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1. Uvod

Mléko malych prezvykavet je vlidské stravé velice dulezité, presto stile vyrazné
prevysuje spotieba kravského mléka. V poslednich letech se vyrazné rozsifuji chovy ovcei a
koz, a to nejen v rozvojovych zemich, ale 1 ve vyspélych zemich, kvili zvySujici se poptavce
po kvalitnich mléénych produktech (Haenlein, 2007). Jednim z diivodii zvySeného zajmu o
mlécné produkty a mléko malych ptrezvykavct jsou piredevsim publikované poznatky o jejich
ptiznivych dietetickych i 1é¢ebnych ugincich. Skéla vyrobki z koziho a ovéiho mléka je velmi
Sirokd, od naturalniho mléka, ptes susené mléko, mekké a tvrdé syry, zrajici syry, jogurty,
zakysané vyrobky, az po maslo (Callec, 2002).

Uvadi se, ze mléko malych prezvykavct je vhodnéjsi pro lidi trpici alergiemi, podvyzivou,
riznymi gastrointestinalnimi poruchami a velky vyznam ma u lidi trpicich intoleranci na
laktézu kravského mléka (Raynal — Ljutovac et al., 2008). I pfes pozitivni uCinky koziho
mléka na lidské zdravi, je naSi snahou pozménit jeho slozeni, aby obsahovalo jesté vice
prospésnych latek, naptiklad omega-3 mastnych kyselin (MK), které ptisobi blahodarn¢ na
lidsky organismus a doslo tak k navySeni poptdvky u spotiebiteld. Vyziva je jednim
z hlavnich faktort, jak lze ovlivnit slozeni mléka. Zdravi prospésné MK se vyskytuji
predevsim v rybim tuku (Shingfield et al., 2006), dale ve Inéném seminku, Inéném oleji,
pSeni¢nych kliccich, Cerstvém ovoci a zelening, ¢esneku, olivovém oleji, vlasskych ofeSich,
so6jovych bobech, sdjovém oleji a fepkovém oleji (Chichlowski et al., 2005; Jones et al., 2005,
Nudda et al., 2005). V dne$ni dobé se neustale hledaji nové zdroje polynenasycenych
mastnych kyselin, proto se ¢im dal ¢astéji vyuzivaji rizné druhy fas a mikrofas.

V pribéhu pokusu byla testovana zelena mikrotasa Chlorella vulgaris, kultivovana
heterotrofnd i autotrofnd (Mikrobiologicky ustav AV CR v.v.i.) a moiskd mikrofasa
Japonochytrium sp. kultivovana v laboratornich podminkach (EcoFuel laboratories s.r.o.).
Dale byl na zakladé odborné literatury do experimentu zahrnut dalsi pridaveks vysokym
obsahem omega-3 polynenasycenych mastnych kyselin. Byl zkouman vliv ptidavku
extrudovaného Inéného seminka a Inéného oleje do krmné davky koz (1. zemédé€lska a.s.,
Chorugice, CR) na mnozstvi omega-3 MK v kozim mléku a jogurtovém napoji z néj
vyrobeném.

Na kvalit¢ mléka a také mlécnych produktli se ovSem podili i dalsi faktory, jako je

napiiklad mikrobidlni znecisténi vemene, zdravotni stav vemene a jeho samotné utvareni.



Dtlezitym standardem pro detekci mastitidy je ureni bakteriologického stavu, ale v chovech
se tyto analyzy provadéji ojedinéle, protoze jsou ¢asové narocné a nakladné. V této disertacni
praci jsou také sledovany souvislosti mezi linedrnim popisem tvarovych charakteristik

vemene a kvalitou mléka a jeho mikrobialnim znecisténim.



2. Literarni prehled

2.1. Mlécna produkce malych prezvykavci

Produkce koziho a ov¢iho mléka je dynamické a rostouci odvétvi, které ma zasadni
vyznam pro stovky milionti lidi po celém svété a je dulezitou soucasti ekonomiky v mnoha
zemich (Silianikove et al., 2010). Kravské mléko sice dominuje celosvétové mlécné produkei,
avsak kozi mléko zaujima tfeti a ov¢éi mléko Ctvrté misto. Ve vyspélych zemich, je mléko koz
a ovci povazovano zazdravéjsi alternativu ke kravskému mléku s vyraznymi
organoleptickymi vlastnostmi, v rozvojovych zemich je nezbytnym ndstrojem k pifekonani
socidlnich a hospodaiskych problémt jako je chudoba a podvyziva (Lérias et al., 2014).
Odhadem vice nez 80 % svétové populace koz se nachazi v Asii a subsaharské Africe
(Morand-Fehr et al., 2004; 2007). Novy Zéland, Australie, Jizni Amerika a Afrika patii k
nejvetsim producentim ovciho mléka (Heanlein, 2007).

Chov koz ma v Ceské republice dlouholetou tradici, vroce 1945 se zde chovalo
1 484 497 koz, poté doslo s nastupem trzniho hospodaistvi k vyraznému poklesu, v roce 1980
dnesni dobé vzrista obliba ekologického zemédélstvi a produkce ekologickych vyrobki a
biopotravin, to ovlivnilo i chov koz. Podle Ceského statistického tfadu se v roce 2013
chovalo v Ceské republice 24 042 koz, v dalsich letech jejich mnozstvi stale rostlo, v roce
2017 se chovalo dokonce 28 174 koz a nejnovéjsi zaznamy ukazuji, Ze v roce 2018 se chovalo
jiz 30 316 kust.

Na vétsin¢ farem jsou kozy chovany v mensSich stadech. Jejich chov je zamétfen na
vyrobu mléénych vyrobki a predevsim syri, jejichZ cena se pohybuje v poslednich letech od
240 do 275 K¢ za kg. Produkce koziho mléka je oproti kravskému nizsi, avSak v poslednich
letech je zaznamenan celosvétovy néarist jeho produkce i spotieby. V Ceské republice se
pohybuje ro¢ni trzni produkce koziho mléka okolo 1600 tis. litri a jeho spotieba na jednoho
obyvatele je 0,3 1 za rok. Velkd cast kozich farem hospodaii v rezimu ekologického

zemédélstvi, coz navysuje hodnotu vyrobkl z koziho mléka.



2.2. Vyznam koziho mléka pro spotiebitele

Skala vyrobkil z mléka malych piezvykavcii je velmi §iroka, od naturalniho mléka, pres
susené mléko, mekkeé a tvrdé syry, zrajici syry, jogurty, jogurtové napoje, zmrzliny, zakysané
vyrobky, podmasli, maslo, kondenzovanych nebo susenych vyrobku a sladkosti (Callec, 2002;
Ribeiro et Ribeiro, 2010). Kozi mléko se prodava tzv. naturalni, nebo rizné upravené
(obohacené o vitaminy, mineralni latky, s navySenym obsahem omega-3MK atd.), kdy lze
hovotit o tzv. funkéni potravin€. Také se zvySuje poptavka po vyrobeich ze syrovatky koziho
mléka, jako jsou syrovatkové népoje, zvykaci tablety, syrovatkové proteinové koncentraty.
Dalsi vyuziti nachazi kozi mléko v kosmetickém priumyslu, kde se vyuziva pii vyrob¢ krémd,
mydel, Sampoént na vlasy apod. (Ribeiro et Ribeiro, 2010). Kvalitni vyrobky mohou byt
vyrobeny pouze z kvalitniho mléka, které vydrzi potfebnou technologii zpracovani pfi vzniku
daného vyrobku. Kozi mléko je svym sloZzenim podobné&jsi matetskému mléku, na rozdil od
mléka kravského obsahuje méné oy -kaseinu a vice f-kaseinu nez kravské mléko (Silianikove
et al, 2010). Také mnozstvi vitaminu A, niacinu a piebytku thiaminu, riboflavinu a kyseliny
pantotenové v kozim mléce je vhodné pro détskou vyzivu. Spotteba koziho mléka a vyrobkil
z koziho mléka je spojovana s blahodarnymi ucinky na zdravi spotiebitele. Kozi mléko ma
vyznamny nutricni i ekonomicky vyznam v rozvinutych i rozvojovych zemi. V porovnani
s kravskym mlékem ma jedinecné biologické vlastnosti, napiiklad vysokou pufracni kapacitu,
lepsi stravitelnost a zasaditost, je to nosi¢ fytosteroli a rlznych druhl probiotickych
bakterii(Park et al., 2007). Kozi mléko ma spoustu pozitivnich i¢inkl na zdravi spotfebitele,
je vhodné naptiklad jako ndhrada pro lidi trpici alergii na kravské mléko. Uvadi se, ze az
okolo 40 — 100 % lidi alergickych na bilkoviny kravského mléka toleruje bilkoviny koziho
mléka (Park, 1994). Specifické zastoupeni mastnych kyselin v kozim mléce ma pozitivni vliv
na kardiovaskularni a gastrointestindlni onemocnéni, dale byly prokdzany pozitivni uc¢inky u
lidi trpicich epilepsii, cystickou fibrozou, zlucovymi kameny a malasorbénim syndromem
(Haenlein, 2004). Kozi mléko plsobi také pozitivn€ na nervovou soustavu. Jeho pravidelna
konzumace vede ke snizeni nervozity, strest a uzkostnych stavil, dochazi ke zlepseni celkové

kondice, imunitniho systému, onemocnéni ktize a artrozy (Fantova et al., 2012).



2.3. Vemeno koz

Vemeno koz ma kuzelovity tvar, piedevsim u starSich zvifat je hluboko ventralné
protazené. Sklada se ze dvou polovin, které jsou zakoncené kuzelovitymi struky. U bilych
plemen koz je vemeno riizové, u barevnych plemen byva hnéd¢ pigmentované a pokryté
jemnymi chlupy. Kazda polovina vemene koz i ovci obsahuje jednu mlécnou zlazu s jednim
mlékojemem, ktery uzkym strukovym kanalkem vyustuje na vrcholu struku. Mlékojem ovce
je velmi maly, nezieteln¢ rozdéleny na zlazovy a strukovy oddil. U kozy je mlékojem
prostorngjsi a vyustuje do n¢j 6 - 9 Sirokych mlékovodia (Tancin et al.,2001).

Pro produkci mléka pro spotiebitele i pro piirozeny odchov kiizlat je zakladnim
predpokladem funk¢ni a spravné utvarené vemeno. Anatomicka stavba vemene pfimo souvisi
s mnozstvim a kvalitou mléka, vhodnosti pro strojni dojeni, rezistenci vi¢i onemocnénim
mlécné zlazy, dojitelnosti ¢i schopnosti kiizlat najit a uchopit struk (Milerski et Schmidova,
2016; Adam et al., 2017). Pro chovatele skotu jsou velmi dulezité vnéjsi vlastnosti vemene,
jako je velikost, tvar, zavéSeni vemene, velikost, tvar a vzdalenost strukli. VSechny tyto
vlastnosti maji vliv na produkci mléka a jeho kvalitu. Podle Milerski et Schmidova (2016)
jsou zvifata s velkymi cisternami obecné lepsimi producenty mléka a také 1épe snaseji vetsi
intervaly mezi dojenimi. V ramci Slechtitelskych programia dojenych plemen hospodaiskych
zvifat jsou Casto pouzivany systémy linearniho popisu vybranych charakteristik vemen
(Urban et al., 1997). OvSem selekce zaméfena pouze na produkci mléka miize byt spojena se
zhorSovanim tvarovych charakteristik vemen (Macuhova et al., 2008). Coz muze vést ke

zhorSeni zdravotniho stavu vemen a k mikrobidlnimu znec¢i$téni mléka.

2.4. SlozZeni koziho mléka

Mléko je polydisperzni systém, kde voda zajiStuje disperzni prostiedi, rozptylené
Castice predstavuji disperzni faze. Ty mohou byt molekularni (laktoza, chloridy, fosforecnany,
citraty), koloidni (proteiny), nebo emulzni (mléény tuk). Jako specifické slozky mléka
oznaCujeme lehce stravitelny mléény tuk, laktozu, kaseiny, laktoglobuliny a laktalbuminy
(Kindsedt, 2005).

Kozi mléko obsahuje v priméru 89 % vody, 11 % susiny, 3,5 % tuku, 3,4 % bilkovin,
4,5 % laktézy a 0,8 % popelovin (Teubner, 1998). SloZenim je velmi podobné mléku

kravskému, je v ném obsazeno nepatrné vice tuku, sirnych aminokyselin, vapniku, fosforu,
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drasliku, hot¢iku, manganu, vitaminu A,B, a niacinu, mastnych kyselin (MK) s kratkym
fetézcem, ale obsahuje méné celkovych bilkovin, vitaminuE, Bs, By, kyseliny listové,
karotenu, Zeleza, hot¢iku, zinku a selenu (Park et al., 2007). Mléko koz ma téméft bilou barvu,
kvtli omezené schopnosti vstiebavat a vylucovat do mléka p — karoten. Mléko koz je nutricné

velice hodnotné, lehce stravitelné a zdravé (Ptidalova et al., 2009).

2.4.1. Sacharidy

Sacharidy v mléce jsou vyjadieny zastoupenim laktézy, mohou ale zahrnovat i dalsi
sacharidy. Laktoza patii mezi nejstabilnéjsi slozku mléka (Frandson et al., 2009). Obsah
laktozy v kozim mléce je 0 0,2 - 0,5 % niz$i nez v mléce kravském, pramérny obsah laktozy
v kozim a ov¢im mléce je 4,1 az 4,8 % (Park et al., 2007; Fantova et al., 2012). Avsak jeji
obsah se v prubc¢hu laktace méni, v mlezivovém obdobi a na konci laktace je obsah laktozy
nizsi nez v jejim prabchu (Park et al., 2007). Laktoza se ziskava predevsim ze syrovatky, je
velmi dilezitd pfi vyrobé syrt, kde slouzi jako zdroj energie pro startovaci kulturu
(Swasigood, 1995; Kindsedt, 2005). Dilezitym prekurzorem laktozy u prezvykavci je
kyselina propionova vznikajici pii fermentacnich procesech v bachoru (Frandson et al., 2009).
Dale se v mléce vyskytuje v mensi mife D-glukoza a dalsi oligosacharidy, glykopeptidy a

glykoproteiny, které jsou velmi cenné pro rist sttevni mikroflory mladéte (Park et al., 2007).

2.4.2. Bilkoviny

Mlécné bilkoviny jsou jednou ze zakladnich slozek vyzivy zvifat i lidi, protoze
obsahuji vSechny zédkladni aminokyseliny ve spravném pomeéru (Cozma et al., 2011). Mléko
vSech prezvykavcl se fadi mezi kaseinova mléka. Celkovy obsah bilkovin v kozim mléce se
témér nelisi od mléka kravského, ale lisi se zastoupenim jednotlivych proteind, kravské
obsahuje napiiklad vice alergenniho a- kaseinu (Restani et al., 1997; Ruiter et al., 2007).
Rozdilné zastoupeni bilkovin v kravském, kozim a ov€im mléce je dlivodem, Ze 60 — 70 %
konzumenti, kteii jsou alergicti na kravské mléko, nejsou alergicti na mléko kozi a ovci
(Raynal — Ljutovac, 2008). S obsahem syrovatkovych bilkovin je ¢asto spojovana dobra
stravitelnost a vyuzitelnost mléka malych piezvykavcl. Syrovatkové proteiny se v mléce
nachazi v rozsahu 0,6 — 0,7 % a jsou vyhodné jak z hlediska vyzivy, tak z fyziologickych a
funk¢nich vlastnosti mléka (Bernacka, 2011).

Geneticky polymorfismus kaseinii v mléce je velmi dilezity, protoze kaseiny maji

zéasadni vliv na sloZeni a technologické vlastnosti mléka (Swasigood, 1995; Gajdusek, 2003).
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Pro mlééné bilkoviny jsou typické zakladni fyzikalni vlastnosti vSech proteinil, jako je
agregace, koagulace, denaturace, fluorescence. Bilkoviny koziho mléka jsou dobfe stravitelné,
v travicim ustroji se srazeji v drobnych vlockach, coz napomaha ucinku travicich enzymd.
Jemnost srazeniny je ovSem nevyhodna pii vyrob¢€ syrt a jogurti (Zajkovskij, 1953; Feagan,
1979; Gajdusek, 2003).

2.4.3. Miléény tuk

vvvvvv

senzorickych vlastnosti, vyzivového a také ekonomického. Je to jedna z nejvyznamnéjSich
zivin, jez lidsky organismus potiebuje pro zdravy vyvoj. V kozim mléce se mnozstvi tuku
pohybuje v priiméru okolo 3,8 % u ov¢iho mléka dokonce okolo 7,2 % (Chilliard et al., 2003;
Park et al., 2007). Mlécny tuk je slozeny z 98 % z triacylglycerolu (TAG), déale z glycerolu,
fosfolipidl, cholesterolu a volnych mastnych kyselin (VMK). Nejvyznamnéjsimi lipidy v
mléce jsou fosfolipidy. Hlavnimi zastupci fosfolipidi jsou fosfatidylcholin,
fosfatidylethanolamin, sfingomyelin. Dalsi mlécné tuky jsou steroly, jako je cholesterol,
ergosterol, tokoferol (Smolenski et al., 2007). Podle Szmatola et al. (2013) se kozi mléko
vyznacuje celkove niz$i hladinou cholesterolu (16,90 — 18,09 mg/100 g), neZ mléko kravské
(25,60 — 31,40 mg/100 g), ov¢i mléko obsahuje také niz§i mnozstvi cholesterolu nez kravské
mléko (v priméru 27 mg/100 g). Tuk se vyskytuje v mléce ve form¢ tukovych kulicek.
Velikost tukovych kuli¢ek v kozim a ovéim mléce je mnohem mensi, nez v kravském, coz
zpusobuje lepsi traveni a metabolismus tuki koziho a ovéiho mléka. Mensi velikost tukovych
kuli¢ek v kozim a ovéim mléce zplsobuje jemnéjsi texturu mlénych vyrobkl (Silianikove et
al., 2010; Szmatola et al., 2013). Kravské mléko tvoii mnohem snadngji a rychleji smetanu
diky pritomnosti aglutininu, ktery zptsobuje shlukovani tukovych kulicek, v kozim mléce
aglutinin se nevyskytuje (Park et al., 2007).

Specifickd chut’ koziho mléka souvisi s vy$$im obsahem mastnych kyselin (MK)
s kratkym fetézcem, predevSim kyseliny kaprinové, kapronové a kaprylové (C6 — C10).
Celkovy obsah mastnych kyselin v kravském mléku je 8 %, v ovéim 12 % a kozim 16 %
(Chilliard et al., 2003).

Mlécny tuk se syntetizuje zejména z kyseliny octové a kyseliny maselné, tyto kyseliny
maji rozhodujici vliv na mnozstvi vytvofeného mlécného tuku a tucnosti mléka. Slozeni
mlééného tuku a predev§im zastoupeni jednotlivych MK v mléce prezvykavcl je velmi
variabilni, mize se ménit v zavislosti na krmném reZzimu, zkrmovani krmnych

aditiv,zdravotnim stavu, podminkach ustajeni apod. (Swasigood, 1995; Park et al., 2007).

12



Podle mnozstvi tuku v mléce Ize urcit kvalitu vyzivy dojnice, zdravi dojnice, hygienu a
spravnost dojeni a uchovavani mléka (Smolenski et al., 2007). Na tu¢nosti mléka se podili i
nekteré hormony. Vyssi aktivita §titné zlazy ovlivituje tvorbu a vyuziti kyseliny octové a
maselné. Pfi nedostatku hormont Stitné zlazy, dochdzi k snizeni dojivosti a piedevsim

tucnosti mléka (Collier et al., 2012).

2.4.4. Mastné kyseliny obsaZené v kozim mléce

Mastné kyseliny (MK) jsou zakladni stavebni slozkou lipida a z hlediska vyzivy jsou
jejich nejvyznamngjsi slozkou. Profil a zastoupeni mastnych kyselin ovlivituje technologicke,
nutri¢ni ale i1 senzorické vlastnosti mléka. Dale ovliviiuji oxidacni stabilitu mléka, teplotu tani
a krystalizaci (Samkova et al., 2009). Pouhych pét MK zaujimé vice nez 75 % z celkovych
MK v mléce, a to kyselina kaprinova (C10:0), myristova (C14:0), palmitova (C16:0), stearova
(C18:0) a olejova (C18:1). Metabolicky cenné mastné kyseliny jsou vyznamné vice

zastoupené v kozim a ov¢im mléce(Alonso et al., 1999; Goudjil et al., 2004).

2.44.1. Nasycené mastné Kyseliny

Nasycené¢ MK (saturated fatty acid, SFA) jsou béznou slozkou pfirodnich lipidd,
v mlé¢ném tuku obecné tvoti 53 — 72 % ze vSech MK (Chilliard et al., 2003). Specificka chut’
ovciho a predevSim koziho mléka souvisi s vy$§im obsahem mastnych kyselin s kratkym
fetézcem, predevsim kyseliny kaprinové, kapronové a kaprylové (C6, C8, C10). Jejich obsah
se v kozim mléce pohybuje v rozmezi 15 az 18 %, zatimco v mléce kravském pouze mezi 5 az
9 % (Goudjil et al., 2004). Tyto nasycené mastné kyseliny s nizkym nebo stfedné¢ dlouhym
poctem uhlikli v molekule jsou z nutricniho hlediska velmi prospésné. Na rozdil od
negativnich G¢inki vyS$Sich nasycenych mastnych kyselin, maji mnoho pozitivnich ucinkt a
vyuzivaji se pfi 1é€bé chorob srdec¢nich, stfevniho systému, cystické fibrozy a také pfii

problémech se zlu¢nikem (Jandal, 1996; Sanz Sampelayo et al., 2007).
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2.4.4.2. Nenasycené mastné kyseliny

Nenasycené MK se rozliSuji na mononenasycené (MUFA) a polynenasycené (PUFA).
Obsah MUFA se v mléce pohybuje v rozmezi 2,5 % - 5 % z celkového mnoZstvi mastnych
kyselin v zavislosti na druhu a rocnim obdobi (Park et al., 2007). Polynenasycené mastné
kyseliny nejsou u piezvykavci syntetizovany v tkanich, proto je jejich koncentrace v mléce
zavisla na mnozstvi absorbovaném ve stievé (Chilliard et al., 2003). Pro zdravi konzumenta
hraji velice dilezitou roli omega-3 MK, jako je EPA (eikosapentaenova kyselina) a DHA
(dokosahexaenova kyselina), které jsou nedilnou soucasti lidskych bunék, kde se podili na
stavbé bunétné membrany (Park et al., 2007). Bylo zjisténo, ze omega-3 MK snizuji krevni
tlak a vyskyt srde¢niho onemocnéni, bojuji proti aterosklerdze, kardiovaskularnim
onemocnénim, reguluji hladinu cholesterolu v krvi, ovliviiuji metabolismus vapniku a tim
omezuji srazlivost krevnich desticek (Heanlein, 2004; Park et al., 2007). Zatimco omega-3
MK byvaji obsazeny v potravinach ve stopovém mnozstvi, mastné kyseliny skupiny omega-6
jsou obsazeny v primérné stravé v dostatecném mnozstvi, takze jejich doplnky nejsou
obvykle nutné. I pies to, maji priznivé ucinky, naptiklad esencialni kyselina gama linolenova
navozeni hormonalni a emocionalni rovnovahy (Park et al., 2007).

Konjugovana kyselina linolova (CLA) je jednotné oznaceni pro fadu polohovych a
geometrickych izomert kyseliny linolové s konjugovanymi dvojnymi vazbami. Udava se, ze
CLA ptsobi pozitivné na zdravi Clovéka diky jejim antidiabetickym, antikarcinogenim,
antiaterogennim ¢i imunomodula¢nim uc¢inktim. Bohatym zdrojem CLA je pro konzumenty
mléko a maso prezvykavcd (Tsiplakou et al., 2007). Hlavnim isomerem CLA je kyselina
rumenova (cis-9, trans-11 izomer), coz predstavuje az 90 % z celkového mnozstvi CLA.
Dal§im isomerem CLA je trans-10, cis-12, tento isomer snizuje tucnost mléka a krevnich
lipidi. CLA vznika u piezvykavci pti biohydrogenaci v bachoru z kyseliny vakcenové (C18:1
n-11). Po vstiebani do tenkého stifeva se stava substratem pro A9-desaturasu, diky které se
zméni v cis-9, trans-11 CLA (Savoini et al., 2010).

Omega-3 a omega-6 mastné kyseliny na sebe vzajemné ptsobi, pro dobré zdravi ma
zasadni vyznam jejich rovnovaha (Komprda, 2003). Doporuc¢eny pomér SFA, MUFA a PUFA
je<1:1,4:>0,6 apomér PUFA omega-6 : omega-3 by mél byt maximalné¢ 5 : 1 (Samkova
et al., 2009). Zastoupeni MK v mléce neni konstantni, zavisi pfedev§im na obsahu a slozeni

krmné davky (Szmatola et al., 2013).
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Dalsi velmi vyznamna tloha tuku v mléce je transport vitaminil rozpustnych v tucich
(vitaminy A, D, E, K). Mlé¢ny tuk koziho mléka ma na rozdil od kravského bilou barvu, ktera
je zpasobena prakticky nulovym obsahem karotenoidi. Karoteny plni v organismu funkci

provitamint A (Collier et al., 2012).

2.4.5. Vitaminy obsaZené v mléce

MIéko je mimo jiné zdrojem vitaminl, coz jsou esencialni, nizkomolekularni latky
nezbytné pro spousty biochemickych reakei v lidském organismu, maji funkci katalyzatord,
podileji se na metabolismu bilkovin, cukrl i tuk. Kozi i ovéi mléko obsahuje vitaminy
lipofilni i hydrofilni, jejichZ obsah mtzZe znacné kolisat, proto je jeho vitaminova hodnota
variabilni stejné jako u kravského mléka (Drbohlav et Vodickova, 2001). V mléce je obsazen
predevs§im vitamin A, B, a karotenoidy, v mensi mife dal$i vitaminy rozpustné v tucich - D,
E, K. Kozi mléko ma vyssi obsah vitaminu A nez mléko kravské, a diky tomuto je velmi
vhodné pro vyzivu kojenct (Fantova et al., 2012). Vitaminy A, D, E nejsou v bachoru
syntetizovany, jejich obsah v mléce je pfimo ovlivnén krmnou davkou (Zajkovskij, 1953;
Kindsedt et al, 2005). V ov¢im mléce je na rozdil od kravského a koziho nejvyssi obsah
vitamint B1, B2, B3, B5, B6, B12, C a D. Mnozstvi vitaminti B2, B6, B12, D je dokonce
dvojnasobné. Vitamin B12 je produkovan mikroorganismy traviciho traktu piezvykavci, jeho
denni dévka je obsazena v pouhych 2 dcl ov¢iho mléka (Teubner, 1998). Oproti kravskému
mléku ma kozi mléko nedostatek kyseliny listové a vitaminu By, to mlze vést k tzv. anémii z
koziho mléka, protoze tyto vitaminy jsou nezbytné pro syntézu hemoglobinu (Park et al.,

2007).

2.4.6. Mineralni latky obsaZené v mléce

Mléko obsahuje asi tficet riznych mineralli, ale jen malo z nich jsou pfitomny ve
veétsim mnozstvi nez stopovém. Celkovy obsah mineralnich latek se v kozim mléce vyskytuje
vrozmezi 0,70 — 0,85 % a vovéim mléce je mnozstvi minerdlnich latek jesté vyssi
(Silianikove et al., 2010). Dva nejhojnéjs$i mineraly v mléce jsou vapnik (Ca) a fosfor (P). U
obsahu Ca a P je také dulezité, v jaké formé se v mléce vyskytuji. Témét 68 % Ca se v mléce
vyskytuje v koloidni formég, 11 % ve form¢ iontové. U fosforu je prumérné 1/3 v rozpustné
formé¢ a zbylé 2/3 ve formé anorganickych soli. Primérmny obsah vapniku je 134 mg/100 g

mléka, u fosforu je to hodnota kolem 121 mg/100 g (Park et al., 2007). Kozi mléko obsahuje
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vyssi podil Ca, P, K, Mg, Cl nez mléko kravské. Obsah Na, S, Fe a Cu je vSak v kozim mléce
nizsi (Park et al., 2007, Bernacka, 2011). VysSi obsah jodu v kozim mléce je pfinosem pro
lidsky metabolismus stejn¢ jako obsah zinku (Fantova et al., 2012). Ov¢i mléko oproti
kravskému obsahuje vyrazné vice Ca, P a Mg, obsah Fe, Zn, I a Se jsou zhruba srovnatelné,
ovsem obsah Ka Mn je niz§i nez v mléce kravském (VeliSek et Hajslova, 2009). Dalsi
dialezité mineraly, sodik, chlor, draslik, hoi¢ik, sira, méd’, kobalt, nikl, zelezo, jo6d a zinek.
Tyto mineraly na rozdil od vapniku a fosforu existuji v mléce jako volné ionty (Kindsedt,
2005). Obsah mineralnich latek v mléce kolisa v zavislosti na plemeni, zptisobu krmeni,

zdravotnim stavu ¢i fazi laktace (Park et al., 2007).

