od té doby publikovana cela fada védeckych praci, at’ uz
se zabyvala genetickym zalozenim (Pesek a kol., 2005; Soyeurt a kol., 20064a;
Kadlecova a kol., 2014), poradim a stadiem laktace (Kirchnerova a kol., 2013;
Tousova a kol., 2013) ¢i vyskytem polymorfismu genti souvisejicich s obsahem
a slozenim mlééného tuku (Conte a kol., 2010). Pravideln¢ se v souvislosti s touto
problematikou publikuji také prace reserSniho charakteru (napi. Schwendel a kol.,
2015; Useni a kol., 2018).

V publikaci typu review (viz kapitola 5.1.1 — Hanu$ a kol., 2018) jsme se
rovnéz zabyvali FA mlé¢ného tuku a vlivem vybranych faktorti na jejich variabilitu.
Zamé&rem bylo shrnout nejnovéjsi poznatky souvisejici se zastoupenim FA mlécného
tuku — jejich vyznam z technologického a nutri¢niho hlediska, zmény v obsazich
pisobenim biologickych faktort a vlivem vyzivy a v neposledni fadé vyvoj v oblasti
nepiimych metod pro jejich stanoveni. Cast zabyvajici se vyvojem nepiimych metod

je detailné rozpracovana v kapitole 5.3.2 této diserta¢ni prace.

V dalsich dvou publikacich (viz kapitola 5.1.1 — Samkova a kol., 2018a; Kala
a kol., 2018a) jsme se zabyvali vlivem biologickych faktorti a vlivem vyzivy. Prvni
publikace (Samkova a kol., 2018a) byla zaméiena na variabilitu FA a jejich skupin
apodil jednotlivych biologickych faktord (plemeno, individualita dojnice, poradi
a stadium laktace) na slozeni mlééného tuku. Z vysledkt vyplynulo, ze nejvyssi
hodnoty koeficient determinace (R?), jako ukazateli podilu vsech faktord na
(61,8, resp. 23,3 %). V piipadé skupin byly nejvyssi hodnoty R? zjistény u SFA,
nejnizs$i u PUFA (46,8, resp. 39,2 %). U C14:1 byla potvrzena statistickd vyznamnost
v piipadé faktoru plemene, individuality dojnice a stadia laktace (P<0,001). Hodnoty
u C4:0 statisticky vyznamné nebyly. U skupiny SFA byla zjiSténa statisticka
vyznamnost u faktoru individuality dojnice a stadia laktace (P<0,001) i potadi
laktace (P<0,01). V piipadé¢ skupiny PUFA byla zjisténa statisticka vyznamnost
u faktoru individuality dojnice a stadia laktace (P<0,001, resp. P<0,01). Ze
zjiSténych vysledkl lze usuzovat, Ze nejvyznamnéj$i vliv na zastoupeni FA ma

predevsim individualita dojnice a stadium laktace.
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Ve druhé publikaci (Kala a kol., 2018a) jsme se zaméfili kromé vlivu
biologickych faktorti také na vliv vyzivy. Nejvyssi hodnoty R? byly zjistény u VA
a BCFA (65, resp. 54 %), nejnizsi pak u LA a MUFA (25, resp. 30 %). U vsech
zjisténych hodnot R? byla potvrzena statistickd vyznamnost (P<0,001). Vyziva se na

celkové variabilité podilela nejvice u VA a CLA, v ptipadé skupin u PUFA.

Vysledky obou naSich analyz Vv zésad¢ potvrdily zavéry dalSich publikaci,
tedy Ze zastoupeni FA v mléném tuku se meéni v zavislosti na biologickych
faktorech, a to s riiznou mirou intenzity. N¢ktefi autofi sledovali i dalsi faktory, napft.
Kay a kol. (2005) vliv genetické selekce na ukazatele mlééné uzitkovosti, Kgwatalala
a kol. (2009a) vliv polymorfismu SCD1 na zastoupeni FA, Mele a kol. (2009) vliv
heritability a genetickych korelaci na zastoupeni FA nebo Stoop a kol. (2009a) vliv

energetického metabolizmu na zastoupeni FA.

Kgwatalala a kol. (2009a) ve své studii zjistili, ze zastoupeni FA mlé¢ného
tuku kanadského holstynského plemene se v zavislosti na potadi laktace piilis
nelisilo. K podobnym vysledkiim dospéli také Bilal a kol. (2014), kteti uvedli, Zze
existuji sporné dikazy o vlivu potadi laktace na zastoupeni FA. Naopak

Garnsworthy a kol. (2010) vliv pofadi laktace na zastoupeni FA zaznamenali.

Kgwatalala a kol. (2009a) dale sledovali vliv stadia laktace. Laktaci rozd¢lili
podle po¢tu dni (DIM, day in milk) na obdobi ¢asné (1-100 dni), stfedni (101-200
dni) a pozdni (201- vice dni) a zjistili, Ze dojnice v casném obdobi mély vyznamné
niz$i obsah C10:0, C12:0, C16:0 a SFA a naopak vyznamn¢ vyssi obsah C18:1n9c,

VA a PUFA v porovnani se stftednim a pozdnim obdobim laktace.

Bastin a kol. (2011) uvedli, Zze profil FA se ménil béhem celé laktace,
zejména pak v jejich prvnich dnech. Zmény jsou dle autor zpisobeny genetickym

zalozenim dojnice a vnéj$imi vlivy (napf. vyZiva).

Bainbridge a kol. (2016) se ve své studii zaméfili na porovnani VA, CLA
a ALA u dojnic holstynského (H) a jerseyského (J) plemene, a u prvni generace
kiizenek holstynského a jerseyského (CB) plemene. Laktaci rozdélili do ¢tyi obdobi
— 5, 95, 185 a 275 DIM. Z vysledku studie vyplynulo, ze v ptipadé¢ H a CB bylo
zastoupeni VA a ALA vyssi v prvnim obdobi laktace (5 DIM) a v dalSich obdobich
(95, 185 a 275 DIM) spise klesalo (Graf 1). Hodnoty CLA pak stadiem laktace

ovlivnény témét nebyly.
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Graf 1 Zastoupeni (g-kg* mléka) kyseliny vakcenové (VA), konjugované linolové (CLA) a a-linolenové (ALA) u tfi plemen dojnic (hol3tynské
—H, jerseyské — J a jejich kiizenek — CB) béhem jednotlivych stadii laktace (5, 95, 185, 275 DIM); upraveno dle Bainbridge a kol. (2016).
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Stoop a kol. (2009a) ve své studii zjistili, Ze stadium laktace a energeticky
stav dojnice vyznamné ovliviiuji slozeni mlééného tuku. Dle autortt mélo stadium
laktace vliv na profil FA s vyjimkou C5:0-C15:0 a C18:2n10t12c. Obsah C16:0 se
dle autor zvysil mezi 80. a 150. dnem laktace (31,2, resp. 33,3 %) a poté zistal
relativné konstantni. Obsah SFA sev prvni poloviné laktace zvySoval, v druhé
naopak snizoval (71,5, resp. 69,7 %). V mléce dojnic s negativni energetickou bilanci
(NEB, negative energy balance) byl rovnéz zjistén nizsi obsah C5:0-C15:0 a vyssi
obsah C16:0 a C18:0 (Stoop a kol., 2009a). Vysledky zjisténé autory naznacuji
mozny nedostatek energie, zménu KD (niz$i pfisun sloucenin se tfemi uhliky — C3)
béhem de novo syntézy a navic také mobilizaci tukovych rezerv. Vsechny tyto

zmeény jsou priznacné piedevsim pro zacatek laktace.

Rozdily v zastoupeni FA jsou rovnéz zavislé na druhu zvitat (viz kapitola
5.1.1 — Kala a kol., 2016a). V této studii jsme se zaméfili na porovnani zastoupeni
FA v mlééném tuku u dvou plemen dojnic a dvou plemen koz, a na vzajemné
porovnani obou druhtt mlééného tuku. Z vysledkd vyplynulo, Zze zatimco mezi
plemeny dojnic nebyly v zastoupeni FA zjistény statisticky vyznamné rozdily,
v ptipad¢ koz byl vliv plemene potvrzen pro ALA (P<0,01), VA (P<0,001) a UFA
(P<0,01). Ze srovnani dojnic a koz vyplynulo, Ze v porovnani s dojnicemi bylo
v mlééném tuku Koz zjisténo niz$i zastoupeni C16:0, vyssi zastoupeni LA a ALA
avyrazné vyssi zastoupeni VFA. Tyto vysledky potvrdili také Bartowska a kol.
(2011).
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5.2 Polymorfismus genii souvisejicich s obsahem a sloZenim mlééného

tuku

5.2.1 Publikace vztahujici se K danému tématu (viz kapitola 12. PFilohy)

Hanusg, O., Samkova, E., Kfizova, L., Hasonova, L., Kala, R. 2018. Role of fatty acids in milk fat
and the influence of selected factors on their variability — A review. Molecules, 1636,
23(7): 1-32.

Hanusov4, L., Citek, J., Samkova, E., Kala, R., Kfizov4, Z., Hanug, O. 2018. Frekvence
polymorfismii v genech DGAT1, FASN, LEP a SCD1 v dojené populaci skotu v Ceské
republice. Miékarské listy - Zpravodaj, 170, 29(5): 31-34.

Citek, J., Hanus, O., Vegerek, L., Samkova, E., Hanusova, L., Ki{zova, Z., Jelinkova, 1., Kala, R.
2018a. Certifikovana metodika QJ1510339 CM 181 — Izolace bovinni genomové DNA
z neinvazivné ziskanych biologickych vzorkt. Tato CM je dolozena statutdarné
podepsanou smlouvou o aplikaci certifikované metodiky mezi Vyzkumnym tustavem
mlékdrenskym s.r.o. Praha a Svazem vyrobcii mléka a.s. 7 24. 9. 2018. Datum certifikace:
8. 10. 2018.

Citek, J., Ve&erek, L., Hanusova, L., Samkova, E., Hanug, O., Kfizova, Z., Kavova, T., Kala, R.
2018b. Certifikovand metodika QJ1510336 CM 1975 — Genetické polymorfismy pro
kvalitu kravského mléka. Tato CM je dolozend statutirné podepsanou smlouvou
0 aplikaci certifikované metodiky mezi Jihoceskou univerzitou v Ceskych Budéjovicich,

Zemedeélskou fakultou a Svazem vyrobcu mléka a.s. z 24. 9. 2018. Datum certifikace: 8.
10. 2018.

Kala, R., Samkova, E., Citek, J., Hasofiov4, L., Hanusova, L., Tothova, L. 2017. Association of
selected genes with milk fat in two breeds of cattle. In: 24" International PhD Students
Conference MendelNet 2017. Brno, 8-9 November. Brno: Mendel University in Brno,
Faculty of AgriSciences, Czech Republic, 696-701. ISBN 978-80-7509-529-9

Kala, R., Samkova, E., Citek, J. 2016b. Selected candidate genes affecting milk fatty acids. Acta
Fytotechnica et Zootechnica, 19 (Special Issue): 31-33.

5.2.2 Komentar k problematice

Obsah (%) 1 produkce (kg) tuku jsou vyznamnymi selekénimi kritérii ve
Slechtitelskych programech skotu (Miglior a kol., 2005). SloZeni mlééného tuku
mize také poskytnout informace o zdravotnim stavu dojnice (van Haelst a kol.,
2008).
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Dil¢im cilem disertacni prace bylo zjistit vyskyt polymorfismu v lokusech
souvisejicich s biosyntézou mlécného tuku a FA u dojnic ceského strakatého
a holstynského skotu. Disertac¢ni prace byla piivodné zaméiena predevSim na geny
DGAT1 a SCD1, v prib¢hu jejiho zpracovani vsak byla rozsifena i1 o sledovani
vyskytu polymorfismu dalSich genti souvisejicich s mléénym tukem, a to FASN

aLEP.

Také v této Casti disertaCni prace byla problematika zpracovana reSerSni
formou (viz kapitola 5.2.1 — Kala a kol., 2016b; Hanus a kol., 2018) a vysledky jsou
zpracované ve veédeckych publikacich (viz kapitola 5.2.1 — Kala a kol., 2017
Hanusova a kol., 2018).

Reser$ni prace byly mj. zaméfeny na vyskyt polymorfismu kandidatnich gent
ve vztahu kFA mlééného tuku a obsahuji struéné shrnuti vyznamnych gent
(DGAT1, SCD1, FASN, LEP) wvcetn¢ jejich souvislosti k ukazatelim mlééné
uzitkovosti, ptipadné k jednotlivym FA. Nasledujici text, ziskany studiem literatury
vztahujici se k tomuto tématu, je doplnénim problematiky, ptedev$im s ohledem na

obsah a sloZeni mlé¢ného tuku.

Mutace K232A v genu DGATL je odpovédna za variabilitu profilu FA na
trovni 50 % (Schennink a kol., 2008). Rada autori ve svych publikacich
predpoklada, Ze polymorfismus K232A miize byt vyuzit jako geneticky marker pii
selekci ktizenct plemen skotu — nizozemské holstynské (Schennink a kol., 2008;
Bouwman a kol., 2011), italské hnédé (Conte a kol., 2010) ¢i thajské holstynské
(Molee a kol., 2012). Rovnéz byly zjistétny mozné pleiotropni ucinky tohoto
polymorfismu, napi. DGAT1 a receptor ristového hormonu (GHR, growth hormone
receptor) jsou spojovany s variabilitou reprodukénich znakd. Navic, polymorfismus
F279Y (konkrétné substituce T za A vedouci k aminokyselinové zdméné fenylalaninu
na tyrosin v pozici 279) na exonu 8 bovinniho GHR genu je spojovan s produkci
a slozenim mléka (Blott a kol., 2003).

SCD1 je dalsim genem, ktery ovliviiuje slozeni mlécného tuku a ma
vyznamny vliv na profil FA, napf. ma hlavni roli pfi syntéze MUFA (Obrdzek 8).
Kgwatalala a kol. (2009b) prokazali, ze alela A v polymorfismu A293V u genu SCD1
pozitivné ovliviiuje C10:0, C12:0 a C14:0 u kanadského jerseyského plemene. Autoii

uvadéji, Ze polymorfismus A293V muze byt pouZzit jako geneticky marker pfi selekci
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plemene jersey se zaméfenim na C10:0, C12:0 a C14:0. Bouwman a kol. (2011)
zjistili podobnou spojitost mezi vyss§im zastoupenim C10:0, C12:0 a C14:0 a alelou A

u holandského holstynského plemene.

Obrazek 8 Biochemicka draha pienosu elektroni pii desaturaci mastnych
kyselin pomoci enzymu SCD (stearoyl-CoA desaturaza).
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Zdroj: Paton a Ntambi (2009)

Gen FASN ma klicovou roli v de novo syntéze FA (Wakil, 1989; Palmquist,
2006) a podili se rovnéz na syntéze LCFA (Roy a kol., 2001). Bhuiyan a kol. (2009)
uvadéji, ze exony 39-42 v komplexu FASN jsou odpovédné za syntézu zejména
C16:0. Komplex FASN dle Abeho a kol. (2009) koduje také thioesterazovou (TE,
thioesterase) doménu genu FASN, ktera reguluje ukonceni syntézy FA. Jini autofi
pak zjistili vliv na obsah mlééného tuku (Roy a kol., 2006) a adipozni tuk (Morris
a kol., 2007).

Gen LEP koduje peptidovy hormon leptin sekretovany predev§im bilymi
adipocyty (Zhang a kol., 1994). Podili se na regulaci pfijmu krmiva (tzv. signal
sytosti; Block a kol., 2003) putsobenim na centralni nervovou soustavu
prostfednictvim specifickych receptori exprimovanych piedev§im v hypotalamu.
Buchanan a kol. (2003) uvadgji, ze SNP mutace (konkrétné substituce C za T
vedouci k aminokyselinové zaméné argininu na cystein) na exonu 2 V genu LEP je
spojovana s ukazateli mlééné uzitkovosti. Rtizné polymorfismy tohoto genu jsou dle
dalsich autorti spojovany s produkci mléka v kg (Chebel a kol., 2008; Kulig a kol.,
2009).

Polymorfismus gentt DGAT1, SCD1, FASN a LEP byl v ramci této disertacni

prace zkouman nejen z pohledu genotypovych a alelovych frekvenci, ale také
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s ohledem na vliv polymorfnich variant téchto gent na ukazatele mlé¢né uzitkovosti

u dojnic na prvni laktaci.

V prvni publikaci (Kala a kol., 2017) jsme se nejdiive zamé&fili na analyzu
genetické variability u Ceského strakatého skotu, holstynského skotu, resp. jejich
ktizenek. Z vysledkt vyplynulo, Zze ve sledované populaci byl u genu DGAT1
nejcetnéjsi genotyp AA s pievahou alely A (0,981, 0,986, resp. 0,956). U genu FASN
byl nejcetnéjS$im genotyp GG s pievahou alely G (0,883, 0,831, resp. 0,884).
V piipadé genu LEP byl nejcetnéjs$im genotyp MM s pievahou alely M (0,835, 0,870,
resp. 0,902). U geni DGAT1 a FASN byly rozdily mezi plemeny statisticky
vyznamné (P<0,01).

V navaznosti na cile disertatni prace je v této casti doplnéna analyza
genetické variability genu SCD1 podle plemen (Tabulka 7), tedy vyskyt
polymorfismu u ¢eského strakatého skotu, holStynského skotu, resp. jejich kiizenek.
Z vysledku vyplynulo, Ze nejc¢etnéjSim genotypem byl TC (0,576, 0,599, resp. 0,567)
s pievahou alely C (0,541, 0,618, resp. 0,519). Zjisténé rozdily byly statisticky
vyznamné (P<0,01). V piipadé holstynského plemene byl dale ¥ testem potvrzen
prikazny rozdil mezi pozorovanymi a ocekavanymi cCetnostmi na hlading
vyznamnosti P<0,05. Inostroza a kol. (2013) dospéli k podobnym vysledkiim
Vv piipad¢ plemene chilské holStynské. Nejcetnéjsi byl genotyp TC s ptevahou alely C
nad T (0,620, resp. 0,380). Milanesi a kol. (2008) uvadéji, ze alela C ma spojitost
s vys$i koncentraci MUFA.

Ve druhé publikaci, tykajici se vyskytu polymorfismu v dojené populaci
skotu (Hanusova a kol., 2018), byla provedena rovnéz analyza genetické variability,
ato pro geny DGAT1, SCD1, FASN a LEP. Cetnosti polymorfnich variant byly
sledovany bez ohledu na plemennou pftislusnost. Vysledky zhruba odpovidaji vyse

uvedenym Cetnostem zjisténym v rdmci plemen.

Asocia¢ni analyza polymorfismu SCD1 k ukazatelim mlééné uzitkovosti také
nebyla soucasti obou vyse zminénych publikaci, je proto uvedena v Tabulce 8.
Kromé vztahu jednotlivych polymorfnich variant genu SCD1 (SNP T878C)
a ukazatel mlécné uzitkovosti dojnic na prvni laktaci byl doplnén i vztah

k ukazatelim mlé¢né uzitkovosti dojnic na druhé laktaci.
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Tabulka 7 Genotypové a alelové frekvence genu SCD1 (stearoyl-CoA desaturaza 1) dle plemen dojnic.

SCD1 Plemeno?
(n=742) ceské strakaté holstynské kiizenky p?
genotyp alela genotyp alela genotyp alela
T TC CC T C 1T TC CcC T C 1T TC cC T C
Pozorované 44 148 65 236 | 278 27 196 | 104 | 250 | 404 31 90 37 152 | 164
Relativni 0,171 | 0,576 | 0,253 | 0,459 | 0,541 0,083 | 0,599 | 0,318 | 0,382 | 0,618 0,196 | 0,567 | 0,234 | 0,481 | 0,519 0,0019**
Ocekavané 0,211 | 0,497 | 0,293 - - 0,146 | 0,472 | 0,382 - - 0,231 | 0,499 | 0,269 - -
12 2,560™ 7,208* 1,912

Material a metodika je uvedena v publikaci Kala a kol. (2017); eské strakaté, holstynské a kiiZenky (s prevahou &eského strakatého plemene — 87 %); 2P — hladina
vyznamnosti (ns = nevyznamné, * = P<0,05, ** = P<0,01); ¥* — chi kvadrat test mezi relativnimi a oéekdvanymi genotypovymi &etnostmi;

Tabulka 8 Ukazatele mléené uzitkovosti (X + sx) jednotlivych genotypti genu SCD1 (stearoyl-CoA desaturaza 1) u dojnic.

1. laktace p? 2. laktace p?
n 101 434 86 377 191
Genotyp TT TC TT TC CC
DIM?® 292 + 30 294 + 28 296 + 27 ns 289 + 33 288 + 42 282 +57 ns
Miéko (kg) 7265° + 1826 81132+2214 82612+2156 *** 8053+ 2245 87882+2556 8940°+2920 *
Tuk (kg) 298,5°+ 72,5 333,82+90,5 337,02+£83,9 *** 329,82+ 90,4 362,22+ 107,4 363,9°+117,6 *
Tuk (%) 4,13+0,32 4,13+ 0,32 410+034 ns 4,11 +0,34 4,13+ 0,39 410+£040 ns
Bilkoviny (kg) 254,0°+ 55,7 277,8°+673 278,7°+62,4 ** 281,9+68,9 304,5+82,9 305,4+92,1 ns
Bilkoviny (%) 3,63°+0,22 3,46°+022 3,412+0,24 *** 3,54*+0,22  3,49%+0,23 345%+£0,25 *

Material a metodika je uvedena v publikaci Kala a kol. (2017); ¢eské strakaté, holstynské a kiizenky (s pfevahou &eského strakatého plemene — 87 %); 2P — hladina
vyznamnosti (ns = nevyznamné, * = P<0,05, ** = P<0,01, *** = P<0,001); ®*priméry s odlisnymi hornimi indexy u jednotlivych genotyp lisici se na hlading vyznamnosti
P<0,05; °DIM — dny laktace;

44



Statisticky vyznamné rozdily byly zjiStény v pifipadé produkce mléka (kg)
a tuku (kg) a obsahu bilkovin (%) u dojnic na prvni i druhé laktaci. Nejvyssi hodnoty
byly zjistény u genotypu CC, a to v piipadé produkce mléka (8261, resp. 8940 kg)
i tuku (337,0, resp. 363,9 kg). Navic, u dojnic na prvni laktaci byla zjiSténa
statisticka vyznamnost v pfipad¢ produkce bilkovin (254,0, 277,8, resp. 278,7 kg;
P<0,01). Asadollahpour Nanaei a kol. (2014) uvadéji, ze SNP u genu SCD1 (T878C)
ovlivnila ukazatele mlé¢né uzitkovosti — produkci mléka (kg), tuku (kg) a bilkovin
(kg). SNP (T878C) byl lokalizovan v exonu 5 a zabyvali se jim také Taniguchi a kol.
(2004) nebo Inostroza a kol. (2013), ktefi zkoumali vliv jednotlivych SCD1 genotypt
(TT, TC, CC) na zastoupeni MUFA (C14:1, C16:1, C18:1n9c, CLA aj.) v mlé¢ném
tuku chilského holstynského skotu.

Komisarek a Dorynek (2009) se zabyvali dalsim SNP (A293V) genu SCD1
ovlivitujicim odhadované plemenné hodnoty (EBV, estimated breeding value) pro
produkéni znaky (produkce mléka, tuku a bilkovin v kg a obsah tuku a bilkovin v %)
u plemennych byk polského holstynského skotu. Z uvedenych ukazatelll byl zjistén
vliv tohoto SNP pouze na obsah tuku (%).

Dil¢im cilem bylo rovnéz zjistit moznosti izolace bovinni genomové DNA
z mléka (viz kapitola 5.2.1 — Citek a kol., 2018a). Dosud byla DNA izolovana
vétsinou z krve, popt. by¢iho spermatu, méné Casto pak ztkani (napf. svalova).
Zamérem bylo izolovat DNA z neinvazivné ziskanych biologickych vzorkl. Z nasich
vysledktt vyplynulo, Ze izolace DNA ze vzorkli mléka je mozna. Metodika uvadi

nékolik postupt, napt. izolaci DNA pomoci chelexu.

Predesly dil¢i cil zabyvajici se moZnostmi izolace DNA z mléka plynule
navazuje na studium genetického polymorfismu ve vztahu ke kvalité kravského
mléka (viz kapitola 5.2.1 — Citek a kol., 2018b). Genotypizace provadéna na genové
urovni pomoci metod molekularni genetiky je popsana u gend, jimiz se disertacni
prace zabyva — DGAT1 a SCDI1. Rovnéz je popsana genotypizace gent LEP
a AGPAT6. Podkladem pro optimalizaci metod byly studie Wintera a kol. (2002)
v ptipadé DGATL1 a Inostrozy a kol. (2013) v ptipad¢ genu SCD1.
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5.3 Metody stanoveni mastnych kyselin mlé¢ného tuku

5.3.1 Publikace vztahujici se k danému tématu (viz kapitola 12. Pfilohy)

Kala, R., Samkova, E., Pecova, L., Hanus, O., Sekmokas, K., Riaukiené, D. 2018b. An overview
of determination of milk fat: Development, quality control measures and application. Acta
Universitatis Agriculturae et Silviculturae Mendelianae Brunensis, 105, 66(4): 1055-
1064.

Samkova, E., Kala, R., Hasotiova, L., Pecova, L., Hanus, O. 2018b. VyuzZiti rutinniho stanoveni

mastnych kyselin pti odhadu heritability. Mlékarské listy - Zpravodaj, 168, 29(3): 13-16.

Samkova, E., Hanus, O., Spiéka, J., KlimeSova, M., Hasonova, L., Jedelska, R., Travnicek, J.,
Kopecky, J., Kala, R., Elich, O. 2017. Certifikovana metodika QJ1510336 RO1417 CM
35 — Validace a doporuceni ke kalibraci nepfimé metody infracervené spektroskopie pro
stanoveni profilu mastnych kyselin mlééného tuku. Tato CM je dolozena statutarné
podepsanou smlouvou o aplikaci certifikované metodiky mezi Jihoceskou univerzitou
v Ceskych Budéjovicich, Zemédélskou fakultou a Ceskomoravskou spolecnosti chovateli

a.s.z27.9.2017. Datum certifikace: 22. 12. 2017.

Hanus, O., Samkova, E., gpiéka, J., Hasonova, L., Kala, R., Klimova, Z., Kopunecz, P., Kopecky,
J. 2015. Porovnani metod pouzivanych pii stanoveni zastoupeni zdravotné¢ vyznamnych
mastnych kyselin mlééného tuku v bazénovych vzorcich mléka dojnic. Miékarske listy -

Zpravodaj, 151, 26: 12-15.

Samkova, E., Hanus, O., Spi¢ka, J., Kala, R., Koubova, J., Smetana, P., Hasonova, L., Kiizova,
Z., Klimova, Z., Kopunecz, P., Kopecky, J. 2015. Porovnani metod stanoveni mastnych

kyselin v mléce. Nas chov, 75(9): 74-76.

5.3.2 Komentar k problematice

Soucasné metody vyuzivané pro analyzu vybranych kvalitativnich parametra
mléka jsou citlivé a piesné. Patii mezi né piredevSim plynova chromatografie (GC),
hmotnostni spektrometrie (MS, mass spectrometry) ¢i spektroskopické techniky,
mezi néz je fazena fluorescencni spektroskopie, infracervena spektroskopie v blizké
(NIR, near-infrared spectroscopy) a stiedni (MIR) oblasti spektra nebo nuklearni
magneticka rezonance (NMR). Spektroskopické techniky jsou vyuzivany piedevsim
proto, ze jsou rychlé a relativné piesné. Kamal a Karoui (2015) dale uvadgji, ze tyto
techniky nevyzaduji ptipravu vzorkd a jsou jednoduché na provedeni (podrobnéji

v kapitole 2.5.1).

46



V publikaci typu review (viz kapitola 5.3.1 — Kala a kol., 2018b) bylo nasim
zamérem zpracovat piehled souc¢asnych metod vyuzivanych pro stanoveni mlécného
tuku, jejich vyvoj a moznosti aplikace. Prizkumem bylo zjisténo, Ze rutinni metody
je mozné vyuzit pro stanoveni mlééného tuku s velmi dobrymi vysledky. Ty mohou
byt ovéfeny metodami referencnimi. Stanovenim mlééného tuku, popf. stanovenim

FA se zabyvali také napt. Brondz (2002) ¢i Karoui a de Baerdemaeker (2007).

Dil¢im cilem disertacni prace bylo zjistit moznosti stanoveni FA pomoci
rutinni metody (MIR) a porovnat je se stanovenim FA referencni metodou (GC).
V oblasti rutinnich spektroskopickych technik bylo prilomem zavedeni IR
spektroskopii s Fourierovymi transformacemi v 70. letech 20. stoleti (Dvorak a kol.,

2016), coz umoznilo rozvoj metody MIR a jeji nasledné vyuziti pro stanoveni FA.

Nejpiesnéjs$i metodou je stile GC (Casto v kombinaci s FID). Metoda je
vhodna napf. pro detekci falsovani mlécnych produktt (Fadzlillah a kol., 2013) nebo
pro stanoveni zastoupeni FA v mléce a mlécnych produktech (Pujolras a kol., 2015).
Jeji nevyhodou je vSak pomérn€ ndrocna piiprava vzorkd spocivajici v hydrolyze

a nasledné methylaci FA (Aldai a kol., 2005).

V ramci disertaéni prace jsme provedli porovnani obou metod, a to jak
U bazénovych vzorkt, tak u individudlnich vzorkth mléka. Dil¢i vysledky byly
publikovany jiz v roce 2015 (viz kapitola 5.3.1 — Hanus a kol., 2015; Samkova a kol.,
2015).

Z vysledka analyz bazénovych vzorkd vyplynulo, Ze nékteré skupiny FA
(napt. UFA) lze stanovovat s vysokou mirou vérohodnosti (Hanu$ a kol., 2015).
Vysledky zjisténé v piipadé TFA vsak tolik prikazné nebyly, coz potvrzuji hodnoty

R? vypocitané u obou skupin ze zjisténych korela¢nich koeficienti (88, resp. 35 %).

U individudlnich vzorkil jsme rovnéZ potvrdili vysokou miru vérohodnosti
stanoveni u nékterych skupin FA (Samkova a kol., 2015). V ptipadé¢ SFA byla
zjisténa hodnota R? (71 %). K podobnym zavéram dospéli také Ferrand-Calmels

a kol. (2014), kteti rovnéz vyuzili metodu MIR pro stanoveni FA a jejich skupin.

Databaze vySe uvedenych vysledkd zreferencni a rutinni analyzy byla
v prib¢hu dalSich let rozsifena a jeji vyhodnoceni se stalo soucésti certifikované
metodiky (viz kapitola 5.3.1 — Samkova a kol., 2017). Zavéry této certifikované

metodiky prakticky koresponduji se zavéry obou pilotnich studii. Hodnota R? byla
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Vv piipad¢ bazénovych vzorkl nejvyssi u skupiny SFA, nejnizsi pak u skupiny MUFA
(51,4, resp. 35,3 %; P<0,001). Hodnota R? u skupiny PUFA byla 39,4 % (P<0,001).
U individualnich vzorki byly nejvyssi hodnoty zjistény rovnéz u SFA, nejnizsi vSak
u PUFA (73,8, resp. 11,0 %; P<0,001). U skupiny MUFA byla zjiiténa hodnota R?
57,5 % (P<0,001). Zjisténé vysledky R? dokladaji grafy regresni analyzy (Graf 2).
Graf 2 Vysledky regresni analyzy mezi metodou plynové chromatografie (GC)

a infracervené spektroskopie s Fourierovymi transformacemi (MIR-FT)

u vybranych skupin mastnych kyselin; levy sloupec — bazénové vzorky
mléka (n = 60), pravy sloupec — individualni vzorky mléka (n = 345).
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Jednim z praktickych vyuziti stanoveni FA pomoci MIR by mohly byt
odhady heritability pro jednotlivé FA (viz kapitola 5.3.1 — Samkova a kol., 2018Db).
Z provedené metaanalyzy, do niz bylo zahrnuto 8 studii odhadu heritability FA
stanovenych metodou GC, metodou MIR ¢i kombinaci obou metod vyplynulo, Ze
hodnoty heritability byly vys$si u metody MIR. Zavéry potvrzuji Poulsen a kol.
(2014), kteti pro stanoveni FA vyuzili obé metody.
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6. Zavéry

V této disertacni praci byly posouzeny faktory ovlivilujici zastoupeni

mastnych kyselin mlééného tuku (genetické zalozeni, poradi a stadium laktace)

u ¢eského strakatého a holstynského skotu a jejich kiizenct. Dale byl vyhodnocen

vyskyt polymorfismu v lokusech souvisejicich s obsahem a slozenim mlé¢ného tuku

a byla posouzena vhodnost rutinni metody pro stanoveni mastnych kyselin.

Z uvedenych studii vyplyvaji nasledujici zavéry:

Vysledky potvrdily, ze zastoupeni mastnych kyselin v mlééném tuku se
meéni v zavislosti na biologickych faktorech, a to Sriznou mirou
intenzity. Vyznamnou roli hrala pfedev§im variabilita uvnité plemene
a stadium laktace. Uvedené poznatky je mozné vyuzit pii vybéru mléka
se specifickym profilem mastnych kyselin (napf. vyssi zastoupeni
nutriéné prospé$nych mastnych kyselin). V tomto ptipadé by se vSak

jednalo spiSe o mensi chovy.

U dojnic ¢eského strakatého a holstynského skotu byly zjistény Cetnosti
polymorfnich variant gentt DGAT1, FASN, LEP a SCD1, které souviseji
s biosyntézou mlééného tuku a mastnych kyselin. Homozygotni genotypy
s ptrevahou dominantnich alel A, G a M byly potvrzeny u genli DGAT1,
FASN a LEP. V ptipadé SCD1 byl jak u ceského strakatého, tak
holstynského plemene jako nejcetnéjsi zjistén heterozygotni genotyp TC
s prevahou alely C, kterd je spojovana s vyS§im zastoupenim nutricné
prospeSnych mononenasycenych mastnych kyselin. Na zdkladé studia
problematiky lze usuzovat, Ze dal§i védecka prace v této oblasti ma do
budoucna potencidl, ktery by mohl vést ke zlepSeni profilu mastnych

kyselin.

V souvislosti s ukazateli mlécné uzitkovosti byl vyhodnocen vztah
polymorfismu geni DGAT1, FASN, LEP a SCD1. Byla potvrzena
souvislost mezi produkci tuku (kg) a geny DGAT1 a SCD1. Zjisténé
vysledky mohou byt vyuzity ve Slechtitelskych programech pro selekci

jedinct zaméfenych na mlé¢nou produkci.
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Bylo zjisténo, Ze pomoci rutinni metody Ize stanovovat nékteré skupiny
mastnych kyselin v individudlnich i bazénovych vzorcich mléka
s vysokou mirou vérohodnosti. Na zéklad¢ zjisténych vysledkt byla
piipravena certifikovana metodika ,,Validace a doporuceni ke kalibraci
neprimé metody infracervené spektroskopie pro stanoveni profilu
mastnych kyselin mlécného tuku®. Jeji soucasti jsou vysledky porovnani
rutinni a referen¢ni metody, z kterych lze usuzovat, ze MIR-FT ma velmi
dobrou vypovidaci schopnost a je vhodna pro pouziti v mlékarenskych
provozech ¢i akreditovanych laboratofich pro analyzu mléka, jako

nepiima metoda pro stanoveni mastnych kyselin, resp. jejich skupin.

