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1. Uvod

Chov prasat patii v fad& evropskych zemi véetné Ceské republiky k jednomu
z nejvyznamnéjSich odvétvi zemédélské produkce, a to zejména diky velké oblibé
vepfového masa mezi spotrebiteli. V Ceské republice obliba vepfového masa
pretrvava dlouhou fadu let, coz uzce souvisi s tradici Ceské kuchyné. Tomu odpovida
i spotfeba vepfového masa, ktera se stale drzi na prednich pfickach. V roce 2020
spotfeba vepfového masa na obyvatele a rok Cinila 43,4 kg, coz predstavuje 51,67 %
z celkové spotfeby masa 84,0 kg (CSU 2021). | pies velkou oblibu vepfového masa
predstavuje sobé&staénost jeho produkce v Ceské republice k roku 2020 pouze 51,5 %
(MZe 2021).

V poslednich letech dochazi k ¢im dal vétSimu zajmu verejnosti o dobré Zivotni
podminky hospodafskych zvifat. V chovu prasat se zajem vefejnosti o welfare tyka
zejména dvou kategorii. Prvni kategorii jsou prasnice na porodnach a druhou kategorii
jsou kanecci, ktefi se chirurgicky kastruji béhem prvniho tydne jejich Zivota.

Vzhledem k nizkym vykupnim cenam prasat je pro chovatele dullezité z hlediska
zachovani rentability vyprodukovat dostateCny pocet selat ur€enych pro vykrm.
Cilenym Slechténim v poslednich letech doslo k takovému zlepSeni reprodukcénich
parametrt, ze jsou u prasnic zcela béznym jevem nadpocetné vrhy, kdy prasnice
s danym poétem strukd neni schopna vsechna selata sama odchovat. Casto tak
dochazi k vyuzivani prasnic jako kojnych, coz mulze mit vliv na jejich budouci
uzitkovost. Kojné prasnice se vyuzivaji zejména ve velkych chovech, kdy se pro
produkci selat chovaji moderni hybridni kombinace disponuijici vysokym poctem selat
ve vrhu. V extenzivnich chovech dochazi vétSinou k produkci méné pocetnych vrhu
a vyuziti kojnych prasnic se zde ve vétSiné pfipadl feSit nemusi. Vzhledem
k maximalnimu vyuZiti reprodukéniho potencialu prasnic v intenzivnich chovech se
zde v8ak nabizi otdzka dopadu na jejich welfare.

S produkci selat souvisi fakt, Zze kanecci jsou do tydne po narozeni jesté na
porodnach kastrovani. V Ceské republice maji spotfebitelé moznost zakoupit Si
veprové maso, vyprodukované ve veétsiné pripadl z prasniek, nebo z kastrovanych
samcl — vepfikl. Produkce masa z nekastrovanych samcl prasat — kanec¢kld neni
v Ceské republice b&znou praxi, a to zejména proto, Ze maso z kaneckd je spojovano

S nepfijemnym pachem a chuti masa — s kanCim pachem. Za kancCi pach jsou



zodpovédné zejména dveé sloZzky — androstenon a skatol, které jsou doprovazeny jesté
tfeti slozkou — indolem.

| pfes obsah slozek zpusobujicich kanc&ich pach v tuku, je vykrm kanecku
v mnoha smérech vice efektivni, nez vykrm prasni¢ek a vepfikl, a to zejména diky
jejich vyborné ristové schopnosti, vyborné konverzi krmiva a vynikajici zmasilosti.
Vzhledem k pfipadnému zakazu chirurgické kastrace kaneCku bez anestézie Ci
analgezie a velké oblibé vepfového masa u Ceskych spotiebiteld, je nutné hledat rizné
alternativy, které by vedly ke snizeni obsahu téchto slozek, nebo k jejich v€asné
detekci u zivych zvifat. Diky vysokym pozadavkim na dobré Zivotni podminky zvifat
se budou jevit jako vhodné zejména ty alternativy, které nebudou pro zvifata invazivni.

Jen spravny management chovu dokaze vytvofit dobré Zivotni podminky
zvifatim, vyuzit maximalniho reprodukéniho potencialu prasnic a maximalniho
uzitkového potencialu prasat uréenych pro vykrm bez jakéhokoliv negativniho dopadu

na chovana zvirata.