2.4.7. Somatické bunky

Pocet somatickych bun¢k (PSB) se pouziva jako indikator zdravotniho stavu zvifete,
zdravi vemene a kvality mléka (Boutinaud et Jammes 2002; Sharma et al., 2011). Vylucovani
mléka u koz je apokrinni, zatimco u krav je merokrinni, to z ¢asti vysvétluje vySsi mnoZzstvi
somatickych bunék (SB) v kozim mléce bez jakéhokoliv vztahu k mastitidé (Olechnowicz et
Jaskowski, 2004). Cytoplazmatické Castice, vylucované pti apokrinni sekreci, jsou podobné
SB, avsak neobsahuji jadra ani DNA (Souza et al., 2012). Mezi somatické bunkyvyskytujici
se v mléce patii bunky krve, epitelidlni a cytoplasmatické. Nejvyssi podil SB v kozim mléce
velice variabilni, miize se ménit v zavislosti na plemeni, pofadi a fazi laktace nebo zdravotnim
stavu (Bergonier et al., 2003). Pocet somatickych bunék v kozim mléce je vySsi nez pocet
somatickych bun¢k v kravském a ovéim mléku., tandardni pocet somatickych bunék v kozim
mléku je 1x 10° bun&k/ml (Olechnowicz et Jaskowski, 2004).

Pocet SB v kozim mléce je ovlivnéninfekénimi a neinfekénimi faktory, neinfekéni
faktory se déli dale na vnitini a vnéjsi. Mezi vnitini neinfekéni faktory se fadi Cetnost dojeni,
¢as mezi dojenim, stadium a potadi laktace a plemeno. Mezi vné&jsi neinfekéni faktory patii
zpiisob dojeni, krmivo, stres, sezona, produkéni systém, metody meéteni, konzervace a
chlazeni vzorkd mléka (Cedeen et al.,, 2008; Granado et al., 2014; Csanadi et al., 2015;
Kuchtik et al., 2015). Infekéni zdroje mohou pochazet piedevSim z prostfedi, vemene a
hygieny dojeni (Marth et Steele, 2001; Granado etal., 2014). Proto zachovani normalni
fyziologické funkce mlécné zlazy je dulezité pro produkci kvalitniho mléka a zdravého

potomstva (Contreras et al., 2007).
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2.5. Ovlivnéni sloZeni a mnoZstvi mléka vyZivou

Na slozeni mléka ma vliv mnoho faktoril, jako je druhova i plemenna pfislusnost
zvitete, genetické zalozeni jedince, zdravi, vek, stadium laktace, technologie chovu, vyziva
zvitete a jiné (Kindsedt, 2005; Smolenski et al., 2007; Dai et al., 2011).

Jak jiz bylo zminéno, mléko piezvykavcu je jedine¢nym zdrojem Zzivin a po tisicileti
nedilnou soucasti lidské stravy, i pfesto mtze byt vyhodné slozeni mléka ménit. Ke zménam
uritych slozek muize dochazet napiiklad z ekonomickych duivodi, producenti se snazi
maximalizovat pfijem vyuzitim vyzivovych strategii, kter¢ méni pomér proteinu a tuku v
mléce (Kennelly et al., 2005). Obsah proteint je pomérné stabilni parametr, je ovSem silné
ovlivnény plemennou piislusnosti, zdravotnim stavem, vyzivou a stddiem laktace dojnice
(Feagan, 1979). Lipidy ovliviuji technologickou a nutri¢ni kvalitu mléka, ovliviiuji vytézek
syru, jejich pevnost, barvu i chut’ (Delacroix - Buchet et Lamberet, 2000). Pokud je dieta
chuda na tuky, tak se sniZzuje i obsah tuku v mléce (Sanz Sampelayo et al., 2007). Dietologové
a vyzivovi poradci se snazi pozménit sloZzeni mléka, aby podporovalo zdravi konzumentt.
Prosazuji zvySeni slozek se specidlnimi funkcénimi vlastnostmi, jako jsou omega-3 MK,
konjugovana linolova kyselina (CLA), nebo biologicky aktivni peptidy (Williams, 2000;
Kennelly et al., 2005). Mastné kyseliny skupiny omega-3 se vyskytuji pfedev§im v mase ryb
(Cant et al., 1997; Donovan et al., 2000; Shingfield et al., 2006), Inéném seminku, Inéném
oleji, pSeni¢nych kli¢cich, Cerstvém ovoci a zelening, Cesneku, olivovém oleji, vlasskych
ofesich, sojovych bobech, s6jovém oleji, Fepkovém oleji (Chichlowski et al., 2005; Jones et
al., 2005, Nudda et al., 2005) a motskych fasach (Rasoul - Amini et al., 2009).

Dieta je hlavnim faktorem ovlivigjicim slozeni MK, vyssi obsah zdravi prospéSnych
MK se vyskytoval u ovci a krav pasoucich se na pastviné a u téch, kterym k zakladni krmné
davce byly pridavany dopliiky stravy ve formé nenasycenych olejii. Doplitkem rostlinnych
olejli a semen, jako je napf. soja, slunecnice, podzemnice olejna ¢i Inéné seminko, 1ze ziskat
mléko s vy$sim obsahem vakcenové kyseliny (VA) a CLA (Dhiman et al., 2000). Vyssi obsah
CLA a VA v kravském mlécném tuku byl ziskan v experimentech, kde se pouzival jako
doplngk stravy olivovy olej (Secchiari et al., 2003) a olej z fepky olejky (Chouinard et al.,
2001). Stejné tak Mir et al. (1999) uvadi ve své praci vyrazny narist obsahu CLA v kozim
mléce po ptidavani fepkového oleje. Po pfidavku volného Inéného a slunecnicového oleje

doslo také k navySeni VA a CLA v kozim mléce (Chilliard et al., 2003). Szmatola et al.
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(2013) porovnavali rozdily v zastoupeni MK v kozim mléce ptfi zkrmovani zelené pice,
pastvy, silaze a Cesnekového oleje. Ve své praci dosli k zavéru, Ze pti pastevnim zplsobu
chovu se navySuje obsah nékterych mastnych kyselin (C 18:1, C18:2 a izomeri CLA) a ma
pozitivni vliv na podil omega-6/omega-3 MK. Pii krmeni vysSich davek koncentrovaného
krmiva (65%) byl prokézan vyssi obsah kyseliny maselné, kapronové a stearové, kdezto po
pridani oleje z fepky doslo k navyseni VA. Pfidavek cesnekového oleje se projevil snizenim
neesterifikovanych MK vcetné C14:0, C15:0, a C16:0 a naopak zvyseni CLA. Vliv zkrmovani
Inéného seminka na profil MK testovali ve své praci Nudda et al. (2005). Zde bylo prokéazano,
ze pridavek extrudovaného Inéného seminka ovlivnil zastoupeni jednotlivych MK, zatimco
celkovy nadoj a mnozstvi mlé¢ného tuku (celkovy primér 3,5 %) ovlivnéno nebylo. Zahrnuti
extrudovaného Inéného seminka do krmné davky nemélo vliv na koncentraci MK C6:0 az
C12:0, ale mnozstvi C14:0, C16:0, VA, CLA se zvysila po pridavku extrudovaného Inéného
seminka. V dne$ni dob¢ se neustale hledaji nové zdroje zdravi prospésnych latek, proto se ¢im

dal ¢astéji jako pridavky ke stravévyuzivaji rizné druhy mikrotas.
2.6. Rasy

Rasy (4lgae) jsou velmi riznoroda skupina organismii (vodni, fotosyntetizujici
jednobunééné i mnohobunécéné organismy) obyvajici Sirokou skalu ekosystémi od Antarktidy
po pousté. Jsou velmi rozmanité a predstavuji vysoce specializovanou skupinu organismd.
Podle soucasného taxonomického pojeti spadaji fasy do nékolika ti$i, jedna se o seskupenim
nepiibuznych skupin organismt, z nichz jsou nékteré blizké rostlinam (Guschina et Harwood,
2006).

Je vSeobecné znamo, Ze schopnost fas pfizplsobit se podminkdm prostiedi se odrazi
ve variabilité lipidi, stejné jako jejich schopnost syntetizovat fadu neobvyklych sloucenin
(Guschina et Harwood, 2006). Rasy jsou znamé po staleti, ale jejich vétsi komeréni produkce
zacCala teprve pred nékolika desetiletimi. Prvni znamky o vyuZzivani fas se datuji pred 2000 let,
nicméné biotechnologie kultivace fas se zacala rozvijet teprve v poloviné minulého stoleti
(Spolaore et al., 2006). Predpoklada se, Ze existuje vice nez 30 tisic druhi, ale pouze mala
¢ast byla prozkoumana, nebo uméle kultivovana (Christaki et al., 2011). Kultivace tas je
snadnd a finanéné nenaro€na, fasy se vyznacuji vysokym ristovym potencidlem a nizkymi
pozadavky na kultivacni prostiedi (Petkov et Garcia, 2007). Kazdy druh mikrofas vyZaduje

kvalita zivin a svétla, hodnota pH, proudéni, obsah soli v kultivacnim médiu a teplota

18



kultivace. Pro produkci mikrofas se vyuZzivaji rizné kultivacni metody, od kontrolovanych
uzavienych laboratornich metod po venkovni oteviené¢ metody (Barsanti et Gualtieri, 2006;
Petkov et Garcia, 2007).

Rasy obsahuji iroké spektrum nutriénich sloZek, jako jsou proteiny, sacharidy, lipidy,
volné mastné kyseliny, vitaminy, pigmenty, minerdlni latky a dalsi bioaktivni slozky.
Jednobunééné zelené tasy (Chlorophyta, Chlorophyceae) maji vyborné nutricni hodnoty,
proto jsou vhodné vyuzivat jako potravinové dopliky (Pulz et Gross, 2004; Morris et al.,
2008), pozitivn¢ ovliviiuji zdravi lidi a zvitat (Spolarore et al., 2006). Vysoky obsah bilkovin
je jednim z divodl k pouzivani fas jako jejich netradicniho zdroje, obsahuji témét stejné
aminokyseliny jako jiné proteinové potraviny (Cornet, 1998). Z esencialnich aminokyselin
obsahuji naptiklad leucin, isoleucin, valin (Becker, 2004). Sacharidy se v fasach vyskytuji
predev§im ve formé Skrobu, glukézy, cukrit a dalSich polysacharidi, jejich celkova
stravitelnost je vysoka, proto se milZou fasy pouzivat bez omezeni v potravinach nebo
krmivech (Becker, 2007). Mikroskopické fasy se oznacuji jako mikrotasy (Chlorella vulgaris,
Japonochytrium sp.).

2.6.1. Vyuziti Fas ve vyzivé lidi

Ve vyziveé ¢loveka se vyuZzivaji predev§im tasy Chlorella sp., Spirulina sp. Nostoc sp.,
Dunaliella sp. Vice nez 75 % produkce mikrofas je zpracovana ve formé tablet, kapsli a
praski, zbytek se vyuziva jako masti, krémy apod. (Pulz et Gross, 2004).

Rasy predstavuji pro konzumenty vyhodny zdroj polynenasycenych mastnych kyselin.
Primérny obsah tukd v fasidch se pohybuje od 1 do 40 %, za urcitych podminek miize
obsahovat az 85 % suSiny. Mastné kyseliny obsazené v fasach maji vétSinou délku fetézce
C12-C22. Pro zelené tasy je charakteristické, Ze obsahuji vice nenasycenych MK s dvojnou
vazbou na pozici omega-3, kdeZto sinice obsahuji vice nenasycenych MK s dvojnou vazbou
na pozici omega-6 (Richmond, 2004). Mastné kyseliny patiici do skupiny omega-3 ptisobi
pozitivn¢ v prevenci, nebo ve zmirnéni projevi nékterych chorob konzumentd, jako jsou
napiiklad kardiovaskularni choroby, autoimunitni onemocnéni, Crohnova choroba, ulcerézni
kolitida, rakovina prsu, tlustého stfeva a prostaty, mirnd hypertenze, revmatoidni artritida,
cukrovka 2. typu, nemoci ledvin, oblast mentalniho zdravi (Simopoulos, 1999; Connor, 2000;

Riediger et al., 2009).
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2.6.2. VyuZziti Fas ve vyzivé zvirat

Jak jiz bylo zminéno, kvalita vyzivy zvifat piimo odrazi jejich rast, vyvoj, zdravotni
stav, plodnost i produkci, tim padem ma vyziva ptimy vliv na ekonomiku celé¢ho chovu. Je
prokazano, ze i mensi mnozstvi mikroskopickych tas (Chlorella, Spirulina, Schyzochytrium)

pozitivn€ ptisobi na fyziologii zvifat a ovliviiuje jejich metabolismus (Pulz et Gross, 2004).

Vyuziti fas u monogastrickych zvirat

Studii na vyuziti piidavku fas do krmné davky u monogastrickych zvifat je pomérné
mnoho. Napiiklad ve studii Marriott et al. (2002) bylo zjisténo, ze pridavek
tasySchyzochytrium sp. (0,125 a 0,250 kg/kus/den) nemél zadny vliv na primérny denni
priristek prasat, ani na konverzi krmiva. OvSem ve svalovin€¢ pokusnych prasat bylo
prokézano vyssi mnozstvi kyseliny DHA a jejich estert. Ve studii Abril et al. (2003)
zkoumali toxicitu Schyzochytria sp., pti podani 5 x vy$§im nez jsou komeréni davky (598
g/kus/120 dnit). Studie prokazala, ze tato fasa nezpusobila zadné statisticky vyznamné ucinky
ve vztahu k 1é¢bé klinickych pozorovani, télesné hmotnosti, konverze krmiva, tumrtnosti,
hematologickych hodnot, hmotnosti organl, nebo histopatologii. Zmény souvisejici
s podavanim Schyzochytria sp. prokazaly pouze zvySeni hmotnosti u prasat a to piedevsim
kvtli zvySeni mnozstvi tuku. OvSem Grinstead et al. (2000), kteti pozorovali vliv piidavku
tasy Spiruliny platensis (1, 2, 5 a 20 g/kg™' ve formé pelet) dosli k zavéru, Ze po piidani této
fasy ke krmné davce selat doslo pouze k minimalnimu zlepSeni riistovych schopnosti selat,
avSak byla zde prokazana lepsi konverze krmiva. Pridavek 0,5 g/den motské tasy Spirulina
platensis do krmné davky kralikdi snizil koncentraci cholesterolu v krvi a naopak zvysil
hladinu HDL cholesterolu (Colla et al. 2008). Ptidavek sladkovodni tasy Chlorelly vulgaris
do krmné davky (2,5 g, 5g, 7,5 g suSené fasy na 1 kg krmné smési) nosnic mél pozitivni vliv
na zvySeni poctu vajec a zlepSeni jejich kvality na zacatku snaskového obdobi (Halle et al.,
2009). Také bylo prokazano, ze pridavek tasy Spirulina platensis (1,5 %, 2 % a 2,5 %
z krmné davky, KD) nosnicim ovliviiuje barvu Zloutku. Pfidavek fas do krmiva je ohledné

vysledné barvy zloutkt stejn¢ efektivni jako jina synteticka barviva (Zahroojian et al., 2011).

20



Vyuziti fas u polygastrickych zvirat

Obohaceni mléka vyzivou o zdravi prospésné latky, naptiklad omega-3 MK, je u
prezvykavcl upiednostiiovano pred upravami mléka po nadojeni (Franklin et al., 1999).
Mlécny tuk krav obsahuje vice nez 400 MK. Dfive se k navySeni omega-3 MK vyuzival
pridavek rybiho tuku do krmné davky. Ryby ziskavaji omega-3 MK pozienim fas, nebo ryb
zivicimi se fasami, sami totiz tyto kyseliny nedokazou syntetizovat. OvSem nové technologie
vyroby umoziuji vyuzivat jako ptidavek ke krmné davce ptimo tasy. Pridavek bachorové
chranéné biomasy fas ani oleje zfas (v 1 kapsule bylo 29g kyseliny DHA, skupindm byla
podavana 0,5, nebo 1 kapsule/den) nemad vliv na piijem krmiva, navySeni mlécnych slozek,
ani na dojivost. OvSem v mléce bylo zaznamenano vyss$i mnozstvi obsahu kyseliny DHA a
trans-18:1 a trans-11 18:1 mastnych kyselin. Vyssi obsah DHA vykazoval piidavek
bachorové chranéné biomasy tas nez olej z fas (Stamey et al., 2012).

Bylo prokazano, ze ptidanim motskych fas (Algamac-3050, Aquafauna Bio-Marine,
Hawthorne, CA) do krmné davky ptezvykavct mélo vliv na snizeni nasycenych mastnych
kyselin a zvySeni obsahu CLA a dalSich polynenasycenych mastnych kyselin v jejich mléce.
Pii zkrmovani piidavku tfas byl zaznamenan vyssi denni nadoj a zaroven vyssi obsah tuku a
bilkovin v mléce (Vahmani, 2013).

Pridavek tas Spirulina pacifica, Spirulina platensis, Dunaliella salina,
Haematoccocus pluvialis do krmné davky mél pozitivni vliv na bunécnou vyzivu a na
centralni nervovy systém, ktery ovlivituje veSkeré metabolické procesy v téle. Dochazi
napiiklad k zvySeni aktivity $titné zlazy, tim se pozitivné ovlivituje tvorba a vyuziti kyseliny
octové a maselné, které maji rozhodujici vliv na mnozstvi vytvoreného tuku (Kiriac, 2008).

Vliv pfidavani fas ptisobi i na mechanické a krystalizacni vlastnosti mlécného tuku.
Tritydenni obohacovani krmné davky dojnic mélo za nésledek zvySeni pevnosti mlééného
tuku, pozménénou krystalizaci a zmény v mikrostruktufe (Singh et al., 2004).Zmény ve
sloZzeni mastnych kyselin v mléce se pravdépodobné vztahuji ke zméné€ zastoupeni bakterii v
bachoru malych prezvykavcet, a to v disledku zmén spojenych se zménou biohydrogenace
nenasycenych MK piijimanych v diet¢ obohacené na polynenasycené MK.

V této studii byl porovnavan piidavek slunecnicového oleje v mnozstvi 25 g a poté
v kombinaci s motskou fasou v mnozstvi 8, 16, nebo 24 g/kg susiny krmné davky ovei. Urcité
skupiny detekovanych bakterii (naptiklad kmeny Lachnospiraceae a Quinella) vykazovaly

zmeény v jejich relativni Cetnosti v souladu s jejich potencialni tlohou pii biohydrogenaci
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v bachoru (Toral et al., 2012). Or-Rashid et al. (2008) ve své studii pozorovali vliv zkrmovani
cervenych tas (Crypthecodinium cohnii) na zmény mastnych kyselin v bachorové tekuting
skotu. Doslo ke snizeni nasycenych MK (kyselina stearovd, C18:0) a naopak ke zvySeni
nekterych nenasycenych MK. Mezi kyseliny u kterych doslo k nérGstu, patii kyselina olejova
(C18:1) a také C18:1 trans-10, coz naznacuje, ze doslo ke zméné zastoupeni mikroorganismu
v bachoru. S rostoucim mnozstvim piidavku fas se zvySovalo i mnozstvi kyseliny vakcenové
(C18:1 trans-11), také doslo k navyseni CLA. Lze tedy fici, ze dopln¢k fas mize byt vyuzit
pro zvySeni koncentrace frans 18:1 izomertit MK, které slouzi jako prekurzory pro biosyntézu
CLA v tkanich ptezvykavct.

Franklin et al. (1999) testovali piidavek motské tasy Schyzochitrium sp. (910 g/den)
ke krmné davce mlééného skotu, kde byla zjisténa vyssi koncentrace omega-3 MK, zejména
CLA a DHA. V této studii byl porovnavan vliv ptidavku bachorové chranéné tasy (potazena
xylozou) a nechranéné tfasy. Procentualni mnozstvi mlécného tuku bylo u obou pokusnych
skupin nizsi nez u kontrolni skupiny bez ptidavku fas, pfidavek fas snizil pfijem krmiva.
Koncentrace CLA, DHA a kyseliny vakcenové bylo vyssi u obou pokusnych skupin, které
byly krmeny fasou, avSak koncentrace DHA byly vyssi u krav, které dostavaly fasu chranénou
pred bachorovou biohydrogenaci.

Pokusy se zkrmovanim tasy Schyzochytrium sp. (0; 23,5; 47; 94 g v prib¢hu 6 tydni)
oveim prokdzaly vyrazné zvySeni omega-3 (C20:5, C 22:5, C 22:6) i omega-6
polynenasycenych mastnych kyselin (C 22:5) v mléce, a to v poméru 2,5 (omega-6) : 4,5
(omega-3). Obdobné slozeni méli i syr feta a jogurt vyrobené z takto obohaceného mléka
(Papadoulos et al., 2002).

Mléko a mlééné vyrobky obohacené o zdravi prospé$né polynenasycené mastné
kyseliny (pfedevsim omega-3 MK) lze oznacit za funkcéni potraviny, které maji kromé
vyzivové hodnoty i pfiznivy ucinek na zdravi konzumenta, jeho dusevni a/nebo fyzicky stav.
Coz by mohlo chovatelim poskytnout lepsi vyS§i vynosy zprodeje mléka a mlécnych

vyrobkil obohacenych o omega-3 MK.

2.6.3. Chlorella vulgaris

Sladkovodni zelena mikrotasa Chlorella vulgaris je jednou z nejlépe prozkoumanych
mikroftas, je soucasti fiSe Plantae a patii do Celedi Chlorellaceae z ttidy Trebouxiophyceae.
Pfedstavuje vyhodny zdroj cennych nutri¢nich latek. Zhruba 60 % tvoii bilkoviny, které se
svym slozenim podobaji vice bilkovindm Zivo¢iSnym nez rostlinnym. Obsahuji vSechny

esencialni aminokyseliny ve vyvazeném poméru. Nejvice zastoupeny sacharid v Chlorelle je
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Skrob, ktery tvoii asi 10 % suché hmoty fas. MnozZstvi tukl se v fase pohybuje okolo 10 - 15
%, sklada se prevazné z esencidlnich nenasycenych mastnych kyselin, pfedevsim kyseliny
linolové a a-linolenové (Petkov et Garcia, 2007). Také jsou zpravy o mono a digalactosyl
diacylglycerolech obsazenych v Chlorelle, jenz maji protinadorové ucinky (Piepper et al.,
2012). Mimo nutri¢niho vyuziti se n¢které druhy Chlorelly vyuzivaji k €isténi odpadnich a
pramyslovych vod, protoze bunééna sténa Chlorelly ma komplexotvorné vlastnosti, tim ze
zneCisténych vod odstraiuje tézké kovy (Piepper et al., 2012). Z hlediska rychlosti rtstu a
biologické hodnoty patii Chlorella k nejzajimavéjSim sladkovodnim tasam, které byly
doposud zkoumany. Nespornou vyhodou jejiho péstovani, je az 10 x lepsi vyuziti dodavané
energie oproti kulturnim rostlinam a diky tomu vysoké vynosy. Tvar bunék Chlorelly je
nejcasteji kulovity a ke zdvojnasobeni jeji hmoty miize dojit jiz za 3 - 6 hodin (Doucha,

1998).

2.6.4. Japonochytrium sp.

Japonochytrium sp., morska mikrotasa, ktera neobsahuje zelené barvivo. Nema
jednoznaéné taxonomické zafazeni. Radi se mezi tzv. Protista a jsou definovana jako
jednobunééné organismy, které nemaji diferencované tkané€. Jedna se o seskupeni asi 64 000
ruznych jednobunéénych zivotnich forem, které postradaji spole¢ny evolu¢ni ptivod
(Cavalier-Smith, 2003). Jedna z 1i$i patficich mezi Protista je tiSe Chromista, kam patii
oddéleni Labyrintuly, zndmé jako vodni hlenky. Vodni hlenky se vyskytuji primarné
v motskych biotopech. Zastupci, ktefi jsou fazeni do tohoto oddé€leni, byvali dfive zafazovani
mezi houby, prvoky, hlenky, oomycety, rostliny i fasy (Kalina et Vana, 2010). Do tadu
Labyrinthulomycetales patii Celed Thraustochytriaceae, rod Japonochytrium. Dale se do této
Celedi tadi rody Thraustochytrium, Aplanochytrium, Ulkenia, a Schyzochytrium. Rad
Thraustochytriales, jehoz buiiky jsou vétSinou kulovité, jsou skupiny moiskych organisma
produkujicich vysoky podil lipidi s vysokym obsahem polynenasycenych mastnych kyselin,
zejména omega-3 MK (Kalina et Vana, 2010). Nékteré z téchto druht produkuji vyznamné
mnozstvi dokosahexaenové kyseliny (DHA), kterd je naprosto zasadni MK pro lidsky
organismus, hraje dtlezitou roli pfi vzniku, vyvoji a fungovani mozku a sitnice (Franklin et

al., 1999; Toral et al., 2012).
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2.7. Lnéné seminko

Lnéné seminko (Linum usitatissimum L.), znamé jako len sety, je jednou z
vlakniny. Témét kazda Cast rostliny je vhodna ke komerénimu zpracovani. Lnéné seminko
obsahuje skupiny latek, které se vyznacuji specifickou biologickou aktivitou a specifickymi
funk¢nimi vlastnostmi, je to vysoké mnozstvi oleje bohatého na omega-3 MK, rozpustna
vldknina ve formé hlenu, dobfe stravitelné bilkoviny a lignany, které maji fytoestrogenni
vlastnosti (Singh et al., 2011; Martinchik et al., 2012). Z omega-3 MK obsahuje Inéné
seminko predevsim esencidlni kyselinu alfa-linolenovou (ALA), kterd ptisobi pozitivné proti
kardiovaskularnim onemocnénim, snizuje krevni tlak a triglyceridy v krvi. Dale je kyselina
ALA povazovana jako prekurzor eikosapentaenové a dokosahexaenové kyseliny(Martinchiket
al., 2012; Cloutier, 2016). Lnéné seminko obsahuje 35-45% oleje a olej z Inéné¢ho seminka
obsahuje 9-10% SFA, okolo 20% MUFA a vice nez 70% PUFA (Martinchiket al., 2012).
Mnozstvi oleje ve Inéném seminku se muze liSit v zavislosti na podminkach a zplsobu
péstovani. Podle Cloutier (2016) obsahuje Inéné seminko az 50 % oleje. Obsah bilkovin
ve Inéném seminku se pohybuje okolo 20-30%, tyto bilkoviny se vyznacuji vysokym
koeficientem stravitelnosti (89,6%) a biologickou hodnotou (77,4%). Len sety obsahuje
vysoky podil vlakniny, az 28 % (Martinchiket al., 2012). Pfidavek Inu seté¢ho a jeho produkt,
je vzhledem k obsahu zdravi prospéSnych PUFA, nizkych nakladi na péstovani a snadné

zkrmovani zvifatim ¢asto vyuzivan.

2.8. Funk¢ni potraviny

Funkéni potraviny jsou jakékoliv potraviny, jejichZ slozeni bylo ¢lovékem upravovano a
formovano tak, aby pfedstavovalo zdravotni piinos pro konzumenta (Kalac, 2003). Evropska
komise definuje funkéni potraviny jako potraviny, které ptiznivé ovlivituji jednu nebo vice
funkci v téle za adekvatniho nutri¢niho efektu a to zpisobem, ktery je vyznamny pro zlepSeni
zdravotniho stavu a pohody a/nebo pro snizeni rizika onemocnéni. Je soucasti bézného
potravinaiského vyrobku a neni to pilulka, kapsle nebo jind forma potravniho dopliku.
Funkéni potraviny tedy tvoii piechodnou skupinu potravin mezi konvencnimi potravinami a
Iéky. Nejde tedy o 1éky, jejich cilem neni chorobu 1é¢it, ale priznivé ovliviiovat pfechodny

stav mezi zdravim a nemoci. Zakladnim poslanim je jejich preventivni piisobeni na
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organismus konzumenta (Crowe et Francis, 2013). Jednd se o potravinu vyrobenou
z piirozené se vyskytujicich se slozek a jeji konzumace ovlivituje nékteré reakce v organismu,
napiiklad posiluje pfirozené obranné mechanismy v téle, ptisobi preventivné proti nemocem,
zpomaluje proces starnuti apod. (Kala¢, 2003). Podle Americké dietetické asociace jsou
vsechny potraviny klasifikovany jako funkéni potraviny na urcité fyziologické trovni, protoze
konzumentiim poskytuji ziviny, energii a dal§i potfebné latky. Funk¢éni potraviny maji
potenciondlné piiznivy vliv na zdravi, pokud jsou konzumovany pravideln¢ jako soucast
pestré stravy (Hasler et Brown, 2009). Podle Crowe et Francis (2013) se funkcni potraviny
déli do tif obecnych kategorii:

1) Konvencni potraviny obsahujici pfirodni bioaktivni latky. VéEtSina zeleniny, ovoce,
obilovin, mlé¢nych vyrobkd, ryb a masa obsahuji bioaktivni latky poskytujici vyhody
nad ramec zakladni vyzivy (napf. vitaminy s antioxida¢nimi u¢inky v pomerancovém
dzusu nebo prebiotika a probiotika v jogurtu, jogurtovém napoji apod.).