Bylo zjisténo, Ze izolace genomové DNA z mléka je mozna. Na zikladé
zjisténych vysledki byla pfipravena certifikovana metodika ,,/zolace
bovinni genomové DNA z neinvazivné ziskanych biologickych vzorkii*.
V navaznosti na metody izolace DNA z mléka byla piipravena také
certifikovana metodika ,, Genetické polymorfismy pro kvalitu kravského
mléka*. Soucasti obou metodik jsou laboratorni postupy izolace DNA
a genotypizace vybranych gent souvisejicich s biosyntézou mlécného
tuku. Tyto laboratorni postupy jsou pouzitelné v laboratofich
zabyvajicich se analyzou genetického zalozeni skotu pomoci metod

molekularni biologie.
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7. Souhrn

Cilem prace bylo vyhodnoceni vlivu biologickych faktor na zastoupeni
mastnych kyselin mlééného tuku u vybranych plemen skotu (Cesky strakaty
a holstynsky), na jehoz zékladé by bylo mozné navrhnout praktické postupy
K pozitivni modifikaci mlééného tuku — zvySeni obsahu nutri¢né prospéSnych
mastnych kyselin. Dale bylo cilem vyhodnotit vyskyt polymorfismu v lokusech
souvisejicich s obsahem a sloZzenim mlé¢ného tuku a posoudit vhodnost rutinni
metody pro stanoveni mastnych kyselin. Podklady pro disertaéni praci tvofi
publikace zabyvajici se vlivem vyse zminénych faktort a metod stanoveni na
zastoupeni mastnych kyselin mlé¢ného tuku. Soucésti prace jsou rovnéz aplikované
vysledky (certifikované metodiky zabyvajici se studiem mastnych kyselin, jejich
stanovenim a analytickymi postupy). Uvedené prameny byly soucasti FeSeni
projektii, které probihaly na Zemédélské fakulté Jihoteské univerzity v Ceskych
Bud¢jovicich. Material a metodika je popsana v ptilozenych publikacich. Vysledky
prace potvrzuji, Ze nejvetsi vliv na zastoupeni mastnych kyselin méd piredev§im
zména krmné davky a genetické zalozeni dojnic. Z vysledkii dale vyplyva, ze dalsi
studium v oblasti kandidatnich gentl, které se podileji na slozeni mlé¢ného tuku, jeho
kvalité a syntéze, mize byt pro chovatele a nasledné i zpracovatele mléka piinosné.
Piedpoklada se, Zze kandidatni geny mohou mit vliv na technologické vlastnosti
mlécného tuku, coz je vyznamné ptfedevsim z hlediska jeho dal§iho zpracovani pro
mlékéarensky primysl. Rovnéz bylo zjisténo, Ze pro rutinni stanoveni mastnych
kyselin lze u n¢kterych skupin, jako jsou napf. nasycené ¢i nenasycené mastné

kyseliny, vyuzit infratervenou spektroskopii ve stiedni oblasti spektra.
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8.  Summary

The aim of the thesis, was to evaluate the effect of animal factors on the fatty
acid composition of milk fat in Czech Fleckvieh and Holstein in the Czech Republic.
This enables the application of practical procedures for modification of milk fat and
increase of nutritionally desirable fatty acids. Furthermore, the aim of the thesis was
to evaluate the occurrence of polymorphisms in loci related to milk fat content and
composition, and to assess the suitability of a routine method for the determination of
fatty acids. The thesis is based on publications focused on the influence of the above-
mentioned factors and methods of measurements of fatty acid composition of milk
fat. Part of the thesis are also the certified methodologies focused on the study of
fatty acids, their determination and analytical procedures. The mentioned papers and
applied methodologies were part of the projects that were made at the University of
South Bohemia in Ceské Budgjovice in the Faculty of Agriculture. The papers and
methodologies are described in the attached publications. The results of the study
confirmed that the most important effect on the fatty acid composition is mainly the
feed ration and further genetic disposition. The results also show that further study of
candidate genes involved in the composition of milk fat, its quality and synthesis can
be beneficial for breeders and subsequently for milk producers. Candidate genes are
assumed to have an impact on the technological properties of milk fat, which is
particularly important for its further processing. It has also been found that for the
routine determination of fatty acids, in some groups such as saturated or unsaturated

fatty acids, the use of infrared spectroscopy in the middle of the spectrum is possible.
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Abstract: Fatty acids (FAs) of milk fat are considered to be important nutritional components of the
diets of a significant portion of the human population and substantially affect human health. With
regard to dairy farming, the FA profile is also seen as an important factor in the technological
quality of raw milk. In this sense, making targeted modifications to the FA profile has the potential
to significantly contribute to the production of dairy products with higher added value. Thus, FAs
also have economic importance. Current developments in analytical methods and their increasing
efficiency enable the study of FA profiles not only for scientific purposes but also in terms of
practical technological applications. It is important to study the sources of variability of FAs in
milk, which include population genetics, type of farming, and targeted animal nutrition. It is
equally important to study the health and technological impacts of FAs. This review summarizes
current knowledge in the field regarding sources of FA variability, including the impact of factors
such as: animal nutrition, seasonal feed changes, type of animal farming (conventional and
organic), genetic parameters (influence of breed), animal individuality, lactation, and milk yield.
Potential practical applications (to improve food technology and consumer health) of FA profile
information are also reviewed.

Keywords: dairy cow; milk fatty acid profile; breed; season; lactation; nutrition; energy status;
feeding; organic system; genetic polymorphism

1. Introduction

Fatty acids (FAs) in milk fat are considered to be important nutritional components of the diets
of a substantial part of the human population. According to scientific knowledge, they can also affect
human health. In the past, FAs have been regarded as having negative impacts on human health;
however, in the last ten years this notion has been greatly reassessed. Currently, the impact of milk
fat on human health is thought of in a much more positive way than it was in previous periods [1-7].
Nevertheless, this area of research remains a very attractive subject for further expansions of our
knowledge.

In the case of dairy farming, the FA profile is also seen as an important factor in the
technological quality of raw milk. Therefore, the FA profile has the potential to significantly
contribute to the production of dairy products with higher added value. As such, FAs also have an
economic importance. Current developments in analytical methods and their increasing efficiency
enable the study of milk FA profiles not only for scientific purposes but also in terms of practical
technological applications. It is important to study the sources of FA variability in milk, which
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include population genetics, farming management, and targeted animal nutrition (Figure 1). It is
equally important to study the health and technological impacts of FAs.

FACTORS AFFECTING FATTY ACIDS

BIOLOGICAL EXTERNAL
a— fa.hon Management
Breed — composition
Dairy cow ] 1 Rou'g,hagc Season
individuality feeding (F)
| | Concentrate Rearing
Milk yield - feeding (C) type
H C:F ratio Milking
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BIOSYNTHESIS AND

BIOHYDROGENATION

Figure 1. Diagram of the sources of variability in the fatty acid profile of milk.

Efforts to carry out practical improvements of milk FA profiles to benefit consumers are usually
driven by two reasons: (1) from a nutritional point of view, a lower proportion of saturated FAs
(SFA) and a higher proportion of unsaturated FAs (UFA), especially polyunsaturated FAs (PUFA)
n-3, is desirable; and (2) from a usability point of view, higher proportions of UFA are preferred (i.e.,
easier spreadability of butter is desirable for consumers). However, there are also problems
associated with having high UFA content in milk fat, including its lower stability and the
accompanying phenomena such as oxidation and possible sensory changes.

Making desirable changes to the FA profile requires a thorough knowledge of the various
factors that influence milk fat composition. It is also important to know the extent to which these
relevant factors are involved in influencing the FA profile. Some factors affecting the FA profile of
milk (such as altitude, breed, lactation order (parity), lactation stage (days in milk), and diet) have
been described previously [8-13]; nevertheless, these factors continue to be studied because of their
wide-range of variation and their large number of possible mutually combined effects. In some
studies using multifactorial datasets, the main factors affecting milk FA composition were feeding
ration, herd, cow’s individuality, and lactation stage; whereas, breed and parity showed only small
effects [10,14-17]. Although animal factors evidently affect the FA profile of milk fat [18], the main
factors are related to dairy cow nutrition [19]. A number of papers showing specific nutritional
effects of cow diet on milk FA profiles have been published [20-33]. These results regularly show
that increasing the proportion of fresh (pasture) or preserved forage (generally fiber) as compared to
grain concentrates and increasing the proportion of oilseeds in feed concentrates as compared to
non-oleaginous seeds in dairy cow feeding rations improves the milk FA profile by increasing UFA
and rumenic acid (RA; C18:2 ¢9, t11; isomer of conjugated linoleic acid (CLA)) content in milk fat.

In-depth knowledge of these factors can also be used to predict milk FA profile. This can be
carried out effectively for bulk milk samples based on information about farm practices (especially
the composition of dairy cow nutrition and altitude). Good prediction models for SFA and PUFA
(determination R2 > 0.5), as well as very good models for trans isomers of UFA (TFA) (R? > 0.6) have
been utilized for this purpose [12].

The aim of this work is to summarize and evaluate the latest findings on factors that contribute
to variability in the FA profile of bovine milk fat.
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2. Development of Indirect Methods for Determining Milk FA Profile

Due to the great nutritional and technological importance of the FA profile for human health and
dairy processing practices, the availability of an effective method for determining and controlling milk
FA content is important. Sophisticated analytical methods that are considered standard for FA profile
verifications are usually very expensive, professionally demanding, and impractical. For example, the
primary method is separation by gas chromatography (GC). Therefore, a more effective analytical
process is necessary. Over the past twenty years, there have been significant advances in practical
hardware and software development for effective routine indirect analyses of milk FAs [34-37].

Near infrared spectroscopy has been used and evaluated for successful estimation of milk FA
profiles [36]. Results of this method proved reliable for the determination of some major FAs and
their groups. Coefficients of determination in external validation were good (=0.88) for SFA, MUFA,
UFA, TFA, Cé6:0, C8:0, C10:0, C12:0, C14:0, C16:0 and C18:1 ¢9 in oven-dried milk, approximate for
PUFA, C18:0, vaccenic (VA; C18:1 t11) and RA, and poor for linoleic acid (LA; C18:2 n-6),
alfa-linolenic (ALA; C18:3 n-3) acid, PUFA n-6, and PUFA n-3. Quantification was more accurate for
oven-dried milk, but good results were also obtained for SFA, MUFA, UFA, and C18:1 ¢9 in liquid
milk (0.91, 0.89, 0.9, and 0.86, respectively). Lower result reliability (validation determination) was
obtained for TFA and RA (0.75 and 0.6, respectively).

Nevertheless, it is technically more effective to use mid infrared spectroscopy with Fourier
transformation (MIR-FT) in a flow design apparatus for liquid milk [34,35,37,38]. There are suitable
prediction models for FA profile estimation [34,35] and the calibration equations are useful for
predicting C12:0, C14:0, C16:0, C16:1 ¢9, C18:1 9, SFA, and MUFA in milk (determination of
validation; g-100 mL" of milk: 0.74, 0.82, 0.82, 0.65, 0.88, 0.94, and 0.85, respectively; g-100 g of fat:
0.64, 0.67, 0.5, 0.37, 0.53, 0.63, and 0.52, respectively). In all cases [37], the predictions were of better
quality for FAs present at medium to high concentrations (i.e., for SFA and some MUFA with a
coefficient of determination in external validation > 0.9). Conversion of FA content expressed in
grams per 100 mL of milk to grams per 100 g of FAs was possible with only a small loss of accuracy
for some FAs. Calibration correlations between GC and MIR-FT results [38] were higher for SFA and
UFA (0.71 and 0.94, respectively; p < 0.001); whereas, they were lower for TFA and PUFA (0.59 each;
p <0.001). This means that 50.3% and 88.2% of the variability in routine values of SFA and UFA were
explainable by variations in reference values. These indirect routine analytical methods are now
opening the door to more intensive and effective research studies and quantifications of the sources
of variability in milk FA profiles.

3. Effects of Nutrition and Metabolic Aspects of Cattle on Milk FA Profile

3.1. Effect of Diet

The amount of milk fat and its composition depends mainly on two processes: lipid metabolism
in the rumen and lipid metabolism in the mammary gland. Furthermore, FAs released from body
reserves during negative energy balance at early lactation also contribute to the final composition of
milk fat [39]. Metabolic processes in the rumen and the composition of rumen microbiota are
affected by nutritional factors, especially by the type of forage, forage:concentrate ratio and the
associated starch level, use of lipid supplements, and also by the interaction of these factors resulting
in changes in duodenal flow and the proportion of each FA [39].

3.1.1. Type of Forage

In many countries, intensive production of milk relies on two feeding strategies: year-round
indoor feeding based on preserved feed or seasonal feeding based on grazing during summer
combined with indoor feeding during winter. Preserved feed is represented mainly by corn, grass,
legume, grass-legume silages or a combination of the above, all supplemented with concentrates.
The spectrum of plants used for feeding purposes depends largely on local soil and climatic
conditions. Furthermore, the proportion of forage in the diet of dairy cows can range from 50 to 90
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percent of dry matter. Diet composition is the main factor that can cause shifts in the microbial
diversity of the rumen [40] with subsequent changes in milk FAs. This is because individual
categories of bacteria have different lipid metabolism and thus produce higher proportions of
specific FAs, such as odd-chain FAs (liquid phase bacteria), C18:1 trans isomers (bacteria firmly
attached to feed particles), or branched-chain FAs (bacteria loosely attached to feed particles) [41].
Recent research has demonstrated that a shift in rumen microbiota followed by changes to the milk
FA profile can occur in response to high-starch diets [42], oil supplementation [43], changes in
forage:concentrate ratio [44], or a switch from total mixed ration (TMR) to pasture [45], as also
documented in Table 1 comparing pasture-based and silage-based feeding systems. It is clear that
regardless of the botanical composition of the pasture, milk fat of grazed cows had the lowest
proportion of C16:0 and hypercholesterolaemic FAs (HFA; C12:0 + C14:0 + C16:0) as well as the
highest proportions of C18:1 ¢9, VA, RA, and MUFA compared to silage-based feeding [46].

Of the types of silage mentioned in Table 1, a significantly lower proportion of C16:0 (27.6%) as
well as a significantly higher proportion of ALA (0.95%), PUFA n-3 (1.20%) and essential FAs (LA +
ALA, 2.64%) have been observed in legume silage [46] (as also previously noted, e.g., [47,48]).
Furthermore, proportions of the above mentioned FAs are present in even higher proportions in
milk from silage-fed cows than in milk from grazed cows, in which the proportion of LA is
predominantly low [49,50]. This is similar for cows fed grass silage [20].

According to the literature [24,51], the least favorable FA profile of milk fat was observed in
cows fed corn silage-based diets because of the high proportion of HFA (51.8%) and low proportion
of C18 FAs (26%), regardless of having the highest recorded proportion of LA (1.92% [46], likely
originating from the corn grain [4]).

From the perspective of enhancing the HFA/C18 ratio (see Table 1), grazing represents a good
strategy for improving milk fat composition because it increases the proportion of desirable FAs,
mainly C18:1 ¢9, RA and cis-MUFA, and decreases the proportion of SFA compared to silage-based
feeding. Of the preserved feedstuffs, the most suitable seem to be either legume silage or mixed silage
[46].

3.1.2. Oilseeds

Using oilseeds in dairy cow diets is a common nutritional strategy used to improve the FA
profile of milk fat. Their effect on milk FA composition has been recently reviewed in many studies
[39,52,53]. Soybean and rapeseed products are widely and commonly used in many countries as
excellent sources of high-quality protein and energy. However, these two feeding components differ
in FA profile. While soybean products represent sources rich in LA (52.5%) and lower in C18:1 c9
(20.3%) and ALA (6.8%), rapeseed products, in general, are a good source of C18:1 ¢9 (more than
50%) with lower amounts of LA (20.6%) and ALA (8.9%) [54]. As documented in Table 1, soybean
products improve proportions of LA and also slightly ALA, thus increasing the essential FAs PUFA
n-6 and PUFA n-3 compared to rapeseed products or mixes of oilseeds. On the other hand, as
documented in many studies, rapeseed improved the FA profile of milk by increasing the
proportion of C18:1 ¢9 and RA and by decreasing C14:0 and C16:0 (this was also true when feeding
mixes of oilseeds) [55]. Based on the HFA/C18 ratio (see Table 1), supplementing diets with rapeseed
products seems to be better than supplementation with soybean products or mixes of oilseeds
because rapeseed products have a greater impact on the proportion of desirable FAs, mainly C18:1
9, VA, and RA.
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Table 1. Effects of the types of forage and oilseed on the proportion of fatty acids (FAs; % of total FA) in milk fat *.
C14:0 C16:0 C18:0 C18:1 ¢9 C18:1 t11 18:2 n-6 chffli C18:3 n-3 HFA?3 c-MUFA ¢ t-MUFA 5
Mean (n) Mean (n) Mean (n) Mean (n) Mean (n) Mean (n) Mean (n) Mean (n) Mean (n) Mean (n) Mean (n)

Silage

- grass 124 (11) 32.3 (13) 9.8 (13) 16.1 (13) 1.18 (6) 1.18 (13) 0.54 (6) 0.49 (13) 48.6 (11) 18.5 (10) 3.65 (10)

- legume 11.0 (6) 27.6 (6) 9.9 (6) 17.6 (6) 1.24 (5) 1.69 (6) 0.51 (5) 0.95 (6) 42.1 (6) 19.7 (6) 3.53 (6)

- mix ! 112 (5) 32.1 (5) 10.3 (5) 18.8 (4) 0.83 (4) 143 (5) 0.47 (4) 0.48 (5) 46.6 (5) 18.2 (1) 234 (3)

- corn 13.4 (6) 33.2 (8) 7.0 (8) 16.7 (8) 0.92 (7) 1.92 (8) 0.45 (7) 0.39 (8) 51.8 (6) 18.9 (6) 2.30 (1)
Pasture 10.1 (18) 25.0 (20) 9.6 (20) 19.7 (20) 3.15 (20) 1.04 (17) 1.30 (20) 0.75 (17) 38.1 (18) 21.1 (13) 425 (7)
QOilseeds

- soybean 112 (4) 29.4 (4) 10.8 (4) 16.8 (4) 0.99 (3) 3.01 (4) 0.66 (4) 045 (4) 43.9 (4)

- rapeseed 10.8 (6) 28.5 (6) 12.5 (6) 21.2 (6) 1.28 3) 2.26 (5) 0.75 (5) 041 (6) 42.2 (6) 25.0 (1) 6.4 (1)

- mix 2 113 (3) 33.5 (3) 10.4 (3) 214 (3) 2.64 (3) 0.55 (2) 0.3 (3) 48.1(3)

EFA ¢ PUFA n-67 PUFA n-37 C183 SFA/UFA 8 n-6/n-37 HFA/C183 Al® DI?® SI?®
Mean (n) Mean (n) Mean (n) Mean (n) Mean (n) Mean (n) Mean (n) Mean (n) Mean (n) Mean (n)

Silage

- grass 1.67 (13) 133 (10) 0.51 (10) 27.6 (13) 2.82 (10) 2.77 (10) 1.77 (11) 3.58 (10) 0.62 (16) 0.50 (13)

- legume 2.64 (6) 2.09 (6) 1.20 (6) 30.1 (6) 2.49 (6) 1.95 (6) 1.41 (6) 2.83 (6) 0.64 (6) 0.64 (6)

- mix ! 191 (5) 1.97 (4) 0.68 (4) 30.3 (4) 2.89 (1) 2.98 (4) 1.59 (4) 346 (4) 0.65 (4) 0.59 (4)

- corn 231 (8) 2.43 (5) 0.43 (5) 26.0 (8) 3.03 (6) 6.21 (5) 2.09 (6) 3.82 (5) 0.70 (8) 0.50 (8)
Pasture 1.79 (17) 1.56 (14) 0.99 (14) 30.5 (17) 2.36 (10) 1.69 (14) 1.33 (15) 2.45 (13) 0.67 (20) 0.79 (20)
QOilseeds

- soybean 345 (4) 4.08 (2) 1.64 (2) 32.5 (4) 2.24 (4) 2.49 (2) 1.45 (4) 2.52 (4) 0.67 (4) 0.75 (4)

- rapeseed 2.29 (6) 2.17 (5) 1.02 (5) 37.3 (6) 1.79 (6) 1.71 (5) 1.20 (6) 2.17 (6) 0.67 (6) 0.92 (6)

- mix 2 2.95 (3) 2.88 (3) 0.76 (3) 35.1 (3) 2.1(2) 3.79 (3) 1.39 (3) 1.90 3) 0.68 (3) 0.67 (3)

* Values for forages calculated from 15 publications [46], values for oilseeds calculated from eight publications [22,27,32,33,55-58]; ! mix from various proportions of corn
and grass silages; 2 mix of oilseeds (rapeseed + soybean or rapeseed + sunflower); 3 HFA —hypercholesterolaemic FAs (3, C12:0, C14:0 and C16:0); 3 C18 — (3 C18:0, C18:1 c9,
18:2 n-6 and 18:3 n-3); * c-MUFA —cis-isomers of monounsaturated FAs (). Cl14:1 ¢9, C16:1 ¢9 and C18:1 ¢9); 5 t-MUFA — trans-isomers of monounsaturated FAs C18:1,
including C18:1 t11; ¢ EFA—essential FAs (}; C18:2 n-6 and C18:3 n-3); 7 PUFA —polyunsaturated FAs, n-6 and n-3; 8 SFA/UFA —saturated/unsaturated FA ratio; °

Al—atherogenic index [(C12:0 + 4 x C14:0 + C16:0)/(CMUFA + Y (n-6) + }'(n-3))], DI—desaturation index [C18:1 ¢9/(C18:0 + C18:1 ¢9)], SI—spreadability index [C18:1
¢9/C16:0].
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3.2. Effects of Dairy Cow Farming System (Organic Versus Conventional)

As the most important factor affecting the variability of milk FA profile is dairy cow nutrition,
comparison of organic (OS) and conventional (CS) farming systems seems to be very important. OS
is characterized by grazing, with a reduced amount of conserved forage (but a higher ratio of this
type of feed than concentrates) and a small proportion of grain concentrates compared to CS. The
main reason for the differences between organic and conventional milk is predominantly in terms of
nutritionally desirable components, rather than a genotypic effect [59,60].

In terms of nutrition, comparing milk fat of organic and conventional milk is interesting.
Statistically significant differences between OS and CS were only found in the proportions of PUFA
and TFA. Both groups of FAs were found to have higher proportions in organic milk [46,61] than in
conventional milk. These differences were mainly observed for PUFA n-3 [62-64]. The increase of
PUFA n-3 in organic milk is due to a significantly higher ALA proportion (0.51, 1.85%; Table 2). In
contrast, due to the reduced LA proportion (2.74, 2.39%), milk fat of organic milk had a total
reduction in PUFA n-6 (2.54, 2.03%).

Table 2. Proportions of some fatty acids (FAs) and their groups in bovine milk fat (g 100 g™ of FA)
depending on rearing type *.

Conventional Herds Organic Herds

Mean n Mean n
C18:2n-6 2.74 2 2.39 3
C18:3n-3 0.51 6 1.85 8
C18:1 111 1.82 5 2.74 7
C18:2 ¢9,t11 0.64 9 0.91 11
SFA 1 68.2 7 68.3 9
MUFA 2 26.8 7 27.0 9
PUFA 3 4.39 7 491 9
PUFA n-63 2.54 6 2.03 7
PUFA n-33 0.76 4 0.87 4
S/U ¢ 2.19 7 2.17 9
n-6/n-33 4.29 5 2.65 6

* Means and numbers of cases from six publications: [62-67]; ' SFA—saturated FAs; 2

MUFA —monounsaturated FAs; 3 PUFA —polyunsaturated FAs, n-6 and n-3 series and their n-6/n-3
ratio; 4 S/U —ratio between saturated and unsaturated FAs.

In extensive herds (low-input non-organic farms) with mostly pasture-based feeding (94% of
dry matter in feed ration) and no conserved forage, the increase in RA, ALA and MUFA was even
more pronounced than in OS and CS where pasture was combined with conserved feeding [66]. On
the other hand, the amount of fresh forage (pasture) did not significantly affect the composition of
milk fat [68]. This finding may be due to the type of forage used in the study, as the predominant
proportion was ryegrass. Ryegrass, in contrast to botanically diverse grass and pasture growth
[49,69], has a small proportion of ALA. Furthermore, increased amounts of natural and fat-soluble
antioxidants (alpha-tocopherol and beta-carotene) have been found in the milk fat of extensively
reared dairy cows. These antioxidants probably influence oxidative stability, which is beneficial
considering the higher proportion of UFA in this milk fat [66].

Similarly, C18:1 ¢9, LA, and ALA, were more abundant in organic milk compared to
conventional milk in the relevant study [7]. In particular, LA and ALA were 24% and 50% higher in
organic milk, respectively (p < 0.05). In contrast, C16:0 and C18:0 were 10% higher in conventional
milk (p <0.05). SFAs were 4% higher in conventional milk; whereas, UFAs were 9% higher in organic
milk (p < 0.05). PUFAs, including the essential FAs n-6 and n-3, were 25% higher in organic milk.
Furthermore, the nutritionally desirable FA parameters indicated by the n-6/n-3 and PUFA/MUFA
ratios were 33% and 25% higher in organic milk than in conventional milk, respectively. In general
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accordance with the above-mentioned results, concentrates, corn (or other) silage, hay, and straw
decreased the nutritionally desirable FAs such as MUFA, PUFA, PUFA n-3, ALA, and n-6/n-3 ratio;
whereas, these feeds increased SFA, PUFA n-6, and LA [60].

Results for MUFA and PUFA show greater consistency, and higher proportions of VA, RA,
ALA, and eicosapentaenoic acid (EPA; C20:5 n-3) in organic milk have been reported independent of
the country of origin [70].

It is interesting that organic milk usually yields more nutritionally favorable FA profiles (like
PUFA, PUFA n-3, ALA and RA) than conventional milk [60,61,71]. This could be hypothetically
explained by more arguments which are linked with the increased proportion of fresh forage in
dairy cow nutrition [7]: —dairy cow feeding under low-input (pasture) and organic conditions has
usually higher UFA proportion [12,25,26,32,39,47,72,73]; —there can be reduced rumen
biohydrogenation [7,72-74]; —A9-desaturase activity can be influenced either positively [7] or
mostly negatively in dependence on long-chain UFA intake [73], extent of PUFA n-3 inhibiting
activities [75], content of de novo and preformed FAs [74] or precursor concentrations [28]. Also,
higher polyphenol and terpenoid intake by cows in OS inhibit hydrogenation by microorganisms in
the rumen and this can lead to the higher proportions of desirable FAs in organic milk [62,76,77].

In general, up to 44% of milk fat can originate from a cow’s diet. Therefore, management of
animal nutrition during lactation is considered to be critical for producing a high quality FA profile
in milk fat, more so than any other factors such as cow breed and genotype, age, health, and aspects
of lactation [7,62,65,76].

3.3. Effect of Lactation and Energy Status

Lactation stage, along with energy balance of dairy cows, has an impact on the FA profile of
cow’s milk. Changes in milk FA composition during lactation, particularly at the beginning of
lactation, originate from altered activity in pathways of FA derivation (i.e., the diet; de novo synthesis
in mammary glands; ruminal biohydrogenation; body fat mobilization) [78-81]. Lactation itself is
characterized by alternating cycles of lipolysis and lipogenesis in body stores that allow the cow to
meet her energy requirements for milk secretion. The increased energy demands of foetal
development and milk secretion are mainly evident in the transition period of lactation [82].
Therefore, cows, like other lactating animals, often enter a negative energy balance (NEB) at the start
of lactation [83], approximately during the initial 30 days [84], or even up to 70 to 84 days
postpartum (pp) [85]. Mammary function has metabolic priority and thus, in the NEB state, the
limited available nutrients in an organism are directed to milk synthesis for survival of offspring
[86]. Body reserves (fat, and to a lesser degree, protein) are mobilized [87] through homeostatic
regulation [85,88]. This mobilization results in a loss of body condition score (BCS) and live weight
[89-91] as a physiological mechanism to overcome the energy deficit. Consequently, non-esterified
FAs (NEFAs) are released from body fat reserves, with increasing NEFA levels in blood suggesting a
shortfall in energy balance [92]. NEFA metabolites are directed into the mammary gland to supply
milk triglycerides or utilized in the liver [86,93-95].

Thus, the beginning of lactation is the most demanding period in terms of energy status and
also herd health management [83,86,96,97]. High utilization of energy reserves during this period is
reflected in milk fat content [98], namely in the FA composition and mutual ratios between
individual FA groups [99]. The general pattern can be described as follows: a high uptake of
long-chain FAs by the mammary gland affects de novo synthesis of FAs through the inhibition of
acetyl coenzyme A carboxylase [8]. Therefore, SFAs, especially C16:0, are at their lowest proportion
in week 1 pp, with increasing amounts until 12 weeks pp (as the energy balance improves). On the
other hand, MUFAs, mainly represented by C18:1 ¢9, decrease in proportion until week 12 pp
[8,78,80,81,100] (Figure 2).
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Figure 2. Proportions of palmitic and oleic acids (g-100 g™ of fatty acids) depending on lactation
stage. References: A =[100], B =[101], C =[102], D =[103].

Oleic acid, as the predominant FA in adipocytes, is primarily released through lipolysis during
NEB [104,105]. Moreover, adipocytes of high genetic merit cows were found to be more sensitive to
lipolysis [106]. An elevated proportion of C18:1 ¢9 in milk fat is a suitable marker for NEB not only in
the early lactation period but also in any stage of lactation when fasting and ketosis occur [107]. This
was confirmed by a study in which NEB was deliberately induced by feed restriction and it was
found that changes in the FA profile follow similar patterns as in the case of NEB in early lactation.
Specifically, there is a decreasing proportion of short-chain FAs and an increasing amount of
long-chain FAs during NEB. The proportion of PUFA was relatively constant in both postpartum-
and feed restriction-induced NEB [81].

With improvements in energy balance through progression of lactation or increased feed
intake, the FA profile of milk markedly changed [81]. A significantly higher proportion of SFAs,
described around day 150 pp, was associated with the later stages of lactation [97], when animals
were no longer in NEB. Similarly, the lower proportion of MUFAs around day 150 pp indicates a
well-balanced energy intake in cows [99]. Some studies have suggested using measurements of milk
FAs, particularly those of long-chain FAs, as indicators of energy status in dairy cows [81,97,107].

According to the aforementioned facts, it is obvious that milk FA composition primarily reflects
differential utilization of body fat stores. In this context, the BCS of a dairy cow is a useful tool for
indicating energy status. BCS may play a role in regulating appetite and feed intake, thereby
affecting milk production and its composition. The optimal calving BCS is 3.0 to 3.25; whereas, a
lower calving BCS is associated with reduced milk yield. A BCS = 3.5 is associated with reduced dry
matter intake, resulting in decreased milk yield and an increased risk of metabolic disorders [85].
The BCS at calving is positively correlated with milk fat components derived from adipose tissue
(long-chain and UFA) and negatively related to short-chain FAs synthesized from ruminal acetate
[108,109].

Metabolic status of dairy cows is further affected by parity [110], although studies disagree as to
the relationship. Some studies have reported that primiparous cows have greater corporal reserves
(BCS) during their postpartum periods than multiparous cows [85,110]. According to other studies,
primiparous cows have a lower BCS to begin with and a greater decrease in BCS than multiparous
cows [111,112]. Additionally, one study found no difference in BCS based on parity [113]. Due to the
high energy requirements for continued body growth [17,113], primiparous cows invest less body
reserves into their milk yield compared to multiparous cows. Peak NEFA concentrations occurred at
4 weeks pp for primiparous cows; however, multiparous cows had two peaks—the first at week 1
and the second at week 4 pp. Multiparous cows showed a larger NEB with longer duration than
primiparous cows [110].
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Considering the health aspects, a more desirable FA composition is observed in cow’s milk at
the beginning of lactation (i.e., between days 10 and 30 pp). Three FAs that are referred to as HFA
[114] are lowest at the start of lactation but increase as lactation progresses. By contrast, the
proportions of C18:1 ¢9 and LA, which are considered to have cardioprotective effects, are present in
higher amounts early in lactation [16,81]. RA is another FA with health benefits [115]. According to
some studies, stage of lactation has little effect on RA content [10]; however, others have reported an
increasing proportion of RA in late lactation [18,116].

In terms of parity, primiparous cows have a nutritionally more desirable FA composition, with
a lower proportion of SFA and a higher proportion of UFA and RA [117,118].

4. Effects of Genetics and Breeding of Cattle on Milk FA Profile

Use of genetic knowledge to alter milk fat is possible only with these prerequisites: (1)
genotypic and phenotypic variation; and (2) accurate estimation of genetic parameters (i.e.,
heritability, genetic correlation). Fat content is much more variable in comparison to other milk
constituents (e.g., protein, lactose). High variability was found not only in fat content, but also in the
proportion of FAs and their groups [46,119,120]. Regarding phenotypic differences in individual
FAs, variability is higher for UFA than for SFA (Table 3). This is primarily related to the pathway of
FA biosynthesis [121-123]. Most SFAs are synthesized de novo (in mammary epithelial cells);
whereas, most UFAs are obtained from the diet and body fat stores [98].

Table 3. Mean and coefficient of variation (CV; %) for milk yield, content of fat, protein, and lactose
(g-100 g™ of milk), and groups of fatty acids (FAs) .

Holstein (Belgium) [124] Holstein (Italy) [120] Holstein (Brazil) [125]

Mean CcVv Mean CVv Mean Ccv

Milk yield (kg/day) 23.1 25.9 31.6 28.5 34.2 29.5

Fat (g-100 g1) 3.96 13.7 3.70 18.9 3.45 21.7

Protein (g-100 g™) 3.34 9.7 3.40 11.8 3.05 9.9

Lactose (g-100 g1) 4.60 5.2
Groups of FA (g-100 g of milk (g-100 g™ of fat))

SFA 2.79 (74.17) 16.5  2.58(73.40) 205  2.23(68.04) 227

UFA 1.31 (34.79) 17.3 1.11(31.58) 21.6  1.03 (31.43) 28.8

MUFA 1.13 (29.98) 182  091(25.89) 220  0.87(26.54) 30.8

PUFA 0.17 (4.43) 19.2 0.09 (2.56) 33.3 0.16 (4.88) 30.8

1 SFA —saturated FAs; UFA —unsaturated FAs; MUFA —monounsaturated FAs;
PUFA —polyunsaturated FAs.

Finally, knowledge of genetic parameters is important for the design of animal breeding
programs and for prediction of selection responses [125]. Evaluation is estimated based on pedigree
data; however, the implementation of genetic evaluations for milk FA profile has been limited to a
great extent due to the reference method of FA analysis—costly and time-consuming GC
[119,120,126]. Use of newer routine methods (MIR-FT) for FA analysis eliminated this drawback and
has revealed great potential for genetic analysis of FAs at the population level [120].

