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1. Wstep

Gloéwnym celem hodowli bydta jest produkcja wysokowartosciowego biatka zwierzecego
(w postaci mleka i migsa), ktorego w diecie cztowieka nie mozna w petni zastapi¢ biatkiem
ro$linnym. Wedtug wstepnych danych, podanych przez GUS (2022), w grudniu 2021 roku
poglowie bydta w Polsce liczylo 6371,5 tys. sztuk i byto o 1,5% wyzsze w poréwnaniu
z analogicznym okresem roku 2020. W 2020 roku zaj¢lismy 6 miejsce w Unii Europejskiej
pod wzgledem produkcji migsa wolowego z uboju, z udziatem na poziomie 8,1%. Produkcja
zywca wotowego (bez cielgt) w Polsce w 2020 roku wyniosta 1092,1 tys. ton (GUS, 2021).
Srednie spozycie migsa wotowego w krajach Unii Europejskiej wynosi 10,2 kg (EU, 2021)
a w Polsce zaledwie 2,5 kg (GUS, 2021). Niskie spozycie wolowiny w naszym kraju wynika
glownie z jej wysokiej ceny i na og6t niskiej jakosci (Nogalski i in., 2013). W Polsce
zaledwie 11% poglowia stanowi bydlo utrzymywane w stadach niedojonych (PFHBIPM,
2022), co oznacza, ze wolowina pozyskiwana jest gtownie w stadach mlecznych jako
produkcja uboczna. Dlatego podnoszenie jakosci produkowanej wotowiny ma znaczenie dla
zwigkszenia jej spozycia, jak i uzyskiwania wyzszych cen eksportowych.

Zgodnie z Rozporzadzeniem (WE) nr 853/2004 Parlamentu Europejskiego i Rady z dnia
29.04.2004 roku ,,migso” oznacza jadalne czeSci zwierzat, w tym krew. Rozporzadzenie to
okresla nastgpujace zwierzgta: zwierzeta gospodarskie kopytne — bydlo domowe (w tym
gatunki Bubalus bubalis oraz Bison bison), swinie, owce, kozy; zwierzgta gospodarskie
nieparzystokopytne; drob z wykluczeniem ptakow bezgrzebieniowych; zajeczaki; zwierzeta
towne; zwierzeta dzikie utrzymywane w warunkach fermowych. Do migsa czerwonego
zaliczane sg wotowina, cielgcina, wieprzowina i jagnigcina. Glowne korzysci zdrowotne
zwigzane z jedzeniem czerwonego migsa dotyczg jego sktadu odzywczego (Williamson i in.,
2005). Czerwone migso, jest znaczacym i waznym zrodtem wysoko biologicznie aktywnego
biatka, tluszczu, witamin (A, D, E, z grupy B) i sktadnikow mineralnych (w szczego6lnosci
zelaza 1 cynku) (Biesalski, 2005), ktore sg niezbgdne do prawidlowego funkcjonowania
organizmu dorostego, a takze wzrostu i rozwoju miodszego organizmu. Ponadto wotowina
dostarcza w thuszczu $rodmigsniowym kwasy n-3 PUFA i izomer kwasu linolowego CLA
(conjugated linoleic acid), ktore majg dziatanie prozdrowotne (Florek i in., 2007). Wigkszo$¢
zdrowych, zbilansowanych diet bedzie zawiera¢ chude migso w umiarkowanych iloSciach,
weglowodany skrobiowe (w tym produkty petnoziarniste), duzo owocoéw 1 warzyw oraz

umiarkowane ilosci mleka i produktoéw mlecznych (Williamson i in., 2005).



2. Hipotezy badawcze oraz cele pracy

Szansa na zwigkszenie krajowego spozycia jest zwigkszenie zainteresowania konsumenta
wotowing poprzez wyeksponowanie jej niektorych waloréw. Do podjecia badan nad
wplywem wybranych czynnikow na profil kwasow tluszczowych oraz zawarto$¢ wybranych
sktadnikow mineralnych i witamin w wotowinie sktonity stosunkowo ubogie krajowe wyniki
z tego zakresu oraz rosngca $wiadomos$¢ konsumentéw i zwigzane z tym wigksze ich

oczekiwania w odniesieniu do produktu.

Sformutowano nast¢pujgce hipotezy badawcze:

e dobor rasy migsnej buhajow do krzyzowania towarowego z krowami mlecznymi oraz
wiek uboju zwierzat wptywaja na zawartos¢ sktadnikdw mineralnych w migsie oraz
profil kwaséw thuszczowych thuszezu §rédmig$niowego,

e migso pozyskane od tzw. razéwek, w poroOwnanil z migsem jatowek, nie rozni si¢
zawarto$cig sktadnikow mineralnych i witamin oraz profilem kwaséw ttuszczowych,

e rodzaj kiszonki skarmianej w opasie buhajow oraz intensywno$¢ ich zywienia
wplywajg na zawartos¢ sktadnikow mineralnych i witamin w migsie oraz profil

kwasow tluszczowych tluszczu srédmigsniowego.

Przestawione hipotezy zostaly zwerytikowane w czterech do$§wiadczeniach, ktorych celem
byto:
e okreslenie wptywu rasy buhajow uzytych do krzyzowania towarowego z krowami
mlecznymi i wieku uboju bydla na zawarto$¢ sktadnikow mineralnych
w migesie oraz profil kwaséw thuszczowych thuszezu srédmigsniowego,
e porownanie zawarto$ci sktadnikow mineralnych i1 witamin oraz profilu kwasow
thuszczowych w migsie pozyskanym od razéwek 1 jatowek,
e ocena wplywu rodzaju kiszonki skarmianej w opasie buhajow oraz intensywnosci
opasania na zawarto$¢ sktadnikow mineralnych i witamin w migsie buhajow oraz

profil kwaséw tluszczowych thuszczu srodmigsniowego.



3. Przeglad piSmiennictwa

Migso praktycznie nie zawiera weglowodanow i sktada si¢ gtéwnie z biatka (dostarcza 4
kcal/g), w jego sktadzie obecny jest rowniez thuszcz (dostarcza 9 kcal/g). Im wigcej thuszczu
zawiera mieso, tym wyzsza jest jego warto$¢ energetyczna (Chan i in., 1995). Biatko
pokarmowe jest niezbedne W procesie wzrostu organizmu oraz utrzymania go w odpowiedniej
kondycji, moze takze dostarcza¢ energii. Bialko sklada si¢ z aminokwaséw, a €zg§¢ z nich
moze by¢ syntetyzowana W organizmie (aminokwasy endogenne). Natomiast aminokwasow
egzogennych organizm nie jest w stanie syntetyzowac, dlatego muszg by¢ spozywane wraz
z pokarmem. Istnicje osiem niezbednych aminokwasow (fenyloalanina, leucyna, izoleucyna,
lizyna, metionina, treonina, walina, tryptofan), a czerwone migso jest ich waznym zrédiem.
Surowe czerwone migso zawiera Srednio 20-24 g biatka na 100 g produktu. W wiekszosci
krajow rozwinigtych $rednie spozycie biatka dla wszystkich grup wiekowych przekracza
minimalne zapotrzebowanie, a nadmiar biatka w diecie jest wykorzystywany do dostarczania
energii (Henderson i in., 2002; Williamson i in., 2005). Ttuszcz jest najbogatszym zrodtem
energii w diecie i dostarcza niezbgdnych sktadnikow odzywczych, takich jak witaminy
rozpuszczalne w tluszczach i niezbedne kwasy tluszczowe, ale nalezy go spozywad
z umiarem (Harris, 2001). Thuszcz sktada si¢ z roéznych rodzajow kwasow thuszczowych:
nasyconych kwaséw tluszczowych (SFA), nienasyconych kwaséw thuszczowych (UFA).
Powszechnie wiadomo, iz kwasy tluszczowe majg rozny wptyw na poziom cholesterolu we
krwi. Niektore kwasy tluszczowe korzystnie wplywaja na stezenia poszczegélnych frakcji
cholesterolu i proporcje miedzy nimi, a inne kwasy tluszczowe wykazujg niekorzystny
wplyw, dlatego wazne jest, aby wzig¢ pod uwage caly profil kwaséw thuszczowych
w zywnosci. Zawarto$¢ thuszCzu w migsie czerwonym jest bardzo zréznicowana (Higgs,
2000). Tkanka tluszczowa u bydta odktada si¢ jako tluszcz trzewny (pokrywa narzady
wewnetrzne), tluszcz podskorny (SC), tluszcz miedzymigéniowy (ITF) oraz tluszcz
srodmigsniowy (IMF) (Aldai i in., 2007). Ttuszcz $rédmigsniowy, ktory jest powszechnie
okreslany jako marmurkowato$¢, nadaje migsu aromat, soczysto$¢ i kruchos$¢, w zwigzku
z tym jest cenny ze wzgledu na walory smakowe wotowiny (Scollan i in., 2006). Jednak to
thuszcz trzewny, podskorny i miedzymiesniowy stanowig wiekszos¢ thuszczow w organizmie
i maja niskg warto$¢ handlowa (Du i in., 2017). Sktad chemiczny migsa wotowego jest
nastepujacy: woda 75%, biatko 18-23%, tluszcz $rédmigsniowy <5%, weglowodany <1%,
sktadniki mineralne i witaminy 1% (Williamson i in., 2005).



Thuszcz $rodmigsniowy wotowiny sktada si¢ srednio z 53% nasyconych kwasow
tluszczowych, 43% jednonienasyconych kwasow thuszczowych (MUFA) 1 4%
wielonienasyconych kwasow thuszczowych (PUFA) (Domaradzki i in., 2019). Dominujacymi
SFA tluszczu $rodmigsniowego sa kwas mirystynowy (C14:0; stanowi okoto 3% kwasow
tluszczowych), kwas palmitynowy (C16:0; okoto 25%) i kwas stearynowy (C18:0; okoto
18%). Dominujacym MUFA w wotowinie jest kwas oleinowy (C18:1¢9; stanowi okoto 35%
kwasow tluszczowych). W wotowinie wystepuja takze izomery cis i trans kwasu C18:1
(Abbas i in., 2009; Kotczak, 2008). Gtéwne wazne PUFA wystepujace w wotowinie to kwas
linolowy (C18:2; stanowi okoto 3,5% kwasoéw tluszczowych), kwas a-linolenowy (C18:3;
okoto 1,5%), sprzezony kwas linolowy (CLA, <1%), kwas arachidonowy (C20:4; okoto 1%),
kwas eikozapentaenowy (EPA, C20:5; <1%), kwas dokozapentaenowy (DPA, C22:5; <1%)
i kwas dokozaheksaenowy (DHA, C22:6; <1%) (Enser i in., 1998). Poszczegdlne SFA maja
rozny wplyw na stezenia frakcji cholesterolu lipoproteinowego osocza. Na przyktad kwas
laurynowy (C12:0), mirystynowy, palmitynowy zwigkszaja poziom cholesterolu LDL
(lipoproteiny o niskiej gestosci) (Judd i in., 2002; Dannenberger i in., 2004). Uwaza sig, iz
kwas mirystynowy zwigksza poziom LDL silniej niz kwas palmitynowy (Ulbricht
i Southgate, 1991; Higgs, 2000), podczas gdy kwas stearynowy jest uwazany za neutralny pod
tym wzgledem (Nicolosi i in., 1998; Williamson i in., 2005). Nieparzyste kwasy thuszczowe
(pentadekanowy — C15:0; margarynowy — C17:0) mogg gromadzi¢ si¢ w lipidach blonowych
tkanki nerwowej, powodujagc zmieniong integralno$¢ mieliny i demielinizacj¢, prowadzac
ostatecznie do uposledzenia funkcjonowania uktadu nerwowego (Muller i in., 1998).
Powszechnie uwaza sig, iz PUFA i MUFA korzystnie wptywaja na zdrowie ludzkie. Kwasy
thuszczowe n-3 i n-6 nalezy dostarcza¢ wraz z dieta, poniewaz nie sg syntetyzowane de novo
w organizmie czlowieka i1 innych ssakow monogastrycznych. Te kwasy ttuszczowe dziataja
jako nosniki witamin rozpuszczalnych w tluszczach (A, D, E i K) i odgrywaja kluczowa rolg
w odpowiedzi immunologicznej. Kwas linolowy, zaliczany do rodziny n-6, odgrywa wazna
role w chorobie sercowo-naczyniowej, pomaga bowiem obnizy¢ poziom cholesterolu
W surowicy. Jest on waznym Sktadnikiem strukturalnym bton komoérkowych (Webb i O’Neill,
2008). Kwas oleinowy rowniez wptywa na zmniejszenie niepozadanej frakcji cholesterolu
LDL (von Schacky i in., 1999). Kwasy EPA i DHA, z rodziny n-3, chronig przed chorobami
sercowo-naczyniowymi, obnizajg stezenie trojglicerydow osocza, obnizajg ci$nienie krwi,
zapobiegajg arytmiom, zmniejszajg agregacje ptytek krwi, a takze wykazuja wiasciwosci
przeciwzapalne (Breslow, 2006; Williams, 2000). Sprzgzony kwas linolowy (CLA) to grupa

izomeréw kwasu linolowego wystepujaca na ogédt u przezuwaczy i w produktach mlecznych.
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Najbardziej reprezentatywnymi izomerami CLA sg cis-9 trans-11 oraz trans-10 cis-12.
Wykazano, iz CLA ma  wilasciwosci  immunomodulujagce,  antymutagenne,
przeciwnowotworowe, przeciwcukrzycowe (cukrzyca typu II), zapobiegajace nadci$nieniu,
a takze moze odgrywac rol¢ w kontroli otytosci 1 zapobieganiu miazdzycy. Oznacza to, ze
CLA moze skutecznie zapobiega¢ chorobom zwigzanym ze stylem zycia lub zespolom
metabolicznym (Azain, 2003; Hartigh, 2019; Koba i Yanagita, 2014; Du i in., 2000).
Podwodjne wigzania miedzy atomami wegla w nienasyconych kwasach tluszczowych
wystepuja w formie trans lub cis, co wptywa na dziatanie kwasu tluszczowego. Kwasy
tluszczowe wystepujace naturalnie maja forme cis. Kwasy w konfiguracji trans powstajg
u przezuwaczy w wyniku naturalnego biologicznego uwodornienia kwasow tluszczowych cis,
ktore zachodzi w wyniku dziatania bakterii jelitowych. Wykazano, ze wysokie spozycie
kwasow tluszczowych trans wptywa niekorzystnie na stosunek lipoprotein o niskiej gestosci
(LDL) do lipoprotein o wysokiej gestosci (HDL), co jest czynnikiem ryzyka choroby
sercowo-naczyniowej (Williamson i in., 2005). Nalezy zauwazy¢, ze naturalne tluszcze trans
znajdujgce si¢ w migsie i mleku przezuwaczy moga nie mie¢ tak niekorzystnego wptywu na
stezenie lipidow w krwi (BNF, 1995b). Interesujace jest to, ze jedno z dwoch podwdjnych
wigzan w wigkszosci form CLA znajduje si¢ w konfiguracji trans (Kelley i Erickson, 2003).
Kwas elaidynowy (C18:1 T6+9) to jednonienasycony kwas tluszczowy trans, ktory moze
podnies¢ poziom cholesterolu LDL w surowicy (Nestel i in., 1994). Badania wykazaly, ze
zywno$¢ wzbogacona W kwas elaidynowy przyczyniata si¢ do zwigkszenia stgzenia
cholesterolu LDL (Kromhout i in., 1995). Pomimo, iz kwas wakcenowy (C18:1 T10+11)
nalezy do kwasow trans, to uznany jest za korzystnie wptywajacy na zdrowie cztowieka. Jest
to gtowny kwas tluszczowy trans wystepujacy w czerwonym migsie 1 nie wptywa on na
stezenie cholesterolu catkowitego ani cholesterolu LDL (McAfee i in., 2010). Proporcje
PUFA/SFA i n-6/n-3 sa dobrymi wskaznikami wartos$ci odzywczej thuszczu w diecie (Alfaia
i in., 2007a; 2007b). Xie i in. (2012) stwierdzili, ze wzrost udziatu PUFA i nizsza proporcja
n-6/n-3 sa pozadane dla zdrowia cztowieka. Wspotczynnik PUFA/SFA w diecie cztowieka
powinien przekracza¢ warto$§¢ 0,45 (British Department of Health, 1994). Wedlug
Bartnikowskiej i Kulasek (1994) optymalna proporcja n-6/n-3 w diecie cztowieka wynosi
2-5:1, natomiast wedlug Wijendrana i Hayesa (2004) powinna wynosi¢ okoto 6:1. Wedtug
British Department of Health (1994) proporcje pomigdzy n-6/n-3 nie powinny przekraczaé
4,0. Wysoki wspoétczynnik n-6/n-3 uwazany jest za czynnik ryzyka niektorych chordb
cywilizacyjnych. We wspoétczesnej diecie wspotczynnik n-6/n-3 jest zdecydowanie za wysoki

I wynosi nawet 10-15:1 (Breslow, 2006).



Wotowina jest bogatym zrodiem sktadnikow mineralnych, zwtaszcza fosforu, potasu,
magnezu i cynku. Sposréd powszechnie spozywanych produktéw biatkowych czerwone
migso jest jednym z najlepszych zrodet tatwo przyswajalnego zelaza i cynku (Mateescu i in.,
2013). Cynk jest wazny dla odpornosci, wzrostu i replikacji komorek, jest sktadnikiem
niektorych metaloenzyméw. Moze dodatkowo przyczynia¢ si¢ do ogodlnej obrony
antyoksydacyjnej. Podstawowymi zrodtami cynku w diecie czlowieka sg czerwone migso,
owoce morza, drob, zboza, nabial, rodliny straczkowe i warzywa (Biesalski, 2005). Czerwone
migso jest bogatym zrodiem tatwo dostepnego cynku, podczas gdy zboza zawieraja wysoKi
poziom kwasu fitynowego, silnego inhibitora absorpcji cynku (Gibson i in., 2001). Zelazo
odgrywa wazng rol¢ jako no$nik tlenu w hemoglobinie we krwi lub mioglobinie w mig$niach,
jest on rowniez niezbedny w wielu procesach metabolicznych (Williamson i in., 2005).
Zelazo charakteryzuje sic wyzsza biodostepnoécia, gdy pochodzi z migsa, jako zelazo
hemowe, niz zelazo pochodzenia ro$linnego (Biesalski, 2005). Okoto 20-30% zelaza
hemowego jest wchianiane w jelicie, podczas gdy zelaza nichemowego zaledwie 7% (BNF,
1995a). Wapn, magnez i fosfor sg niezbedne dla wielu réznych funkcji organizmu, takich jak
mineralizacja kosci, stuzg jako kofaktory w wielu uktadach enzymatycznych, podtrzymuja
pobudzenie migs$ni i komoérek nerwowych (Clarkson i Haymes, 1995). W szczegolno$ci
magnez ma silny zwigzek z ukladem odporno$ciowym, zaréwno pod wzgledem
niespecyficznej, jak i specyficznej odpowiedzi immunologicznej (Tam i in., 2003).

Czerwone migso zawiera szereg witamin z grupy B: tiamine (B1), ryboflawine (B2), kwas
pantotenowy (B5), kwas foliowy (B9), niacyne (B3), pirydoksyne (B6) i kobalaming (B12)
(Chan i in., 1995), a takze witaminy D, E oraz A. Witaminy z grupy B dziataja jako kofaktory
w roéznych uktadach enzymatycznych organizmu. Migso i produkty pochodzenia zwierzecego
sa jedynymi produktami, ktére naturalnie dostarczaja witaming B12. Osoby, ktore wykluczaja
takie produkty ze swojej diety, sg narazone na ryzyko jej niedoboru (Herbert, 1994). Gtéwna
funkcja witaminy D jest utrzymanie w organizmie prawidtowego poziomu wapnia i fosforu.
Odgrywa ona istotng rolg nie tylko w chorobach szkieletowych, ale takze w chorobach uktadu
sercowo-naczyniowego, chorobach nowotworowych, chorobach autoimmunologicznych,
a takze niektorych chorobach psychicznych (Napiorkowska i Franek, 2009). Wigkszo$¢
witaminy D pochodzi z dziatania $wiatta stonecznego na 7-dehydrocholesterol w skorze.
Osoby przebywajace w pomieszczeniach i noszace kryjace ubrania powinny szczegdlnie
zwraca¢ uwage na dostarczenie jej wraz z dieta (MAFF, 1995). Metabolit witaminy D,
25-hydroksycholekalcyferol (25-OH-D3), wystepuje W znacznych ilosciach w migsie

1 watrobie | Uwaza si¢, ze ma wysokg aktywnos$¢ biologiczna, co skutkuje lepszym i szybszym
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wchlanianiem z pozywienia (Groff i in., 1995). W migsie znajduja si¢ niewielkie ilosci
witaminy E. Poniewaz jest to witamina rozpuszczalna w tluszczach, jej stezenie bedzie
wyzsze w bardziej thustym migsie. Oleje ro$linne sg szczeg6Olnie bogate w witaming E,
a zatem wilgczanie olejow z nasion do paszy dla zwierzat przyczynia si¢ do wzrostu
zawarto$ci tej witaminy w migsie. Podroby, zwlaszcza watroba, sg dobrym Zroédlem witaminy
A (w postaci retinolu). Jednak ilos¢ obecna w watrobie moze by¢ zmienna i bedzie zaleze¢ od
wieku zwierzecia 1 sktadu spozywanej paszy (Williamson i in., 2005).

W Polsce na przestrzeni ostatnich 40 lat nastgpity duze zmiany w konsumpcji migsa
wotowego. W 1980 roku spozycie wotowiny ksztattowalo si¢ na poziomie 18,5 kg/osobe,
w 1990 roku bylto to juz 16,4 kg/osobe, natomiast 5 lat pozniej spadto az do 8,8 kg/osobg
(Michalska i in., 2013). Z roku na rok obserwowano coraz wigkszy spadek spozycia migsa
wotowego: 7,1 kg/osobg w 2000 roku; 3,9 kg/osobg w 2005 roku; 2,4 kg/osobe w 2010 roku;
1,2 kg/osobg w 2015 roku. W 2020 roku konsumpcja migsa wyniosta 72,9 kg, w tym 40,8 kg
wieprzowiny, 29,2 kg migsa drobiowego i jedynie 2,5 kg wotowiny (GUS, 2012-2021). Tak
niskie spozycie wotowiny zwigzane jest ze zbyt niskg jej jakoscig niewspotmierng z wysoka
ceng, a takze przekonaniem, ze zawiera ona wysoka zawartos¢ ttuszczu bogatego w nasycone
kwasy tluszczowe. Pomimo obecnosci wielu potencjalnie ochronnych sktadnikow
odzywczych, czgsto uwaza sig, ze wotowina przyczynia si¢ do zwigkszoneg0 ryzyka choroby
sercowo-naczyniowej. Relacje migdzy tluszczem w diecie cztowieka a wystepowaniem
choréb cywilizacyjnych, w szczegélnosci choroby wiencowej serca, sg dobrze opisane
i przyczynito sie to do opracowania przez Swiatowa Organizacje Zdrowia specyficznych
wytycznych. Zaleca si¢, aby spozycie thuszczu ogdétem wynosito 15-30% catkowitego poboru
energii, n-6 PUFA 5-8%, n-3 PUFA 1-2% (WHO, 2003), SFA mniej niz 10%, a tluszczy trans
ponizej 1% (WHO, 2003, 2018). Zachgca si¢ do ograniczenia spozycia SFA i zwigkszenia
spozycia n-3 PUFA (WHO, 2003). Zastgpienie SFA (C12:0-C16:0) przez PUFA obniza
proporcj¢ cholesterolu catkowitego do HDL oraz poziom frakcji LDL. Podobny, ale mniejszy
efekt uzyskuje si¢ poprzez zastgpienie SFA przez MUFA (FAO, 2010).