2) Pozménéné potraviny, které po obohaceni obsahuji bioaktivni latky. Jednd se napft. o
obohaceni masla, nebo margarini omega-3 mastnymi kyselinami.

3) Prisady do potravin, které jsou syntetizovany, jako jsou nestravitelné sacharidy, které
poskytuji prebiotické vyhody.

Nemoci souvisejici se Spatnou stravou, jako jsou kardiovaskularni choroby, obezita,
cukrovka a rakovina neustale pfibyva, v tomto ohledu hraji funkéni potraviny dalezitou roli
pti prevenci nebo sniZeni rizika téchto chorob. Vzhledem k zdravotnimu poselstvi funkénich
potravin, trhy s témito produkty neustale rostou (Ozen et al.,, 2014). V mléce mezi tzv.
funkcéni slozky patii naptiklad kyselina eikosapentaenovd (EPA), dokosahexaenova (DHA)
nebo konjugovana kyseliny linolova (CLA). MozZnost zvySeni obsahu mastnych kyselin
vmléce se v poslednich letech vyrazné zlepSila predevsim diky lepSimu prostudovani
vzajemnych vztahi mezi fermentaci v bachoru, metabolismem lipidi a syntézy mlééného

tuku (Lock et Bauman, 2004).
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3. Hypotéza a cile prace

Hypotéza:

Predpokladame, ze zkrmovanimpiidavku s vysokym obsahem omega-3 a omega-6
mastnych kyselin (mikrotasa Chlorella vulgaris, Japonochytrium sp., extrudované Inéné
seminko a Inény olej) dojde k navyseni denni dojivosti malych piezvykavci a pozitivni zméné
kvalitativnich ukazatelti, predevsim profilu mastnych kyselin mléka, popt. mlécnych
produktti.

Dale predpokladame, Ze tvar a utvafeni vemene koz ma pfimy vliv na ukazatele

mlécné produkcee.

Cile prace:

Cilem prace je zhodnotit a porovnat vliv ptidavku mikrotasy Chlorella vulgaris a
Japonochytrium sp. ke krmné davce koz, na denni nadoj, mnoZstvi mléénych slozek a profil
mastnych kyselin v kozim mléce.

Cilem prace je vyhodnotit vliv ptidavku extrudovaného Inéného seminka a Inéného
oleje ke krmné davce koz, na profil mastnych kyselin v kozim mléku a jogurtovém napoji.

Cilem prace je vyhodnotit vliv tvarovych charakteristik vemen na kvalitu koziho

mléka.
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4. Metodika

V prubéhu zpracovani této prace byl u koz plemene bila kratkosrsta koza, sledovan vliv
vybranych ptidavkd (mikrotasa Chlorella vulgaris, Japonochytrium sp., Inéného oleje,
extrudovaného Inéného seminka)a vliv tvarovych charakteristik vemen na vybrané
kvalitativni a kvantitativni ukazatele mlécné produkce koz. Cely pokus probihal po dobu ctyt
let na Kozi farm& Pénéin s.r.o., patfici mezi nejvétsi ekologické chovy koz a ovci v Ceské
republice.

Pokusné skupiny koz byly ustajené po celou dobu pokusu ve stdji s hlubokou podestylkou.
Kozy byly krmeny standardni krmnou davkou (SKD), ktera se skladala z erstvé poseceného
luéniho porostu v mnozstvi cca 2kg/kus/den, sena ad libitum, a jadmé smési, ktera byla
davkovana pfi rannim dojeni v dojirné¢ v celkovém mnozstvi 300g/kus/den.Ptistup k vod¢ a
mineralnimu lizu byl pro vSechny kozy neomezeny. Pokusné skupiny koz byly krmeny
stejnou, vyse popsanou, krmnou davkou s vybranymi pridavky (mikrotasa Chlorella vulgaris,
Japonochytrium sp., Inény olej a extrudované Inéné seminko).

Chlorella vulgaris je jednou z nejlépe prozkoumanych mikrotas a ptredstavuje cenny zdroj
nutricnich latek. Na obsah MK v fasach ma vliv mnoho faktord, jako je druh fasy, zptisob
kultivace, sklizeni, suseni a zpracovani. Kultivace fas je pomérné snadnd, fasy se vyznacuji
vysokym rdstovym potencidlem a nizkymi pozadavky na kultivacni prostfedi. V tomto
pokusu byla sledovana tasa Chlorella vulgaris kultivovanad autotrofné a heterotrofné. Jako
autotrofni kultivaci oznacujeme kultivaci mikroftas, pfi které se kultura péstuje pod pfirodnim
nebo umélym osvétlenim a jako zdroj uhliku se pouziva oxid uhli¢ity. Do této kategorie lze
zatadit laboratorni kultivaci pod umélym osvétlenim s pfivadénym CO2, dale venkovni
oteviené kultivace nebo kultivace ve fotobioreaktorech. Heterotrofni kultivace je vyuzivana
pti kultivaci v tzv. fermentorech bez pfitomnosti svétla. Jako zdroj uhliku byva nejcastéji
vyuzivana glukosa nebo kyselina octova.

Jako dalsi byla do pokusu vybrana mikrotasa Japonochytrium sp., ktera je izolovana z listd
mangrovnikt z moifského dna, neobsahuje zelené barvivo, nema jednoznacné taxonomické
zafazeni. Radi se mezi tzv. Protista, ta jsou definovana jako jednobunééné organismy, které
nemaji diferencované tkang. Jelikoz se jedna o novy produkéni kmen, je tato mikrofasa zatim
kultivovéana v laboratornich podminkach a testuje se nejvhodnéjsi zpiisob jeji kultivace. Mezi

vvvvvv

obsah soli v kultivaénim médiu a teplota kultivace.
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Lnény olej (LO)a extrudované Inéné seminko (ELS) byly vyrobeny v zemédélském
podniku 1. zemé&délska a.s., (Chorusice, CR), zde se Inéné seminko péstuje na pidé o rozsahu
50 — 100 ha. Lnény olej byl lisovan za studena aextrudované Inéné seminko bylo vyrobeno
pomoci extrudéru (Farmet a.s., Ceska Skalice, CR) pii teploté okolo 140-150 °C, pti vysokém
tlaku. Pro doplnéni vSech udajt byla pti kazdém krmném pokusu analyzovana krmné davka a
vybrané ptidavky ke krmné dévce. Bylo vyhodnoceno zékladni slozeni a profil mastnych
kyselin a skupiny mastnych kyselin v krmivu a vybranych ptidavcich(tabulka €. 1).

Odbéry individualnich vzorkli koziho mléka probihaly v pravidelnych intervalech v
priabéhu krmného pokusu. Prvni zatazeni pridavkuke krmné davce byl vzdy uskuteénén den
po pocatecnim odbéru vzorkli z divodu kontroly vlivu dalSich faktord na homogenitu
vysledkd ve vytvotenych skupinach. Individudlni vzorky mléka byly odebrany pfi rannim
dojeni v mnozstvi 200 ml (a 400 ml v piipad€ odbéril, kdy se vyrabély i mlé¢né produkty),
vzorky byly ihned popsany a vychlazeny na 4 — 6 °C, bez pridani konzervantli a pfevezeny na
analyzu a dal$i zpracovani do laboratofe. Nedilnou soucasti pokusu bylo hodnoceni denni
dojivosti, dojivost byla stanovena s piesnosti 0,01 1.

Na zakladé prubéznych vysledkti a zaznamt z kontroly uzitkovosti koz byl dale
vyhodnocen vliv tvarovych charakteristik vemen na mnozstvi nadojeného mléka a pocet

somatickych bun¢k v celém stade, Citajiciho cca 500 koz.
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Tabulka €. 1: Primérné chemické sloZeni a zastoupeni vybranych mastnych kyselin ve
standardni krmné davce (% z celkového mnozstvi mastnych kyselin).

Lucni Seno Jadrna | Chlorella | Japonochytrium | Extrudované | Lnény
porost smeés vulgaris sp. Inéné olej
seminko

Chemické sloZeni
suina, g.kg' 968,41 | 931,14 | 876,34 949,38 968,51 - -
protein, g kg™ 159,79 80,94 88,59 96,12 94,41 - -
tuk, g.kg' 18,72 10,14 29,38 13,67 5,4 42,34 -
vldknina, g.kg' 219,73 | 345,41 42,28 17,83 14,09 - -
popeloviny, g.kg™ 106,13 46,98 17,34 20,05 24,5 - -
Vybrané mastné kyseliny
C 16:0, % 14,775 | 22,829 | 11,587 16,17 22,93 6,544 5,733
C 18:0, % 1,992 5,835 1,803 0,92 1,474 3,537 3,782
C 18:1,n-9, % 6,348 21,624 23,38 0,49 14,869 15,627 15,578
C 18:2, n-6, % 15,424 | 17,935 | 58,307 28,34 1,682 19,101 16,586
C 18:3,n-6, % 0,175 0,283 0,024 0,00 0,116 - -
C 18:3,n-3, % 56,051 21,99 2,183 33,66 0,085 53,703 56,873
C 20:2,n-6, % 0,056 0,053 0,046 0,00 0,014 0,070 0,070
C 20:3,n-6, % 0,00 0,098 0,005 0,00 0,174 - -
C 20:4, n-6, % 0,012 0,00 0,003 0,14 0,209 0,044 0,054
C 20:5,n-3, % 0,343 0,552 0,123 0,00 0,575 0,039 0,023
C 22:6,n-3, % 0,094 0,187 0,091 0,81 41,954 - -
SUFA, % 23,41 23,72 19,83 19,2 28,842 10,437 9,888
MUFA, % 10,98 11,28 35,12 18,43 15,853 16,606 16,505
PUFA, % 65,61 65 45,056 62,14 55,307 72,956 73,606
omega-3, % 50,07 41,11 2,89 33,66 43,456 53,742 56,895
omega-6, % 15,36 23,84 42,17 28,48 11,634 19,214 16,711

Poznamky: SFA — nasycené mastné kyseliny, MUFA — mononenasycené¢ mastné kyseliny,
PUFA - polynenasycené mastné kyseliny.

Statistické vyhodnoceni ziskanych vysledkti bylo provedeno v programu MS Excel
2007 a STATISTICA Verze 9 software (1., IIl., IV. metodicky okruh) a v programu SAS
9.2,2004 (11, V. metodicky okruh).

Na zékladé vyse stanovenych cilti a védeckych hypotéz byla prace rozdélena do péti

nasledujicich okruhti. Metodické postupy byly podrobné rozepsany v piiloZzenych publikacich
(Kapitola 5).
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4.1. Metodicky okruh I.

Vliv pifidavku su$ené fasy Chlorella vulgaris na profil mastnych kyselin v kozim mléce

V tomto pokusu byl zkouman vliv piidavku 5g a 10g suSené fasy Chlorelly vulgaris na
profil mastnych kyselin. Rasa byla kultivovana v laboratofi Mikrobiologického ustavu
Akademie véd CR v Tteboni. Jeji kultivace probihala autotrofné ve fotobioreaktorech, poté
byla fasa susena v rozprasovaci susic¢ce pfi teploté 60°C po dobu n¢kolika sekund.

Vybrané kozy, na druhé a tieti laktaci (n=36), byly rozdéleny do tfi skupin: kontrolni
skupina koz (n=12) byla krmena pouze standardni krmnou davkou (SKD), 1. pokusna skupina
(n=12) ke standardni krmné davce dostavala ptidavek Sg/kus/den susené Chlorelly vulgaris a
2. pokusna skupina (n=12) ke standardni krmné davce dostavala ptidavek 10g/kus/den susené
Chlorelly vulgaris. Krmny pokus trval 6 tydnd, individualni vzorky mléka byly odebirany na
zacatku laktace, pted zahajenim krmného pokusu a poté az po dokonceni podavani Chlorelly
ke krmné davce pokusnych koz. Individualni vzorky (n=72) byly odebirany pti odpolednim
dojeni v celkovém mmnozstvi 150 ml do standardnich plastovych zkumavek a bez piidavku
konzervantti byly vzorky zmrazeny na teplotu -18°C do analyzy mastnych kyselin. Profil

mastnych kyselin v kozim tuku byl stanoven plynovou chromatografii.

Metodicky okruh 1. je podrobnéji definovan detailnimi metodikami uvedenymiv nasledujici

publikaci (Kapitola €. 5):
Koutimska L., Vondrackova E., Fantova M., Novy P., Nohejlova L., Michnova K. 2014.

Effect of feeding with algae on fatty acid profile of goat’s milk. Scientia Agriculturae
Bohemica.45. 3. 162-169. ISSN: 1211-3174.

30



4.2. Metodicky okruh II.

Vliv pfidavku mikrofasy Chlorella vulgaris a Japonochytrium sp. na sloZzeni a profil

mastnych kyselin koziho mléka.

Na zaklad¢ vysledk z piedchozich experimentti byly v tomto metodickém okruhu
provedeny zmény. Do experimentu byla zafazena nova mikrotfasa Japonochytrium sp.
s vy§$im obsahem polynenasycenych mastnych kyselin. Jedna se o motskou mikrotasu, ktera
puvodné roste na kofenech mangrovnikli, vyznacuje se vysokym mnozstvim tuku a
neobsahuje chlorofyl. Tato mikrofasa byla kultivovana v laboratornich podminkach (EcoFuel
laboratories s.r.o., Praha, CR). Mikrotasa Chlorella vulgaris byla kultivovana v laboratofi
Mikrobilogického ustavu Akademie véd CR v Tieboni. Jeji kultivace probihala heterotrofné
v tzv. fermentorech bez ptitomnosti svétla, jako zdroj uhliku byla pouzita glukosa, poté byla
fasa suSena v rozprasovaci susicce pii teplot¢ 60°C po dobu nekolika sekund. Z predchozi
studie vyplyva, Ze suSena fasa v sypkém stavu neni vhodna pro zkrmovani kvuli velké
prasnosti a velkym ztratdm. Proto byly z mikrotas vytvofeny granule, jako pojivo byla pouZzita
tzv. arabska guma, pod obchodnim nazvem NUTRI - BIND Plus Dry (Réther, Praha, CR).
Jedna se o osvédcené pojivo do krmnych smési pro monogastrickd i polygastricka zvitata,
které zvySuje pevnost, elasticitu granuli a Castecné zabraiuje degradaci fas mikroorganismy
v bachoru.

Vybrané kozy na druhé laktaci (n=45) byly rozdé€leny do tii skupin: kontrolni skupina
koz (n=15) byla krmena pouze standardni krmnou davkou, 1. pokusnd skupina (n=15)
ke standardni krmné davce dostavala piidavek 10g/kus/den granulované Chlorelly vulgaris a
2. pokusna skupina (n=15) ke standardni krmné davce dostdvala ptidavek 10g/kus/den
granulované mikrotasy Japonochytrium sp. Krmny pokus trval po dobu 4 tydnt, individualni
vzorky mléka (n=180) byly odebirany v pravidelnych intervalech. Prvni odbéry mléka byly
uskute¢nény pted zahajeni a posledni odbér az po ukonceni krmného pokusu. Vzorky mléka
byly odebirany pfi rannim dojeni do standardnich plastovych nadob v mnozstvi 200 ml, ihned
popsany a vychlazeny na 4 — 6 °C, bez ptidani konzervantli a pfevezeny na analyzu a dalsi
zpracovani do laboratotfe Milcom a.s.

Jako soucast laboratorni analyzy byly ve vzorcich mléka stanoveny zakladni mlécné
slozky na infracerveném analyzatoru s Fourierovou transformaci pracujicim ve stiedni ¢asti

infracerveného spektra (Milkoscan FT2). Vzorky byly analyzovany gravimetrickymi
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metodami podle norem institutu CSN. Mastné kyseliny obsazené v extrahovaném mlééném
tuku (podle modifikovaného postupu podle Bligh a Dyer (1959), byly analyzovany pomoci

plynové chromatografie ve spojeni s hmotnostni spektrometrii (GC-MS).

Metodicky okruh II. je podrobngji definovan detailnimi metodikami uvedenymi v nasledujici

publikaci (Kapitola €. 5):
Novotna K., Fantova M., Nohejlova L., Borkova M., Stadnik L., Duchacek J. 2017. Effect of
Chlorella vulgaris and Japonochytrium sp. Microalgae Supplementation on Composition and

Fatty Acid Profile of Goat Milk. Acta Universitatis Agriculturae et Silviculturac Mendelianae
Brunensis. 65, 5, 1585-1593.

4.3. Metodicky okruhlII.

Vliv pfidavku mikrotasy Chlorella vulearis a Japonochytrium sp. na sloZzeni a profil

mastnych kyselin masla vyrobeného z koziho mléka

Krmny pokus a odbér individudlnich vzorki mléka probihal souc¢asné s experimentem,
uvedeném v metodickém okruhu €. II. Vybrané kozy na druhé laktaci(n=45) byly také
rozdé€leny do tfi skupin: kontrolni skupina koz byla krmena pouze standardni krmna davka,
1.pokusna skupina (n=15) ke standardni krmné davce dostavala piidavek 10g/kus/den
granulované Chlorelly vulgaris. Zména oproti predchozimu pokusu byla v pokusné skuping ¢.
2 (n=15), ktera ke standardni krmné davce dostavala pridavek pouze 5g/kus/den granulované
mikrotasy Japonochytrium sp.Krmny pokus trval po dobu 4 tydnd, individualni vzorky mléka
(n=180) byly odebirany v pravidelnych intervalech. Prvni odbéry mléka byly uskutecnény
pfed zahdjeni a posledni odbér az po ukonceni krmného pokusu. Vzorky mléka byly
odebirany pfi rannim dojeni do standardnich plastovych nadob v mnozstvi 400 ml, ihned
popsany a vychlazeny na 4 — 6 °C, bez ptidani konzervantli a pfevezeny na analyzu a dalsi
zpracovani do laboratofe Milcom a.s.

Vyroba masla z koziho mléka (n=5): Nejprve byla za pomoci laboratorni odstredivky
vyrobena smetana ze smésného mléka kontrolni i pokusnych skupin koz. Vzorky mléka byly

odebirany 56. den krmného pokusu. Smetana byla pasterizovana po dobu 5 minut pii 90°C,
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poté byly ze smésnych vzorkli smetany vifenim pii 8°C po dobu 4 hodin vyrobeny tfi vzorky
masla (1. maslo zmléka kontrolni skupiny koz, 2. maslo zmléka pokusné skupiny koz
s ptidavkem 10 g Chlorelly vulgaris a 3. maslo z mléka pokusné skupiny koz s pfidavkem 5 g
Japonochytrium sp.). Dale byly vyrobeny smési kozi smetany ze tfeti pokusné skupiny
(s ptidavkem 5 g Japonochytrium sp.) a kravské smetany (ptiivod: BohuSovicka mlékarna).
Z této smeésné smetany byla vyrobena dv€é masla v poméru 50:50 kozi/kravské (tuk w/w) a
25:75 kozi/kravské (tuk w/w).Zakladni mlééné slozky, predev§im mnozstvi tuku, bylo
stanoveno na infracerveném analyzatoru s Fourierovou transformaci pracujicim ve stfedni
casti infracerveného spektra (Milkoscan FT2). Vzorky byly analyzovany gravimetrickymi
metodami podle norem institutu CSN. Mastné kyseliny obsazené v extrahovaném mlééném
tuku koziho a kravského mléka a vyrobenych masel, byly analyzovany pomoci plynové

chromatografie ve spojeni s hmotnostni spektrometrii (GC-MS).

Metodicky okruh III. je podrobnéji definovan detailnimi metodikami uvedenymi v nasledujici

publikaci (Kapitola €. 5):
Borkova M., Michnova K., HyrSlova 1., Fantova M., Elich O. 2015. Changes in fatty acid

profile of goat butter from goats fed algae. Journal of Hygienic Engineering and Design. 13,

82-89.

4.4. Metodicky okruhlV.

Vliv ptfidavku extrudovaného Inéného seminka a Inéného oleje na profil mastnych kyselin

v kozim jogurtovém napoji

Na zakladé predchozich studii byla do krmného pokusu misto mikrofas vybrany
novéptidavkybohaté na omega-3 MK —Inény olej a extrudované Inéné seminko (1.
zemédélska a.s., Chorusice,CR). Cilem této studie bylo zjistit vliv ptidavku Inéného oleje a
Inéného extrudovaného seminka do krmné davky na slozeni profilu mastnych kyselin v kozim

mléce a jogurtovych napoju obsahujicich probiotika a prebiotika.
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Vybrané kozy (n=36) na treti laktaci byly rozdé€leny do tfi skupin: kontrolni skupina
koz (n=12) byla krmena pouze standardni krmnou davkou, 1. pokusna skupina (n=12)
ke standardni krmné davce dostavala ptidavek S5ml/kus/den Inéného oleje (LO) a 2. pokusna
skupina (n=12) dostavala ptidavek 120g/kus/den extrudovaného Inéného seminka (ELS).
Krmny pokus trval po dobu 3 tydnil. Prvni vzorky mléka byly odebirany den pied zahdjenim
krmného pokusu, dalsi vzorky byly odebirany v pravidelnych intervalech v pribéhu krmného
pokusu. Vzorky mléka (n=144) byly odebirany pfi rannim dojeni do standardnich plastovych
nadob v mnozstvi 200 ml, ihned popsany a vychlazeny na 4 — 6 °C, bez pridani konzervantd a
pfevezeny na analyzu a dalsi zpracovani do laboratofe Milcom a.s. Individudlni vzorky mléka
odebrané pti ctvrtém odbéru (n=36, 400 ml) byly pouZity na vyrobu jogurtovych napoju.

Jogurtové napoje byly vyrobeny piidanim 4g prebiotik Orafti P95 na bazi
¢ekankového inulinu (BENEO-Orafti, Belgie) do 196 g koziho mléka a pasterizovany pfi
84°C po dobu 10 minut. Pii fermentaci byla vyuzita jogurtovd kultura CCDM 528
(Streptococcus themophilus a Lactobacillusdelbruckii subsp. bulgaricus, Laktoflora®) a
probioticky kmen Bifidobacterium animalis ssp. lactis (Bbl, Chr. Hansen). Fermentace
probihala pii 30°C po dobu 16-18 hod.

Zakladni mlécné slozky byly stanoveny na infracerveném analyzatoru s Fourierovou
transformaci pracujicim ve stfedni ¢asti infracerveného spektra (Milkoscan FT2). Vzorky byly
analyzovany gravimetrickymi metodami podle norem institutu CSN. Mastné kyseliny
obsazené v mlécném tuku koziho mléka a jogurtovych napojt, byly analyzovany pomoci

plynové chromatografie ve spojeni s hmotnostni spektrometrii (GC-MS).

Metodicky okruh IV. je podrobnéji definovan detailnimi metodikami uvedenymiv nasledujici

publikaci (Kapitola €. 5):
Borkova, M, Sulc, M, Novotna K, Smolova, J, Hyrslova, I, Fantova, M, Elich, O. 2018. The

influence of feed supplementation with linseed oil and linseed extrudate on fatty acid profile

in goat yoghurt drinks. Mljekarstvo 68, 1, 30-36.
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4.5. Metodicky okruhV.

Vliv tvarovych charakteristik na mléénou uzitkovost a pocéet somatickych bunék v kozim

mléku

S ohledem na zdravotni stav koz a jejich vemen, byl pokus popsany v metodickém
okruhu V. zaméfen na vliv tvarovych charakteristik na mlécnou uzitkovost a pocet
somatickych bun¢k v kozim mléku. Samotné méteni bylo provadéno pied rannim dojenim,
kdyZ byla zvitata (487 koz) zafixovana v dojirn€. Postup pro linearni popis vemen dojnych
koz vychazi z metodiky pro dojené ovce Milerski et Schmidova (2016) a zahrnuje hodnoceni
celkem 7 charakteristik vemene. Hloubka vemene, §itka vemene a délka strukt byly exaktné
meéfeny s presnosti na 1 cm pomoci pravitka s rozsahem méfeni 30 cm. DalSi charakteristiky,
soumérnost vemene, postaveni strukil, rozpolceni vemene, zadni upnuti vemene, bylo
provadéno podle subjektivniho hodnoceni podle pétibodové stupnice. VSechna méfeni
provadél 1 posuzovatel.Soubor s linearnim popisem vemen (n=2727) byl propojen se
souborem mlécnych uzitkovosti koz - poctem somatickych bunck (data z oficialnich databazi
vedenych CMSCH, a.s.). Zvifata, kterd neméla zaznam o uzitkovosti, byla z dal§i analyzy
vyloucena (n=144). Data byla vyhodnocena smiSenym modelem (PROC MIXED, SAS 9.2,
2004) s opakovatelnosti, kde opakovanim bylo zvite. Jako efekty byly zohlednény rok odbéru

mléka, mésic odbéru mléka a vlastnost linearniho popisu.

Metodicky okruh V. je podrobnéji definovan detailnimi metodikami uvedenymiv nasledujici

publikaci (Kapitola €. 5):
Novotna K, SvitakovaA, Rychtafoval, FantovaM, NohejlovalL. 2018. Methodology of udder

description and the effect on somatic cell count in Czech White Shorthaired Goat Breed.

Medycyna Weterynaryjna. 74, 8, 497 - 500.
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EFFECT OF FEEDING WITH ALGAE ON FATTY ACID
PROFILE OF GOAT’S MILK"

L. KoufFimska, E. Vondrickova, M. Fantova, P. Novy, L. Nohejlovi, K. Michnova

Czech University of Life Sciences Prague, Faculty of Agrobiology, Food and Natural
Resources, Prague, Czech Republic

The study was conducted to determine whether the inclusion of algae Chlorella vulgaris in dairy goats’ diets would change
the fatty acid profile and increase the proportion of unsaturated fatty acids in goat’s milk. White short-haired dairy goats on
2nd and 3 Jactations were fed 5 and 10 g of dried algae supplementation for six weeks. The fatty acids profile of milk was
analyzed using gass chromatography (flame ionization detector (FID)). The addition of dried algae caused changes of the pro-
file of fatty acids in the milk. The more algae were added to the diet, the greater the changes in the fatty acids profile of milk
were found. A statistically significant effect (£ = 0.0390) was found between the control group and the group supplemented
with 10 g of Chlorella vuigaris per goat per day. The greatest effect of dietary treatment was seen in the relative reduction of
palmitic acid content and increased oleic, linoleic, and linolenic acids content. Results suggested that the addition of algae
also increased the nutritional quality of goat’s milk. There was a positive change in the ratio of SFA:MUFA:PUFA in terms of
reducing the proportion of saturated fatty acids, as well as a change in the ratio of n-6 and n-3 PUFAs.

white shorthaired goat; nutritional value; saturated fatty acids; unsaturated fatty acids; Chlorella vulgaris
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INTRODUCTION ; o
The typical flavour of goat’s milk is created by

short chain FAs (caproic, caprylic, and capric) together
with medium chain FAs. They are used in the treat-
ment of malabsorption syndromes of various origin
(Chow,2000;Alferez etal,2001;Cattaneo et
al., 2006; Samkova etal, 2009). SFAs with longer
chains (12—16 carbon atoms per molecule) mostly act
in a negative way, because they increase the synthesis
of LDL cholesterol after their absorption in the body
(Berner, 1993). The most represented SFA in goat’s
milk is palmitic acid. Goat’s milk contains 23.2-34.8%
of this FA but its content can be effectively reduced
by increasing the proportion of protein in the feed-
ing portion (Park etal,2007; Czauderna etal.,
2010). The stearic acid content in goat’s milk is also
quite high but this fatty acid is probably very quickly
converted by desaturase into oleic acid (Samkova et
al., 2009). Oleic acid is the most prevailing MUFA in
goat’s milk with its content being 15.4-27.7%. Some
studies indicate that this acid can help reduce weight,
because its absence in the diet leads to increased fat
deposits in the body (Park etal,2007;Pauwels,
Kostkiewicz, 2010). PUFAs are not too much

The use of goat’s milk could help to resolve many
human health problems (Reynolds, 2009). For
example, it was found that the consumption of goat’s
milk reduces the amount of total and LDL choles-
terol because of triacylglycerols with medium chain
fatty acids (FA). Their content in goat’s milk is 36%
compared to 21% incow’s milk (Haenlein, 2004).
Goat’s milk is also easier to digest than cow’s milk
due to its smaller fat globules size and this is one of
the reasons why it is better tolerated (Jandal, 1996).