4.1. Heritability Estimates

The first studies on heritability of FA profiles began in the 1970s [127,128]. These were
performed in dairy cows using GC results of FA profiles of very small progeny populations and
twins. The results were therefore somewhat limited; however, the studies did increase interest in the
topic and over the last decade, especially, many follow-up studies have been published (Table 4).
Increasing interest in this topic was initiated by new findings in genetic research and developments
in the methods for FA determination (i.e., increased speed and ease of use as well as reduced cost of
FA analysis) [119,123,124].
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Generally, heritability depends on FA saturation and on carbon numbers of the FAs (Table 4).
As such, heritability estimates are mostly higher for SFAs than for UFAs, and an increase in carbon
number reflects a decrease in the heritability estimate (higher heritability for short- and
medium-chain FAs than for long-chain FA groups) [123,124,129,130]. Consistently, these estimates
correspond with the FA biosynthesis mechanism. De novo synthesized FAs are influenced mainly by
animal factors (breed, parity, stage of lactation); whereas, pre-formed FAs are influenced by feed
factors [98]. However, some authors [124,125] have reported slightly higher heritability estimates in
PUFA than in MUFA. This difference could be due to the pathway of RA synthesis. RA is produced
not only through biohydrogenation of LA in the rumen, but also to a much larger extent (about 80%)
by endogenous synthesis from VA by the A9-desaturase enzyme in the mammary gland and other
tissues [131]. Therefore, there is a noticeable effect of genetic variance.

As shown in Table 4, there are considerable differences in heritability estimates between some
studies. The authors mostly agree that this variation in heritability estimates can be explained by the
following: (1) the units used to express FA concentrations (i.e., g-100 g of milk vs. g-100 g-! of FA vs.
g-100 g of fat); (2) the methods used for FA analysis (reference GC vs. routine MIR-FT); (3) the
models used for estimation of heritability (genome- or pedigree-based analyses); and (4) the
database structure. These database structures are determined by the relative genetic and
environmental variances because each have a different design given by the number of herds (breeds,
sires, cows) or by the number of samples available for analysis [101,122,132,133]. Heritability
estimates also differ by parity or stage of lactation [125] and the feeding system [122].

Some studies [121,122,126] provide evidence that additive genetic effects are responsible for a
significant proportion of the phenotypic variation in A9-desaturase activity in dairy cows.
Heritability estimates were comparable to the heritability of milk yield. Desaturase activity could,
therefore, be used in future breeding programs to improve the FA profile of milk fat by increasing
the proportions of MUFA and RA and by decreasing the SFA proportion.

4.2. Genetic and Phenotypic Correlations

Heritability estimates for FAs are usually higher for FAs expressed in 100 g of milk or in g per
day, rather than in 100 g of fat or 100 g of FA [132,134]. This demonstrates the considerable effect of
milk yield and fat content [135]. Both parameters (milk yield, fat content) are strongly influenced by
breed, cow’s individuality, parity, and stage of lactation. Thus, it seems the relationships between
milk performance parameters and individual FAs could be useful for understanding the effects of
biological factors and, to a certain extent, for determining the extent of the differences [46].
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Table 4. Overview of heritability, method !, number of samples (cows and sires), breed ?, and country 3 for selected milk fatty acids (FAs) and their groups *.

Number of

Heritability °

Reference Method g-100 g Samples Cows Sires Breed Country 1

MY (kg) F (%) FY (kg) C14:0 C16:0 C18:0 C18:1 CLA SFA UFA MUFA PUFA

[132]
[14]
[135]

[101]
[122]
[124]
[136]
[126]
[133]

[120]

[137]

[125]

[129]
[123]

GC
MIR-FT
GC
GC
GC
GC
MIR-FT
MIR-FT
GC
GC
MIR-FT
MIR-FT
MIR-FT
GC
GC
MIR-FT
MIR-FT
MIR-FT
MIR-FT
MIR-FT

of FA
of fat
of fat
of fat
of fat
of FA
of milk
of milk
of fat
of FA
of FA
of milk
of milk
of fat
of fat
of milk
of milk
of milk
of fat
of fat

592 233 53
52,950 3,217 1,666

1,918 101

1,918 101

990

2,408 597
130,285 26,166
143,332 29,792

371 200

371

371
72,848 17,873 1,235
72,848 17,873 1,235

339

339
36,457 4,203 226
36,457 4,203 226
241,236 33,555
612,321 132,731
95,920 21,967

—“ IIIIZITICZITIITITILTI DI T

us
BE
NL
NL
IT
GB
BE
BE
DK
DK
DK
IT
IT
DK
DK
BR
BR
BE
DK
DK

h2n
h%
h%
h2in

h2g
h2in

h2in

0.11
0.20
0.29
0.41

0.35
0.20
0.31

0.10
0.14

0.33
0.47
0.51

0.39
0.68
0.24

0.20
0.24

0.19 <0.001 0.09

0.29
0.39

0.17
0.29

0.15
0.49
0.59
0.07
0.09
0.44
0.68
0.25
0.16
0.17

0.16
0.08

0.42
0.09
0.07

0.15
0.31
0.43
0.03
0.06
0.41
0.67
0.14
<0.001
0.36

0.21
0.17
0.26
0.26
0.38
0.14
0.16

0.24 0.06 0.05
0.16 0.17
0.19 0.18 0.21
023 025 042
0.08 0.17 0.12
0.04 0.12 0.02 0.14
023 0.18 0.43 0.22
0.60 0.52 0.68 0.60
0.19 0.11 0.19 0.09 0.33
0.14 <0.001
0.33 0.07
0.25 0.07
0.29 0.09
0.11 0.07 0.13
0.17 0.02 0.18
0.13 0.07 0.25 0.08
0.14 0.07 0.25 0.08
0.19 0.15 0.40 0.20
0.11 0.13 0.15
0.09 0.10 0.10

0.08 <0.001

0.14
0.09
0.21
0.58
0.34

0.08
0.10

0.07
0.07
0.19
0.15
0.10

0.03
0.30
0.69
0.28

0.08
0.15

0.11

0.11

0.08
0.11

11 of 32

! MIR-FT—infrared spectroscopy in mid-range with Fourier transformation; GC—gas chromatography; 2 H—Holstein; HF —Hereford; J—Jersey; 3 BE—Belgium;
BR—Brazil, DK—Denmark; GB—Great Britain; IT—Italy; NL—Netherlands; US—the United States; * CLA—conjugated linoleic acid; SFA—saturated FAs;
UFA —unsaturated FAs; MUFA —monounsaturated FAs; PUFA —polyunsaturated FAs; > h%c—genomic; hin—intraherd; h?»—pedigree; heritability is estimated based on

linear models; the estimate of H?g, Hxn, H? is different by the number of variables involved (02a, 0%, 0%peaL, 0%pewL, etc.); MY —milk yield; F—fat content; FY —fat yield.
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Overall, results for genetic correlations indicate that cows are genetically predisposed to
produce more SFA when fat content increases [120]. On the other hand, fat content can be negatively
correlated with UFA, suggesting selection for increased fat content will decrease these FAs [123,135]
(Table 5).

FAs were negatively correlated with milk yield and protein yield, but positively correlated with
fat yield, fat content, and protein content [119]. Very similar genetic correlations have been reported
[120] for FAs depending on FA saturation.

It has been noted [124] that correlations of FAs with milk yield vary across days in milk. Many
FAs have genetic correlations with milk yield that are close to zero at the beginning of lactation; yet,
as lactation progresses, these correlations become more negative. These differences mean that
selecting for milk yield at different stages of lactation could have variable effects on FA content. This
may be affected by the energy balance status of cows in early lactation because the highest
correlations with lactation were observed for C18:1 ¢9, which is an indicator of body fat mobilization
(0.42 at 5 days in milk and —0.40 at 230 days in milk).

Table 5. Genetic and phenotypic correlations (r) ! between fat content or milk yield and selected fatty
acids (FAs) and their groups.

rt C14:0 C16:0 C18:0 C18:1 CLA SFA MUFA PUFA

Reference

Fat Content (g-100 g )
[121] G -043 065 0.01 -0.58
P -027 043 0.08 -0.32
[123] G 0.06 017 -014 -0.26 034 -033 -0.26
P -004 -005 0.02 -0.04 009 -0.08 -0.07
[125] G 098 0.86 0.80 0.99 0.79 0.52
P 090 0.82 0.81 095 0.83 0.71
[101] G -040 074 028 0.02 -0.55 0.01
[135] G -043 065 001 -0.63
[119] G 084 088 071 0.64 0.91 0.72 0.69
Milk Yield (kg-day?)
[125] G -0.35 -0.28 -0.29 -0.36 -0.32 -0.38
P -0.09 -0.06 -0.01 -0.06 -0.03 -0.03
[135] G 030 -050 0.15 032
[119] G -034 -0.33 -0.30 -0.31 -0.36 -0.35 -0.37

1 Correlation coefficient; G—genetic; P—phenotypic; CLA —conjugated linoleic acid; SFA —saturated
FAs; MUFA —monounsaturated FAs; PUFA —polyunsaturated FAs.

Similar to heritability estimates, genetic correlations vary depending on parity [119], with the
highest correlations found for first lactation and the lowest for third lactation (for all FAs and their
groups).

It should be noted that it is also possible to apply genetic information in attempts to make
changes to fat composition, even though UFA expressed a strong negative phenotypic correlation
and a weak genetic correlation [126].

4.3. Gene Polymorphism

A large number of genes participate in milk fat biosynthesis (Table 6). Despite the availability of
whole-genome association studies [138-143], our knowledge of the role of various genes is not yet
complete. Therefore, identified genes are called candidate genes. Candidate genes for milk fat
biosynthesis are associated with different activities, such as: acetate and FA activation and
intra-cellular transport (ACSS2, FABP3), synthesis and desaturation of FAs (FASN, SCDI),
triacylglycerol synthesis (AGPAT6, DGAT1), regulation of transcription (SREBF1, PPARGC1A), and
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others [144]. Polymorphisms in these genes may affect fat content or FA profile and consequently the
technological properties of milk fat.

In relation to FA profile, polymorphisms of the DGAT1 (K232A) and SCD1 (A293V) genes have
been thoroughly studied [53,145,146]. Genetic variance explained by DGATI is lower (3-15%) than
the variance explained by the SCD1 (6-52%) polymorphism [147].

4.4. Effects of Cattle Breed on Milk FA Profile

Cattle breed may affect the FA profile of milk [11,18,30,35,134,148-151]; however, its influence
has sometimes been shown to be limited [17,30]. Ever since the early days of cattle domestication,
but especially over the last 150 years, gene homogeneity within milked breeds has increased. In this
way, genotypic and consequently phenotypic differences have become more pronounced between
breeds for desirable properties (exteriors, metabolic, etc.), including differences in the FA profile.
However, according to a summary of past research results, the influence of breed on FAs can be
considered a minor effect compared to the practical influences associated with cow diet. A qualified
estimate would be able to evaluate the breed effect on FA variability as 20% compared to about 55%
that can be attributed to nutritional and feeding performance, while other effects (25%) are related to
lactation factors (for instance).

Some papers have described significant milk FA profile differences between cattle breeds
[35,134,149-151]. The most often studied milked dairy cattle breeds were Holstein (H), Jersey (J),
Simmental, Brown Swiss (BS), Ayrshire (A), and Montbéliarde (M) [10,49,69,149,152-158]. These
results have been summarized [18] as FA profiles for breeds H, J, BS, A and M. For instance, for
MUFA, there were mean variation ranges (in g-100 g of FAs) as follows (for the same order of
breeds as listed in the previous sentence): 25.0-39.9; 20.9-22.5; 20.9-29.7; 21.5-24.8; and 16.1-22.0.
The same figures for PUFA were: 3.3-4.9; 3.2-3.5; 2.8-4.7; 2.5-4.3; and 2.6-3.2.

In a recent study from an organic farm, Simmental milk had, in the total content of FAs, a
significantly higher content of C12:0, C16:1 ¢9, C17:1 t9, LA, ALA, C20:1 ¢9, C20:4 n-6, PUFA, and
UFA, as compared to Holstein-Friesian (HF) milk. Additionally, Simmental milk had a lower
amount of C15:0, C18:0, C20:0, C22:0, and CLA. Compared to HF milk, the PUFA/SFA and UFA/SFA
ratios in the Simmental milk were significantly higher; whereas, the thrombogenic index and the
LA/ALA ratio were significantly lower [151].

Some minor local breeds have also been studied with regard to milk FA profile [159]. The Polish
Red and White breed had a relatively lower content of nutritionally controversial C14:0 and C16:0 as
compared to milk of other breeds. Furthermore, their milk proved to be an excellent source of VA
and RA, especially during the grazing season.

In general, it is possible to state that local cattle breeds tend to have a better milk fat
composition with respect to desirable FAs than breeds that are more efficient in terms of dairy yield.
However, these breeds are more often kept under extensive conditions (more often OS), which is
also related to a typical variation in dairy cow diet—the proportion of ingredients in the feeding
ration is more in favor of forage (fresh or preserved) compared to grain concentrates than under
intensive conditions. There have not yet been enough experiments on breed differences in milk FA
profile that have been carried out on cows with the same nutritional conditions (for instance
Holstein versus a local extensive breed). Of course then, it is possible that a portion of these breed FA
differences is primarily defined by dietary sources.
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Table 6. Overview of selected candidate genes coding enzymes that affect bovine milk fat and fatty acids (FAs).
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Reference Gene Gene Name BTA! Polymorphism Associated with:?2
[160] FABP3 fatty acid-binding protein 3 2 A/G transition fat (1) and protein (1) content
[161] LEP leptin 4 A80V milk yield (1)
[162] apcca AP bl”d’”g’;’z:l‘f:’;”bf amily G, ¢ Y5815 milk yield (1), fat (1) and protein (1) content
[163] PPARGC1 peroxysome proliferator-activated 6 T19C fat yield (1)
[164] A receptor gamma, coactivator 1 alpha A968C milk yield (1), protein content (1)
[141] ACSS2 acyl—(?oA sy.nthetase, 13 n.a. activation and intracellular channeling of FAs
short-chain family, member 2
[165] ) fat content (1)
- 1 14 K232A
[121] DGAT1 diacylglycerol O-acyltransferase 3 C16:0 (1), C14:0 (1), C18u (1), CLA (1)
[139] ACLY ATP citrate lyase 19 n.a. biosynthesis of milk fat (especially C14:0)
[166] FASN fatty acid synthase 19 T1950A fat content (1), C14:0 (1)
H4.1
[167] GH growth hormone 19 gH 62 milk (1), fat (1) and protein (1) yield
signal transducer and activator a1 .
1 TAT5A 1 A9501 1 1 , tent
[168] STATS of transcription 5A 9 9501G milk yield (1), protein content (1)
sterol regulatory element binding
- : d C14:
[169] SREBF1 transcription factor 1 19 L852P haplotype H1 - effects on C12:0 (|) and C14:0 ()
[170] GHR growth hormone receptor 20 GHR4.2 milk yield (1)
indices C10 (), C12 ({), C14 (),
147 -CoA 26 A293V
[147] SCD1 stearoyl-CoA desaturase 1 C16 (1), C18 (1), CLA (1)
[171] AGPAT6 L-acylglycerol-3-phosphate 27 na. fat content (1)

O-acyltransferase 6

n.a.—not available; ' BTA — Bos taurus autosome; 2 C18u—unsaturated C18; CLA —conjugated linoleic acid; 1 —an increase; | —a decrease.
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The variability of FAs in bovine milk due to genetic factors and FA profile differences among
cattle breeds have been well-studied [35,134,149,150,172]. Often, significant differences between
breeds have been found, as well as acceptable genetic correlations and heritability coefficients for
major FAs and their groups. The moderate heritability estimates for major FAs observed in these
studies may suggest a genetic effect. Therefore, using genetic information to improve the nutritional
quality of milk fat based on FA profiles might be possible. Based on these findings, FA profile data
may be useful as a marker for genetic improvements (by breeding, selection) of bovine milk fat
nutritional quality (i.e.,, to increase proportions of FAs that are desirable in terms of human
nutrition).

5. Indices for Evaluation of Milk Fat Quality

Because it is difficult to evaluate the nutritional and also technological value of milk fat from the
content of individual FAs, some ratios or indices have been proposed. First, these indices were used
primarily to evaluate the negative effect of C12:0, C14:0, and C16:0 on human health. Formulas for
calculating the atherogenic (Al) and thrombogenic (TI) indices as well as a modified calculation of
S/P were proposed by Ulbricht and Southgate [173]:

Al = (C12:0 + 4 x C14:0 + C16:0)/(EMUFA + ¥(n-6) + ¥ (n-3)); 1)

TI = (C14:0 + C16:0 + C18:0)/((0.5 x YMUFA + 0.5 x ¥ (n-6) + 3 x ¥(n-3)) + 2
(Z(n-3)/X(n-6)));

S/P = (C14:0 + C16:0 + C18:0)/(XMUFA + YPUFA). 3)

Furthermore, the hypocholesterolaemic/hypercholesterolaemic ratio (HH) is calculated
according to Santos-Silva et al. [174]:

HH = (C18:1 n-9 + C18:2n-6 + C20:4 16 + C183 -3+ C205n-3+ C25 03+ C226
n-3)/(C14:0 + C16:0).

More recently, Chen et al. [175] developed the health-promoting index (HPI), which is the
inverse of the Al:

HPI = ({MUFA + YPUFA)/(C12:0 + 4 x C14:0 + C16:0). (5)

The activity of A9-desaturase is essential in the process of UFA synthesis. This enzyme catalyzes
the introduction of a cis-double bond between carbons 9 and 10 of SFAs with a chain length of 10 to
18 carbons. During this process, specific medium- and long-chain SFAs are converted into the
corresponding MUFAs [10]. Although the enzyme can catalyze the conversion of C10 to C18 SFAs,
its effect on these FAs is not equal, mainly favoring the conversions of C16:0 into C16:1 ¢9 and C18:0
into C18:1 ¢9 [98,176]. That is why those FAs are included in the calculation of desaturation indices
(DI) that are defined as ratios of the FAs dependent on the activity of this enzyme (c9 unsaturated
FAs) and can be calculated on the basis of product/substrate [177]; substrate/product [178], or
product/(substrate + product) [10] as in the following formulas:

DI = C14:1 ¢9/(C14:0 + C14:1 ¢9), (6)
DI = C16:1 ¢9/(C16:0 + C16:1 c9), @)
DI = C18:1 ¢9/(C18:0 + C18:1 c9), )
DI = C18:2 9,#11/(C18:1 #11 + C18:2 ¢9,¢11). 9)

Although it is possible to calculate DI in different ways, it should be noted that the C14:1
c9/(C14:0 + C14:1 ¢9) ratio has been suggested as the best indicator for A9-desaturase activity [177]
because C14:0 in milk fat is almost exclusively derived from de novo synthesis in the mammary
gland and thus almost all C14:1 ¢9 is likely to be the product of A9-desaturase activity [14].
Furthermore, a general desaturation index that includes all variables from the above mentioned
formulas has been suggested [179]:
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DI=100 x [(C14:1 ¢9 + C16:1 ¢9 + C18:1 ¢9 + C18:2 ¢9,t11)/(C14:1 ¢9 + C16:1 ¢9 + C18:1

9 + C18:2 ¢9,t11 + C14:0 + C16:0 + C18:0 + C18:1 #11)]. (10)

All the abovementioned indices together with PUFA/SFA and n-6/n-3 PUFA ratios are widely
used to evaluate the nutritional value of milk fat. It is supposed that milk fat with high AI and TI
values may be more likely to contribute to the development of atherosclerosis or coronary
thrombosis in humans; whereas, milk with high HPI and HH ratios may have a protective effect
against cardiovascular diseases [31]. Although a higher proportion of PUFA in milk fat is desirable
from the perspective of human health, these can influence the technological properties of milk fat
either positively (improved spreadability) or negatively (increased susceptibility to oxidation). Thus,
further indices have been subsequently proposed such as the peroxidisability index (PI, [180], that
represents the degree of unsaturation of dietary lipids [181] and is used as an indicator of PUFA
peroxidation [182]) and the spreadability index (SI, [183], for evaluating the ratio of C16:0 and C18:1
¢9, which has been shown to be the most accurate indicator of butter hardness [184]). The oxidative
stability of milk fat can also be characterized as SFA/UFA ratio.

PI=0.025 x Mono + Di + 2 x Tri + 4 x Tetra + 6 x Penta + 8 x Hexa 11)

where: Mono, Di, Tri, Tetra, Penta and Hexa represent the weight percentages of monoenoic,
dienoic, trienoic, tetraenoic, pentaenoic and hexaenoic FAs, respectively.

SI=C 18:1 ¢9/C 16:0 (12)

(in some studies, e.g., [21], the inverse formula is used for calculation of SI)

As presented in Table 1, Al is influenced by the type of feed. Of the different types of forage, the
lowest Al value was found for pasture-based feeding systems followed by legume silage feeding.
The highest values were, on the other hand, found in corn-silage feeding systems. In the case of
oilseeds, improvement in Al was noted after feeding either mixes of oilseeds or rapeseed products.

As expected, DI was influenced by the type of forage because of greater differences in the
concentration of C18:0 and C18:1 ¢9 [46]. The effect of oilseeds on DI was marginal [27,32,33].

Of the possible forages, the best SI of milk fat was found after feeding corn and grass silages,
while the highest value was calculated for pasture-based feeding systems. For oilseeds, an increased
SI value and thus softer butter fat was produced after feeding rapeseed products, which has also
been documented by e.g., [175].

6. Relationships among FA Profiles and Other Indicators in Cows

Biological variability in milk metabolic indicators (such as Fas, etc.) can also be explained, in
part, by the relationships among physiological, technological, and health milk indicators.
Relationships between FAs and their groups and selected milk indicators (bulk milk samples) were
studied in Czech Fleckvieh and Holstein cows [185]. The only significant relationship of SFAs was to
lactose content (r = 0.29; p < 0.05). All relationships of MUFAs to milk indicators were insignificant (p
> 0.05). Relationships between PUFAs and milk indicators were narrower: fat (0.32; p < 0.05); lactose
(0.46; p < 0.01); milk alcohol stability (0.45; p < 0.01); titration acidity (0.34; p < 0.01); cheese curd
quality (0.43; p <0.01); milk fermentationability (0.53; p <0.001); streptococci count in yoghurt (0.32; p
< 0.05); and total count of noble bacteria in yoghurt (0.31; p < 0.05). Relationships of CLA to selected
milk indicators were as follows: fat (0.38; p <0.01); lactose (—0.54; p < 0.001); alcohol stability (0.27; p <
0.05); and cheese curd quality (0.41; p < 0.01). Thus, higher CLA levels were associated with higher
fat and lower lactose content, as well as lower alcohol stability.

Correlation coefficients (>0.3) for the summarized values of lactation, which were calculated in
regular milk recording were observed [13] at MUFA with short chain: 0.47 to days in milk, 0.31 to
milk yield (kg), 0.35 to fat, and 0.34 to protein total production (both in kg). The most important FAs
(in individual milk samples), such as C12:0, C14:0, C16:0, C18:0, and C18:1 ¢9, were not significantly
related to either lactation sum or daily production parameters, or to the content of basic components
of milk with the exception of C16:0 (30.93 + 4.81% in milk fat), which has a negative relationship to
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daily milk (-0.4) and protein production (-0.35). This FA has also been positively associated with fat
content (0.44) and negatively associated with lactose content (-0.31). CLA was negatively correlated
with daily fat production (-0.41), fat content (-0.27), and fat/protein index (-0.42). In order to better
understand and interpret milk FA profiles, knowledge of the relationships between major FAs and
their groups and other milk indicators is also important.

In addition to the above mentioned milk indicators, there are also documented associations
between the milk FA profile and metabolic disorders such as ketosis or between the milk FA profile
and reproduction performance [81,136]. Moreover, interesting associations have been recently
described among FAs synthetized in the rumen, methane production, and milk FA content [129,137].
It is evident that the possibility for methane output prediction based on milk FA content should be
intensely studied to improve the environmental sustainability and economic profitability of dairy
production.

Last but not least, dairy cow nutrition substantially influences the profiles of other body tissues,
especially body liquids, in addition to the milk FA profile. Accordingly, an analysis of the percentage
(by weight) of FAs in different body tissues [186] was done. Findings revealed that stage of lactation
had a significant impact on the content of many FAs in all examined tissues. Parity had no effect on
FA composition of blood; whereas, it significantly affected C16:1 c9 in the liver as well as C16:1 ¢9
and C18:0 in adipose tissue. Energy-protein supplementation significantly affected the content of
most FAs in blood (e.g., C18:1 11 and C18:3 n-3) and liver (C18:3 n-3, CLA, and PUFA n-3 derived
from fish oil), but it did not affect the profile of adipose tissue in cows. Therefore, it is necessary to
consider these effects when developing methods to control the production of animal raw materials
for the food industry.

7. Milk FA Profile and Human Health

Milk and dairy products play an important role in human nutrition because they provide not
only essential nutrients such as high-quality proteins, fat, lactose and minerals, but also various
physiologically active compounds such as vitamins, bioactive peptides, and antioxidants [187-189].

Milk and some dairy products (butter) have been criticized for the unfavorable FA profile in
milk fat. Indeed, bovine milk fat contains on average about 70% SFA, 25% MUFA, and 5% PUFA
[42]; whereas, the ideal FA profile, from a human health perspective, should be 8% SFA, 82% MUFA
and 10% PUFA [190].

The SFAs that play the greatest role in a negative view of milk fat (i.e., C12:0, C14:0, and C16:0),
have often been associated with having adverse effects on indicators of cardiovascular risk (e.g.,
low-density lipoprotein cholesterol level in serum [191]). This is because the consumption of
excessive amounts of SFA has been associated with increased risk of cardiovascular disease [192];
however, extensive modern research on the effects of FAs on human health indicates that only a few
individual FAs are responsible for the negative health consequences [193]. Thus, the perspective on
SFA has only recently changed from a focus on the effects of SFA as a single group to the effects of
individual SFAs as well as other FAs present in milk. Continued study and discussion of their
specific biological functions and roles in metabolism (see Table 7), along with their interactions is
needed.
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Table 7. Effects of selected fatty acids (FAs) on human health.
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FA

Role

References

C4:0

beneficial effect on the intestinal flora and human gastrointestinal wall primarily by acting as a direct source of energy
for colonocytes

one of the factors preventing progression of colorectal cancer and mammary cancer

inhibition of cell growth, promotion of differentiation, and induction of apoptosis in various human cancer cell lines
may prevent the invasion of tumors via inhibitory effects on urokinase

seems to exert broad anti-inflammatory activity by affecting immune cell migration, adhesion, and cytokine expression,
as well as affecting cellular processes such as proliferation, activation, and apoptosis

[2,3,194-197]

C12:0, C14:0,
C16:0, C18:0

C14:0 and C16:0 —increase total blood cholesterol level and increase the risk of cardiovascular diseases

C18:0 and C14:0—increase thrombogenicity and cholesterol level

C12:0, C14:0, and C16:0, are related to an increased risk of atherosclerosis, hyperlipidemia, and low-density lipoprotein
cholesterol, obesity and coronary heart disease

[23,60,173,188,198]

BCFA

BCFA —anti-cancer activity

BCFA —reduced risk of necrotizing enterocolitis in newborns

BCFA —improvement of (3-cell function

iso C15:0 —anti-cancer properties - induced cell death through apoptosis (in vitro)

iso C15:0 —inhibition of tumor growth in mice (in vivo)

iso C15:0—induction of inhibitory effects on T-cell lymphomas in vitro and in vivo in mice

[199-203]

OCFA

decreased risk of coronary heart disease
decreased risk of type 2 diabetes

[204,205]

TFA

not confirmed positive relationship between coronary heart disease and TFA of ruminant origin
C18:1 t10—a potential negative effect, tendency to increase serum triglycerides (animal models)
C18:1 11 —improvement of lipid biomarkers

[206-211]

9, t11 CLA,
t10, c12 CLA

reduced tumor growth
decreased risk of coronary heart disease

[189,190,212-216]

Cle:1

considered to be a lipokine released from adipose tissue that acts on distant organs
mixed cardiovascular effects, direct or inverse correlations with obesity, hepatosteatosis, and a significant amelioration
or prevention of insulin resistance and diabetes

[217]

C18:1 ¢9
C18:3n-3

anti-cancer and anti-atherogenic properties
positive effect on cholesterol level

[114,188,218-220]
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- improvement of immune response (anti-inflammatory effect)

C18:2n-6 - improves sensitivity to insulin and thus reduces the incidence of type 2 diabetes [198]
inhibitory effect on cancer cell proliferation and growth of human tumor cells (in vitro)
CLnA P L . . N . . . [221,222]
- modification of lipid metabolism (with decreases in adipose tissue mass) in rodent models (in vivo)
C18:1 n-11 beneficial modifying effect on the fluidity and permeability of cell membranes, regulates their metabolism, and may (223]
have anti-cancer properties
AA - neutralization of C12:0, C14:0 and C16:0 by increasing high-density lipoprotein cholesterol level [6,76,224,225]
EPA - anti-cancer, anti-hypertensive, and anti-inflammatory properties T
DHA - positive effect on brain cells, which is important during remission of Alzheimer’s disease [225,226]

- anti-cancer, anti-hypertensive, and anti-inflammatory properties

BCFA —branched-chain FAs; OCFA —odd-chain FAs; CLA —conjugated linoleic acid; c—cis; t—trans; C18:3 n-3—alfa-linolenic acid; C18:1 ¢9—oleic acid; C18:2
n-6—linoleic acid; CLnA —conjugated linolenic acids, mainly ¢9, {11, c15, and ¢9, t13; ¢15; C18:1 {11 —vaccenic acid; AA—arachidonic acid; EPA —eicosapentaenoic acid;
DHA —docosahexaenoic acid.
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8. Conclusions

At present, there is strong research interest in the nutritional quality and health benefits of food,
which is supported by public awareness and an on-going desire to improve our quality of life.
Consequently, targeted modification of the FA profile of milk fat is desirable. Developments in
analytical methods have played an important role in increasing the efficiency and feasibility of
studies on the sources of FA variability. In recent decades, many studies have been devoted to
improving milk FA composition by increasing the amount of FA with beneficial effects on human
health and appropriate technological properties. Accordingly, knowledge of the important factors
affecting milk FA composition and their relationships, including physiological aspects such as
rumen fermentation, fat synthesis in mammary gland tissue, and energy status of animals, is
essential from both a research and practical point of view. This review has therefore focused on the
main sources of FA variability. Breed, animal genetics, metabolic and lactational effects,
management, and other factors were mentioned; nevertheless, feeding strategy is undoubtedly
considered to be the most efficient way to modify milk FA composition. Some factors are well
known—e.g., role of diet and stage of lactation—while others, such as polymorphism, are only
beginning to be understood. The possibility of using milk FA profiles as indicators to predict animal
health or even methane production levels is currently under active investigation. Further research
on sources of FA variability is important for finding effective ways of improving the health benefits
and technological quality of milk products through modifications in the FA profile. This will most
likely be achieved by targeted changes to feeding and breeding strategies.
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Abbreviations

ALA alpha linoleic acid

BCS body condition score
CLA conjugated linoleic acid
CS conventional system
EPA eicosapentaenoic acid
FA fatty acid

GC gas chromatography
LA linoleic acid

MIR-FT infrared spectroscopy in mid-range with Fourier transformation
MUFA  monounsaturated fatty acids

NEB negative energy balance

NEFA  non-esterified fatty acids

(O8] organic system

PUFA  polyunsaturated fatty acids

RA rumenic acid (C18:2 ¢9, t11)

SFA saturated fatty acids

TFA trans isomers of polyunsaturated fatty acids
UFA unsaturated fatty acids

VA vaccenic acid (C18:1 #11)
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The aim of the study was to explain the effects of four animal factors - breed, parity, cow indi-

viduality (within breed phenotypic variation) and month of lactation on the composition of bovine
milk fatty acids (FA) in a local dual-purpose Czech Fleckvieh breed as compared to the worldwide
dairy Holstein breed. In total, 357 milk samples were analysed from 25 dairy cows of each breed
during year-round testing. The variation in the individual FA was affected mainly by cows” individu-
ality (16-48) and month of lactation (3-18 %). The effects of breed and parity were limited (each
about 2%). The animal related factors appeared significant also for FA groups. Greater differences in
the explained variation of all factors were observed in the groups classified by the number of FA car-
bons (35.8, 54.4 and 44.8 % for C4 to C14, C16 and C18 to C24, respectively) and by the number
of double bounds (45.4 % and 39.2 % for monounsaturated and polyunsaturated FA, respectively) as
well. No differences in the explained variation were observed between the groups of saturated and
unsaturated FA (46.8% and 45.9 %, respectively). In conclusion, from the viewpoint of nutrition it
would be more convenient to classify FA by the number of carbons than by the usual grouping to

saturated/unsaturated FA.

Key words: cow, milk, fatty acids, animal factors

Introduction

Bovine milk fat is often considered as not favo-
rable to human health due to high content of satura-
ted fatty acids (FA) (about 65 %) and trans isomers
of unsaturated FA (about 5 %; Jensen, 2002). Both
groups of FA are associated with cardiovascular di-
seases. As recent research shows, FA of animal origin
are not as adverse as industrially produced trans fats
(German etal., 2009). In addition, a relatively high
proportion of oleic acid (about 18 %) occurs in bo-
vine milk fat, which can contribute to a reduction of
blood lipids (Lopez-Huertas, 2010). Also stearic
acid at level of about 10% has beneficial biological
effects (Kris-Etherton et al., 2005) in compari-

son to other saturated FA, like myristic and palmitic
acid. Moreover, the milk fat contains in a small pro-
portion (about 3 %) other nutritionally important
FA like linoleic, a-linolenic and conjugated linoleic
(CLA) acids (Lock and Baumann, 2004).

Researchers strived for decades to modify
milk fat composition to achieve a higher propor-
tion of nutritionally desirable FA (e.g. Kliem and
Shingfield, 2016). Although, the FA composi-
tion is affected mainly by feeding (dietary) factors
(Kalac and Samkova, 2010; Vranjes et al., 2010),
animal (non-dietary) factors should not be ignored
(Palmquist et al., 1993). Although all animal
factors affecting milk FA composition have been

*Corresponding author/Dopisni autor: Phone: +420 387 772 618; E-mail: samkova@zf.jcu.cz
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previously reported, mostly one or two factors have
been included in statistical models (e. g. Soyeurt et
al., 2006; Poulsen et al., 2012). This approach may
lead to partial misinterpretation of data, because
of the mutual relations of each animal factor, both
synergistic and antagonistic, need to be respected
(Samkova et al., 2012). There is a limited num-
ber of published work that studied more than three
factors. For example, De La Fuente et al. (2009)
and Sojak et al. (2013) examined the variability
of FA composition in ovine milk fat. Nevertheless,
the results can hardly be compared to bovine milk
fat due to the seasonal changes in small ruminants.
The variability of FA composition in bovine milk fat
taking into account more than two factors has been
sporadically reported (Kelsey et al., 2003; Soyeurt
et al., 2006; Schwendel et al., 2015).