Jako$¢ tuszy uzalezniona jest od genotypu opasa, ptci, wieku i masy ciata na koniec opasu
oraz intensywnosci zywienia (Morales i in., 2012; Nogalski i in., 2014a; Toro i in., 2009).
Stezenie sktadnikow mineralnych w migsie zmienia si¢ w zalezno$ci od zywienia (Holl6 i in.,
2007), genotypu i wieku zwierzgcia (Giuffrida-Mendoza i in., 2007), typu migsnia (Cabrera
i in., 2010; Czerwonka i Szterk, 2015; Purchas i Busboom, 2005), czynnikow geograficznych
(Hintze i in., 2001; 2002). Wedtug Duckett i in. (2009) roéznice w wynikach zawartosci

sktadnikow mineralnych sg cze$ciowo spowodowane duzg rdznorodnoscia grup
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genetycznych, rodzajow pasz i praktyk zarzadzania. W opinii Garcia-Vaquero i in. (2011),
w sytuacjach o odpowiednim stanie mineralnym, st¢zenia sktadnikow mineralnych w migs$niu
zaleza od ich wlasnego metabolizmu wewnetrznego. Szersza wiedza na temat sktadu
mineralnego wotowiny i czynnikow na nig wplywajgcych jest potrzebna nie tylko
z naukowego punktu widzenia, ale takze dla konsumenta, ktory mogtby wybraé bardziej
odpowiadajagcy mu produkt (Barge i in., 2005). Kompozycja kwasow ttuszczowych
w wolowinie w najwigkszej mierze zalezy od rasy, wieku zwierzecia, plci (Malau-Aduli i in.,
1997; 1998) i czynnikow zywieniowych (Dhiman i in., 2005; Morales i in., 2012). Roznice
w kompozycji kwasow thuszczowych pomiedzy rasami wynikajg z réznej ekspresji genéw lub
aktywnosci enzymow biorgcych udziat w syntezie kwasow tluszczowych (De Smet i in.,
2004). Wraz z wiekiem zwicksza si¢ zawarto$¢ tkanki podskdérnej i thuszezu
srodmiesniowego, podczas gdy zmniejsza si¢ stosunek kwasow wielonienasyconych do
nasyconych kwasow ttuszczowych (Warren i in., 2008). U przezuwaczy sktad ttuszczu jest
Mniej zmienny niz u zwierzat monogastrycznych i trudniej jest modyfikowa¢ profil kwasow
thuszczowych migsa ze wzgledu na wptyw bakterii jelitowych (Higgs, 2000).

W Polsce 85% pogtowia stanowi bydto ras mlecznych, a jedynie 15% bydto ras migsnych
i mieszancow ras migsnych i mlecznych. Z zwigzku z tym produkcja wotowiny na krajowym
rynku opiera si¢ glownie na bydle rasy polskiej holsztynsko-fryzyjskiej (phf), a migso
pozyskiwane jest jako produkt uboczny produkcji mleka. Obecnie podstawowym zrodlem
surowca dla zakladow migsnych jest mtode bydlo rzeZzne phf, jak réwniez wybrakowane
krowy tej rasy. Tusze pozyskane od takich zwierzat charakteryzuja si¢ gorszymi parametrami
rzeznymi i jako$ciowymi (nizszym wskaznikiem wydajnosci rzeznej, gorszym stopniem
uformowania tuszy). W celu zwigkszenia produkcji wotowiny i1 poprawy jakos$ci migsa,
dobrym rozwigzaniem wydaje si¢ wykorzystanie krzyzowania towarowego kréw ras
mlecznych z buhajami ras migsnych (Nogalski i in., 2013). Krzyzowanie towarowe jest
metoda hodowlang pozwalajaca na wykorzystanie efektow dziedziczenia posredniego cech
rodzicielskich oraz ewentualnej heterozji, bedacej efektem nieaddytywnego dziatania gendw.
Pozwala na szybka, dorazng poprawe cech jakosciowych i ilosciowych (Litwinczuk, 2012).
Hybrydy F1 uzyskane droga krzyzowania sg wykorzystywane do opasania i charakteryzuja si¢
wyzszym tempem wzrostu, lepszym wykorzystaniem paszy 1 wyzszag wydajno$cia rzezna.
Krzyzowanie przyczynia si¢ do zwigkszenia udzialu migsa i zmniejszenia udziatu thuszczu
w tuszy oraz do polepszenia jako$ci wotowiny (Litwinczuk, 2012; Nogalski i in., 2013).
Naturalnym zrodlem buhajéw migsnych i nasienia wykorzystywanych do krzyzowania jest

czystorasowa migsna populacja bydta. Wedlug stanu na dzien 31 grudnia 2020 roku,
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populacja krow ocenianych wszystkich ras bydta migsnego wynosita 22146 sztuk. Obecnie
w Polsce zarejestrowanych jest 14 wyspecjalizowanych ras bydta migsnego, dla ktérych
prowadzona jest ocena wartosci uzytkowej i hodowlanej. Najliczniejszg rasg bydta migsnego
w Polsce jest rasa limousine (Im). Poglowie tej rasy w 2020 roku wynosito 16368 sztuk, co
stanowi 73,9 % populacji ocenianej. Druga, pod wzglgdem liczebnosci jest populacja krow
rasy hereford (hh) — 1514 sztuk, trzecig rasa charolaise (ch) — 1503 sztuk (PZHiIPBM, 2021).
Wspoltczesne bydto rasy limousine to zwierzeta duzego kalibru. Buhaje moga osiggaé¢ 1000-
1200 kg masy, a krowy 650-800 kg. Rasa ta wyrdznia si¢ wybitnymi cechami umigsnienia
przy niskiej zawartosci thuszczu w tuszy, duzymi zdolno$ciami adaptacyjnymi, dobrym
zdrowiem, a takze tatwoscig wycielen (PZHIPBM, 2019c). Wspdtczesne bydto rasy hereford
to zwierzeta $redniego kalibru. Buhaje mogg osigga¢ ok. 900 kg masy ciata, a krowy ok. 600
kg. Rasa ta charakteryzuje si¢ bardzo duzg tatwoscig aklimatyzacji, rowniez w warunkach
ekstensywnych, dobrymi przyrostami masy ciata, lagodnym temperamentem, latwymi
porodami (PZHiPBM, 2019b). Wspotczesne bydlo rasy charolaise to zwierzeta duzego
kalibru. Buhaje moga osigga¢ 1000-1200 kg masy ciata, a krowy 700-900 kg. Rasa ta
charakteryzuje si¢ wysokimi przyrostami masy ciala (wymaga nieco intensywniejszego
zywienia), spokojnym temperamentem, natomiast porody powinny by¢ monitorowane
(PZHiPBM, 2019a).

Wobec braku na rynku dostatecznej ilosci cielgt buhajkéw przydatnych do opasu,
konieczne staje si¢ wykorzystanie do tego jatowek. W Polsce rocznie ubija si¢ okoto 200 tys.
jatowek. Pewnym rozwigzaniem jest wykorzystanie mniej warto$ciowych pod wzgledem
hodowlanym jatoéwek mlecznych jako razowki. Wykorzystanie razowek jest szansa na
pozyskiwanie deficytowych na rynku cielgt oraz polepszenie jakosci produkowanego migsa.
Jatowki mleczne nieprzydatne do dalszej hodowli inseminuje si¢ nasieniem buhajow ras
migsnych. Po wycieleniu, razéwki przez kilka miesi¢cy karmia potomstwo, a nastgpnie sg
przeznaczane do uboju. Rowniez jatowki pochodzace z krzyzowania towarowego zamiast
opasa¢, mozna wykorzystac jako razowki (Nogalski i in., 2014b).

Koszty pasz stanowig 70-80% kosztéw produkcji wotowiny. Zywienie wplywa na tempo
przyrostow masy ciala zwierzat, warto$¢ rzezng oraz jako$¢ migsa. Poszukuje si¢ pasz tanich,
dajacych wysoki plon oraz wplywajacych korzystnie na efektywno$¢ opasania i jako$¢
produkowanej wotowiny. W grupie mato znanych roslin, ktére moga mie¢ znaczenie jako
rosliny pastewne jest §lazowiec pensylwanski (Sida hermaphrodita Rusby). Slazowiec
pensylwanski to wieloletnia roslina z rodziny $lazowatych (Malvaceae), uprawiana gtownie

Z przeznaczeniem na biomas¢ energetyczng (Borkowska i Molas, 2012). Liscie sida, ktore

13



zawierajg substancje Sluzopodobne i flawonoidy, mogg by¢ wykorzystywane do celow
farmaceutycznych (Borkowska i Styk, 2006). Roslina ta moze by¢ roéwniez odpowiednia do
produkcji pasz ze wzgledu na wysoki potencjal plonowania, odporno$¢ na wyleganie
i przymrozki, niskie wymagania glebowe oraz wysoka tolerancj¢ na susze (Franzaring i in.,
2014). Sida hermaphrodita moze wyprodukowa¢ 10-20 t suchej masy rocznie (Borkowska
I in., 2009; Titei, 2015). Sktad chemiczny $lazowca pensylwanskiego, a zwtaszcza zawarto$¢
bialka, jest porownywalny z lucerng. W badaniach Tarkowskiego (2008), w fazie rozwoju
pakow ziele sida charakteryzowato si¢ najwyzsza zawarto$cig biatka ogdlnego (17-28%
w przeliczeniu na suchg mase¢). Wadg $lazowca pensylwanskiego jest to, iz roslina ta jest
trudna do wigdnigcia przed zakiszaniem. Czynniki antyodzywcze (garbniki, kwas fitynowy,
aktywno$¢ antytrypsynowa), obecne w niewielkich ilosciach w lisciach sida, nie stanowia

zagrozenia dla zdrowia nawet mtodych zwierzat (Borkowska, 1994).
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4. Material i metody

Badania prowadzono w Zaktadzie Produkcyjno-Doswiadczalnym Balcyny sp. z o0.0.,
w znajdujagcym si¢ tam laboratorium opasu. Analizy jakosci migsa wykonywano
w laboratorium Katedry Hodowli Bydita i Oceny Mleka Uniwersytetu Warminsko-
Mazurskiego w Olsztynie. Analize pasz przeprowadzala Katedra Zywienia Zwierzat
I Paszoznawstwa Uniwersytetu Warminsko-Mazurskiego w Olsztynie. Wszelkie procedury
wykonywano na zwierzetach po uprzedniej zgodzie Komisji Etycznej Uniwersytetu
Warminsko-Mazurskiego w Olsztynie (decyzja 121/2010). Podczas do$wiadczen zwierzeta

pozostawaty pod opieka weterynaryjna.

4.1. Modele biologiczne i uklady doswiadczen

4.1.1. Doswiadczenie I

Doswiadczenie | zostato opisane w publikacji:

Momot M., Nogalski Z., Sobczuk-Szul M., Pogorzelska-Przybytek P. 2016. Effect of
fattening intensity on the fatty acid profile and mineral content of meat from Holstein-Friesian
bulls. Journal of Elementology, 21 (4): 1081-1091.

Materiatl badawczy stanowito 20 buhajow rasy polskiej holsztynsko-fryzyjskiej. Cieleta
odchowano w systemie tradycyjnym (preparat mlekozastgpczy, siano i mieszanka tre§ciwa,
a w pozniejszym okresie odchowu takze kiszonka z traw). Zwierzeta od 6 miesigca zycia
opasano potintensywnie wykorzystujac ad libitum dawke TMR (total mixed ration) sktadajaca
si¢ z kiszonki z traw 1 mieszanki tresciwej. W wieku 11 miesiecy i1 przy masie ciata okoto 370
kg zwierzgta umieszczono w budynku opasu kontrolowanego i podzielono metodg analogdéw
na dwie grupy (Sl — opasanie potintensywne oraz | — opasanie intensywne) po 10 sztuk.
W okresie 1-60 dni opasania grupa Sl otrzymywata wytacznie ad libitum TMR | (kiszonka
z kukurydzy; $ruta rzepakowa; premiks, Cargill Poland Sp. z 0.0., Warszawa, Polska),
odpowiednio w proporcji wg suchej masy 87:12:1. Grupa | dodatkowo otrzymywata 2 kg
sruty z pszenzyta. Po 60 dniach opasania zmieniono proporcje TMR II do 89:10:1 oraz grupie
I zwigkszono dawke paszy tresciwej do 2,5 kg. TMR zadawano dwa razy dziennie
samobieznym wozem paszowym, natomiast buhaje grupy I Srut¢ z pszenzyta pobieraly
z automatycznej stacji paszowej. Opasanie prowadzono przez 8 miesi¢cy do uzyskania przez

zwierzeta wieku 19 miesigcy.
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4.1.2. Doswiadczenie Il
Doswiadczenie II zostato opisane w publikacji:

Momot M., Nogalski Z., Sobczuk-Szul M., Pogorzelska-Przybyltek P., Modzelewska-Kapituta
M. 2017. Health-promoting properties of meat from once-calved and maiden heifers. Journal
of Elementology, 22 (4): 1243-1253.

Badaniami objeto 33 zwierzeta (16 jatowek i 17 razowek) pochodzace z krzyzowania
krow rasy polskiej holsztynsko-fryzyjskiej z buhajami rasy limousine. Do inseminacji uzyto
nasienia 9 buhajow. Cielgta odchowywano w systemie tradycyjnym (preparat
mlekozast¢pczy, siano i mieszanka treSciwa, a w poOzniejszym okresie odchowu takze
kiszonka z traw). Od 6 miesigca zycia zwierz¢ta opasano poétintensywnie wykorzystujac
dawke TMR (kiszonka z traw oraz mieszanki tresciwe | i I1). Mieszanke tresciwa | stosowano
przy masie ciata do 300 kg, a mieszanke tresciwa Il przy masie ciata jatowek powyzej 300 kg.
Kiszonka stanowita 75% suchej masy dawki, a mieszanka tre$ciwa 25%. W sktad mieszanek
tresciwych wchodzity $ruta z pszenzyta, poekstrakcyjna Sruta rzepakowa i premiks. Sktad
chemiczny stosowanych pasz przedstawiono we wczes$niejszej publikacji (Nogalski i in.,
2016). W wieku 12 miesiecy jatowki podzielono metoda analogow na 2 grupy. 16 jatowek
opasano potintensywnie do 18 miesigca zycia, po czym poddawano je ubojowi. Pozostale 17
jatowek w wieku 466,3 dni i przy $redniej masie ciata 432,8 kg zainseminowano nasieniem
buhajow rasy limousine. Razowki wycielily si¢ srednio w wieku 24,5 miesigca zycia. Cielgta
przebywaly z matkami przez 102 dni. Po odsadzeniu cielat, razowki transportowano do

zaktadu ubojowego.

4.1.3. Doswiadczenie 11
Doswiadczenie III zostato opisane w publikacji:

Momot M., Nogalski Z., Pogorzelska-Przybytek P., Sobczuk-Szul M. 2020. Influence of
genotype and slaughter age on the content of selected minerals and fatty acids in the

Longissimus thoracis muscle of crossbred bulls. Animals, 10, 2004.

Material badawczy stanowily 72 buhaje mieszance pochodzace z krzyzowania kréw rasy
polskiej holsztynsko-fryzyjskiej z buhajami ras hereford, limousine i charolaise. Cielgta
zakupiono w wieku 2-3 tygodni i kierowano na 7-dniowg kwarantanng. Buhajki

odchowywano w systemie tradycyjnym (preparat mlekozast¢pczy, siano i mieszanka tresciwa,
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a w pOzniejszym okresic odchowu takze kiszonka z traw). W wieku 181 dni buhaje
skierowano na opasanie wlasciwe. Zwierzeta opasano w systemie polintensywnym
wykorzystujac ad libitum dawke TMR sktadajaca si¢ z kiszonki z traw i mieszanki tresciwe;j.
Buhajom o masie ciata ponizej 300 kg podawano TMR zawierajagcy mieszanke tresciwg |
(pszenzyto, 71%; poekstrakcyjna sruta rzepakowa, 25%; premiks (Cargill Poland Sp. z o.0.,
Warszawa, Polska), 4%), a buhajom o masie ciala powyzej 300 kg podawano TMR
zawierajacy mieszanke tresciwa Il (odpowiednio: 77%; 19%; 4%). Proporcje suchej masy
mieszanek treSciwych do suchej masy kiszonki wynosily 25:75. Opasanie prowadzono

w wolnostanowiskowej oborze do osiggniecia przez buhaje wieku 15, 18 i 21 miesiecy.

4.1.4. Doswiadczenie IV
Doswiadczenie IV zostato opisane w publikacji:

Nogalski Z., Momot M., Pogorzelska-Przybytek P., Sobczuk-Szul M., Modzelewska-Kapituta
M. 2022. Fatty acid profile of intramuscular fat in the Longissimus Lumborum and
Semimembranosus muscles of bulls fed diets based on Virginia fanpetals, grass and maize
silages. Annals of Animal Science, 22 (1): 419-437.

Material badawczy stanowito 40 buhajow rasy polskiej holsztynsko-fryzyjskiej. Cicleta
odchowywano w systemie tradycyjnym (preparat mlekozast¢pczy, siano i mieszanka tresciwa,
a w pozniejszym okresie odchowu takze kiszonka z traw). Zwierzeta od 5 miesigca zycia
zywiono potintensywnie wykorzystujac ad libitum dawke TMR (kiszonka z traw uzupetniana
2 kg mieszanki tresciwej i premiksem). W wieku 16 miesiecy, kiedy buhaje osiggnety mase
ciata okoto 450 kg, przydzielono je metodg analogdéw (na podstawie masy ciata) do czterech
grup (zwierzeta byly w podobnym wieku) po dziesie¢ sztuk. W 7-miesigcznym okresie
opasania grupy zywiono réznymi rodzajami kiszonki (kiszonka z kukurydzy; Kiszonka z traw;
kiszonka ze $lazowca pensylwanskiego, Sida hermaphrodita Rusby) uzupetnianymi
mieszankg tre$ciwg (pszenzyto; $ruta rzepakowa; premiks, Cargill Poland Sp. z o.0,,
Warszawa, Polska). Grupa 1 (kontrolna) opasana byta kiszonkg z traw (GS); grupa 2 —
kiszonka ze S$lazowca pensylwanskiego (VFS); grupa 3 - kiszonka ze s$lazowca
pensylwanskiego 1 kiszonka z traw (VFS+GS); grupa 4 - kiszonka ze $lazowca
pensylwanskiego i kiszonkg z kukurydzy (VFS+MS). Wszystkie grupy karmiono ad libitum
poszczeg6lnymi dawkami TMR.
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4.2.  Ubdj i czynnosci poubojowe

Na koniec opasu zwierzgta transportowano do Zaktadow Migsnych ,,Warmia”
w Biskupcu (Mardi sp. z 0.0.), gdzie trzymano je w magazynie zywca z dostepem do wody
przez 15-24 godziny. Zwierz¢ta wazono przed ubojem, ogluszano, poddawano ubojowi,
wykrwawiano, skorowano, tusze dzielono na dwie czgsci, ktore nast¢pnie schtadzano przez
96 godzin w temperaturze +4 °C. Péttusze wazono z doktadnoscig do 0,5 kg na automatycznej
wadze liniowej. Klase uformowania i otluszczenia tuszy ocenial uprawniony klasyfikator
w oparciu o kryteria systemu EUROP (Kien, 2004). Pobierano wycinek migsnia najdtuzszego
grzbietu (musculus longissimus dorsi, MLD). W doswiadczeniach I-111 pomiedzy 11 a 13
krggiem piersiowym (musculus longissimus thoracis, MLT), a w do$wiadczeniu IV pomigdzy
1 a 3 kregiem ledzwiowym (musculus longissimus lumborum, MLL). Dodatkowo
w doswiadczeniu IV pobierano wycinek mig$nia potbtoniastego (musculus semimembranosus,
SM). Prébki zapakowane prozniowo zostaty przetransportowane (+4 °C) do laboratorium.
Ubdj 1 czynnosci poubojowe przeprowadzano zgodnie z Rozporzadzeniem Rady (WE)
nr 1099/2009 z dnia 24 wrzesnia 2009 roku w sprawie ochrony zwierzat podczas ich

usmiercania.

4.3. Metody analityczne

4.3.1. Profil kwaséw tluszczowych
Analizg profilu kwasow tluszczowych przeprowadzano w doswiadczeniach I-1V.

W celu okreslenia profilu kwaséw tlhuszczowych w wotowinie, z probek migsa
ekstrahowano tluszcz srodmiesniowy metoda Soxhleta (B-811; Biichi, Flawil, Szwajcaria),
wykorzystujac n-heksan jako rozpuszczalnik (POCH, Gliwice, Polska) (PN-1SO 1444, 2000).
Estry metylowe kwasoéw tluszczowych otrzymywano poprzez metylacje w mieszaninie
metanol—chloroform—H>SO4 (odpowiednio: POCH, Gliwice, Polska; STANLAB, Lublin,
Polska; STANLAB, Lublin, Polska) zgodnie ze zmodyfikowana metoda Peiskera (Zegarska
I in., 1991) oraz Normg PN-EN ISO 5509 (2001). Zawarto$¢ kwasow thuszczowych
w thuszczu $rodmigsniowym okreslano metoda chromatografii gazowej (CP-3800; Varian,
Palo Alto, CA, USA) (PN-EN ISO 5508, 1996). Aparat wyposazony byt w dozownik typu
split/splitless i detektor ptomieniowo-jonizacyjny (FID). Probke przygotowanych estrow

metylowych kwasoéw tlhuszczowych w  ilosci 1 ul wprowadzano na kolumneg
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chromatograficzng Varian Capillary Column Select™ FAME za pomoca strzykawki
Hamiltona przy wykorzystaniu autosamplera (CP-8410; Varian, Palo Alto, CA, USA).
Dhugo$¢ kolumny wynosita 100 m, a srednica wewngtrzna 0,25 mm. Jako gazu nos$nego uzyto
helu. Temperatura dozownika wynosita 260 °C, a catkowity czas trwania jednej analizy
68 minut. Identyfikacje kwasoéw tlhuszczowych przeprowadzano na podstawie czasu ich
retencji w stosunku do czasu retencji standardow kwasow tluszczowych oraz ich mieszanin
firmy Supelco (Sigma Aldrich, Bellefonte, PA, USA). Analizy badanych probek i standardow
wykonywano w takich samych warunkach rozdziatu. Oprogramowaniem stuzacym do
sterowania i akwizycji danych z chromatografu gazowego byla Chromatograficzna Stacja
Robocza GALAXIE.

4.3.2. Zawarto$¢ wybranych skladnikéw mineralnych
Analize zawartosci sktadnikéw mineralnych przeprowadzano w do§wiadczeniach I-1V.

W celu okreslenia zawartosci wybranych sktadnikow mineralnych probki migsa
poddawano homogenizacji. Okoto 0,5 g tkanki mig¢sniowej mineralizowano w obecnosci
7 mL 65% kwasu azotowego Suprapur (Merck, Darmstadt, Niemcy) w mineralizatorze
mikrofalowym (MARS Xpress 5; CEM Corporation, Matthews, NC, USA). Kazda seria
mineralizacji zawierala dwie probki Slepe i dwie probki Certyfikowanego Materiatu
Odniesienia® 1577c¢ Bovine Liver (NIST, Gaithersburg, MD, USA). Wszystkie probki
mineralizowano i analizowano w dwoch powtorzeniach. Zmineralizowane probki schtadzano
i ilosciowo przenoszono do kolb miarowych o pojemnosci 25 mL. Zawartos¢ wybranych
sktadnikow mineralnych (potas — K, sod — Na, magnez — Mg, cynk — Zn i zelazo — Fe)
w probkach 0znaczano metodg atomowej spektrometrii absorpcyjnej (AA240FS; Varian, Palo
Alto, CA, USA) (PN-EN 14084, 2004; PN-EN 15505, 2009).

4.3.3. Zawarto$¢ wybranych witamin
Analize zawarto$ci witamin przeprowadzano w doswiadczeniach 111 V.

Zawartos¢ a-tokoferolu i retinolu oznaczano na podstawie obowigzujacych norm
(PN-EN 12822, 2014; PN-EN 12823-1, 2014). Probki migsa poddawano homogenizacji,
nastgpnie nawazano po okolo 2 g migsa do bursztynowych naczyn. Probki zmydlano

w temperaturze 80 °C przez 30 minut w obecno$ci 1,2 mL 20% kwasu askorbinowego
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(STANLAB, Lublin, Polska), 0,6 mL metanolu LiChrosolv® (Merck, Darmstadt, Niemcy)
oraz 5 mL 60% wodorotlenku potasu (CHEMPUR, Piekary Slaskie, Polska). Po
wychtodzeniu, dwukrotnie ekstrahowano tluszcz $rédmigsniowy n-heksanem (POCH,
Gliwice, Polska), po czym ekstrakt odparowywano do sucha w obecnosci azotu. Thuszcz
pozostaty w kolbach rozpuszczano 1 mL 99,8% alkoholu etylowego (POCH, Gliwice, Polska)
i przefiltrowano do bursztynowych vialek. Zwigzki chemiczne rozdzielano z wykorzystaniem
chromatografu cieczowego (920-LC; Varian, Palo Alto, CA, USA), stosujac kolumng Polaris
C18-A z zelem krzemionkowym w odwroconym uktadzie faz o wymiarach 250 mm x 4,6 mm
i $rednicy ziarna 5 pm (Varian, Palo Alto, CA, USA). Gradient stezen fazy ruchomej
w ukladzie metanol:woda (metanol LiChrosolv®, Merck, Darmstadt, Niemcy; woda jakoS$ci
HPLC, CHEMPUR, Pickary Slaskie, Polska) byt nastepujacy 98:2. Probki dozowano w ilosci
20 pl. Szybkos¢ przeptywu fazy ruchomej wynosita 1,5 mL/min, a czas analizy wynosit
9 minut. Rozdzielone zwigzki zostaly zidentyfikowane przez dwa detektory w tandemie
(detektor UV-VIS z matryca fotodiodows i detektor fluorescencyjny). a-tokoferol wykrywano
za pomocg spektroskopii fluorescencyjnej, a retinol z uzyciem detektora UV-VIS. Podczas
analizy wykorzystano oprogramowanie GALAXIE. Catkowita zawartosci a-tokoferolu
i retinolu w wotowinie obliczano w podwojnym powtdrzeniu dla kazdej proby, w oparciu
o metode krzywej kalibracyjnej wyznaczajac zalezno$¢ migdzy powierzchnig piku dla kazdej

z oznaczanych substancji i ich stgzeniem.