Goat’s milk fatty acids (FA) profile differs from the
cow’s milk FA profile, but there are still a low level of
polyunsaturated FAs and a relatively high amount of
saturated FAs in it. Goat’s milk fat contains 53-72% of
saturated (SFA), 26-42% of monounsaturated (MUFA),
and 2—6% polyunsaturated (PUFA) fatty acids. More
than 75% of the total FAs of goat’s milk are capric,
myristic, palmitic, stearic, and oleic acids. Therefore,
we are constantly striving to increase the content of
polyunsaturated FAs and looking for new ways of
achieving it (Antunac et al.,, 2001; Park et al.,
2007; Samkova etal., 2009).

* Supported by the Ministry of Agriculture of the Czech Republic, Project NAZV QI1310107. the Internal Grant Agency of the Czech
University of Life Sciences Prague (CIGA), Project No. 20132035..
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represented in goat’s milk fat, but they are important
in human nutrition and essential for normal growth
and development in mammals (Williams, 2000;
Papadopoulos etal, 2002; Bourre, 2005).
The recommended ratio of SFA, MUFA, and PUFA
is < 1:1.4 = 0.6. The ratio of n-6: n-3 PUFAs should
be maximally 5:1. Although there is relatively large
amount of PUFAs in ruminants’ feeding portions,
their content in milk is relatively low due to their
biohydrogenation in the rumen.

Green algae are one possible source of bioactive
components. Freshwater alga Chlorella vulgaris there-
fore represents an interesting source of nutritionally
valuable substances, including unsaturated fatty acids.
Its cultivation is easy and relatively cheap. Algae
grow very fast, have high yields, and contain very
valuable nutrients, especially proteins, antioxidants,
and fatty acids (Table 1). Chlorella vulgaris contains
about 10% fat. Its major part consists of essential
unsaturated fatty acids. The advantage of algae pro-
duction is in their huge growth potential, their small
requirements for growing area, and a residue-free
harvest (Petkov, Garcia 2007; Gérs et al.,
2010; Doucha, Livansky, 2012).

Algae represent one of the most efficient converters
of solar energy to biomass (Masojidek, Prasil,
2010). The use of algae has a great potential not only in
the pharmaceutical and food industries (Lee., 2001),
but also as an additive to livestock feed (Rasoul-
Amini etal., 2009). Such supplementation of ru-
minants is an effective method for reducing saturated
fatty acids and increasing concentrations of conjugated
linoleic acid (CLA) and other PUFAs in the milk of
ruminants. Changes in the fatty acid profile probably
relate to changes in the population of rumen bacterial
flora(Toral etal.,, 2012).

Although considerable evidence about the health
benefit of unsaturated fatty acids has been presented,
they are still present in the diets of most European coun-
tries at a less than optimal requirement. Milk fat is an
easily changeable component which provides the pos-
sibility to produce new dairy products from milk with
higher content of n-3 and n-6 fatty acids (Kennelly
etal.,2005; Park etal., 2007). Omega-3 fatty acids
are in fish meat (Cant etal., 1997;Donovan etal.,
2000; Shingfield etal.,2006), wheat germ, fresh
fruit and vegetables, garlic, olive oil, linseed, linseed
oil, walnuts, soybeans, soybean oil, and rapeseed oil
(Chichlowski etal., 2005; Jones et al., 2005)
and seaweed (Rasoul-Amini etal., 2009). There
are several studies focused on increasing the content
of PUFAs in cow’s milk usually by fish oil supplemen-
tation (Cant etal., 1997; Doreau, Chilliard,
1997; Donovan etal.,2000; Keady etal., 2000),
by linseed (Nudda et al., 2006) or by marine algae.
Milk from cows fed fish oil contained higher concen-
trations of conjugated linoleic acid (CLA) and total
unsaturated fatty acids (Baer et al., 2001). Dietary
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Table 1. Major fatty acids in algae Chlorella vulgaris

Fatty acid % of total FA
C 4:0 0.20
C 6:0 297
CR:0 0.26
C12:0 0.87
C 14:0 0.69
C 16:0 14.42
C 16:1 4.04
C18:0 1.57
C 18:1 17.62
C 18:2 11.97
C18:3 w3 15.79
C 20:0 0.14
C22:6 0.30
C 24:0 0.22

Source: Otles, Pire,2001

marine algae (Schizochytrium sp.) also increased con-
centrations of CLA and docosahexaenoic acid in the
milk of dairy cows (Franklin etal,, 1999), Or-
Rashid et al. (2008) monitored changes in fatty
acids in rumen fluid of cattle fed a diet containing
red algae Crypthecodinium cohnii. The percentage of
SFA decreased when the diet was supplemented with
algae. On the contrary, there was an increase in rumenic
CLA. The enrichment of goat’s milk with fish oil was
reported by Kitessa etal (2001), Chilliard et
al. (2003), and Cattaneo et al. (2006). According
toPapadopoulos etal (2002), dairy ewe’s milk
composition was significantly affected by the dietary
inclusion of algae Schizochytrium sp. The milk was
significantly enriched with PUFAs and the ratio of
n-6:n-3 was 2.5:4.5. However, the response of dairy
goats to freshwater algae supplementation is not very
well known.

The addition of algae to the diet of ruminants re-
sulted in the reduction of SFAs and increase of CLA
and other PUFAs content in their milk. A higher daily
milk yield and higher fat and protein content in milk
were registered, too. The addition of algae to the diet
had a positive effect on cellular nutrition and the
central nervous system (Vahmani, 2013).

The aim of the present study was therefore to deter-
mine whether the addition of algae Chlorella vulgaris
in the goat’s diet results in fatty acids changes and
improves nutritional and health properties of goat’s
milk. Attention was paid to reducing the proportion
of SFAs and increasing the proportion of nutritionally
beneficial unsaturated FAs, mainly n-3 PUFAs. The
production of milk with beneficial fatty acids may
have a desirable impact on the health of consumers.
Autotrophic cultivation of algae for feeding can also
significantly contribute to reducing carbon dioxide
emissions, because the algae use it as a source of carbon.

13



Table 2. Silage composition (analysed by AGRO CS a.s. EKOAKVA laboratory Ceské Skalice, Czech Republic)

Parameter Units In the mass In dry matter
Original mass g kg1 509.50 100.00
N substances g kgl 46.85 91.95
SNLs 2. kgl 22.24 43.66
fat o kgl 16.30 32.00
Fiber g kel 170.58 334.82
Ash matter g. kg-1 29.39 57.69
BNVL g kgl 248.58 487.92
Starch value 21.17 41.55
MEs/BE MI . kg-1 4.61/9.47

NEL/NEV MI . kg-1 2.67/2.52

Lactic acid g. kgl 20.40

Acetic acid g . kg-1 3.90

Butyric acid g. kgl 0.00

pH 4.40

BNVL - nitrogen-free substances, SNLs - digestible nitrogen substances, MEs/BE - metabolisable energy of feed/ brutto energy of feed, NEL/

NEV - netto energy for lactation/ netto energy for fattening

MATERIAL AND METHODS

Chlorella vulgaris Beij., 1996/H 14 (denoted as
strain H 14) was selected in the laboratory of the
Institute of Botany, Academy of Sciences of the Czech
Republic, Tieboii. The alga is deposited at the Culture
Collection of Autotrophic Organisms. Basic growth
parameters of the strain are: maximum specific growth
rate = 0.18 h™' at culture temperature 35-37°C
and pH 6-7.5(Doucha, Livansky, 2012).

Algae cultivation took place in the photobioreactor,
where the algae with nutrient solution were exposed
to sunlight and a CO, bubbler. Algae were harvested
when their culture reached about 30 g of dry matter
per 1 1 of nutrient solution. After pre-concentration
and washing with water the algae were dried using a
spray dryer to 60°C for a few seconds.

Three-year old white shorthaired dairy goats on 2"
and 3™ lactation and at the beginning of the lactation
period were selected for the experiment. Goats were fed
ad libitum hay, silage, and then mashed concentrated
feed in organic quality. The concentrate consisted of
50% wheat, 25% oats, and 25% maize and its portion
was about 0.3 kg per animal per milking (goats were
milked twice a day). Silage composition is shown in
Table 2. Selected individuals were divided into three
groups per 12 animals marked with blue, green, and
red. The blue group was a control group with no ad-
dition of algae to the diet. The second group marked
in green were the animals supplemented with 5 g of
dried algae Chlorella vulgaris daily. Animals of the
third group, marked red, were fed 10 g algae per head
per day during the test. Added algae were ground and
given to goats individually during milking in the form
of dried powder. Samples for fatty acid profile analysis
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were taken at the beginning of the experiment (March
15 and six weeks later by its end (April 26'). Milk
was collected into standard plastic sample tubes, cooled
down, and kept frozen at —18°C until analysis.

Milk samples were defrosted in a water bath at 20°C.
Fat was extracted by the modified Gerber method (IS O
2446:2008 (IDF 226:2008). The method was
modified using butyrometers for cheese, allowing fat
removal from the top of the butyrometer after its cen-
trifugation. Separated milk fat was esterified by 0.25M
methanolic KOH according to ISO 15884:2002
(IDF 182:2002). After that, methyl esters of
fatty acids were extracted into 10 ml of n-heptane and
dried using anhydrous sodium sulphate. The fatty acid
profile analysis was performed on Agilent 7890 GC-
FID system (Agilent Technologies Inc., Santa Clara,
USA) using biscyanopropyl polysiloxane Rt®-2560
capillary column (100 m x 0.25 mm * 0.2 pm) (Restek
Corp., Bellefonte, USA). The instrumental conditions
were: inlet and detector temperatures 250°C, oven
temperature program 100°C (4 min), 3°C per min to
240°C (10 min). The results were expressed in relative
percentage of each fatty acid, and were calculated us-
ing the internal normalization of the chromatographic
peak area. The Food Industry FAME Mix (AOAC
996.06 Standard, 2000) on Rt®-3507 (Restek) was
used for peak identification.

The obtained data were processed using MS Excel
2007 and STATISTICA Version 9 software. To compare
different groups of samples (blue, green, and red),
the relative content of cach fatty acid was finally
calculated (100% = FA content at the beginning of
the experiment). The individual groups were then
compared using a (-test for two independent variables,
Differences were considered significant at P < 0.05.
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Table 3. Fatty acids profile of goats’ milk samples (in %) for each experimental group at the beginning of the experiment

Blue group Green group Red group
Sampling date 15. 3. 5 p— . D % D
C4:0 1.7 0.6 Ly 0:2 1:2 0.2
C6:0 1.9 0.3 22 0.3 1.6 0.3
C8:0 2.5 0.4 3.0 0.4 23 0.3
C10:0 10.9 3.2 11.5 1.4 9.4 1.6
C12:0 4.7 1.0 5.6 1.0 4.9 1.3
C14:0 12.3 1.6 13.3 1.4 13.7 1.6
Cl4:1 1.1 0.1 1.2 0.1 1.4 0.2
Cl6:0 293 2.6 32.0 2.6 354 24
Clé:1 1.0 0.1 0.9 0.1 1.1 0.2
CI18:0 11.6 1.2 12.8 0.7 12.8 1:7
CI8:1 15.5 2.6 12.3 2.3 13.2 2.8
Cl18:2 2.0 0.5 1.4 0.3 1.6 0.3
C20:0 1.1 0.3 0.6 0.2 0.8 0.4
Cl18:3 1.5 0.3 23 0.3 2.0 0.4

Blue group = contral, Green group = § g Chlorella vulgaris/goat/day, Red group = 10 g Chlorella vulgaris/goat/day.

RESULTS

Basic statistical characteristics (arithmetic mean
(x) and standard deviation (SD)) of fatty acids content
in goat’s milk at the beginning and the end of the
experiment are given in Tables 3 and 4. The content
of eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA) in all samples was below the detection
limit of the method used (0.1%). The differences of

total SFA, MUFA, and PUFA at the beginning and
at the end of the experiment are presented in Fig. 1.

As Chlorella vulgaris contains mainly longer chain
fatty acids with 16 carbons and more (Table 1), the
effect of feed supplementation was focussed on these
fatty acids. Fat extraction and fatty acids analysis
conditions could probably cause a partial evaporation
of highly volatile short chain fatty acids and therefore
their changes are not discussed in this paper.

Table 4. Fatty acids profile of goats’ milk samples (in %) for each experimental group at the end of the experiment

Sampling date 26. 4. - Blue group — - Green group — - Red group —
C4:0 0.9 0.7 1.4 0.2 0.9 0.5
ce6:0 0.9 0.8 1.8 0.3 1.5 0.8
CR:0 1.4 0.6 22 0.3 1.4 0.5
C10:0 7.4 0.8 8.4 1.0 6.5 1.1
Cl12:0 4.1 0.5 4.0 0.6 3.6 0.6
C14:0 13.0 1.1 1.8 0.5 11.0 1.4
Cl4:1 1.4 0.2 1.3 0.2 3.8 0.1
Cl6:0 34.6 25 31.9 0.6 28.4 2.0
Cl6:1 1.1 0.1 1.0 0.1 0.8 0.3
C18:0 14.3 24 12.1 0.7 10.8 0.3
Cl8:1 17.5 3.2 19.4 2.8 21.2 1.2
Ci8:2 1.9 0.1 24 0.3 2.6 0.3
C20:0 0.7 0.2 L3 0.2 3.8 0.2
Cl18:3 1.1 0.3 0.8 0.3 36 0.4

Blue group = control, Green group = 5 g Chlorella vulgaris/goat/day, Red group = 10 g Chlorella vulgaris/goat/day.
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Fig. 1. Comparison of SFA, MUFA and PUFA

content (in %) in experimental goat groups at 90
the beginning (Beg) and at the end (End) of
experiment. Blue group = control, Green group
=5 g Chlorella vulgaris/goat/day, Red group =
10 g Chlorella vulgaris/goat/day
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DISCUSSION

Park et al. (2007) reported that the content of
capric, myristic, palmitic, stearic, and oleic acids
should exceed 75% in goat’s milk, which corresponds
to the results obtained (over 80% on the average).
The content of palmitic acid in goat’s milk should be
23.2-34.8% (Park etal., 2007). There was a 5.32%
difference in this fatty acid between the control group
samples taken at the beginning and at the end of the
experiment which is within the range given above. The
green group showed a negligible decrease of 0.71%.
The largest decrease in palmitic acid content (from
35.45 to 28.44%) was observed in the red group. This
downward trend was also described by Cattaneo
et al. (2006) in their study focused on the addition
of fish oil diet to goats. They reduced the content of
palmitic acid by 3.04%. According to Czadeurna
etal. (2010), palmitic acid content can be also reduced
by increasing the protein content in the feed, which
happened by adding algae to the diet, too. Chlorella
vulgaris is a good source of valuable proteins which
make up to 60% of its dry matter content (Doucha,
1998).

The content of oleic acid showed almost identical
values in the case of the blue (control) group at the
beginning and at the end of the measurement. There
was an 8.15% increase in both oleic acid isomers
in the green group. The largest increase (by 9.33%)
was recorded in the red group, where the value was
11.89% at the beginning and 21.22% at the end of the
experiment. A similar tendency was also described by
Chilliard etal. (2003). The addition of encapsu-
lated canola seeds to goats feeding portion increased

16
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End End

End ‘ Beg
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the oleic acid content by 7.9%. In the control group,
the linoleic acid content decreased by 0.16% during
the experiment. The green group showed an increase
of 1.14%. The red group recorded a 1.06% increase
of all C 18:2 isomers. The content of C 18:3 isomers
in the control group and the green group with the ad-
dition of Chlorella vulgaris (5 g per animal per day)
decreased by 0.45 and 1.55%, respectively. On the
other hand, the red group (10 g per animal per day)
showed the 1.61% increase of both these isomers.
Chilliard etal. (2003) also described the increase
(by 3.1%) of linolenic acid in the case of canola seed
supplementation.

Though the rumen microbiota could change the
structure of fatty acids from the diet, the differences
measured between the beginning and the end of the
experiment showed that fatty acid profile of milk was
influenced by algae supplementation. The more algae
added to the diet, the greater changes in the fatty ac-
ids profile of goat’s milk were found. The statistical
comparison of total fatty acids in each group showed
that the difference between blue and green groups (no
Chlorella vulgaris and 5 g of Chlorella vulgaris) was
statistically insignificant (P = 0.3262), the same as
the difference between green and red groups (5 and
10 g of Chlorella vulgaris) (P = 0.1764). In contrast,
a statistically significant difference between the blue
group and the control group was found (P = 0.0390).
The addition of 10 g of algae into the feed thus dem-
onstrated statistically significantly different fatty acid
composition of dairy goats” milk.

The ratio of SFA:MUFA:PUFA in the samples
analyzed was compared with nutritionally recom-
mended values (< 1:1.4:> 0.6). In the case of the
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control group, this ratio was almost identical at the
beginning (5.56:1.4:0.25) and at the end of the experi-
ment (5.41:1.4:0.20). The green group with the addition
of 5 g of algae per animal per day showed a positive
change in this ratio from 8.66:1.4:0.38 to 4.82:1.4:0.21.
The red group, with the highest addition of algae (10
g per day), showed the greatest positive change in
the ratio of SFA:-MUFA:PUFA, from 7.97:1.4:0.34 to
3.68:1.4:0.34. There was a significant (by more than
50%) reduction in the SFA content. However, it should
be noted that short chain fatty acids were not taken
into account because of their volatility and possible
loss during the applied esterification method.

The red group also exhibited a positive shift of
n-6:n-3 PUFA ratio, which should be maximally 5:1
in the human diet. This experimental group exhibited
the ratio of 3.72:1 at the beginning of the experiment
and 2.36:1 at the end of the experiment, while the
blue control group started at 3.04:1 and finalized at
4.70:1. The results may, however, be regarded only
as orientation values because the total PUFA con-
tent was relatively low. If this tendency is proved,
the increasing proportion of n-3 PUFA in milk from
goats supplemented with algae could bring about a
positive effect in the prevention of hypertension, tu-
mour growth and development, coronary discase, and
diabetes (Simopoulos,1999;Hardman, 2002).

Fatty acids play also an important role in choles-
terol regulation in blood. Fatty acids with 12 to 16
carbon atoms significantly increase the level of LDL
and HDL cholesterol and thus the total cholesterol
in the blood plasma (Foster et al., 2009). Novel
milk with reduced SFA could therefore decrease LDL
cholesterol fraction which significantly lowers total
plasma cholesterol (Noakes etal., 1996). Increasing
the content of PUFAs could be beneficial not only to
humans, but also to neonatal goat kids, especially in
organic farming systems where the diet of the new-born
animals consists of maternal milk for at least 45 days.

CONCLUSION

Our results showed that dietary composition affected
the fatty acid profile of dairy goat’s milk. The addition
of dried algae Chlorella vulgaris to the diet of goats
caused changes in both saturated and unsaturated fatty
acids in milk. The differences measured between the
beginning and the end of the experiment showed that the
more algae was added to the diet, the greater changes
in the fatty acids profile of goat’s milk were found. A
statistically significant effect was found between the
control group and the group supplemented with 10 g
of Chlorella vulgaris per goat per day. The greatest
effect was seen in the relative reduction of palmitic
acid content and increased oleic, linoleic, and linolenic
acids content. The addition of algae also increased the
nutritional quality of goat’s milk, because there was

a positive change in the ratio of SFA:MUFA:PUFA
in terms of reducing the proportion of saturated fatty
acids, as well as a the tendency in the change of n-6
and n-3 PUFAs ratio.

REFERENCES

Alferez MJM, Barrionuevo M, Aliaga IL, Sanz-Sampelavo
MR, Lisbona F, Robles JC, Campos MS (2001): Diges-
tive utilization of goat and cow milk fat in malabsorption
syndrome. Journal of Dairy Research, 68, 451-461. doi:
10.1017/50022029901004903.

Antunac N, Havranek IL, Samarzija D (2001): Effect of breeds
on chemical composition of goat milk. Czech Journal of
Animal Science, 46, 268-274.

AOAC Official Method 996.06 (2000): Fat (total, saturated,
and unsaturated) in foods. Official methods of analysis of
AOAC International, Revision 1, Chapter 41. 17th Ed. AOAC
International, Gaithersburg, 20-24,

Baer RJ, Ryali J, Schingoethe DJ, Kasperson KM, Donovan
DC, Hippen AR, Franklin ST (2001): Composition and
properties of milk and butter from cows fed fish oil. Journal
of Dairy Science, 84, 345-353. doi: 10.3168/jds.S0022-
0302(01)74483-9.

Berner LA (1993): Round table discussion on milkfat, dairy
foods, and coronary heart-disease risk. Journal of Nutrition,
123, 1175-1184.

Bourre JM (2005): Where to find omega-3 fatty acids and how
feeding animals with diet enriched in omega-3 fatty acids
to increase nutritional value of derived products for human:
what is actually useful? The Journal of Nutrition, Health &
Aging, 9, 232-242.

Cant JP, Fredeen AH, MacIntyre T, Gunn J, Crowe N (1997):
Effect of fish oil and monensin on milk composition in dairy
cows, Canadian Journal of Animal Science, 77, 125-131.
doi: 10.4141/A95-125.

Cattaneo D, Dell’Orto V, Varisco G, Agazzi A, Savoini G (2006):
Enrichment in n-3 fatty acids of goat’s colostrum and milk
by maternal fish oil supplementation. Small Ruminant Re-
search, 64, 22-29.

Chichlowski MW, Schroeder JW, Park CS, Keller WL, Schimek
DE (2005): Altering the fatty acids in milk fat by including
canola seed in dairy cattle diets, Journal of Dairy Science,
88, 3084-3094. doi: 10.3168/jds.50022-0302(05)72990-8.

Chilliard Y, Ferlay A, Rouel J, Lamberett G (2003): A review
of nutritional and physiological factors affecting goat’s milk
lipid synthesis and lypolysis. Journal of Dairy Science, 86,
1751-1770.

Chow CK (2000): Fatty acids in foods and their health implica-
tions. Marcel Dekker, New York.

Czauderna M, Kowalczyk I, Michalski JP (2010): Effect of a
protein level in the diet on fatty acid profile in goat milk.
Journal of Animal and Feed Sciences, 19, 211-217.

SCIENTIA AGRICULTURAE BOHEMICA, 45, 2014 (3): xx—xx 17

42



Donovan DC, Schingoethe DJ, Baer RJ, Ryali J, Hippen AR,
Franklin ST (2000): Influence of dietary fish oil on conju-
gated linoleic acid and other fatty acids in milk fat from lac-
tating dairy cows. Journal of Dairy Science, 83, 2620-2628.
doi: 10.3168/jds.50022-0302(00)75155-1.

Doreau M, Chilliard Y (1997): Effects of ruminal or postruminal
fish oil supplementation on intake and digestion in dairy
cows. Reproduction Nutrition Development, 37, 113-124.
doi: 10.1051/rnd:19970112.

Doucha I (1998): Program Chlorella in the Czech Republic.
Institute of Microbiology of the Academy of Sciences of
the Czech Republic, Tfeboii. (in Czech)

Doucha I, Livansky K (2012): Production of high-density
Chlorella culture grown in fermenters. Journal of Applied
Phycology, 24, 35-43. doi: 10.1007/s10811-010-9643-2.

Foster R, Williamson CS, Lunn J (2009): Culinary oils and their
health effects. Nutrition Bulletin, 1, 4-47.

Franklin ST, Martin KR, Baer RI, Schingoethe DJ, Hippen AR
(1999): Dietary marine algae (Schizochytrium sp.) increases
concentrations of conjugated linoleic, docosahexaenoic and
transvaccenic acids in milk of dairy cows. Journal of Nutri-
tion, 129, 2048-2054.

Gors M, Schumann R, Hepperle D, Karsten U (2010): Quality
analysis of commercial Chlorella products used as dietary
supplement in human nutrition. Journal of Applied Phycol-
ogy, 22, 265-276. doi: 10.1007/s10811-009-9455-4.

Haenlein GFW (2004): Goat’s milk in human nutrition. Small
Ruminant Research, 51, 155-163.

Hardman WE (2002): Omega-3 fatty acids to augment cancer
therapy. Journal of Nutrition, 132, 35085-35128.

IS0 2446:2008 (IDF 226: 2008). Milk - Determination of fat con-
tent. International Organization for Standardization, Geneva.

ISO 15884:2002 (IDF 182: 2002). Milk fat - Preparation of
fatty acid methyl esters. International Organization for
Standardization, Geneva.

Jandal JM (1996): Comparative aspects of goat and sheep milk.
Small Ruminant Research, 22, 177-185.

Jones EL, Shingfield KI, Kohen C, Jones AK, Lupoli B, Gran-
dison AS, Beever DE, Wilyams CM, Calder PC, Yaqoob P
(2005): Chemical, physical, and sensory properties of dairy
products enriched with conjugated linoleic acid. Journal
of Dairy Science, 88, 2923-2937. doi: 10.3168/jds.S0022-
0302(05)72973-8.

Keady TWJ, Mayne CS, Fitzpatrick DA (2000): Effects of sup-
plementation of dairy cattle with fish oil on silage intake,
milk yield and milk composition. Journal of Dairy Research,
67, 137-153. doi: 10.1017/50022029900004180.

Kennelly 11, Bell JA, Keating AF, Doepel L (2005): Nutri-
tion as a tool to alter milk composition. Advances in Dairy
Technology, 17, 255-275.

Kitessa SM, Gulati SK, Ashes IR, Fleck E, Scott TW, Nichols
PD (2001): Utilisation of fish oil in ruminants — II. Transfer
of fish o1l fatty acids into goats” milk. Animal Feed Science
and Technology, 89, 201-208.

Lee YK (2001): Microalgal mass culture systems and methods:
their limitation and potential. Journal of Applied Phycology,
13, 307-315.

Masojidek I, Prasil O (2010): The development of microalgal
biotechnology in the Czech Republic. Journal of Industrial
Microbiology & Biotechnology, 37, 1307-1317.

Noakes M, Nestel PJ, Clifton PM (1996): Modifying the fatty
acid profile of dairy products through feedlot technology
lowers plasma cholesterol of humans consuming the products.
American Journal of Clinical Nutrition, 63, 42-46.

Nudda A, Battacone G, Usai MG, Fancellu 8, Pulina G (2006):
Supplementation with extruded linseed cake affects concen-
trations of conjugated linoleic acid and vaccenic acid in goat
milk. Journal of Dairy Science, 89, 277-282. doi: 10.3168/
jds.80022-0302(06)72092-6.

Or-Rashid MM, Kramer JKG, Wood MA, McBride BW (2008):
Supplemental algal meal alters the ruminal trans-18:1 fatty
acid and conjugated linoleic acid composition in cattle.
Journal of Animal Science, 86, 187-196. doi: 10.2527/
jas.2007-0085.

Otles S, Pire R (2001): Fatty acid composition of Chlorella
and Spirulina microalgae species. Journal of AOAC Inter-
national, 84, 708-714.

Papadopoulos G, Goulas C, Apostolaki E, Abril R (2002):
Effects of dietary supplements of algae, containing poly-
unsaturated fatty acids, on milk yield and the composition
of milk products in dairy ewes. Journal of Dairy Research,
69, 357-365. doi: 10.1017/50022029902005599.

Park YW, Juirez M, Ramos M, Haenlein GFW (2007): Phys-
ico-chemical characteristics of goat and sheep milk, Small
Ruminant Research, 68, 88—113. doi: 10.1016/j.smallr-
umres.2006.09.013.

Pauwels EKJ, Kostkiewicz M (2010): The Mediterranean diet,
part IV: A diet for obesity or food for fat? Drugs of the
Future, 35, 121-128.

Petkov G, Garcia G (2007): Which are fatty acids of the green
alga Chlorella? Biochemical Systematics and Ecology, 35,
281-285. doi: 10.1016/).bse.2006.10.017.

Rasoul-Amini S, Ghasemi Y, Morowvat MH, Mohagheghzadeh
A (2009): PCR amplification of 185 rRNA, single cell pro-
tein production and fatty acid evaluation of some naturally
isolated microalgae. Food Chemistry, 116, 129-136. doi:
10.1016/j.foodchem.2009.02.025.

Reynolds M (2009): The nutritional benefits of goat’s milk.
Dairy Goat Journal, 87, 23-24.