Thus, the aim of this study was to determine
the extent of variability, explaining joint effect of
four tested animal factors (breed, parity, cow indi-
viduality and month of lactation) on the composi-
tion of bovine milk FA in dual-purpose Czech Fleck-
vieh and dairy Holstein breed.

Material and methods

Statement of institutional animal care

Ethical committee hereby declares that experi-
ments performed in the present study are according
Act No 246/1992 Coll., on the protection of animals
against cruelty of the Czech Republic. With regard to
the type of study, no special permission was required.

Sampling and feeding

The study was carried out on a farm (420 meters
above sea level) located in the region of South Bo-
hemia, Czech Republic. Thereat cows of two breeds,
Czech Fleckvieh (dual-purpose) and Holstein (dairy)
were housed together in one stable and were milked
twice a day. Milk was sampled within the afternoon
regular testing of milk efficiency twelve times a year.

Within each of 12 samplings, milk samples were
taken according to breed, parity and month of lacta-
tion to get a balanced set of samples (Table 1 and 2).
Twenty five cows of each breed were selected
(30% of all lactating cows). From each cow 7 milk
samples were obtained on average (5 to 10) during
its lactation.

Table 1. Mean, standard deviation (SD), minimum, and maximum values for parity and days

in milk of Czech Fleckvieh and Holstein cows

Czech Fleckvieh (n = 188)

Holstein (n = 175)

Item - - P-value
Mean=SD Min. Max. Mean=SD Min. Max.
Parity 2.03+0.79 1 4 2.07x0.76 1 5 0.0334
Days in milk 155+80 9 330 152+78 10 312 0.0646
P-value = probability
Table 2. Distribution of milk samples according to breed, parity and months of lactation
Czech Fleckvieh Holstein
Months of Parity Parity Total
lactation Days in milk ] ’ >3 Total ] ? >3 Total
1 (<30) 2 4 5 11 2 3 5 10 21
2 (31-60) 4 6 5 15 4 s 6 15 30
3 (61-90) 6 6 8 20 5 6 8 19 39
4 (91-120) 6 8 6 20 5 9 7 21 41
5 (121-150) 6 9 7 22 5 9 6 20 42
6 (151-180) 6 9 8 23 6 9 7 22 45
7 (181-210) 6 7 6 19 5 8 6 19 38
8 (211-240) 6 7 5 18 4 8 4 16 34
9 (241-270) 6 8 5 19 5 9 4 18 37
10 (>271) 5 6 4 15 5 6 4 15 30
Total 53 70 59 182 46 72 57 175 357
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Cows were fed under the same conditions
during the whole year. Total mixed rations were
formulated by the DLG-Futterwerttabellen,
Wiederkiduer (1997) and calculated for the mean
live weight 650 kg, milk fat content of 4.2 % and
milk protein content of 3.5 %. Total mixed rations
consisted of components widely used in the recent
Czech farming practice - see Tables 3 and 4.

Analytical methods

Milk samples were immediately cooled after
sampling and transported to the laboratory in a cool
box. Milk samples were analysed for the fat, protein
and lactose contents that were determined spectro-
photometrically using a Milcoscan 4000 (Foss Elec-
tric, Hillered, Denmark). Milk fat was extracted
with petroleum ether from freeze dried milk sam-
ples. FA were re-esterified in isolated fat to their me-
thyl esters by a methanolic solution of potassium hy-
droxide. Methyl esters of FA were determined by a
gas-liquid chromatographic method (GLC) using an
apparatus Varian 3300 (Varian Techtron, USA) under
conditions according to Samkova et al. (2009).

The identification of FA was carried out using
the analytical standards (Supelco, USA). In total,
45 FA were observed of which 33 were identified.
The proportions of individual FA were calculated
from the ratio of their peak area to the total area of
all the observed acids.

Statistical analysis

The data were analyzed by Statistica CZ 6.1
(Statsoft CR) software using a general linear mod-
el with fixed effects of breed, parity and month of
lactation and with random effect of cows nested in

breed:
Y, =u+B +1(B)+P +MOL +¢

ikl 7
where
Y., = milk yield (kg/d), fat, protein and lac-

i
tose c<)Jntent (g/100 g), proportion of individual milk
FA (g/100g of FA), and groups of FA (g/100 g of
FA); u = mean; B, = breed (i = Czech Fleckvieh,
Holstein); I (B) = cow individuality (j = 1-50);
P, = parity (k = 1, 2, 3); MOL, = month of lacta-
tion (I = 1-10; see Table 2), and ¢, = residual error.
For the groups comparison unequal N HSD test was

used.

The total explained variance (coefficient of
determination; R?) and variance explained by four
animal factors (factors variance) were calculated us-
ing sum of squares and were expressed in percent.
R? was defined as [(1- (residual sum of squares/total
sum of squares)) x 100], factors variance was de-
fined as [(sum of squares of individual effects/total
sum of squares) x 100].

Table 3. Components composition of average total
mixed rations

Components composition % of DM!
Maize silage 27.5
Grass silage 32.5
Hay 4.0
Mashed oats 6.0
Production mixture? 30.0

DM = intake of dry matter was 18.4 kg/d.

?Production mixture composed of wheat, barley, extracted
soybean meal, and salt, minerals and vitamins in proportion

32, 32, 32, and 4 %, respectively);

minerals and vitamins mixture consisted per kilogram:

210, 30, 100, 70 g of calcium, phosphorus, sodium, magnesium;
750, 30, 80, 2,730 mg of copper, selenium, iodine, vitamin E;
500,000 and 75,000 IU of vitamin A and D,, respectively.

Table 4. Chemical composition of diet components

Maize Grass . Mashed Production

Item . . .
silage silage oats mixture?
Dry matter
356 327 897 870 884
(DM; g/kg)
Concentration (g/kg DM)
Crude 290 1338 714 1322 2420
protein
Crude fat 2.4 19.8 189 425 19.3
Crude fibre 179.5 262.1 309.2 1414 39.1
Crude ash 1.5 8.5 3.2 33.6 75.2
NE 662 493 468 683 802

(MJ/kg)*

'Permanent grassland hay from late cut with prevailing
Deschampsia cespitosa, Agrostis tenuis, Agrostis stolonifera,
Alopecurus pratensis.

?Production mixture consisted of 37, 31, 28 and 4 % (w/w)
of wheat, barley, extracted soybean meal and a mixture of
minerals and vitamins.

3Crude protein = N x 6.25.

‘NE, = Net Energy of Lactation (Sommer et al., 1994).
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Results and discussion

The fat is a major variable constituent of milk
and its composition is influenced by various factors
(Schwendel et al.,, 2015). The group of animal
factors includes breed, parity, stage of lactation (ex-
pressed in days in milk, weeks, or months) or milk
yield and milk composition (Samkova et al., 2012).
All these factors are within the breed affected by
a phenotypic variation (cow individuality). It seems
like the main role was assigned to a genetic variabil-
ity (Arnould and Soyeurt, 2009) and to a physiol-
ogy of milk production (Kay et al., 2005).

The results from our data analysed by a general
linear model (Table 5) showed that the four animal
factors tested ascribe a relatively high proportion of
the total explained variation (R?) of individual FA
in milk fat of Czech Fleckvieh and Holstein cows
ranging from 23.3 to 61.8 % (mean 42 %). The main
factors were cow individuality (from 16 to 48 %;
28 %) and month of lactation (from 3 to 18 %; 9 %).
Breed and parity affected the mean R?in a limited
extent (each about 2 %).

The dominant role of month of lactation within
the three factors (breed, parity, and days in milk)

Table 5. Distribution of the total variance for milk yield (kg/d), fat, protein and lactose content (g/100 g),
milk fatty acids (FA), and groups of FA (g/100 g of FA) in a general linear model (GLM) involving

animal factors

Animal factors!

2 2
Breed Individuality Parity Month of lactation RHGLM)
Item % P % P % P % P % P
Milk yield and composition
Milk yield 8 31 1 : 34 76.2
Fat content 1 ) 35 0* ns 6 42.4
Protein content 9 32 1 B 29 72.1
Lactose content 0* ns 40 1 ns 16 61.1
FCM3 6 B 30 0* ns 32 71,7
ECM* 6 32 1 t 31 71,8
Individual FA
C4:0 0* ns 17 ns 1 ns 4 ns 23.3
C6:0 0* ns 18 ns 1 ns 3 ns 24.1
C8:0 1 ns 19 ‘ 1 ns 7 28.8
C10:0 4 20 1 : 12 37.4
C12:0 3 20 2 14 38.3
C14:0 1 B 24 2 15 41.3
Cl4:1 15 29 0* ns 15 61.8
C16:0 2 40 2 9 54.4
Cl6:1 2 B 40 1 ns 4 i 47.9
C18:0 0* ns 29 3 v 8 40.8
Cl18:1 0* ns 26 2 18 46.2
C18:2n-6 0* ns 48 2 5 54.9
C18:3n-3 0* ns 39 5 4 B 47.0
CLA® 1 ! 16 1 ns 9 28.2
Group of FA®
SFA 0* ns 29 2 16 46.8
UFA 0* ns 27 2 17 45.9
MUFA 0* ns 26 2 18 45.4
PUFA 1 ns 33 1 ns 5 39.2
C4-Cl14 2 - 18 2 : 15 35.8
C18-C24 0* ns 26 2 o 16 44.8
P = probability; ns = not significant; * = p<0.05; " = p<0.01; ™ = p<0.001; #* = % of total variance <0.5.

!Animal factors, in % = proportion of individual factors variance accounted for by total variance.
’R? (GLM), in % = proportion of total explained variance (coefficient of determination)

SFCM = Fat Corrected Milk (4 %).
“ECM = Energy Corrected Milk.
SCLA = C18:2 cis-9, trans-11.

5SFA = saturated FA; UFA = unsaturated FA; MUFA = monounsaturated FA; PUFA = polyunsaturated FA; C4-C14 = sum of C4
to C14 (even); C18-C24 = sum of C18 to C24; C18 = sum of C18:0, C18:1, C18:2n-6, C18:3n-6, C18:3n-3, and CLA.
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was confirmed by Kelsey et al. (2003), who found
the R?ranging from 2.2 to 35.8 %. Lower levels were
probably caused by only one milk sampling, which
did not allow for the testing of a cow individuality.
The observed high proportion of R? was affected by
all year round sampling and by factor of cow individu-
ality. Cow individuality differences in FA proportion
could be affected by various factors such as pedigree,
health status or rumen biohydrogenation. Also differ-

ent feed intake and obviously different response on
feeding diet can play an important role. The effect of
cow individuality on milk fat composition was also
affirmed by Elgersma et al. (2006), who tested the
response of individual cows on changes in feeding ra-
tion. They found that even if patterns in response
to diet changes were similar, proportion of CLA dif-
fered among cows.

Table 6. Milk yield (kg/d), fat, protein, and lactose content (g/100 g), milk fatty acids (FA), and groups of
FA (g/100 g of FA) depending on breed, cow individuality and parity

Breed! Individuality? Parity
Total
Number of C H C H 1 2 >3
milk samples g Lo s N
186 170 25* 25* 98 142 16 g § g § 002
Milk yield and composition
Milk yield 19.03* 22.86> 11.4-26.1 10.8-29.6 18.90° 21.17> 22.13> 20.9 4.5-443 0.38 34.6
Fat 4.36 4.22 3.4-5.4 3.5-5.5 4.35 4.27 428 429 22-69 0.04 189
Protein 3.61" 336" 3.2-43 2.8-3.8 3.52 3.47 3,50 349 2448 002 127
Lactose 4.82 4.78 3.9-5.2 4450 486> 480 476> 480 3.3-55 0.02 6.3
FCM? 19.84* 23.43* 11.3-25.3 11.3-29.8 19.69* 21.76* 2289 21.6 3.7-47.4 039 33.7
ECM* 21.63* 25.23> 12.9-27.4 12.4-31.2 21.36* 23.55> 24.79> 233 4.1-47.6 040 32.2
Individual FA
C4:0 2.01 2.03 1.7-2.3 1.6-2.3 1.96 2.02 2.07 2.02 0.8-3.7 0.02 20.6
C6:0 1.81 1.82 1.6-2.1 1.6-2.1 1.76* 1.81 1.86° 1.81 0.9-28 0.02 16.6
C8:0 1.35 1.33 1.2-1.5 1.1-1.5 1.29° 1.34® 1.38> 1.34 0.6-2.2 0.01 16.6
C10:0 3.58> 3.38  3.0-3.9 2.6-3.9 3.34* 347 362> 348 1.5-52 0.03 184
C12:0 435" 413"  3.6-5.1 3.1-5.0  4.07* 424> 439> 424 1863 0.04 189
C14:0 13.40> 13.07* 11.7-149 11.3-14.5 1291* 13.31® 13.44> 13.2 6.9-176 0.09 12.7
Cl4:1 0.98: 1.18° 0.8-1.2 0.8-1.5 1.00 1.14 1.06 1.08 0.3-1.9 0.01 258
C16:0 31.28* 32.69* 26.8-35.7 27.1-39.1 31.24* 32.45> 31.94® 319 22.1-43.6 0.02 12.2
Cl6:1 1.78: 1.88° 1.3-2.2 1.5-2.6 1.76° 1.87° 1.84* 1.83 1.1-3.2 19.5 195
C18:0 8.96 8.66 6.7-10.7 6.5-11.9 9.30> 8.54* 8.75® 882 39-17.3 0.11 24.4
Cl18:1 21.59 21.08 17.9-25.3 17.4-25.4 22.23> 20.90¢° 21.100 21.3 12.4-36.0 0.21 18.5
C18:2n-6 1.60 1.59 1.2-2.5 1.2-2.0 1.56 1.58 1.63 1.59 0.7-3.2 0.02 20.7
C18:3n-3 0.39 0.38 0.3-0.6 0.3-0.5 0.41> 039 0.36° 039 0.2-09 0.01 28.0
CLA> 0.41>  0.38 0.3-0.6 0.2-0.5 042> 0.37* 0.40® 039 0.1-09 0.01 383
Group of FA®
SFA 69.12 69.49 63.2-73.2 65.0-74.0 68.32> 69.62* 69.71* 69.3 53.8-80.1 0.22 6.1
UFA 28.15 2791 24.3-33.4 23.7-31.5 28.86 27.67 27.78 28.0 17.7-44.1 0.22 15.0
MUFA 2492 2476 21.4-28.7 21.0-28.9 25.62> 24.51* 24.57* 24.8 15.8-39.8 0.20 15.5
PUFA 3.24 3.15 2.6-4.7 2.5-3.9 3.24 3.16 3.21 320 1.4-64 0.03 20.5
C4-C15  30.58" 30.08 27.8-32.8 26.2-32.9 29.52* 30.56® 30.76° 30.3 16.8-40.8 0.19 11.7
C18-C24 3539 34.42 29.2-41.0 27.7-40.1 36.45> 34.19* 34.55* 349 17.8-56.3 0.32 18.0

»b Means in breed and parity groups with different superscripts within a row differ (P<0.05); SEM = standard error of the mean;
RSD = relative standard deviation (coefficient of variation), in % = [standard deviation/mean].100.
!C = Czech Fleckvieh; H = Holstein; 2# = number of cows (range in cow means)
SFCM = Fat Corrected Milk (4 %); “ECM = Energy Corrected Milk.
SCLA = C18:2 cis-9, trans-11.
SSFA = saturated FA; UFA = unsaturated FA; MUFA = monounsaturated FA; PUFA = polyunsaturated FA;
C4-C14 = sum of C4 to C14 (even); C18-C24 = sum of C18 to C24.
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Milk fat composition is widely assessed by its
FA groups. Most common evaluation is done by the
presence of double bonds. In addition, milk fat could
be evaluated according to the number of carbons. In
our study, R? was evaluated both ways. With regards
to the presence of double bonds, the testing of R?
did not reveal any differences between saturated and
unsaturated FA (46.8 vs. 45.9 %, respectively). Simi-
larly, no differences were observed within each ani-
mal factor (Table 5). However, the differences were
found according to the number of double bonds in the
FA chain (45.4 and 39.2 % in monounsaturated and
polyunsaturated FA, respectively). The lower value
in polyunsaturated FA could probably be explained
by a higher effect of feeding factors, which pre-
dominantly affected these FA (Coppa et al., 2013).
As can be observed from data in Table 5, proportion
of polyunsaturated FA was influenced by a variation
in the cow individuality (33 %), while that of mono-
unsaturated FA was affected by a cow individuality
(26 %) and month of lactation (18 %).

The second way of FA classification is partially
connected with the physiological pathway of FA
synthesis: de novo and preformed FA (Vlaeminck
et al., 2006; Harvatine et al., 2009). In our work,
the differences in the groups classified by a number
of carbons were observed. Those showed values of
R% 35.8, 54.4 and 44.8 % for the groups with even
saturated FA C4 to Cl14, C16 and C18 to C24,
respectively. This was probably related to different
heritability for the individual FA. Stoop et al. (2008)
reported heritability coefficients of 0.31 to 0.54 and
0.09 to 0.21 for FA with short-/medium- (from C4
to C16) and long-chain (> C18), respectively.

Our data proved a statistically significant
(P<0.001 and <0.01) effect of the breed on the in-
dividual FA up to C16 (excluding volatile FA) and
consequently in the groups C4 to C14. This may
suggest a more important effect of animal factors on
short- and medium-chain FA than on the long-chain
ones.

Significant effects of breed and cow individual-
ity on CLA could be explained by the pathway of its
synthesis. According to Mosley et al. (2006), 80 %
of CLA is synthesized in the mammary gland. How-
ever, the low R? of CLA (28.2 %) indicates a lower
proportion of animal factors. The prevailing propor-
tion of the variation can be thus affected by feeding
ration (e.g. Elgersma, 2015).

The composition of both, the individual FA and
their groups in relation to breed, cow individuality
and parity is collated in Table 6.

The inter-breed differences do not seem to be
too high despite the statistical significance (P<0.05)
observed among some individual FA and their
groups. From the nutritional point of view, signifi-
cantly higher proportion (32.7 vs. 31.3 %) of palmitic
acid (C16:0) and lower proportion (0.38 vs. 0.41 %)
of CLA were determined in milk fat of Holstein
cows as compared with that of Czech Fleckvieh
breed. However, both the breeds are supposed to
have different feeding requirement, varying in milk
yield and resulting in different feed intakes.

Cow individuality caused substantial differ-
ences within both the breeds. The extent of vari-
ability is characterized by wide ranges of FA propor-
tions and relative standard deviations (coefficients

of variation). It ranges for the individual FA between
12.2 % for C16:0 and 38.3 % for CLA.

Some reports suggested that breed differences
in FA composition could be affected particularly by
the fat yield per day (Soyeurt et al., 2007; Stoop
et al., 2008). In milk of cattle breeds with consider-
ably low milk yield or fat content there were mostly
reported low proportions of saturated FA and thus
higher proportion of unsaturated FA (Ferlay et al.,
2006; Moioli et al., 2007). Limited differences in
the proportions of quantitatively and nutritionally
important FA were observed within the breeds with
similar fat yield per day (Palladino et al., 2010).
The differences could thus be affected by functional
type (dairy Holstein vs. dual purpose Czech Fleck-
vieh) in association with rearing condition factors as
seems to be in this work.

With regards to parity, the observed signifi-
cant differences within FA composition were evi-
dent between primiparous and multiparous cows.
No significant differences, except for linolenic acid
(C18:3 n-3), were observed between dairy cows
at second and further (>3) lactations. According to
the previously published data (e.g. Artegoitia et
al.,, 2013; Stadnik et al., 2013), primiparous cows
have nutritionally more desirable FA composition
with lower proportion of saturated FA and higher
proportion of unsaturated FA and CLA. The differ-
ences in the control of tissue mobilisation between
multiparous and primiparous cows can be the reason



104

E. SAMKOVA et al.: Milk fatty acids composition, Mljekarstvo 68 (2), 98-107 (2018)

(Wathes et al., 2007). Both body and mammary
gland development is not yet finished in primipa-
rous cows in the post-calving period. This can cause
a lower milk production and elevated utilisation of
FA from both feeds and body reserves. As Miller et
al. (2006) reported, activity of an enzyme synthase
in mammary gland, which participates in FA produc-
tion, is in primiparous cows low during the initial
third of lactation and only during the final third of
lactation reaches an activity usual in multiparous
cows.

The effect of month of lactation is undoubtedly
higher than parity. The most extensive changes oc-
cur particularly during the initial third of lactation
(days 0-100), which was largely studied (Kay et
al., 2005; Lake et al., 2007). In the works studying
whole lactation period (days 0-305), the researchers
(Garnsworthy et al.,, 2006; Mele et al., 2007)
mostly sampled milk with a limited frequency. It
could hardly give a true picture of the changes in
details.

According to our data (Figure 1), more exten-
sive changes occurred not only during the initial
month of lactation, but also during the final third.
The changes in the proportion of individual FA de-
pended first of all on the number of carbons in FA
chains which indicates the relation to the pathway
of FA synthesis. The proportion of FA with C4 to
C14 and C16 culminated during the second third of
lactation, while FA with >18 carbons were at their
minimum level. Somewhat different course during
lactation we observed for CLA with the maximum
proportion at the end of lactation period. These ob-
servations correspond to a large extent with the re-
sults of Craninx et al. (2008) or Micinski et al.
(2012).

The obtained differences were probably af-
fected by different metabolic requirements during
the lactation period (Lake et al., 2007) and physi-
ological state of dairy cows (Nielsen et al., 2003),
which influenced the ratio between de novo and pre-
formed FA. Such relation does not depend on diet
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Figure 1. Proportion of fatty acids (FA) in C4-C14 (even), C16:0, conjugated linoleic acid (CLA),
and C18-C24 (even) (y-axis: g/100 g of FA) depending on stage of lactation
(x-axis: month of lactation); vertical bars denote 0.95 confidence intervals
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(Garnsworthy et al., 2006). Negative balance of
energy during the initial phase of lactation period
results in limited production of de novo FA, propor-
tion of which is low during this phase. Similar situa-
tion occurs during the finishing lactation period. The
proportion of preformed FA can vary between 5 and
20 % in relation to dairy cow physiology.

Conclusion

The results of this study showed considerable
effects of four animal factors on milk fat composi-
tion of two different breeds under the same rearing
conditions. Whilst cows” individuality and month
of lactation were the main factors affected the vari-
ation in milk fatty acids, the effects of breed and
parity were limited. Nevertheless, in particular the
frequently discussed influence of the breed on milk
fat fatty acid profile is often overlapped with the nu-
trition effects, whereas it can be considered as pure
result here. Cow individuality caused substantial
differences within both the breeds, which could be
probably affected by different interactions between
rearing conditions factors and cow individuality.
Lower proportions of de novo fatty acids were deter-
mined during the initial and final third month of lac-
tation as a possible result of negative energy balance.
This could be an influential physiology phenomenon
in these lactation periods. According to the above
mentioned facts it is obvious that the work can bring
some new insights to the current topic of influencing
milk fat composition, which is important not only
from a nutritional and health point of view, but also
from a technological point of view.
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Zajednicki utjecaj pasmine,
rednog broja i mjeseca laktacije
te utjecaja jedinke na sastav
masnih kiselina mlijecne masti

Sazetak

Cilj ovog istrazivanja bio je objasniti utjecaj
Cetiri ¢imbenika - pasmine, broja laktacije, utje-
caja jedinke (fenotipska varijacija unutar pasmine) i
mjeseca laktacije na sastav masnih kiselina (MK) u
mlije¢noj masti kravljeg mlijeka. Lokalna ¢eska pas-
mina Fleckvieh usporedivana je sa svjetski poznatom
pasminom holstein. Ukupno je analizirano 357
uzoraka mlijeka prikupljenih tijekom jedne godine
od 25 mlije¢nih krava svake pasmine. Varijacije
sastava masnih kiselina uglavnom su bile pod utje-
cajem jedinke (16-48 %) i mjeseca laktacije (3-18
%), dok je utjecaj pasmine bio ograni¢en (oko 2 %).
Faktori vezani za Zivotinje takoder su se pokazali
statisticki znacajnim za sastav MK. Znacajnije raz-
like u varijaciji svih ¢imbenika utvrdene su u odnosu
na broj ugljikovih atoma u MK (35,8, 54,4 i 44,8
% za C4 do C14, C16, C18 i C24) te u odnosu na
broj dvostrukih veza (45,4 % jednostruko nezasi¢ene
i 39,2 % viSestruko nezasi¢ene MK). Pri tom nisu
utvrdene znalajnije razlike u sastavu zasi¢enih
i nezasicenih MK (46,8 %, odnosno 45,9 %)
izmedu ispitivanih pasmina krava. Zaklju¢no, s nutri-
tivne tocke gledista bilo bi prikladnije MK klasifici-
rati prema broju ugljikovih atoma, a ne prema dosad
uvrijezenoj podjeli prema zasi¢enosti/nezasi¢enosti.

Kljucne rijeci: krava, mlijeko, masne kiseline,
utjecaj jedinke
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Abstract

KALA ROBERT, SAMKOVA EVA, KOUBOVA JANA, HASONOVA LUCIE, KVAC MARTIN,
PELIKANOVA TAMARA, SPICKA JIRT, HANUS OTO. 2018. Nutritionally Desirable Fatty Acids
Including Cla of Cow’S Milk Fat Explained by Animal and Feed Factors. Acta Universitatis Agriculturae
et Silviculturae Mendelianae Brunensis, 66(1): 69-76.

This study evaluated the effects of four factors (breed, parity, month of lactation and feeding ration)
on the total explained variation (R?) determining composition of nutritionally important fatty acids.
Individual milk samples were collected four times over an entire year (March, June, September, and
December, respectively) on a conventional farm from two breeds: Czech Fleckvieh (dual-purpose,
local) and Holstein (dairy, worldwide). In total, 145 samples (36; 38; 35 and 36, respectively) were
analysed. Within the R?, feeding ration and month of lactation were the main factors affecting milk
fatty acids composition, whereas breed and parity showed alow effect. A high percentage of the R>was
observed in rumenic acid (52 %), for example, whereas a low percentage was observed in both palmitic
acid (30%) and oleic acid (30 %). This may be due to intra-breed variability affected by different genetic
predisposition of each cows, their performance or individual response to changes in feeding ration.

Keywords: cows, milk fatty acid, rumenic acid, breed, lactation, feeding ration

INTRODUCTION

Most of unsaturated fatty acids (FA) are more
desirable in human nutrition than their saturated
counterparts. The former group is subdivided
into mono- and polyunsaturated FA. Moreover,
polyunsaturated FA are nutritionally classified as
n-6 and n-3 groups, according to the position of
first double bond, numbered from the methyl end
of carbon chain. The major unsaturated FA are
non-essential oleic acid (18:1 c¢is-9) and essential
linoleic (18:2 n-6) and alpha-linolenic acids (18:3
n-3), which have all-¢is double bonds (Jensen, 2002).
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Conjugated linoleic acid (CLA) is a group term
for a series of conjugated dienoic positional and
geometrical isomers of linoleic acid, which are
relatively more abundant in the milk and fat tissue
of ruminants (Dhiman et al., 2005). In CLA, the most
important isomer is cis-9, trans-11-linoleic acid
(RA, rumenic acid). It forms about 75-90% of all
CLA isomers (Kramer et al., 1998) and has putative
health benefit (Palmquist et al., 2005). RA in milk fat
is primarily biosynthesized from monounsaturated
vaccenic acid (18:1 trans-11) by the activity of
the enzyme A9-desaturase in mammary gland.
According to Mosley et al. (2006), this pathway
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produces about 80% of RA. The health effects
of individual CLA isomers have been studied
since the 1980s. RA has been associated with
the prevention of a number of diseases, including
cardiovascular diseases, obesity and diabetes
(e.g. Riediger et al., 2009; Sailas and Spener, 2009).
However, most of the positive effects of CLAs
have been observed in animals, and the evidence

from clinical studies in humans is less convincing
(Gebauer et al., 2007; Yang et al., 2015).

The fatty acid composition of bovine milk
fat is affected by animal factors (Samkova et al.,
2012; Schwendel et al, 2015) and feed factors
(Chilliard et al., 2001; Elgersma, 2015). For FA with
up to 16 carbons, animal factors are expected to
have a greater effect due to moderate coefficients of

It Distribution of milk samples according to breed, parity and month of lactation.

Breed Parity Month of lactation Days in milk
CF H 1 2 23 1-4 5-7 28 Mean + SD

March 18 18 12 15 9 19 9 8 128 +73
June 19 19 12 16 10 11 16 11 171+£81
September 18 17 9 16 10 10 11 14 177 + 86
December 18 18 11 10 15 13 11 12 162 + 102
Total 73 72 44 57 44 53 47 45

P 0.9992 0.6521 0.2780 0.0684

P = probability, y* for breed, parity and month of lactation, SD = standard deviation,
CF = Czech Fleckvieh, H = Holstein, Month of lactation: 1-4 (10-120 days in milk), 5-7 (121-210), 8-10 (211-345).

IL: Intake of matter, ingredient and chemical composition of feeding rations.

Item March June September December
Intake (kg/day)
Fresh matter 344 35.3 34.1 36.5
Dry matter (DM) 17.5 16.5 15.8 17.9
Ingredient composition (% of DM)
Maize silage 39.0 243 19.5 28.1
Grass silage 24.5 22.2 21.6 26.8
CCM (corn cob meal silage) - - 12.4
Fresh lucerne (Medicago sativa) 114 - -
Fresh maize - 18.4 -
Hay 2.6 3.2 2.8 7.0
Mashed oats 4.9 5.3 5.4 4.9
Production feed mixture (PM) 27.9 32.5 31.1 19.8
Minerals and vitamins mixture (MM) 1.1 1.1 1.2 1.0
Chemical composition
DM (g) 443 399 400 441
CP (g/kg of DM) 146 160 153 146
nXP 147 151 150 146
Crude fat 30.3 27.4 26.3 27.9
Crude fibre 167 159 176 166
NE, (M]/kg) 6.36 6.48 6.47 6.36

PM = mixture consisted of 20 (32; 9), 20 (37; 30), 12 (0; 0), 0 (0; 14), 20 (28; 7), 25 (0; 37) and 3 (3; 3)% (w/w) of barley, wheat,
oats, lupin (Lupinus albus), extracted soybean meal, extracted rapeseed meal, and a mixture of minerals and vitamins in
March (June- September; December), MM = mixture consisted per kg: 210, 30, 100, 70 g of calcium, phosphorus, sodium,
magnesium, respectively; 750, 30, 80, 2,730 mg of copper, selenium, iodine, vitamin E, respectively; 500,000 and 75,000 TU
of vitamin A and D, respectively, CP = N x 6.25, nXP = protein utilised in the intestine (DLG-Futterwerttabellen, 1997),

NE, = net energy for lactation (Sommer et al., 1994).
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heritability (Schennink et al., 2008; Stoop et al., 2008).
Conversely, feed factors have the greatest effect
when the carbon chain length is greater than 18
(Samkova et al., 2014). For instance, CLA content can
vary between 0.34 and 3.08% of total FA depending
especially on feeding (Dhiman et al., 2005; Elgersma,
2015). The highest levels are observed under
feeding with fresh forage (Collomb et al., 2002),
whereas breed and parity show lower effects
(Stanton et al., 1997).

Our work aimed at evaluating the extent of
variability of four factors (breed, parity, month of
lactation and feeding ration) affecting proportions
of nutritionally desirable FA including RA in milk
fat of dairy cows reared under farm management
practices that are typical in the Czech Republic.

MATERIALS AND METHODS

Ethical committee hereby declares that
experiments performed in the present study are
according Act No 246/1992 Coll., on the protection
of animals against cruelty of the Czech Republic.
With regard to the type of study, no special
permission is needed.

The study was carried out on a farm (420 meters
above sea level), in the region of South Bohemia,
Czech Republic. On the farm, cows of two breeds,
Czech Fleckvieh (dual-purpose, local) and Holstein
(dairy, worldwide) were housed together and
milked twice a day. Individual milk samples were
collected within the afternoon regular testing of
milk efficiency in each of four months: March, June,
September and December. Milk samples were taken
with regard to breed, parity and month of lactation
to obtain a balanced set of samples (Tab. I).

All cows were fed under the same conditions.
Total mixed rations were formulated according to
the German recommendations for ruminant feeding
(DLG-Futterwerttabellen, 1997) and calculated for
amean live weight of 650 kg, milk fat content of 4.2%
and milk protein content of 3.5%. Total mixed rations
consisted of components widely used in the recent
Czech farming practice (Tab. II). All feeding rations
were fed at least for three weeks before sampling.

Milk samples were cooled (6°C) immediately
after collection and transported to the laboratory
in a cool box. Fat, protein and lactose contents
were determined spectrophotometrically using

Denmark). This instrument was regularly calibrated
according to results of relevant reference methods
(for fat content according to Roese-Gottlieh
method, for crude protein content according to
Kjeldahl method a for lactose monohydrate content
according to polarimetric method) and took part
in proficiency testing with good results. This was
carried outin accordance with instrument operation
manual. Milk fat was extracted with petroleum ether
from freeze-dried milk samples. FA in isolated
fat were reesterified to their methyl esters with
a methanolic solution of potassium hydroxide.
Methyl esters of FA were determined by a gas
chromatographic method (GLC) using a Varian 3300
apparatus (Varian Techtron, USA) under conditions
described in Tab. I1I.

The identification of FA was carried out using
analytical standards (Supelco, USA). In total, 64
FA were observed, 50 of which were identified.
The proportions of individual FA were calculated
from the ratio of their peak area to the total area of
all the observed FA.

Data were analysed by the program Statistica
CZ 12 (Statsoft CR) using a general linear model with
fixed effects of breed, parity, month of lactation and
feeding ration:

Yijkl =p+Bl~+Pj +MOLk +F1 +8ijkl

where:

Yy = dependent variables: milk yield (kg/d);
fat, protein and lactose content (g/100 g);
proportion of individual milk FA (g/100g of
total FA); and groups of FA (g/100 g of total FA),

It = mean,

B, = breed (i = Czech Fleckvieh, Holstein),

P, = parity (j = 1,2,> 3),

MOL, = months of lactation (k =< 30 days in milk
(1); 31-60 (2); 61-90 (3); 91-120 (4); 121-150 (5);
151-180 (6); 181-210 (7); 211-240 (8); 241-270 (9);
> 271 (10),

F, = feeding ration (I = March, June, September and
December),

€y = residual error.

Tukey HSD test for unequal N was used for group
comparisons (post hoc test).
Total explained variation (R?, coefficient of

a MilcoScan 4000 apparatus (Foss Electric, Hillerpd, ~determination) and variation explained by
IIT:  Parameters of chromatographic analysis of fatty acids.
Parameter Value
Column CP-Select CB for FAME, 50 m x 0.25 mm, 0.25 pm thickness
Detector FID
column 55 °C for 5 min, 40 °C/min up to 170 °C, 2.0 °C/min up to 196 °C, 10.0 °C/min up to 210 °C
Temperature injection 250°C
detector 250°C
Helium flow 1.8 ml/min
Injection 1 ul, split 10
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individual effects (factors variation) were calculated
using sum of squares and were expressed as
a percentage. R? was defined as [(1-(residual sum of
squares/total sum of squares)).100]. Factor variation
was defined as [(sum of squares of individual
effects/total sum of squares).100].