4.4. Analiza statystyczna

Z wynikow przeprowadzonych doswiadczen utworzono baze danych w programie
Microsoft Excel (Microsoft, Waszyngton, USA), a nast¢pnie opracowano statystycznie
w programie Statistica (StatSoft Inc., Tulsa, OK, USA). Wyniki doswiadczen | i Il
opracowano stosujac jednoczynnikowa analiz¢ wariancji na poziomie istotnosci p = 0,05
i p = 0,01. Wyniki do$wiadczen Ill i IV opracowano metodg najmniejszych kwadratow
stosujagc  dwuczynnikowa analiz¢ wariancji z interakcjg. Roznice migdzy Srednimi

oszacowano testem Tuke’ya.
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5. Oméwienie najwazniejszych wynikow badan

Migso wotowe nalezy do najwartosciowszych rodzajow migsa (Pereira i in., 2013).
Wynika to gtownie ze stosunkowo niskiej kalorycznosci, wysokiej wartoSci odzywczej
zawartego biatka, waloréw sensorycznych i wysokiej koncentracji sktadnikoéw bioaktywnych
(Decker i in., 2000). Wspoétczesny konsument, podczas zjadania wolowiny zwraca uwage nie
tylko na jej aromat, smakowito$¢ i soczystos¢, ale rowniez na jej korzystne oddzialywanie na
zdrowie. O tym decyduje gtownie zawartos¢ thuszczu $rédmig$niowego i profil zawartych
w nim kwasow tluszczowych, koncentracja mikro- i makroelementéw oraz witamin.
W prezentowanej pracy w czterech doswiadczeniach, wykorzystujac w sumie 165 zwierzat
opasowych analizowano wplyw poziomu zywienia i rodzaju skarmianych pasz, kategorii
opasanych zwierzat oraz rasy buhajéw miesnych uzytych do produkcji mieszancow Fi1 na
profil kwasow thuszczowych oraz zawarto§¢ wybranych sktadnikdw mineralnych i witamin
w miesniu longissimus (oraz semimembranosus w ostatnim doswiadczeniu).

W doswiadczeniu uwzgledniajacym poziom zywienia, opas intensywny (I) buhajow
rasy polskiej holsztynsko-fryzyjskiej, w porownaniu z opasem potintensywnym (SI) wptynat
na wzrost tempa przyrostu masy ciata i wskaznik wydajnosci rzeznej (Publikacja 1).
Natomiast nie stwierdzono istotnego wplywu intensywno$ci opasania na zawarto$¢
sktadnikéw mineralnych (K, Na, Mg, Zn, Fe) w mi¢$niu najdtuzszym grzbietu. Podobnie jak
w badaniach Barge i in. (2005) oraz Hollo i in. (2007), w badaniach wtasnych odnotowano, iz
wotowina niezaleznie od systemu opasania jest bogatym zrédiem potasu. Zelazo jest waznym
sktadnikiem mineralnym w diecie czlowieka, biorgcym udziat w réznych funkcjach
organizmu, w tym gléwnie w transporcie tlenu we krwi (Mateescu i in., 2013). W badaniach
wiasnych, zawarto$¢ zelaza byta wyzsza w probkach migsa pobranych od buhajow z grupy I,
w porownaniu z probkami pobranymi od zwierzat z grupy SI. Taki trend odnotowano réwniez
w zawartosci cynku. Wedtug Mateescu 1 in. (2013), 100 g wolowiny zawiera $rednio 3,89 mg
cynku, czyli 26% zalecanego dziennego spozycia. Probki wolowiny analizowane w naszym
badaniu miaty wyzszg zawartos¢ cynku. Nalezy zauwazy¢, ze zawarto$¢ cynku w wotowinie
jest 2-krotnie wyzsza niz w wieprzowinie i cielgcinie, a od 5 do 7-krotnie wyzsza niz
w migsie drobiowym (Barowicz i Brejta, 2000). Intensywnos¢ opasu nie wptyneta istotnie na
stezenie wiekszos$ci grup kwaséw thuszczowych ani ich wzajemne proporcje. Pomiedzy grupa
Sl a | odnotowano istotne réznice jedynie w koncentracji MUFA (wigcej w grupie 1) oraz

kwasow n-3 (wiecej w grupie SI). W probkach MLT pobranych od buhajow z grupy SI,
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w poroOwnaniu z grupg I, zaobserwowano trend w kierunku wyzszych pozioméw SFA 1 OFA
(kwasy ttuszczowe 0 dziataniu hipercholesterolemicznym), ale takze PUFA, w tym zar6wno
tych z rodziny n-3 jak i n-6. De Smet i in. (2000), skarmiajac kiszonke z kukurydzy
1 mieszanke treSciwa, wykazali, ze zwigkszonej zawartosci tluszczu w migsie wotowym
towarzyszyt zwigkszony udziat SFA i MUFA oraz zmniejszony udziat PUFA. W naszym
eksperymencie, podobnie jak we wczesniejszych wynikach uzyskanych przez Nogalskiego
1 in. (2014a), wyzszej zawartosci IMF w migsie grupy I nie towarzyszyt wzrost poziomu SFA.
Intensywnos$¢ opasu miata istotny (p < 0,05) wptyw na zawarto$¢ kwasu oleinowego, ktory
byt dominujgcym MUFA w analizowanych probkach tluszczu wyekstrahowanego z MLT
i mial wyzszy udzial w calkowitej puli kwasoéw tluszczowych w grupie I w poréwnaniu
z grupa SI. W grupie I odnotowano réwniez wyzsza zawartos¢ kwasu wakcenowego niz w
grupie SI. Tluszcz pozyskany z migsa buhajow z grupy SI zawieral wigcej kwasow:
linolowego, a-linolenowego, CLA, arachidonowego, EPA, DPA i DHA, o ktorych wiadomo,
Ze majg wlasciwosci prozdrowotne. Xie i in. (2012) stwierdzili, ze wzrost koncentracji PUFA
i nizszy stosunek kwasow n-6/n-3 sg pozadane dla zdrowia konsumenta. W badaniach
wlasnych, stosunek n-6/n-3 byt relatywnie wysoki (6,25 w grupie Sl i 6,52 w grupie 1).

W kolejnym doswiadczeniu opasowym, uwzgledniajacym wptyw kategorii zwierzat,
poréwnano wyniki opasania i jako$¢ migsa pozyskanego od jalowek i razoéwek (Publikacja
2). Razoéwki, po wycieleniu i kilkumiesigcznym odpojeniu potomstwa, ubito w wieku $rednio
852 dni, czyli 0 294 dni pdzniej niz jatowki. Razowki, w porownaniu z jatdbwkami uzyskaty
wyZszg mas¢ ciala oraz wyzsza zawartos¢ thuszczu §rodmiesniowego. Thuszez §rodmigsniowy
pozyskany z MLT razéwek zawieral mniej SFA (p < 0,01) i wigcej UFA (p < 0,01),
w poréwnaniu z jatowkami. Wysoki udzial SFA 1 niski udzial PUFA w tluszczu migsa jest
wynikiem uwodornienia ttuszczu roslinnego przez mikroflore zwacza (De Smet i in., 2000).
Aby uzyska¢ optymalne wyniki, producenci wotowiny powinni zmniejszy¢ udzial SFA
w thuszczach i/lub zwigkszy¢ zawartos¢ PUFA, w szczeg6lnosci kwasow thuszczowych n-3
(Kotczak, 2008). Cigza i laktacja zwigkszyly udziat MUFA (p < 0,01) w calkowitej puli
kwasow thuszczowych u razowek. W pracy Zembayashi (2001), cigza i 105 dni laktacji
zwigkszyly zawarto§¢ MUFA, podczas gdy sama cigza istotnie zmniejszyta udziat MUFA
u razowek w porownaniu z jatowkami. Lengyel i in. (2003) zauwazyli, ze zawartos¢ PUFA
w thuszczu srodmigsniowym w MLT zmniejszata si¢ wraz z wiekiem, osiggajac 25,5% w 7
miesigcu, 18,4% w 14 miesigcu 1 13,6% w 19 miesigcu. W badaniach wtasnych udziat PUFA
w calkowitej puli kwasow thuszczowych byt o 0,56% nizszy u razoéwek niz u jatowek. Thuszcz

jatowek charakteryzowal si¢ wyzszym udzialem n-3 (p < 0,05) oraz n-6, jak rowniez nizsza
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proporcjg n-6/n-3. Wedlug zalecen FAO i WHO, stosunek n-6/n-3 w diecie cztowieka
powinien wynosi¢ okoto 5,0 (Kotczak, 2008). W badaniach wtasnych stosunek n-6/n-3 w obu
badanych grupach byt bardzo korzystny, wynosil bowiem mniej niz 3:1. Odnotowano istotne
réznice w zawarto$ci kwasow: oleinowego (p < 0,01), wakcenowego (p < 0,05),
arachidonowego (p < 0,05) oraz DHA (p < 0,05). Thuszcz MLT jatowek charakteryzowat si¢
wyzszym udzialem kwasow z rodziny n-6 (linolowego, arachidonowego) i n-3
(o-linolenowego, EPA, DPA, DHA), oraz kwasu wakcenowego, natomiast tluszcz razowek
zawieral wiecej kwasu oleinowego i CLA. W naszym eksperymencie zaobserwowano istotne
réznice w zawartosci cynku 1 zelaza w migsie miedzy jaldéwkami a razéwkami. W migsie
razéwek, zawarto$¢ zelaza byla o 0,56 mg wyzsza, a cynku 0 0,63 mg wyzsza w 100 g
$wiezego migsa w poroOwnaniu z migsem jalowek. Giuffrida-Mendoza i in. (2007) badali
zmiany w zawarto$ci sktadnikow mineralnych w migéniu najdtuzszym grzbietu bawota
wodnego i bydta Zebu, ubijanych w wieku 17, 19 i 24 miesi¢cy. Stwierdzili oni, Ze zardowno
stezenie cynku, jak i magnezu rosto wraz z wiekiem ocenianych zwierzat. Witaminy A'i E sa
niezb¢dnymi sktadnikami odzywczymi w diecie cztowieka (Wood i in., 2008). W badaniach
wilasnych migso razéwek byto bogatsze w a-tokoferol i retinol niz migso jalowek, roznice
wynikaty gltéwnie z istotnie wyzszej zawartosci thuszczu sroédmigsniowego w MLT razéwek.
W kolejnym doswiadczeniu oceniano wplyw rasy ojcowskiej wykorzystywanej
w krzyzowaniu towarowym i wieku uboju na analizowane w pracy doktorskiej cechy
(Publikacja 3). Wykazano wptyw genotypu buhajkéw na zawarto$¢ potasu, magnezu
i zelaza. Migso buhajéw mieszancow phf x ch i phf x hh zawierato wigcej potasu (p < 0,01)
i magnezu (p < 0,01), niz migso pochodzace od mieszancow phf x Im. Ponadto w migsie
mieszancOw z rasg charolaise wykazano wigcej zelaza (p < 0,05), niz w migsie mieszancOw
z rasg limousine. Badania wilasne potwierdzity wyniki badan Pilarczyk (2014), ktora
zaobserwowata, iz migso buhajkéw rasy charolaise bylo cenniejszym zroédlem potasu,
W poréwnaniu z rasami hereford i simmental. Littledike i in. (1995), porownujac koncentracje
sktadnikow mineralnych pomiedzy dziewigcioma rasami migsnymi, odnotowali najnizszy
poziom zelaza u bydta ras limousine oraz red poll, w poréwnaniu do pozostatych
analizowanych ras. W badaniach wlasnych zawarto$¢ tego skladnika mineralnego byta
najnizsza u mieszancow z rasg limousine. Potwierdzono wplyw wieku uboju opaséw na
zawartos¢ cynku i zelaza w MLT. Migsien zwierzat ubitych w 18 miesigcu zycia
charakteryzowat si¢ najwyzsza zawarto$cig cynku (p < 0,01), w poréwnaniu z pozostatymi
grupami wiekowymi. Zawarto$¢ zelaza w MLT rosta wraz z wiekiem uboju buhajow

(p < 0,01). Giuffrida-Mendoza i in. (2007) odnotowali, iz zawarto$¢ zelaza byta praktycznie
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niezmienna w probach pochodzacych od zwierzat w wieku 17 i 19 miesiecy, a w wieku 24
miesi¢cy nastgpit istotny spadek zawartosci zelaza. Doornenbal i Murray (1981) oraz Kotula i
Lusby (1982) stwierdzili, odwrotnie niz w badaniach wtasnych, ze zawarto$¢ potasu zalezy od
wieku zwierzat. Jednak pierwsi Autorzy podkre$laja, ze zmiany w zawarto$ci tego
pierwiastka odnotowywane sg dopiero W wieku od 3 do 12 roku. Natomiast Kotula i Lusby
(1982) stwierdzili zalezno$¢ zawartosci potasu od wieku u wolcéw od 1 roku do 6 lat.
Zawarto$¢ potasu w ich badaniach obnizata si¢ od 392 mg/100 g tkanki mi¢$niowej u 24
miesi¢cznych zwierzat do 332 mg/100 g u zwierzat ubitych w wieku 72 miesigcy. Jednak
Autorzy ci nie odnotowali istotnych zmian w zawarto$ci potasu, sodu, magnezu oraz cynku
u wolcow rasy angus w wieku 12 i 24 miesi¢cy (Kotula i Lusby, 1982). W badaniach
wiasnych wykazano wptyw wieku uboju buhajkéw na zawartos¢ SFA, UFA oraz proporcje
MUFA/SFA (p < 0,01), a takze zawartos¢ MUFA (p < 0,05) w MLT. Zawartosci UFA
i MUFA rosty wraz z wiekiem uboju zwierzat, natomiast zawartos¢ SFA malata. De Freitas
i in. (2014) zanotowali nizsze warto$ci SFA (46,42%), zblizone MUFA (43,38%) oraz
znacznie wyzsze stezenie PUFA (10,05%) i proporcj¢ n-6/n-3 (4,87) w migéniu rasy hereford,
w porownaniu do badan wiasnych. Wiek uboju, w badaniach wtasnych wplynat na
procentowy udziat w IMF kwasow: oleinowego, C15:0 anty izo (p < 0,01), kaprynowego,
laurynowego, pentadekanowego, margarynowego, stearynowego i gadoleinowego (p < 0,05).
Najstarsze zwierzgta Charakteryzowaty si¢ IMF zawierajacym istotnie wigkszy udziat kwasu
oleinowego, w poréwnaniu z buhajami ubijanymi w 15 miesigcu zycia. Genotyp i wiek
W momencie uboju mialy wptyw na proporcje n-6/n-3 w MLT. Istotng (p < 0,01) rdznice
zaobserwowano migdzy mieszancami phf x Im (2,84) a mieszancami phf x ch (3,30).
Najbardziej pozadany wskaznik n-6/n-3 odnotowano u buhajéw ubitych w 21 miesigcu zycia
(2,92), z istotng (p < 0,05) roznicg w stosunku do najmtodszych zwierzat.

W czwartym i1 jednocze$nie ostatnim doswiadczeniu wchodzacym w sklad pracy
doktorskiej oceniono wptyw rodzaju kiszonki, bedacej gtdéwnym sktadnikiem dawki, na
zawarto$¢ sktadnikow mineralnych 1 witamin w migsie buhajow oraz profil kwasow
tluszczowych (Publikacja 4). Jako dodatkowy czynnik uwzgledniono rodzaj migs$nia,
z ktorego pobierano proby migsa do analiz. Rodzaj skarmianej kiszonki wplynat istotnie na
udziat SFA, UFA i MUFA w sumie analizowanych kwaséw ttuszczowych. IMF migéni
buhajow grupy zywionej kiszonka ze $§lazowca pensylwanskiego i kiszonkg z traw (VFS+GS)
zawieral mniej SFA (p < 0,05) oraz wigcej UFA (p < 0,05), w tym MUFA (p < 0,05),
w porownaniu z pozostaltymi grupami zywieniowymi. Najwigkszy udzial kwaséw n-3

(p < 0,05) zaobserwowano w thuszczu buhajow grupy zywionej kiszonka z traw (GS),
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w poréwnaniu z pozostalymi grupami doswiadczalnymi. W tej grupie zanotowano rowniez
najkorzystniejszg proporcje kwasow n-6/n-3 (p < 0,05). Rodzaj migsnia zroznicowat zarowno
udziat MUFA jak i PUFA. Migsien LL zawierat o 4,17% wigcej MUFA (p < 0,01) i 0 3,58%
mniej PUFA (p < 0,01) niz migsieh SM. Rodzaj mig¢$nia wptyngl na udziat kwasow n-3
(p <0,01) i n-6 (p <0,01), jak i ich wzajemng proporcj¢ (p < 0,05) w IMF. W migéniu SM
stwierdzono wyzsza koncentracje tych grup kwasow, a takze nizsza wartos¢ ich stosunku.
W przeprowadzonych badaniach wykazano interakcje (p < 0,05) mie¢dzy czynnikami
eksperymentalnymi dla udziatu kwaséw z rodziny n-6. W IMF migsnia SM buhajow grupy
VFS+MS wykazano mniej kwaséw n-6, niz w IMF buhajéow grup GS i VFS+GS. Natomiast
w thuszczu zawartym w mig¢sniu LL buhajow grupy VFS+MS wykazano wigcej kwasow n-6,
niz w thuszczu buhajoéw grupy VFS. Zywienie wptyneto na udziat niektorych funkcjonalnych
kwasow tluszczowych. Najwyzszy (p < 0,05) wudzial kwaséw a-linolenowego,
arachidonowego oraz DPA zaobserwowano w IMF grupy GS. Natomiast zywienie dawka
zawierajaca VFS+GS przyczynito si¢ do istotnego wzrostu zawarto$ci kwasu oleinowego
w IMF (p < 0,05). Wykazano istotny wplyw rodzaju migsnia na udzial wigkszosci cennych
kwasow tluszczowych. W miegéniu LL zaobserwowano wigcej (p < 0,01) kwasu oleinowego
i CLA, natomiast udzial kwasow linolowego, a-linolenowego, arachidonowego, EPA, DPA
oraz DHA byl wigkszy (p < 0,01) w migsniu SM. Wsrod kwasow nasyconych w ocenianych
migéniach szkieletowych dominowaly kwasy palmitynowy oraz stearynowy. Zastosowane
zywienie nie zroznicowalo istotnie udzialu trzech glownych SFA, natomiast rodzaj mig$nia
wplynat na udzial tych kwasow. IMF z mig$nia LL zawieral wigcej (p < 0,01) kwasu
mirystynowego, oraz mniej (p < 0,05) kwasu stearynowego. Sposrod analizowanych
sktadnikow mineralnych, zywienie zréznicowato jedynie poziom potasu. Miesnie buhajow
grupy GS zawieraly wiecej (p < 0,01) potasu, niz mig¢snie buhajow grupy VFS. Proby
pochodzace od buhajow z grupy VFS+GS charakteryzowaly si¢ wyzsza koncentracjg
(p £0,05) a-tokoferolu, w poréwnaniu z grupami GS i VFS+MS. Rodzaj mig$nia wptynat na
zawarto$¢ makroelementéw oraz witamin. Migsien SM zawierat wigcej magnezu (p < 0,05),
potasu (p < 0,01), zelaza (p < 0,01) oraz a-tokoferolu (p < 0,05). Natomiast w migéniu LL

stwierdzono wyzsza koncentracje sodu (p < 0,05) i retinolu (p < 0,01).
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6. Podsumowanie

1. Intensywno$¢ opasania buhajow rasy polskiej holsztynsko-fryzyjskiej nie
zrdznicowala zawarto$ci skladnikow mineralnych w migéniu najdtuzszym
grzbietu. Opas intensywny korzystnie wptynat na udziat MUFA, natomiast opas
pétintensywny podwyzszyt udziat PUFA 1 udzial wigkszosci funkcjonalnych
kwasow tluszczowych.

2. Razéwki, w poréwnaniu z jatdwkami uzyskaly wyzsza mas¢ tusz oraz wyzsza
zawartos$¢ thuszczu srodmiesniowego. Thuszcz pozyskany z migsa jatowek byt
bardziej obfity w kwasy: wakcenowy, arachidonowy i dokozaheksaenowy (DHA),
natomiast thuszcz z migsa razowek charakteryzowat si¢ wyzszym udziatem UFA,
w tym szczegolnie kwasu oleinowego. Ponadto MLT razéwek byt lepszym
zrodlem cynku, zelaza oraz a-tokoferolu i retinolu.

3. Migsien LT pozyskany od mieszancow phf x Im zawieral mniej zelaza, magnezu
I potasu a tluszcz w nim zawarty charakteryzowat si¢ najnizszg wartoscig stosunku
kwasow n-6/n-3, w porownaniu do mieszancow pozostatych ras.

4. Zawartosci UFA 1 MUFA rosty wraz z wiekiem uboju zwierzat, natomiast
zawarto§¢ SFA malata. Najbardziej pozadany wskaznik n-6/n-3 odnotowano
u buhajow ubitych w 21 miesigcu zycia. Migsien zwierzat ubityCh w 18 miesigcu
zycia charakteryzowal si¢ najwyzszg zawartoScig Ccynku, w pordéwnaniu
z pozostatymi grupami wiekowymi, natomiast zawarto$¢ zelaza w MLT rosta wraz
z wiekiem uboju buhajow.

5. Skarmianie Kkiszonki z traw mialo najkorzystniejszy wplyw na proporcje
funkcjonalnych kwaséw tluszczowych w IMF  migsa pozyskanego od buhajow.
IMF migéni buhajéw grupy zywionej kiszonka ze §lazowca pensylwanskiego
tacznie z kiszonka z traw zawieral mniej SFA oraz wigcej UFA, w poréwnaniu
z pozostalymi grupami zywieniowymi. fgczne podawanie kiszonki z traw
i $lazowca korzystnie wptyne¢to rowniez na koncentracje a-tokoferolu.

6. Migsien potbloniasty, w poréwnaniu z mig¢sniem najdluzszym grzbietu odcinka
ledzZwiowego zawieral mniej thuszczu $rodmigsniowego, ale ten tluszcz miat
wigkszy udzial PUFA i nizszg warto$¢ stosunku kwasow n-6/n-3. Ponadto migsien

poltbloniasty zawieral wiecej zelaza i a-tokoferolu.
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7. Whnioski

. Wotowina jest dobrym zrédtem sktadnikéw mineralnych, a pochodzaca z opasu
potintensywnego ma wysoki udziat funkcjonalnych kwasoéw thuszczowych, majacych
prozdrowotne dziatanie dla konsumenta.

. Wykorzystanie razowek w produkcji wolowiny stwarza mozliwos¢ uzyskania
dodatkowego potomstwa oraz wyzszej masy tusz bez negatywnego wplywu na
zawarto$¢ funkcjonalnych sktadnikow w migesie.

Uzyskane wyniki nie pozwalajg wskaza¢ jednoznacznie najlepszej rasy miesnej,
sposrdd trzech uzytych, do krzyzowania z krowami mlecznymi.

Buhaje ubite w wieku 21 miesigcy uzyskaly najkorzystniejsze parametry
analizowanych cech.

. Wykorzystanie kiszonki ze §lazowca pensylwanskiego moze poprawi¢ cechy jakosci
tuszy 1 migsa bez negatywnego wplywu na wyniki opasu buhajow, w pordéwnaniu
z dawka opartg na kiszonce z traw. Najkorzystniej skarmia¢ kiszonke ze $lazowca
pensylwanskiego tacznie z kiszonka z traw.

. Migsien potbtoniasty, w porownaniu z mig¢sniem najdluzszym grzbietu odcinka
ledzwiowego jest chudszy, a zawarty tluszcz charakteryzuje si¢ korzystniejszym,
prozdrowotnym  profilem kwaséw tluszczowych. Do konsumpcji  mig$nia
potbloniastego zacheca rowniez korzystny sktad mineralny i wysoka koncentracja

a-tokoferolu.
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9. Streszczenie

Wplyw rasy, wieku i intensywnosci opasu bydla na profil kwasow tluszczowych oraz
zawarto$¢ wybranych skladnikow mineralnych i witamin w mie$niu longissimus

Stowa kluczowe: wolowina, buhaje, mieszance migsne, jalowki, razowki, Virginia fanpetals

Migso wotowe nalezy do najwartosciowszych rodzajow migsa. Wynika to gtéwnie ze
stosunkowo niskiej kalorycznosci, wysokiej wartosci odzywczej zawartego biatka, walorow
sensorycznych i wysokiej koncentracji sktadnikéw bioaktywnych. Wspoétczesny konsument,
podczas zjadania wotowiny zwraca uwagg nie tylko na jej aromat, smakowito$¢ i soczystos¢,
ale rowniez na jej korzystne oddzialywanie na zdrowie. O tym decyduje gldwnie zawartos¢
thuszczu $rodmiesniowego (IMF) i profil zawartych w nim kwasow thuszczowych,
koncentracja mikro- i makroelementow oraz witamin. W zwigzku z tym podejmowane sg
proby zwigkszenia koncentracji bioaktywnych skladnikow w migsie wotowym poprzez
optymalizacj¢ technologii opasu.