Samkovi E, Pedek M, Spicka J, Pelikanova T, Hanug O (2009):
The effect of feeding diets markedly differing in the propor-
tion of grass and maize silages on bovine milk fat composi-
tion. Czech Journal of Animal Science, 54, 93-100.

Shingfield KI, Reynolds CK, Hervis G, Griinari JM, Grandson
AS, Beever DE (2006): Examination of the persistency of
milk fatty acid composition responses to fish oil and sun-
flower oil in the diet of dairy cows. Journal of Dairy Science,
89, 714-732. doi: 10.3168/jds.S0022-0302(06)72134-8.

18 SCIENTIA AGRICULTURAE BOHEMICA, 45, 2014 (3): xx-xx

43



ACTA UNIVERSITATIS AGRICULTURAE ET SILVICULTURAE MENDELIANAE BRUNENSIS

Volume 65
https://doi.org/10.11118/actaun201765051585

162

Number 5, 2017

EFFECT OF CHLORELLA VULGARIS AND
JAPONOCHYTRIUM SP. MICROALGAE
SUPPLEMENTATION ON COMPOSITION AND
FATTY ACID PROFILE OF GOAT MILK

Kldra Novotnd', Milena Fantovi', Lenka Nohejlovd!, Markéta Borkova?,
Ludék Stadnik!, Jaromir Duchacek!

Department of Animal Husbandry, Faculty of Agrobiology, Food and Natural Resources, Czech University of Life
Sciences Prague, Kamyckd 129, 16521, Praguce 6 - Suchdol, Czech Republic
*Diary Research Institute, Ke Dvoru 791/12a, 160 00 Prague 6, Czech Republic

Abstract

NOVOTNA KLARA, FANTOVA MILENA, NOHEJLOVA LENKA, BORKOVA MARKETA,
STADNIK LUDEK, DUCHACEK JAROMIR. 2017. Effect of Chlorella Vulgaris and Japonochytrium sp.
Microalgae Supplementation on Composition and Fatty Acid Profile of Goat Milk. Acta Universitatis
Agriculturae et Silviculturae Mendelianae Brunensis, 65(5): 1585-1593.

The aim of this study was to investigate the effect of two species of the microalgae on the milk yield,
the basic composition and the fatty acid profile of goat milk, with focus on n-3 fatty acids. Forty-five
White short-haired goats were randomly allocated to three groups; the control group (C) with no
supplementation microalgae to the diet. The first experimental group (Ch) was supplemented with
Chlorella vulgaris and second experimental group (J) has been supplemented with Japonochytrinm sp.
The Japonochytrium supplementation negatively affected milk yield, but the amount of milk fat (+0.1 %;
+0.45%) and solids-not-fat (+0.27%; +0.86%) were higher than in group C and Ch. The amount of
polyunsaturated (5.527 % + 0.378) and saturated (71.560% + 0.861) fatty acids was also highest in group
J. Anincrease of C20:4, C20:5 was detected in J and Ch, and the concentration of C22:6 was highest in

group J{+0.019%; P < 0.001).

Keywords: goat's milk, milk composition, fatty acid, microalgae, Chlorella vulgaris, Japonochytrium sp.

INTRODUCTION

Producers of goat milk and dairy products are
constantly trying to increase yield and change
the ratio of protein and milk fat (Kennelly et al,
2005). In recent years, there has been increased
effort to affect the fatty acid (FA) profile of the goat
milk and dairy products. Modifications in ruminant
diet can multiply concentrations of bioactive
compounds (conjugated linoleic acid (CLA) or
n-3 and n-6 fatty acids) in milk and dairy products
(Chilliard et al,, 2003). Such enriched milk could
be used for the development of new functional
foods and nutritional supplements, and it could
improve the health of consumers (Hardman,
2002; Péti et al,, 2016). The high intake of n-3 fatty
acids can reduce human blood triglycerides and
the risk factor of coronary heart disease, minimise
the possibility of thrombosis leading to a heart

attack (Hardman, 2002; Li et al, 2003). Linoleic
acid (C18:2, n-6) and alpha-linolenic acid (C18:3,
n-3) are considered essential to humans because
they cannot be synthesised in the human body
(Chilliard er al, 2003). Alpha-linolenic acid is
the precursor of n-3 polyunsaturated fatty acids
(PUFAs) such as eicosapentaenoic acid (C20:5, n-3,
EPA) and docosahexaenoic acid (C22:6, n-3, DHA),
which are required for many metabolic processes
in human body and ecifectively prevent coronary
heart diseases (Hardman, 2002; Péti et al,, 2015). CLA
has anticarcinogenic and antiatherogenic effects of
the anti-obesity properties enhancing, antidiabetic
and immune system (Tsiplakou etal., 2008). The most
cificient strategies involved supplementing animal
feed with different oils. Results of such studies
reported that n-3 PUFA enriched supplemental
fat decreased in feed consumption, milk yield and

1585

44



1586

Kldra Novotnd, Milena Fantovd, Lenka Nohejlovd, Markéta Borkovd, Ludéle Stddnik, Jaromir Duchdcek

milk fat depression in cows (Or-Rashid et al., 2008),
however, in goat reported no efiect (Zhang et al,
2006). Nevertheless, data on feeding microalgae
additions are limited, mainly in dairy cows and ewes,
such as Papadopoulos et al. (2002); Boeckaert et al.
(2008); Toral et al. (2010). The microalgae cultivating
have been developed over the last decades because
it is a straightforward and inexpensive method for
their cultivation. Microalgae can produce valuable
metabolites, such as n-3 fatty acids for nutraceutical
and pharmaceutical purposes (Guerin et al,, 2003;
Hu, 2004). Green freshwater microalgac Chlorella
vulgaris belonging to the class Trebouxiophyceae,
family Chlorellaceae contains high concentrations of
beneficial fatty acids, and it is a primary source of
linoleic acid and alfa-linolenic acid (Petkov et Garcia,
2007). The second tested microalgae Japorochytrium
sp. is in Kingdom Thraustochytrid, saprophytic
species occurring in marine and brackish waters on
the surface of algae, organic detritus and vascular
plants. Thraustochytrid produce and accumulate
high concentration of lipids in their biomass,
especially DHA (Humbhal ¢t al, 2016; Jasuja et al,
2010). Microalgae can be included in foods or feeds,
because of their easy digestibility (Luy et Rusing,
2007). We supposed that the milk amount and

the composition with emphasis on the fatty acid
profile could be improved when goats are fed with
the microalgae supplemented the diet. Therefore
the aim of this study was to compare the effect of
the supplemented two species of microalgae on
the milk yield and the basic composition as well as
the fatty acid profile of the goat milk, concerning
the health of consumers.

MATERIALS AND METHODS

Experimental design

This experiment used 45 White short-haired
dairy goats reared on an organic farm in the Czech
Republic. The animals were balanced for parity and
period of kidding. The control and experimental
goats were kept indoors and were fed with 4 kg
grass, hay (ad libitum) and 300 ggrain mix (50%
wheat, 25% oats and 25% maize). Goats in the first
experimental group (Ch, n = 15} were fed the same
ration with the addition of 10 g/head/day dried
granulated microalgae Chlorella vulgaris, while goats
in the second experimental group (J, n = 15) were
fed a ration with the addition of 10 g/head/day dried
granulated microalgae Japonochytrium sp. Goats in

I Chemical composition and fatty acid profile of standard ration and microalgae supplementation ( % of total fatty acids).

Ciislinds Hay Con:’::dtratc ?}ﬁ![;;e::: fapom:.;l.yh’ium
Chemical composition
Dry matter, g.kg'DM 968.41 931.14 876.34 949.38 968.51
Crude protein, g.kg' DM 159.79 80.94 88.59 96.12 94.41
Crude fat, g kg ' DM 18.72 10.14 2938 13.67 54
Crude fiber, g kg' DM 219.73 345.41 42.28 17.83 14.09
Crudeash, gkg' DM 106.13 46,98 1734 20.05 245
Main fatty acids
C16:0,% 14.775 22.829 11.587 16.17 22.93
C18:0,% 1992 5.835 1.803 092 1.474
C18:1,n-9,% 6.348 21.624 23.38 0.49 14.869
C18:2,n-6,% 15.424 17,935 58.307 28.34 1.682
C18:3,n-6,% 0.175 0.283 0.024 0.00 0.116
C18:3,n-3,% 56.051 21.99 2183 33.66 0.085
C€20:2,n-6,% 0.056 0.053 0.046 0.00 0.014
C€20:3,n-6,% 0.00 0.098 0.005 0.00 0174
C 20:4,n-6,% 0.012 0.00 0.003 0.14 0.209
C20:5,n-3,% 0.343 0.552 0.123 0.00 0.575
€22:6,n-3,% 0.094 0.187 0.091 0.81 41.954
SFA, % 2341 2372 19.83 19.2 28.842
MUFA, % 10.98 11.28 3512 18.43 15.853
PUFA, % 65.61 45.056 62.14 55.307
n-3,% 50.07 4111 2.89 33.60 43.456
n-6, % 15.36 23.84 42.17 28.48 11.634

Notes: DM - dry matter, SFA - saturated fatty acid, MUFA - monounsaturated fatty acid, PUFA - polyunsaturated fatty

acid.
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control group (C, n = 15) were fed mentioned ration
without supplements. Chemical composition and
fatty acid profile of standard ration and microalgae
supplementation are shown in Tab. I. Goats were
individually fed their diet and their microalgae,
the supplements were fed during milking from May
to July 2015. Individual milk samples for analysis
were taken four times during the experiment during
the morning milking every two weeks. The first
samples were collected 60 days after kidding before
microalgae were fed. The second samples were
taken 74, and the third samples were taken 88 days
after kidding, during the supplementation with
microalgae. The fourth milk samples were taken
102 days after kidding, and it was 14 days after
supplementation with microalgae was finished. Milk
samples (200 ml per animal) were collected into
standard plastic sample tubes, cooled to 5-8 °C, and
transported in a thermo-box to the milk laboratory
at Czech University of Life Sciences in Prague for
analysis.

Determination of basic components in milk

Milk samples were assayed immediately on
arrival for solids-not-fat solids (SNF), fat (F), total
protein (P) and lactose (L) contents. Daily milk yield
(DMY) was determined from both milk sampling of
the day. Milk was assayed using the infrared Fourier
transform analyser operating in the central part
of the infrared spectrum (Milkoscan FT2, FOSS,
Hilleroed, Denmark). Milk samples were analysed
for milk compositions by gravimetric method (CSN
EN ISO 1211 - Reference method) according to
the Czech Standards Institution (2011).

Determination of fatty acids in milk

For fatty acids analysis, milk was frozen at -18 °C
until analysis. Milk samples were defrosted in
a water bath at 20 °C, homogenised and centrifuged
at 5000 g per minute for 15min. The cell pellet
was frozen at -70 °C and lyophilized (Lyovac GT2,
Hilleroed, Denmark) for 15 hours. Fatty acids in
isolated milk fat were re-esterified to their methyl
esters, For esterification, approximately 40 mg milk
fat, 0.5 ml methanol, and 0.5 ml methanolic-base
(05 N) were placed in a 25ml centrifuge tube.
The solution was agitated and heated for 2 min
at 80°C. Next, 1.5ml of hexane and 10ml of
saturated sodium chloride solution were added.
The tube was agitated again, and the hexane layer
was separated and analysed. FAs were determined
using a gas-chromatographic method (GC) using
an Agilent 7890A apparatus with an SP-2560
Supelco column (100 m x 0.25 mm x 0.2 p) with
helium carrier gas (flow 1.2 ml/ min), with injection
and detector temperatures at 280 °C. The column
temperature was 140 °C held for 5 min and then
increased 4 °C/ min to 240 °C. The identification of
FAME was carried out using the analytical standards
(Supelco, Christiansburg, Virginia). The proportions
of individual FAs were calculated from the ratio of
each peak area to the total area of all observed FAs.
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Furthermore, the total amount of saturated (SFA),
mono (MUFA) and polyunsaturated (PUFA) fatty
acids including subgroups n-3 and n-6 fatty acids
have been determined.

Statistical analysis

Effects of addition microalgae Chlorella vulgaris and
microalgae Japonochytrium sp. in the diets on selected
milk production traits were assessed by analysis
of variance (ANOVA) using the GLM procedure of
the SAS 9.2 software (SAS Institute Inc. 2002-2005).
For the calculations, the following model was
designed:

Y\i =p+ A+ B“" Cijic

Y, — measured values of dependent variable
(milk yield (kg), milk fat, protein, lactose and
solids-not-fat (%), fatty acids (%)), p — overall mean of
dependent variable,

A, - fixed effect of diet (microalgae addition,
3 levels), =Chlorella vulgaris (Ch), n=15;
Japonochytriwm sp. (J), n = 15; control group without
microalgae (C), n=15), f, - fixed effect of order of
sample (an average of group Ch, J, C), ¢, - random
residual  effect. The differences  between
the variables estimated were tested at the levels of
significance P < 0.05and P < 0.01.

RESULTS

Basic statistical parameters of the model applied
to different microalgae supplementation, and
the order of sample on the composition of goat
milk are shown in Tab. II. Model equations and
the group were statistically significant for the daily
milk yield, the milk fat and the solids-not-fat
[P < 0.001). The order of sample was statistically
significant only for fat (P <0.001). The effect of
sample affected the amount of milk yield (P < 0.001),
the milk fat (P<0.001), and the solids-not-fat
[P < 0.05). Nevertheless, other parameters did not
show the significant effect of factors differences
in all groups (model, group and order of sample).
The amount of the milk yield and the composition
of goat milk is shown in Tab. ITT. There was a higher
amount of milk yield in the control group than
in group Ch (+1.24 kg, P <0.001) and in group ]
(+0.89 kg, P < 0.001). The order of sample afiected
the milk vield, too. The highest amount of milk was
measured in the second specimen (2.06% + 0.101)
in contrast with the fourth sample when the lowest
amount of milk (1.57% + 0.101) was measured. This
difference was statistically significant (P < 0.001).
The amount of fat and solids-not-fat was measured
the highest in group ] and the lowest in group
Ch, in both cases. The differences between
groups were statistically significant (P < 0.001).
The order of sample affected the amount of fat and
solids-not-fat in milk, too. The lowest amount of
milk was measured in the last specimen; however,
the amount of fat and protein slightly increased.
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1I: Basic statistical parameters of model applied to different microalgae supplementation and the order of sample on compaosition of goat milk.

MODEL Group Order of sample

r? P F-test P F-test P
milk yield (kg) 0.402 <0.001 61.93 <0.001 4.95 0.002
fat (%) 0.167 <0.001 10.65 <0.001 6.60 <0.001
protein (%) 0.031 0.255 0.28 0.753 2.02 0.112
lactose (%) 0.014 0.715 0.16 0.854 0.86 0.464
SNF (%) 0.136 <0.001 11.39 <0.001 3.2 0.024

Notes: SNF - solids-not-fat.

1. Effect of microalgae supplementation and ovder of sample on milk yield and composition of goat milk (LSM + SD).

— Milk yield (kg) Fat (%) Protein (%) Lactose (%) SNF (%)
LSM +SD LSM + SD 1LSM + SD LSM +SD LSM +SD
C  259:0070°¢ 2.95 + 0.053* 2.89 + 0.022 437 +0.029 10.81 + 0.093*
Group Ch 135400975 2.60 + 0.0735¢ 2.86 +0.031 4.34 +0.040 10.22 +0.1285¢
] 1.70 £ 0.105°" 3.05 £ 0.0797 2.88 £ 0.033 436 +0.043 11.08 + 0.079"
1 1.88 + 0.101 2.73 + 0.076 2.81 +0.032 4.36 + 0.042 10.49 + 0.134°
Order of 2 2.06 +0.101* 3.13 £0.0765C 2.90 +0.032 437 +0.042 11.02 = 0.134
sample 3 2,00 +0.101* 2.70 + 0.076° 2.88 + 0.032 4.39 + 0.042 10.56 + 0.134
4 157 +0.101%° 2.90+ 0077 2.91+0.032 430 = 0.042 10.74 + 0.135

Notes: SNF - solids-not-fat. Different letters in the columns are statistical significance of the A-B, C-D...P < 0.001; a-b,

c-d..P < 0.05.

Neither the microalgae supplementation nor
the order of sample had any effect on the amount of
protein and lactose in goat milk.

From the basic statistic model equation (Tab. IV)
the microalgae supplementation positively aifected
the concentrations of lauric (C12:0), myristic (C14:0),
palmitoleic (C16:1), oleic (C18:1), linoleic (C18:2),
cicosatrienoic (C20:3) and n-6 PUFA, however
the order of sample affected Cé6-16:0, C18:1, C18:2,
C20:3, SFA, MUFA on the level of significance
P < 0.01. The results of fatty acid analysis of milk
samples are presented in Tab. V. The highest amount
of SFA was measured in group J (71.560% + 0.861), it
was caused by the increase of caproic (C6:0), caprylic
(C8:0), capric (10:0), lauric (12:0), myristic (C14:0)
and decreased concentrations of palmitic acid
(C16:0) and stearic acid (C18:0). The order of sample
affected the concentration of SFA significantly as
well (P < 0.001). The amount of MUFA was lower
in group J than in Ch and C (P>0.05). However,
the effect of the order of sample was significant
(P < 0.001). The decrease of MUFA between the first
and the sccond sample was -4.509%, it was due
to a decrease of C16:1- trans, C16:1, C18:1, n-9 in
the second sample. Higher concentration of MUFA
was measured in the last sample (+3.921%, P < 0.001).
PUFA increased in the experimental group J unlike
C (+0.189%) and Ch (+0.525%), but the amount of
both subgroups n-3 and n-6 was the lowest in group
J. The amount of PUFAs, n-3, n-6 fatty acids was
not statistically significant for the effect of different
microalgae supplementation neither for the order
of sample. The differences in concentration of

C18:2 were significant between groups J (+0.311%;
P < 0.05) and C and in groups ] (+0.444%; P < 0.001)
and Ch. The effect of the order of sample was
significant for concentrations of cicosatrienoic acid
(C20:3, n-6 and G20:3, n-3), their concentrations
increased in the last sample. The concentration
of DHA was highest in group J, it was statistically
significant (+0.019%; P < 0.001). DHA decreased
during the experiment, the highest concentration of
DHA was in the first sample and the last sample was
lowest (-0.017%, P < 0.05).

DISCUSSION

The nutrition is one of the most important
factors affecting goat milk composition (Heanlein,
2004). The aim of this study was to investigate
the influence of supplementations of freshwater
microalgae Chlorella vnlgaris and marine microalgae
Japonochytrium sp. into the goat dict on the milk
yield, the basic composition and the fatty acid
profile of goat’s milk. The chemical composition
of microalgae depends especially on  their
environmental and cultivation conditions. About
30% of world production of algac and microalgae
is used as animal feed; it is a non-traditional source
of the protein, fatty acids, vitamins, minerals and
others bioactive components (Lee, 2001; Petkov et
Garcia, 2007; Christaki et al., 2010). Chlorella vulgaris
is a source of linoleic and alpha-linolenic acid
(Petkov et Garcia, 2007) and Japonochytrium sp. is
an excellent source of DHA (Schmitt et al., 2012;
Humbal et al,, 2016). It corresponds with our results,
Chlorella vulgaris contained 33.66% alpha-linolenic

47



Effect of Chlorella Vulgaris and Japonochytrium sp. Microalgae Supplementation...

1589

IV: Basic statistical parameters of model applied to effect of microalgae supplementation and ovder of sample on fatty acid profile of goat milk

(% of total fatty dcids).

: MODEL Group Order of sample
Fatty acids
1’ P F-test P F-test P
C4:0 0.43 0.056 228 0.131 293 0.062
Co6:0 0.61 0.003 1.61 0.227 8.43 0.001
C8:0 0.63 0.002 3.42 0.055 7.94 0.001
C10:0 0.65 0.001 3.53 0.051 8.63 0.001
Cl12:0 0.83 <0.001 10.88 0.001 21.72 <0.001
Cl4:0 0.64 0.001 5.19 0.017 13 0.002
Cl6:0 0.69 0.000 0.15 0.863 13.18 <0.001
Clo:1;t 0.54 0.009 10.30 0.001 031 0.820
Clo:1 0.29 0.238 0.25 0.783 234 0.107
C18:0 0.70 0.000 226 0.133 12.41 0.000
Cl8:1;t 0.10 0.856 0.52 0.603 0.28 0.836
C18:1,n-% ¢ 0.89 <0.001 9.72 0.001 41.82 <0.001
Cl8:1;¢ 0.22 0431 243 0.116 0.09 0.963
Cl18:2;t 0.10 0.840 0.20 0.824 0.54 0.660
C18:2,n-6;¢ 0.64 0.001 875 0.002 4.75 0.013
C18:3,n-6 0.26 0331 0.62 0.548 1.66 0.212
C18:3,n-3 0.23 0.023 0.75 0.485 133 0.296
CLA 027 0.296 0.24 0.791 2.06 0.141
€20:3,n-6 0.53 0.013 719 0.005 1.85 0.175
C20:3,n-3 0.52 0.013 0.62 0.550 6.19 0.004
C20:4,n-6 037 0.107 1.38 0.277 2.65 0.080
C€22:2 0.21 0.483 0.87 0.438 098 0.424
€20:5,n-3 0.14 0.721 0.64 0.538 0.52 0.672
€22:6,n-3 0.59 0.004 7,65 0.004 3.67 0.032
SFA 0.68 0.001 1.00 0.387 11.86 0.000
MUFA 0.80 <0.001 2.80 0.088 21.85 <0.001
PUFA 0.21 0476 0.78 0.474 1.06 0.392
n-6 0.52 0.015 7.84 0.004 1.25 0.320
n-3 0.22 0432 0.58 0.570 132 0.298

Notes: CLA - conjugated linoleic acid, SFA - saturated fatty acid, MUFA - monounsaturated fatty acid,

PUFA - polyunsaturated fatty acid, t - trans, ¢ - cis.

acid and Japonochytrium sp. contained 41954%
DHA. The majority of the previous papers are
focused on the influence of algac and microalgae
on the qualitative indicators of milk of cows and
ewes. According Papadopoulos et al. (2002) adding
seaweed to the diet affected the cellular nutrition
and the central nervous system, and that affects
all metabolic processes in the body. The use of
algae increases the activity of the thyroid gland,
which affects the formation and use of acetic acid
and butyric acid, which has a major influence
on the amount of fat produced. Ewe milk fat and
protein contents were significantly increased by
supplementation with algae. According to Bichi et al.
(2013), dietary marine algae have been associated
with the milk fat depression in the milk of dairy
ewes, on the other hand, marine algae positively
aftected the fatty acid profile, par example the effect
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of addition of algae Schizochytrium sp. on fatty acid
composition in sheep milk that content of n-3 and
n-6 FAs was increased (Papadopoulos et al,, 2002).
It corresponds with the study of Shingfield et al.
(2013) that some species of algac have been
linked to depression of milk fat in dairy ewes and
the Boeckaert et al. (2008), they reported that algae
supplementation (10 g.kg' DM intake) significantly
reduced the cow milk fat content. On the other
hand, goats seem to be less sensitive to the milk
fat depression than sheep (Franklin et al, 2013).
The content of the milk fat was the highest in
a group with supplementation with Japonochytrium
sp. However, the group with supplementation
with Chlorella vulgaris the milk fat depression was
proven. According to P6ti et al. (2015), in dairy
cows, the microalgac supplementation hurt
rumen fermentation; it reduced fermentation to
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decrease the fat content and concentrations of
butyric (C4:0), caproic (C6:0) and caprylic (C8:0)
fatty acids of cow milk. Goat milk fat is rich in fatty
acids with short and medium carbon chain which
are C6:0, C8:0 and C10:0 (capric acid) (Haenlein,
2004). The supplementation with Japonochytrium
sp. decreased the amount of C40, however,
the amount of C6:0, C8:0, C10:0 was the highest.
On the other hand, the supplementation with
Chlorella vulgaris slightly increased the amount
of C40, C6:0, C8:0, C10:0 compared to control
group. The supplementation with Chlorella kessleri
(10g/kg! DM intake) significantly increased
concentrations of C4:0 but C6:0-C12:0 were
decreased in goat milk (Poti et al., 2015). The higher
SFA amount does not necessarily mean the worse
quality of milk, these SFA with short and medium
carbon chain are nutritionally highly beneficial
for consumers (Sanz Sampelayo et al, 2007). On
the other hand, the part of SFA represented by
hypercholesterolaemic FAs (lauric C12:0, myristic
Cl14:0, palmitic C16:0) significantly increase
the level of LDL (low-density lipoprotein) and HDL
(high-density lipoprotein) cholesterol (Heanlein,
2007), increase deposition of fat in the vascular
walls, and are related to atherosclerotic diseases
(Jensen, 2002; Duchaéek et al., 2014). The content of
C16:0, C18:0 was lower in the group supplemented
with  Japonochytrium sp. than in the group with
Chiorella vulgaris. According the study of Péti et al.
(2015) the concentrations of C12:0, C14:0, C16:0
did not show any significant differences during
the experimental period. However, the decrease
of these acids should have a positive efiect on
the consumer’s health (Koufimska et al., 2014). In
Borkovéa et al. (2016), the feed supplementation

with  Japonochytrium sp. (5g/head/day) increased
the amount of vaccenic acid (t11-C18:1), CLA,
C18:3, cis-8,11,14-C20:3, and DHA, on the other
hand, C18:0 content was decreased. This is in
concordance with Péti et al. (2015), the feeding of
n-3 fatty acids increased markedly the vaccenic
acid content, while decreased the amount of
C18:0 in milk fat. In our study, the increase of
C20:4, C20:5 in both experimental groups were
detected. However, the content of CLA and
alpha-linolenic was decreased. The concentration
of DHA was highest in group with Japonochytrium
sp. microalgae. Goat milk fat generally contains
about 53-72% of SFA, 26-42% of MUFA and 2-6%
PUFA (Toral et al, 2012). However the addition
of microalgae Chlorella vulgaris in the goats diet
positively affected the ratio of SFA:MUFA:PUFA,
from 7.97:1.4:034 to 3.68:1.4:034 [KouFimska ¢t al,,
2014).The feed enrichment with Japonochytrium
microalgae positively affected the nutritional quality
of goat milk due to increasing the content of PUFA
(Borkovi et al., 2016). The n-6:n-3 ratio is generally
used to assess the nutritional value of fats (Poti et al.,
2015).The group ] exhibited a positive ratio of
n-6:n-3 PUFA, 2.096:1 and for the group Ch it was
2777:1. This is in concordance with the literature
reports, the recommended value is an n-6m-3
ratio of less than 4 (Simopoulos, 2004). However,
our results may be regarded as orientation values
because the total PUFAs amount was relatively low.
Increasing the amount of PUFAs, especially n-3
PUFA, could be beneficial for consumers health
{Hardman, 2002), producers of dairy products
(Borkovi et al., 2016}, but also to goat kids in organic
farming systems (Koufimskdet al., 2014).

CONCLUSION

In conclusion, there were significant differences in the composition of milk and fatty acid profile
between two experimental groups of goats supplemented with two different species of microalgae.
The Japonochytrium sp. microalgae supplementation resulted in the significantly higher amount of fat
and solids-not-fat than Chlorella vulgaris supplementation. The concentration of SFA with short and
medium carbon chain was significantly greater in both groups with microalgae supplementations.
Japonochytrium sp. increased the amount of total PUFAs. The use of microalgae in the nutrition of goats
caused changes in the ratio of milk fat and protein and therefore affect the yield in the production of
cheese and other dairy products. While the consumers have dietary benefits from consumption of
this fortified milk by microalgae fed goats, due to increased concentrations of health promoting fatty

acids, can also improve the human health.
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Abstract

The feed is one of the most important factors affecting
goat milk composition. The purpose of this study was
to investigate the influence of freshwater algae Chlorel-
la vulgaris addition and marine algae Japanochytrium
sp. addition into goat diet on the fatty acid profile of
goat butter.

Forty-five White Shorthaired dairy goats during their
second lactation were divided into three groups of fif-
teen animals. The feed in the experimental group E1
was enriched by the addition of 10 g/day of granulated
Chlorella vulgaris and by 5 g/day of granulated Japano-
chytrium sp. in the experimental group E2 respectively.
The control group C was fed a standard diet without al-
gae supplementation. Additionally, for nutritional rea-
sons, the fatty acid profile of butter blends (goat : cow
50:50, and 25 : 75) were also studied. Fatty acids were
re-esterified into the corresponding methyl esters and
analyzed by gas chromatography with a flame ioniza-
tion detector.