RESULTS AND DISCUSSION

A general linear model, comprising breed, parity,
month of lactation and feeding ration, was used to
evaluate the variability of selected FA of bovine milk
fat, groups of FA and their mutual relations. Using
this model, the highest levels of R* were 65% and
52 % for vaccenic acid and RA, respectively (Tab. V).
Within the observed groups, the value of R? for
branched-chain FA was 54 %. The high R? of selected
FA were due, in particular, to high variability in
feeding ration, with the exception of branched
chain FA, where the value of R? was primarily
affected by the variability in month of lactation.
The major contribution of month of lactation to

the R? in animal factors was previously reported by
Kelsey et al. (2003).

Even though our work was carried out under
common farm management conditions, we
observed a significant effect of feeding ration on
the R%. A comparable effect was reported from
exact feeding experiments (e.g. Leiber et al., 2005;
Wiking et al., 2010).

The high explained variation in vaccenic acid and
RA, as affected by the feeding ration, is probably
due to feeding with fresh forage, lucerne and maize.
However, previous studies found that, compared
to grazing (Elgersma, 2015) or organic farming
conditions (O’Donnell et al., 2010), partial feeding
of housed dairy cows with fresh forage had only
a limited effect on the proportion of nutritionally
desirable FA in milk fat (Leiber et al., 2005). This
could explain the low level of variation in oleic
acid (6%) and the group of monounsaturated FA
(5%). The higher level of explained variation in n-3
polyunsaturated FA (32%), compared to the n-6
polyunsaturated FA group (25%), was probably

IV: Distribution of total explained variation (R2) for milk yield (kg/d), fat, protein and lactose content (g/100 g), fat corrected milk (FCM
4.0) and energy corrected milk (ECM) (kg/d), individual fatty acids (FA), and groups of FA (g/100 g of FA) in general linear model involving

animal and feed factors.

Factors variation'
Breed Parity Il\gg; ttI;o(;lf Feeding ration R
% P % P % P % P % P
Milkyield and composition
Milkyield 5 Hokok 2 t 37 Hork 1 ns 45 Hokk
Fat content 1 ns 0* ns 12 & 22 S 35 R
Protein content 3 * 1 ns 32 ok 4 t 39 k¥
Lactose content OF ns 3 t 31 S 1 ns 35 S
FCM 4.0 4 ** 2 ns 33 ook 2 ns 41 Hokk
ECM 4 A 1 ns 32 RS 2 ns 39 R
Individual FA
16:0 2 t 3 t 15 *x 10 ok 30 Hokk
18:1 cis-9 OF ns 3 t 21 EES 6 & 30 A
18:1 trans-11 o* ns 1 ns 9 ok 55 Hokk 65 Hokk
18:2n-6 o* ns 0" ns 10 t 15 gt 25 R
18:3n-3 0" ns 1 ns 6 ns 27 ok 34 ok
18:2 cis-9, trans-11 2 3 3 3 7 & 40 s 52 A
Group of FA?
C4-14 0* ns ns 13 *x 12 ok 28 Hokk
MUFA 0" ns 2 ns 21 e 5 & 30 R
BCFA 0" ns *x 33 ook 17 Hokk 54 Hokk
PUFAn-6 o* ns 0" ns 6 ns 25 R 32 R
PUFAn-3 o ns 0" ns 6 ns 32 Hokk 39 Hokk

P = probability, ns = not significant, t = P < 0.10, * = P < 0.05, ** = P < 0.01, *** = P < 0.001, # =% of factors variation < 0.5;1
Factors variation = proportion (%) of individual factors variation accounted for by R2 (coefficient of determination);

2 C4-14 = saturated FA, even, MUFA = monounsaturated FA, cis isomers, BCFA = branched chain FA, PUFA
n-6 = polyunsaturated FA n-6, PUFA n-3 = polyunsaturated FA n-3.
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caused by feeding with fresh lucerne. According to
Wiking et al. (2010) legumes have a greater effect on
the n-3 group than the n-6 group.

It is also evident that different FA formation
pathways have a considerable effect on factors
variation. According to Bauman and Griinari (2003),
FA with 4 to 14 carbons (C4-14) and about 50%
of palmitic acid (16:0) are synthesised de novo in
the mammary gland, whereas FA with > 18 carbons
are transported to the mammary gland from feed
as unesterified FA or as preformed FA. Microbial
processes in the rumen are major factors affecting
odd- and branched-chain FA (Vlaeminck et al., 2006).

In our study, the contribution of feeding
ration to the R? in most of the preformed FA
was greater than that of the three animal factors
combined. For example, 18:2 n-6 15% (feeding
ration) vs. 10% (animal factors), 18:3 n-3 27% vs.
7%, n-6 polyunsaturated FA 25% vs. 6%, and n-3
polyunsaturated FA 32% vs. 6%. This contrasts with
FA groups formed de novo, where animal factors

contributed more to the R? than feeding ration: for
example, C4-14 group 16% (animal factors) vs.12%
(feeding ration). This is consistent with previous
works showing that coefficients of heritability are
affected by the number of carbons in FA chains
(Stoop et al., 2008).

In agreement with previous work, we found
interbreed variability of FA in milk fat. Significant
differences (P < 0.05) were observed in palmitic acid
(30.5 and 31.7% for Czech Fleckvieh and Holstein,
respectively), or RA (0.42% and 038%) - Tab. V.
The differences between the breeds could be
partially caused by different fat corrected milk (FCM)
19.3 and 22.0 kg for Czech Fleckvieh and Holstein,
respectively (P <0.05). Performance probably
also affects differences caused by parity. Lake et al.
(2007) reported differences in FA proportion
particularly between multiparous and primiparous
cows. Primiparous cows have a nutritionally more
desirable FA composition. This was observed also

V: Milk yield, fat corrected milk (FCM 4.0) and energy corrected milk (ECM) (kg/d), fat, protein, and lactose content (g/100 g), individual
fatty acids (FA), and groups of FA (g/100 g of FA) depending on breed, parity and feeding ration.

Number of milk Breed Parity Feeding ration Total
un;a;lli’(;e;m cr 1 ! 2 >3 AL X xi Mean Min.-Max. SEM RSD
73 72 44 57 44 38 35 36
Milkyield and
composition
Milkyield 18.7¢ 222> 18.8* 19.9% 22.6> 22.1°> 204* 18.0* 21.0®* 204 4.5-433 061 36
Fat content 422 402 411 420 4.03 3.58° 430 4.80c 3.77** 412 2.17-6.60 0.07 21
Protein content  3.62* 3.49* 357 356 3.53 336° 3.61" 3.63° 3.62* 355 251-474 003 11
Lactose content 4.78 475 484 475 473 484 476 474 473 477 330-540 003 7
FCM 4.0 19.3* 22.0> 19.1* 20.1%* 22.8> 205 213 199 208 206 3.7-420 0.58 33
ECM 21.2¢ 241> 21.00 22.0°* 25.0° 22.6 232 214 233 226 4.1-470 0.62 33
Individual FA
16:0 30.5 317> 301 314 316 313> 321° 320" 29.0¢0 31.0 23.2-39.0 030 11
18:1 cis-9 192 186 198 186 184 187+ 17.7¢ 20.1> 19.2* 189 13.1-30.8 0.29 18
18:1 trans-11 1.55 149 157 154 145 1200 1.71® 1.94¢ 1.23* 152 0.89-297 004 28
18:2n-6 169 166 168 1.67 1.68 1.58®° 1.80* 1.51* 1.81° 1.68 0.67-3.20 0.03 20
18:3n-3 044 043 045 045 040 046 0.52¢ 043> 033* 043 0.16-091 0.01 30
18:2¢is-9, trans-11 0.42° 0.38* 0.44> 0.36* 0.41* 040> 041> 0.26* 0.51° 0.40 0.10-0.80 0.01 35
Group of FA!
C4-14 25.6 25.6 24.8* 255% 265> 259% 257% 235 270> 256 14.8-347 031 14
MUFA 22.5 223 231 222 219 223 21.2* 23.6° 22.6* 224 16.7-348 028 15
BCFA 249 244 253> 254> 2320 247> 260> 258> 2.22* 247 145-331 0.03 13
PUFAn-6 198 191 194 194 195 190> 2.12° 1.60* 2.13> 194 0.69-3.91 0.04 22
PUFAn-3 0.56 0.53 056 055 052 0.59° 0.66° 0.45* 046*° 0.54 0.16-1.10 0.01 30

»bed=means in breed and parity groups with different superscripts within a row differ at P < 0.05, in feeding ration
groups at P < 0.01, CF = Czech Fleckvich, H = Holstein, III, VI, IX, XII = feeding rations in March, June, September,
and December - see Tab. II, SEM = standard error of the mean, RSD = relative standard deviation (%) = [standard

deviation/mean].100;

! C4-14 = saturated FA, even, MUFA = monounsaturated FA, cis isomers, BCFA =branched chain FA, PUFA
n-6 = polyunsaturated FA n-6, PUFA n-3 = polyunsaturated FA n-3.
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in our work. However, the differences were mostly
statistically insignificant.

A more desirable FA composition was observed
in cows at the beginning of lactation, i.e. between
days 10 and 30. The proportions of palmitic acid
and the C4-14 group were lower (27.7% and 22.6%,
respectively) than during the late period of lactation;
for instance, between days 211 and 240 (33.3 and
26.6%, respectively). In contrast, the proportions
of oleic acid (18:1 cis-9), linoleic acid (18:2 n-6),
monounsaturated FA and n-6 polyunsaturated FA
were higher between days 10 and 30 (23.4, 1.99, 26.5
and 2.27 %, respectively) than between days 211 and
240 (17.2, 1.48, 21.0 and 1.75%, respectively) — data
not given in the table. The proportion of linoleic
acid is elevated during the early lactation, while that
of RA is maximal at the end of lactation (Fig. 1).

As mentioned above, some differences in
FA composition could be affected by breed,

cow individuality, parity or month of lactation.
Nevertheless, composition of feeding ration is
the main factor determining the content of saturated
and unsaturated FA (Kalac and Samkova, 2010).
Within the common management of cow feeding,
farmers strive to prepare balanced feeding rations
(Slots et al., 2009) and only adopt changes in feed
components that give rise to changes in milk fat FA
composition. In our work, the lowest proportion
of palmitic acid (29.0%) was associated with
the highest proportion of rape seed in the feeding
ration, oleic acid proportion increased during
feeding of fresh maize (up to 20.1%), and the highest
proportion of alpha-linolenic acid (0.52%) and n-3
polyunsaturated FA (0.66%) was observed after
feeding of fresh lucerne.

y = 0,0027x2 - 0,0237x + 0,4229

18:2cis-9, trans-11

0,20 r r r r r r r r r
1 2 3 4 B 7 8 9 10
Month of lactation
2,40 1 y = 0,0074x2 - 0,1056x + 1,9817

T

¢ T

"
¢ !

] B T 8 9 10

Month of lactation

1: Proportion of 18:2n-6,and 18:2 cis-9, trans-11 (y-axis: g/100 g of fatty acids) depending on month of lactation (x-axis); vertical bars
denote 0.95 confidence intervals.
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CONCLUSION

In conclusion, the fatty acid composition of milk fat in milked cows under common farm management
conditions, particularly the presence of nutritionally desirable polyunsaturated fatty acids, is mainly
affected by changes in feeding ration. The four tested factors — breed, parity, month of lactation
and feeding ration - explained only a limited part of total variation. We therefore suppose that
the unexplained variability is due to the individuality of cows (genetic predisposition) in their reaction
to changes in feed composition. It therefore appears necessary to continue to study this topic.
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Abstract

KALA ROBERT, SAMKOVA EVA, PECOVA LENKA, HANUS OTO, SEKMOKAS KESTUTIS,
RIAUKIENE DALIA. 2018. An Overview of Determination of Milk Fat: Development, Quality
Control Measures, and Application. Acta Universitatis Agriculturae et Silviculturae Mendelianae Brunensis,
66(4): 1055-1064.

Milk fat content is an important indicator of milk quality because of nutritional and technological
aspects of dairying. In this sense the milk fat determination is important practice procedure. The
work goal was to do an effective overview and comparison of reference and routine methods of fat
determination duringtheir development. Nowadays, there existanumber of methodsfor determining
milk fat content. Reference methods require accurate analysis in compliance with the International
Standard 1SO, whereas routine methods perform analysis using routine instrumental techniques
for faster and cheaper results with acceptable accuracy. Quality control measures have a significant
role for result determination reliability and they include internal quality controls, external quality
controls, precision of evaluation, and blank samples. In conclusion, due to continuous development

and improvement, routine methods will be used more often.

Keywords: milk fat, raw cow ’s milk, reference methods, routine methods

INTRODUCTION

Milk quality is an important factor in the dairy
industry. One of the major factors of milk quality
is composition, which affects the properties of
the milk. Milk fat plays a significant role not only in
the nutritional, physical, and chemical properties
of milk, but also in the purchasability of milk
(Upadhyay et al., 2018). Therefore, specific minimum
standards of must be met in order for payment to be
received by milk producers in the Czech Republic.
These minimum standard values are, in accordance
with standard CSN 57 0529, fat (33 g- 1), protein
(28 g-1"), and solid non-fat content (8.5%) are
required (CNI-Czech Normalization Institute, 1993).

Milkfatis the mostvariable component of ruminant
milk (Samkova et al., 2012). The fat content can vary
from about 3% to 6%, but typically in the range
35% to 47% (Lock and Bauman, 2011). Milk fat is
composed of triacylglycerols (TAGs), diacylglycerols,
phospholipids, free fatty acids, and cholesterol
(Jensen and Newburg, 1995). The TAGs are the main
component and represent about 97-98% of the total
milk fat content (Vieitez et al., 2016).

The aim of our work is to describe and compare
reference and routine methods used for analysis
of milk fat. Furthermore, this overview describes
quality control measures and applications for
the mentioned methods.
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Development of
measurement methods

Quality requirements in the food industry
stimulate the development of analytical
techniques capable of precise component
quantification at a reasonable price of analysis
(Kessler, 2013). Therefore, several analytical
methods are reported for milk fat determination
and quantification. In general, the efficiency
of reference method results are usually more
reliable, and also more expensive, than routine
method results. For this reason, more routine
methods for milk fat determination have been
developed during the last hundred years.

The Butyrometric method is an operating
method which can be used as a reference method
for routine analytical procedures. The method was
developed by the Swiss chemist and dairy-owner
Niklaus Gerber (Gerber, 1891). In principle,
proteins (mainly phospholipid envelopes of milk
fat globules) are dissolved by sulfuric acid. Then,
the addition of amyl-alcohol results in a sharp
interface. Subsequently, the fat is quantitatively
released and separated by centrifugation. Fat
volume is read on the butyrometer scale which is
calibrated to indicate the fat content in percentage
by weight (ISO-International Standards Office,
1976). Under the conditions in the Czech Republic,
this method is regulated by the COSMT-Czech
Office for Standards, Metrology and Testing
(2001) — CSN ISO 2446:2001. This method can
be applied to raw milk, drinking milk (whole,
semi-skimmed and skimmed milk), milk powder,
cream and dairy products (cheese, yoghurt). In
the USA and Canada the Babcock method is used
with the same analytical principle as a modification
of the Butyrometric method (CAES, 1894).

The Folch method (1957) is another method
for fat content determination. In principle, lipid
extraction is carried out with chloroform and
methanol (e.g. 2:1). Then, the homogenate is filtered.
The procedure enables extraction of lipid classes for
subsequent fatty acid analysis (Budge et al., 2006).
After extraction, transesterification (formation of
fatty acid methyl esters) is carried out. This method
is commonly used for marine products (Oftedal et al.,
2014). However, the Folch method was used for milk
fat determination of Weddell seal (Leptonychotes
weddellii) (Wheatley et al., 2008) and bovine milk
(Liuetal., 2016).

Similarly, the Bligh and Dyer method (1959) is
used for extraction of fat. In principle, this method
is also based on extraction using chloroform
and methanol, but it was developed for lipid
extraction of lean fish tissue (Iverson et al., 2001).
After extraction, the homogenate is filtered and
filtrate is transferred to a graduated cylinder. After
allowing a few minutes for complete separation
and clarification, the volume of the chloroform
layer is recorded and the alcoholic layer removed
by suction. Nevertheless, this method was used

by Nascimento et al. (2017) for determination of fat
content in commercial dried dairy products.

Maxwell et al. (1986) used a “dry-column method”
fordetermination of fat. Firstly, the sampleis dried by
anhydrous sodium sulphate and diatomaceous earth
(e.g. product Celite” 545 by Supelco-Sigma-Aldrich
Corp., USA). Subsequently, extraction is
accomplished using a mixture of dichloromethane
and methanol. The lipids may be isolated and
simultaneously separated into neutral and polar
fractions by a sequential elution procedure. Neutral
lipids (without polar lipids) are eluted first with
dichloromethane, followed by elution of polar
lipids with the dichloromethane/methanol (9:1)
mixture (Marmer and Maxwell, 1981). This method
can be applied to raw milk, drinking milk (whole,
semi-skimmed and skimmed milk) and buttermilk.

Supercritical ~ fluid ~ extraction (SFE) was
investigated by Eller and King (1996) as an
alternative to solvent-based extraction methods
(Manganiello et al., 2000). The sample is weighed to
the extraction thimble, previously loaded with 1 g
of diatomaceous earth. a temperature of 100 °C and
sc-CO, (supercritical carbon dioxide) fluid density
of 0.60 mg-ml' are used for extraction. Every
fluid is characterized by a critical point, which is
defined in terms of the critical temperature and
critical pressure, thus CO, is supercritical above
31.1 °C and 7.38 MPa (Sahena et al., 2009). Sc-CO,
is removed exclusively nonpolar lipid material.
Wolf et al. (2003) used SFE for analysis of milk
infant formula powder whereas Astaire et al. (2003)
applied method on buttermilk powders (with using
microfiltration).

The Weibull-Berntrop gravimetric method
involves Soxhlet extraction (Garcia-Ayuso et al.,
1999) and it is used for special dairy products—infant
formula (ISO-Part 1, 2005), ice creams (ISO-Part 2,
2005) or special cases (ISO-Part 3, 2005). In
principle, the method include hydrolysis (by
hydrochloric acid) and extraction (by n-hexane).
Next, the solvent was released in a rotary evaporator,
followed by cooling in a dessicator and weighing.
Tab. I summarizes individual methods.

QUALITY CONTROL MEASURES

The most important factors of correct analysis
are sampling accuracy, sample manipulation, and
quality control measures. Fat content is sensitive
to sampling accuracy and may be influenced by
this factor (Hanu$ et al, 2008). Therefore, bulk
or individual milk sampling is done according
to the standards for sampling CSN EN ISO 707
(COSMT, 2009) to ensure accurate results.

The quality control measures serve as
a mechanism for verifying the reliability of
the results. Aside from compliance with the standard
operating procedure (SOP), other measures include
internal quality control (with quality control
material), supervision of the working processes
with audits (Glanzmann et al., 2017), external quality
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control-proficiency testing (Kaarls et al., 2017), two
different methods for the same sample, precision
of evaluation-repeatability and reproducibility
(Verrezen et al., 2017), and blank samples. Basic
statistical principles as well as rules of proficiency
testing for reference and routine methods of raw
milk fat determination were followed. These
principles and rules are valid at the national and
international level (milk laboratory networks) as
many authors emphasized (Grappin, 1987, 1993;
Hanug et al., 1998; Leray, 2009a, 2009b, 2010).

Quality control material based on known
composition is valuable in internal quality controls
(Gargis et al., 2012). This material is comprised of
control milk and positive and negative controls for
different components (fat, protein, and others).
Preparation of control milk starts with analysis of
raw milk (primary and fast detection of composition
and quality evaluation). Then, milk is properly
mixed with preservatives (bronopol or sodium
azide) and is dosed into plastic vials. Subsequently,
milk can be refrigerated after dosing.

Under the Czech Republic conditions (Hanu3 et al.,
2014), the proficiency testing system is based on
relevant standards—CSN 57 0530 (CNI, 1973), CSN
57 0536 (CNI, 1999) and CSN EN ISO/IEC 17025
(CNI, 2005). Proficiency testing not only reveals any
errors in the results, but also provides the possibility
for comparison with other participants who
can identify potential problems, e.g. problems
with calibration (Glanzmann et al., 2017). The
procedure of proficiency testing is described in
“Statistical methods for use in proficiency testing by
inter-laboratory comparison” (ISO, 2010).

Before each analysis, samples are prepared by
heating in a water bath, gently mixing, and then
cooling to the room temperature. This procedure

I: Comparison of individual methods.

applies to particular samples designated in
the calibration. To verify the accuracy of the results,
itis also important to prepare a blank sample.

REFERENCE METHODS

Reference methods are thoroughly studied and
defined measurement procedures. These methods
are used to assess the reliability of other measurement
procedures (Sprongl and Paulik, 2011).

Reference methods are linked to the primary
methods of measurement defined as “methods
having the highest metrological properties, whose
operation can be completely described and
understood, for which a complete uncertainty
statement can be written down in terms of SI units”
(Milton and Quinn, 2001). Primary methods used
for chemical measurements include coulometry,
gravimetry, titrimetry, and colligative methods
(Quinn, 1997).

The ultimate precision method for determination
of milk fat content is the Rose-Gottlieb method
(Bogomolov et al, 2017), which replaced
the Butyrometric method described above. The
Mojonnier analytical method, which is essentially
the same as the Rose-Gottliecb method with its
similar reference extraction (Choi et al., 2015), is
used in the USA and Canada for much the same
reasons that the Rose-Gottlieb method is used
over the Butyrometric method (Kleyn et al., 1988).
In short, approximately 10 g (with precision of
0.0001 g) of cow ’s milk is hydrolysed by ammonia.
Subsequently, ethanol is added. Then fat is extracted
with diethyl ether and petroleum ether (repeated
liquid-liquid extraction, LLE). Fat content is
weighed after evaporating the solvents (e.g. device
SMT-Moplant series by Flohr Instrumenten and

Method Principle Use Reference
adissolving of protein (particularly . .
Butyrometric phospholipid envelopes of milk fat globules) mllkrgggéitzsury COSMT (2001)
by sulfuric acid P
a two-phase partition of the lipid fraction
in the organic (chloroform) phase . .
Folch (chloroform-methanol-water mix to create milk Liu etal. (2016)
atwo-phase system)
a two-phase partition of the lipid fraction il el ey
Bligh and Dyer ilhs oyt (i) ’phase products (dried dairy Nascimento etal. (2017)
(chloroform-methanol-water mix to create i
a two-phase system) p
an extraction of lipid by solvent elution (with milk and dai
Dry column using a dry column composed of an anhydrous roducts vy Maxwell et al. (1986)
sodium sulphate and diatomaceous earth) P
Supercritical fluid  aseparation technology that uses supercritical infal:)tvf%re?ula Wolf et al. (2003);
extraction fluid as the solvent (sc-CO,) buttefmﬂk p(’)w der Astaire et al. (2003)

Weibull-Berntrop

a gravimetric method including hydrolysis by
hydrochloric acid and extraction by n-hexane

infant formula, ice
cream and special
products

ISO-Part 1-3 (2005)

Sc-CO,-supercritical CO,
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Apparatenbouw, Netherlands). Under the Czech
Republic conditions, this method is regulated
by CSN EN ISO 1211:2011 (COSMT, 2011). This
method can be applied to raw milk and drinking
milk (whole, semi-skimmed and skimmed milk).

In conclusion, reference methods (Tab. II)
perform accurate analyses, which comply with
the internal SOP according to the ISO International
Standards. By contrast, reference methods have
several disadvantages—time-consuming process of
analyse and fewer analysed samples.

ROUTINE METHODS

Efficient routine analysis of milk fat is an
important part of dairy production (Zhu et al,
2015). Nowadays, the aim is to develop fast and
cost effective analytical methods that enable
the identification of components with various
physico-chemical properties in a single analytical
run (Tankiewicz and Biziuk, 2018). Next, routine
analyses are joined with routine implementation
of performance-related tests for milk payment
purposes under the Czech Republic conditions
(Hanus et al., 1998).

The main routine milk fat measurement principle
from 1950 to 1980 for milk payment and milk
recording laboratories in Europe was turbidimetry
(nephelometry), (e.g. Electronic Milko Tester by
Foss Electric, Denmark). Turbidimetric analysis
was based on the observed correlation between
fat content and the detected elimination of light
dispersed by a milk sample at specific wavelengths
(Ashworth, 1969). At present, this method is
obsolete. Furthermore, the turbidimetric method is
sensitive to the size variability of milk particles (e.g.

II: Comparison of individual reference methods.

milk fat globule), and, the testing of raw milk samples
without prior treatment (by homogenization) is not
very appropriate (Kucheryavskiy et al., 2014). This
method can be primarily applied to drinking milk
(whole, semi-skimmed and skimmed milk). On
the other hand, Hanus et al. (2014) described good
results also with raw milk samples. The next routine
method for determination of milk fat and other milk
components is the ultrasound analytical procedure
(Perlin, 2003).

Optical spectroscopy methods have the potential
to replace or at least to complement some of
the classical laboratory methods (El-Abassy et al.,
2011). Spectroscopic methods of determination
of fat are mainly based on the components
absorption. The precondition is minimal to no
scatter (Rinnan et al, 2009). The spectral ranges
(Fig. 1) that are commonly used in spectrometry
include: visible (VIS), short-wave infrared (SWIR),
near-infrared (NIR), mid-infrared (MIR), long-wave
infrared (LWIR), or thermal infrared (TIR) light (van
der Meer, 2018).

The VIS light region (360-780 nm), where
the scatter strongly dominates, is rarely used in
quantitative milk analysis (Crofcheck et al., 2000).
Cabassi et al. (2013) reported, that particularly in
the region below 1100 nm, the scatter strongly
dominates over weak absorption. Nevertheless,
Bogomolov et al. (2013) describes scatter-based
quantitative analysis of fat in the raw milk using VIS
and SWIR spectroscopy. According to these authors,
difference of individual spectral elements of scatter
(e.g. wavelength dependence) at different-sized
milk fat globules are said to be sufficient for their
quantitative analysis using formal multivariate
modelling, e.g. partial least-squares (PLS) regression.

Method Principle Use Reference
Lo a gravimetric method — separation the fat fraction (limited to . .
Mojonnier the lipophilic ether phase) from the rest of the milk sample il Claeri et TS
. . a gravimetric method including hydrolysis by ammonia and .
Rése-Gottlieh extraction by diethyl ether and petroleum ether (repeated LLE) milk COSMT (2011)
LLE-liquid-liquid extraction
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The NIR spectroscopic quantification of milk
components makes use of the main region from 1100
to 2500 nm and relies on the component absorption
overtones and combination bands (Kalinin et al.,
2008; Aernouts et al., 2011). Upadhyay et al. (2018)
showed that the spectral range for NIR region
is from 750 to 2 500 (13 400-4 000 cm™), while
for MIR it is between 2 500 and 25 000 nm
(4 000-400 cm™). Tsenkova et al. (1999) describes
the statistical accuracy (in terms of root mean-square
error—-RMSE) on the MIR spectroscopic analysis for
fat content at very high complexity of PLS regression
calibration models. NIR and MIR (Bogomolov and
Melenteva, 2013; Feng et al., 2013) are widespread for
determination milk parameters, respectively milk
fat (Bogomolov et al., 2017). For example, a study
by Mléek et al. (2016) reveals the determination of
fat in milk using NIR which is calibrated by two
routine methods (Gerber and Rose-Gottlieb).
Nowadays, apparatuses based on MIR spectroscopy
are the most used in industrial laboratories (e.g.
MilkoScan series by Foss Electric, Denmark).

Fourier transform infrared (FTIR) spectroscopy
(e.g. apparatus CombiScope FTIR series by Delta
Instruments B.V, Netherlands) is rapid, easy to

TII1: Comparison of individual routine methods.

apply and useful for routine analysis (Wolff et al.,
1998). In principal, FTIR is a biochemical
fingerprinting technique (Nicolaou et al, 2010).
During measurement, IR radiation is absorbed
as it passes through the sample, which leads to
changes in the rotational-vibrational energy
states of the molecule depending on variations of
the dipole moment of the molecule. This method
can be applied to raw milk, drinking milk (whole,
semi-skimmed and skimmed milk), cream and dairy
products (yoghurt).

Also, Raman scattering, especially Fourier
transform  Raman (FT-Raman) spectroscopy,
gives access to the vibrational fingerprints of
molecules (El-Abassy et al., 2011) and similarly to
FTIR, it has been demonstrated to be successful
for the determination of nutritional parameters,
e.g. in conjugated linoleic acids in cow ’s milk fat
(Meurens et al., 2005).

FTIR and attenuated total reflectance (ATR)
have been used by van de Voort et al. (1992) for
determination of fat and moisture contents in butter.
Inon et al. (2004) used FTIR and ATR techniques
with chemometric analyses (multivariate statistics)
to classify drinking milks. Next, diffuse reflectance

Method Principle Use Reference
Turbidimetric analysis IS O Intensity h'ght passing gt milk Ashworth (1969)
the sample in the original direction
Ultrasound procedure ameasurement of high-frequency ultrasound milk Perlin (2003)
radiation passing through the sample
. . a part of the electromagnetic wave spectrum and . Garcia-Ayuso et al.
MW irradiation have wavelengths ranging from 1 mmto 1 m il (1999)
based on the absorption of radiofrequency
NMR electromagnetic radiation of the nuclei of some milk and dairy Belloque and
atoms (e.g. 'H-, C-) in the molecules of the analyzed products Ramos (1999)
samples located in the magnetic field
amethod consist in a combined relaxation analysis
TD-NMR (the magnetization at a certain time is determined ~ milkand dairy ~ Nascimento et al.
by both the longitudinal (T1) and the transverse (T2) products (2017)
NMR relaxation processes)
ameasurement of infrared irradiation (in near, mid etc. spectrum) absorbed or
IR spectroscopy reflected by sample; occur to changes in the rotational-vibrational energy states of
the molecule depending on variations of the dipole moment of the molecule
vibrational flngerprmts pf moleculc?s with 1ntegral milk and dairy Nicolaou et dl.
FTIR transformation (conversion of the signal from time N (2010)
domain to frequency domain) produ
an interaction between photons of incident light with
FT-Raman rotational-vibrational energy states of the molecule =~ milk and dairy Meurens et al.
(the scattered irradiation has a different wavelength products (2005)
than the incident irradiation)
areflective technique (occur to total reflection milk: Inon et al. (2004);
ATR-FTIR of the IR beam from modified prism-diamond, butte,r Van de Voortet al.
germanium etc.) (1992)
areflective technique (diffuse reflection consist
DRIFTS in focusing the IR beam on a sample, mostly in milk Pappas et al. (2008)

apowder form)

MW-microwave; NMR-nuclear magnetic resonance; TD-time-domain; IR-infrared; FT-Fourier transform;
ATR-attenuated total reflectance; DRIFTS-diffuse reflectance Fourier transform infrared spectroscopy;
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Fourier transform infrared spectroscopy (DRIFTS)
has been applied to distinguish sheep milk from goat
milk (Pappasetal. 2008). In principle, diffusereflection
consist in focusing the IR beam on a sample. The
diffuse scattered irradiation is converted by a suitable
optical device to the spectroscope detector (Machovi¢
and Novak, 1998).

In general and according to the results of other
authors (Tsenkova et al., 1999; Kukackovi et al., 2000;
Jankovskd and Sustovéa, 2003; Hanus et al, 2009,
2014; Ml&ek et al., 2016), the reliability of fat contents
in raw milk (in terms of the gradual decreasing
of individual differences (variability) in standard
deviation value between routine and reference
method results) by routine methods (in practical use
under the conditions of their today technical design)
is growing in the following order: IR spectroscopy
with filter technology and in mid-range of
spectrum = IR spectroscopy with whole spectrum
and FT in mid-range of spectrum > IR spectroscopy
in the nearrange spectrum 2 turbidimetric
method > ultrasound method. The reliability order
is also given by a growing correlation between
coefficients of routine and reference results of milk
fat in the same sources.

Microwave (MW) irradiation is the next method
used for determination of fat. This method is used
to accelerate hydrolysis of the matrix and extraction
step of milk lipids (Garcia-Ayuso et al., 1999). MW
irradiation have been developed as an alternative
to conventional Soxhlet extraction (Garcia-Ayuso

and de Castro, 1999). Despite this, the method has
quantitative results similar to the Weibull-Berntrop
extraction procedure but with lesser chemical
transformation of triglycerides. However, MW
irradiation is not used much for fat determination.
Garber and Thole (2015) used this method for
buffered dilute non-fat milk sample.

Nuclear magnetic resonance (NMR)
spectroscopy provides unique qualitative and
quantitative information regarding the physical
properties (e.g.  crystallization,  thermal
properties) of milk fat (Belloque and Ramos,
1999). Also, the structural characteristics (e.g.
binding, spatial distance) can be determined using
NMR spectroscopy. The method can be applied
to raw milk, drinking milk (whole, semi-skimmed
and skimmed milk), cheese, and ice cream.

Time-domain (TD)-NMR spectroscopy has
been an alternative technique for fat analysis
(Castell-Palou et al., 2013; Pereira et al., 2015).
Compared with lipid extraction or NIR spectroscopy
methods, TD-NMR has certain benefits. TD-NMR
is rapid, non-invasive and provides analysis of
the bulk milk composition (Nascimento et al., 2017).

In conclusion, routine methods (Tab. ITI) perform
analyses using routine instrumental techniques for
faster and less accurate results. Utilizing routine
methods, a large of number of samples can be
analysed. However, the disadvantages are the high
acquisition cost of the apparatus equipment and
the necessity of verification.

CONCLUSION

Nowadays, routine methods are an integral part for checking the quality of milk and dairy products.
However, reference methods are also very important in terms of detailed description and verification.
Reference method results are used regularly in individual milk laboratories and laboratory network,
not only for routine method calibration purposes but also for estimation of combined enlarged
uncertainties of measurement results by routine methods. Compared to routine methods, reference
methods have the disadvantage of being limited in the number of determined samples. In the future,
due to continuous development and improvement, routine methods will be used more often.
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Use of routine determination of fatty acids for
heritability estimates

Abstrakt

Obsah mlééného tuku a jeho vlastnosti podminéné
zastoupenim mastnych kyselin (MK) jsou dulezitym
ukazatelem kvality mléka i mlécnych vyrobkl. Pro Zadouci
intervenci do sloZeni mlé¢ného tuku a zvySeni zdravotné
prospésnych MK je nejdulezitéjsi vyziva dojnic. S rozvojem
mlékarskych analytickych metod (infradervend spek-
troskopie) byl vSak umoznén i efektivnéjs$i vyzkum gene-
tickych parametrti profilu MK mlé¢ného tuku. Korelace pro
vysledky MK mezi referencni a rutinni metodou jsou
akceptovatelné pro radu dulezitych MK a jejich skupin
s vypovedi k predpokladanym huménnim zdravotnim be-
nefitim. Na tomto zdkladé, dal$i studium populacni
genetiky na uvedeném védeckém a odborném poli pfineslo
sice variabilni, nicméné Casto prijatelné hodnoty genetic-
kych parametri pouzitelnych pro selekci a S$lechténi
dojeného skotu ke zlepSeni profilu MK. To otevird cestu
k tvaham o zlepSeni pfistupu k moZnosti produkce speci-
fickych mléénych potravin s ambicemi funkénich potravin.