2. Literarni prehled

2.1. Welfare v chovu prasat

Welfare, nebo-li Zivotni pohoda zvifat, je ¢im dal ¢astéji sklonovanym terminem
ve vztahu k chovu hospodafskych zvifat. Termin welfare byva definovan mnoha
riznymi zpuasoby. Odkazuje pfedevSim na stav jednotlivce ve vztahu k jeho prostiedi
a tento termin by mél byt pouzivan zejména s ohledem na management chovu zvifat
nebo pfi formulaci pravnich pfedpist (Broom 1991; Hemsworth 2015). Jedna se o stav
pohody dosazeny uspokojenim fyzickych, environmentalnich, nutriCnich,
behavioralnich a socialnich potfeb zvifete nebo skupin zvifat (Appleby 1996). Welfare
je urcita charakteristika stavu zvifete, ktera mize byt méfena pomoci fady ukazateld.
Nejvice se uroven welfare vztahuje k systému ustajeni, pfepravé zvifat a k prabéhu
porazky (Broom 1991; Hemsworth 2015).

Ve vztahu k systému ustajeni se klade ddraz hlavné na zdravi zvifat, coz
znamena predevSim osvobozeni od nemoci a rGznych poranéni, ktera mohou
vzniknout v dUsledku pouzivani Spatnych technologii. Dale je dilezité minimalizovat
stavy zvifat jako je bolest a Uzkost. Nékdy byva uvedeno, Ze zajisténi dobrého welfare
spociva v umoznéni zvifatim projevovat své pfirozené chovani a zajisténi dostupnosti
pfirodnich prvkl z jejich pfirozeného prostiedi (Fraser 2008).

Z hlediska welfare je dale velmi dllezité zajisténi dobrych Zivotnich podminek
pro zvifata béhem jejich transportu. Ty mohou byt naruSeny fyzickym a psychickym
stresem zvifat. Pro hodnoceni dobrych Zivotnich podminek béhem transportu prasat
se vyuziva hodnoceni pomoci zaznamu o uhynu bé&hem pfepravy, dale pomoci
zaznamu etologického pozorovani a v neposledni fadé také pomoci hodnoceni kvality
masa. Kvalita masa odrazi fyziologicky stav zvifete béhem nasledné porazky. (Warriss
1998).

Welfare u prasat je reprezentovano pfedevsim stavem pohody zvifat, ktera byva
doprovazena uspokojenim fyzickych potfeb, nutriCnich potieb, socialnich potfeb,
potfeb vztahujicich se k prostiedi a potieb, které jsou nutné k projevum jejich
pfirozeného chovani. Pokud chov nezajistuje prasatiim dobré Zivotni podminky, ¢asto
se v chovu zaCnou objevovat projevy stereotypniho chovani. Mezi typické projevy

takového chovani se u prasat fadi sezeni v pozici psa, zalehavani selat prasnici,



divoCeni selat prasnici, agresivita, kanibalismus - okusovani ocasku a usi,
znecistovani pfislusnych ploch kotce (Scipioni et al. 2009).

Pokud jsou podminky prostfedi naruSeny napfiklad hlukem, ktery pfesahuje
limitni hodnoty, dochazi u jednotlivych kategorii k naruSeni homeostaze, coz ma
mnohdy negativni dopad na zdravi jedincu. U kategorie selat mize nadmérny hluk
zpusobit degeneraci svalové tkané, u vykrmovanych prasat zvySeni srde¢niho tepu
(Bond 1963), u rodicich prasnic pak muze vyvolavat uzkost (Berner & Dietel 1992).

Velmi diskutovanym tématem z hlediska welfare je produkce vysokého poctu
selat v jednotlivych vrzich prasnic. Cim dal éast&ji se opakuje otazka, zda cilené
Slechténi prasnic na vysoky pocet selat ve vrhu nema negativni dopad na jejich
welfare. Rutherford et al. (2013) uvadéji, ze problematika velkého poctu selat ve vrhu
ma dopad jak na welfare prasnic, tak i na welfare selat. Vysoky pocet selat ve vrhu je
spojen s vyS8Si mortalitou selat, dale vétSi konkurenci u strukl, coz muze mit
v dlouhodobém rozsahu negativni vliv na zdravi selat a v neposledni fadé muze
u prasnice zvySeny produkéni tlak vyvolat dlouhodobé zdravotni problémy a tim
padem naruseni jejiho welfare. Kvalita welfare a produkéni mozZnosti prasnice mohou
zvySovat svou uroven pouze pomoci kvalitniho managementu chovu (Peltoniemi et al.
2021).