Celem badan byla ocena wptywu rasy buhajow uzytych do krzyzowania towarowego
z krowami mlecznymi, wieku uboju, kategorii opasanych zwierzat, rodzaju skarmianej
kiszonki oraz intensywno$ci opasania na zawartos¢ sktadnikow mineralnych i witamin
w migsie oraz profil kwasow ttuszczowych.

Praca obejmowala cztery do$wiadczenia. W pierwszym oceniono wplyw
intensywnos$ci opasania 20 buhajow rasy polskiej holsztynsko-fryzyjskiej (phf) na jakos¢
mie¢snia longissimus thoracis (MLT). Od 11. do 19. miesigca zycia buhaje opasano w dwoch
grupach rdznigcych si¢ intensywno$cig zywienia (SI — poétintensywna; I — intensywna).
W doswiadczeniu drugim oceniono wpltyw kategorii bydta. Porownywano jakos¢ MLT
pozyskanego od jatowek i razowek. Jatowki ubito w wieku 18 miesigcy, natomiast razowki
trafity do zaktadéw migsnych w wieku 28 miesiecy, po wycieleniu 1 kilkumiesigcznym
odpojeniu potomstwa. W trzecim doswiadczeniu okreslono wptyw rasy buhajow: hereford
(hh), limousine (Im) i charolaise (ch), uzytych do krzyzowania towarowego z krowami
mlecznymi na jako$s¢ MLT uzyskanych mieszancow Fi1 (phf x hh, phf x Im i phf x ch).
Oceniono rowniez wptyw wieku uboju. 72 buhajki konczyty opas w wieku 15, 18 lub 21
miesiecy. W czwartym do$wiadczeniu zbadano wptyw rodzaju skarmianej kiszonki w opasie
40 buhajow rasy phf na jako$¢ miesni longissimus lumborum (MLL) i semimembranosus
(SM). W 7-miesigcznym okresie opasu koncowego zwierzeta zywiono réznymi rodzajami

kiszonek uzupelnianymi mieszankg tresciwa. Grupa 1 opasana byta kiszonka z traw (GS);
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grupa 2 — kiszonka ze $lazowca pensylwanskiego (VFS); grupa 3 — kiszonkg ze §lazowca
pensylwanskiego i kiszonkag z traw (VFS+GS); grupa 4 - kiszonkg ze $lazowca
pensylwanskiego i kiszonkg z kukurydzy (VFS+MS). Po uboju i 96-godzinnym chtodzeniu
pobierano proby do analiz. W doswiadczeniach I-1V okreslono profil kwasow thuszczowych
oraz zawarto$¢ wybranych sktadnikow mineralnych (potas — K, so6d — Na, magnez — Mg, cynk
— Zn, zelazo — Fe) w mig$niach, w doswiadczeniach II i IV dodatkowo okreslono zawarto$§¢
retinolu i a-tokoferolu.

Intensywnos$¢ opasania buhajow rasy phf nie zroznicowata zawartosci sktadnikow
mineralnych w MLT. Opas intensywny korzystnie wptynat na udzial jednonienasyconych
kwasow tluszczowych (MUFA), natomiast opas poélintensywny podwyzszyl udziat
wielonienasyconych kwasow tluszczowych (PUFA) i udzial wigkszosci funkcjonalnych
kwasow thuszczowych, majacych prozdrowotne dzialanie dla konsumenta. Wykazano, ze
wykorzystanie razowek w produkcji wotowiny stwarza mozliwo$¢ uzyskania dodatkowego
potomstwa oraz wyzszej masy tusz bez negatywnego wplywu na zawartos¢ funkcjonalnych
sktadnikow w migsie. Tluszcz pozyskany z migsa jatlowek byl bardziej obfity w kwasy:
wakcenowy, arachidonowy i dokozaheksaenowy (DHA), natomiast ttuszcz z migsa razowek
charakteryzowat si¢ wyzszym udziatem nienasyconych kwasow ttuszczowych (UFA), w tym
szczegllnie kwasu oleinowego. Ponadto MLT razéwek byt lepszym zréodlem Zn, Fe oraz
retinolu i a-tokoferolu. Uzyskane wyniki nie pozwalaja wskaza¢ jednoznacznie najlepszej
rasy migsnej, sposrod trzech uzytych, do krzyzowania z krowami mlecznymi. Migsieh LT
pozyskany od mieszancéw phf x Im zawieral mniej Fe, Mg i K a tluszcz w nim zawarty
charakteryzowal si¢ najnizsza wartoScig stosunku kwasow n-6/n-3, w porownaniu do
mieszancoOw pozostatych ras. Buhaje ubite w wieku 21 miesiecy uzyskaly najkorzystniejsze
parametry analizowanych cech. Roznice dotyczyly wyzszej zawartosci Zn i Fe oraz bardziej
prozdrowotnego profilu kwaséw tluszczowych tluszczu $rodmigsniowego. Wykorzystanie
kiszonki ze §lazowca pensylwanskiego moze poprawi¢ cechy jakosci tuszy 1 migsa bez
negatywnego wpltywu na wyniki opasu buhajow, w porownaniu z dawka opartg na kiszonce
z traw. Najkorzystniejszy wplyw na proporcje funkcjonalnych kwasoéw ttuszczowych w IMF
miata kiszonka z traw. Laczne podawanie kiszonki z traw i §lazowca korzystnie wptyneto na
profil kwasoéw tluszczowych oraz koncentracj¢ a-tokoferolu. Migsien potbloniasty,
w poréwnaniu z mig¢sniem najdtuzszym grzbietu odcinka lgdzwiowego dostarczyt mniej
thuszczu, ale o korzystniejszym, prozdrowotnym profilu kwasow tluszczowych. Réwniez pod
wzgledem sktadu mineralnego i koncentracji a-tokoferolu korzystniejsze parametry uzyskat

migsien potbtoniasty.
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10. Abstract

Effects of cattle breed, age and fattening intensity on the fatty acid profile and the
content of selected minerals and vitamins in the longissimus muscle

Key words: beef, bulls, beef crosses, heifers, once-calved heifers, Virginia fanpetals

Beef is one of the most valuable types of meat. It is relatively low in calories, it
contains protein of high biological value, and it is appreciated for its sensory attributes and
high concentrations of bioactive compounds. Modern consumers pay attention not only to the
aroma, palatability and juiciness of beef, but also to its health-promoting properties. The
health benefits of beef are associated mainly with its intramuscular fat (IMF) content, fatty
acid profile, and the concentrations of micronutrients, macronutrients and vitamins.
Therefore, attempts have been made to increase the concentrations of bioactive compounds in
beef by optimizing cattle fattening systems.

The aim of this study was to evaluate the effects of breed of beef bulls used for
commercial crossing with dairy cows, slaughter age, sex category of animals, silage type and
fattening intensity on the content of minerals and vitamins, and the fatty acid profile of beef.

The study comprised four experiments. The first experiment evaluated the influence of
fattening intensity on the quality of the longissimus thoracis muscle (MLT) in 20 Polish
Holstein-Friesian (PHF) bulls. From 11 to 19 months of age, bulls were fattened under semi-
intensive (SI) and intensive (I) systems. The effect of cattle category on the quality of MLT
obtained from heifers and once-calved heifers was determined in the second experiment.
Heifers were slaughtered at 18 months of age, and once-calved heifers were slaughtered at 28
months of age, after calving and several months’ lactation. The third experiment was
performed to determine the impact of the breed of beef bulls: Hereford (HH), Limousin (LM)
and Charolais (Ch), used for commercial crossing with dairy cows, on the quality of MLT in
F1 crosses (PHF x HH, PHF x LM and PHF x CH). The effect exerted by slaughter age was
also evaluated: 72 bulls were slaughtered at 15, 18 or 21 months of age. The fourth
experiment focused on the influence of silage type on the quality of longissimus lumborum
(MLL) and semimembranosus (SM) muscles in 40 PHF bulls. During a 7-month fattening
period, the animals were fed different types of silage supplemented with concentrate: group 1
received grass silage (GS), group 2 — Virginia fanpetals silage (VFS), group 3 — Virginia
fanpetals silage and grass silage (VFS+GS), group 4 — Virginia fanpetals silage and maize

silage (VFS+MS). Samples for analyses were collected after slaughter and 96-hour carcass
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chilling. The fatty acid profile and the content of selected minerals (potassium — K, sodium —
Na, magnesium — Mg, zinc — Zn, iron — Fe) in muscles were determined in experiments I-1V,
and the concentrations of retinol and a-tocopherol were additionally determined in
experiments Il and IV.

The mineral content of MLT was not affected by the fattening intensity of PHF bulls.
Intensive fattening had a beneficial influence on the proportion of monounsaturated fatty
acids (MUFAs), whereas semi-intensive fattening contributed to an increase in the
proportions of polyunsaturated fatty acids (PUFASs) and most functional fatty acids delivering
health benefits. It was also found that the use of once-bred heifers in beef production offers
the possibility of producing additional offspring with no negative effect on the content of
functional components in meat. Fat extracted from the meat of heifers was more abundant in
trans-vaccenic acid, arachidonic acid and docosahexaenoic acid (DHA), whereas fat extracted
from the meat of once-calved heifers was characterized by higher concentrations of
unsaturated fatty acids (UFASs), in particular oleic acid. Moreover, the MLT of once-calved
heifers was a richer source of Zn, Fe, retinol and a-tocopherol. The best of the three beef sire
breeds used for crossing with dairy cows could not be selected based on the present research
findings. The LT muscle obtained from PHF x LM crosses contained less Fe, Mg and K,
whereas fat extracted from this muscle had the lowest n-6/n-3 PUFA ratio, compared with the
remaining crossbred bulls. Bulls slaughtered at 21 months of age were characterized by the
optimal values of the analyzed traits and parameters, including higher Zn and Fe content and
a more nutritionally desirable fatty acid profile of IMF. In comparison with GS, VFS can
improve carcass and meat quality without compromising the fattening performance of bulls.
In turn, GS had the most beneficial effect on the proportions of functional fatty acids in IMF.
GS combined with VFS positively affected the fatty acid profile and a-tocopherol
concentration. In comparison with MLL, the SM muscle contained less IMF with a more
nutritionally desirable fatty acid profile. The SM muscle was also characterized by a more

favorable mineral composition and higher a-tocopherol concentration.
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ABSTRACT

Diets high in saturated fatty acids (SFAs) and n-6 polyunsaturated fatty acids (PUFAs) at the
expense of n-3 PUFAs have been shown to increase the risk of cardiovascular disease, obesity
and cancer. Animal fat is considered to be the major source of unhealthy saturated fats. Howe-
ver, beef fat has a high nutritional value owing to the presence of minerals, PUFAs, vitamins
and selected protein fractions. The aim of this study was to determine the effect of fattening
intensity on the fatty acid profile and mineral content of meat from Holstein-Friesian bulls.
Holstein-Friesian bulls aged 11 to 19 months were fattened under semi-intensive (SI, 10 ani-
mals) and intensive (I, 10 animals) systems. The bulls were fed maize silage, rapeseed meal and
premix ad libitum. The diets for group I animals were supplemented with 2.5 kg ground tritica-
le provided in an automatic feeding station. Meat samples were collected from m. longissimus
dorsi (MLD). The samples were mineralized and assayed for mineral content. Fat was extracted
from each sample, and the fatty acid profile of beef was determined by gas chromatography.
Dietary supplementation with ground triticale increased the average daily gains of bulls and
carcass dressing percentage, and contributed to higher carcass conformation and fat cover sco-
res. Beef was found to be a rich source of valuable mineral compounds. The meat of group I
animals was characterized by higher potassium levels and lower sodium levels, which points to
its higher nutritional value. Semi-intensive (SI) fattening increased PUFA concentrations and
decreased the n-6/n-3 PUFA ratio in beef.
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INTRODUCTION

Beef has a high nutritional value owing to the presence of minerals,
polyunsaturated fatty acids (PUFAs), vitamins and selected protein fractions
(Harris 2001). Oleic acid (OA) and linoleic acid (LA) lower LDL cholesterol,
docosahexaenoic acid (DHA) prevents cardiac arrhythmias (VON SCHACKY et
al. 1999) and conjugated linoleic acid (CLA) has antioxidant and anticarcino-
genic effects, and it enhances the immune system (Du et al. 2000, WHETSELL
et al. 2003). Beef is a rich source of minerals, in particular phosphorus, po-
tassium, magnesium and zinc (KowaLskI et al. 2010). Of the commonly con-
sumed protein foods, red meat is one of the best sources of readily absorbed
iron and zinc (MATEESCU et al. 2013). Calcium, magnesium, phosphorus and
iron are important to a wide variety of bodily functions, such as bone mine-
ralization, serving as cofactors to many enzyme systems, sustaining muscle
and nerve excitation, and — in the case of iron — maintaining the oxygen
carrying capacity of blood (CLARKSON, HAYMES 1995). Magnesium has a strong
relation with the immune system, in both non-specific and specific immune
responses, also known as innate and acquired immune responses (TaM et al.
2003).

Carcass quality is determined by the animal’s genotype, sex, age and fi-
nal body weight as well as feeding intensity (Toro et al. 2009, MoRraLEs et al.
2012, NocaLski et al. 2014). The concentrations of minerals in muscles are
largely affected by the nutritional regime, followed by other factors such as
the animal’s origin (place of birth), age, sex, breed and muscle type (LITTLE-
DIKE et al. 1995, Loprez-ALoNso 2000, GrurrriDA-MENDOzA et al. 2007, HoLLo et
al. 2007, Tizioto et al. 2015). A more extensive knowledge of the mineral
composition of beef and the factors that have an influence on it would be
appropriate not only from a scientific point of view, but also for the consu-
mer, who could choose the product that suits him better (BArGE et al. 2005).

The objective of this study was to determine the effect of fattening inten-
sity on the fatty acid profile and mineral content of meat from Holstein-Frie-
sian bulls.

MATERIAL AND METHODS

The experimental materials comprised 20 samples of m. longissimus
dorsi (MLD) collected from half-carcasses of Polish Holstein-Friesian bulls.
The animals were raised at the Agricultural Experiment Station in Balcyny
(Poland), under the conventional production system (milk replacer, hay and
concentrate). Beginning at 6 months of age, the animals were fattened semi
-intensively and were fed ad libitum a total mixed ration (TMR) composed of
grass silage and concentrate. At 11 months of age and body weight of ap-
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proximately 370 kg, the bulls were placed in a building for controlled fatte-
ning, and they were divided into two groups of 10 animals each by the ana-
log method (SI — semi-intensive fattening and I — intensive fattening). From
1 to 60 days of fattening, group SI was fed TMR I (maize silage, rapeseed
meal, premix) ad libitum, at the 87:12:1 ratio on dry matter basis (Table 1).

Table 1
Chemical composition and nutritional value of experimental diets
Specification 1;/1[13‘;;2 Rarfl‘:“ied Triticale | TMR I TMR II

Maize silage 87 89
Rapeseed meal 12 10
Premix 1 1
Dry matter 326.8 890.3 906.0 391.2 379.9
On DM basis (g kg)

organic matter 880.3 927.4 944.0 349.5 338.1
crude protein 88.7 400.7 159.1 125.3 119.3
crude fat 29.7 25.7 31.0 37.6 36.3
crude fiber 233.2 149.3 46.1 223.1 224.8
f‘[e};%)units for meat production 0.80 0.96 1.99 0.82 0.82

The diets for group I animals were supplemented with 2.0 kg ground triticale.
After 60 days of fattening, the proportions of TMR II components were chan-
ged to 89:10:1, and the amount of concentrate in group I was increased to
2.5 kg (Table 2). TMR was dosed from a self-propelled feed cart and delive-

Table 2
Fattening scheme
Feeding period | Semi-intensive Intensive
(days) (SD @
1-60 TMR I TMR I + 2.0 kg triticale
>60 TMR II TMR II + 2.5 kg triticale

red twice daily, whereas ground triticale was available in an automatic fe-
eding station. Supplemental minerals and vitamins were provided in the
form of a commercial premix for finishing cattle (Cargill Poland Ltd.). Salt
licks (Lisal M, LNB Poland Ltd.) were also offered to supplement minerals.
Samples of all feed components and TMR were subjected to chemical analy-
ses before the experiment and three times during the fattening trial. The
mineral composition of maize silage, ground triticale and premix is presented
in Table 3. Fattening was carried out for 8 months until 570 days of age.
Next the bulls were transported to a meat processing plant where they were
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Table 3
Mineral composition of feed components (mg kg?)
Elements
Components
Na K Mg P Ca Fe Cu 7n Mn
Maize silage | 5.681 | 5252.74 | 948.29 | 1101.24 | 209.76 | 44.312 | 1.967 | 13.066 | 13.197
Premix 79000 - 28000 48000 | 235000 | 500000 | 375 3750 2000
Triticale 2870.0 | 8160.0 | 4030.0 | 6690.0 | 8570.0 | 291.0 38.3 | 170.8 | 112.5

kept in individual boxes with access to water for 15 to 20 hours. The animals
were weighed before slaughter and all slaughter and post-slaughter procedu-
res were carried out in accordance with the relevant industrial standards.
Slaughter was performed twice, and 10 animals were slaughtered each time.
Half-carcasses were weighed within an accuracy of 0.5 kg, and carcass con-
formation and fatness were evaluated by a trained grader based on the EU-
ROP system criteria. Intramuscular fat samples were collected from the loin
(m. longissimus dorsi, between the 11** and 13" thoracic vertebrae).

Samples of MLLD were homogenized, approximately 0.5 g of the material
was weighed into Teflon vessels, and 7 ml of 65% nitric acid (Merck) was
added. Each sample was tested in duplicate. The vessels were sealed and the
samples were mineralized in a MARS Xpress 5 microwave oven (Candela,
USA). Each mineralization session involved 2 blank samples and 2 samples
of certified reference material. The mineralized material was cooled and
quantitatively transferred to 25 ml volumetric flasks. Minerals were ana-
lyzed with the use of an atomic absorption spectrometer (Candela, USA)
equipped with light sources for each element to be determined (potassium,
sodium, magnesium, zinc, iron). The elements analyzed by atomic absorption
spectrometry and the operating conditions of the spectrometer are shown in
Table 4.

In order to determine the fatty acid profile of beef, fat was extracted
from ground meat samples by the Soxhlet method (Biichi B-811 extraction
system) with hexane as the solvent. The concentrations of 33 fatty acids
were determined by gas chromatography in a Varian CP 3800 chromato-

Table 4

Operating conditions of the atomic absorption spectrometer used for the analysis
of minerals

Elements Fuel Support Wa\(rfllrzr)lgth Spectrzﬁl:;ndpass
Potassium acetylene air 766.5 0.2
Sodium acetylene air 589.0 0.2
Magnesium acetylene air 202.6 1.0
Zinc acetylene air 213.9 1.0
Iron acetylene air 248.3 0.2
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graph equipped with a split/splitless injector and a flame-ionization detector
(FID). 1 pl samples of fatty acid methyl esters were placed on a capillary
column of a length of 100 m and an internal diameter of 0.25 mm, with the
CP-sil88 stationary phase. Helium was used as the carrier gas, injector tem-
perature was 260°C, and the total time of a single analysis was 68 min. The
percentage of fatty acids was calculated using Galaxie software.

The effect of fattening intensity on the mineral content and fatty acid
profile of beef was determined by one-way ANOVA for orthogonal designs at
a significance level of p = 0.05 and p = 0.01. The results were analyzed sta-
tistically in Statistica 10.0 program (StatSoft 2014).

RESULTS AND DISCUSSION

Bulls fed TMR supplemented with ground triticale for 240 days (group I)
were characterized by significantly (P < 0.01) higher average daily gains and
higher final body weights in comparison with semi-intensively fattened bulls
(Table 5), which was caused by the richer diet of the former, in particular

Table 5

Body weight (BW) at the beginning and at the end of fattening and selected parameters
of bull carcasses (least squares means + SD)

Fattening intensity
Elements semi-intensive intensive b - value
(SD )
LSM SD LSM SD
BW at the beginning of fattening (kg) | 370.3 9.40 375.5 9.39 0.8232
BW at the end of fattening (kg) 574.5 18.14 643.3™ 9.74 0.0022
Average daily gain (kg) 0.845 0.08 1.115™ 0.05 0.0032
Body weight before slaughter (kg) 537.6 47.08 597.3™ 29.51 0.0023
Dressing percentage (%) 55.35 0.55 56.86" 0.57 0.0221
!Conformation score (pts) 6.00 1.25 6.70 1.25 0.3231
“Fatness score (pts) 5.90 0.31 7.10 0.64 0.0629
Intramuscular fat (%) 2.91 1.51 3.25 1.53 0.2156

'EUROP conformation: 1 to 15, with 1 = very lean, and 15 = muscled outstanding.
2EUROP degree of fat cover: 1 to 15, with 1 = very lean, and 15 = very fat.
Mean values in rows are significantly different: * P < 0.05; ** P < 0.01.

higher dietary energy concentrations. Carcass dressing percentage was also
higher in group I bulls than in group SI animals. The significant difference
of 1.51% noted between the groups resulted from differences in carcass con-
formation and fat cover. The carcasses of group I bulls had a higher fat con-
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tent and received higher conformation scores, owing to the more intensive
feeding and higher final body weights. Our results corroborate the findings of
NocAaLSKI et al. (2014), who demonstrated that carcasses of Holstein-Friesian
bulls fattened semi-intensively (grass silage) had a lower dressing percentage,
a lower fat content and lower conformation scores than the carcasses of bulls
fattened intensively. Fattening intensity had no significant effect on the
intramuscular fat content of MLD.

The mineral (K, Na, Mg, Zn, Fe) content of meat from Holstein-Friesian
bulls was not significantly affected by fattening intensity (Table 6). Similarly

Table 6
Mineral content of meat (mg kg of fresh meat) from Holstein-Friesian bulls
Fattening intensity
Elements semi-intensive intensive p - value
(SD) @
LSM SD LSM SD

K 4746.5 394.6 4773.8 425.6 0.8832
Na 635.1 65.4 613.0 49.4 0.4061
Mg 217.3 11.5 218.8 18.6 0.8249
Zn 44.0 4.7 48.3 7.1 0.1256
Fe 18.7 2.9 19.4 2.6 0.6079

to LAWRIE (1990), BARGE et al. (2005) and HoLLo et al. (2007), we found that
beef is quantitatively the richest source of potassium regardless of the fatte-
ning system. In our study, the potassium content of the analyzed meat sam-
ples ranged from 4746.5 to 4773.8 mg kg of fresh meat. Iron is an important
dietary mineral involved in various bodily functions, including oxygen trans-
port in the blood (MATEESCU et al. 2013). Potassium and iron concentrations
were higher in meat samples collected from groups I bulls in comparison
with those collected from group SI animals. Such a trend was also noted in
zinc and manganese content. According to MATEEScU et al. (2013), 100 g of
beef contains an average of 3.89 mg Zn, or 26% of the recommended daily
intake. Beef samples analyzed in our study had a higher zinc content. It sho-
uld be noted than the zinc content of beef is two-fold higher than in pork and
veal, and 5- to 7-fold higher than in poultry (Barowicz, BrREJTA 2000). In the
present experiment, the Na content of meat was higher in group SI than in
group I (635.1 mg kg! of fresh meat vs. 613.0 mg kg' of fresh meat). High
potassium levels and low sodium levels in meat from bulls fattened intensi-
vely point to its higher nutritional value as compared with meat from bulls
fattened semi-intensively. HoLLo et al. (2007) also observed higher concentra-
tions of K and Zn in meat samples collected from Holstein-Friesian bulls
fattened intensively than in samples collected from extensively fed animals
(K — 3384 mg kg! vs. 3179 mg kg, Zn — 36.4 mg kg! vs. 33.7 mg kg?). Ho-
wever, the cited authors noted higher concentrations of Mg and Fe and lower
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Na levels in meat from bulls fattened extensively, which was not observed in
our study. The concentrations of K, Na, Zn and Fe in MLD determined in
group I were higher, and Mg content was lower in comparison with the re-
spective values reported by PiLarczyk (2014) who analyzed samples of m.
longissimus lumborum collected from Limousin, Red Angus and Salers bulls.
IBEGBULEM, ABANOBI (2014) also noted lower K and Na levels and higher Mg
concentrations in beef, compared with the values observed in our study.
CZERWONKA, SzTERK (2015), who analyzed the concentrations of mineral ele-
ments in samples of m. longissimus dorsi collected from Polish Holstein-Frie-
sian bulls, found lower levels of Fe, K and Na and higher Mg levels in com-
parison with our study (18.3, 4280.0, 494.0, 272.0 mg kg' of fresh meat,
respectively). In the present experiment, the Mg content of MLD ranged
from 217.3 to 218.8 mg kg! of fresh meat.