Klicova slova: dojnice, mléko, mastné kyseliny, heri-
tabilita, infracervend spektroskopie

Abstract

The milk fat content and its properties under fatty acid
(FA) profile impact are an important indicator of the quali-
ty of milk and following dairy products. For the desired
intervention into the profile of FAs and the increase of their
health-promoting forms the nutrition of dairy cows is the
most important factor. However, with the development of
dairy analytical methods (infrared spectroscopy) more effi-
cient research about the genetic parameters of the FA pro-
file of milk fat has been made possible. Correlations for FA
results between the reference and indirect methods are
acceptable for many important FAs and their groups with
testimony to the expected human health benefits. On this
basis, the further study of population genetics in this scien-
tific and professional field brought variable yet often
acceptable values of genetic parameters useful for the
selection and breeding of milked cattle to improve the FA
profile. This opens the way to thinking about improving
access to the possibility of producing specific dairy foods
with the ambitions of functional foods.

Keywords: dairy cows, milk, fatty acids, heritability,
infrared spectroscopy

Uvod

Obsah mlécéného tuku a jeho vlastnosti podminéné
zastoupenim mastnych kyselin (MK) jsou dulezitym
ukazatelem kvality mléka i mléénych vyrobku. S uve-
denym souvisi i neméné vyznamné ekonomické hledisko,
nebot obsah tuku je pro vyrobce mléka dilleZitym kritériem
zhodnoceni mléka. RovnéZ pro zpracovatele mléka je tuk
vedle bilkoviny hlavni slozkou, jez ovliviluje rentabilitu
vyroby. Aromatické latky navdzané na tuk jsou urcujici
z hlediska chuti, a tedy tuk vyznamné ptispiva k celkovému
dojmu z daného mlééného produktu a maze byt rozhodujici
ve vybéru konkrétnich vyrobku spotiebiteli.

Kromé slozek pfiznivych a zZadoucich, jsou ¢asto disku-
tovany i méné priznivé latky jako jsou napfiklad nasycené
MK (SFA). V nazirdni na posledni zminé€né hledisko
dochazi podobné jako u ostatnich, feknéme ponékud kon-
troverzngjSich témat, k neustalému vyvoji. I pfesto, Ze byl
za posledni obdobi zdravotni aspekt MK zna¢né prehodno-
cen (German et al., 2009), vysoké mnozstvi publikaci na
téma zdravotnich benefiti a moznosti modifikace profilu
MK mlé¢ného tuku ve prospéch zadoucich MK a jejich
skupin (nenasycené MK (UFA), zejména polynenasycené
MK (PUFA) fady n-3) naznacuje, Ze téma zustava stéle
aktualnim a neuzavienym (Barlowska et al., 2011 aj.).

Donedavna bylo stanoveni MK mozné pouze s pouZzitim
referen¢ni metody (GC, plynova chromatografie), ktera je
vSak ekonomicky i ¢asové vysoce narocnd (napt. Hanus et
al., 2015). S tim byla pochopitelné spojena i obtiZnost pti
provadéni plosnych, resp. populacnich analyz. Uvedeny
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problém vyfeSilo a7z zavedeni rutinni metody stanoveni
MK. U rutinni metody se uplatiiuje potencial infracervené
(IR) spektroskopie ve stfedové oblasti vinovych délek IR
zateni (MIR, obvykle s technologii optickych filtra).
Podobné jako u dalSich minoritnich slozek mléka, napf.
Hering et al. (2008) - mocovina, Hanus et al. (2014) - ace-
ton aj., se urcuje profil celého IR spektra prostfednictvim
Michelsonova interferometru s naslednym matematicko-
statistickym vyhodnocenim signalu Fourierovymi transfor-
macemi (MIR-FT). Metoda MIR, k jejimuz praktickému
rozsiteni doslo v 80. letech 20. stoleti (Griffiths a de
Haseth, 1986), zna¢né usnadnila studium nejen samotného
sloZeni mlééného tuku (Soyeurt et al., 2006, Coppa et al.,
2010), ale v souvislosti s tim podnitila rozvoj i dalSich
vyzkumnych oblasti (jiz v modifikaci MIR-FT), predevsim
genetiky.

Vzhledem k tomu, Ze mlé¢ny tuk je v porovnani s ostat-
nimi slozkami mléka mnohem vice proménlivy a velka
variabilita byla zjiSt€éna i v obsazich jednotlivych MK
a jejich skupin, 1ze vyuZivat genetické poznatky (zejména
o heritabilit€) ve snaze ovlivnit cilen€ slozeni tuku. Ackoliv
prvni prace o heritabilit¢ obsahu MK byly vypracovany
pred témér 50 lety, skuteCny rozmach nastal pravé az
s moznosti rozsdhlych analyz MK ve vzorcich mléka
(Samkovd, 2011) s vylou¢enim dfivéjsi naro¢né piipravy
vzorkli v podobé lyofilizace, extrakce a derivatizace.
Markantni zefektivnéni nastalo i diky moZnosti vyuZzivani
bohatych databazi chovatelské evidence.

Cilem prace bylo shrnout soucasné vysledky studii zaby-
vajicich se odhady heritability pro vyznamné MK a jejich
skupiny, které byly stanoveny pomoci MIR-FT.

Material a metody

Prostiednictvim databaze Web of Science a sit€ pro
védeckou komunitu Research Gate byly vyhledany dostup-
né studie vztahujici se k heritabilitt MK mlécného tuku
publikované od roku 2010 do bfezna 2018. Klicovymi

slovy byly: "genetické parametry nebo heritabilita", "mast-

né kyseliny", " mid infrared" "skot nebo krava".

non

mléko",

Tab. 1 Prehled publikaci pouZzitych pro statistické vyhodnoceni

Zdroj Pocet Plemeno’
vzorkii  dojnic  hyki
Bastin et al., 2011 143,332 | 29,792 H
Bastin et al., 2013 68,555 H
Poulsen et al., 2014 3n H
Maurice-Van Eijndhoven et al., | 155,319 | 96,315 HF
2015
Maurice-Van Eijndhoven et al., | 2,916 2,049 MRI
2015
Penasa et al., 2015 72,848 | 17,873 1,235 H
Petrini et al., 2016 36,457 4,203 226 H
Vanrobays et al., 2016 241,236 | 33,555 H
Hein et al., 2018 95,920 | 21,967 J
Hein et al. 2018 612,321 | 132,731 H

Zemé?

Pro vypocet primérnych hodnot byla pouZzita dostupna data
z publikaci uvedenych v tabulce 1.

Mastné kyseliny vyjadfené v g na 100 ml mléka byly pre-
pocitané rovnéz na obsah tuku, pokud tento byl v publikaci
uveden, a to dle vzorce: (As-100) / (B4-0,95), kde A, je hod-
nota MK vyjadfena v g/100 ml mléka, B, je hodnota
obsahu tuku v g/100 g mléka a 0,95 je koeficient prepoctu
obsahu tuku na MK. K vypoctu popisnych statistik byl
pouZzit program Statistika CZ 12 (StatSoft CR, s.r.0.).

Vysledky a diskuze

Obsahy MK v mléce

Pfi stanoveni MK rutinni metodou (MIR-FT) se obvykle
stanovuji obsahové vyznamné individudlni MK: C14:0,
C16:0, C18:0 a C18:1 a skupiny MK: 1) dle nasycenosti -
SFA, UFA, mononenasycené MK (MUFA), PUFA a 2) dle
délky uhlikového fetézce - MK s kratkym (SCFA), stied-
nim (MCFA) a dlouhym (LCFA) uhlikovym fetézcem. Je
treba zdlraznit, Ze vérohodnost vysledkt rutinni analyzy
MK bude vzdy zaviset predev§Sim na kvalité¢ kalibraci
provedenych podle vysledkd referencni metody (GC).
V zahranici se touto problematikou zabyvali napt. Soyeurt
et al. (2006), Maurice-Van Eijndhoven et al. (2013),
Ferrand-Calmels et al. (2014); v naSich podminkach
Hanus et al. (2015) a Samkovd et al. (2015), pricemz bylo
konstatovano, ze vétSinu MK a jejich skupin 1ze stanovovat
s pomérné vysokou mirou vérohodnosti.

Z tabulky 2 je patrné, Ze zcela ve shod¢€ s literaturou
(napt. Krag et al., 2013) jsou vyssi variacni koeficienty pro
zjiSténé obsahy (v g/100 ml mléka) u skupin UFA (9,0 %),
MUFA (10,3 %) i PUFA (19,2 %) nez u skupin SFA
(8,1 %), SCFA (2,8 %), resp. MCFA (2,3 %). Obsahy MK
a jejich skupin stanovené MIR-FT vyjadrené v g na 100 ml
mléka odpovidaji po prepoctu na g na 100 g tuku prevazné
udajim zastoupeni MK stanovenych referen¢ni metodou.
Prtiimérny obsah SFA byl 2,72 g/100 ml mléka (72,85 g/100 g
tuku) a UFA 1,25 g/100 ml mléka (33,41 g/100 g tuku),
tedy vypocitany pomér SFA/UFA (2,176) odpovida uda-
jum, které ve svém prehledovém clanku uvadéji Kalac
a Samkovd (2010).

Nicméné, z vysledkt porovnani GC a MIR-FT
u bazénovych (Hanus et al., 2015) a u individudl-
nich vzorkt mléka (Samkovd et al., 2015) vy-
BE plyva, Ze hodnoty MK zjisténé MIR-FT mohou

BE byt mirné nadhodnocené v porovnani s hodnota-
DK mi zjiSténymi GC.

NL

Odhady heritability pro MK

NL Také z vysledki zjisténych pfi odhadech heri-
T tability pro MK a jejich skupiny vyplyva, Ze heri-
BR tabilita (podobné jako variabilita v obsazich MK)
BE souvisi predev§im s nasycenosti a délkou uhli-
DK kového fetézce MK. Z individudlnich MK mély

DK vyS$i heritabilitu C14:0 (0,36) a C16:0 (0,36) a ze

"H - holstynské, HF - holstynsko-friske, J - jerseyské, MRI - maas-ryn-iselske;
2 BE - Belgie, BR - Brazilie, DK - Dansko, IT - Itdlie, NL - Nizozemi.

skupin SFA (0,35), zatimco C18:1 (0,17), UFA
(0,20), MUFA (0,19) a PUFA (0,23) mély heri-
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Tab. 2 Priimérné hodnoty vybranych mastnych kyselin (MK) a jejich skupin’ vyjadfené v g/100 ml miéka, v g/100 g tuku
a heritabilita pro uvedené MK

g/100 ml miéka g/100 g tuku heritabilita
C14:0 0,48 0,01 2,6 12,38 0,32 2,6 0,36 0,18 0,07 0,68 50,1
C16:0 1,19 0,16 13,2 31,44 2,91 9,3 0,36 0,14 0,14 0,67 37,2
C18:0 0,43 0,61 18,2 11,97 3,26 27,2 0,23 0,13 0,09 0,60 54,7
C18:1 0,80 0,01 1,1 20,85 0,46 2,2 0,17 0,11 0,07 0,52 67,7
SFA 2,72 0,22 8,1 72,85 2,40 3,3 0,35 0,15 0,10 0,68 425
UFA 1,25 0,11 9,0 33,41 1,39 42 0,20 0,14 0,07 0,60 68,6
MUFA 1,07 0,11 10,3 28,51 1,64 58 0,19 0,13 0,07 0,58 67,5
PUFA 0,16 0,03 19,2 4,25 0,76 18,0 0,23 0,16 0,08 0,69 70,6
SCFA 0,35 0,01 2,8 9,25 0,25 2,7 0,38 0,15 0,16 0,68 39,2
MCFA 2,17 0,05 2,3 56,48 1,32 2,3 0,39 0,17 0,12 0,68 425
LCFA 1,61 0,04 2,7 42,30 0,84 2,0 0,21 0,13 0,09 0,56 59,0

1 SFA - nasycené MK, UFA - nenasycené MK, MUFA - mononenasycené MK, PUFA - polynenasycené MK, SCFA - MK s kratkym fetézcem, MCFA - MK se stfedné dlouhym fetézcem, LCFA - MK

s diouhym fetézcem; 2 CV - variacni koeficient (%) = (s/x) 100

tabilitu nizsi. Pro skupiny MK SCFA a MCFA byly zjiStény
heritability 0,38 a 0,39, zatimco pro LCFA 0,21. Rozdilné
hodnoty pravdépodobné souvisi s odliSnym procesem syn-
tézy MK <C16 a >C16, nebot obsahy MK s poctem uhlikii
nad 16 ovliviiuje predevSim vyZiva (Bauman a Griinari,
2003).

K obdobnym zavérim dospéli pti odhadech heritability
také autofi, ktefi pri stanoveni MK vyuZili GC (Stoop et al.,
2008; Garnsworthy et al., 2010). Skutecné porovnani obou
metod provedl Poulsen et al. (2014), z jehoz vysledku je
patrné, Ze i kdyZ jsou hodnoty heritability pro obé metody
(GC 1 MIR-FT) srovnatelné, u vétSiny MK byla v pfipadé
pouziti metody MIR-FT zjiStén4 heritabilita vyssi.

Je vSak tfeba zduraznit, Ze hodnoty heritability se v jed-
notlivych pracich znacné li§i, at uz byla pouzita metoda GC
nebo MIR-FT. Tyto rozdily jsou davany do souvislosti
mimo jiné s rozdilnym vyjadfenim MK (napt. Bobe et al.
(2008) a Soyeurt et al. (2008) zjistili pfevazné vyssi heri-
tabilitu pro MK v pripadé, Ze jejich mnozstvi byla vyjadre-
na nikoliv na 100 g tuku, ale na 100 g mléka, resp.
v gramech na den), dale souvisi s pouzitym modelem pfi
vypoctu heritability (Penasa et al., 2015; Petrini et al.,
2016) a samoziejmé také s jiZ zminénou metodou stanoveni
MK (Poulsen et al., 2014). Nejvyznamnéjsi roli vSak beze-
sporu hraje struktura databaze, ze které se vysledky
vypocitavaji, tj. pocet stad, plemen, dojnic, byku a analy-
zovanych vzorkt mléka (Mele et al., 2009; Poulsen et al.,
2014 aj.). Bastin et al. (2013) mimo jiné zjistili, Ze heri-
tabilita se sniZzuje s poctem laktaci, coZ vSak mohlo byt
ovlivnéno praveé poctem sledovanych zvifat.

Zaver

Ackoliv pro intervenci do profilu mastnych kyselin
mlééného tuku, ve smyslu podpory vyssiho vyskytu jejich
zdravotné prospésnych variant, lze za ucinnou metodu na
prvnim misté pokladat piisluSnou modifikaci vyZivy
dojnic, také cesta selekce zvitat a jejich Slechténi je, v za-
vislosti na zjiSténych genetickych parametrech, povazo-

vana za moznou, resp. piinosnou. V tomto smyslu muize
dale podpurné prispét i soubézny vyzkum kandidatnich
genu genetického polymorfismu pro moznou diléi determi-
naci vyskytu mastnych kyselin. Z provedeného meta-ana-
lytického hodnoceni je zfejmé, Ze technologicky vyvoj ana-
lytickych mlékarskych metod oteviel cestu novych tvah
a pozitivné prispél k dalsim moZnostem a cestim produkce
specifickych mléénych vyrobkd s ambicemi funkcnich
potravin.
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Abstrakt

Z odborné literatury je znamo, Ze izolace DNA z mlé-
karenskych vyrobki je pomérné obtiznd vzhledem
k vysokému obsahu kationtdi Ca®*, tukdi a dalSich latek,
které brani puisobeni enzymud nutnych pro jeji dsp€Snou
izolaci. Na trhu existuje nékolik komer¢nich souprav pro
izolaci bakteridlni DNA z mlékarenskych vyrobku, ovSem
jejich vytéznost je pomérné nizkd a cena za izolaci vysoka.
Vzhledem k tomu, Ze zastoupeni pfipadnych zdravotné
i technologicky nezadoucich bakterii byva ve srovnani
s celkovym slozenim bakteridlni populace v mlékaren-
skych vyrobcich minoritni, je zapotifebi pouzit takovou
metodu izolace celkové bakteridlni DNA, kterd zaruci
ziskani dostate¢ného mnozstvi DNA o vysoké kvalité. Tato
prace pfinasi navrh nového postupu izolace celkové bakte-
ridlni DNA vyskytujici se v syrech polotvrdych a tvrdych,
s riznymi obsahy suSiny a mlééného tuku, pro naslednou
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Polymorphism frequencies of DGAT1, FASN,
LEP and SCD1 genes in milking cattle
in the Czech Republic

Abstrakt

Price méla za cil stanovit genotypové a alelové
frekvence v genech DGATI, FASN, LEP a SCD1 v populaci
krav v Ceské republice. Analyzovano bylo 743 zvitat pro
polymorfismy v genech DGATI, FASN a SCDI, 631 pro
gen LEP NejcetnéjSim zjiSténym genotypem v genu

DGATI byl AA s frekvenci 0,960. Genotyp LL nebyl zjiStén
a zcela prevazovala alela A s frekvenci 0,980. V genu FASN
vyrazné prevazoval genotyp GG (0,725). Nejméné Cetny
genotyp AA byl zjiStén pouze u 2 jedinct. Potadi genotyptl
v genu LEP podle frekvenci bylo MM (0,770), MW (0,190)
a WW (0,040). Alela M byla v tomto genu vyrazné pre-
vazujici (0,865). V genu pro SCDI byly frekvence geno-
typta CC (0,279), CT (0,584) a TT (0,137), frekvence alel
C (0,571), T (0,429).

Klicova slova: dojnice, mléény tuk, kandidatni geny,
polymorfismus

Abstract

The aim was to set genotype and allele frequencies of
DGATI, FASN, LEP and SCDI genes in milking cattle of
Czech Republic. In total 743 cows were analysed for poly-
morphisms in DGATI, FASN and SCD1, and 631 for LEP.
The most frequent genotype in DGATI was AA (0.960),
genotype LL was not present, and allele A was prevailing
(0.980). As for FASN, genotype GG was prevailing (0.725),
the fewest genotype AA was found in two animals only. The
ranking of genotypes in LEP gene was MM (0.770), MW
(0.190) and WW (0.040). In SCD1 gene, the frequencies
were CC (0.279), CT (0.584) and TT (0.137), allele fre-
quencies C (0.571), T (0.429).

Keywords: dairy cows, milk fat, candidate genes, poly-
morphism

Uvod

Zvysovani vykonnosti a ekonomické efektivnosti patfi
k hlavnim cilim nejen v chovu dojeného skotu, ale
v zemédélstvi obecné. Jednim ze zpusobu, jak vytyceného
cile dosahnout, je také nalezeni vykonného a ekonomicky
pfinosného zplsobu zvySovani mlééné produkce bez nut-
nosti nartistu poctu chovanych dojnic. K tomuto ucelu
slouzi opakovany vybér jedinci s vhodnym genetickym
zaloZenim a jejich vyuZiti pro tvorbu novych generaci.
Klasické metody vybéru nejvhodnéjsich jedinct na zékladé

llustrativni foto J. SobiSkova
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jejich vykonnosti jsou stale Castéji dopliiovany metodami,
jejichz zakladem je stanoveni genotypu ve vybranych
genech se vztahem k poZadovanym vlastnostem.

Vzhledem k ekonomickému vyznamu mlééné produkce
a zpracovani mléka se v soucasné dobé geneticky vyzkum
v oblasti dojeného skotu zaméfuje na genetické zaloZeni
tvorby mléka a zdravi vemene. Vysledkem by mélo byt
predevsim prokazatelné zlepSeni mlécné produkce jako
celku. Nicméné, pokrok predev§im v oblasti genetického
zaloZeni jedince ve vztahu ke kvalitativnim vlastnostem
mléka je relativné pomaly (Ogorevc et al., 2009).

V soucasné dobé narlista pocet genil, u nichZ byla popsa-
na asociace s mléénou produkci dojeného skotu a technolo-
gickymi vlastnostmi mléka. Mezi slibné kandidatni lokusy
lze ve zminované oblasti zaradit i lokusy DGATI, FASN,
LEP a SCDI (Berry et al.,, 2010; Marques et al., 2011;
Inostroza et al., 2013; Li et al., 2016; Houaga et al., 2018).

Tyto Ctyfi potencidlni geny se zndmou fyziologickou
funkci byly vybrany pro studii, zaméfenou na zlepSeni
kvalitativnich vlastnosti mléka v populaci krav v Ceské
republice. Predkladanad prace je pouze malou casti jiz
provedenych analyz a vyhodnocuje zastoupeni jed-
notlivych genotypt a alel v uvedenych genech. Soucasné
zjisténé frekvence porovnava s frekvencemi stanovenymi
v jinych populacich.

Material a metody

Studie byla provadéna v péti chovech na populaci krav,
které byly prevazné na 1. laktaci. Z plemenného hlediska
byly v analyzovaném souboru zastoupeny dojnice Ceské-
ho strakatého skotu (35 %), holstynského skotu (44 %)
a skupina kiiZzenek (21 %), kde prevazovaly kiizenky
Ceského strakatého skotu (87 %). V ramci studie byly
stanovovany genotypy ve Ctyfech genech, a to pro diacyl-
glycerol O-acyltransferazu 1 (DGAT1), syntdzu mastnych
kyselin (FASN) a stearoyl CoA desaturazu (SCD1), u vSech
n=743 a leptin (LEP) n=631.

- llustrativny foto:
. lda Kraupatzova

' llustrativni foto Ida Kraupatzova

Od dojnic, zahrnutych do studie, byly odebrany vzorky
mléka, byla provedena izolace DNA pomoci automa-
tického izolatoru DNA MagCore HF16 Plus (RBC
Bioscience). Izolace probihala podle nidvodé vyrobce za
pouziti izolacnich kiti MagCore DNA Whole Blood Kit
a MagCore Genomic DNA Tissue Kit (RBC Bioscience).
Kvalita a kvantita izolované DNA byla ovéfovana elektro-
foreticky a spektrofotometricky.

Genotypizace vSech lokusi byly provedeny metodou
PCR/RFLP. Metodiky jednotlivych genotypizaci vychazely
z nasledujicich studii. Gen DGATI byl provadén podle
metodiky Kuhn et al. (2004), gen FASN podle Roy et al.
(2006), gen LEP podle Buchanan et al. (2002) a gen SCD1
dle Inostroza et al. (2013). Vysledné genotypy byly
stanoveny elektroforeticky. Ze stanovenych genotypt byly
vypocteny genotypové a alelové frekvence. Geneticka
rovnovéha byla ovéfena ” testem.

Vysledky a diskuze

Nejcetnéjsim genotypem DGATI byl AA (0,960), genotyp
LA mél Cetnost 0,040. Genotyp LL nebyl zjiStén ani u jedné
dojnice (Tabulka 1). Podobné vysledky byly zjiStény ve
studii Pannier et al. (2010). Z deviti studovanych masnych
plemen se genotyp LL vyskytl pouze u dvou, a to v mi-
nimalnich frekvencich. Témito plemeny byly charolais
(0,045) a frisky skot (0,036). Nejcastéji se vyskytujicim
genotypem u vsech studovanych plemen byl shodné s nasi
studii AA. Existuje vSak fada studii, v nichz byly genoty-
pové frekvence odlisné od naSich. Naptiklad v praci Kaupe
et al. (2007) byl nejcetnéjsim genotyp LA (0,51), dile AA
(0,31) a nejméné Cetnym genotyp LL (0,16). Szyda a Ko-
misarek (2007) dokonce popsali jako nejcetnéjsi genotyp
LL s frekvenci 0,45. Genotypy LA a AA v jejich studii mély
téméf stejnou Cetnost vyskytu (0,26, resp. 0,27).

V nami studované populaci velmi vyrazné pfevazovala
alela A, jejiz frekvence dosahovala hodnoty 0,98. Tyto
vysledky by mohly odkazovat na vysokou proslechténost
studované populace v lokusu DGAT. Carvajal et al. (2016)
genotypizovali DGATI u péti plemen skotu, alela A byla
prevazujici u ¢ty z nich vcetné holstynského skotu.
U plemene jersey byla prevazujici alela L (0,72). Frekvence
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Tab. 1 Frekvence alel a genotypli u dojenych plemen
ceského strakatého a holstynského skotu v CR

Genotyp n Frekvence x2 Alela Frekvence
AA 713 0,960 A 0,980
LA 30 0,040 0,003"™ L 0,020
LL 0 -

I

Genotyp n Frekvence X2 Alela | Frekvence
AA 2 0,003 A 0,139
AG 202 0,272 1,838™ G 0,861
GG 539 0,725

Genotyp n Frekvence x2 Alela Frekvence
MM 486 0,770 M 0,865
Mw 120 0,190 3,548™ w 0,135
ww 25 0,040
s
Genotyp n Frekvence X2 Alela | Frekvence
ceC 207 0,279 C 0,571
cT 434 0,584 3,681™ T 0,429
T 102 0,137

™ non-significant

u holStynského, jerseyského a montbeliardského plemene
(Berry et al., 2010). Oproti tomu ve studiich Szyda
a Komisarek (2007) a Kaupe et al. (2007) byla jako ¢etnéjsi
stanovena alela L. Jeji frekvence se pohybovala v jed-
notlivych studiich mezi 0,62 a 0,54. Zajimavosti je, Ze
vSechny uvedené studie byly provadény na populacich
holstynského skotu.

V genu FASN byl jako nejcastéjsi zjistén genotyp GG.
Genotyp AA mél minimalni frekvenci pouze 0,003.
Pochopitelné alela G prevazovala s frekvenci 0,870. Genotyp
GG byl jako prevazujici s frekvenci 0,599 popsan rovnéz
Bartoném et al. (2016), alelové frekvence odpovidaly
frekvencim zjiSt€énym u ndmi studované populace. Odlisné

vysledky uvadi Hayakawa et al. (2015) u japonského
¢erného skotu, AA (0,68), AG (0,29) a GG (0,03). Potvrdili
tak diivéjsi vysledky uvadéné Matsuhashi et al. (2011).

DalSim genem, u néhoz byly v této Casti studie stanove-
ny genotypy, byl LEP. I v tomto genu vyrazné¢ dominoval
jeden genotyp, a to MM. Nejméné cetnym byl genotyp WW
s frekvenci pouhych 0,040. Alelové frekvence plné odpovi-
daly frekvencim genotypovym, alela M méla frekvenci
0,865 a vyrazné tak pievazovala nad frekvenci alely W.
Tyto vysledky odpovidaly studii da Silvy et al. (2012),
u plemene nellore mél nejcetnéjs$i genotyp MM frekvenci
0,876, MW (0,119) a WW (0,05). V dalsi praci (Silva et al.,
2014) byly genotypové frekvence posunuty smérem k hete-
rozygotnimu genotypu MW (0,54). Podobné alelové
frekvence popsala i Trakovicka et al. (2012) u slovenského
strakatého a pinzgavského skotu. Odlisné vysledky zjistili
u holstynského skotu Chebel et al. (2008), nejcetnéjSim
genotypem byl MW (0,482) a nejméné Cetnym genotypem
MM (0,172).

V genu SCDI pievazovaly heterozygotni genotypy CT'
(0,584) a alela C (0,571). Inostroza et al. (2013) uvadi
frekvenci genotypu CC (0,384), CT (0,472) a TT (0,144),
alel C (0,620) a T (0,380). Alela C je spojovana s vysSi
enzymatickou aktivitou a koncentraci mononenasycenych
mastnych kyselin (MUFA) v mlé¢ném tuku (Milanesi et al.,
2007). SCDI spolu s FASN jsou povazovany za klicové
geny v syntéze MUFA, pficemZ role SCDI v desaturaci
mastnych kyselin mize byt epistaticky ovliviiovana geno-
typem na FASN a vice versa (Kim a Ntambi, 1999; Li et al.,
2011). VSechny geny byly ve sledované skupiné dojnic
v Hardy-Weinbergové rovnovaze.

Zaver

Byla provedena genotypizace a stanoveny alelové
a genotypové frekvence u geni DGATI, FASN, LEP
a SCDI v populaci dojnic v Ceské republice. Zjiiténé
vysledky byly porovniny s frekvencemi genotypi a alel
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stejnych lokusti u populaci, chovanych v riznych zemich.
V dalsi fazi vyzkumu bude provedena asociacni analyza
vliva polymorfnich variant na produkci mléka, syntézu
mlécného tuku a spektrum mastnych kyselin.
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Abstract: The aim of the work was to evaluate genotype and allelic frequencies of selected genes
affecting milk fat synthesis and to investigate possible association between gene polymorphisms and
milk production traits. For this purpose, the analysis of DGAT1 (diacylglycerol acyltransferase 1),
FASN (fatty acid synthase) and LEP (leptin) was carried out on 754 dairy cows distributed in five
farms located in the Czech Republic. The tested animals were divided into three groups: Czech
Fleckvieh (CF; n=266), Holstein (H; n=329) and crossbreds (CB; n=159, with 87% of CF
crossbreeds). The dominant genotypes for all observed groups were: AA genotype for DGAT1 gene
(0.962, 0.973 and 0.912; p<0.01), GG genotype for FASN gene (0.770, 0.662 and 0.774; p<0.01), and
MM genotype for LEP gene (0.714, 0.783 and 0.826; p>0.05). The evaluation of milk production traits
in the first lactation has shown, that the highest fat yield was found out in dairy cows with genotypes
AA (327 kg), AG (330 kg) and MM (328 kg). The differences were statistically significant only for
DGAT1 gene. These results suggested, that milk from dairy cows with DGAT1 gene A allelic variant
would be more appropriate for the production of dairy products (butter, cheeses).

Key Words: DGATL, FASN, LEP, milk fat, genetic polymorphism

INTRODUCTION

The content, composition, as well as physical-chemical properties of milk fat are important
aspects in the production of dairy products. In comparison with other milk constituents, milk fat is the
most variable compound, mainly influenced by feed factors (Kalac and Samkova 2010). Nevertheless,
animal factors including genetic variability between -and within- breed have been also extensively
studied over the last decades (Soyeurt et al. 2006, Samkova et al. 2012). The knowledge of genetic
relationships plays a key role here (Goddard 2001, Dekkers 2012).

Milk fat belongs to quantitative traits whose composition and content are controlled by
numerous genes. Among genes involved of milk fat biosynthesis belongs for example DGAT1
(diacylglycerol acyltransferase 1), GH (growth-hormone), GHR (growth-hormone receptor), SCD1
(stearoyl-CoA desaturase 1) — Buitenhuis et al. (2014) and Fontanesi et al. (2014), FASN (fatty acid
synthase) — Alim et al. (2014), LEP (leptin) — Tomka et al. (2016).

DGAT1 gene encodes diacylglycerol O-acyltransferase 1, enzyme that catalyzes final step in
biosynthesis process of triacylglycerols (TAGs) — Ibeagha-Awemu et al. (2008). TAGs, the main
component of milk fat, are composed of glycerol and fatty acid (FA) esters. DGATL1 gene is
particularly associated with content of milk fat. Furthermore, according to Nafikov et al. (2014),
mutations in acyltransferase genes might change their specificity for particular FA. It leads to changes
in composition of milk fat, e.g. dinucleotide alleles of DGAT1: g.10433-10434 AA>GC mutation.
This mutation results in substitution of lysine to alanine (K232A) in final protein (Grisart et al. 2002).
Schennink et al. (2008) showed, that A allele was associated with a higher proportion of C18:1c9
(oleic acid), which is important from technological point of view (Hillbrick and Augustin 2002).

FASN gene encodes fatty acid synthase, a multifunctional enzyme that catalyses de novo
synthesis of FA in mammals (Lock and Garnsworthy 2003). FASN gene, which is considered as
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a probable candidate gene for milk production traits, is located within a linkage region harbouring
guantitative trait loci (QTL) for milk fat (Alim et al. 2014). The studies on the bovine FASN gene
structure have revealed occurrence of several single nucleotide polymorphisms (SNPs) linked to the
fat content and FA composition in milk (Roy et al. 2006).

Also LEP gene is considered as a potential QTL, influencing different production traits in cattle,
including fat content (Buchanan et al. 2003). SNP in LEP gene is associated with content and yield of
fat and protein, milk yield or some reproductive traits (Tomka et al. 2016). Madeja et al. (2004)
showed that the LEP Hphl gene polymorphism, C>T substitution of bases resulting in a change from
alanine to valine (Haegeman et al. 2000) had an effect on the breeding value of milk production.

The aim of this work was to evaluate genotype and allelic frequencies of selected genes
affecting milk fat synthesis in Czech Fleckvieh, Holstein and crossbreds and to investigate possible
association between gene polymorphisms and milk production traits among cows in the first lactation.

MATERIAL AND METHODS

Experimental design

The analysis of selected genes (DGAT1, FASN, LEP) was carried out on 754 dairy cows
distributed in five farms located in the Czech Republic. The tested animals were divided into three
groups: 266 of Czech Fleckvieh (CF), 329 of Holstein (H) and 159 of crossbreeds with prevailing of
CF crossbreds (87%).

Data for 305-day milk production from the first lactation including overall milk yield (kg), milk
fat yield (kg), milk protein yield (kg) as well as contents of these components were collected from the
official farm records based on monthly milking tests.

DNA extraction, amplification and sequencing

Genomic DNA from milk samples was isolated by Automated Nucleic Acid Extractor
MagCore®HF16 Plus (RBC Bioscience Corp., Taiwan) with the aid of commercial blood kits. The
genotyping of A and L alleles in DGAT1, A and G alleles in FASN and M and W alleles in LEP locus
was done by the PCR-RFLP methods. PCR was done on a thermocycler Biometra T-1 Thermoblock
(Biometra, Germany). For RFLP analysis, the amplified DNA was digested with restriction enzymes
specific for tested gene (Table 1).

Table 1 Characteristics of tested genes and parameters of PCR-RFLP (polymerase chain reaction-
restriction fragment length polymorphism) analysis

Number of Product
Gene . size Primer sequences RE?
sampling (bp)

F5-CAA AA TGGTGAG -3’
DGAT1 754 411 5~ CAAGGCCAAGGCTGGTGAG -3 Cfrl
R 5'- GGG GGC GAA GAG GAA GTAGTAG - 3’

F 5'- AGA GCT GAC GGA CTC CAC AC - 3’
FASN 752 382 R 5'- GCC GAT GCA CTC GATGTAG -3° | ¢!

F5- GGG AAG GGC AGA AAG ATAG -3’
LEP 043 331 R5’-TGG CAG ACT GTT GAG GAT C -3’ Hph

Legend: 'RE — restriction endonuclease; DGAT1 — diacylglycerol acyltransferase 1, FASN — fatty acid synthase, LEP —
leptin;

The individual fragments were separated by electrophoresis on an agarose gel with ethidium
bromide and genotyped on a UV transiluminator in 302 nm wavelength.
Statistical analysis

The allele frequencies were calculated by simple allele counting. The differences between
observed and expected frequencies of genotypes were tested using a ¥ test in order to verify Hardy-
Weinberg equilibrium.
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Statistical analysis was done using the Statistica CZ 12 (Statsoft CR). Chi-squared test was used
to compare the differences in genotype frequencies among the breeds. ANOVA and Student t-test
were used to evaluate differences in milk production traits among the different genotypes.