Kromé produkce vysokého poctu selat ve vrzich se pozornost ve vztahu
k welfare upina také k chirurgické kastraci kanecku. Chirurgicka kastrace kanec¢kl bez
vyuziti anestezie Ci analgezie je bezpochyby bolestivy proces. VyuZiti anestezie, Ci
analgezie sice od bolesti kaneCkim ulevuje, ale tato metoda je spojena s problémy
spojenymi s pfiliSnou manipulaci selat, coz maze byt pro selata stresujici. Alternativou
k chirurgické kastraci at' uz s vyuzitim anestezie, analgezie Ci bez, je vykrm kanct nebo
imunokastrace kancl béhem vykrmu. Vykrm kancu nebo imunokastrace jsou
alternativy, které maji urcité benefity pro welfare tykajici se ulevy od bolesti pfi kastraci,
ale poji se s urcitymi nevyhodami, které se objevuji az ve vykrmu. Jedna se napfiklad
0 vyskyt agresivniho chovani u kancl pfichazejicich do puberty a v dusledku toho
zvySeni stresu mezi zvifaty (Prunier et al. 2005; Thun et al. 2006; Von Borell et al.
2009).



2.2. Nadpocetné vrhy a faktory ovliviaujici velikost vrhu

Diky cilenému zlepSovanim reprodukénich parametrd produkuji prasnice
vysoké pocty selat ve vrhu. S produkci vysokého poctu selat ve vrhu vSak souvisi
problematika nadpocCetnych vrha, ve kterych pocet selat znacné prevySuje pocet
funk&nich strukl prasnice. ZvySujici se pocet selat ve vrhu je dlouhodobym vysledkem
chovatell a Slechtitelt po celém svété. Velké vrhy s sebou sice pfinaseji ekonomické
benefity pro chov prasat, ale také ovliviiuji welfare zvifat (Baxter et al. 2013).

Nadpocetné vrhy mohou byt problémem jak z pohledu selat, tak z pohledu
prasnice. Vice selat ve vrhu s sebou pfinasi rizika spojena s vy$Sim poctem mrtvé
narozenych selat, niz§im po¢tem odstavenych selat a nevyrovnanosti selat ve vrhu
(Andersson et al. 2015). Pokud pocet selat prekracuje schopnost prasnic uspésné
odchovat vSechna selata, je nutné zvolit spravné zasahy managementu chovu. Mezi
takové zasahy se fadi napfiklad brouSeni zubu selat, rozdéleni kojeni, vyuziti kojnych
prasnic a pfed€asny odstav. V8echny tyto postupy vSak vyvolavaji otazku vztahujici
se k dobrym zivotnim podminkam zvirat (Baxter et al. 2013; Kobek-Kjeldager et al.
2019). Andersson et al. (2020) uvadéji, ze problémem nejsou pouze nadpocetné vrhy,
ale také vrhy o malém poctu selat. Ve své studii pozorovali souvislosti mezi velikosti
vrhu a nutnym veterinarnim oSetfenim prasnic béhem porodu a laktace, kdy
veterinarni oSetfeni vyZzadovaly zejména prasnice s malymi nebo nadpocCetnymi vrhy.
Porod velmi malych nebo naopak velkych vrhi byl negativné spojen se zdravim
prasnic a zaroven s negativnim dopadem na jejich welfare.

Nadpocetné vrhy s sebou pfinasi urcita rizika a produkce takovych vrhii byva
ovlivnéna nékolika faktory. Mezi tyto faktory patfi napfiklad vék prasnicek pfi prvnim
zapusténi, kondice spojena s vySkou hrbetniho tuku, délka mezidobi zahrnujici
napfiklad délku intervalu odstav fije, délku brfezosti nebo délku laktace a v neposledni
fadé také poradi vrhu (Lawlor & Lynch 2007).