Our results suggest that the feed supplementation
with Japanochytrium sp. led to an increased content
of vaccenic acid (by 16%), conjugated linoleic acid (by
5%), cis-8,11,14-eicosatrienoic (by 140%) and docosa-
hexaenoic acid (by 80%) in the goat butter compared
with the control group. Chlorella vulgaris supplementa-
tion hasn't increased the content of these fatty acids in
the butter. The addition of cow cream into butter made
from goat cream of Japanochytrium group caused a
decrease of saturated fatty acids (by 5% in 25 : 75 but-
ter, and by 3% in 50 : 50 butter respectively) and poly-
unsaturated fatty acids (by 17%in 25 : 75 butter, and by
10% in 50 : 50 butter respectively). On the other hand,
monounsaturated fatty acids increased significantly in
both butters (by 23% in 25 : 75 butter, and by 13% in
50 : 50 butter respectively).

Algae supplementation to the goat diet may increase
the content of nutritionally beneficial polyunsaturated
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fatty acids (PUFAs) in goat butter which is dependent
on the type of algae and their composition.

Key words: Goat milk, Goat butter, Fatty acids, Chlorella
vulgaris, Japanochytrium sp.

1. Introduction

Goat milk and milk products are very valuable sourc-
es of essential components in human nutrition. Due
to the increased demand for quality products made
of goat milk, breeding programmes significantly ex-
panded in recent years in developing as well as devel-
oped countries [1]. Goat milk is mainly processed into
cheese. Other dairy products as: fortified/flavoured
milk, condensed milk, milk powder, ice cream, butter
and yogurt are only rarely manufactured [2 - 4].

Goat milk fat is one of the most important components
involved in cheese yield, firmness, texture, colour and
flavour [5]. Another benefit of goat milk fat is its bet-
ter digestibility in comparison with cow milk fat. This is
caused by the smaller size of lipid micelles which allows
for better lipase accessibility during digestion [6 - 7].
Compared with cow milk, goat milk fat contains more
short chain saturated fatty acids (SCFA) like caproic
(C6:0), caprylic (C8:0) and capric acid (C10:0) [7]. Short
chain fatty acids possess nutritional benefits to the
consumer. Goat milk contains 10 - 18% SCFA, whereas
cow milk only 5 - 9% [6, 8]. Short chain fatty acids are
associated with positive outcomes in: treating heart
diseases, intestinal disorders, malabsorption, cystic fi-
brosis and cholecystitis [2, 8, and 9]. SCFA impart the
characteristic odour and flavour of goat products.

To date many studies have focused on the feasibility
of increasing the content of beneficial fatty acids in
goat milk and other milk products; among those on
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conjugated linoleic acid (CLA) and omega-3 and ome-
ga-6 polyunsaturated fatty acids to boost consumers’
health [10 - 11]. The chief factor in producing such
change is the animal’s nutrition per se. Some algae
species are convenient sources of nutritionally valu-
able lipids containing polyene fatty acids, in particular
omega-3 and omega-6 [12]. It has been reported that
the addition of the algae into the feed of ruminants
causes a significant decrease of saturated fatty acids
while the content of conjugated linoleic acid and other
polyunsaturated fatty acids in milk goes up [13 - 14]1.

Several unrelated groups of organisms are commonly
called ‘algae’ even though they belong taxonomically
to several kingdoms and only a few of them show sim-
ilarities with plants. Chlorella vulgaris belongs to the
green freshwater algae of the class Trebouxiophyceae,
family Chlorellaceae and provides significant amounts
of linoleic and alpha-linolenic acid [15]. Japanochytri-
um sp. is a marine alga of the kingdom Chromista, class
Thraustochytriaceae, family Labyrinthulomycetes [16]. A
Japanochytrium alga doesn't contain any chlorophyll.
However, some members of the Thraustochytrids class
are a great source of the very valuable docosahexaeno-
ic acid (all-cis-4,7,10,13,16,19-C22:6; DHA) [17].

The aim of this study was to compare the fatty acid
profiles of goat butter produced with the milk of goats
fed with two different types of algae. For nutritional
reasons, the fatty acid profiles of butter blends (goat :
cow 50: 50, and 25 : 75) were also investigated.

2. Materials and Methods
2.1 Animals and feed

Czech breed of White Shorthaired goat was used in
this experiment. The milk was collected separately for
each animal during the second lactation period in the
months of May (day 0) and June (day 49) 2014. Treat-
ment groups (E1 - Chlorella, E2 - Japanochytrium) com-
prised 15 animals each. Each goat received either 10 g
of granulated Chlorella vulgaris or 5 g of granulated Ja-
panochytrium supplement per day in the total mixed
ration (TMR). The control group (C) of 15 animals re-
ceived the same TMR with no algae supplement. Algae
supplementation has started the day after the first milk
samples had been gathered. The fatty acids (FA) analy-
sis of first milk gathering before the algae administra-
tion had started was used to check the uniformity and
prove the same initial conditions in all groups. Before
the start of the experiment goats were housed indoors
(adaptation period) for a month at a farm near Liberec
(Czech Republic) and all fed with the same TMR. In-
door housing continued also during the experiment.
The TMR consisted of: hay ad libitum, grasslands (2 kg/
head/day), and grain mix (300 g/head/day).
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2.2 Butter production

Goat cream was produced from pooled milk (of the re-
spective goat group; at day 56) using a laboratory cen-
trifuge. The particular cream of the C, E1 and E2 groups
contained 51.5% fat, 50.5% fat 49.3% fat respectively.
The cream was pasteurized for 5 min. at 90 °C. Churn-
ing of cream into butter followed after its physical rip-
ening at 8 °C for 4 hours. In this way, three samples of
goat butter were produced (C, E1, E2).

Next, goat : cow cream blends were produced. In those
blends E2 (Japanochytrium) goat cream was mixed
with a reqular cow cream (origin: Bohugovicka mlékar-
na, a.s.; 40.3% fat). Cream blends were processed into
butter the same way as described above. The following
two butter blends were made: (a) 50 : 50 goat/cow (fat
w/w), and (b) 25 : 75 goat/cow (fat w/w).

2.3 Fatty acid analysis

After the milk fat extraction [18], FA were re-esterified
into the corresponding methyl esters according to a
modified method described elsewhere [19]. Approxi-
mately 40 mg of milk fat were weighed into a 25 mL
centrifuge screw cap tube and both 0.5 mL methanol,
and 0.5 mL methanolic-base (0.5 N) were added. The
solution was vigorously shaken and heated for 2 min.
at 80 °C. Next, 1.5 mL of hexane and 10 mL of saturat-
ed sodium chloride solution were added and tubes
briefly shaken again. The methyl esters were separat-
ed by gas chromatography using Agilent 7890A gas
chromatograph fitted with a flame ionization detector
and a SP-2560 capillary column (100 m x 0.25 mm x
0.2 pm, Supelco). The operation parameters were as
follows: detector temperature, 280 °C; injection port
temperature, 280 °C; column temperature, 140 °C for
5 min., and programmed to increase by 4 °C x min”' up
to 240 °C with a final holding time of 20 min; carrier
gas, helium, 1.2 mL.min”; injection 1 pL with split ratio
1 : 100. Thirty seven fatty acids were identified using
FAME standard (Supelco, USA). The individual FA ratio
was calculated using the particular FA peak area to all
areas of FAs observed.

2.4 Algae analysis

The FA profile of Chlorella and Japanochytrium algae
was analysed according to the method described else-
where [20].

2.5 Statistical analysis

The data were analysed using STATISTICA software
(version 12, StatSoft, Inc). Post-hoc Tukey’s HSD test (P
< 0.05) was used for the evaluation of differences be-
tween the control and experimental group.
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3. Results and Discussion

In order to assess the effect of algae addition into goat
feed it is important to know the FA composition in the
algae used in our experiment. The results for Japanoch-
ytrium and Chlorella algae are shown in Table 1.

It is evident that Chlorelia is in fact a significant source
of polyunsaturated FA (62.1%) of which linoleic acid
and a-linolenic comprise 28.3% and 33.7%. Surprising-
ly low concentration of PUFA was found in Japanochy-
trium (7.7%) which significantly differed from Chlorella.
Japanochytrium also contains rather large amounts of
palmitic (50.0%), and oleic acid (25.7 %).

Before we evaluate the results obtained in this study
for goat butter it is essential to briefly point out the
major outcomes for goat milk published in a new study
by Borkové et al., [21] which proved that the addition
of Japanochytrium and Chlorella algae has a positive
impact on FA profile of goat milk (results of this study
are summarized in Table 2).

Unlike small caps in superscript (a, b) show statistical
differences between May and June (for each group;
P < 0.05); unlike large caps in superscript (A, B) show
statistical differences between groups (in a particular
month; P < 0.05).

Saturated fatty acids (SFA) and monounsaturated fat-
ty acids (MUFA) showed a significant difference be-
tween the control (C) and both treatment groups (E1,
E2) after 49 days of algae supplementation only in the
case of C18:0 and vaccenic acid (trans-11-C18:1). Sta-
tistically significant increase in polyunsaturated fat-
ty acids (PUFA) was recorded for all-cis-6,9,12-C18:3;
CLA; all-cis-8,11,14-C20:3 and DHA in Japanochytrium
group (E2).

Results for FA profiles of goat cream (groups C, E1, E2)
together with cow cream (Cm) used for butter blends
are given in Table 3.

Table 1. Fatty acid composition of Chlorella and Japanochytrium algae (as per cent of total fatty acids)

Fatty acids Chlorella Japanochytrium
C14:0 0.77 5.49
C16:0 16.2 50.0
Cis-9-C18:1 16.7 257
all-cis-9,12-C18:2 283 4.05
all-cis-6,9,12-C18:3 ND 036
all-cis-9,12,15-C18:3 337 027
all-cis-8,11,14-C20:3 ND 0.54
all-cis-5,8,11,14-C20:4 0.14 099
all-cis-5,8,11,14,17-C20:5 ND 0.18
all-cis-4,7,10,13,16,19-C22:6 ND 081
SFA - saturated fatty acids 19.2 655
MUFA - monounsaturated fatty acids 187 26.9
PUFA - polyunsaturated fatty acids 62.1 7.65

ND not detected.

Table 2. Effects of Japanochytrium and Chlorella supplementation on major fatty acids in goat milk (as per cent of total

fatty acids)
o May June
Fatty acids Group {t=0d) (t=49d) Group G | TimeT GxT
E1 2.26+043° 2.60 +0.34%
ca:0 . C 254+034 2.35+0.25" NS NS e
Butyric acid
E2 224+037 2.23 £0.30°
E1 2.35+0.35° 270+0.27°
C6:0
f G 244 +£0.30 2.62+0.19 NS e NS
Caproic acid
E2 250+036 261027
E1 2.35+0.49° 277 +041°
£8:0 v C 244 +0.38° 2.85+0.16° NS e NS
Caprylic acid
E2 2.61+046 2824031
84
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E1 7.17 £1.55% 9.44 +1.38"
clo:0 C 7.94£1.13 9.74 059 * ok NS
Capric acid

E2 8.79 + 1.25¢ 989+ 1.01

E1 272+0.51% 3.56 £ 0.50°
c1 2'.0 5 G 3.02+£041™8 3.63+032° o o NS
Lauric acid

E2 3.39+047° 385+032

E1 8.74+0.76% 9.99 + 0.44"
C14:0

% 9 G 9.14 +0.53*"8 10.12 + 0.52° i foiosid NS

Myristic acid

E2 9.73 +0.93° 10.28+0.42

E1 25521237 29.47 £ 1.86°
€1 6:‘,), . € 26.69+241* 2047 £1.29° NS e NS
Palmitic acid

E2 2759+ 264 29.63 + 1.66°

E1 11.98 + 1.66* 9.31 +0.88"¢
it 8:..) " G 11.41 1 1.82%¢ 9.80+1.18% o Sl NS
Stearic acid

E2 1045 £ 1.61* 8.36+0.97%

E1 1.29+0.28 1.22+0.13%
trans-11-C18:1 C 139+029 131+0.15% e * ik
Vaccenic acid

E2 147 £0.17° 1.83+0.21%®

E1 23.46 + 2.88% 17.59 £ 1.74%
BB C18:1 C 2125+£210% | 17.16+084% wox o NS
Oleic acid

E2 19.16 £1.71% 1522 +£1.18%

E1 1.96 +0.18* 1.80+0.16"
all-s 92182 c 1934019 167 013" NS e NS
Linoleic acid

E2 1.98+0.15* 1.80 = 0.07*

E1 0.04 £ 0.00 0.04 £0.01*
all-cs:6,9,12-C18:3 C 0.04+000 0.04 +0.00* * NS #er
y-linolenic acid

E2 0.04+0.01* 0.05+0.01%

E1 1.08+0.14 117+£0.12
all-g5:9:12,15.C19:3 C 1.03£0.12 1104010 NS o NS
a-linolenic acid

E2 1.08£0.13* 1.22+£0.12°

E1 0.60+0.14 0.62 +0.09*
CLA @ 065+012 0.65 +0.05* el 3 A
Conjugated linoleic acid oo i

E2 0.65 +0.09* 0.80 +0.09°®

E1 0.01 £ 0.00* 0.01 +0.00%
all-cli-8,11,14-C203 C 0.02 £000° 0.02 +0.00* wex wen wxx
Eicosatrienoic acid

E2 0.02 +0.00* 0.05+0.01°

E1 012+002 011+001
e I c 012002 0,10+ 001" NS NS
Eicosatetraenoic acid

E2 0.13 £0.02* 0.11£0.01"°

E1 0.09+0.02 0.10+£0.02
albis:5,6,11,14,17.€20:5 C 0.09 +002 009001 NS NS NS
Eicosapentaenoic acid

E2 0.10+002 010+0.01
— E1 0.06 +0.02* 0.05 = 0.01%
4,7,10,13,16,19-C22:6 C 0.07 £0.02# 0.05 +0.01%* b = E
Docosahexaenoic acid B2 0.08 + 0.02¢ 0.09 + 0.02°

A part of the data in Table 1 has already been published in [21].

E1 goats fed Chlorella; E2 goats fed Japanochytrium, C control.

Mean +SD (N=15)

*P < 0.05, **P < 0.01, ***P < 0.001, NS not signif. difference (P > 0.05).
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The contents of SFA and PUFA in creams differed from
control only in Japanochytrium group. Similar conclu-
sion was made for milk (see above). The addition of
Japanochytrium increased the PUFA (to the final 5.35%
in E2 versus 4.98% in C) and decreased SFA (to the final
73.3% in E2 versus 73.8%in C).

For goat cream, large differences were found be-
tween FA profiles of goat fat and cow fat. In gener-
al, goat cream has a higher amount of SFA (73.7% in
E1; 73.8% in C; 73.3% in E2) compared with the cow
cream (67.6%). This difference can be due to the higher
amounts of beneficial FA in goat fat as C6:0, C8:0 and
C10:0 (14.9% in E1; 15.2% in G 15.1% in E2) compared
to their content in cow cream (6.46%). Goat cream
showed lesser amount of MUFA (21.4% in E1; 21.2%
in G 21.4% in E2 and 28.0% in Cm), which may be
caused mainly by ¢is-9-C18:1 (16.8% in E1; 16.5% in C;
15.5% in E2 and 19.7% in Cm). The highest content of

PUFA in goat cream was recorded for E2 group (5.35%).
On the other hand, PUFA in Cm was 4.39%. Also, higher
amounts of omega-3 FA were found in goat fat (1.42%in
E1;1.39% in C; 1.43% in E2) compared with Cm (0.51%).
There was a higher amount of omega-6 FA in cow fat
(2.49%) as in goat fat (2.01% in E1; 1.96% in C; 2.03% in
E2). Omega-6/omega-3 ratio is important for nutritional
reasons which have been shown to be different in goat
and cow fat (1.41in E1; 1.41in C; 142 in E2 and 4.89 for
Cm). It is widely accepted that in human nutrition the
omega-6/omega-3 ratio should be at most 5: 1 [22]. Our
results clearly show that goat cream has a much more
favorable omega-6/omega-3 ratio. This was also the rea-
son why we have decided to make butter blends and to
follow the changes of this ratio (see below).

FA profiles of goat butter E1, C, E2 and butter blends
50:50 (goat : cow, fat w/w) and 25 : 75 respectively are
shown in Table 4.

Table 3. Fatty acid profiles of goat cream with comparison to cow cream (day 56; as per cent of total fatty acids)

Goat group Cow
Parameters 0 | C | ©2 m
Fatty acids %
C4:0 2.52 243 293 313
C6:0 2.69 2.70 261 219
C8:0 2.78 2.82 279 1.30
C10:0 9.48 9.66 9.74 297
C12:0 349 354 364 339
C14:0 9.93 10.1 10.1 10.9
C16:0 30.0 299 296 31.0
C18:0 9.57 9.46 9.26 9.05
trans-11-C18:1 1.34 1.57 1.88 1.20
cis-9-C18:1 16.8 16.5 155 19.7
all-cis-9,12-C18:2 1.81 177 1.80 213
all-cis-6,9,12-C18:3 0.04 0.04 0.05 0.05
all-cis-9,12,15-C18:3 {125 1.22 121 043
CLA' 0.61 0.74 0.77 0.39
all-cis-8,11,14-C20:3 0.02 0.02 0.05 0.11
all-cis-5,8,11,14-C20:4 0.11 0.10 0.10 0.17
all-cis-5,8,11,14,17-C20:5 0.10 0.09 0.10 0.06
all-cis-4,7,10,13,16,19-C22:6 0.04 0.04 0.08 0.00
Fatty acid groups %
SFA; saturated fatty acids 737 738 733 67.6
MUFA; monounsaturated fatty acids 214 21.2 214 28.0
PUFA?; polyunsaturated fatty acids 492 498 5.35 439
Total for C6:0, €8:0, C10:0 149 15.2 15.1 646
HFA?; hypercholesterolemic fatty acids 435 435 434 45.2
omega-6 fatty acids 2.01 1.96 2.03 249
omega-3 fatty acids 142 1.39 143 0.51

ratio

omega-6 fatty acids/omega-3 fatty acids 141 141 142 489

E1 goats fed Chlorelia; E2 goats fed Japanochytrium; C control; Cm cow cream.

' Conjugated linoleic acid.
* Comprises cis and trans isomers of C18:2.
*Total for C12:0, C14:0 and C16:0.
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Table 4. Fatty acid profile of goat butter and butter blends (day 56; as per cent of total fatty acids)

D Pure goat butter Butter blends
E1 C E2 25:75° 50:50°

Fatty acids %

Cc4:0 250 232 212 308 291
C6:0 2.75 267 261 226 247
C8:0 287 2.83 279 152 205
C10:0 875 A 9.76 398 6.35
C12:0 357 3.55 3.67 354 3.58
C14:0 10.0 10.1 103 1.1 10.7
C16:0 295 299 299 37 309
c18:0 9.66 9.48 9.01 8.61 8.75
trans-11-C18:1 1.39 1.58 1.83 129 1.48
€is-9-C18:1 16.7 16.6 156 18.2 17.0
all-cis-9,12-C18:2 1.80 1.77 179 202 1.92
all-cis-6,9,12-C18:3 0.04 0.04 0.05 0.05 0.05
all-cis-9,12,15-C18:3 1.24 123 1.20 053 0.81
CLA! 0.60 0.73 0.77 0.43 0.57
all-cis-8,11,14-C20:3 0.02 0.02 0.05 0.10 0.08
all-cis-5,8,11,14-C20:4 on 0.10 0.10 0.16 0.14
all-cis-5,8,11,14,17-C20:5 on 0.10 0.10 0.06 0.08
all-cis-4,7,10,13,16,19-C22:6 0.04 0.04 0.08 0.01 0.04
Fatty acid groups %

SFA; saturated fatty acids 738 73.7 734 69.5 71.2
MUFA; monounsaturated fatty acids 218 218 213 26.1 24.0
PUFA?; polyunsaturated fatty acids 4.94 4.99 533 443 481
Total for C6:0, C8:0, C10:0 154 152 152 7.8 109
HFA?; hypercholesterolemic fatty acids 431 435 439 46.4 45.2
omega-6 fatty acids 2.00 1.96 2.02 236 222
omega-3 fatty acids 1.43 1.41 143 0.63 0.96

ratio
omega-6 fatty acids/omega-3 fatty acids 1.40 1.39 1.42 3.76 2.30

*Butter blend made of 25:75 (E2 goat fat:cow fat, w/w)
“Butter blend made of 50:50 (E2 goat fat:cow fat, w/w)
Superscript notes are the same as shown in Table 3.

Similarly to goat cream, our results for butter revealed
differences only in SFA and PUFA contents in E2 and
C. Japanochytrium addition decreased SFA and in-
creased PUFA (to the final 5.33% in E2 and 4.99% in
C). The decrease in SFA content may be caused by
a lowered amount of C18:0 in this group (9.01% in
E2 versus 9.48% in C). Algae PUFAs may have caused
the decrease in C18:0 which inhibited the reduction
of vaccenic acid (trans-11 C18:1) in the rumen; even-
tually leading to the C18:0 decrease and a simultane-
ous increase in PUFA. A similar tendency has already
been mentioned by Tsiplakou and Zervas [23] in goat
plasma and milk when C18:0 content decreased and
PUFA increased in goats administered fish and soy oil.
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E2 goat butter revealed an increase in trans-11-C18:1
(1.83%) compared to the control group (1.58%). The
increase of trans-11-C18:1 by 16% has probably been
caused by either PUFA hydrogenation or by microbial
isomerization of ¢is-9-C18:1 in rumen [24]. In this re-
spect, Japanochytrium is a better source of ¢is-9-C18:1
than Chiorella.

From the PUFA class we observed an increase in the
content of CLA (by 5%); all-¢is-8,11,14-C20:3 (by 140%)
and DHA (by 80%). The increase of CLA may have been
caused by two different biosynthetic pathways. The
first of them proceeds by the partial biohydrogenation
of PUFA in rumen whereas the second by vaccenic acid
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desaturation by delta-9 desaturase in the udder [25 -
26]. An increase in all-cis-8,11,14-C20:3 and DHA in E2
goat butter is in line with their increase in Japanochy-
trium alga. In case of those FA only trace amounts were
observed during the experiment therefore it is neces-
sary to increase the amount of algae added to the feed.

The addition of cow cream into butter made from E2
goat cream decreased both SFA (by 5% in 25 : 75 butter
blend and by 3% in 50 : 50 butter blend, respectively)
and PUFA (by 17% in 25 : 75 butter blend and by 10%
in 50 : 50 butter blend, respectively). The decrease of
SFA content may generally be regarded as beneficial for
humans. The replacement of some of the goat cream
by cow cream in butter blends leads to the decreased
content of C6:0, C8:0, C10:0 FA (by 49% in 25 : 75 butter
blend and by 28% in 50 : 50 butter blend, respectively)
compared to the pure goat butter E2. The ratio of hyper-
cholesterolemic FA as C12:0, C14:0 and C16:0 did also
increase by 6% in 25 : 75 butter blend and by 3% in 50 :
50 butter blend, respectively. The decrease in PUFA was
caused by decreased amount of CLA (by 44% in 25 :7 5
butter blend and by 26% in 50 : 50 butter blend, respec-
tively) and by a-linolenic acid (by 56% in 25 : 75 butter
blend and by 33% in 50 : 50 butter blend, respectively).
On the other hand, MUFA increased significantly in both
butter blends (by 23% in 25 : 75 butter blend, and by
13% in 50 : 50 butter blend, respectively). This tendency
was caused by augmented level of oleic acid (by 17 % in
25 :75 butter blend, and by 9 % in 50 : 50 butter blend).
Increased ratio of goat fat in the butter led to an increase
in omega-3 FA (1.43% in E2; 0.96% in 50:50; 0.63% in 25
: 75) and thus positively affected the omega-6/omega-3
ratio (1.42 in E2; 2.30 in 50 : 50; 3.76 in 25 : 75). This fact
is the ultimate evidence why pure goat butter and its
butter blends (compared with the pure cow butter) are
nutritionally very beneficial for humans and their in-
creased consumption can be recommended.

4. Conclusions

- The addition of Japanochytrium algae into goat feed
of Czech White Shorthaired breed changed the fatty
acid profile of the milk and butter.

- On the other hand, the addition of Chlorella vulgaris
algae didn’t show a significant change in PUFA content
in goat milk and butter.

- It has been proven that the addition of algae into
goat feed is a suitable way for manufacturing and de-
velopment of new products with increased content
of nutritionally beneficial fatty acids as CLA, all-cis-
8,11,14-C20:3 and DHA.

- Nevertheless the choice of the right type of algae and
optimal inclusion quantity into the feed is immensely
important to guarantee any success. Our study proved
a high potential of Japanochytrium algae.
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- A very interesting alternative to pure cow butter are
blends thereof with goat butter. Such blends can in-
crease the consumption of nutritionally essential fatty
acids as C6:0, C8:0, C10:0 and a-linolenic acid.
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Feed composition is one of the most influential factors affecting fatty acid profile of milk prod-

ucts. The aim of this study was to investigate the influence of linseed oil and linseed extrudate

supplementation on fatty acid composition of goat prebiotic and probiotic yogurt drinks. Thirty six
White Shorthaired dairy goats at the beginning of their third lactation period were divided into two

experimental and one control group, each comprising twelve animals. Goats in the experimental

groups were given either 55 mL/day of linseed oil or 120 g/day of linseed extrudate over a three

week period. The results suggest that feed supplementation with linseed oil and linseed extrudate

caused considerable changes in fatty acid profile of goat yoghurt drinks. The most important nutri-
tional change which was observed was increased n-3 fatty acid content (P<0.001) and decreased
saturated fatty acid content (P<0.001). a-linolenic acid was significantly elevated (P<0.001) in both
groups (in particular in goats which feed was supplemented with linseed oil).

Key words: fatty acid, goat milk, o-linolenic acid, linseed oil, linseed extrudate

Introduction

In recent years there is a growing interest in
dairy foods which are able to provide positive health
benefits. Such specific dairy commodities may in-
clude probiotic products made from goat milk high
in n-3 fatty acids (FA) and prebiotics. Probiotic bac-
teria demonstratedto benefit human health and are
valued for their antimicrobial, antioxidant and im-
munomodulatory effects (Lee et al., 2011). On the
other hand, prebiotics (such as oligosaccharides) are
classified as more or less indigestible food constitu-
ents which could particularly impact the growth and
activity of probiotic microorganisms in the gastro-
intestinal tract (Valcheva and Dieleman, 2016).
Only five particular FA (C10:0, C14:0, C16:0,

C18:0 and C18:1) account for more than 75 % FA
present in goat milk (Park et al., 2007). Alternation
of these FA could vastly benefit the consumer by
increasing n-3 FA and decreasing specific medium-
chain saturated fatty acids (SFA) found in goat milk.
Such modifications could be achieved by using ap-
propriate animal feed supplementation on the farm.

FA appearing in milk triacylglycerols originate
from two distinct sources. The first one is the de
novo synthesis which takes place in secretory cells of
the mammary gland and produces all C4:0 to C12:0,
95 % of C14:0 and about 50 % C16:0. The circu-
lating lipoproteins in blood plasma and the animal’s
fat reserves (which have their primary origin in the
animal diet) are considered to be the second source

*Corresponding author/Dopisni autor: E-mail: borkovam@gmail.com
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of FA which supplies all C18:0 and higher FA found
in milk (Shingfield et al,, 2013).

Linseed (Linum usitatissimum L.), being also
known as flax, is an excellent source of nutrition-
ally valuable lipids (40-50 % by weight) and n-3 FA
(like the essential a-linolenic acid) which makes it a
good feed supplement to achieve modifications of
milk fat composition. For example, if humans take
a-linolenic acid (ALA) then it undergoes elongation
and desaturation in the body to produce docosahex-
aenoic (DHA) and eicosapentaenoic (EPA) acids
which have been shown to reduce blood pressure,
blood triglycerides, inflammation and the incidence
of cardiovascular diseases (Cloutier, 2016).

The purpose of this study was to investigate the
quantities of ALA and other n-3 FA found in goat
yoghurt drinks made after the goat feed had been
supplemented with linseed oil or linseed extrudate.

Materials and methods

Animals and animal diet

The experiment was carried out on a private
organic farm near Liberec (Czech Republic). From
150 White Shorthaired dairy goats, thirty six (be-
fore their third lactation) were selected based on age
(3 vears), date of kidding (during March 2016) and

litter size (2 kids) and randomly divided into three
groups, two experimental (LO, LE) and one con-
trol (C), each comprising twelve animals. The goats
were housed indoors and their feed consisted of: hay
(ad libitum), grass (1.5 kg/animal/day), haylage
(1.5 kg/animal/day) and grain mix of 50 % corn,
25 % barley and 25 % oat (300 g/animal/day).