RESULTS AND DISCUSSION

Gene frequency

Genetic variability is useful tool for breeding programmes. The degree of genetic variability is
expressed by genotype and allelic frequencies. These frequencies were determined in the groups of
purebred (CF and H) and in the group of their crossbreds. For the DGAT1 gene and FASN gene,
statistically significant differences in genotype frequencies among breeds were found. The differences
in LEP gene were not significant for these breeds (Table 2). The dominant genotypes for all observed
groups were: AA genotype for DGAT1 gene (0.962, 0.973 and 0.912; p<0.01), GG genotype for FASN
gene (0.770, 0.662 and 0.774; p<0.01), and MM genotype for LEP gene (0.714, 0.783 and 0.826;
p>0.05).

Between the Holstein and Czech Fleckvieh purebred animals, the highest difference in relative
frequencies of the dominant alleles was found in FASN gene (0.883 and 0.831). No differences were
found in DGATL1 gene (0.981 and 0.986). The crossbreds differed particularly in LEP gene. The
relative frequency of dominant allele M was in this group 0.902, whereas 0.835 and 0.870 for CF and
H. The breeds were in Hardy-Weinberg equilibrium for all the polymorphisms studied.

The genotype and allelic frequencies of DGAT1, FASN and LEP gene among various breeds
(Holstein, Brown Swiss, Simmental, Swedish Red) were studied by several authors (Dokso et al. 2015,
Tomka et al. 2016, Naslund et al. 2008 etc.). These authors also found out, that the relative frequencies
among breeds differed. Milanesi et al. (2008) suggested, that observed and expected allelic frequencies
could be associated with different selective purpose of breeds.

Polymorphism and milk production traits

Economically, fat and protein yield are important traits for production of dairy products. These
traits were influenced mainly by milk yield, which values widely varied among genotypes of genes
analysed in our group (Table 3). For the DGAT1 gene, statistically significant differences were found
out. The differences in FASN and LEP genes were not significant. The highest values of milk yield
were found for DGATL gene in genotype AA (7955 kg; p<0.05), for FASN gene in genotype AG (8030
kg) and for LEP gene in genotype MM (7989 kg). The values of fat and protein yield were also
statistically significant for DGATL1 gene in genotype AA (326.8 kg and 272.7 kg, respectively;
p<0.05).

Association between genotypes and milk production traits was confirmed by several authors
(Buchanan et al. 2003, Roy et al. 2006, Selvaggi et al. 2017). Dokso et al. (2015) found out, that dairy
cows with LA genotype in DGAT1 gene produced more milk compared to AA genotype. However, the
observed differences were not significant. On the other hand, many authors (e.g. Thaller et al. 2003,
Oikonomou et al. 2008) observed a positive effect of allele A in DGAT1 gene on milk yield.
Ciecierska et al. (2013) showed, that milk obtained from cows with the FASN gene with genotype AA
was characterized by higher fat content. This was confirmed also by Schennink et al. (2009). Authors
described, that milk collected from dairy cows with genotype AA was characterized by higher fat
content than milk from dairy cows with GG genotype. Our results do not correlated with these authors.
In our group statistically significant differences were not found for FASN gene. For LEP gene, the
differences were also not statistically significant.

CONCLUSION

The genotype and allelic frequencies statistically differ among the groups of Czech Fleckvieh,
Holstein and their crossbreds. For milk production traits (milk, fat and protein yield), statistically
significant differences were found in DGAT1 gene. The results showed, that there happened the
selection in favour of AA genotype and A allele respectively, as they are linked with higher milk and
protein yield in the dairy cattle.
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Table 3 Milk production traits (¥ = sx) of different genotypes of DGAT1 (diacylglycerol
acyltransferase 1), FASN (fatty acid synthase) and LEP (leptin) genes in dairy cows®

DGAT1 FASN LEP
n 704 33 - 537 196 2 482 119 25
Genotype AA LA LL GG AG AA MM MW Ww
DIM? 294 291 293 294 291 295 292 284
+30 + 28 +30 +30 +20 +29 + 24 + 59
Milk yield 79552 7153P i 7886 8030 5632 7989 7725 7482
(kg) +2163 +2075 +2155 +£2195 +1641 | £2153 +£2011 +2654
Fat yield 326.8°0 288.2° i 323.6 329.6 252.5 327.9 317.7 311.2
(kg) +87.1 + 84.6 +874 +874 +£587 | £855 +£850 +113.0
Fat 412 4.02 i 411 4.12 4.53 4.12 4.12 4.11
(%) +0.33  +0.30 +£033 +£033 +£028 | £033 £034 +0.40
Proteinyield | 272.7¢ 2446 270.9 273.3 202.5 272.7 267.6 257.2
(kg) +652 +60.0 +£652 +£65.6 £502 | £649 +61.3 +t844
Protein 3.46 3.47 i 3.47 3.44 3.62 3.45P 3.50? 3.48
(%) +0.23 +£0.26 +023 +£022 +£0.17 | £023 +0.21 +0.24

Legend: *Czech Fleckvieh, Holstein and crossbreeds; 2DIM — days in milk; #Pmeans with different superscripts in row differ
within genotypes of each gene at p<0.05;
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Abstract: Selected fatty acid (FA) contents and their groups were determined in milk fat of two cattle
(Czech Fleckvieh, Holstein) and two goats’ (Brown Shorthair, Anglo-Nubian) breeds. Goat fat in
comparison with cow fat showed higher proportion of volatile FA (14.9-15.6% and 8.4% from total FA,
respectively), and lower proportion of C16:0 (25.6-26.8% and 30.7-31.5%, respectively). The
differences in milk FA between imported breeds and breeds of Czech origin have been also tested. The
statistically significant differences were confirmed only in goat fats for C18:3n-3, cis-9, trans-11 C18:2
(p<0.01, 0.001), and in groups of saturated and unsaturated FA (p<0.05, 0.01).

Key Words: cow, goat, milk, fatty acids, breed

INTRODUCTION

Milk belongs among well balanced basic food group in human diet. Its annual production reached
802 million tons, of which cow milk represented 83.3% and goat milk 2.2% (FAO Statistical Databases
2010). An important part of milk solids is milk fat. Its content is the highest in ovine milk (6.09%—
6.80%), the fat content in cow and goat milk is similar (3.16%—4.96%) — Mahmood and Usman (2010).
Milk fat consists predominantly of esters of glycerol and fatty acids (FA), which affect the property of
milk and dairy products (Hillbrick and Augustin 2002). FA are divided into various groups most often
by the presence of double bonds and the number of those (VeliSek and Hajslova 2009), eventually by
the number of carbons in FA chain. Proportion of FA groups or indices between the groups is important
for its nutritional value (Bartowska et al. 2011) as well as from technological view (Michalski et al.
2004), or even for its sensory properties (Chilliard and Ferlay 2004). For example, ratio between palmitic
acid (C16:0) and oleic acid (cis-9 C18:1) is an important criteria of textural properties of butter. This
“spreadability index” relates to melting point of milk fat and thus determines the hardness of butter
(Couvreur et al. 2006).

Ruminant milk fats are characterized by proportion of volatile FA (VFA; C4-C10), which is
higher in goat milk (15 to 18%, Raynal-Ljutovac et al. 2008) than in cow milk (7.9 to 9.2%, Hanus et
al. 2010). Typical for milk fat is also high proportion of saturated FA (SFA), low proportion of
polyunsaturated FA, and occurrence of trans isomers of unsaturated FA. The latter group contains
unique isomer cis-9, trans-11 C18:2 (RA, rumenic acid), one of the isomers of conjugated linoleic acid
(CLA). RA is known for its biological effects — anticarcinogenic, antiatherogenic, or
immunomodulatory (Parodi 2004).

Milk FA composition depends on many factors, such as: genetic predisposition, stage of lactation,
nutrition etc. (Stoop et al. 2008). Several studies have discussed the effects of breed on FA composition.
This effect is relatively high in SFA (Dewhurst et al. 2007), while nutrition is the main factor in
proportion of unsaturated FA (UFA) — AlZahal et al. (2009). Samkova et al. (2012) reported that milk
fat produced by indigenous breeds, dual-purpose breeds and crossbreeds appears to have a more
desirable profile of FA than milk fat produced by imported dairy breeds (mostly Holstein).
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The aim of this work was to evaluate FA proportion in milk fat of dairy cows and goats depending
on breed (indigenous vs. imported). And further, the differences between cows’ and goats’ milk fat were
assessed.

MATERIAL AND METHODS

Experimental design

The study was carried out in the Czech Republic. The Czech Fleckvieh (CF) and Holstein (H)
cattle, Brown Shorthair (BSH) and Anglo-Nubian (AN) goats were assessed — Table 1. The cows were
housed together in one tie-stall barn. The goats were from two goat farms.

Individual milk samples were collected during lactation within the regular testing of milk
efficiency. The samples were immediately cooled (to 6 °C) and transported to the laboratory in a cool
box.

Table 1 General characteristic of sampling and cattle and goat breeds

23
years

Sea 0
Breeds' | level | Management O;igin of Number of Number of (%)
(m) reed sampling?  animals | primiparous  multiparous
CF 420 | conventional Czech 4 32 27 73
H 420 conventional | imported 4 37 33 67
BSH 445 organic Czech 4 10 40 60
AN 516 organic imported 3 12 39 61

Legend: ICF — Czech Fleckvieh, H — Holstein, BSH — Brown Shorthair, AN — Anglo-Nubian; 2March, June, September and
December (for CF and H), May, June, July, October (for BSH), May, September, October (for AN),

All cows were fed under the same conditions. Total mixed rations consisted of maize and grass
silages, mashed oats, meadow hay (60.6, and 4% of dry matter, respectively). Production feed mixture
(30% of dry matter) composed of barley, wheat, extracted soybean meal, and salt, minerals, vitamins in
proportion 32, 32, 32, and 4%, respectively.

Both breeds of goat were grazed on natural pasture. And further, BSH goats were fed mixture (1.4
kg/day) of mashed oats and barley (1:1), AN goats were fed mixture (1.6 kg/day) of oats, barley, and
sugar beet (1:1:0.5).

Chemical and statistical analysis

Fat, protein and lactose contents were determined spectrophotometrically using a MilkoScan 4000
apparatus (Foss Electric, Hillered, Denmark) — Table 2.

Table 2 Milk composition for the breeds of cattle and goats

Fat (%) Protein (%) Lactose (%)
Mean SD P Mean SD P Mean  SD P
Czech Fleckvieh 421 0.89 3.62 0.41 478  0.38
Holstein 4.04 0.83 0.2448 3.49 0.38 0.0506 | 4.77 027 0.7597
Total 412 0.86 3.55 0.40 477  0.33
Brown Shorthair 446 2.51 3.25 0.35 4.56 0.27
Anglo-Nubian 521 1.84 0.2032 4.28 0.78 0.0000 | 4.06  0.30 0.0000
Total 494 2.11 391 0.83 424 038

Legend: SD — standard deviation; P — probability;

Milk fat was extracted with petroleum ether from freeze-dried milk samples. FA in isolated fat
were re-esterified to their methyl esters with a methanolic solution of potassium hydroxide. Methyl
esters of FA were determined by a gas chromatographic method (GLC) using a Varian 3300 apparatus
(Varian Techtron, USA) under conditions described by Frelich et al. (2012). The identification of FA
was carried out using analytical standards (Supelco, USA). In total, 64 FA were observed, 50 of which
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were identified. The proportions of individual FA were calculated from the ratio of their peak area to
the total area of all the observed acids.

Data were statistically analyzed by the program Statistica CZ 12 (Statsoft CR). Student’s z-test
for comparison between groups was used.

RESULTS AND DISCUSSION

Fatty acid composition of cow milk fat

The difference in composition of milk fat of two breeds was assessed in this study, the CF (dual-
purpose breed of Czech origin) and H (imported dairy breed).

The proportions of SFA (67.94% for CF and 67.98% for H) and UFA (29.34% and 29.37%,
respectively) were in both breeds almost identical (Table 3). Also the group of VFA, essential FA
(C18:2n-6, C18:3n-3) and RA were similar. Higher differences were found in the proportions of C16:0
and cis-9 C18:1. The proportion of C16:0 in milk fat of CF was lower in comparison to H (30.66% and
31.50%, respectively), whereas the proportion of cis-9 C18:1 was higher (19.16% and 18.53%,
respectively). However, there were no statistically significant differences. Similar results were found by
Pesek et al. (2008) or Adamska et al. (2014).

The spreadability index (depending on C16:0/cis-9 C18:1) seemed to be more desirable in milk
fat of CF dairy cows. The oxidative stability of milk fat set by the SFA/UFA index is almost identical
in both breeds.

Table 3 Proportion of fatty acids (FA) and groups of FA (% of total FA) in cow and goat milk fat
depending on breed

23
years

Cow Goat
Ttem Flgczli\cz?eh Holstein P S]}?(r)?tV}Z:ir gﬂl%ilzn P
Mean + SD Mean + SD Mean + SD Mean + SD

C16:0 30.66 +3.64 31.50+£3.85 | 0.1819 2559+£3.93 26.79+2.28 |0.1131
cis-9 C18:1 | 19.16+3.40 18.53+3.94 | 0.3188 17.79+2.41 18.47+3.29 |0.3046
C18:2n-6 1.69 £0.35 1.67+0.34 | 0.6737 1.99 £ 0.39 1.96 £0.27 |0.7272
C18:3n-3 0.44+0.13 0.44+0.14 | 0.8955 0.76 £0.21 0.62+0.16 |0.0020
RA 042+0.14 0.38+0.13 | 0.1455 1.21+0.54 0.53+0.19 |0.0000
VFA 8.41+1.44 8.44+1.61 | 0.9099 1491+1.91 15.64+2.14 |0.1197
SFA 67.94+4.41 67.98+4.83 | 0.9585 67.98+4.37 70.11+4.13 |0.0324
UFA 2934+434 29.37+£4.90 | 0.9704 30.29+4.18 27.83+3.89 | 0.0099
C16/C18 1.67£0.42 1.79+0.50 | 0.1015 1.49+0.42 1.51£0.36 |0.8048
SFA/UFA 2.38+0.45 240+0.51 | 0.8314 2.31+0.48 2.59+0.51 |0.0162

Legend: SD — standard deviation; P — probability; RA — rumenic acid (cis-9, trans-11 C18:2); VFA — volatile fatty acids
(C4—C10); SFA — saturated fatty acids (including branched-chain fatty acids); UFA — unsaturated fatty acids (including

CLA); C16/C18— C16:0/cis-9 C18:1;

Fatty acid composition of goat milk fat

Also in goat milk, the differences between the breeds of Czech origin (BSH) and imported breed

(AN) were assessed. The proportion of SFA in milk fat of BSH breed was lower than in AN breed
(67.98% and 70.11% for AN, respectively; p<0.05), whereas the proportion of UFA was higher (30.29%
and 27.83%, respectively; p<0.01) — Table 3. High statistical significant differences were found in the
proportion of C18:3n-3 (0.76% and 0.62%, respectively; p<0.01) and RA (1.21% and 0.53%,
respectively; p<0.001). It leads to conclusion that nutritionally desirable profile of milk fat is from the
milk of indigenous breed rather than from imported breed. On the bases of gathered information, it
seems that the significant differences in the proportion of listed FA were mainly caused by the variety
of keeping standards and conditions for particular breeds and also by the difference in food composition,
which was not identical. According to several authors (stated by Kala¢ and Samkova 2010), the botanical
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composition of pasture could have a significant effect on the composition of milk fat. However, even
animals kept under same conditions and fed same feed ration can show significant differences among
breeds as reported in sheep breeds by Tsiplakou et al. (2006).

Spreadability index was almost identical in both breeds. The SFA/UFA index in BSH breed was
statistically significantly lower than in AN breed (2.31 and 2.59, respectively; p<0.05). Thus, the
oxidative stability was more suitable in imported breed.

Comparison of cow and goat milk fat

Whilst comparing the composition of milk fat, it became apparent that goats had higher proportion
of VFA (14.91-15.64% and 8.41-8.44%, respectively) and lower proportion of C16:0 (25.59-26.79%
and 30.66-31.50%, respectively) than cows. Furthermore, goat milk fat contained higher levels of
essential FA — C18:2n-6 a C18:3n-3. Our results correspond to similar studies, see Figure 1. High
proportion of VFA in goats” milk fat can highly affect sensory properties of goat milk and its products
as reported by Soryal et al. (2005).

Figure 1 Proportion of selected fatty acids (FA) and groups of FA (% of total FA) in cows’ and goats’
milk fat

C16:0 cis-9 C18:1
0 - DOCow BAGoat 0 - DOCow @Goat
31,1 32,2 31,7
30 - 26,2 25,6 ;'4 30 - L1, 238
] 7 7 | 189 181 ’ 18,5 18,6
20 % % % 20 7
Al Al A LA | A | |7
This study Bartowska Ferrand-Calmels This study Bartowska Ferrand-Calmels
et al. (2011) et al. (2014) etal. (2011) et al. (2014)
= DCow BAGoat YA DOCow @Goat
. 3,25 o o 193
3 . 2,68 2,66 [7 ’ 20 16,9
2,12 7 / ’ 7 1 o3 7 7/
, % % 1,93 % LSJ | s ? 11,2 % 10,5 %
11179110 nnm
WG A A ||| || |7
This study Bartowska  Ferrand-Calmels This study Bartowska Ferrand-Calmels
et al. (2011) et al. (2014) etal. (2011) et al. (2014)

Legend: EA — essential fatty acids (C18:2n-6+C18:3n-3), VFA — volatile fatty acids (C4—C10)
Even though, the proportion of SFA in cow milk fat and goat milk fat were similar; the SFA/UFA
index slightly varied (2.39 and 2.44, respectively; Figure 2).

The spreadability index was in cows (1.73) higher than in goats (1.50). This composition of milk
fat results in better spreadability of butter made of goat milk. This ratio was also confirmed by Hurtaud
et al. (2001) as the most accurate indicator of the hardness of butter.
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Figure 2 Proportion of index SFA/UFA and spreadability index (C16.:0/cis-9 C18:1) in cows " and
goats’ milk fat
3 -

2,39 DCow @Goat

1,73

SFA/UFA C16:0/cis-

[Ye]

C18:

[

Legend: SFA/UFA — saturated fatty acids/unsaturated fatty acids

CONCLUSION

Milk fat is predominantly assessed for its nutritional values, while the lower proportion of
saturated fatty acids is preferred. However, required higher proportion of unsaturated fatty acids leads
to decrease in the oxidative stability of milk fat.
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Cow’s milk consisted of relatively high quantity of saturated fatty acids (about 70 %), which are considered less
beneficial health. The content of more desirable fatty acids is about 25 % (monounsaturated) and 5 %
(polyunsaturated). The aim of this research was to find ways how to increase the content of mono- and
polyunsaturated fatty acids in milk fat. One of the ways how to alter the content of fatty acids is the monitoring of
candidate genes and their polymorphism. Therefore, the manuscript deals with selected candidate genes,
particularly DGAT1, SCD1 and FASN, which are associated with fatty acid biosynthesis. The results suggest that
observing of this issue could be helpful for improving the quality of milk fat.

Keywords: cow, milk fat, heritability, DGAT1, SCD1, FASN

1 Introduction

The majority of economically important traits in livestock are complex, have continuously distributed
phenotypes, and are influenced by multiple genes or quantitative trait loci (QTL) dispersed across the
genome, and by an array of different environmental factors. Quantitative traits like milk yield
production including the milk fat composition is influenced by DNA segments called QTL (Ibeagha-
Awemu et al., 2008).

Biosynthesis of cow’s milk fat is a complex process regulated by multiple genes, which is one of the
several metabolic pathways in milk production metabolism (Bionaz and Loor, 2008). Milk fatty acids
can be produced by two ways — uptake from blood or de novo synthesis in the epithelial cells of the
mammary gland (Neville and Picciano, 1997). Short-chain fatty acids and most of the medium-chain
fatty acids that are predominantly synthesized de novo, have a medium to high heritability. Long-chain
fatty acids are derived from blood lipids, which originate principally from the diet and endogenous
lipids, and are characterized by low to medium heritability (Soyeurt et al., 2007; Stoop et al., 2008;
Mele et al., 2009). Table 1 shows the descriptive statistics and heritability of selected fatty acids
according to Krag et al. (2013). Each fatty acid is presented by its mean gi) standard deviation (sy)
and genomic heritability estimate (hgz), respectively. The estimates of the hy” are based on a univariate
model.

Table 1 Content (g 100 g™ fat) and heritability of selected fatty acids

Fatty acids X Sy hy’

Lauric acid (C12:0) 3.57 0.65 0.27
Myristic acid (C14:0) 11.29 1.30 0.25
Palmitic acid (C16:0) 28.95 3.25 0.14
Linoleic acid (C18:2 c9,c12) 1.69 0.30 0.17
a-linolenic acid — ALA (C18:3 ¢9,c12,c15) 0.49 0.10 0.30
Conjugated linoleic acids — CLA (C18:2 c9,t11) 0.63 0.16 0.19

* Corresponding Author: Robert Kala, University of South Bohemia in Ceské Budgjovice, Faculty of Agriculture, Department
of Agricultural Products Quality, Studentska 809, 370 05 Ceské Budé&jovice, Czech Republic. E-mail:
kalarobert@seznam.cz
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Identification of genomic regions, and preferably individual genes, responsible for genetic variation in
milk fat composition will enhance the understanding of biological pathways involved in fatty acid
synthesis and may point towards opportunities for changing milk fat composition via selective breeding
(Bouwman et al., 2011). Candidate gene studies have shown that polymorphisms in diacylglycerol O-
acyltransferase 1 (DGAT1 K232A) (Grisart et al., 2002) and stearoyl-CoA desaturase 1 (SCD1 A293V)
(Taniguchi et al., 2004) have effects on milk fat composition (Mele et al., 2007; Moioli et al., 20073a;
Schennink et al., 2007; Schennink et al., 2008; Kgwatalala et al., 2009; Conte et al., 2010).

1.1 DGAT1

DGAT1 catalyzes the terminal part in the synthesis of triacylglycerols, thereby contributing to control
the rate of triacylglycerols synthesis in adipose cells — adipocytes (Ibeagha-Awemu et al., 2008).
According to Grisart et al. (2002), among several polymorphisms in DGAT1 substitution occurs at AA
dinucleotide GC to exon 8 (coding sequence), resulting in a substitution of lysine to alanine (K232A).
Remarkable attribute of mutation K232A is that variant lysine increases the fat yield (kg) and the
percentage of fat and protein, while reducing the quantity of milk protein and variant alanine increases
the quantity of milk protein content (Grisart et al., 2002; Spelman et al., 2002; Thaller et al., 2003).
Schennink et al. (2007) reported a correlation among polymorphism of DGAT1 K232A and the
composition of milk fat. In this case, lysine allele associated with upper proportion of saturated fatty
acids and C16:0 and minor proportion of C14:0, unsaturated oleic acid (C18:1 c9) and CLA.

1.2 SCD1

SCD1 is an enzyme of the endoplasmic reticulum, which contains iron in its structure. This enzyme is
responsible for cellular biosynthesis of saturated to monounsaturated fatty acids (Ntambi and
Miyazaki, 2004). SCD1 gene is located on 26 BTA. Single nucleotide polymorphism (SNPs) in exon
5 causes the substitution (A293V) of valine to alanine (Taniguchi et al., 2004). Allele alanine is
associated with a higher proportion of monounsaturated fatty acids and is hypothetically considered as
candidate gene for milk fat quality (Moioli et al., 2007b). Studies suggest (Mele et al., 2007; Schennink
et al., Conte et al., 2010) that allele alanine has a key role also in the synthesis of CLA.

1.3 FASN

Fatty acid synthase (FASN) is a candidate gene for adipocytes in fat and in milk fat. Morris et al.
(2007) demonstrated that SNPs in the gene FASN is associated with differences in the composition of
fatty acids in adipose tissue and in milk fat on pasture-fed cattle. FASN is a multi-enzyme system
involved in the de novo synthesis. De novo fatty acid synthesis requires the FASN for the elongation of
fatty acids and other compounds. One of them is the acetate, which is activated by acyl-CoA
synthetase short-chain family member 2 (ACSS2). For de novo synthesis was ACSS?2 identified as a
candidate gene associated with caproic, caprylic and capric acids (C6:0, C8:0 and C10:0). Morris et al.
(2007) performed linkage analysis of fatty acids of cow’s milk at 19 BTA, and detecting a QTL for
C8:0, C10:0, C12:0, C14:0, C18:1 c9 and C18:2 c9, cl2.

2 Conclusions

Fatty acids composition is affected by many factors, which enable to alter milk fat. Studies have
revealed that the genetic effect is more effective in saturated fatty acids, while unsaturated fatty acids
are more influenced by non-genetic effects like nutrition. DGAT1 gene affects rather quantity of milk
fat, whereas SCD1 quality of milk fat. FASN influences the synthesis of saturated and unsaturated
fatty acids.
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Comparison of methods used

for the determination of the healthy important
fatty acids of milk fat in bulk milk samples

of dairy cows

Abstrakt

Ve 13 chovech holstynského skotu v Olomouckém kraji
bylo odebrano 33 bazénovych vzorkt mléka za tcelem
porovnani dvou metod stanoveni mastnych kyselin (MK) -
rutinni/nepfima (pomoci infracervené spektroskopie -
MIR-FT) a referen¢ni/pfima (pomoci plynové chro-
matografie - GC). Tésnost vztahti mezi obéma metodami je
siln€j$i v ptipadé skupiny nasycenych (SFA) a nenasy-
cenych (UFA) MK (r = 0,7094; 0,9389; p<0,001), zatimco
u skupiny TFA (¢rans isomery nenasycenych MK) a PUFA
(polynenasycené MK) jsou korelacni koeficienty niz§i
(0,5897; 0,5931; p<0,001). 50,3 a 88,2 % variability v hod-
notach SFA a UFA podle nepfimé rutinni metody MIR-FT
je vysvétlitelnych variacemi v analyzach pfimé referencni

metody GC. Vysledky naznacduji, Ze fadu informaci
MIR-FT o vyskytu MK Ize vyuZit pro rutinni stanoveni
téchto skupin MK a pfipadnou praktickou selekci mlécné
suroviny pro specifickou potravinarskou vyrobu.

Klicova slova: stado krav; bazénovy vzorek mléka; ply-
nova chromatografie; infracervena spektroskopie; vérohod-
nost analytickych vysledki; korelace; kalibrace; validace

Abstract

33 bulk milk samples were taken in 13 Holstein dairy
cow herds in the Olomouc region to compare two methods
for the determination of fatty acids (FAs) - routine / indirect
(by infrared (IR) spectroscopy - MIR-FT) and reference /
direct (gas chromatography - GC). Tightness of relations
between these two methods is stronger in the case of the
group of saturated (SFA) and unsaturated (UFA) FAs
(r = 0.7094; 0.9389; p<0.001), while for the group of TFA
(trans isomers of FAs) and PUFA (polyunsaturated FAs)
are lower correlation coefficients (0.5897; 0.5931;
p<0.001). 50.3 and 88.2% of the variability in the routine
values of SFA and UFA according to the indirect method
MIR-FT is explainable by variations in the analyses of
direct reference method GC. The results indicate that a row
of MIR-FT information on the occurrence of FAs can be
used for routine determination of such groups of FAs and
possible practical selection of raw milk for the specific
food production.

Keywords: cow herd; bulk milk sample; gas chromato-
graphy; infrared spectroscopy; analytical result reliability;
correlation; calibration; validation

Uvod

Mléény tuk je jednou z nejvyznamnéjSich slozek
ovliviiujicich technologické zpracovani mléka. SloZeni
mlécného tuku z hlediska mastnych kyselin (MK) pfitom
zajima nejen technology v mlékarnach, napf. pro stabilitu
mlécného tuku nebo pro mozZnost ovlivnéni roztiratelnosti
masla, ale také odborniky pro humdanni vyzivu. I kdyz
celkové vyssi mnozstvi (55 - 75 %) nasycenych MK (SFA)
zajistuje lepsi stabilitu mlécného tuku a nasledné mlécnych
vyrobkt (Kaylegian a Lindsay, 1995), z hlediska vyzivy je
méné akceptovatelné (Dostdlovd et al., 2009). Ptijem SFA
z celkového energetického prfijmu by mél byt pod 10 %
(20 g), polyenovych MK (PUFA) 7 - 10 %. Prijem trans-
nenasycenych MK (TFA) by mél byt co nejnizsi a nemél by
prekrocit 1 % (cca 2,5 g/den).

V soucasnosti se profil MK mlé¢ného tuku nesleduje,
prestoZe jsou znamy faktory piiznivé piisobici na zvySené
zastoupeni nenasycenych MK (UFA) - Kalac¢ a Samkovd
(2010). Divodem je mimo jiné pravdépodobné také
narocnost analytického stanoveni ekonomicky i casové
nevyhodnou plynovou chromatografii (GC). GC je prili§
nakladnd pifi poskytnuti prakticky zbytecné detailniho
vysledku v daném ohledu. Tento je vhodny zejména pro
védecko-vyzkumné ucely. Z literatury jsou vSak znamy
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nékteré rychlejsi a levnéjsi zpusoby stanoveni MK, pfi
nichZ se uplatiuje potencidl infracervené (IR) spek-
troskopie ve stfedové oblasti vinovych délek IR zéreni
nebo v oblasti IR blizké (Souyert et al., 2006, Coppa et al.,
2010). Pro mléko (mlécny tuk) je v dané souvislosti vyhod-
né urceni profilu celého IR spektra prostfednictvim
Michelsonova interferometru a s naslednym matematicko-
statistickym vyhodnocenim signalu Fourierovymi transfor-
macemi (MIR-FT). Tyto zvySuji analytickou efektivitu
vytéznosti signalu.

Metoda IR spektroskopie (MIR-FT) je v soucasnosti
vyuZivana v analytice mlékafstvi pro kontrolu kvality
syrového mléka nebo pro stanoveni nékterych minoritnich
sloZzek mléka (volné MK, mocovina, kyselina citréonova,
ketony) - Bijgaart van den, 2006; Hering et al., 2008;
Hanus et al., 2009; Drift van der et al., 2012 aj. Je tieba
zdlraznit, Ze vérohodnost vysledkd z této rutinni analyzy
bude zaviset predevsim na kvalité kalibraci provedenych
podle vysledki referen¢ni metody.

Cilem prace bylo porovnani zastoupeni vybranych MK
a jejich skupin v mlééném tuku bazénovych vzorkt mléka
stanovenych referencni (pfimou) a rutinni (nepiimou)
metodou.

Material a metodika

Do pokusu bylo zahrnuto 13 chovili dojnic holstynského
plemene v Olomouckém kraji. Stdda zahrnovala 35 az
530 kust dojnic a nachazela se v nadmoiské vySce od
250 do 350 m. Dojivost stdd se pohybovala od 7 650 do
11 190 kg mléka za normovanou laktaci. Jednalo se
o chovy s volnym ustijenim zvifat a dojenim v dojirné
(n = 12), kterym byla zkrmovana smésna krmna davka
(TMR, total mixed ration) na bazi konzervované objemné
pice a koncentrat podle dojivosti. Jeden chov (35 krav) byl
s vaznym ustajenim a potrubnim dojicim zafizenim.

Odbéry bazénovych vzorki mléka (n = 33) probé&hly
v obdobi leden az bfezen 2015 v ramci oficidlni kontroly
kvality mléka. Ziskané vzorky byly rozdéleny na dve casti
a pti teploté 5 °C dopraveny z mista odbéru do laboratofe.
Prvni c¢ast byla pouZita pro stanoveni zakladniho
chemického slozeni mléka a pro rutinni stanoveni mast-
nych kyselin.

Analyzy byly provedeny na pravidelné kalibrovaném
a kontrolovaném zafizeni CombiFoss
FT+ (MilkoScan FT+ 76150, Fosso-
matic FC 79910), 500 vzorktu/hod.
(Foss Analytical A/S, Denmark) nepfi-
mou (rutinni) metodou MIR-FT (dale
jen MIR). Druha cast byla vyuZita pro X

stanoveni MK pifimou (referencni) | g 67,65
metodou plynové chromatografie (dale | yra 28,80
jen GC) po predchozi lyofilizaci | TFA 2,10
vzorkll, extrakci tuku petroletherem PUFA 3,22

GC
g/100 g vSech MK

Tab. 1 Parametry chromatografické analyzy

Parametr Hodnota

Kolona SelectFAME (Varian), 50 m/0,25 mm
Detektor FID (plamenové ionizacni)

Teplota: - kolona 55 °C - 5 min, 40 °C /min -170 °C, 2 °C /min - 196 °C,
10 °C /min - 210 °C - 8 min

- injektor 250 °C

- detektor 250 °C
Nosny plyn helium
Priitok helia 1,8 mi/min
Nastfik 11, split 10

Tab. 2 Zdkladni statistické charakteristiky chemického
sloZeni bazénovych vzork( miéka

Tuk (%) 3,98 0,52 2,57 5,15 13,2
Bilkoviny (%) 3,40 0,16 3,12 3,62 4,6
Laktdza (%) 4,95 0,06 4,81 5,02 1,3

X = aritmeticky primér; s, = smérodatn odchylka;
V% = variacni koeficient = (Sy/x)*100;

V programu Microsoft Excel byly hodnoty o obsazich
MK ziskané rutinni metodou prepocitiny na hodnoty
odpovidajici vyjadfeni referencni metody, tedy plynové
chromatografie (g/100 g vSech MK) podle vzorce:
(An * 100)/(Bn * 0,95), kde An je hodnota MK vyjadiena
v g/100 g mléka, Bn je hodnota obsahu tuku v g/100 g
mléka a 0,95 je koeficient prepoctu obsahu tuku na MK.

Pro statistické vypoclty (popisné statistiky, korelacni
a regresni analyza) byla zvolena nabidka programu
Statistica 12.0 (StatSoft 2013).

Vysledky a diskuse

Vyvéazenost souboru dokladaji variacni koeficienty
ukazujici variabilitu daného souboru bazénovych vzorka
mléka. Nejvyssi variabilita byla zjiSténa u tucnosti
(13,2 %), nejnizsi u obsahu laktézy (1,3 %) - Tabulka 2.