Fattening intensity had no significant effect on the concentrations of the
majority of fatty acid groups or their mutual proportions (Table 7). A trend

Table 7
The effect of fattening intensity of the total fatty acid pool in beef
Fattening intensity
Specification semi-intensive intensive
(D M prvaue
LSM SD LSM SD

SFA (%) 47.377 2.767 45.462 2.496 0.1215
UFA (%) 55.178 3.201 56.824 2. 456 0.2135
MUFA (%) 48.024 2.239 50.435 2.759 0.0458
PUFA (%) 4.562 0.975 4.086 0.756 0.2385
UFA/SFA 1.172 0.141 1.256 0.121 0.1695
PUFA/SFA 0.097 0.025 0.090 0.017 0.4532
MUFA/SFA 1.019 0.110 1.115 0.118 0.0767
n-3 (%) 0.513 0.095 0.441 0.063 0.0483
n-6 (%) 3.207 0.869 2.859 0.686 0.3331
n-6/n-3 6.254 1.239 6.525 1.470 0.6615
DFA (%) 69.285 2.733 70.386 1.824 0.3032
OFA (%) 33.270 2.281 31.900 1.842 0.1565

towards higher levels of SFAs, OFAs, n-3 and n-6 PUFAs was noted in meat
samples collected from group SI bulls, compared with those collected from
group I animals. Acid n-3 had a significant (P < 0.05) share of the total fatty
acid pool. Meat from group I bulls was characterized by higher concentra-
tions of UFAs, MUFAs and DFAs than meat from group SI bulls. The diffe-
rence in MUFA concentrations between groups was statistically significant
(P < 0.05). In a study by De SMmET et al. (2000), feeding maize silage and
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concentrate to bulls contributed to an increased fat content of bovine meat,
which was paralleled by increased proportions of SFAs and MUFAs and a
decreased proportion of PUFAs. In our experiment, similarly to the findings
of NocaLskl et al. (2014), a higher intramuscular fat content of meat from
group I bulls was not accompanied by an increase in SFA levels. Meat from
group SI bulls contained higher amounts of essential PUFAs (4.562%) that
have a beneficial influence on human health, which indicates that beef from
cattle fed less intensively delivers more health benefits.

The PUFA/SFA and n-6/n-3 PUFA ratios are good indicators of the
nutritional value of dietary fat (ALFAIA et al. 2007a,b). XiE et al. (2012) repor-
ted that an increase in PUFA concentrations and a lower n-6/n-3 PUFA ratio
are desirable for human health. In our study, the n-6/n-3 PUFA ratio was
relatively high (6.254 in group SI and 6.525 in group I). According to the
nutritional recommendations, the PUFA/SFA ratio in the human diet should
be above 0.45, and the n-6/n-3 PUFA ratio should not exceed 4.0 (British
Department of Health 1994). In our experiment, the PUFA/SFA ratio was
similar to that reported by ENSER et al. (1998) and SoBczUK-SzUL et al. (2014)
— 0.11 and 0.063, respectively, and lower than that noted by ALbpaI et al.
(2007) — 0.45. According to BARTNIKOWSKA, KULASEK (1994), the optimal
n-6/n-3 PUFA ratio in the human diet is 2-5:1, whereas according to WIJEN-
DRAN, HavEs (2004) it should oscillate around 6:1. The values noted in our
study exceed the recommended levels, but according to VARELA et al. (2004)
and ScoLLAN et al. (2006), the intramuscular fat of steers fed maize silage
and concentrate has a less favorable n-6/n-3 PUFA ratio in comparison with
pasture-finished steers.

Fattening intensity had a significant (p < 0.05) effect on the concentra-
tions of oleic acid (C 18:1 n-9), which was a predominant functional MUFA

Table 8

The effect of fattening intensity on the concentrations of functional fatty acids (%) in beef

Fattening intensity

Fatty acids semi-i(g;;znsive inte(IIl)sive p — value
LSM SD LSM SD
C 18:1 T10+11 vaccenic acid 2.048 | 0.678 | 2.127 | 0.679 0.7973
C 18:1 n-9 oleic acid 37.414 | 1.936 | 39.985 | 2.585 0.0215
C 18:2 linoleic acid 2.593 | 0.605 | 2.303 | 0.437 0.2346
C 18:3 linolenic acid 0.467 | 0.084 | 0.410 | 0.052 0.0825
C 18:2 C9 T11 conjugated linoleic acid (CLA) | 0.381 0.078 | 0.353 0.074 0.4180
C 20:4 arachidonic acid 0.614 | 0.308 | 0.556 | 0.268 0.6573
C 20:5 eicosapentaenoic acid (EPA) 0.046 | 0.053 | 0.031 0.035 0.4740
C 22:5 docosapentaenoic acid (DPA) 0.098 0.056 0.097 0.055 0.9836
C 22:6 docosahexaenoic acid (DHA) 0.038 0.033 0.016 0.011 0.0707
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in the analyzed meat samples and had a significantly higher share of the
total fatty acid pool in group I than in group SI (39.98% vs. 37.41%) — Table 8.
BiLik et al. (2009) showed that the fatty acid composition of meat from bulls
was more favorable when the animals were fattened semi-intensively with a
greater proportion of bulky feeds in the diet, compared with intensive fatte-
ning. Meat samples collected from group SI bulls contained higher concentra-
tions of linoleic acid, linolenic acid, CLA, arachidonic acid, eicosapentaenoic
acid (EPA) and docosapentaenoic acid (DHA), which are known to have dise-
ase-preventing and health-promoting properties. Our results are partially
consistent with the findings of NoGALSKI et al. (2013).

CONCLUSIONS

Intensive fattening of young Holstein-Friesian bulls, compared with se-
mi-intensive fattening, contributed to an increase in the growth rate of ani-
mals, carcass dressing percentage, carcass conformation scores and intra-
muscular fat content of m. longissimus dorsi. Our study confirmed that beef
is a good source of minerals. The meat of bulls fattened intensively was
characterized by higher potassium levels and lower sodium levels, which
points to its higher nutritional value. Less intensive fattening increased the
PUFA content of beef and decreased the n-6/n-3 PUFA ratio.
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ABSTRACT

Beef has a high nutritional value owing to the presence of minerals, vitamins, polyunsaturated
fatty acids (PUFA) and selected protein fractions. The objective of this study was to investigate
the influence of calving and nursing on the fatty acid profile and the content of minerals and
vitamins in the meat of crossbred (Limousine x Polish Holstein-Friesian) once-calved heifers in
comparison with the meat of maiden heifers. At 15 months of age, once-calved heifers were
inseminated with the semen of Limousine bulls. After calving and lactation, they were slaughte-
red. Meat samples were collected from m. longissimus dorsi (MLD). The fatty acid composition
was determined with the use of a gas chromatograph. The content of 5 minerals (potassium,
sodium, magnesium, zinc, iron) was determined by atomic absorption spectrometry. The content
of vitamins A and E was determined by high-performance liquid chromatography. Gestation and
nursing had a negligent effect on the content of functional components in the meat of once-
calved heifers, in comparison with the meat of heifers. The meat of heifers contained more vac-
cenic acid (TVA) (C 18:1 T10+11), arachidonic acid (AA) (C 20:4) and docosahexaenoic acid
(DHA) (C 22:6), whereas the meat of once-calved heifers was more abundant in oleic acid, zinc,
iron and vitamin E (P < 0.01). Commercially crossbred heifers can be included in once-bred
heifer production systems, which create a possibility of producing additional offspring plus
higher body weight of heifers with no adverse effect on the functional properties.
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INTRODUCTION

The sensory properties of beef are significantly influenced by fat depo-
sition (MoDZELEWSKA-KaPITURA, NoGALSKI 2014). The quality of fat is determi-
ned mainly by the content of fatty acids, which deliver health benefits for
consumers. Polyunsaturated fatty acids (PUFA), mainly linoleic acid (LA),
arachidonic acid (AA), eicosapentaenoic acid (EPA), docosapentaenoic acid
(DPA) and docosahexaenoic acid (DHA), are biologically active substances
that stimulate immunity, limit fat deposition, exert antibacterial, anticarci-
nogenic and antioxidant effects. Many lifestyle diseases are linked to an
excessively wide ratio of n-6 to n-3 PUFA in a human diet. An optimal balance
between intake of n-6 and n-3 fatty acids should be 5-8:1-2 (WHO 2003),
whereas contemporary diets are characterized by a ratio of 10:20 (BrRESLOW
2006). Beef should not be evaluated based only on its fat content, because
it is also an excellent source of iron, zinc and magnesium (L1 et al. 2005).
In the group of most highly consumed meats in the United States, beef is
characterized by the highest content of available iron and zinc (USDA-ARS
2010). Calcium, magnesium and phosphorus are important to a wide variety
of body functions. First of all, they serve for bone mineralization. In addition,
they are cofactors of many enzyme systems, sustaining muscle and nerve
excitation. Iron is required for maintaining the oxygen carrying capacity of
blood (CrarksoN, HaymEs 1995). Magnesium has a strong relationship with
the immune system, in both nonspecific and specific immune responses,
which are also known as innate and acquired immune responses (Tam et al.
2003). Vitamins A and E are important natural dietary antioxidants. Vita-
min E is an essential nutrient which stabilizes PUFA and is a key determi-
nant of meat quality, in particular in meat from ruminants (Woop et al.
2008).

In Poland, beef production is based mainly on young bulls and culled
dairy cows. Beef quality can be improved by commercial crossbreeding of
selected cows and heifers of the dairy cattle population to produce beef calves
(NocaLski et al. 2013a). Heifers account for around 15% of slaughtered cattle,
and around 200,000 heifers are slaughtered each year (Integrated System of
Agricultural Market Information 2015). The population of calves suitable for
fattening has been dwindling, and this problem could be addressed by using
once-calved heifers for calf production. This production regime is known as
the once-bred heifer (OBH) system. In this system, dairy heifers that are not
suitable for further breeding and heifers produced by commercial crossbre-
eding in dairy herds are inseminated with the semen of beef bulls upon
reaching reproductive maturity (NocaLski et al. 2016). After calving, primi-
paras referred to as once-calved heifers nurse their offspring for several
months and are slaughtered after weaning. Earlier studies have demonstra-
ted that gestation increases the body weight gains of heifers (ZEMBAYASHI
2001). In comparison with adult suckler cows, young growing heifers use
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more dietary energy to increase their body weight, therefore the OBH system
1s more effective than the production of calves in beef cattle herds (BourpoN,
Brinks 1987). Meat production based on once-calved heifers, produced by
crossbreeding with beef bulls in dairy cattle herds, is characterized by higher
economic efficiency, and the production of crossbreeds as byproducts of dairy
farms 1s cheaper than the production of beef cattle breeds in conventional
cow-calf systems (ZEmBavasti 2001). Once-calved heifers should be used in
the production of beef calves only if the resulting carcasses are characterized
by high meat quality and if they increase the supply of beef on the consumer
market (HoviNGg-BoLINK et al. 1999). According to Daszkiewicz et al. (2006),
the meat of once-calved heifers is characterized by lower quality than beef
from heifers that are not used for reproductive purposes.

The slaughter value, carcass traits and meat quality of crossbred Polish
Holstein-Friesian x Limousine bulls, steers and heifers have been analyzed
in several studies (NoGaLskI et al. 2013a,b, MoDZELEWSKA-KAPITUEA, NOGALSKI
2014, SoBczUK-SZUL et al. 2014), whereas the slaughter value of once-calved
heifers, in particular the content of functional components in beef, remains
insufficiently researched. The aim of this experiment was to investigate the
influence of calving and nursing on the fatty acid profile and the content of
minerals and vitamins in the meat of crossbred (Limousine x Polish Holstein-
-Friesian) once-calved heifers in comparison with the meat of maiden heifers.

MATERIAL AND METHODS

Animals, experimental design, and treatments

The experiment was performed on 33 females, including 16 heifers and
17 once-calved heifers produced by crossing Limousine (LM) bulls with
Polish Holstein-Friesian (PHF) cows. The semen of 9 bulls was used for inse-
mination. The feeding regime for calves and heifers was described in a pre-
vious study (NocaLskr et al. 2016). Sixteen heifers were fattened until 18
months of age, after which they were transported to a meat processing plant
and slaughtered. Seventeen once-calved heifers at 466.3 days of age and ave-
rage body weight of 432.8 kg were inseminated with the semen of Limousine
bulls. Heifers calved at 24.5 months of age. During gestation, the average
daily gain of heifers was 0.73 kg, and their average body weight before
calving was 636 kg. Parturition was unassisted in 10 heifers, and assistance
was required in 7 animals. One heifer died after difficult parturition. One
calf died shortly after birth. The average birth weight of calves (26% PHF
and 75% LM) was 39.2 kg. Calves remained with their mothers for 102 days
on average, and they achieved average body weight of 147.8 kg over the nur-
sing period. Weaned calves were moved to fattening pens. After weaning,
once-calved heifers were transported to a slaughterhouse. There they were
kept individually for 15 to 20 h with access to fresh water. The animals were
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weighed before slaughter. All slaughter and post-slaughter procedures
were executed according to meat industry rules (Council Regulation (EC) No
1099/2009). The animals were stunned, dressed and halved along the spine
into two half-carcasses, which were chilled for 96 h at 4°C. Electric stimula-
tion was not applied to the carcasses. The protocol for animal research was
approved by the Ethics Committee of the University of Warmia and Mazury.
The longissimus dorsi muscle (MLD) was removed from the right half-carcas-
ses 96 h post mortem, and weighed. Meat specimens were collected from
m. longissimus dorsi between the 11%-13% thoracic vertebrae. The samples
were transported to the laboratory under refrigeration.

Fatty acid profile

According to the Soxhlet method, intramuscular fat (IMF) was extracted
from ground beef speciments using a Biichi B-811 instrument with n-hexane
as solvent. Fatty acid methyl esters were obtained by dissolving the extrac-
ted fat in a methanol-chloroform-H,SO, mixture, followed by methylation
according to the modified Peisker method (ZEGARSKA et al. 1991). The profile
of 33 fatty acids was assayed with the use of a gas chromatograph (Varian
CP 3800). The operating conditions of the gas chromatograph are shown in
Table 1. Data were calculated in Galaxie software. The following groups of

Table 1

Working parameters of the gas chromatograph

Injector split/splitless
Detector flame-ionization
Sample volume 1uL
Stationary phase CP-sil 88
Length of capillary column 100 m

Inner diameter of capillary column 0.25 mm
Carrier gas helium
Injector temperature 260°C
Detector temperature 260°C

Initial oven temperature/ raised to 110°C/ 249°C
Time of a single analysis 68 min

fatty acids and ratios were calculated: SFA — saturated fatty acids, UFA —
unsaturated fatty acids, MUFA — monounsaturated fatty acids, PUFA — poly-
unsaturated fatty acids, n-3 and n-6 fatty acids MUFA/SFA, PUFA/SFA, and
n-6/n-3 PUFA.

Determination of mineral content

Samples of MLD were homogenized, specimens of approximately 0.5 g
were placed in Teflon-lined pressure vessels and combined with 7 ml of 65%
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spectrally pure nitric acid (Merck). Each sample was analyzed in duplicate.
The vessels were sealed, and the samples were mineralized in the MARS
Xpress 5 microwave digestion system (Candela, USA). Every mineralization
procedure involved 2 blank samples and 2 samples of certified reference ma-
terial. Mineralized samples were cooled and transferred to 25 ml volumetric
flasks. They were analyzed with an atomic absorption spectrometer (Candela,
USA) equipped with lamps for different elements (potassium, sodium,
magnesium, zinc, iron).

Determination of vitamin A and E content

The content of vitamins A and E was determined based on the applicable
standards (PN-EN 12822; PN-EN 12823-1), which were slightly modified for
the needs of this study. Samples of MLD obtained from the loin were ground,
and 2 g specimens were placed in 25 ml amber glass flasks. The samples
were saponified at a temperature of 80°C for 30 minutes in 1.2 ml of 20%
ascorbic acid, 0.6 ml of methanol and 5 ml of 60% potassium hydroxide. After
cooling, fat was extracted twice with n-hexane, and the extract was evapora-
ted to dryness in a stream of nitrogen. The fat remaining in flasks was dis-
solved in 1 ml of anhydrous ethanol and filtered into amber glass vials.
Chemical compounds were separated by high-performance liquid chromato-
graphy (HPLC) using a silica column. The separated compounds were identi-
fied by two detectors in tandem (UV-visible photodiode array detector and
fluorescence detector). Alpha-tocopherol was detected by fluorescence spectro-
scopy, and retinol was detected with the use of the UV-visible photodiode
array detector. Injection volume was 20 pl. The content of total a-tocopherol
and retinol in meat was calculated in duplicate for each muscle, based on the
external standard, from a standard curve of peak area vs. concentration.

Statistical analysis

The experimental data from two treatments involving heifers (n = 16)
and once-calved heifers (n = 15) were processed statistically by one-way
ANOVA and the Tukey’s HSD test in a Statistica 10 program (StatSoft Inc.,
Tulsa, USA) at a significance level of 1 and 5%.

RESULTS AND DISCUSSION

Heifers were slaughtered at an average age of 558.9 days and average
body weight of 482.4 kg (Table 2). Once-calved heifers were 293.4 days older
at slaughter, and their average body weight was 569.7 kg. In a study by
LitwiNczuk et al. (1991), the average body weight of PHF x LM once-calved
heifers slaughtered at 30-32 months of age was 460 kg. In our study, once-
calved heifers were 110 kg heavier at slaughter, which resulted from diffe-
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Table 2

Age and body weight at slaughter and the characteristics of the m. longissimus dorsi (MLD)
of heifers and once-calved heifers

. Once-calved
Heifers ]
- 16 heifers
Traits (n=16) (n=15) Significance
LSM SE LSM SE
Age at slaughter, days 558.9 2.16 852.3 4.36 ok
Body weight at slaughter (kg) 482.4 | 12.88 | 569.7 | 16.59 wk
Weight of MLD (kg) 10.33 0.34 11.01 0.37 *
MLD area (cm?) 82.8 3.24 89.6 2.65 *
MLD area, cm? 100 kg of slaughter weight | 17.2 0.21 15.7 0.24
Intramuscular fat content of MLD (%) 2.97 0.31 3.99 1.46 *

MLD — m. longissimus dorsi (MLD), LSM — least-squares means, SE — standard error;
Significant differences between means: * P <0.05 and ** P<0.01.

rent feeding regimes. In the cited experiment (LiTwiNczuKk et al. 1991), once-
calved heifers were grazed in summer, whereas in our study, the animals
were kept indoors throughout the year and fed grass silage supplemented
with concentrate. The longissimus dorsi muscle is one of the most valuable
cuts of beef. The weight and cross-sectional area of MLD were higher in
once-calved heifers, which could be attributed to their higher body weights at
slaughter. According to BURES , BarToN (2012), the carcasses of older animals
are characterized by lower content of high-priced cuts, smaller MLD area per
100 kg of slaughter weight and higher fatness. In a study by STEEN,
KiLpATRICK (1995), higher slaughter weight was also associated with higher
carcass fatness and a reduction in meat and bone proportions. In our study,
MLD area per 100 kg of slaughter weight was lower and the intramuscular
fat IMF) content of MLD was significantly higher in once-calved heifers
than in heifers. HARPER, PETHICK (2004) were previously identified gender as
an important source of variation in the IMF content of beef, and the influence
of sex hormones on the growth and development of intramuscular adipocytes.
Heifers mature faster and are therefore much more predisposed to IMF
deposition. Intramuscular fat from once-calved heifers contained less
(P < 0.01) SFA and more (P < 0.01) UFA, in particular MUFA (Table 3).
A high proportion of SFA and a low proportion of PUFA in meat fat results
from the hydrogenation of dietary fat by ruminal microflora (Dt SMET et al.
2000). For optimal results, beef producers should decrease the concentrations
of SFA in fat and/or increase the content of PUFA, in particular n-3 fatty
acids (Korczak 2008). In the present study, gestation and lactation increased
the share of MUFA in the total fatty acid pool in once-calved heifers, as com-
pared with heifers. In the work of ZemBayasur (2001), pregnancy and 105
days of lactation increased the content of MUFA, whereas gestation alone
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Table 3
Fatty acid groups and ratios in intramuscular fat of heifers and once-calved heifers
Heifers Once-calved heifers
Item (n=16) (n=15) Significance
LSM SE LSM SE

SFA (%) 49.35 0.532 46.71 0.799 o
UFA (%) 50.68 0.534 53.29 0.798 o
MUFA (%) 46.60 0.672 49.77 0.826 w
PUFA (%) 4.08 0.299 3.52 0.164
MUFA/SFA 0.948 0.022 1.072 0.036 w
PUFA/SFA 0.083 0.025 0.076 0.012
n-3 fatty acids (%) 1.19 0.125 0.92 0.048 *
n-6 fatty acids (%) 2.49 0.207 2.18 0.125
n-6/n-3 PUFA ratio 2.29 0.149 2.37 0.063

SFA — saturated fatty acids, UFA — unsaturated fatty acids, MUFA — monounsaturated fatty
acids, PUFA — polyunsaturated fatty acids, LSM — least-squares means, SE — standard error;
Significant differences between means: * P < 0.05 and ** P<0.01.

significantly decreased the share of MUFA in once-calved heifers in compari-
son with heifers. LENGYEL et al. (2003) noted that the PUFA content of intra-
muscular fat in MLLD decreased with age, reaching 25.5% at 7 months, 18.4%
at 14 months and 13.6% at 19 months. In our study, the share of PUFA in
the total fatty acid pool was 0.56% lower in once-calved heifers than in
heifers. SoBczUuk-SzuL et al. (2014) observed a similar PUFA/SFA ratio
(0.063), WEGLARZ (2010) reported a higher PUFA/SFA ratio (0.19) and ALDAI
et al. (2007) noted a much higher PUFA/SFA ratio (0.45) than in our study.
In our research, we noted that the content of omega-3 fatty acids was stati-
stically higher (P < 0.05) and the n-6/n-3 ratio was lower in IMF of heifers
than in the group of one-calved heifers (Table 3). According to the FAO and
WHO recommendations, the n-6/n-3 ratio in a human diet should be around
5.0 (Korczak 2008). In the present research, the beef was characterized by an
even lower n-6/n-3 ratio, which may have a positive impact on human health.
As regards functional fatty acids, the IMF of once-calved heifers contained
2.93% more (P < 0.01) oleic acid in comparison with heifers (Table 4). Stati-
stically significant differences were noted in the concentrations of vaccenic
acid (TVA), AA and DHA which were higher in the IMF of heifers.

Beef is the most zinc-abundant type of meat, and its zinc content is
2-fold higher in comparison with pork and veal and 5- to 7-fold higher in
comparison with poultry meat (BaArRowicz, BreJra 2000). In our experiment,
significant differences in the zinc and iron content of meat were observed
between heifers and once-calved heifers (Table 5). In the meat of once-calved
heifers, the iron content was 0.56 mg higher and zinc content was 0.63 mg
higher per 100 g of fresh meat in comparison with the meat of heifers. Giur-
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Table 4

Fatty acids with functional properties in the intramuscular fat of heifers and once-calved heifers

. Once-calved
Heifers .
) - 16) heifers o
Fatty acids (%) (n (n=15) Significance
LSM SE LSM SE
C 18:1 T10+11 vaccenic acid (TVA) 1.082 | 0.121 0.668 | 0.082 *
C 18:1 n-9 oleic acid (OA) 38.68 | 0.700 | 41.61 0.685 ok
C 18:2 linoleic acid (LA) 2.090 0.158 1.930 0.098
C 18:2 C9 T11 conjugated linoleic acid (CLA) | 0.240 | 0.023 | 0.251 0.010
C 18:3 linolenic acid (LNA) 0.568 | 0.042 | 0.525 | 0.020
C 20:4 arachidonic acid (AA) 0.407 | 0.0563 | 0.247 | 0.044 *
C 20:5 eicosapentaenoic acid (EPA) 0.077 | 0.013 | 0.064 | 0.007
C 22:5 docosapentaenoic acid (DPA) 0.274 | 0.048 | 0.181 0.022
C 22:6 docosahexaenoic acid (DHA) 0.116 | 0.065 | 0.023 | 0.005 *
LSM — least-squares means, SE — standard error;
Significant differences between means: * P < 0.05 and ** P<0.01.
Table 5
Content of mineral elements in the meat (mg kg of fresh meat)
of heifers and once-calved heifers
Heifers Once-calved heifers
Minerals (n =16) (n=15) Significance
LSM SE LSM SE
Potassium (K) 4832.5 84.30 4765.8 95.00
Sodium (Na) 524.0 11.29 538.1 12.42
Magnesium (Mg) 196.6 5.83 186.4 4.40
Zine (Zn) 345 1.62 40.8 2.18 *
Iron (Fe) 13.2 0.77 18.8 1.05 ok

LSM - least-squares means, SE — standard error;

Significant differences between means: * P<0.05 and ** P<0.01.