2.2.1. Vliv véku prasnicek pfi prvnim zapusténi na velikost vrhu

Velikost vrhu je ovliviiovana vékem prasniCek pfi prvnim zapusténi (Leman
1992; Tummaruk et al. 2001). Van Wettere et al. (2006) uvadéji, ze s vékem prasnicek
pfi prvnim zapusténi souvisi pfedevsim nastup do puberty. V jejich studii byl primérny
vék nastupu do puberty u hybridnich prasnicek large white x landrase razny podle toho,

kdy doslo k prvnimu kontaktu s kancem. Skupina prasnicek, u kterych dochazelo ke
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kontaktu s kancem od véku 161 dni, nastupovala do puberty ve véku 179,5 dni (£ 1,6
dni). Prasnicky, které pfisly do kontaktu s kancem poprvé ve véku 182 dni, nastupovaly
do puberty ve véku 191,7 dni (x 1,2 dni). Skupina prasnicek, ktera se poprvé setkala
s kancem az ve véku 203 dni, nastupovala do puberty nejpozdéji, a to ve véku 210,3
dni (£ 0,9 dne). | pfes ruzny nastup do puberty se nepotvrdil vliv vé€ku pfi prvnim
zapusSténi ani na miru ovulace, ani na poCet embryi a ani na prezitelnost embryi ve
spojitosti s velikosti vrhu.

Holder et al. (1995) pozorovali efekt snizujiciho se véku pfi prvnim zapusténi
u prasnicek. Prasnicky byly od 125. dne véku v dennim kontaktu s kancem a jako vék
nastupu puberty se bralo to obdobi, kdy prasniCka zacCala byt svolna k pareni.
Prasni¢ky pak byly nasledné inseminovany na druhé fiji. Ve vysledcich studie bylo

vr wvaivos

dopad na velikost vrhu a naslednou celozivotni uzitkovost. Oproti tomu Young & King
(1981) porovnavali skupiny prasnicek, které byly inseminovany na prvni fiji a na treti
fiji. U nékterych prasnicek byla prvni fije pozorovana jiz ve véku mezi 140. a 149.
dnem. Prdmérny vék, kdy byly prasni¢ky inseminovany, byl 177,8 dni. Ve vysledku
bylo zjiSténo, Ze tendenci zvySovat velikost vrhu mély prasnicky, u kterych byla
inseminace odloZzena az do tfeti fije. Pro inseminaci prasnicek ve spravném veéku,
ktera nam zajisti produkci vysokého poctu selat ve vrhu, je nutné zvolit spravny zplsob
managementu chovu (Lawlor & Lynch 2007)

Schukken et al. (1994) popisuji, ze prumérny pocCet zivé narozenych selat
v prvnim vrhu se zvySuje s vékem pfi prvnim zapusténi prasnic¢ek. Na druhém vrhu
byla pozorovana obdobna souvislost, ale efekt zde byl nizSi. Na velikost tfetiho vrhu
vék pfi prvnim zapusténi uz zadny vliv nema. | pfes tento fakt, byly prasnicky, které
byly poprvé zapustény ve vysSim véku a produkovaly vysSi pocty selat ve vrhu,
mnohem dfive vyfazovany z chovu nez prasnicky, které byly poprvé zapustény
v mladSim véku. Paterson et al. (1980) se zabyvali mirou ovulace prasnicek pfi prvnim
zapus$téni. Prasnicky pfi prvnim zapusténi uvolfiovaly v priméru 10,9 vaji¢ek (+0,14
vajicka) a primérna velikost jejich prvniho vrhu byla 8 selat (+ 0,12 selete), z toho bylo
primérné Zivé narozenych 7,5 selat (+ 0,13 selete). Mira ovulace pfi prvnim zapusténi
prasnicek, méla vyznamny vliv na velikost. Faktorem, ktery nejvice ovlivnil ztratu selat
a tim i velikost vrhu, byla embryonalni mortalita.

Rozeboom et al. (1996) uvedli, Ze zvySujici se vék pfi prvnim zapusténi

prasniCky ma za nasledek nepatrné zvySeni pocetnosti prvniho vrhu a zvysSeni
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hmotnosti jejich selat pfi odstavu. Kummer et al. (2006) porovnavali tfi skupiny
prasniek, které byly poprvé zapustény v rozdilném priamérném véku a dosahovaly
rozdilnych dennich pfiristk(. Primérny denni pfirlstek prvni skupiny prasni¢ek byl
= 700 g/den a tato skupina byla inseminovana ve véku < 210 dni. Primérny denni
prirGstek druhé skupiny prasni¢ek byl = 700 g/den a inseminovany byly v primérném
véku = 210 dni. Primérny denni pfirlstek u tfeti a zaroven posledni skupiny prasni¢ek
byl < 700 g/den a tato skupina byla inseminovana rovnéz v primérném véku = 210
dni. NejvySSi pocet selat v prvnim vrhu produkovala skupina prasniCek z druhé
skupiny, ktera byla inseminovana ve véku = 210 dni a u které byl primérny denni
prirastek = 700 g.