During the three-week experiment (June 7
through June 29, 2016) goats in the LO group were
fed basic ration supplemented with 55 mL of lin-
seed oil (LO) per animal/day whereas LE group
was supplemented with 120 g of linseed extrudate
(LE) containing 42.3 % fat per animal/day. LO and
LE were supplied by 1. zemédélski a.s. (Chorusice,
Czech Republic). The C group was fed the same diet
without LO/LE supplements. The individual milk
samples to make yoghurt drinks were taken the last
day of the experiment during the morning milking.

Chemical analysis of animal diet

The animal diet was analysed according to meth-
ods published in the Official Journal of the Europe-
an Union in the Commission Regulation 152/2009
for the total dry matter (DM), ash, crude protein
(CP), ether extract (EE) and crude fiber (CF). The
FA analysis including lipid extraction was carried out
as described by Kubelkovd et al. (2013). Results
are presented in Table 1.

Table 1. Composition of basic diet, linseed oil and linseed extrudate

Hay Grass  Haylage Grain mix  Linseed oil eiitl:ts:i:(:e
DM' (g/100 g FW?) 88.1 23.7 33.3 88.6 - -
Crude protein? (g/100 g DM) 7.16 19.2 14.5 9.19 - -
Ether extract' (g/100 g DM) 0.67 1.63 1.36 1.51 - -
Crude fibre (g/100 g DM) 39.8 26.9 26.4 6.06 - -
Ash (g/100 g DM) 513 9.40 7.80 14.1 : :
FA composition (g/100 g FA):

SFAS 30.1 25.3 31.6 27.7 9.89 10.4

MUEFAS® 42.5 16.1 295 19.4 16.5 16.6

PUFA’ 27.3 58.6 38.9 52.9 73.6 73.0

n-6 FA 16.3 159 22.1 45.6 16.7 19.2

n-3 FA 109 42.1 16.6 7.01 56.9 53.7

ALA® 10.0 413 15.9 6.09 56.9 537

'DM - dry matter; *FW - fresh weight: *nitrogen content - N x 6.25; *crude fat; saturated fatty acid; *‘monounsaturated fatty acid;

‘polyunsaturated fatty acid; "e-linolenic acid
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Yoghurt drinks

Thirty six individual milk samples were taken
to the laboratory and used to produce 36 yoghurt
drinks. The milk was analysed for fat, protein, lac-
tose and total solids (Table 2) by an IR milk analyzer
DairySpec FT (Bentley Instruments, Inc.). Four
grams of chicory based inulin prebiotics (Orafti P95,
Beneo-Orafti) were added into 196 g of goat milk,
pasteurized at 84 °C for 10 min and fermented using
CCDM 528 (Streptococcus themophilus and Lacto-
bacillus delbruckii subsp. bulgaricus, Laktoflora®)
and Bifidobacterium animalis subsp. lactis (Bb12,
Chr. Hansen) at 30 °C for 16-18 h. Inulin and Bifi-
dobacterium animalis subsp. lactis were added into
the goat yoghurt drink to improve nutritional and
sensory qualities.

Fatty acid analysis

The fat in the voghurt drinks was extracted
according to CSN EN ISO 1211. FA were then
re-esterified into the corresponding methyl es-
ters (FAME) according to a modified method by
Simionato et al. (2010). Approximately 40 mg of

Table 2. Milk yield and milk composition

milk fat was weighed into a thick walled tube and
0.5 mL methanol and 0.5 mL sodium methanolate
(0.5 M) were added. The solution was shaken vigor-
ously for 1 min and heated for 2 min at 80 °C. Next,
1.5 mL of hexane and 10 mL of saturated sodium
chloride solution were added and the tubes shaken
again for 1 min. The FAME were analyzed by gas
chromatography (GC parameters shown in Table 3).
Thirty seven FAME were identified using external
analytical standards (Supelco, USA). The content of
a particular FA was calculated as a ratio of its peak
area/sum of all FA peak areas and given in g/100 g
total FA.

Statistical analysis

The data were analysed in Statistica (ver. 12,
StatSoft, Inc). Milk yield, milk composition and the
FA were tested by one-way ANOVA (LO or LE be-
ing categorical variables). Tukey’s post-hoc HSD test
(P < 0.05) was used to evaluate differences between
groups. Results are expressed as mean value with the
standard error of mean (SEM).

c! LE? LO? SEM* P value
Milk yield (kg/day) 1.55 1.79 1.78 0.06 NS
Milk fat (g/100 g) 3.16 3.06 3.40 0.08 NS
Milk protein (g/100 g) 2.96 2.94 2.96 0.02 NS
Total solids (g/100 g) 11.3 11.4 11.8 0.11 NS

NS not found to be significantly different (P>0.05).

Icontrol group [N = 12); ‘goats fed linseed extrudate (N = 12); *goats fed linseed oil (N = 12); *standard error of mean

Table 3. GC parameters

Parameter Value
GC Agilent 7890A
Detector FID
Column SP-2560; 100 m x 0.25 mm % 0.2 upm; Supelco

Column temperature gradient

140 °C for 5°C
4°C. min up to 245 °C
20° min hold at 245 °C

Injection temperature

280°C

Detector te mperature

280°C

Helium flow

1.2 mL.min"!

Injection

1 uL; split ratio 1:100
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Results and discussion

For a long time, it has been known that linseed
is a very good source of n-3 FA and ALA. In our
experiment we wanted to prove the hypothesis that
feeding linseed derived supplements (in two differ-
ent forms) to goats on a farm will eventually lead
to alterations in FA profile of the milk thus adding
health benefits to the resulting dairy products. Reg-
ular feed (grass, hay, haylage and grain mix) given
to goats contained only very small amounts of fat
(0.7-1.6 %) of which 6-41.3 % were ALA (similar
percentage was found for n-3 FA as well) making
the intake of n-3 FA or ALA from the regular feed
small. Our analyses of FA in LO and LE (Table 1)

have shown that both, when used as supplements,
are important sources of n-3 FA. LO and LE con-
tained 56.9 % and 53.7 % ALA in fat, respectively.

Table 2 shows the impact of linseed products on
average milk vield and composition. No other signif-
icant differences were found in milk vield and com-
position regarding the fat content, protein, and total
solids among the three groups. On the other hand,
feed supplementation with linseed products sig-
nificantly impacted the FA profile of yogurt drinks
(Table 4) made from milk from the two experimen-
tal (LO and LE) groups. These results are discussed
in greater detail below.

Table 4. Fatty acid composition of goat yoghurt drinks (g/100 g total FA)

FA cl LO? LE? SEM* P value
C4:.0 2:33 2.40 2.44 0.031 NS
Cc6:0 2.58 2.61° 2.40° 0.030 P<0.01
C8:0 2.77° 2.82° 239" 0.053 P=<0.001
C10:0 9.11* 9.25 732t 0.205 P<0.001
C12:0 3.75° 3.60° 2.78° 0.096 P<0.001
Cl14:0 10.2 9.08" 8.39¢ 0.158 P<0.001
Cl6:0 27.5° 24.5" 24.1° 0.349 P<0.001
CI18:0 8.71° 8.79" 11.6" 0.298 P<0.001
t-C18:1° 1.69¢ 4.83 4.18 0.247 P<0.001
c9-Cl18:1 20,00 16.0° 20.5 0411 P<0.001
t-C18:28 0.74 2,524 15768 0.130 P<0.001
¢9,c12-C18:2 2.78° 3.200 2.87¢ 0.052 P<0.01
¢6,69,¢12-C18:3 0.028 0.027 0.025 0.001 NS
¢9,¢12,c15-C18:3 (ALA) 1.08¢ 2.56° 1.928 0.116 P<0.001
CLAY 0.50¢ 0.83° 0.67° 0.027 P<0.001
cll,c14-C20:2 0.039° 0.072* 0.054 0.002 P<0.001
c8,c11,c14-C20:3 0.022° 0.015° 0.015 0.001 P<0.001
cll,cl4,c17-C20:3 0.027° 0.016° 0.022* 0.001 P<0.01
c5,e8,c11,c14-C20:4 0.14 0.11° 0.11° 0.004 P<0.001
cl3,c16-C22:2 0.007¢ 0.010 0.008° 0.000 P<0.001
¢5,e8,c11,c14,c17-C20:5 0.088 0.096 0.099 0.002 NS
c4,c7,c10,¢13,c16,619-C22:6 0.075° 0.054" 0.059° 0.002 P<0.01
c9-C18:1/C18:0° 2310 1.84 1.78° 0.051 P<0.001
SFA? 70.00 65.8" 64.1° 0.531 P<0.001
MUFA? 24.5° 24.7° 28.3 0.390 P<0.001
PUFA" 3.52¢ 9.50° 7.61° 0.299 P<0.001
n-6 FA 3.020 3.43 3.08° 0.053 P<0.01
n-3 FA 1.27¢ 2,72 2.10° 0.115 P<0.001

Different small caps in superscript indicate differences between groups (P<0.05), NS not found to be significantly different P=0.05)
'control group (N = 12); goats fed linseed extrudate (N = 12); *goats fed linseed oil (N = 12); “standard error of mean;

Strans isomers C18:1 (including e.g. vaccenic acid; $11-C18:1); “trans isomers C18:2 (including e.g. t11,c15-C18:2);

“conjugated linoleic acid (mixture of isomers ¢9t11-C18:2 and t9¢11-C18:2); *desaturase index; “saturated fatty acid;

Ymonounsaturated fatty acid; ""polyunsaturated fatty acid
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Saturated fatty acids

In our experiment, feed supplementation with
LO and LE significantly decreased SFA in vogurt
drinks (both P<0.001). In accordance to the data
published for goat milk in the scientific literature
(Bernard et al., 2009; Martinez Marin et al.,
2011; Nudda et al.,, 2006 and 2013), our results
showed a decrease in medium-chain SFA (C14:0
and C16:0, P<0.001) in yogurt drinks made from
LO and LE groups. In addition, LE supplementa-
tion was able to reduce short-chain SFA in drinks
(in particular C6:0, P<0.05; C8:0, P<0.01; C10:0,
P<0.001). Martinez Marin et al. (2011) and
Nudda et al. (2006) reported that short-chain FA
(C6:0 to C10:0) remained unchanged after the ad-
dition of LO or LE into the feed whereas Bernard
et al. (2009) and Nudda et al. (2013) observed a
decline. The reduction of short- and medium-chain
SFA may have been caused by two factors. The first
one was the Shortage of acetate and 3-hydroxybu-
tyrate substrates in blood plasma used for the de
nove synthesis in mammary gland which can be
the consequence of alterations in rumen microflora
caused by the high-fat diet. The other factor for the
reduction of short- and medium-chain SFA might
have been the increased intake of long-chain poly-
unsaturated fatty acids (PUFA) which affected cru-
cial enzymes in the de novo pathway such as acetyl-
CoA carboxylase and fatty acid synthase (Martinez
Marin et al., 2011).

The results from our experiment revealed an
increased content of C18:0 in LE drinks (P<0.001).
Both, LE as well as LO, are rich in PUFA (predomi-
nantly in ALA) which are extensively metabolized
and hydrogenated in rumen to form CI18:0 FA.
Thus, this particular transformation pathway might
have led to the increased C18:0 content found in
LE drinks. Similar results were found in milk after
feeding LE to goats (Bernard etal., 2015; Renna et
al., 2013; Nudda et al., 2006; Nudda et al., 2013).
Interestingly, no increase in C18:0 was found in LO
drinks. This corresponds to the results published by
Martinez Marin et al. (2012) who supplemented
the feed with 48 or 66 g of LO for 15 days and found
no increase in C18:0. On the contrary, when only
half of the LO was fed, the same authors registered
an increase in C18:0. Accordingly, it is evident that
the amount of PUFA and the form in which PUFA
are added to the feed does influence the biohydro-

genation in rumen. It is likely that the unprotected
PUFA (from LO) have caused major alternations in
rumen microflora and thus the PUFA hydrogenation
was inhibited. This can be shown by the differences
in C18:0 concentrations between LO and LE drinks.

Monounsaturated fatty acids

The addition of LO significantly reduced c9-
C18:1 content (P < 0.001) in drinks. More than
50 % of c9-C18:1, which is secreted into the milk,
is synthesized in the mammary gland from C18:0
by stearoyl-CoA desaturase (Renna et al.,, 2013).
LO is an important source of ALA which can lead
to the formation of C18:0 but also can be utilized
to form large amounts of PUFA and MUFA isomers
like ¢111-C18:1 (vaccenic acid), t11,¢15-C18:2 and
€9,t11,c15-C18:3. It was found that certain hy-
drogenation intermediates could act as regulators
or disruptors of mammary lipogenesis altering the
amounts of milk fat and its composition (Chilliard
et al., 2007). It is likely that some of these interme-
diates may also inhibit stearoyl-CoA desaturase.

Qur results indicate that LO drinks had a lower
desaturation index ¢9-C18:1/C18:0 of 1.84 % com-
pared to the control sample (2.31 % in C; P<0.001).
The same phenomenon was also observed for LE
drinks (1.78 %; P<0.001) in which ¢9-C18:1 con-
tent did not decrease. As mentioned before, LE
drinks had significantly higher levels of C18:0 and
the decrease in ¢9-C18:1 did not occur probably due
to greater C18:0 availability in the mammary gland
for the ¢9-C18:1 synthesis.

LO and LE supplementation increased the con-
tent of trans-C18:1 isomers in drinks (P<0.001; in
both). These results were in accordance with find-
ings of Martinez Marin et al. (2011), Bernard et
al. (2009; 2015) and Nudda et al. (2013) who also
observed a similar increase after LO and LE supple-
mentation. The increase of trans-C18:1 isomers in
yogurt samples was probably caused by the elevated
ALA hydrogenation. However, it is necessary to un-
derscore that trans-FA in food products could have
negative impact on consumer health even though
this has not been the case of all trans-FA (Anadén
et al., 2010; Jacome-Sosa et al,, 2014; Ganguly
and Pierce, 2015). This also applies to vaccenic
acid which is the main hydrogenation intermediate
of ALA present in milk. The increase in trans-C18:1
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isomers caused a statistically significant increase of
MUFA in LE drinks (P<0.001). In the case of LO
drinks, despite the increase in trans-C18:1 isomers
due to the decrease of ¢9-C18:1 (as it has been de-
scribed above), the increase in MUFA was not ob-
served.

Polyunsaturated fatty acids

Higher contents of PUFA and n-3 FA were found
in LO and LE drinks (P<0.001 in all cases). Supple-
mentation with LO and LE did indeed significantly
increase ALA in both types of drinks (P<0.001 in
both) because due to the LO/LE supplementation
the feed contained already high amounts of ALA.
Thus, in our experiment, LO drinks contained sta-
tistically higher amounts of ALA (P<0.001) then LE
drinks. These results are consistent with the find-
ings published by Chilliard et al. (2003) who re-
ported that daily addition of 3.4 % LO to the feed
significantly increases ALA in goat milk (even more
than the same amount of ALA in the form of LE
did when it was tested). Chilliard et al. (2003)
found that the biohydrogentation in rumen was less
efficient in case of LO than when using oilseeds.
This assumption also explains higher contents of
trans-C18:2 (P<0.001), conjugated linoleic (CLA;
P<0.001) and linoleic acid (LA; P<0.01) in LO
drinks compared to LE drinks. Higher contents of
trans-C18:2 (P<0.001) and CLA (P<0.001) were
also found in LE drinks. However, these amounts of
trans-C18:2 and CLA were lower than those in LO
drinks. In addition, supplementation with LO and
LE also altered the quantities of other n-3 and n-6
FA but since each of those FA accounted for less
than 0.2 % we refrain from commenting on those
results because they have no nutritional significance
for consumer’s health.

Conclusions

Supplementing goat feed with LO and LE im-
proved FA profile of dairy products by decreasing
the content of medium-chain SFA and by increasing
the n-3 FA as well. An important increase in ALA
and n-3 FA was recorded in yoghurt drinks made
from milk of goats fed LO rather than LE. It is evi-
dent that the particular source of PUFA influences
significantly milk FA composition since LO had a
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better performance compared with LE containing
the same amount of ALA. Nevertheless both feed
supplements led to production of probiotic yoghurt
drinks containing higher levels of n-3 FA and, thus,
could be considered to benefit human health.

Acknowledgements

This research had been supported by The
Czech Ministry of Agriculture RO1417 and the Na-
tional Agency for Agricultural Research (NAZV)
No. QJ1310107.

Utjecaj obogacdivanja stocne hrane lanenim
uljem 1 ekstrudatom sjemena lana na profil
masnih kiselina u kozjem jogurtu

Sazetak

Sastav krme jedan je od najznacajnijih ¢imbenika
koji utje¢u na profil masnih kiselina mlije¢nih proiz-
voda. Cilj ovog istraZivanja bio je istraZiti utjecaj
dodatka ulja lanenog sjemena ili ekstrudata lane-
nog sjemena na sastav masnih kiselina prebioti¢kog
i probiotickog jogurta od kozjeg mlijeka. Trideset i
sest mlijecnih koza pasmine White Shorthaired na
pocetku treceg razdoblja laktacije podijeljene su u
dvije eksperimentalne i jednu kontrolnu skupinu, od
kojih svaka ukljucuje dvanaest zivotinja. Kozama u
eksperimentalnim skupinama davano je 55 mL/dan
ulja lanenog sjemena ili 120 g/dan ekstrudata lanenog
sjemena tijekom tri tjedna. Dodatak ulja lanenog sje-
mena i ekstrudata lanenog sjemena izazvao je znatne
promjene u profilu masnih kiselina kozjeg jogurta.
Najznacajnija promjena u hranjivim svojstvima bila
je povecana koli¢ina masnih kiselina n-3 (P<0,001) i
smanjen udjel zasicenih masnih kiselina (P<0,001).
Udjel a-linolenske kiseline bio je znacajno povisen
(P<0,001) u obje skupine (posebno kod koza koje
su hranjene dodatkom lanenog ulja).

Kljuéne rijeci: masna kiselina, kozje mlijeko,
a-linolenska kiselina, ulje lanenog
sjemena, ekstrudirano laneno sjeme
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Methodology of udder description and the effect on somatic cell count
in Gzech White Shorthaired goat breed

Summary

This study evaluated the effect of the linearly described shape traits of goat udders on somatic cell count.
In a herd of 487 white shorthaired goats, seven traits (udder symmetry, udder depth, udder width, teat length,
teat placement, rear udder attachment and udder cleft) were assessed in relation to somatic cell count in milk.
The average somatic cell count was 1.3 mill cells/ml when considering the environmental effects (month and
year of performance testing, lactation number. The somatic cell count is influenced by the depth (p = 0.0015)
and width (p = 0.0268) of the udder. The results demonstrate that some traits of the udder shape influence the
somatic cell count and can be considered as functional traits indicating animal health and herd profitability.
After further studies, the methodology for linear description of the udder could be used for other dairy goat

breeds, not only in the Czech Republic.

Keywords: goat milk, goat’s udder, somatic cell count, teats

In recent years, dairy goat farming has expanded in
the Czech Republic as a result of increasing demand
for high-quality products from goat milk. Cow milk is
dominant in the world milk production, but goat milk
ranks third. Goat milk is used in the Czech Republic
mainly for the manufacture of cheeses and other dairy
products, so it is very important to focus on its quality
and yield. It should be emphasized that the quantity
and quality of milk depend on many factors. The main
include animal health (5-7, 9, 19). Milk is a highly
valuable biological fluid composed of water, proteins,
fats, sugars, minerals, etc. Other important components
naturally occurring in raw milk are somatic cells.
Somatic cell count is used as an indicator of udder
health and milk quality (2, 17). Milk secretion in goats
is apocrine, whereas in cows it is merocrine, which
partly explains the higher count of somatic cells in goat
milk without any relation to mastitis (12). Maintenance
of the normal physiological function of the mammary

" This work was supported by grant no. QJ1510137 from the NAZV Agency
of the Ministry of Agriculture of the Czech Republic,
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gland is essential for the production of high-quality
milk and healthy offspring (3). The morphology of
the udder affects its milkability, capacity for machine
milking, the production and composition of milk, the
resistance of the mammary gland to diseases, and the
ability of kids to find and grasp the teat (1, 11). For
this reason, greater attention should be paid to the
study of goat udder anatomy. This study summarizes
a pilot research that has contributed to the formulation
of'a methodology for a linear description of the shape
traits of goat udders. The relationship between the
udder shape and the quality and microbial contamina-
tion of milk were also studied, which is economically
important for breeders.

Material and methods

Herd summary data. The evaluation of goat udders
was made on a farm where white shorthaired goats belong-
ing to the gene resources of the Czech Republic are kept.
Measurements were carried out before the morning milking
when the animals were tied in a milking room. The method
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Fig. 1. Linear description of the udder shape
Explanations: A) a — udder depth, b — udder width, ¢ — teat length;
attachment, UC — udder cleft; C) teat placement

for a linear description of dairy goat udders is based on
a methodology for dairy sheep published by Milerski and
Schmidova (11) and includes a total of 7 udder traits. Udder
depth, udder width and teat length were measured exactly
to the nearest 1 em using a ruler with a measuring range of
30 cm. Other traits, i.c. udder symmetry, teat placement,
udder cleft and rear udder attachment, were assessed sub-
jectively using a five-score scale. The linear description of
the udder is presented in Figure |. All measurements were
done by | person.

Udder symmetry (US) was assessed subjectively as the
first of the udder traits. Goats with asymmetrical udders
were not included in the evaluation.

Udder depth (UD) was measured from the rear with
a ruler to the nearest | cm. UD was measured from the
upper edge of the udder to the lowest point of the udder.

Udder width (UW) was measured from the rear with
aruler to the nearest 1 cm. UW was measured at the widest
part of the udder.

Teat length (TL) was measured from the rear with a ruler
to the nearest 1 cm. If the teats were visibly of different
lengths, the longer teat was measured. TL was measured
from the base to the tip of the teat.

Teat placement (TP) was assessed from the rear, using
afive-score scale: 1 —almost perpendicular position of teats,
teats placed on the bottom of the udder, 2 — teats pointing
moderately sideways, placed on the lower edge of the udder,
3 — the teat angle is approximately 45° from the intermam-
mary groove, 4 — teats are placed on the udder sides, 5
teats point horizontally, placed high on the udder flanks.

Udder cleft (UC) was assessed as the depth of the inter-
mammary groove, which is an indicator of the strength of
the median suspensory ligament. It was assessed from the
rear using a five-score scale: 1 — pronounced udder cleft,
very pronounced suspensory ligament, 2 — less pronounced
udder cleft, pronounced suspensory ligament, 3 — percep-
tible suspensory ligament, clear udder cleft, 4 — unclear
udder cleft, 5 — loose suspensory ligament, part of the udder
is below the teat level.

Rear udder attachment (UA) was assessed in terms of
its width and how well the udder filled the room provided
by the hind legs. The assessment was made from the rear
using a five-score scale: 1 - very wide attachment, the room
provided by the legs completely filled, 2 — wide attachment,
the room provided by the legs nearly filled, 3 — interme-
diate attachment, room enough for the udder, 4 — weaker
attachment, droopy udder, 5 - very weak attachment, baggy
udder, skin folds.
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i

B) UA - rear udder

Fig. 2. A properly
formed symmetric
udder of a goat, TP
-2,UC-2,UA-1

Database of performance testing. The linear descrip-
tion of udders was compared with the milk performance
of goats and somatic cell count. All data for milk quality
traits (somatic cell count) used in this study were obtained
from the official database of the Czech-Moravian Breed-
ers Corporation. The animals without performance records
were excluded from further analysis. The database contained
2727 somatic cell count records for 343 goats. The data on
milk performance were collected in 2016 and 2017. The
goats were at different lactations (lactation 2-7). The high-
est number of somatic cell count data were obtained from
goats at lactation 4 (27% of data), 20% of data from lacta-
tion 3, and about 12% of data from the remaining lactations.

Statistical analysis. Data were evaluated by a mixed
model (PROC MIXED, SAS 9.2, 2004) with repeatability
where the animal was a replication. The effects comprised
the year of milk sampling, the month of milk sampling and
the linear description trait. If the trait was assessed in classes
(TP, UA, UC), the effect was considered within the class.
In other cases (UD, US, TL), linear and quadratic regres-
sions were computed for the given linear description trait.

Results and discussion

The average somatic cell count (Tab. 1) was 1.3
mill cells/ml, and the median was 605.5 thousand. The
incidence of somatic cells was higher mainly at the
beginning and at the end of lactation, which was taken
into account in the effect of the sampling month in rela-
tion to kid delivery seasonality. The standard somatic
cell count in goat milk in the United States is 1 x 10°
cells/ml (13), but no such count has yet been laid
down in the European Union (4). Data were collected
from March to September, and the highest number of
records came from June. UD and US showed lower
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Tab. 1. Average somatic cell count in relation to particular linear description traits of the goat’s udder

Variable Unit n Mean Std error Std dev Min Max Median Coeft. of variation

sC 1% 10° cells/ml 2727 1297.98 34.62 1807.59 5 5999 605.5
un cm 2727 15.83 0.06 an 8 27 15 19.67
uw cm 2727 14.13 0.03 1.79 5 20 14 12.66
e cm 2721 5.14 0.04 1.93 2 1 5 37.56
™ point 2727 1.72 0.01 0.64 1 5 2 37.18
UA point 2721 3.26 0.02 1.22 1 5 3 37.31
uc point 2721 2.85 0.02 1.19 1 5 3 41.84
Month 2721 6.17 0.03 1.77 3 ] 6
Lactation 2721 4.25 0.03 1.54 2 7 4

variability in the records than TL and the traits evalu- 2300

ated with a score scale. The TP median was 2, which | _ 3100+

means that teats on the lower edge of the udder pointed § < 2900

moderately sideways (Fig. 2). Udder cleft 3 indicates | § @ 27007

that the majority of goats in the herd had a perceptible | g 8 2500

suspensory ligament and a clear udder cleft, while the | 22 2%

intermediary udder attachment also prevailed when the | £% i;ggi

room provided by the legs and the abdominal cavity | 1700

for udder attachment was ample enough. Somatic cell

count is influenced by many factors, such as the animal
species, milk production, parity, lactation stage, indi-
vidual and environmental factors, herd management,
milking hygiene, health of the udder and its shape
(14, 15). The analysis of particular effects shows that,
when considering the environmental effects (month
and year of performance testing, lactation number),
the somatic cell count is influenced by udder depth
(p = 0.0015) and width (p = 0.0268). Variability in
the other traits is too high, and their influence cannot
be significantly determined from the present sample.
Only statistically significant relationships are shown
in the graphs (Fig. 3 and 4). Fig. 3 represents the
relationship between somatic cell count and udder
depth. The graph indicates that the deeper the udder,
the higher the somatic cell count. The effect of udder
width on the somatic cell count is illustrated in Fig. 4.
The curve shows a downward trend in SCC, and the
udder of 13-17 cm in width seems optimum, but for
wider udders the somatic cell count starts increasing
again. It is still unclear whether somatic cells (SCs)
have a positive or negative influence on milk quality
and manufacture of dairy products. The somatic cell
count is used as an indicator of udder health and milk
quality because SCs participate in the mammary gland
protection from infection as a component of the innate
immune system (8). According to most authors (10, 14,
17), somatic cells contained in milk are considered as
undesirable. Their large amount is related to a decrease
in milk production and inflammations of the mammary
gland causing bacterial problems in milk, which result
in changes in milk composition and in characteristics
of dairy products. Besides the immune function of
the udder and protective functions in milk, it has been
proven recently that SCs often positively influence
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Fig. 3. The relationship between somatic cell count and udder
depth
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Fig. 4. The relationship between somatic cell count and udder
width

the composition and technological properties of dairy
products and thus contribute to the final quality of dairy
products through endogenous enzymes (e.g. cathepsin
B, cathepsin D, cathepsin G and elastase). A higher
amount of SCs accelerates the proteolysis process dur-
ing cheese ripening and improves sensory characteris-
tics of cheeses (8, 14, 16, 18). The ultrasonography of
the udder is an exact method for the diagnosis of some
physiological and pathological states of the mammary
gland in ruminants (mastitis etc.). It makes it possible
to avoid economic losses during milk production in
the case of udder disease (1).

The linear description of the goat’s udder was evalu-
ated. This is a pilot study that will include other goat
herds and breeds in future. Thanks to this methodi-
cal approach, it will be possible to describe the goat
population in the Czech Republic and to start selection
against udder shapes unsuitable for machine milking.