FRIDA-MENDOZA et al. (2007) investigated variations in the mineral content of
the longissimus dorsi thoracis muscle from water buffalo and Zebu-influen-
ced cattle. They found that both zinc and magnesium concentrations incre-
ased with the animals’ age (evaluated at 17, 19, and 24 months of age).
In a study by PurchHas, BosBoom (2005), iron concentrations in the meat of
crossbred beef heifers were also influenced by the age at slaughter, but not
by a diet or feeding intensity. In the cited study, the meat of heifers slaugh-
tered at 27-28 months of age contained 18.6% more iron than the meat of
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heifers slaughtered at 16-17 months of age. In our study, where the age dif-
ference between the compared groups was similar, the meat of older heifers
contained 42% more iron. In addition to age, gestation was probably another
factor that contributed to the higher iron content of beef from older heifers.

Vitamins A and E are essential nutrients in a human diet (Woobp et al.
2008). The meat of once-calved heifers was more abundant in vitamins A and
E than the meat of heifers (Figure 1). The observed differences in the vita-
min E content of beef (1806 and 2412 pg kg!) were statistically significant,
and they can be attributed mainly to the higher IMF content of meat from
once-calved heifers.
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Fig. 1. Content of vitamins A and E in the meat (ug kg of fresh meat)
of heifers and once-calved heifers.
Significant differences between means: ** P<0.01

CONCLUSIONS

The meat of heifers was more abundant in TVA, AA and DHA, whereas
the meat of once-calved heifers was characterized by higher concentrations of
oleic acid, zinc, iron and vitamin E. These commercially crossbred heifers can
be included in once-bred heifer beef production systems, which create a pos-
sibility of producing additional offspring plus higher body weight of heifers
with no adverse effect on the content of functional components in meat.
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Simple Summary: In some European countries, including Poland, beef production is based mostly
on dairy cattle herds. Beef quality can be improved by the commercial crossbreeding of dairy cows
with beef bulls. The offspring are characterized by higher fattening performance and more desirable
carcass characteristics. The experiment was performed on 72 bulls produced by crossing Polish
Holstein-Friesian (PHF) cows with bulls of three most popular beef breeds: Hereford (HH), Limousin
(LM), and Charolais (CH), to determine the effects of genotype and age at slaughter on the content
of selected minerals (K, Na, Mg, Zn, and Fe) and fatty acid profile in beef. The meat of PHF x LM
crosses had a lower content of K and Mg, compared with the remaining crossbred bulls. The Fe
content per kg of meat was higher in bulls slaughtered at 21 months of age than in those slaughtered
at 15 months of age. The best sire breed for crossing with dairy cows cannot be clearly indicated based
on the present findings. However, the results of this study suggest that bulls should be slaughtered at
21 months of age to achieve the optimal values of most analyzed traits and parameters, in particular
the fatty acid profile.

Abstract: The aim of this study was to determine the effects of genotype and slaughter age on the
mineral content and fatty acid profile of beef. The experiment was performed on 72 crossbred bulls
produced by crossing Polish Holstein-Friesian (PHF) cows with bulls of three beef breeds: Hereford
(HH), Limousin (LM), and Charolais (CH), slaughtered at 15, 18, and 21 months of age. Samples of the
longissimus thoracis muscle were collected to determine their mineral (potassium—K, sodium—Na,
magnesium—Mg, zinc—Zn, and iron—Fe) and fatty acid composition. The meat of PHF x LM crosses
had a lower (p < 0.01) content of K and Mg, compared with the remaining crossbred bulls. The Fe
content per kg of meat was 4 mg higher (p < 0.01) in bulls slaughtered at 21 months of age than
in those slaughtered at 15 months of age. The content of monounsaturated fatty acids (MUFAs) in
intramuscular fat was 2.77% higher in bulls slaughtered at 21 months of age than in those slaughtered
at 15 months of age. The n-6/n-3 polyunsaturated fatty acids (PUFA) ratio did not exceed 4.0, and it
was most desirable in PHF X LM crosses (2.84) and in the oldest bulls (2.92).

Keywords: beef; crossbred bulls; minerals; fatty acids

1. Introduction

Red meat, including beef, is an important source of highly biologically active proteins, fat, vitamins,
and minerals (in particular, iron—Fe and zinc—Zn). Fat is the richest source of dietary energy, and it
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supplies essential nutrients such as fat-soluble vitamins and fatty acids [1]. Bovine fat contains fatty
acids that deliver health benefits to humans. n-3 and n-6 polyunsaturated fatty acids (PUFAs) must
be derived from the diet because they cannot be synthesized de novo by the human body or other
monogastric mammals. n-3 and n-6 PUFAs act as carriers of fat-soluble vitamins (A, D, E, and K) and
play a key role in the immune response. Linoleic acid, a member of the n-6 fatty acid family, contributes
to lowering serum cholesterol levels and reducing the risk of cardiovascular disease. It is an important
structural constituent of cell membranes, a function thought to be related to dermatitis in infants [2].
Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), members of the n-3 fatty acid family,
help prevent cardiovascular disease and arrhythmia, lower plasma triacylglycerol levels, decrease
blood pressure, reduce platelet aggregation, and exert anti-inflammatory effects [3,4]. Conjugated
linoleic acid (CLA) is a group of isomers of linoleic acid found mostly in the meat and dairy products
derived from ruminants. The major CLA isomers are cis-9 trans-11, and trans-10 cis-12. Research
has shown that CLA has immunomodulatory, antimutagenic, anticarcinogenic, antidiabetic (type II
diabetes), and antihypertensive properties. It can also play a role in preventing obesity, atherosclerosis,
lifestyle diseases, and the metabolic syndrome [5-7]. Vaccenic acid is a trans fatty acid, but it is believed
to provide health benefits to humans. It is the predominant trans fatty acid found in red meat, and it
does not affect the blood levels of total or low-density lipoprotein (LDL) cholesterol [8]. Zn is important
for the immune system; it participates in the regulation of cell growth and proliferation, is a component
of numerous metalloenzymes, and contributes to antioxidant defense. The major sources of Zn in
the human diet are red meat, seafood, poultry, cereals, dairy products, legumes, and vegetables [9].
Red meat is a rich source of readily bioavailable Zn, whereas cereals have a high content of phytic
acid, a strong inhibitor of Zn absorption [10]. Fe plays an important role as an oxygen carrier in
hemoglobin (in red blood cells) and myoglobin (in muscle cells), and it is involved in numerous
metabolic processes [1]. Heme Fe found in meat is more bioavailable than non-heme Fe found in
plant-based foods [9]. Magnesium (Mg) has a strong relation with the immune system, it is involved
in both non-specific and specific immune responses, also referred to as innate and acquired immune
responses, respectively [11].

Mineral concentrations in meat change depending on the diet [12], genotype and age of an
animal [13], muscle type [14-16], and geographic conditions [17,18]. The fatty acid composition of
beef is mostly affected by the breed, age, and sex category of an animal [19,20], as well as dietary
factors [21,22]. The differences in the fatty acid profile between cattle breeds result from the differences
in gene expression and the activity of enzymes that participate in fatty acid synthesis [23]. As animals
grow older, the content of subcutaneous tissue and muscular fat increases, whereas the ratio of PUFAs
to saturated fatty acids (SFAs) decreases [24]. Furthermore, pre-slaughter stressors can impact on
ruminant carcass and meat quality. Loudon et al. [25] observed that plasma creatine kinase was
positively correlated with ultimate pH, indicating that cattle with higher muscle trauma had a higher
rate of glycogen depletion pre-slaughter.

In Poland, beef production is based mostly on dairy cattle herds. Beef quality can be improved by
the commercial crossbreeding of dairy cows with beef bulls. The offspring are characterized by higher
fattening performance and more desirable carcass characteristics [26]. The most popular beef cattle
breeds in Poland are Hereford (HH), Limousin (LM), and Charolais (CH), and bulls of these breeds are
usually used as the paternal component for crossing with dairy cows. The aim of this study was to
determine the effects of genotype and age at slaughter on the content of selected minerals and fatty
acid profile in meat from crossbred bulls produced by crossing Polish Holstein-Friesian (PHF) cows
with HH, LM, and CH bulls.
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2. Materials and Methods

2.1. Animals

The study was conducted upon the approval of the Ethics Committee of the University of Warmia
and Mazury (decision no. 121/2010). The experimental material comprised 72 crossbred bulls produced
by crossing PHF cows with HH, LM and CH bulls. Crossbred calves were purchased at 2-3 weeks
of age. The animals underwent a seven-day quarantine period and were raised until six months
of age. They were fed milk replacer supplemented with hay and concentrate, followed by grass
silage. The fattening period began when the calves were 181 days old. The animals were fattened in a
semi-intensive system, and they were fed ad libitum a total mixed ration (TMR) composed of grass
silage and concentrate (Tables 1 and 2).

Table 1. Chemical composition and nutritional value of diets (mean + standard error of the mean).

Specification Silage Triticale Rapeseed Meal Concentrate I Concentrate 11
DM ! (g) 397 +0.91 881 +0.96 887 +0.68 883.9 £ 1.12 885.5 +1.27
On DM basis (g-kg ™)
Organic matter 920 + 2.46 981 +0.95 927 +1.05 928 +1.14 921 +1.39
Crude protein 141 +1.48 133 +1.32 388 +£1.39 191 £ 1.15 175 +1.13
NDEF 2 569 + 5.31 193 £1.63 310 + 0.68 214 +1.21 205 +1.92
ADF 3 387 £0.92 44 + 0.65 228 +0.67 88 +1.85 76 +£1.22
UFV 4 0.80 = 0.03 1.21 +0.33 1.01 + 0.05 1.11 + 0.03 1.12 + 0.02
PDIN ° 822 +1.64 89 +0.38 259 + 0.57 127.2 £ 0.41 116.4 +1.23
PDIE ° 69.5 + 0.58 109 + 1.03 163 + 1.56 118.6 £ 1.26 113.1+1.71

! DM—Dry matter. 2 NDF—Neutral detergent fiber. > ADF—Acid detergent fiber. * UFV—Meat Production Units.
5 PDIN—Protein digested in the small intestine when rumen-fermentable nitrogen is limiting. ® PDIE—Protein
digested in the small intestine when rumen-fermentable energy is limiting. N = 9 for silage. N = 5 for triticale and
rapeseed meal. N =7 for concentrates. Fermentation characteristics of silage: pH 4.8 + 0.3; lactic acid, 5.4 + 2.0% dry
matter; volatile fatty acids, 2.7 + 0.5% dry matter; water-soluble carbohydrates; 8.2 + 4.8% dry matter; NNH3%N,
10.3 £ 6.7; true protein 51.8 + 4.6% crude protein.

Table 2. Chemical composition and nutritional value of experimental total mixed rations (mean +

standard error of the mean).

Specification BW 1 <300 kg BW 1> 300 kg
Grass silage (% DM in diets) 75 75
Concentrate I (% DM in diets) 25
Concentrate IT (% DM in diets) 25
DM 2 (g) 509.6 + 0.78 514.6 + 0.95
On DM basis (g~kg_1)
Crude protein 153 +£1.23 149 +1.18
NDF 3 472 + 1.56 463 + 3.01
ADF* 311 +0.89 295 +2.09
UFV? 0.88 + 0.09 0.88 + 0.03
PDIN ¢ 93.6 + 0.45 90.8 + 1.03
PDIE 7 81.6 = 1.08 80.6 + 1.63

I BW—Body weight. 2 DM—Dry matter. > NDF—Neutral detergent fiber. * ADF—Acid detergent fiber. 5
UFV—Meat Production Units. ® PDIN—Protein digested in the small intestine when rumen-fermentable nitrogen is
limiting. 7 PDIE—Protein digested in the small intestine when rumen-fermentable energy is limiting.

The concentrate to silage ratio, on a dry matter (DM) basis, was 25:75 (Table 2). When the bulls
reached a body weight (BW) of 300 kg, concentrate composition was modified to account for age-related
changes in the dietary protein to energy ratio. Bulls with BW below 300 kg were fed a TMR containing
concentrate I (triticale, 71%; rapeseed meal, 25%; premix (Cargill Poland Ltd., Warsaw, Poland), 4%),
and bulls with BW above 300 kg were fed a TMR containing concentrate II (triticale, 77%; rapeseed
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meal, 19%; premix, 4%). The animals were fattened in a free-stall barn until 15, 18, and 21 months
of age.

2.2. Carcass Quality

At the end of the fattening period, the bulls were transported to a meat processing plant, where
they were fasted for 24 h and slaughtered. The animals were weighed before slaughter, stunned,
slaughtered, bled, dressed, and split into two sides that were then chilled for 96 h at +4 °C. Electrical
stimulation was not applied to the carcasses. Half-carcasses were weighed within an accuracy of 0.5 kg,
using an automatic in-line scale. Carcass conformation and fatness were evaluated by a trained grader,
based on the EUROP system criteria [27]. Dressing percentage (percentage ratio of carcass weight to
slaughter weight) was calculated. After 96 h of carcass chilling, samples weighing approximately 200 g
were collected from the longissimus thoracis (LT) muscle between the 11th and 13th thoracic vertebrae.
Vacuum-packaged samples were transported (+4 °C) to the laboratory. Slaughter and post-slaughter
processing were carried out in accordance with Council Regulation (EC) No 1099/2009 of 24 September
2009 on the protection of animals at the time of slaughter [28]. During the experiment, the animals
remained under veterinary care and were regularly visited by an animal care specialist.

2.3. Mineral Content of Meat

In order to determine the content of selected minerals, samples of the LT muscle were homogenized,
and approximately 0.5 g of the muscle tissue was wet mineralized with 7 mL of 65% Suprapur nitric acid
(Merck, Darmstadt, Germany) in the MARS Xpress 5 microwave digestion system (CEM Corporation,
Matthews, NC, USA). Each mineralization procedure involved two blank samples and two samples
of Standard Reference Material® 1577c Bovine Liver (NIST, Gaithersburg, MD, USA). All samples
were mineralized and analyzed in duplicate. The mineralized samples were cooled and quantitatively
transferred to 25 cm3 volumetric flasks. The content of selected minerals (potassium—K, sodium—Na,
magnesium—Mg, zinc—Zn, and iron—Fe) in beef samples was determined by flame atomic absorption
spectrometry (flame AAS) with the use of the AA240FS Fast Sequential Atomic Absorption Spectrometer
(Varian, Palo Alto, CA, USA) [29,30].

2.4. Fatty Acid Profile

Intramuscular fat (IMF) was extracted from ground meat samples by the Soxhlet method [31]
using the B-811 extraction system (Biichi, Flawil, Switzerland), with n-hexane as the solvent
(POCH, Gliwice, Poland). Fatty acid methyl esters (FAMEs) were obtained by methylation in a
methanol-chloroform-H,SO,4 mixture (POCH, Gliwice, Poland; STANLAB, Lublin, Poland; STANLAB,
Lublin, Poland, respectively) according to the modified Peisker method [32] and Standard PN-EN
ISO 5509 [33]. The content of 33 fatty acids in IMF was determined with the use of the CP-3800
gas chromatograph (Varian, Palo Alto, CA, USA) equipped with a split/splitless injector and a
flame-ionization detector (FID). Samples (1 uL) of FAMEs were placed on the Varian Capillary Column
Select™ FAME (length: 100 m; inner diameter: 0.25 mm) using a Hamilton syringe and the CP-8410
autosampler (Varian, Palo Alto, CA, USA). Helium was used as the carrier gas. Injector temperature
was 260 °C. The total time of a single analysis was 68 min. Fatty acids were identified by comparing
their retention times with the retention times of individual reference standards and their mixtures,
purchased from Supelco (Sigma Aldrich, Bellefonte, PA, USA). Analyses of the samples and reference
standards were performed under identical separation conditions. The instrument was controlled, and
the data were acquired and processed using the GALAXIE Chromatography Data System. Fatty acids
were divided into the following categories; saturated fatty acids (SFAs), unsaturated fatty acids (UFAs),
including monounsaturated fatty acids (MUFAs), and polyunsaturated fatty acids (PUFAs), as well as
n-6 and n-3 PUFAs. The following ratios were calculated; MUFA/SFA, PUFA/SFA, and n-6/n-3 PUFA.
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2.5. Statistical Analysis

The data were analyzed statistically using Statistica version 13.3 software [34]. The effects of
genotype (PHF x HH, PHF x LM and PHF x CH) and slaughter age (15, 18, and 21 months) on the
fatty acid profile and mineral content of beef were determined by the least squares method using
the formula

Yijk = 1+ Aj + By + (AB)y + ejjic 1

where Y is the value of the analyzed parameter, 1 is population mean, A, is the effect of genotype
(PHF x HH, PHF x LM, PHF x CH), Bjis the effect of slaughter age (15, 18, 21), (AB)i]- is the genotype
X slaughter age interaction, and e; is random error. The differences between means were estimated
by Tukey’s test.

3. Results and Discussion

As expected, older animals were characterized by higher BW at slaughter (p < 0.01) (Table 3).
The final BW of crossbred bulls was not affected by sire breed although the beef breeds used for crossing
(HH, LM, and CH) represent different maturity types. Genotype had a significant effect on carcass
dressing percentage and fat content. The dressing percentage of PHF x LM crosses was 1.79% higher
(p £ 0.01) than that of PHF x CH crosses. Dressing percentage is a key indicator of carcass quality in
cattle. The LM breed is known for its high carcass quality, which was confirmed by Chambaz et al. [35]
in whose study, dressing percentage was 4.4% higher in LM steers than in CH steers. In the present
experiment, PHF X HH crosses received the highest fatness score, and the difference relative to PHF
x LM crosses was statistically significant (p < 0.05). Carcass dressing percentage, conformation,
and fatness were significantly affected by age at slaughter. Dressing percentage was higher in heavier
animals, which could result from their higher carcass fatness. In a previous study investigating young
Holstein-Friesian bulls [36], higher BW at slaughter was associated with higher carcass fat content.

Table 3. Effects of genotype and slaughter age on carcass quality in crossbred bulls.

Crossbred Bulls Slaughter Age (Months) Value
© (SA) 4
- s
Specification PHF'x PHF!x PHF!x SE Cx
HH 2 LM CH® 15 18 21 C SA SA

BW ® before slaughter (kg) 505.0 497.7 5135 42434 4948% 5969C 1096 0651  0.000  0.076
Dressing percentage (%) 58.06 59.42 A 57.63 B 58.012 57.882 59.22b 0.26 0.008 0.044 0.351
Conformation score © (pts) 7.8 7.7 7.3 714 724 848 0.19 0.472 0.007 0.884
Fatness score 7 (pts) 552 42°b 49 394 49 588 0.21 0.018 0.000 0.355

! PHF—Polish Holstein-Friesian. 2 HH—Hereford. > LM—Limousin. * CH—Charolais. > BW—Body weight.
6 EUROP conformation: 1 to 15, with 1 = very lean, 15 = muscled outstanding. 7 EUROP degree of fat cover: 1 to 15,
with 1 = very low, 15 = very fat. 8 SE—standard error. Means followed by different superscript letters differ within
rows (within the factor): A, B, C (p <0.01); a, b (p < 0.05).

The mineral composition of the LT muscle of crossbred bulls is presented in Table 4. Genotype had
a significant influence on the concentrations of K, Mg, and Fe. Meat from PHF x CH and PHF x HH
crosses had a higher (p < 0.01) content of K and Mg than meat from PHF x LM crosses. Fe content was
higher (p < 0.05) in meat from PHF x CH crosses than in meat from PHF x LM crosses. The content
of Zn and Fe in the LT muscle was affected by age at slaughter. The meat of animals slaughtered at
18 months of age had the highest (p < 0.05) Zn content (63.9 mg/kg of fresh meat), whereas the meat
of the oldest bulls had the highest Fe content (19 mg/kg of fresh meat). The effect of cattle breed on
the K and Mg content of beef was also noted by Pilarczyk [37] and Domaradzki et al. [38]. In the
study by Pilarczyk [37], the Fe content of meat was also affected by the genotype. Pilarczyk [37]
found that meat from CH bulls was more abundant in K than meat from HH and Simmental bulls.
K concentrations in meat samples collected from LM, Red Angus, Salers, CH, HH, and Simmental
bulls [37,39] were considerably lower (2377.0-2506.1 mg/kg of fresh meat) than those noted in the
current experiment (4750.2-4979.8 mg/kg of fresh meat). The K content of meat from Angus bulls,



Animals 2020, 10, 2004 6 of 12

reported by Mateescu et al. [40], was also lower than the values determined in the present study.
One-hundred grams of meat supplied 5.7-6% of the adequate intake for Na for adults. In the case
of K, consumption of 100 g of cooked beef supplied 19.8-20.8% of the daily standard for men and
25.9-27.1% for women [41]. In contrast to our findings, Doornenbal and Murray [42], and Kotula and
Lusby [43] demonstrated that age at slaughter affected K levels in beef. However, Doornenbal and
Murray [42] observed changes in K concentrations in cattle aged 3 to 12 years. Kotula and Lusby [43]
reported that the K content of meat was influenced by age at slaughter in steers aged 1 to 6 years,
and it decreased from 392 mg/100 g of wet tissue in 24-month-old animals to 332 mg/100 g of wet
tissue in 72-month-old animals. However, the cited authors [43] noted no significant changes in the
concentrations of K, Na, Mg, or Zn in Angus steers aged 12 and 24 months.

Table 4. Mineral (mg/kg of fresh meat) content of the longissimus thoracis muscle of crossbred bulls.

Crossbred Bulls Slaughter Age (Months)
p-Value
©) (SA) SE10
Minerals 1 1 1
PHF*x PHF*x PHF" X
HH 2 LM CH 4 15 18 21 C SA  CxSA
K5 496344 475028 497984 48861 49325 48749  30.165 0.002 0.671 0.257
Na ® 613.6 634.2 599.8 619.9 599.6 6282  10.084  0.355 0471 0.059
Mg 7 21274 183.0B 21754 2076 1993 2063  3.592  0.000  0.499 0.096
Zn8 54.9 38.5 53.3 39.4b 6392  434° 3.598 0.095 0.008 0.405
Fe? 17.5 15.4° 18.17 1508 17.0 19.04 0.436 0.011 0.000 0.170

I PHF—Polish Holstein-Friesian. 2 HH—Hereford. 3 LM—Limousin. * CH—Charolais. > K—Potassium.
6 Na—Sodium. 7 Mg—Magnesium. 8 Zn—Zinc. ° Fe—iron. 1° SE—Standard error. Means followed by different
superscript letters differ within rows (within the factor): A, B (p <0.01); a, b (p < 0.05).

In the current study, neither breed nor age at slaughter exerted significant effects on the Na
content of beef. The lowest Mg content of meat was noted in meat from PHF x LM crosses and bulls
slaughtered at 18 months of age (183.0 mg/kg of fresh meat and 199.3 mg/kg of fresh meat, respectively).
In the remaining groups, Mg concentrations exceeded 200 mg/kg of fresh meat. Consumption of 100 g
of cooked beef satisfied 8.1-9.6% and 6.2-7.3% of the recommended daily allowance (RDA) for Mg for
women and men, respectively [41]. Pilarczyk [39] found that meat from HH bulls had lower Mg content
than meat from CH bulls, which is consistent with the present results. Regardless of cattle breed,
Pilarczyk [37,39] noted higher average Mg concentration in beef (263.4 mg/kg of fresh meat), compared
with our experiment. In the present study, the Zn content of the LT muscle ranged from 38.5 to
63.9 mg/kg of fresh meat. The present study shows that cooked beef is an important source of Zn, as an
edible portion of 100 g met satisfies 58.3-96.8% of their daily requirement for males and 80.2-133.1%
for females [41]. Meat from bulls slaughtered at 18 months of age and PHF x HH crosses was the
richest source of Mg. Beef was a rich source of Fe and the consumption of 100 g of cooked meat satisfies
13.2-16.7% and 29.7-37.6% of the RDA for females and males, respectively [41]. Littledike et al. [44]
compared mineral concentrations in nine beef cattle breeds and found that Fe content was lowest in
LM and Red Poll cows. In the current study, Fe content ranged from 15.0 to 19.0 mg/kg of fresh meat,
and it was lowest in PHF X LM crosses. In the experiments conducted by Cabrera et al. [14] and Ramos
et al. [45], Fe content ranged from 30 to 45 mg/kg of wet tissue and from 35 to 40 mg/kg of wet tissue in
HH and Braford steers, respectively. In the present study, age at slaughter had a significant effect on Fe
concentration in beef, which increased with age. Giuffrida-Mendoza et al. [13] demonstrated that Fe
levels remained unchanged in samples collected from water buffalo and Zebu-influenced cattle aged
17 and 19 months, but decreased significantly at 24 months of age. According to Duckett et al. [46],
differences in the mineral composition of beef can be attributed to differences between genetic groups,
feed types and finishing systems. According to Garcia-Vaquero et al. [47], in animals characterized
by an adequate mineral status, essential trace element concentrations in muscle tissue depend on
individual muscle metabolism.
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The concentrations of fatty acids, major fatty acid groups, and ratios in the IMF of crossbred bulls
are presented in Tables 5-7. The IMF content of the LT muscle was affected by age at slaughter and,
as expected, it increased with age up to 1.80%. A significant difference in IMF content was noted
between bulls slaughtered at 15 and 18 months of age. According to many authors [48,49], beef from
LM cattle is lean. In the present study, IMF content was lowest in PHF x LM crosses, and highest in
PHF x HH crosses, which resulted from physiological differences between early- and late-maturing
breeds. Such a low IMF content of meat was affected by diets based on grass silage supplemented with
concentrate. In the current experiment, age at slaughter had a significant effect on the concentrations of
SFAs, UFAs and the MUFA/SFA ratio (p < 0.01), and on the concentrations of MUFAs (p < 0.05) in the LT
muscle of bulls. The IMF of animals slaughtered at 21 months of age had a significantly higher content
of UFAs and MUFAs, compared with those slaughtered at 15 months of age. Age at slaughter had a
significant influence on the percentage share of the following fatty acids in IMF: oleic, C15:0 anteiso
(p <£0.01), capric, lauric, pentadecanoic, margaric, stearic, and gadoleic (p < 0.05). The IMF of bulls
slaughtered at 15 months of age had the highest concentrations of capric acid and lauric acid, whereas
the IMF of the oldest bulls had the lowest content of the following fatty acids: capric, lauric, C15:0
anteiso, pentadecanoic, margaric and stearic. The IMF of the oldest bulls had the highest proportion of
UFAs, including oleic acid (a significant difference was noted between animals slaughtered at 21 and
15 months of age) and gadoleic acid.