2.2.2. Vliv vysky hibetniho tuku prasnice na velikost vrhu

S kondici prasni€ek a prasnic a s jejim vlivem na reprodukci, pfedevSim na
velikost vrhu, souvisi zejména vySka hrfbetniho tuku. VySka hibetniho tuku ma
vyznamny vliv nejen na velikost vrhu, ale na reprodukci prasnic v celém rozsahu.
Prasni¢ky s vy$Sim hibetnim tukem nastupuji daleko dfive do puberty, vyprodukuji
v priméru o jedno sele na vrh vice nez prasnicky, které maji hibetniho tuku nizsi.
Selata, ktera se narodila témto prasni¢kam, disponuji mnohem lepSim ristovym
potencialem a vyS$Si hmotnosti pfi odstavu. Prasni¢ky s nizkym hibetnim tukem jsou
navic mnohem Ccastéji vyfazovany z chovu, protoze produkuji malopocCetné vrhy
(Roongsitthichai & Tummaruk 2014).

Prasnicky s vys$Sim hibetnim tukem do Zivé hmotnosti 100 kg vykazuji
vicepocCetné 2. vrhy oproti prasnickam s nizkym hibetnim tukem (Tummaruk et al.
2001). Cechova & Tvrdori (2006) popisuji vztah mezi vy$kou hibetniho tuku a velikosti
vrha na jednotlivych vrzich u plemene large white. VySka hibetniho tuku prasnic byla
mérfena ultrasonografem. Mladé prasnicky s vy$Sim hibetnim tukem produkovaly vySsi
pocet selat ve vrhu a vice vrhu. Velikost vrhu se zvySovala od 1. do 5. vrhu. Thongkhuy
et al. (2020) pozorovali vztah mezi po¢tem mrtvé narozenych selat a vySkou hibetniho
tuku. Uvadéji, ze nejvyssSi poCet mrtvé narozenych selat byl mezi 3. — 6. vrhem
u prasnic s nizkym hibetnim tukem, coZ mélo negativni dopad na velikost jejich vrhu.
Dale zjistili, Ze vyska hrbetniho tuku ve 109. dnu bfezosti ma vliv na mlé€nost prasnic
mezi 3. — 10. dnem laktace, kdy konstatuji zvySeni produkce mléka pfiblizné o 271 g

na den. Filha et al. (2010) pozorovali, Ze nejvice celkové narozenych a z toho Zivé
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narozenych selat produkovaly prasni¢ky, u kterych byla vySka hfbetniho tuku
v rozmezi 16 — 17 mm. Roongsitthichai et al. (2010) zjistili, Ze nejvysSi pocet selat ve
vrhu mély prasnicky, u kterych byla naméfena vysSka hibetniho tuku 17 mm a vice.
Roongsitthichai et al. (2011) vénovali nasledné pozornost vySce hibetniho tuku v dobé
prvni inseminace prasnicek. Vysledkem bylo, ze skupina prasnicek, ktera méla v dobé
prvni inseminace nejvyssi hibetni tuk (17 — 20 mm), produkovala nejvyssi pocty selat
na prvnim vrhu (13,1 selat £+ 0,5 selete). Skupina prasni¢ek s primérnou vySkou
hibetniho tuku (14 — 16,5 mm) méla na prvnim vrhu v priméru 12 selat na vrh (x 0,4
selete) a prasnicky s nizkym hibetnim tukem (11,0 — 13,5 mm) produkovaly na prvnim
vrhu také pramérny pocet 12 selat, ale s vétSi smérodatnou odchylkou ( 0,6 selete).
Schenkel et al. (2010) popisuji vyznam udrZeni dostateéné vysky hibetniho tuku (= 16
mm) u prasnic na prvni laktaci. Prasnice na prvni laktaci, u kterych se vySka hibetniho
tuku snizovala, produkovaly nasledné malé 2. vrhy. Udrzeni optimalni kondice
u prasnic a dostate¢né vysky hibetniho tuku ma pro reprodukci prasnic a zaroven i pro
rentabilitu chovu podstatny vyznam. Kongsted & Hermansen (2009) uvadéji, Ze Spatné
kondici prasnic béhem odstavu je mozné se vyhnout, pokud laktace trva vice nez
7 tydna, ale dale ve své studii nezjistuji zadny efekt vySky hibetniho tuku na

reprodukéni uzitkovost prasnic.