The results demonstrate that the traits of the udder
shape influence the somatic cell count, and so they
can be regarded as functional traits indicating animal
health and herd profitability.
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6. Vysledky a souhrnna diskuse

Jak jiz bylo zminéno, mléko ptezvykavcl je jedinecnym zdrojem zivin a po tisicileti
nedilnou soucasti lidské stravy, presto miize byt vyhodné slozeni mléka ménit. Ke zménam
urCitych slozek muze dochazet napiiklad zekonomickych davodi, producenti se snazi
maximalizovat pfijem vyuzitim vyzivovych strategii, které méni pomér proteinu a tuku
v mléce (Kennelly et al., 2005). Lipidy ovliviuji technologickou a nutri¢ni kvalitu mléka a
mlécnych vyrobkd, ovliviiuji vytézek syrt, jejich pevnost, barvu i chut’ (Delacroix - Buchet et
Lamberet, 2000). Dietologové se snazi pozménit sloZzeni mléka, aby podporovalo zdravi
konzumentti, protoze civilizacnich chorob souvisejicich s nezdravou stravou
(kardiovaskularni choroby, obezita, cukrovka a rakovina) neustale pfibyva. V tomto ohledu
hraji funkéni potraviny ditleZitou roli pfi prevenci nebo alespon snizeni rizika téchto chorob
(Ozen et al., 2014). V kozim mléce mezi tzv. funkéni slozky patfi napiiklad kyselina
eikosapentaenova (EPA), dokosahexaenovda (DHA) nebo konjugovana kyselina linolova
(CLA), dietologové prosazuji zvySeni téchto slozek (Williams, 2000; Kennelly et al., 2005).
Mnoho studii se zabyvalo vlivem vyzivy na obsah a slozeni mlé¢ného tuku, jelikoz tato slozka
mléka je vyzivou snadno ovlivnitelna. Schopnost ménit zastoupeni mléénych slozek a
predevsim slozeni mlécného tuku, predstavuje moznost pro rozvoj novych mléénych produkti

obohacené o omega-3 a omega-6 mastné kyseliny (Kennelly et al., 2005; Park et al., 2007).

1) Vliv pridavku suSené tasy Chlorella vulgaris na profil mastnych kyselin v kozim

mléce

Cilem prace bylo vyhodnotit vliv pridavku autotrofni suSené tasy Chlorella vulgaris
(podavané vmnozstvi 5 a 10 g/kus/den) na profil mastnych kyselin v mléce bilych
kratkosrstych koz. Rasa byla kozam ke krmné davce piidavana po dobu 6 tydnd, individualni
vzorky mléka byly odebrany pted zahajenim pokusu a po dokonceni zkrmovani tas.

Z vysledkil je patmé, ze ptidavek tfasy mél pozitivni vliv na pomér skupin mastnych
kyselin, pti pfidavku 10g tasy doslo k poklesu nasycenych mastnych kyselin (SFA, vice nez
0 50%). K nejvétSimu poklesu doslo u kyseliny palmitové ve druhé pokusné skupiné (10 g
Chlorelly v.), zde doslo ke sniZzeni o 7%, zatimco v prvni pokusné skuping (5 g Chlorelly v.)
bylo jeji snizeni zanedbatelné (0,71%). Obsah kyseliny palmitové by podle Park et al. (2007)

mél byt v rozmezi 23,2 — 34,8%, coz odpovida naSim vysledkiim. Mnozstvi kyseliny olejové
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se vyrazné zvysilo v obou skupinach s ptidavkem ftasy. V prvni skupin€ doslo k navySeni o
8,15% a ve druhé pokusné skupiné¢ dokonce o 9,33%, zatimco v kontrolni skupiné doslo
k navySeni pouze o 2%. V kontrolni skupin¢ doSlo ke snizeni kyseliny linolové (0,16%),
zatimco v prvni pokusné skupiné se mnozstvi kyseliny linolové a jejich izomerti navysilo o
1,14%, ve druhé pokusné skupiné pouze o 1,06%. Obsah izomer C18:3 v kontrolni skuping¢ a
prvni pokusné skupiné (5g Chlorelly v.) poklesl o 0,45 a 1,55%, zatimco ve druhé pokusné
skuping (10g Chlorelly v.) doslo k jejich naristu (+ 1,61%). VSechny tyto vysledky jsou
v souladu s krmnym pokusem Chilliard et al. (2003), kdy ke krmné davce koz ptidavali olej
ze semen fepky. Obsah zdravi prospésnych polynenasycenych mastnych kyselin (EPA,
eikosapentaenova a DHA, dokosahexaenova MK) byl ve vSech vzorcich mléka v niZSim
mnozstvi nez je limit pro jejich detekei pouzitou metodou (0,1%). Také je nutné podotknout,
7ze mastné kyseliny s kratkym fetézcem nebyly analyzovany vzhledem k jejich vysoké
tekavosti pii esterifikaci. V pokusnych skupinach, ptfedev§im ve druhé pokusné skupiné (10g
Chlorelly v.) doslo k pozitivnimu posunu poméru omega-6:omega-3 polynenasycené MK
(PUFA), ktery by mél byt ve stravé konzumentti v poméru maximalné 5:1. Vyssi obsah PUFA
by mohl byt pfinosny nejen pro konzumenty, ale také pro kizlata predevsim v ekologickém

zemé&délstvi, kdy saji mléko minimalné 45 dni.

Uvedené vysledky byly podrobngji publikovany v praci Koufimska et al. (2014).
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2) Vliv ptidavku mikrotasy Chlorella vulgaris a Japonochytrium sp. na slozeni a profil

mastnych kyselin koziho mléka.

Na zaklad¢ ptredchozi studie byla pro potvrzeni vysledkd zatazena mikrotasa Chlorella
vulgaris a motska mikrotasa Japonochytrium sp. Tentokrat byly mikrotasy z diivodu snizeni
prasnosti, ztrat pfi krmeni a biohydrogenaci v bachoru, zpracované do formy pelet. Podle
literatury obsahuje sladkovodni zelena mikrotasa Chlorella vulgaris okolo 10% mastnych
kyselin, zatimco Japonochytrium sp. obsahuje az 20% v zavislosti na jejich kultivaci
(Hauvermale et al., 2006).

V tomto pokusu obsahovala Chlorella vulgaris 13,67 % tuku v susiné a Japonochytrium
sp. pouze5,4 % tuku v susin€. Chlorella obsahovala vyssi mnozstvi celkovych PUFA (62,14
%), avSak méné omega-3 MK (33,66 %), zatimco mikrofasa Japonochytrium sp. obsahovala
méné celkovych PUFA (55,31 %), ale svyS$im mnoZstvim omega-3 MK (43,46 %).
Chlorella vulgarisje zdrojem kyseliny linolové a kyseliny alfa-linolenové(Petkov et Garcia,
2007) a Japonochytrium sp. jevynikajici zdroj DHA (Schmitt et al., 2012;Humbhal et al.,
2016). To odpovida nasim vysledkim,Chlorella vulgaris obsahovala 32,85 % alfa-linolenové
kyseliny a Japonochytrium sp. obsahoval 41,954%DHA. Chemické sloZeni mikrofas zavisi
zejména na podminkéach jejich kultivace (Lee, 2001).

V modelové rovnici pro pokusné skupiny byl prikazny vliv nadoje, mléénéhotuku a
susiny(P<0,001). Potradi odbéru vzorku bylo statisticky vyznamné pouze pro mnozstvi
mlécného tuku (P<0,001). Podle vysledkd bylo zjisténo vyssi mnozstvi denniho nadoje u
kontrolni skupiny koz, které nedostavaly pridavek fas (rozdil mezi Ka Ch +1,24 kg, Ka J
+0,89 kg, P <0,001). I poradi odbéru mélo vliv na mnozstvi deniho nadoje, nejvyssi mnozstvi
(1,57% =+ 0,101).Tentorozdil byl statisticky vyznamny (P <0,001). U pokusné skupiny
s pridavkem mikrotasy Japonochytrium sp. doslo k navySeni mlé¢ného tuku a susiny.

Na zéakladé vysledkd rovnice zakladniho statistického modelu, ma ptidavek mikrotas vliv
na mnozstvi kyseliny laurové, myristové, palmitoolejové, olejové, linolové, eikosatrienové a
omega-6 MK, zatimco potradi odbéru mélo vliv na kyseliny C6-16, olejovou, linolovou,
eikosatrienovou, SFA a MUFA na hladiné vyznamnosti P<0,01. Koncentrace SFA s kratkym
astfedné dlouhym uhlikovym fetézcem byla vyznamné vyssi u obou pokusnych skupin, avSak
ve skupiné s ptidavkem mikrotasy Japonochytrium sp. bylo zjisténo nejvyssi mnozstvi SFA

(71,560% =+ 0,861), predevS§im kvuli narGstu kyseliny kaprylové, kaprinové, kapronové,
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laurové, myristové, zatimco doslo ke sniZzeni kyseliny palmitové a stearové. Mnozstvi SFA i
MUFA bylo ovlivnéno pofadim odbéru P<0,001. Mnozstvi MUFA bylo naméfeno oproti
skupiné K a CH nejnizsi ve skupiné J (P> 0,05). V pokusné skupiné J bylo naméfenonejvyssi
mnozstvi PUFA, zatimco obé podskupiny omega-3 a omega-6 byly nejnizsi. Nejvyssi
mnozstvi omega-3 MK bylo naméfeno v kontrolni skupin€. Nebyl prokdzan statisticky
vyznamny vliv pfidavku mikrofasy ani pofadi odbéru pro mnozstvi PUFA, omega-3 a omega-
6 MK. Koncentrace DHA byla naméfena nejvyssi ve skupiné J (+0,019%; P <0,001), avSak
v pribéhu experimentu dochazelo k jejimu poklesu. Zavérem lze fici, Ze existuji vyznamné
rozdily ve slozeni mléka a profilu mastnych kyselin mezi obéma pokusnymi skupinami koz.
Pridavek mikrotas ke krmné davce koz zptsobil zmény v poméru mlécného tuku a bilkovin,
coz ma podle Kennelly et al. (2005) pfimy vliv na vynos pfi vyrob¢ syrt a jinych mléénych
vyrobki. Mléko a mlécné vyrobky vyrobené z obohaceného mléka vybranymi mikrotasami

muze potencionalné piisobit na zlepSeni zdravi konzumenta.

Uvedené vysledky byly podrobnéji publikovany v praci Novotna et al. (2017).
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3) Vliv ptidavku mikrotasy Chlorella vulgaris a Japonochytrium sp. na slozeni a profil

mastnych kyselin masla vyrobeného z obohaceného koziho mléka

Cilem této prace bylo porovnat profil mastnych kyselin koziho masla vyrobeného z mléka
koz, které dostavaly ptidavek dvou riznych mikrotas (Chlorella vulgaris a Japonochytrium
sp.). Déle byly z dietetickych diivodii porovnany profily MK smésnych masel vyrobenych
z koziho a kravského mléka (v poméru kozi:kravské mléko 50:50 a 25:75).

Z literatury je patrné, ze kozi mléko se vyuziva predev§im na vyrobu syri. Avsak skala
vyrobkll z koziho mléka je pomérné Sirokd, od naturdlniho mléka, pfes syry, jogurty,
jogurtové napoje, zmrzliny, az po maslo (Pandya et Ghodke, 2007). Kozi mlé¢ny tuk je
jednou z nejvyznamnéjSich slozek podilejicich se na vynosu syra, jeho textufe, barve,
pevnosti a chuti (Ribeiro et Ribeiro, 2010). Dalsi vyhodou koziho mlééného tuku je jeho lepsi
stravitelnost, ktera je, na rozdil od kravského mlécného tuku, zptisobena mensi velikosti
lipidovych micel (Park et al., 2007).

Podle vysledki jeChlorella vyznamnym zdrojem PUFA (62,1 %), ptfedev§im kyseliny
linolové a alfa-linolenova (28,3% a 33,7%). Piekvapivé nizkd koncentrace byla naméfena
v Japonochytrium sp. (7,7 %), naopak zde bylo zji§téné pomérné vysoké mnozstvi kyseliny
palmitové (50 %) a olejové (25,7 %). Vliv piidavku mikrotasy Chlorella vulgaris a
Japonochytrium sp. na slozeni koziho mléka a profil mastnych kyselin, byl prokézan ve studii
Novotna et al. (2017) a Borkova et al. (2015).

Mnozstvi SFA a MUFA v kozim mléce i smetané vykazovala statisticky vyznamny rozdil
mezi kontrolni skupinou a obéma pokusnyma skupinami po 49 dnech suplementace fas pouze
v pripadé kyseliny C18:0 a vakcenové (trans-11-C18:1). Byl prokdzan statisticky vyznamny
vliv pro zvySeni PUFA (all-cis-6,9,12-C18: 3; CLA; all-cis-8,11,14-C20:3 a DHA) ve
skuping s mikrotasou Japonochytrium sp.

Dale byly zjistény velké rozdily mezi smetanou vyrobenou z koziho mléka a smetanou
z kravského mléka. Ptidavkem mikrotasy Japonochytrium sp. se zvysilo mnozstvi PUFA (+
0,37%) a naopak snizilo mnozstvi SFA (- 0,5%).

Obecné, mezi kozi a kravskou smetanou byly zjistény velké rozdily v profilu mastnych
kyselin. Kozi smetana obsahovala vyssi mnozstvi SFA ve srovnani se smetanou z kravského
mléka (K 73,8%, P1 73,7% a P2 73,3%, kravska smetana 67,6%), tento rozdil mohl byt
zpisobeny vys§im mnozstvim prospésnych SFA (C6:0,C8:0aC10:0). Kozi smetana
obsahovala nizsi mnozstvi MUFA (K 21,2%, P1 21,4% a P2 21,4%, kravska smetana 28,0%).
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Nejvyssi mnozstvi PUFA v kozi smetan€ bylo naméteno v pokusné skupiné P2 (5,35%),
v kravské smetan¢ bylo mnozstvi PUFA 4,39%. Vys§$i mnozstvi omega-3 MK bylo obsazeno
v kozi smetan¢ K 1,39%, P1 1,42% a P2 1,43%, ve srovnani s kravskou smetanou, kde bylo
mnozstvi omega-3 MK pouze 0,51%. V kravské smetan¢ bylo vys$i mnozstvi omega-6 MK
(2,49%) oproti kozi smetan¢ (K 1,96%, P1 2,01% a P2 2,03%).

Velice dulezitym ukazatelem pro zdravi je pomér omega-6/omega-3 MK, ktery by m¢l
byt nejvyse 5:1 (WHO/FAO, 2003). Podle zjisténych vysledkii ma ptiznivéj§i pomér omega-
6/omega-3 MK kozi smetana, coz byl divod k vyrobé smésnych masel. Podobn¢ jako u
koziho mléka a smetany byly i u masla prokdzany zmény pouze v obsahu SFA a PUFA
v pokusné skupiné s pridavkem Japonochytrium sp. Po ptidavku této mikrofasy doslo ke
sniZzeni mnozstvi SFA (pfedevs§im C 18:0) a naopak navyseni PUFA. Zvyseni all-cis-8,11,14-
C20: 3 a DHA v této pokusné skupin€ bylo v souladu s nartistem téchto kyselin i v samotné
fase. Pridanim kravské smetany do masla vyrobeného ze smetany z pokusné skupiny
s ptidavkem Japonochytrium sp. bylo snizeno mnozstvi SFA a PUFA v obou smésnych
maslech. Naproti tomu doslo u obou skupin k navyseni MUFA.

Zavérem lze fict, ze zvySeny pomér koziho tuku v masle vede ke zvyseni omega-3 MK
v masle a tim pozitivné ovlivituje pomér omega-6:omega-3 MK, coz je potencidlné piinosné

pro konzumenty.

Uvedené vysledky byly podrobnéji publikovany v praci Borkova et al. (2015).
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4) Vliv pridavku Inéného oleje a extrudovaného Inéného seminka na profil mastnych

kyselin v kozim jogurtovém napoji

Na zaklad¢ odborné literatury byly do experimentu zahrnuty dal$i pridavkys vysokym
obsahem omega-3 polynenasycenych mastnych kyselin, Inény olej a extrudované Inéné
seminko.Cilem této studie bylo zjistit vliv pfidavku Inéného oleje (LO) a extrudovaného
Inéného seminka (ELS) na sloZeni mastnych kyselin v jogurtovém napoji vyrobeném
z obohaceného koziho mléka.

Z vysledkt vyplyva, ze vlivem ptidavku LO i ELS nedoslo k vyznamnym zménam na
zakladni slozeni mléka, avSak doslo ke zménam v profilu MK u jogurtovych néapojii. Pfidavek
LO a ELS ke krmné déavce koz vyrazné€ snizil mnozstvi celkovych SFA v jogurtovém napoji
(P<0,001), predevsim doslo ke sniZzeni mnozstvi SFA se stfedné dlouhym fetézcem (C14:0 a
C16:0, P<0,001). Ve skupin¢ s ptidavkem extrudovaného Inéného seminka bylo sniZeno
mnozstvi SFA s kratkym fetézcem, zejména C6:0 (P<0,05), C8:0 (P<0,01), C10:0 (P<0,001).
Ovsem obsah kyseliny stearové (C18:0) byl zvySeny v jogurtovych napojich pokusné skupiny
s ELS (P <0,001). Lnény olej i extrudované Inéné seminko jsou bohaté na obsah PUFA,
predevsim na kyselinu alfa-linolenovou MK, které jsou znacné metabolizovany v bachoru, za
vzniku pravé C18:0.Podobné vysledky byly zjistény v kozim mléce pokrmeni extrudovanym
Inénym seminkem (Nudda et al., 2005; Nudda et al., 2013). Podle vysledkd ve skupiné
s pfidavkem Inéného oleje nedoslo k navyseni C18:0, coz odpovida vysledkim prace
Martinez Marin et al. (2012).Doplnék LO a ELS zvysil obsah frans-C18:1 izomera
v jogurtovych napojich (P <0,001). Toto zvySeni zplsobilo statisticky vyznamné zvySeni
celkovych MUFA v napojich pokusné skupiny s piidavkem extrudovaného Inéného seminka
(P <0,001). Zatimco u skupiny s pfidavkem Inéného oleje navyseni MUFA nebylo
pozorovano i pres zvySeni trans-C18: 1 izomerd, protoze zaroven doslo k poklesu cis9-
C18:1.Pridavek LO i ELS zptsobil navySeni mnozstvi PUFA a omega-3 MK (P<0,001),
predevsim kyseliny alfa-linolenové. Vyssi mnozstvi kyseliny alfa-linolenové bylo naméteno
v jogurtovém napoji vyrobeném z mléka pokusné skupiny s pfidavkem Inéného oleje, tyto
vysledky odpovidaji vysledkim studie Chilliard et al. (2003), kde také bylo popsano, ze
biohydrogenace mastnych kyselin v bachoru byla prokazatelné nizsi v piipadé podavani LO
nez olejnatych semen. To je také pfi¢ina vysSiho obsahu frans-C18:2 (P <0,001),
konjugované kyseliny linoleové (CLA;P <0,001) a kyseliny linolové (LA; P <0,01)
v jogurtovych napojich skupiny s ptfidavkem Inéného oleje ve srovnani s pfidavkem

extrudovaného Inéného seminka. Vyssi obsah trans-C18:2 a CLA byl zjistén 1 ve skupiné
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s ptidavkem ELS, avsak ne v takové mife jako u LO.Piidavek Inéného oleje prokazal lepsi
efekt na navysSeni PUFA v kozim mléce nez extrudované Inéné seminko.

V poslednich letech roste zajem o mléné potraviny s pfidanou hodnotou, tyto
specifické potraviny mohou zahrnovat i produkty vyrobené zkoziho mléka obohacené o
omega-3 MK, prebiotika a probiotika (Lee et al., 2011). Nicmén¢ Inény olej i extrudované
Inéné seminkomélopozitivni vliv na navySeni mnozstvi omega-3 MK v jogurtovém napoji,

coz by mohlo mit ptimy dopad na zdravi konzumentt.

Uvedené vysledky byly podrobnéji publikovany v praci Borkova et al. (2018).

5) Vliv tvarovych charakteristik vemen na pocet somatickych bunék v kozim mléku

V této studii bylo hodnoceno sedm znakti (soumérnost vemene, hloubka vemene, Sifka
vemene, délka strukli, umisténi strukti, zadni ivaz vemene, rozpolceni vemene) ve vztahu
k poctu somatickych bunék (SB) v kozim mléku. Pocet somatickych bunék (PSB) je vyuzivan
jako dulezity ukazatel zdravi vemene a kvality mléka. SB se podileji na ochrané mlécéné zlazy
pred infekci jako soucast vrozeného imunitniho systému (Li et al., 2014). Vysoké mnozstvi
SB je spojovano se snizenim produkce mléka, se zanéty mlécnych zlaz, které vedou
k bakteridlnim problémim v mléce, tim mohouménit sloZzeni mléka a mlécnych vyrobkl ve
srovnani s normalnimi hodnotami (Le Maréchal et al., 2011, Raynal-Ljutovac et al., 2007,
Sharma et al., 2011). Vedle imunitni funkce vemene se nedavno prokazalo, ze obsah SB casto
pozitivné ovliviiuje slozeni a technologické vlastnosti mléénych vyrobkd, ¢imz piimo
ovliviiyji kone¢nou kvalitu mléénych vyrobkii prostfednictvim endogennich enzymil (napf.
katepsin B, katepsin D, katepsin G a elastaza). Vyssi mnozstvi SB také zrychluje proces
proteolyzy pii procesu zrani syrd a zlepSuje jejich senzorické vlastnosti (Sanchez-Macias et
al., 2013;Souza et al., 2012; Li et al., 2014). Jestli maji SB pozitivni ¢i negativni vliv na
kvalitu mléka a vyrobu mlé¢nych produktu, ziistava stale otazkou.

Bylo hodnoceno 487 bilych kratkosrstych koz. Primérny PSB byll,3 mil bunék / ml,
median byl 605,5 tisic. Podle Kuchtik et al., (2015) se pocet SB pohyboval u plemene bila
kratkosrsta koza v rozmezi od 253 000 do 759 000/ml. Podle Granado et al., (2014) je PSB

v kozim mléce velice proménlivy, je ovliviiovan napt. fazi laktace, coZz odpovida i naSim
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vysledkiim, kdy k vyss§imu vyskytu SB dochazelo ptedevsim na zacatku a konci laktace, coz
bylo zohlednéno v efektu mésice odbéru vzhledem k sezénnosti kozleni. Pocet somatickych
bun¢k byl ovlivnén hloubkou (p=0,0015) a Sitkou (p=0,0268) vemene. Vysledky ukazuji, Ze
nékteré rysy tvaru vemene ovliviiuji poCet somatickych bungk a lze je povazovat za funkéni
znaky oznacujici zdravi zvifat a rentabilitu chovu. Podle vysledkd byly u vétSiny vemen
struky umisténé na spodnim okraji vemene sméfujici mirn€ do stran, znatelny zaveésny vaz a
zietelné rozpolceni vemene, stfedni upnuti vemene, kdy je mezi koncetinami a bfi$ni dutinou
dostatecné misto pro upnuti vemene. Také byl prokazan vliv hloubky a Sitky vemene na
mnozstvi nadojeného mléka. Podle Novotna et al. (2018b) je patrné, ze ¢im hlubsi vemeno,
tim je vyssi PSB a zaroven i denni nadoj. Optimalni vemeno je Siroké 13-17 cm, u vemen
SirSich nez 17 cm dochazi opét k nariistu SB, ovSem s rostouci Sitkou vemene roste i denni

nadoj.

Uvedené vysledky byly podrobnéji publikovany v praci Novotna et al. (2018).
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7. Celkové shrnuti

V této praci bylo prvotnim cilem zkoumani vlivu ptidavku mikrotasy Chlorella
vulgaris, Japonochytrium sp., Inéného oleje a extrudovaného Inéného seminka, zatazenych do
krmné davky na kvalitativni ukazatele mlécné produkce koz, predevsim na sloZeni mastnych
kyselin se zaméfenim na navyseni omega-3 a omega-6 mastné kyseliny. Podle vysledki méla
tasa Chlorella vurgaris kultivovana autotrofnim zptisobem vice pozitivnich ucink, nez stejna
fasa kultivovana heterotrofné. Jako druha byla do pokusu vybrana mikrofasa Japonochytrium
sp. Jedna se o novy produkéni kmen mikrofasy, obsahujici ve své biomase vysoké mnozstvi
nutriéné a farmaceuticky cennych omega-3 MK. Podle vysledki lze konstatovat, ze u koz,
kterym byla pfidavana mikrotasa Japonochytrium sp. byly zjistény pozitivni vysledky, kdy
doslo ke zlepSeni profilu MK._Mikrotasa Japonochytrium sp. prokazovala vice pozitivnich
ucinkli na zménu profilu mastnych kyselin v kozim mléce nez Chlorella vulgaris, avsak
v obou pfipadech se jednalo pouze o stopové mnozstvi téchto kyselin.

Na zakladé dostupné literatury a z ekonomickych dtiivodt byl do pokusu zafazen Inény
olej a extrudované Inéné seminko. V tomto experimentu bylo cilem dokézat, ze dopln€k
Inéného seminka ve dvou riiznych formach povede k pozitivnim zménam profilu mastnych
kyselin a tim pfimo ovlivni i mlé¢né produkty. Lnény olej i extrudované Inéné¢ seminko
pozitivné ovlivnily mnozstvi mléka i mlécného tuku a profil mastnych kyselin koziho ml¢ka a
jogurtovych napojii. Doslo k navySeni PUFA, pfedev§im omega-3 MK a snizeni SFA. Tento
rozdil byl vyrazné€j$i u pokusné skupiny, ktera dostavala Inény olej.

Zavérem lze fici, ze vliv fasy Chlorella vulgaris i Japonochytrium sp. nebyl tak
vyrazny, jak se predpokladalo. Divodem muze byt napiiklad prozatimni zplisob vyroby
mikrofas, kdy neni zarucena jejich stejna kvalita a sloZzeni. Vyrobni cena mikrofas je mnohem
vy$§i, nez cena extrudovaného Inéného seminka a Inéného oleje.

Vysledky pridavkt mikrotas Chlorella vulgaris a Japonochytrium sp. 1 Inéného oleje a
extrudovaného Inéné¢ho seminka prokazaly pozitivni vliv na slozeni koziho mléka a mléénych
produkti. AvSak zmény v mnozstvi zdravi prospéSnych mastnych kyselin, pfedev§im
v mnozstvi PUFA a jejich podskupin omega-6 a omega-3 MK, byly zjiStény pouze ve
stopovych mnozstvich.

Sledovani ptineslo dulezité informace, bylo detailné¢ zmapované sloZzeni MK v mléce u
stada koz na riiznych laktacich. Zaroven bylo ziskano porovnani uc¢inkid mikrotas a Inéného

seminka. Na zékladé zpracovani vSech sledovanych dat a dat z kontroly uzitkovosti bylo
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vypozorovano, ze kozy vyuZivaly pozitivni ucinky vybranych piridavkd ke krmné
davcev prvni fadé ke zlepSeni své télesné kondice a teprve poté na produkci mléka a jeho
slozeni.

Ze zaznami z kontroly uzitkovosti koz byly sledovany udaje: denni nadoj, mlécné
slozky (tuk, bilkoviny, laktdza, tukuprostd susina) a mnozstvi somatickych bun¢k v mléku.
Tato pozorovani vedla k dalSimu pokusu, kdy bylo provedeno hodnoceni linearniho popisu
vemen koz a porovnani vlivu téchto charakteristik s udaji dostupnymi z kontroly uzitkovosti
koz (denni nadoj, mlécné slozky a pocet somatickych bunck). Jedna se o pilotni studii, ze
které bude vytvorena metodika pro méfeni tvarovych charakteristik vemene koz. Diky tomuto
metodickému pfistupu bude mozné popsat populaci koz chovanych V CR a zahajit selekci
vici technologicky nevhodnym tvarim vemen. Z vysledkt dale vyplyva, Zze charakteristiky
tvaru vemene ovliviiuji pocet somatickych bunék a lze je tedy povazovat za funkcni znaky
charakterizujici zdravi zvifete a rentabilitu chovu. Jakmile bude zavedena do chovu koz
selekce na vybrané tvarové charakteristiky vemene, které piimo ovliviiuji pocet somatickych

bunék, 1ze ocekavat pozitivni piinos ve zlepseni kvality mléka a mléénych produktti.
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9. Pouzité zkratky

ALA - alfa-linolenova kyselina

CLA - konjugovana kyselina linolova
DHA - dokosahexaenova kyselina

ELS - extrudované Inéné seminko

EPA - eikosapentaenova kyselina

GLA - gama linolenova kyselina

KD - krmna davka

LA -linolova kyselina

LO - Inény olej

MK - mastné kyseliny

MUPFA - mononenasycené mastné kyseliny
PSB - pocet somatickych bun¢k

PUFA - polynenasycené mastné kyseliny
SB - somatické bunky

SFA - nasycené mastné kyseliny

SKD - standardni krmna davka

TAG - triacylglycerol

VA - vakcenova kyselina

VMK - volné mastné kyseliny
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