Table 5. Content of saturated fatty acids (%) in the longissimus thoracis muscle of crossbred bulls.

Crossbred Bulls Slaughter Age (Months)

© (SA) p-Value
Fatty Acids 1 1 1 SE7
PHF PHF PHF
WHH?  xIM? xCH® 15 18 21 C SA CxSA
IMF ® (%) 1.58 1.34 1.49 1.07b 1.54 1.80% 0.125 0.697 0.045 0.118
Y.SFAs © 49.50 49.74 4868 50504 4956  47.83B 0377 0.436 0.008 0.115
C 10:0 capric 0.045 0.047 0.041 00502  0.043 0.040b  0.002 0.185 0.018 0.847
C 12:0 lauric 0.061 0.069 0.059 00712 0.059° 0.059®  0.002 0.065 0.015 0.983
.C 130 . 0.011 0.013 0.010 0.013 0.011 0.011 0.001 0.443 0.546 0.405
tridecanoic
C 14:0iso 0.065 0.064 0.060 0.065 0.067 0.057 0.002 0.657 0.271 0.483
c 1.4:9 2.492 2.521 2.366 2.615 2.365 2.399 0.054 0.446 0.116 0.134
myristic
C 15:0 anteiso 0.210 0.209 0.188 02192 0221% 0.167P  0.008 0.391 0.006 0.316
C 150 . 0.471 0.471 0.447 04852 04872 0417  0.013 0.644 0.033 0.252
pentadecanoic
C16:0iso 0.433 0.359 0.486 0.426 0.405 0.448 0.029 0.215 0.834 0.407
c 16.:(? 25.72 26.24 25.17 26.13 25.29 25.72 0.255 0.229 0.406 0.274
palmitic
c 17:0. 1.033 1.049 1.013  1.088%  1.051  0956P  0.020 0.744 0.022 0.248
margaric
C 18:0 stearic 18.77 18.49 18.65  19.182 19.38% 17.35P  0.367 0.945 0.039 0.096
c 20.:0. 0.131 0.145 0.129 0.136 0.128 0.141 0.004 0.183 0.424 0.217
arachidic
C 22:0 behenic 0.053 0.064 0.058 0.061 0.055 0.058 0.003 0.335 0.704 0.055

1 PHF—Polish Holstein-Friesian. 2 HH—Hereford. 3 LM—Limousin. * CH—Charolais. ° IMF—Intramuscular fat.
6 SFAs—Saturated fatty acids. 7 SE—Standard error. Means followed by different superscript letters differ within
rows (within the factor): A, B (p <0.01); a, b (p < 0.05).



Animals 2020, 10, 2004 8 of 12

Table 6. Content of unsaturated fatty acids (%) in the longissimus thoracis muscle of crossbred bulls.

Crossbred Bulls Slaughter Age (Months) Value
© (SA) P
Fatty Acids 1 1 1 SE 10
PHF'x PHF!'x PHF
HH 2 IM®  x CH® 15 18 21 C SA CxSA
Y UFAs® 50.50 50.26 51.32  49.48B 5043 52264  0.380 0.443 0.007 0.115
Y MUFAs © 43.76 43.53 43.85 4252b 43.33 45292 0.409 0.939 0.011 0.052
C.14:1 . 0.476 0.541 0.546 0.569 0.453 0.540 0.028 0.507 0.203 0.152
myristoleic
. 1.6:1 . 2.719 2.548 2.729 2.671 2473 2.852 0.087 0.621 0.197 0.140
palmitoleic
¢ 1.7:1 . 0.619 0.595 0.683 0.648 0.601 0.646 0.022 0.237 0.611 0.155
margaricoleic
= 1‘3;(}2+9 0.523 0.470 0.480 0.479 0.523 0471 0.019 0.485 0.477 0.344
Cl18l Tl(.)+ll 1.501 1.507 1.496 1.638 1.458 1.408 0.050 0.996 0.147 0.434
vaccenic
C 18:1 C9 oleic 35.56 35.51 35.35 34.17 B 3543 36824 0.370 0.965 0.009 0.055
C18:1C11 1.385 1.393 1.510 1.394 1.385 1.510 0.027 0.104 0.105 0.595
C18:1C12 0.195 0.183 0.204 0.195 0.202 0.184 0.006 0.386 0.481 0.636
C18:1C13 0.242 0.245 0.273 0.234 0.246 0.279 0.010 0.370 0.164 0.082
C18:1T16 0.376 0.361 0.363 0.363 0.385 0.351 0.008 0.720 0.237 0.461
c 20:1. 0.168 0.178 0.177 0.157 " 0.177 0.1892 0.005 0.679 0.045 0.344
gadoleic
Y PUFAs 7 6.74 6.73 7.47 6.96 7.10 6.97 0.288 0.496 0.976 0.306
C 18:2 linoleic 3.722 3.681 4.208 3.962 3.921 3.729 0.163 0.349 0.825 0.337
C18:2C9T13 0.338 0.362 0.351 0.324 0.344 0.383 0.011 0.644 0.066 0.059
¢ 1?:(‘?LCA9)T11 0.289 0.287 0.295 0.278 0.302 0.291 0.007 0.893 0.369 0.804
(.: 18:3 . 0.905 0.947 0.980 0.941 0.978 0.913 0.035 0.679 0.746 0.144
o-linolenic
. ¢ 20.:2 . 0.038 0.076 0.047 0.042 0.041 0.079 0.011 0.309 0.241 0.257
eicosadienoic
c 2.014 . 0.851 0.784 1.004 0.833 0.911 0.895 0.062 0.340 0.862 0.357
arachidonic
C20:5
eicosapentaenoic  0.155 0.176 0.182 0.157 0.172 0.185 0.012 0.637 0.639 0.249
(EPA)
C22:5
docosapentaenoic 0.355 0.392 0.397 0.349 0.389 0.405 0.021 0.670 0.529 0.076
(DPA)
C22:6
docosahexaenoic  0.056 0.070 0.040 0.035 0.044 0.086 0.009 0.427 0.061 0.550
(DHA)
¥ n-6 PUFAs 8 4.611 4.542 5.259 4.836 4.873 4.703 0.222 0.360 0.948 0.354
Y n-3 PUFAs ? 1.520 1.585 1.598 1.530 1.584 1.589 0.072 0.892 0.933 0.131

1 PHF—Polish Holstein-Friesian. 2 HH—Hereford. 3 LM—Limousin. * CH—Charolais. > UFAs—Unsaturated
fatty acids. ® MUFAs—Monounsaturated fatty acids. 7 PUFAs polyunsaturated fatty acids. 8 n-6 PUFAs Y, (C 18:2
A9c,12¢; C 20:2 Allc,14c; C 20:4 A5c,8¢,11c,14c). ? n-3 PUFAs Y (C 18:3 A9¢,12¢,15¢; C 20:5 A5¢,8¢,11c,14¢,17¢; C 22:5
A7¢,10¢,13¢,16¢,19¢; C 22:6 Adc,7c,10c,13¢,16¢,19¢).10 SE—standard error. Means followed by different superscript
letters differ within rows (within the factor): A, B (p <0.01); a, b (p < 0.05).

Table 7. Fatty acid ratios in the longissimus thoracis muscle of crossbred bulls.

Crossbred Bulls Slaughter Age (Months)

(©) (SA) p-Value
Ratios 1 1 1 SES8
PHF!x PHFlx PHF
HH 2 LM ?  CH 15 18 21 C SA CxSA
MUFA 5/SFA © 0.89 0.88 091 0.85B 0.88 0954  0.014 0.600 0.006 0.053
PUFA 7/SFA 0.14 0.14 0.16 0.139 0.145 0.147 0.006 0.416 0.892 0.355
n-6/n-3 PUFA 3.10 2.848B 3304 3252 3.08 292b 0.052 0.000 0.012 0.294

1 PHF—Polish Holstein-Friesian. 2 HH—Hereford. 3 LM—Limousin. * CH—Charolais. > MUFA—Monounsaturated
fatty acids; 6 SEA—Saturated fatty acids. 7 PUFA—Polyunsaturated fatty acids; 8 SE—Standard error. Means
followed by different superscript letters differ within rows (within the factor): A, B (p < 0.01); a, b (p < 0.05).
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The n-6/n-3 PUFA ratio was affected by genotype and age at slaughter. A significant (p < 0.01)
difference was observed between PHF x LM crosses (2.84) and PHF x CH crosses (3.3). The most
desirable n-6/n-3 PUFA ratio was noted in bulls slaughtered at 21 months of age (2.92), with a significant
(p < 0.05) difference relative to those slaughtered at 15 months of age.

In the present study, UFAs were the predominant fatty acids in the IMF of bulls, and their proportion
was lower than that of SFAs only in bulls slaughtered at 15 months of age. The concentrations of UFAs
and MUFAs increased, whereas the proportion of SFAs decreased with age. In the fatty acid profile of
IMF, PUFAs accounted for 6.73-7.47%, and their proportion was highest in PHF x CH crosses and in
bulls slaughtered at 18 months of age. The most abundant fatty acids were oleic acid (34.17-36.82%),
palmitic acid (25.17-26.24%), and stearic acid (17.35-19.38%). The predominant SFAs in beef are
palmitic acid, stearic acid, and myristic acid. Lauric acid, myristic acid, and palmitic acid are associated
with elevated plasma total and LDL cholesterol concentrations, which are not increased by stearic
acid [4]. Elaidic acid, the major industrially produced trans fat, can exert adverse effects on human
health by negatively affecting cholesterol metabolism [8]. In the current experiment, its concentration
ranged from 0.470% to 0.523%. The minimum recommended PUFA/SFA ratio in the human diet is
0.45 [50]. Its values noted in this study were considerably lower (0.137-0.156), due to too low PUFAs
concentrations in the analyzed samples. According to the British Department of Health [50], the n-6/n-3
PUFA ratio should not exceed 4.0, and it was determined at 2.84-3.30 in this study. A high dietary
n-6/n-3 PUFA ratio is considered a risk factor for selected lifestyle diseases. The n-6/n-3 PUFA ratio in
the modern Western diet is much too high, reaching 10-15:1, whereas its optimal range is 2—4:1 [3].
In comparison with the present study, De Freitas et al. [51] noted a lower proportion of SFAs (46.42%),
a similar proportion of MUFAs (43.38%), and a considerably higher proportion of PUFAs (10.05%)
and the n-6/n-3 PUFA ratio (4.87) in the meat of HH steers. Contrary to our findings, Ugarkovic et
al. [52] found lower SFAs concentrations and higher MUFAs concentrations in beef from HH cattle,
compared with the CH breed. The following fatty acids analyzed in this study deliver health benefits:
vaccenic acid, oleic acid, linoleic acid, CLA, «-linolenic acid, arachidonic acid, EPA, docosapentaenoic
acid (DPA), and DHA. The oleic acid content of the LT muscle increased with age. The concentrations
of linoleic acid, CLA, «-linolenic acid, arachidonic acid, EPA, and DPA were highest in PHF x CH
crosses, whereas PHF x LM crosses were characterized by the highest levels of vaccenic acid and DHA.
Cis-9 trans-11 is the most prevalent CLA isomer, accounting for 80-90% of the total CLA in ruminant
tissues [5]. In the current experiment, its content ranged from 0.278% to 0.302%.

4. Conclusions

Different beef breed sires used for commercial crossing affected the content of K, Mg, and Fe in
beef. The LT muscle of PHF x LM crosses had the lowest content of K, Mg, and Fe. Bulls slaughtered at
a later age were characterized by higher Fe content and higher concentrations of MUFAs, in particular,
oleic acid and gadoleic acid. The n-6/n-3 PUFA ratio did not exceed the nutritionally desirable value of
4.0, and it was lowest in PHF X LM crosses and in bulls slaughtered at 21 months of age. The best sire
breed for crossing with dairy cows cannot be clearly indicated based on the present findings. However,
the results of this study suggest that bulls should be slaughtered at 21 months of age to achieve the
optimal values of most analyzed traits and parameters, in particular the fatty acid profile.
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Abstract

The aim of this study was to determine the effect of Virginia fanpetals (Sida hermaphrodita) silage
on the fatty acid profile and the content of selected nutrients and vitamins in the Longissimus lum-
borum (LL) and Semimembranosus (SM) muscles of young bulls. Forty Polish Holstein-Friesian
bulls aged 16 months were assigned to four dietary treatments (n=10) and were fed different types
of silage during a 7-month fattening period. The proportion (g/kg dry matter) of silage in the
diets was as follows: (1) grass silage (GS) (600); (2) Virginia fanpetals silage (VFS) (600); (3) VFS
(300) and GS (300); and (4) VFS (300) and maize silage (MS) (300). Silage was supplemented with
concentrate at 400 g/kg DM in each diet. The animals were slaughtered at the end of the fattening
period. The intramuscular fat (IMF) of bulls fed GS had the highest (P<0.05) concentrations of n-3
polyunsaturated fatty acids (PUFAs) and linolenic acid (LNA), whereas the IMF of bulls receiving
GS and VFS was characterized by the highest proportion of MUFAs, mostly oleic acid (C18:1 cis
9). In comparison with the LL muscle, the SM muscle contained less IMF (by 40%) with a more
nutritionally desirable profile. The SM muscle was characterized by a more desirable mineral
composition and a higher concentration of a-tocopherol.

Key words: beef, diet composition, muscle, fatty acid composition, a-tocopherol

Meat is an important component of the human diet as a source of nutrients, vi-
tamins, minerals and essential fatty acids (Pereira and Vicente, 2013). These bio-

*The study was carried out as part of research project No. /270745/2/NCBR/2015 “Dietary, power,
and economic potential of Sida hermaphrodita cultivation on fallow land”, acronym SIDA, under the
BIOSTRATEG program funded by the National Centre for Research and Development.
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logically active substances are known to have antineoplastic, antioxidant, immune-
boosting and antibacterial properties (Decker et al., 2000). Beef and other ruminant
products are important dietary sources of conjugated linoleic acid (CLA) and its
major isomer cis-9, trans-11 with a range of health-promoting properties (Salter,
2013). The beneficial effects of long-chain n-3 polyunsaturated fatty acids (PUFAs),
eicosapentaenoic acid (EPA, 20:5n-3) and docosahexaenoic acid (DHA; 22:6n-3), in
reducing the risk of cardiovascular disease, cancer and type-2 diabetes, and their crit-
ical role in proper brain function, visual development in the fetus and maintenance of
neural and visual tissues throughout life have been well recognized (Barcelo-Coblijn
and Murphy, 2009; Lopez-Huertas, 2010; Scollan et al., 2014). Fatty acids are con-
sumed mostly as the ingredients of intramuscular fat (IMF). The content and compo-
sition of IMF in muscles affect the flavor, juiciness and tenderness of meat (Webb,
2006), which are the most important attributes influencing consumer acceptance and
purchasing decisions. However, there is a growing concern not only about excessive
consumption of fats (in particular animal fats) but also about their composition and
impact on human health (Scollan et al., 2014). The fatty acid profile of IMF is par-
ticularly important for human health because IMF is not extracted or removed before
meat is consumed (De Smet et al., 2004). High dietary intake of saturated fatty acids
(SFAs) has been associated with elevated serum levels of total and low-density lipo-
protein (LDL) cholesterol, which is the risk factor for cardiovascular disease (Siri-
Tarino et al., 2010). For this reason, animal products are criticized on account of
their high SFA content, and they are labeled as harmful to health (Wood et al., 2008).

Beef is an excellent source of protein and dietary iron, zinc and magnesium, and
it should not be viewed only from the fat content perspective (Cabrera et al., 2010).
Calcium, magnesium and phosphorus play a vital role in many bodily functions, in
particular bone mineralization. In addition, they are cofactors of many enzyme sys-
tems, sustaining muscle and nerve excitation. Vitamins A and E are important natural
dietary antioxidants (Arnold et al., 1993; Scollan et al., 2014). Retinol is an essential
dietary substance, which is required for rhodopsin formation and vision. At the same
time, higher doses of vitamin A have been shown to be teratogenic, and accordingly,
the World Health Organization has recommended that the daily intake for pregnant
women should not exceed 3.3 mg/day (WHO, 2011). Vitamin E is an essential nutri-
ent which stabilizes PUFAs, and a key determinant of meat quality, in particular in
ruminants (Wood et al., 2008).

The fatty acid profile of beef is affected by cattle breed and the type of fat that is
deposited within muscles (Wielgosz et al., 2017). The composition of the fatty acids
(FA) of animal origin can be influenced by diet (forage and grain), by the digestive
system, and by the biosynthetic processes of the animal (Faucitano et al., 2008; Buc-
cioni et al., 2012; Ponnampalam et al., 2018). In ruminants, the fatty acid profile
of meat is not directly related to the fatty acid composition of feed (Scollan et al.,
2014). However, diets rich in unsaturated fatty acids (UFAs) improve (beneficial for
consumers) the PUFA:MUFA (monounsaturated fatty acids) ratio in meat (Oprzadek
and Oprzadek, 2003; Dannenberger et al., 2004). Less intensive fattening systems
(less concentrated feed) contribute to a more desirable fatty acid profile of meat
(Nogalski et al., 2014). The concentrations of nutritionally important n-3 PUFAs are
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higher in the muscles of cattle fed fresh grass than in animals fed conserved forage
(Scollan et al., 2006; Ponnampalam et al., 2018). Different types of silage, in particu-
lar combinations of several roughage sources, can have a beneficial influence on the
proportion of health-promoting fatty acids in the muscles of cattle (Lee et al., 2009;
Moloney et al., 2013). Different feeding strategies are applied to increase the content
of n-3 PUFAs and to improve the n-6/n-3 PUFA ratio in beef IMF.

New types of feed are also being introduced to increase the fattening perfor-
mance of cattle and improve the quality of beef. Virginia fanpetals (Sida hermaphro-
dita) is a little-known plant species with forage potential. Botanically, the genus Sida
belongs to the family Malvaceae. Virginia fanpetals is a polycarpic perennial herb
characterized by low soil requirements, which can produce 10-20 t/ha of dry matter
annually (Borkowska et al., 2009; Titei, 2015). Virginia fanpetals leaves, which con-
tain mucus-like substances and flavonoids, can be used for pharmaceutical purposes
(Borkowska and Styk, 2006). The potential use of Virginia fanpetals as a fodder crop
remains insufficiently investigated. The chemical composition of Virginial fanpetals,
in particular its protein content, is comparable with that of alfalfa (Tarkowski, 2008).
The plant could also be suitable for forage production due to its high yield potential,
resistance to lodging and freezing, low soil nutrient requirements, and high drought
tolerance (Franzaring et al., 2014).

The present experiment is part of a study investigating the effects of Virginia
fanpetals silage (VFS) on animal performance, carcass characteristics and beef
quality in growing bulls. The results regarding feed quality, animal performance,
carcass characteristics and meat quality have been reported in detail by Nogalski
et al. (2020). They found that VFS combined with maize silage improved carcass
conformation and fat cover, whereas VFS combined with grass silage improved the
sensory properties of beef. The present study focuses on the fatty acid profile and the
content of selected nutrients and vitamins in meat from young bulls. It was assumed
that VFS fed to finishing bulls would contribute to increasing the content of bioactive
compounds in beef, thus delivering health benefits to consumers. Therefore, the aim
of this study was to determine the effect of silage, in particular VFS, on the fatty acid
profile and the content of selected nutrients and vitamins in meat from young bulls.

Material and methods

Animals and treatments

The experimental material comprised 40 Polish Holstein-Friesian bulls reared at
the Agricultural Experiment Station in Balcyny. The bulls were the offspring of 40
cows and 40 sires. The housing and management conditions of experimental animals
have been described in detail in a previous study (Nogalski et al., 2020). The proto-
col for animal research was approved by the Ethics Committee of the University of
Warmia and Mazury (Decision No. 121/2010). Before the experiment, young bulls
were raised in a conventional system, and were fed milk replacer, hay and concen-
trate. Starting from 5 months of age, the animals were fattened semi-intensively, and
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were fed ad libitum a total mixed ration (TMR) composed of GS (the same GS was
used during the feeding trial) supplemented with 2 kg of concentrate (Nogalski et
al., 2020). At 16 months of age, when bulls reached a body weight (BW) of around
450 kg, they were assigned to four groups by the analogue method (the animals were
at a similar age, and they were divided into groups based on BW) of ten individuals
each, and were placed in a monitored fattening facility, in four separate pens on deep
bedding. Pen size was 20 X 13 m. The animals had enough space to move freely
around, and they had free access to water and salt licks. During a 7-month fatten-
ing period, the animals were fed different types of silage (maize silage — MS, grass
silage — GS and Virginia fanpetals silage — VFS) supplemented with concentrate
(triticale grain, rapeseed meal and premix) (Table 1). The dietary treatments were as
follows (Table 2): group | (control) — basal diet of GS, group 2 — basal diet of VFS,
group 3 — basal diet of VFS+GS (1:1), group 4 — basal diet of VFS+MS (1:1). The
animals were fed ad libitum TMR composed of silage and concentrate, which was
dosed from a self-propelled feed cart. The concentrate to silage ratio, on a DM basis,
was 40:60 and the amounts of triticale and rapeseed meal were dosed to obtain an
isonitrogenous diet (Table 2). The concentrate contained also 3% of mineral-vitamin
premix (Table 2). Virginia fanpetals silage was made from first-harvest biomass cut
in the bud formation stage. GS (Lolium multiflorum) was made from first-harvest
herbage cut in the heading stage and wilted for 24 hours, and MS was made from
herbage cut in the dough stage (Table 1). The animals were weighed once a week.
Fresh TMR was offered every day, after the leftovers had been removed. The feed
intake of each animal was monitored individually using the Roughage Intake Con-
trol System (Insentec BV, Marknesse, The Netherlands). All feed samples, collected
once a week, were analyzed for the content of basic nutrients — with standard meth-
ods (AOAC, 2005), as described in detail in the study by Nogalski et al. (2020).

Table 1. Chemical and fatty acid composition of experimental diets (mean + standard error)

Specification MS GS VFS Triticale | Rapeseed meal
1 2 3 4 5 6
Chemical composition

DM (g/kg fresh) 324+0.96 271+0.95 198+0.89  875+1.12 878+1.05
Organic matter 964+2.12 905+2.31 901£1.56  956+1.25 921+£1.58
Crude protein 88.5+1.32 132+1.39 174£1.62  122+1.21 386+1.32
NDF 336+5.32 540+4.32 429+£5.12 172+1.36 298+1.98
ADF 194+1.32 317+1.69 315+£2.03  42+0.68 212+0.84
ADL 12.440.65 26.7£0.62  31.5+0.85 - -
NFC 503+3.25 199+3.29 278+4.12  634+4.31 237+4.36
pH 3.54+0.09 421+0.12  4.57+0.17
Lactic acid 27.8+7.32 43.8+11.3  65.849.25
Acetic acid 6.3+1.32 12.6£2.62  20.3£2.98
Butyric acid 0.08+0.03 0.09+0.03 4.4+0.56

N-NH, (g kg TN) 3365114  75.6+143  105+152
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Table 1 — contd.

1 | 2 | 3 4 5 6

Fatty acid profile (g/100 g fatty acids)
Cl14:0 0.15+0.01 1.82+0.06  0.87+0.03
C16:0 13.81£0.21  22.79+0.28 25.91+0.30
C18:0 1.96+0.09 2.9940.08  2.29+0.09
C18:1 n-9 (OA) 23.67+0.07 5.7+0.08 5.8+0.04
C18:2n-6 (LA) 51.55+0.12  23.79+0.14  21.89+0.09
C18:3 n-3 (LNA) 7.76+0.08  38.55+0.14 39.17+0.13

MS — maize silage; GS — grass silage; VFS — Virginia fanpetals silage; DM — dry matter; NDF — neu-
tral detergent fiber; ADF — acid detergent fiber; ADL — acid detergent lignin; NFC — non-fiber carbohydrate;
N-NH, — ammonia nitrogen; TN — total nitrogen; OA — oleic acid; LA — linoleic acid; LNA — linolenic acid.