Velmi §iroké rozpéti minimélnich a maximalnich hodnot
jednotlivych ukazatelii pak bylo nepfimym predpokladem
pro zajisténi Siroké variability i ve spektru jednotlivych
skupin MK. Vyssi hodnoty variac¢nich koeficientll byly dle
souladu s literaturou (PeSek et al., 2006) zjiStény
u nenasycenych MK (PUFA, TFA, UFA), nizsi
u nasycenych MK (SFA), a to u obou metod stanoveni -

Tab. 3 Zdkladni statistické charakteristiky zastoupeni vybranych skupin mastnych
kyselin (MK) pfi stanoveni plynovou chromatografii (GC) a infracervenou
spektroskopii pfepoctené na shodné jednotky s GC (MIR)

MIR Iy
9/100 g vSech MK (p<0,001)
Sy V% X Sx v%
2,76 4,08 72,77 3,77 5,18 0,7094 50,3
2,90 10,08 27,53 2,52 9,16 0,9389 88,2
0,53 25,29 2,12 0,74 34,90 0,5897 34,8
0,63 19,67 4,76 2,95 62,03 0,5931 35,2

a prevedeni na methylestery MK
(alkalickou katalyzou) dle prede-
psanych parametra (Tabulka 1).

x = aritmeticky primeér; s, = smérodatna odchylka; v% = variacni koeficient = (sy/x)*100;

Iy = validacni koeficient korelace; R* = koeficient determinace = (ry’);

SFA = nasycené MK se sudym a lichym poctem uhlikii; UFA = nenasycené MK; TFA = trans isomery nenasycenych MK;
PUFA = polynenasycené MK vcetné konjugované kyseliny linolové
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Graf 1 Vztah mezi zastoupenim trans izomer( nenasycenych mastnych kyselin
(TFA) v mlécném tuku stanovenych plynovou chromatografii (GC)
a infracervenou spektroskopii (MIR) véetné grafti histogramu ¢etnosti

peni zjisténd obéma metodami prak-
ticky totozna (2,10 %, resp. 2,12 %),
coz doklada predchozi konstatovani -

TFA (MIR) = 0,39535 + 0,82266 * TFA (GC)
yy = 0,5897 (p<0,001)

20

Graf 1.

Velmi shodné udaje a vysSi tésnost
vzajemného vztahu vysledkd byly
naopak zjistény u skupin SFA (0,7094;

osa X: TFA (GC)
n=33
promér = 2,10
smér. odch. = 0,53
min. = 0,98
max. = 4,18

osaY: TFA (MR)
n=33

primér =242 p<0,001) a UFA (0,9389; p<0,001;
il Graf 2), i kdyZ, jak je patrné z pra-

mérnych hodnot, rutinni metodou MIR

TFA (MIR)
- % vSech mastnych kyselin

byla stanovena hodnota SFA pon¢kud
vySSi (72,77 %) a hodnota UFA mirné
niz§i (27,53 %) nez tomu bylo pii
stanoveni referencni metodou GC
(67,65 %, resp. 28,80 %). Z hodnot
koeficientu determinace (R?) vyplyva,
7ze tedy 50,3 a 88,2 % variability
v hodnotach SFA a UFA podle nepfimé
rutinni metody (MIR) je vysvétlitel-
nych variacemi v analyzach pfimé re-

0,0 1,0 2,0 3.0 4,0
TFA (GC) - % vsech mastnych kyselin

ferenéni metody (GC). Uvedené lze
oznacit za pfijatelnou a dobrou schop-
nost analytické vypovédi nepfimé

20

Tabulka 3. Primérnad zastoupeni vySe uvedenych skupin
7jiSténd obéma metodami se lisi zejména v pripadé PUFA.
Zastoupeni této skupiny bylo v ptipad€ stanoveni pomoci
GC 0 48 % nizsi (3,22 %) nez v ptipadé stanoveni pomoci
MIR (4,76 %). S tim koresponduje i niZsi validacni kore-
la¢ni koeficient (r = 0,5931; p<0,001), jakkoliv tento neni
mirou primérné shody vysledki. Obdobnou hodnotu ma
i validacni korelacni koeficient zjistény v pripadé skupiny
TFA (0,5897; p<0,001). Zde vSak jsou primérna zastou-

Graf 2 Vztah mezi zastoupenim nenasycenych mastnych kyselin (UFA)
v mlééném tuku stanovenych plynovou chromatografii (GC)
a infracervenou spektroskopii (MIR) véetné grafu histogramu ¢etnostf

metody, resp. jeji zcela akceptovatel-
nou vérohodnost vysledkti k praktické interpretaci.
VétSina uvedenych validacnich korelaci mezi vysledky
sledovanych metod byla v podobnych hodnotiach (s ohle-
dem na tésnost vztahu a sledované skupiny MK)
v porovnani k dosud publikovanym vysledkiim (Soyeurt et
al., 2006). Nizsi hodnotu R?> v bazénovém vzorku mléka
pro skupinu SFA si Ize vysvétlit tim, Ze zastoupeni této
skupiny je vice ovlivnéné individualitou dojnice, a lze
predpokladat, ze v individuédlnich vzorcich by tato hodnota
mohla byt vyssi.
Obecné shrnuto, uvedené posuny
mezi (MIR a GC) primérnymi hodno-
tami skupin MK nejsou, pfi pfijatelné

X: UFA (GC) =) 1 % ¥ 1 -
UFA (MIR) = 4,0531 + 0,81503 * UFA (GC) P It tesnost,lvvztahu sz%eidku mezi rpetOfia
_ B i mi, vaznou piekazkou praktického
My = 0,93890 min. = 22,83 vir 3 . -

max, = 35,39 pouziti vysledkli, nebot jsou snadno
osa Y UFA MIR) riznymi statistickymi postupy kom-
n E{,.Tf.{;:c.z_:f?jz penzovatelné. T vysledky vztahl s niZsi

min. = 23, . ” .
max. = 34,72 determinaci (PUFA a TFA), kde jen
35,2 a 34,8 % variaci vysledki MIR je
40 vysvétlitelnych variabilitou vysledki
E GC, jsou zajimavé a mohly by byt
] . v N 2
2 a5 prakticky zohlednény v pfipadné
___% metodice (algoritmu) selekce mlécné
%‘E‘ suroviny pro specifickou mlékatskou
:g 30 produkci, napf. funkénich potravin
5 £ nebo lépe roztiratelného masla, a to
8 25| v pozici orientacnich nebo dopli-

- o .
= kovych ukazatelti. Skupiny MK nebo
' 20 MK s vy$§i metodickou determinaci
20 25 30 35 40 5 10 Vysledkﬁ by pak byly ZOhlednéHy
U (O] % VB ach Rias tieR kyseili = v takc/wem postupu v pozici ukazatelt
hlavnich.
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Ve vétsin€ pripadu jsou korelace vysledkd mezi metoda-
mi vyS$§i pro individualni vzorky mléka (Samkovd et al.,
2015) nez pro zde popsané vzorky bazénové. To je
pravdépodobné dano vyssi plvodni variabilitou a veétSim
variaénim rozpétim puvodnich hodnot jednotlivych MK
v individudlnich vzorcich mléka, oproti bazénovym, coz je
logické. Uvedeny jev se projevuje obecné ve vSech kali-
bracnich souborech pro nepfimé metody (i jiné nez je IR
spektroskopie) u vSech slozek a vlastnosti mléka (Sojkovd
et al., 2009; Hanus et al., 2014). Tuto roli sehrava v pod-
staté¢ nahodilost vybéru mléka. V uvedenych souvislostech
Coppa et al. (2013) uvedli, Ze v pfipadé predikce profilu
MK tuku u bazénovych vzorkti mléka na zékladé informa-
ci o faremni praxi (zejména sloZeni vyzivy krav a nad-
motskd vyska) byly dobré (R* > 0,5) predikéni modely
napf. pro SFA nebo PUFA a velmi dobré (R* > 0,6) napf.
pro TFA. Také Soyeurt et al. (2006) konstatovali, Ze pro
odhad profilu MK metodou MIR jsou vyuZitelné predikéni
modely pro SFA nebo MUFA.

Tyto modely by mohly poskytnout farmaiim hodnotny
prostiedek ke zlepseni nutri¢ni kvality jimi produkovaného
mléka. Uvedené by mohlo byt pouzito k monitoringu kva-
lity mlécného tuku a nasledné ke zlepSovani kvality mléka
napt. specifickou vyZzivou krav, pfip. k odhadu genetické
hodnoty pro jednotliva zvifata za icelem cilené plemenitby
ve stejném smyslu.

Zavér

Validované vztahy mezi vysledky ekonomicky efektivni
nepifimé metody infracervené spektroskopie (MIR) a na-
kladné&jsi referencni plynové chromatografie (GC) pfi
urceni profilu MK mlééného tuku, které vykazuji riznou,
avSak zpravidla akceptovatelnou tésnost zavislosti pro
vybrané strukturdlni a funkéni skupiny MK ukazuji, Ze
informace ziskané prostrednictvim MIR mohou byt vyuZity
jako hlavni nebo dopliikové ukazatele pii cilené selekci
syrového mléka. Metodika selekce suroviny, podle koncen-
traci MK a jejich skupin s predpoklddanym zdravotnim
nebo technologickym benefitem, by tak byla opatfena
vahami pro vyznam informace s ohledem na selekci, pravé
podle tésnosti vztahu nepfimych vysledkd k referen¢nim.
Tim vysledky naznacuji, Ze fadu informaci MIR o vyskytu
MK v mlééném tuku lze vyuZit pro rutinni stanoveni téch-
to skupin MK a pripadnou praktickou selekci mlécné
suroviny pro specifickou potravinarskou vyrobu.
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Porovnani metod stanoveni
mastnych kyselin v mlece

E. Samkovd', O. Hanu#, J. Spicka’, R. Kala', J. Koubové', P Smetana’, L. Hasonova', Z. Krizovad', P. Kopunecz’, J. Kopecky”
'Jihoéeska univerzita v Ceskych Budéjovicich, Zemédélska fakulta, ‘Vyzkumny ustav mlékarensky Praha, ‘Ceskomoravska spolecnost
chovatelu a. 5., Hradistko

Souhrn

V chovech ¢eského strakatého a holtynského skotu bylo odebrano celkem 78 individualnich vzorku miéka pro porovnani dvou metod analyzy
mastnych kyselin - rutinni (pomoci infracervené spektroskopie - MIR-FT) a referenéni (pomoxi plynové chromatografie - GC). Z vysledku vyplyva.
ze mastné kyseliny C16:0 a C18:1 a skupiny nasycenych a nenasycenych mastnych kyselin Ize stanovovat pomoci MIR-FT s pomérné vysokou mirou
vérohodnosti (korelace 0,7543, 0,7607, 0,8424 a 0,9492; p < 0,001). V pfipadé skupiny polynenasycenych mastnych kyselin je validacni koeficient
korelace niz3i (0,2891; p < 0,05).

Kli¢ova slova: krava; individuaini vzorek miéka; plynova chromatografie; infracervena spektroskopie; vérohodnost analytickych vysledku
korelace; kaliorace; validace

Summary
78 individual milk samples were taken in the Czech Fleckvieh and Holstein dairy cow herds to compare two methods for analyses of fatty acids -

routine (using infrared spectroscopy - MIR-FT) and reference (by gas chromatography - GC). The results show that the fatty acids C16:0 and C18:1
and the group of saturated and unsaturated fatty acids can be determined using MIR-FT with a relatively high reliability (correlations 0.7543,
0.7607, 0.8424 and 0.9492; p < 0.001). In case of polyunsaturated fatty acids is the validation correlation coefficient lower (0.2891; p < 0.05).

Keywords: cow; individual milk sample; gas chromatography: infrared spectroscopy; analytical result reliability; correlation; calibration; validation
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Tab. 1 - Parametry chromatografické analyzy

[Parametr | Hodnota :
Kolona SelectFAME (Varian), 50 m/0,25mm i
Detektor FID (plamenové ionizatn) i
| Teplota:  —kolona 55 °C - 5 min, 40 °C/min =170 °C, 2 °C /min - 196 °C, 10 °C /min |
' -210°C - 8 min !
| ~injetor 250°C |
‘ — detektor 250 °C '
| Nosny plyn helium '
| Pritok helia 1,8 mifmin

INastfik Ayl split 10

Thb 2- Zak[admstaﬂsﬁcke&mu]ﬁrmsﬂ]gvybrwwchnﬂww&ﬂmaﬁelu

Ukazate! Cesky strakaty skot Holstynsky skot Celkem
(n=39) (n=39)

Dujnlest kg) 248 68 277 299 B89 Rz o
Tuk (%) 4,27 0,54 12,8 3,61 0,89 24,? 3,94 0,81 20,5 '
Bikoviny (%) 351 036 102 325 034 103 338 037 110
| Laktoza (%) 5,00 0,23 4.6 4,87 0,24 49 4,94 0,24 4.9

| % = aritmeticky pramér; s, = smérodatna odchylka; v% = variaéni koeficient = (sx/x)* 100;

Tab. 3 - Zakladni statistické charakteristiky zastoupeni vybrangch
mastnych kyselin (MK) a jejich skupin pfi stanoveni plynovou
chromatografii (GC) a infracervenou spektroskopii (MIR) prepoctené

na shodné jednotky s GC

[ | GC g/100 g viech MK | MIR; 9/100 g vsech MK --m

--“---

lcl60. 3356 363 108 3873 290 07543 0,001 569
c1é8n 17,99 2,97 16,5 2737 350 12,8 0,7607 0,001 57,9
|PURA. 326 . 0B2 188 844 138 164 (02891 005 @ 84
|SFA 69,54 3,82 5.5 70,85 3,16 4,5 08424 0007 71,0 |
UFA 27,22 393 144 2732 415 152 09492 0001 901

| x = aritmeticky primér; sx = smérodatna odchylka; v3% = variacni koeficient = (sx/x)*100;
| twy = validaen( koeficient korelace; R2 = koeficient determinace = (rxy2); PUFA = polynenasycené |
| MK véetné konjugavaneé kyseliny linolové; SFA = nasycené MK se sudym a lichym poctem uhlikd; |

| UFA = nenasycené MK

Uvod

Zpusobd, jak cilené modifikovat profil
mastnych kyselin mlééného tuku pro
podporu zdravi spotrebitell, pfipad-
né vhodnéjsi technologické vlastnosti
mléka (Barlowska et al., 2011), muze
byt vice. Mezi nejrychlejsi zpusoby
patfi predevsim zména krmné davky
nebo vybér mlééné suroviny od urci-
tych dojnic.

Pravidelnému sledovéani zastoupeni
mastnych kyselin v mlééném tuku dnes
brani pomérné naroéna (Casové i financ-
né) referenéni metoda analyzy mast-
nych kyselin pomoci plynové chromato-
grafie (Kaylegian et al, 2009). Urcitou
nadéji do budoucna by se mohlo stat
rutinni stanoveni nékterych mastnych
kyselin nebo jejich specifickych skupin
pomoxi infraervené spektroskopie s na-
slednym wyhodnocenim signalu Fouriero-
vymi transformacemi (MIR-FT). Metoda
je v soucasnosti vyuzivana v analytice
miékafstvi pro kontrolu kvality syrového
miéka nebo pro stanoveni nékterych
minoritnich slozek mléka (mocovina,

www.profipress.cz

kyselina citronova, volné mastné kyse-
liny, ketony) - napf. Hering et al., 2008.
Cilem prace bylo validacni porovnani
zastoupeni vybranych mastnych ky-
selin a jejich skupin v individudlnich
vzorcich mlééného tuku dojnic stano-
venych referendni a rutinni metodou.

Materidl a metodika

Odbéry individualnich vzorkl miéka
byly realizovany v lednu a unoru 2015
v chovech plemen ceské strakaté (n =
39) a holstynské (n = 39). Ziskané vzor-
ky byly rozdéleny na dvé césti, z nichz
prvni byla pouZita pro stanoveni za-
kladniho chemického slozeni mleka
a rutinni stanoveni mastnych kyselin
pomoci pravidelné kalibrovaného za-
fizeni CombiFoss FT+ (MilkoScan FT+
76150, Fossomatic FC 79910), 500 vzor-
ki/hod. (Foss Analytical A/S, Denmark)
metodou MIR-FT (dale jen MIR). Dru-
ha cast byla vyuZita pro stanoveni
mastnych kyselin metodou plynové
chromatografie (dale jen GC) po
pfedchozi lyofilizaci vzorkl, extrakci

Téma: Chov dojeného a masného skotu m

tuku petroletherem a pfevedeni na
metylestery mastnych kyselin (alkalic-
kou katalyzou) podle predepsanych
parametrd (tab. 1).

V programu Microsoft Excel byly hodnoty
o obsazich mastnych kyselin ziskané ru-
tinni metodou prepotitany na hodnoty
odpovidajici vyjadfeni referenéni metody,
tedy plynové chromatografie (g/100 g
viech mastnych kyselin) podle vzorce: (An
* 100)/(Bn * 0,95), kde An je hodnota
mastnych kyselin vyjadrena v ¢/100 g mlé-
ka, Bn je hodnota obsahu tuku v g/100 g
miéka a 0,95 je koeficient pfepoctu obsa-
hu tuku na mastné kyseliny.

Pro statistické vypocty (popisné sta-
tistiky, korelacni a regresni analyza)
byla zvolena nabidka programu Sta-
tistica 12.0 (StatSoft 2013).

Vysledky a diskuse

Zakladni statistické charakteristiky pro
dojivost a zakladni slozeni mléka doj-
nic (tab. 2) vypovidaji o velmi dobfe vy-
vazeném souboru. Nejvwyssi variabilita
dané hodnotou variaéniho koeficientu
byla pochopitelné zjidténa u dojivosti
(30,5 %) a tucnosti (20,5 %), tradicné
nejnizéi variabilita pak u obsahu laktozy
(4,9 %). Variabilita v jednotlivjch ukaza-
telich byla pfedpokladem pro zajisténi

velkého rozpéti i v zastoupeni mastnych
kyselin a jejich skupin. Vy3si hodnoty va-
riacnich koeficientd byly v souladu s lite-
raturou (Pesek et al.,, 2006) zjistény u ne-
nasycenych mastnych kyselin (C18:1,
PUFA, UFA), nizsi u nasycenych mast-
nych kyselin (C16:0, SFA), a to u obou
metod stanoveni (tab. 3).

Primérnd zastoupeni vyse uvedenych
mastnych kyselin a jejich skupin zjisténz
obéma metodami (GC a MIR) se [i3i ze-
jména v piipadé PUFA, kdy byl stanoven
i nizky korelacni koeficient (r, =0,2831;
p < 0,05). Mnohem spise totiz odpovida
skutecnosti hodnota mastnych kyse-
lin stanovenych GC (3,26 %), nebot pfi
nevyuziti pastvy byva zastoupeni PUFA
nizsi (Samkova et al,, 2011). Velmi shod-
né Gdaje byly naopak zjistény u skupin
SFA {rﬂ =0,8424; p <0,001; obr. 1) a UFA
(r, = 0,9492; p < 0,001). Obé tyto sku-
piny by bylo mozné stanovovat pomoc
MIR s vyssi mirou vérohodnosti. To zna-
mena, ze 71,0 a 90,1 % variability v hod-
notach SFA a UFA podle neprimé rutine
metody (MIR) je vysvétlitelnych variace-
mi v analyzach pfimé referenéni metody
(GC). Uvedené Ize oznacit za dobrou
schopnost analytické vypovédi nepfime
metody, resp. jeji zcela akceptovateh
nou vérohodnost vysledkd k prakticks
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Téma: Chov dojeného a masného skotu

mterpretac. V&tSina uvedenych validac-
nich korelaci mezi vysledky sledovanych
metod (tab. 3) byla v podobnych hod-
notach (s ohledem na tésnost vztahu
a sledovanou mastnou kyselinu nebo
skupinu mastnych kyselin) v porovnéni
k dosud publikovanym vysledkiim (Soy-
eurt et al,, 2006).

OdliEné vysledky vykazovalo zastoupe-
ni obou obsahové bohatych mastnych
kyselin. Hodnoty zjisténé pomoci MIR
pro C16:0 byly mirné, pro C18:1 pak vy-
razné nadhodnocené, coz si lze u C18:1
wysvetlit mnoizstvim cis, resp. trans izo-
meru. Zatimeo hodnota C18:1 stanove-
n2 GC je pouze hodnotou kyseliny ole-
sove (C18:1¢is9), v pfipadé MIR mohlo jit
0 izomeru vice. V obou pfipadech viak
oyly validacni korelacnf koeficienty sta-
tisticky vysoce vyznamneé (rw = 0,7543;
resp. 0,7607; p < 0,001). V danych pfipa-
dech 56,9 a 57,9 % variaci v hodnotach
C16:0 a C18:1 podle MIR je vysvétlitel-
nych variabilitou v hodnotéch GC. To je
stéle mozné oznacit metodicky za ak-
ceptovatelnou vérohodnost wysledki
pro prakticke pouziti. Navic, primérny
posun vyslednych hodnot, obecné pfi

nepfimych analyzach a jejich kalibra-
cich, neni zavaznym metodickym pro-
blémem (rozhodujici je tésnost vztaht
vysledkii mezi metodami), nebot ho
Ize kompenzovat statisticky, tj. kalibra-
ci MIR na vysledky GC podle lokélnich
podminek, resp. kalibracnim prestave-
nim pristroje, nebo korekei adjustova-
nym specifickym korekénim faktorem
(podle konkrétnich vysledkd GC).

Zavér

Podle ziskanych vysledk( validace
analytické kalibrace se ukazalo, ze
metoda MIR-FT pro uréeni profi-
lu mastnych kyselin mlééného tuku
u krav je dostatecné efektivni, pri
porovnani k vysledkim metody refe-
rencni chromatografické, pro pfipad-
ny screening a selekci mlééné surovi-
ny ke garanci produkce specifickych
mlécnych vyrobkd se zvysenym ob-
sahem zdravi prospésnych mastnych
kyselin.
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Certifikovana metodika QJ1510339 ¢. 181 - nazev:

Izolace bovinni genomové DNA z neinvazivné ziskanych biologickych
vzorki

Certifikovana uplatnéna metodika a technicko-organiza¢ni doporuceni, opatieni a
postupy v systému QA/QC (quality assurance/quality control, zajiSténi a Fizeni kvality)
ke stanoveni genotypt pro geny ovliviiujici kvalitu kravského mléka.

Cil certifikované uplatnéné metodiky:

zavedeni molekularné biologickych metod pouZzitelnych pii odbéru a zpracovani biologickych
vzorkd, izolaci DNA a navazujici genotypizaci gentl, které maji potencial ovliviiovat kvalitu
mléka. Cilem autorl je poskytnout zejména piehled neinvazivniho ziskani DNA pro nasledné
analyzy, ktery bude zpfistupnén laboratoiim, zabyvajicim se molekularné genetickymi

analyzami u skotu.

Napln certifikované uplatnéné metodiky:

Naplni certifikované metodiky QJ1510339 €. 181 je popis metod ziskani a zpracovani
biologickych vzorkl a izolace DNA. Diiraz je pfitom kladen na neinvazivnost, nizkou cenu
a jednoduchost. Metodika obsahuje piehledné uspotadané popisy néckolika laboratornich

metod, vhodnych k zavedeni i do laboratofi se zdkladnim vybavenim.

Zdroj certifikované uplatnéné metodiky:
Projekt MZe NAZV KUS QJ1510339.

Zpracovali dne: 10. 9. 2018; Jindtich Citek®, Oto Hanus?, Libor Veéerek!, Eva Samkova?®,
Lenka Hanusova®, Zuzana Ktizova?, Irena Jelinkova?, Robert Kala®; Jiho¢eska univerzita

v Ceskych Bud&jovicich, Zemédélska fakulta, katedra genetiky a specialni produkce rostlinné;
2Vyzkumny tstav mlékarensky s.r.o., Praha; 3Jihoesk4 univerzita v Ceskych Bud&jovicich,
Zemé&délska fakulta, katedra potravinaiskych biotechnologii a kvality zemédélskych
produktti; “JihoGeska univerzita v Ceskych Budg&jovicich, Zemé&délska fakulta, katedra
zootechnickych véd

Uplatnéni bylo provedeno zavedenim vSech principii metodiky od 20. 12. 2018.



Abstrakt

Molekuldrni genetika je béznou soucasti Slechtitelské praxe. Prvnim krokem v kazdé
genetické analyze provadéné na genové urovni je izolace genomové DNA. Téchto izolaci je
provadéno pomérné velké mnozstvi, jejich cena je proto velmi dilezita. Certifikovana
metodika pfindsi popis n€kolika neinvazivnich metod ziskani genomové DNA z kravského

mléka a byciho spermatu.

Klic¢ova slova: DNA, izolace, neinvazivni, mléko, sperma

Abstract

Molecular genetics is commonly used in the breeding. The 1st step is, of coarse, the isolation
of genomic DNA. This is an operation made frequently, so the costs are important. The
methodics describes few non-invazive methods for isolation of DNA from cow’s milk or

bull’s sperm.

Keywords: DNA, isolation, non-invasive, milk, sperm

Technické parametry (RIV):

Pravidelna systematickd podpora kvality specificky efektivni selekce suroviny pro vyrobu
mlécnych vyrobka s vy$sim narokem na tepelné oSetfeni a s vyssi pfidanou hodnotou a tim
podpora technologické jistoty zpracovatele. Smlouva byla uzaviena se Svazem vyrobcl
mléka, a.s. Za spolecnost Ing. Radek Musil, kontakt: Jilova 1550/1, 787 01 Sumperk, tel:
00420 583 214 718; 00420 603 891 289; e-mail: ekonom@dubicka.cz.
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Certifikovana metodika QJ1510336 ¢. 1975 - nazev:

Genetické polymorfismy pro kvalitu kravského mléka

Certifikovana uplatnéna metodika a technicko-organiza¢ni doporuceni, opatieni
a postupy v systému QA/QC (quality assurance/quality control, zajiSténi a Fizeni kvality)
ke stanoveni genotypu pro geny ovliviiujici kvalitu kravského mléka.

Cil certifikované uplatnéné metodiky:

Cilem certifikované metodiky QJ1510336 ¢. 1975 je ptedat praktické zkuSenosti pro
genotypizaci gend, ovlivilujicich sloZeni kravského mléka. Genotypizace je provadéna na
genové urovni metodami molekularni genetiky. Metodika bude poskytnuta laboratoiim, které
provadi genotypizaci polymorfnich lokusii jako servis pro $lechtitele a chovatele dojenych

plemen v CR.

Napli certifikované uplatnéné metodiky:

Néplni certifikované metodiky QJ1510336 ¢. 1975 je popis soucasného stavu poznani
0 nekterych vyznamnych genech, ovliviiyjicich obsah a sloZeni tuku v kravském mléce. Dale
metodika pfinasi piehledné usporadané laboratorni metodiky, umoznujici implementaci do

laboratofi se zakladnim vybavenim pro molekularné genetické analyzy.

Zdroj certifikované uplatnéné metodiky:
Projekt MZe NAZV KUS QJ1510336.

Zpracovali dne: 3. 9. 2018; Jindfich Citek®, Libor Velerek®, Lenka Hanusova?, Eva
Samkova®, Oto Hanus*, Zuzana Kiizova®, Tereza Kavoval, Irena Jelinkoval, Robert Kala®;
Jihoteska univerzita v Ceskych Bud&ovicich, Zemé&d&lska fakulta, katedra genetiky
a specialni produkce rostlinné; 2Jiho¢eska univerzita v Ceskych Budé&jovicich, Zemédélska
fakulta, katedra zootechnickych véd; S°Jiho¢eska univerzita v Ceskych Budgjovicich,
Zemédelska fakulta, katedra potravinatskych biotechnologii a kvality zemédélskych

produktii; *Vyzkumny tstav mlékarensky s.r.o., Praha

Uplatnéni bylo provedeno zavedenim vSech principi metodiky od 20. 12. 2018.



Abstrakt

Kromé pozornosti, kterou musi producenti syrového kravského mléka vénovat
neustalému zlepSovani vyzivy, ustajeni, spravnému dojeni a oSetfeni mléka po nadojeni se
nabizi vyuziti nejnové¢jSich molekularné-genetickych metod ve Slechtitelské préci.
Genotypizace majorgent umoziuje efektivni vybér zadoucich variant a nésledné ovlivnéni
kvality mléka. Zejména geny ovliviiujici tu¢nost mléka zde mohou vyznamné napomoci
Slechtitelskému usili, které je nyni veden zejména ve sméru genomové selekce. Cilem
certifikované metodiky je shrnout praktické zkusenosti a ucelené laboratorni metodiky pro
genotypizaci né¢kolika gend, ovliviuyjicich slozeni kravského mléka a predat je laboratofim,
které provadi genotypizaci polymorfnich genl jako servis pro Slechtitele a chovatele dojenych

plemen v CR.

Kli¢ova slova: mléko, polymorfismus, DGAT1, SCD1, LEP, AGPAT6

Abstract

In dairy industry, except of care fornutrition, housing, milking etc. the use of methods of
molecular biology offers quality improvement of milk. Genotyping of majorgens enables effective
selection of favourable variants and influencing of milk quality. Especially the genes influencing
the fat content could help significantly in the breeding, even though the genomic approach is now
favoured. The goal of the methodic is to summarize the practice and labour methodics for
genotyping of some genes, influencing the milk composition, and offer it to the labs doing the

genotyping as a service for breeders.

Key words: milk, polymorphism, DGAT1, SCD1, LEP, AGPAT6

Technické parametry (RIV):upravit

Pravidelna systematickd podpora kvality specificky efektivni selekce suroviny pro vyrobu
mlécnych vyrobka s vy$sim narokem na tepelné oSetfeni a s vyssi pfidanou hodnotou a tim
podpora technologické jistoty zpracovatele. Smlouva byla uzaviena Se Svazem vyrobcl
mléka, a.s. Za spolednost Ing. Radek Musil, kontakt: Jilova 1550/1, 787 01 Sumperk, tel:
00420 583 214 718; 00420 603 891 289; e-mail: ekonom@dubicka.cz.
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a Ceskomoravskou spolecnosti chovatelii a.s. z 27. 9. 2017. Datum certifikace:

22.12.2017. (Nwmer)
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Certifikovana metodika QJ1510336 RO1417 CM 35 - nazev:

Validace a doporuceni ke kalibraci neprimé metody infracervené
spektroskopie prostanoveniprofilumastnych kyselinmlééného tuku

Certifikovana uplatnéna metodika a technicko-organiza¢ni doporudeni, opatieni a postupy
v systému QA/QC (quality assurance/quality control, zajisténi a Fizeni kvality) k FeSeni
referenc¢né-rutinnich systémii analytickych laboratofi testace kvality syrového mléka pro
zvySeni vérohodnosti vysledki profilu mlé¢ného tuku.

1) Cil certifikované uplatnéné metodiky:

Cilem certifikované metodiky QJ1510336 RO1417 CM 35 je rozSifeni spektra
vySetfovacich metod a analytl a zajiSténi a zvySeni vérohodnosti vysledkli a provozni jistoty
managementu rutinnich laboratofi pfi kontrole slozeni mléka pro ucely kontroly kvality
syrového kravského mléka — podpora moznosti produkce specifickych mléénych potravin.

Napln certifikované uplatnéné metodiky:

Néplni certifikované metodiky QJ1510336 RO1417 CM 35 je implementace dosazenych
vysledkt, ziskanych na zakladé pfedchoziho vyzkumu a vyvoje v ramci feSeni projekti MZe
NAZV KUS QJ1510336 a MZe RO1417 a v rdmci koordinacni a konzultaéni metodické
&innosti referenéni laboratofe pro syrové mléko (VUM Praha) do prostiedi laboratofi kontroly
kvality mléka a mlééné uzitkovosti dojnic provozovanych Ceskomoravskou spoleénosti
chovatelu, a.s.

Zdroj certifikované uplatnéné metodiky:
Projekty MZe NAZV KUS QJ1510336 a MZe RO1417.

Zpracovali dne: 8. 9. 2017; Eva Samkova', Oto Hanug?, Jifi Spitka!, Marcela Klime3ova?,

Lucie Hasonova®, Radoslava Jedelska?, Jan Travni¢ek', Jaroslav Kopecky? Robert Kalal,
Ondtej Elich?; ! Jihogeska univerzita v Ceskych Budg&jovicich, Zemédélska fakulta, Katedra
potravinafskych biotechnologii a kvality zemédélskych produkti; 2 Vyzkumny tstav
mlékarensky s.r.o., Praha

Uplatnéni bylo provedeno zavedenim vSech principii metodiky od 22. 12. 2017.



Abstrakty:

RIV

Certifikovand metodika je zaméfena na validaci kalibrace stanoveni mastnych kyselin mlééného
tuku metodou infracervené spektroskopie s Fourierovymi transformacemi. Byly odebrany bazénové
(BVM) a individualni vzorky (IVM) mléka (n = 60 a 345) v chovech (15 stad) dojnic plemene
Holstyn a Ceské strakaté za ti¢elem porovnani dvou metod stanoveni mastnych kyselin (MK) —
rutinni/nepiima (pomoci infracervené spektroskopie — MIR-FT) a referen¢ni/piima (pomoci
plynové chromatografie - GC). Tésnost vztahi mezi obéma metodami je vyznamnym ukazatelem
kvality kalibrace. 51,4 a 85,2 % variability v hodnotach nasycenych MK (SFA) a nenasycenych
MK (UFA) podle MIR-FT je vysvétlitelnych variacemi v analyzach piimé referenéni metody GC
(BVM). Vice jak 70 % variability v hodnotach nasycenych MK a 86,2 % variability v hodnotach
nenasycenych MK podle nepiimé rutinni metody MIR-FT je vysvétlitelnych variacemi v analyzéach
pfimé referen¢ni metody GC (IVM). Relativné shodné tidaje a vySsi té€snosti vztahl byly zjiStény
(BVM) u kyseliny palmitové (0,7517; P<0,001), SFA (0,7169; P<0,001) a UFA (0,9232; P<0,001).
Vysledky naznacuji, ze fadu informaci MIR-FT o vyskytu MK lze vyuzit pro rutinni stanoveni
téchto skupin MK a piipadnou praktickou selekci mlééné suroviny pro specifickou potravinarskou
vyrobu.

krava, bazénovy a individudlni vzorek mléka, plynova chromatografie, infratervena spektroskopie,
vérohodnost analytickych vysledk, kalibrace, determinace, korelace

RIV

Certified method is focused on calibration validation for milk fat fatty acid determination by
infrared spectroscopy with Fourier transformation. 60 and 345 bulk (BMSs) and individual milk
samples (IMSs) were taken in 15 Holstein and Czech Fleckvieh dairy cow herds to compare two
methods for the determination of fatty acids (FAS) - routine / indirect (by infrared (IR) spectroscopy
— MIR-FT) and reference / direct (gas chromatography - GC). Tightness of relations between these
two methods is important parameter of calibration quality. 51.4 and 85.2% of variability in
saturated (SFAS) and unsaturated FAs UFAs( values by indirect method MIR-FT is explainable by
variations in the analyses of direct reference method GC (BMSs). Over 70% of variability in
saturated FAs values and 86.2% of variability in unsaturated FAs values by indirect method MIR-
FT is explainable by variations in the analyses of direct reference method GC (IMSs). Relatively
consistent data and higher tightness of relationships were found (BMSs) for palmitic acid (0.7517;
P<0.001), SFAs (0.7169; P<0.001) and UFAs (0.9232, P<0.001). The results indicate that a row of
MIR-FT information on the occurrence of FAs can be used for routine determination of such groups
of FAs and possible practical selection of raw milk for the specific food production.

cow, bulk and individual milk sample, gas chromatography, infrared spectroscopy, analytical result
reliability, calibration, determination, correlation.