Table 2. Ingredient (% of DM) and chemical composition of experimental diets (mean + standard error)

Specification | GS VFS VFS+GS |  VFS+MS
Grass silage 60 - 30 -
Sida silage - 60 30 30
Maize silage - - - 30
Triticale grain 28 37 33 28
Rapeseed meal 9 - 4 9
Premix' 3 3 3 3
DM (g/kg fresh) 344.7+0.98 287.4+0.88 324.8+1.02 345.3+1.08
In g/kg DM

organic matter 893.6+2.15 894.3+2.32 894.1+2.14 910.1+2.64
crude protein 148.3+1.21 149.5+1.54 147.6+1.36 148.0+1.24
NDF? 398.9+4.63 321.0+4.87 359.4+5.23 304.4+5.78
ADF? 221.0+1.39 204.5+1.54 211.9£1.69 183.5+1.89
NFC* 318.243.28 401.4+3.41 361.8+3.58 433.3+3.11

DM - dry matter; MS — maize silage; GS — grass silage; VFS — Virginia fanpetals silage.

!Commercial mineral-vitamin premix for fattening cattle (code of product 7619; Cargill Poland Ltd., War-
saw, Poland) consisting of per kg: Ca, 235 g; Na, 79 g; P, 48 g; Mg, 28 g; Fe, 500 g; Mn, 2000 mg; Cu, 375 mg;
Zn, 3750 mg; 1, 50 mg; Co, 12.5 mg; Se, 12.50 mg; vitamin A, 250.000 IU; vitamin D, 50.000 IU; vitamin E,
1000 mg; dl-alpha-tocopherol, 909.10 mg. 2NDF — neutral detergent fiber; *ADF — acid detergent fiber; ‘NFC —
non-fiber carbohydrate.

Fat content and fatty acids profile measurements

At the end of the fattening period, the animals were transported to a meat pro-
cessing plant where they were kept in individual boxes with access to water for 15 to
20 h. For organizational reasons, the animals were slaughtered in two batches (n=20
per batch) at a 7-day interval. To eliminate the potential effect of slaughter batch on
research results, the first batch consisted of animals selected randomly, five bulls
from each group. Live animals before slaughter and carcasses after slaughter were
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weighed with an accuracy of 0.5 kg. The bulls were slaughtered in a commercial
slaughterhouse respecting EU regulations (Council Regulation EC No 1099/2009
of 24 September 2009) on the protection of animals at the time of slaughter. The
carcasses were classified for conformation and fatness by a trained grader, using
the EUROP classification system (Kien, 2004). During carcass dressing, 96 h post
mortem, samples of the Longissimus lumborum (LL) muscle and the Semimembra-
nosus (SM) muscle were collected from the right half-carcass of each animal. Sam-
ples of the true cross section of the LL muscle were obtained from the first to third
lumbar vertebrae. Samples of the SM muscle were obtained from the center of the
muscle. Meat samples weighing approximately 300 g were packaged in polyamide/
polyethylene vacuum bags at an ambient temperature of around 4°C, under standard
industrial conditions. The samples were transported in an isothermal container to the
research laboratory of the Department of Cattle Breeding and Milk Evaluation at the
University of Warmia and Mazury in Olsztyn. Fat was extracted from ground meat
(Ultra-Turrax, Janke & Kunkel) samples by the Soxhlet method using the Buechi
B-811 extraction system, with hexane as a solvent (Morris, 2016). Crude fat content
and the percentage of fatty acids were determined based on the following standards:
PN-ENISO 5509 (2001) and PN-EN ISO 5508 (1996). Fatty acid methyl esters were
obtained by dissolving the extracted fat in a methanol—chloroform—H,SO, mixture,
followed by methylation according to the modified Peisker method (Zegarska et al.,
1991). The percentage of 31 fatty acids was determined by gas chromatography, us-
ing the Varian CP 3800 system with a split/splitless injector and a flame-ionization
detector. Samples (1 ml) of fatty acid methyl esters were placed on a CP-Sil 88 capil-
lary column (length: 100 m, inner diameter: 0.25 mm). Data were processed using
the Galaxie Chromatography Data System. Fatty acids were identified by compar-
ing their retention times with those of commercially available reference standards
purchased from Supelco. Inc. (Bellefonte, PA). Analyses of samples and reference
standards were performed under identical conditions, i.e. carrier gas — helium, injec-
tor temperature — 260°C, detector temperature — 260°C and initial oven temperature
—110°C, raised to 249°C. The fatty acids were divided into the following categories:
SFAs, UFAs, including MUFAs and PUFAs. The following ratios were calculated:
UFA/SFA, PUFA/SFA and n—6/n—-3 PUFA. The fatty acid content was presented as
the relative percentage (% of total fatty acids).

Determination of mineral content

Samples of LL and SM muscles were homogenized, specimens of approximately
0.5 g were placed in Teflon-lined pressure vessels and combined with 7 ml of 65%
spectrally pure nitric acid (Merck). Each sample was analyzed in duplicate. Means
of two replications were used in the calculations. The vessels were sealed, and the
samples were mineralized in the Mars Xpress 5 microwave digestion system (Can-
dela, USA). Every mineralization procedure involved 2 blank samples and 2 samples
of certified reference material. Mineralized samples were cooled and transferred to
25 ml volumetric flasks. They were analyzed with an atomic absorption spectrometer
(Candela, USA) equipped with lamps for different elements (potassium, sodium,
magnesium, zing, iron).
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Determination of vitamin A and E content

The content of vitamins A and E was determined based on the applicable stand-
ards (PN-EN 12822, 2014), which were slightly modified for the needs of this study.
Samples of LL and SM muscles were ground, and 2 g specimens were placed in
25 ml amber glass flasks. The samples were saponified at a temperature of 80°C
for 30 minutes in 1.2 ml of 20% ascorbic acid, 0.6 ml of methanol and 5 ml of
60% potassium hydroxide. After cooling, fat was extracted twice with n-hexane, and
the extract was evaporated to dryness in a stream of nitrogen. The fat remaining in
flasks was dissolved in 1 ml of anhydrous ethanol and filtered into amber glass vials.
Chemical compounds were separated by high-performance liquid chromatography
(HPLC) using a silica column. The separated compounds were identified by two
detectors in tandem (UV-visible photodiode array detector and fluorescence detec-
tor). Alpha-tocopherol was detected by fluorescence spectroscopy, and retinol was
detected with the use of the UV-visible photodiode array detector. Injection volume
was 20 pl. The content of total a-tocopherol and retinol in meat was calculated in
duplicate for each muscle, based on the external standard, from a standard curve of
peak area vs. concentration. Means of two replications were used in the calculations.

Statistical analysis

The impact of silage type (four levels: GS, VFS, VFS+GS and VFS+MS) on the
BW of bulls, age at slaughter and fatness score was analyzed using one-way analysis
of variance, whereas the differences between means were analyzed using Tukey’s
test. Meat samples were taken from each animal with two muscles, for a total of 80
samples. After checking and excluding the effect of the slaughtering session, the ef-
fects of silage type (four levels: GS, VFS, VFS+GS and VFS+MS) and muscle type
(two levels: LL and SM) on the remaining analyzed parameters were determined by
the least squares method using the formula:

Yijk = u + Ai + Bj + (AB)ij + eijk

where: Yijk is the value of the analyzed parameter, x is population mean, Ai is the
effect of silage type (1-4), Bj is the effect of muscle type (1. 2), (4B)ij is the silage
type x muscle type interaction, and eijk is random error. All calculations were per-
formed using Statistica 13.3 software (StatSoft Inc., Tulsa, OK, USA).

Results

Fatty acid profile of intramuscular fat

Maize silage had a considerably lower content of palmitic acid and a-linolenic
acid, and a several-fold higher content of oleic acid and linoleic acid than the remain-
ing types of silage (Table 1). The concentrations of the analyzed fatty acids were
similar in GS and VFS. The effects of diet on fattening performance (Table 3) have
been described in detail in a previous study (Nogalski et al., 2020). Fat cover scores
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varied across the dietary treatments, and they were higher in VFS+MS bulls com-
pared with VFS bulls (P<0.05) (Table 3). The dietary treatments had a significant
effect on IMF content and VFS+MS bulls had higher IMF content compared to the
other treatments (Table 4). In addition, both VFS and VFS+GS bulls had higher IMF
content compared to the GS bulls (P<0.05). The SM muscle contained less (P<0.01)
IMF (by 0.73% on average) than the LL muscle. Silage type affected (P<0.05) the
proportions of SFAs and UFAs in the total fatty acid pool. The IMF extracted from
the muscles of bulls fed VFS+GS contained less (P<0.05) SFAs compared with the
other groups. The meat of bulls fed VFS+GS had the highest UFA concentrations,
and the difference (P<0.05) relative to the remaining groups ranged from 3.20%
to 3.79%. Silage type had a significant effect on MUFA levels, and muscle type
affected the concentrations of both MUFAs and PUFAs. The proportion of MU-
FAs was highest (P<0.05) in the IMF of VFS+GS bulls. The LL muscle contained
more MUFAs (by 4.17%. P<0.01) and less PUFAs (by 3.58% P<0.01) than the SM
muscle. The differences in the proportions of fatty acid groups, affected by the ex-
perimental factors, were reflected in the values of the MUFA:SFA ratio. Muscle type
also exerted a significant (P<0.01) effect on the PUFA:SFA ratio. The proportion of
n-3 PUFAs was significantly (P<0.05) highest in the IMF of GS bulls, compared with
VFS, VFS+GS and VFS+MS bulls. The n-6/n-3 PUFA ratio was higher (P<0.05)
in the VFS group than in the GS and VFS+MS group. Muscle type affected
(P<0.01) both the concentrations of n-3 and n-6 PUFAs and their ratio (n-6/n-3
PUFA). A higher share of n-3 and n-6 acids and a more favorable n-6/n-3 PUFA ratio
were found in the fat of the SM muscle. An interaction (P<0.05) between the ex-
perimental factors was found for the content of n-6 PUFAs (Figure 1). Intramuscular
fat in the SM muscle of VFS+MS bulls contained less (P<0.05) n-6 PUFAs than
the IMF of bulls fed GS and VFS+GS. Intramuscular fat in the LL muscle of
VFS+MS bulls contained more (P<0.05) n-6 PUFAs than IMF in the LL muscle
of VFS bulls.

Table 3. Fattening performance, age, live weight at slaughter and carcass fat content of bulls

Diet (silage type)

Specification SEM P-value

GS | VFS | VFs+GS [vFs+Ms

Initial age (days) 509.2 516.4 512.1 515.6

Initial BW (kg)" 455.1 455.6 477.0 464.3

Final BW (kg) 696.0 686.5 715.3 708.3

Final age (days) 724.3 731.5 724.1 727.8

Daily gain (kg) 1.126 1.079 1.129 1.151

Hot carcass weight (kg) 358.6 353.1 366.5 372.2

Fatness score (pts)? 5.3 ab 49b 5.4 ab 6.8a 0.261 0.027

GS — grass silage; VFS — Virginia fanpetals silage; MS — maize silage; SEM — Standard error of the mean.
'Body weight; 2EUROP degree of fat cover: 1 to 15, 1 = very low, 15 = very fat.
a, b, ¢ — values in rows with different letters differ significantly (P<0.05).
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Lom s m .

n-6 in IMF, g/100g

GS VFS VFS+GS VFS+MS
OLongissimus Thoracis O Semimembranosus

GS — grass silage; VFS — Virginia fanpetals silage; MS — maize silage; IMF — intramuscular fat; SEM —
standard error of the mean; a, b (P<0.05).

Figure 1. The effect of the silage type x muscle type interaction on the content of n—6 fatty acids in
intramuscular fat (Means = SEM)

The experimental diets affected the proportions of selected functional fatty acids
(Table 5). The highest (P<0.05) concentrations of linolenic acid (C18:3), arachidonic
acid (C20:4) and docosapentaenoic acid (C22:5) were noted in the IMF of bulls fed GS,
whereas the VFS+GS treatment contributed to a significant increase in oleic acid (C18:1
C9) content (P<0.05). Muscle type had a significant effect on the proportions of most
valuable fatty acids. The LL muscle contained higher (P<0.01) amounts of oleic acid and
CLA, whereas the concentrations of linoleic acid, linolenic acid, arachidonic acid, eicosa-
pentaenoic acid, docosapentaenoic acid and docosahexaenoic acid were higher (P<0.01)
in the SM muscle. In both skeletal muscles, the predominant SFAs were palmitic acid
(C16:0) and stearic acid (C18:0) (Table 5). The dietary treatments had no significant ef-
fect on the concentrations of three major SFAs, which were affected by muscle type. In-
tramuscular fat in the LL muscle had a higher (P<0.01) content of myristic acid (C14:0),
and IMF in the SM muscle had a higher (P<0.05) content of stearic acid (C18:0).

Contents of minerals and vitamins

An analysis of macronutrients revealed that the muscles of bulls fed GS had
higher (P<0.01) potassium content than the muscles of bulls fed VFS (Table 6). The
muscles of bulls fed VFS+GS had a higher (P<0.05) concentration of a-tocopherol
than the muscles of bulls fed GS and VFS+MS. Muscle type affected the levels of
macronutrients in the meat of bulls. The SM muscle had a higher content of magne-
sium (P<0.05) and potassium (P<0.01), whereas the LL muscle had higher (P<0.05)
sodium content. The SM muscle had higher iron content (by 2.8 mg, P<0.01) than
the LL muscle. Muscle type exerted varied effects on vitamin content. The LL mus-
cle had a higher (P<0.01) concentration of a-tocopherol, whereas retinol levels were
higher (P<0.05) in the SM muscle.
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Discussion

Fatty acid profile of intramuscular fat

In the present study, bulls were fed supplemental concentrate because the quality
of silage was not high. The concentrate accounted for 40% DM of the diet, which is
typical of intensive fattening. A diet rich in n-6 PUFAs and poor in n-3 PUFAs, lead-
ing to a high n-6/n-3 PUFA ratio, is a risk factor for cardiovascular disease in humans
(Breslow, 2006; EFSA, 2020). Attempts have been made to increase the amounts
of PUFAs in beef. Dietary PUFAs are extensively biohydrogenated in the rumen,
where UFAs are isomerized and hydrogenated by ruminal microbes to form SFAs,
in particular C18:0 (Buccioni et al., 2012). Previous research (Nogalski et al., 2014;
Momot et al., 2016) has shown that intensive fattening increases the IMF content of
beef, but decreases the proportion of PUFAs and increases the n-6/n-3 PUFA ratio
in IMF. In order to naturally protect PUFAs against biodegradation in the rumen,
ruminants should be fed grains or cell organelles (e.g. chloroplasts in silage) where
fat is enclosed and protected against ruminal microbiota (Scollan et al., 2014). On the
other hand, roughage is also expected to positively affect the fatty acid profile of beef
(Momot et al., 2016; Nogalski et al., 2014; Scollan et al., 2014). In a study by Lee
et al. (2009), red clover silage fed to finishing cows considerably increased dietary
protein levels with no adverse effect on the concentrations of health-promoting fatty
acids in IMF, compared with GS. Durand et al. (2005) demonstrated the ability to
markedly increase the concentrations of n-3 PUFAs in beef muscles when 18:3 n-3
(as linseed oil) was infused directly into the small intestine, thereby by-passing the
rumen. This strategy increased the concentration of 18:3 n-3 in total lipids. Fortin et
al. (2010) reported that abomasal infusion of fish oil increased the concentration of
EPA in muscle phospholipids.

The fatty acid composition of beef can be modified primarily through the diet
(Scollan et al., 2014). Grass, clover and haylage are rich sources of a-linolenic acid
(C18:3 n-3), whereas cereal- and MS-based concentrates — of linoleic acid (C18:2
n-6). The fatty acid profile of IMF, determined in this study, is desirable from the per-
spective of beef consumers because it comprised more than 55% of UFAs, including
over 7% of PUFAs, and the n-6/n-3 PUFA ratio oscillated around the value of 3. The
ratio n-6/n-3 was used as an indicator of the nutritional value of fats and the value of
4.0 was set as the maximal (Valencak et al., 2015). Typically, IMF of beef consists,
on average, of 45-48%, 35-45% and up to 5% of total fatty acids as SFAs, MUFAs
and PUFAs, respectively and the n-6:n-3 PUFA ratio in beef is beneficially low, typi-
cally lower than 3 (Scollan et al., 2014).

In the present study, MS had a higher content of oleic acid (C18:1), compared
with the other types of silage, but it did not increase the concentration of this fatty
acid in the IMF of VFS+MS bulls. Higher concentrations of a-linolenic acid and
lower concentrations of linoleic acid in GS and VFS, compared with MS, did signifi-
cantly affect the proportions of n-6 and n-3 PUFAs or their ratio in IMF, either. The
source of fatty acids influences the process of their biohydrogenation (MacKintosh
et al., 2017). In general, the levels of n-3 PUFAs are higher in the muscles of cattle
fed fresh grass, compared with conserved grass, and they increase with the amount
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of pasture consumed and grazing time on pasture (Scollan et al., 2006). This experi-
ment confirmed the importance of grasses for the content of n-3 fatty acids in beef.
The IMF of bulls fed GS had the highest proportion of n-3 PUFAs. The consumption
of beef from grass-based animals with increased n-3 fatty acid concentration can
contribute to the daily human requirements for these fatty acids, especially C18:3
and C22:5.

In the current study, GS and VFS+GS had the most beneficial effect on the fatty
acid composition of meat. The IMF of VFS+GS bulls had the highest proportion of
UFAs, mostly oleic acid, whereas the IMF of GS bulls had the lowest n-6/n-3 PUFA
ratio and the highest concentrations of n-3 acids and DPA. Bearing in mind that both
silages (GS and VFS) had similarly high LNA content, the higher content of n-3
acids in the IMF of the GS group proves a less dynamic process of PUFA biohydro-
genation in the rumen of GS-fed animals. In the work of Lee et al. (2009), red clover
silage, with a similarly high protein content as VFS in the current study, used with
a mixture of grass increased the deposition of n-3 PUFAs in the muscles of finishing
cattle. This is most likely the effect of the polyphenol oxidase enzyme found in red
clover. Cattle feeds containing higher amounts of UFAs contribute to improving the
fatty acid profile of beef (Scollan et al., 2014). In the present study, GS and VFS had
considerably higher LNA content and lower LA content, compared with MS, which
however had no significant effect on the proportions of the above acids in the IMF
of bulls.

In the present experiment, VFS+GS, compared with VFS+MS, also decreased
IMF content and considerably increased the proportion of MUFAs, in particular oleic
acid. However, the VFS+GS combination, compared with GS, adversely affected
the concentrations of n-3 PUFAs. The VFS+GS combination delivered more desir-
able effects in the proportion of UFAs than both types of silage administered alone
in groups GS and VFS. A synergistic effect of a mixture of GS and Lupins/triticale
silage offered together, relative to either of the silages offered alone, was reported by
Kennedy et al. (2018). Partial replacing GS with lupins/triticale silage increased total
PUFAs acids in Longissimus dorsi muscle.

Both De Smet et al. (2000) and Hunt et al. (2016) showed that an increased fat
content of bovine meat was paralleled by increased proportions of SFAs and MU-
FAs, and a decreased proportion of PUFAs. In the present study, the dietary treat-
ments did not cause an increase in the share of SFAs or a decrease in the share of
PUFAs with an increase in IMF content. The exception was when VFS+MS was
compared to VFS+GS. The increased content of IMF in the treatment of VFS+MS
increased the proportion of SFAs.

An analysis of muscle type revealed that higher IMF content was accompanied
by a considerable increase in MUFA concentrations and a decrease in PUFA levels
with no increase in the share of SFAs. Domaradzki et al. (2019) also demonstrated
that muscle type significantly affected the concentrations of MUFAs and PUFAs in
the total fatty acid pool in IMF. In the current study, the proportions of MUFAs and
PUFAs were influenced by muscle type, which however had no effect on the total
content of UFAs. The LL muscle accumulated 40% more IMF than the SM muscle,
and IMF in the LL muscle had a lower proportion of n-3 and n-6 PUFAs and a higher
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n-6/n-3 PUFA ratio. Piao et al. (2017) analyzed the concentrations of fatty acids in
the loin (Longissimus dorsi muscle) and rump (Semimembranosus muscle) cuts of
Korean cattle steers among five quality grades (marbling score) and found that the
percentages of fatty acids were affected by muscle type rather than quality grades.
Hunt et al. (2016) also noted that muscle type affected the fatty acid composition
of muscles. Similarly in the current experiment, muscle type affected the fatty acid
composition of muscles. IMF in the SM muscle had a higher proportion of PUFAs
and, consequently, a higher PUFA/SFA ratio.

The content of most of the biologically active fatty acids, analyzed in this study,
was higher in the SM muscle than in the LL muscle, which is an important con-
sideration from the human nutritional perspective. The low fat content and, conse-
quently, lower calorific value of the SM muscle as well as its more favorable profile
of nutritionally important fatty acids should be considered attractive by consumers.
However, CLA had a higher percentage in LL. Taking into account the IMF content
(LL - 2.57% and SM — 1.84%), LL contained 10.22 mg CLA in 100 g of raw wet
tissue, and SM only 6.0. Therefore, health-conscious consumers should eat LL beef
rather (Realini et al., 2014). CLA has considerable potential benefits in human diet.
Cis-9, trans-11 and trans-10, cis-12 isomers have been associated with the inhibi-
tion of carcinogenesis, the reduction of atherosclerosis, modification of the immune
response, the distribution of body fat and a reduction in body-fat deposits (Williams,
2000). Turkki and Campbell (1967) found that the proportion of PUFAs was higher
in the SM muscle, which has a higher number of red oxidative fibers than the LL
muscle, whereas the latter had higher concentrations of SFAs and MUFAs. Saturated
fatty acids have been shown to raise blood cholesterol levels. However, while it is
clear that C14:0 and C16:0 are responsible for increasing total plasma and LDL cho-
lesterol concentrations, another major SFA, C18:0, is not hypercholesterolemic and
does not increase total cholesterol or LDL cholesterol levels (Williams, 2000). In the
present study, the predominant SFAs in the analyzed skeletal muscles were palmitic
acid (C16:0) and stearic acid (C18:0). Hunt et al. (2016) noted similar proportions of
the above acids in the LL and SM muscles, but observed differences between quality
classes (choice and select) and not muscle types, which could result from the fact
that IMF content was more than two-fold higher in choice cuts than in select cuts.

Mineral compounds content and vitamins

In this experiment, the content of chemical elements of meat was determined
mostly by muscle type. The SM muscle, which performs a greater amount of work
than the LL muscle, accumulated more micronutrients and magnesium.

Higher concentrations of selected nutrients in the muscles of bulls may be re-
lated to fat content. A negative correlation between carcass fatness and nutrient con-
tent in cattle was observed by Williams et al. (1983), who found higher levels of
zinc, iron, phosphorus, sodium and potassium in beef from carcasses with lower fat
content. In the current study, a higher IMF content of the muscle was linked with
lower concentrations of Mg, K and Fe. The SM meat was a very good source of
Zn and the consumption of 100 g of cooked meat satisfies 52% and 23% of RDA
(Recommended Dietary Allowance, according to IOM, 2010) for males and females
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(19-50y), respectively. Antioxidants, in particular vitamin E, stabilize high concen-
trations of muscle PUFAs. Muscle tissue must contain a minimum concentration of
antioxidants, such as vitamin E, in order to avoid lipid oxidation and metmyoglobin
formation (Scollan et al., 2014). In beef, this minimum quantity is between 3 and
4 ng of a-tocopherol/g of fresh muscle (Arnold et al., 1993). In our study, the concen-
tration of a-tocopherol was below this minimum value in GS and VFS+MS groups.
This could result from the loss of a-tocopherol during the ensiling process.

A higher concentration of a-tocopherol was noted in the SM muscle where the
proportion of PUFAs was 65% higher than in the LL muscle. According to Rohrle et
al. (2011), the a-tocopherol content of non-Irish beef and Irish beef falls in the range
of 1.3 to 4.0 pg/g muscle, but Brazilian beef may have higher a-tocopherol concen-
trations, depending on season and supplementation.

Conclusions

The results of this study indicate that VFS can improve carcass and meat quality
characteristics without any adverse effects on the fattening performance of bulls,
when compared with a grass silage-based control diet. Grass silage had the most
beneficial effect on the proportion of functional fatty acids in IMF. VFS combined
with MS increased the fat content of muscles and fat cover, whereas VFS combined
with GS improved the fatty acid profile and increased a-tocopherol concentration.
Beef consumers should be encouraged to choose the SM muscle over the LL muscle
since the former contains less IMF with a more nutritionally desirable profile, has
lower calorific value, a more desirable mineral composition and a higher concentra-
tion of a-tocopherol.
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