2.2.3. Vliv délky mezidobi na velikost vrhu

Mezidobi, nebo-li obdobi od porodu do porodu, je jednim z ukazatel(
reprodukéni uzZitkovosti prasnic. Do tohoto obdobi se fadi: interval odstav-fije, bfezost
a také laktace. U prasnic se za optimalni délku mezidobi povazuje 150 dni, ale délka
muze byt ovlivnéna pravé délkou intervalu odstav Fije, délkou bfezosti a délkou laktace
(Engblom et al. 2008).

Prodlouzena doba mezidobi v dusledku prodlouzeného intervalu odstav-fije ma
negativni vliv na velikost nasledujiciho vrhu u prasnic (Kemp & Soede 1996). To
potvrzuji Boyd et al. (2002), ktefi uvedli, ze prodlouzené mezidobi, které je zpusobené
prodlouzenym intervalem odstav-fije, souvisi pfedevSim s nedostateCnym obsahem
aminokyselin ve vyZivé prasnic béhem laktace. Tim dochazi k velkym ztratam
télesnych rezerv prasnic a ke snizeni velikosti nasledného vrhu. Prodlouzena délka
mezidobi spojena s prodlouzenim intervalu odstav-fije ma vliv na dlouhovékost prasnic

a jejich setrvani v chovu. Prasnice, u kterych byl interval odstav-fije delSi nez 30 dni,
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byly vyfazovany z chovu mnohem dfive nez prasnice, u kterych byl tento interval kratSi
nez 9 dni. Dlouhy interval odstav-fije navic znamenal celozivotné niz8i produkci selat,
coz je spojeno s produkci malych vrha (Tantasuparuk et al. 2001).

Délku mezidobi ovliviiuje také délka bfezosti prasnic, ktera trva v praiméru 115
dni (Engblom et al. 2008). Omtvedt et al. (1965) potvrdili vztah mezi délkou bfezosti
a velikosti vrhu. DelSi doba bfezosti znamenala nizSi pocCet selat ve vrhu. To
potvrzuji i Rydhmer et al. (2008), ktefi popsali negativni korelace mezi délkou brezosti
a velikosti vrhu. Stejné tak byla zjiSténa negativni korelace mezi délkou bfezosti
a poctem mrtvé narozenych selat.

DalSim faktorem ovliviujicim velikost vrhu prasnic v ramci mezidobi je délka
laktace. V praxi je primérna délka laktace prasnic nej¢astéji 28 dni (Leman 1992).
Costa et al. (2004) uvadéji, Ze délka laktace mezi 22 az 25 dny zajiStuje na nasledném
vrhu u prasnice lepSi vysledky tykajici se velikosti vrhu. S délkou laktace souvisi
prfedevSim ztrata hmotnosti prasnic béhem této periody. Velké ztraty hmotnosti
u prasnic béhem laktace maji negativni efekt na poCet mrtvé narozenych selat a dale
negativné ovliviuji velikost naslednych vrha (Thaker & Bilkei 2005).

Prasnice, které disponuji kratSi dobou mezidobi diky zkracené laktaci, maji
podstatné mensi nasledné vrhy nez prasnice s mezidobim delSim (Moody & Speer
1971). Cole et al. (1975) potvrzuji, Ze kratka délka laktace je spojena s malymi
nasledujicimi vrhy. Prasnice, jejichz délka laktace byla v rozmezi mezi 4 — 21 dni mély
prumérny pocet 6 — 9 selat na nasledujicim vrhu. Oproti tomu prasnice s délkou laktace
v rozmezi mezi 12 — 42 dni, mély pramérny pocet 12,7 selat v nasledujicim vrhu. Xue
et al. (1993) uvadi, Ze delSi laktace prodluZuje dobu mezidobi u prasnic, ale delSi doba
mezidobi v dusledku prodlouzeni laktace ma pozitivni vliv na reprodukéni uzitkovost
prasnic, a to zejména na velikost vrhu. Moody et al. (1969) se zabyvali porovhanim
velikosti vrha od prasnic s kratkym mezidobim a velikosti vrhi od prasnic s dlouhym
mezidobim. Prasnice s kratkym mezidobim, které bylo zpusobené kratkou dobou
laktace (v prdméru okolo 20 dni), mély ve vrhu niz8i pocet celkem narozenych selat
a z toho nizsi pocet zivé narozenych selat. ProdlouZzena délka laktace méla pozitivni
vliv na velikost vrhu. Prasnice s kratSi délkou laktace jsou navic mnohem dfive
vyfazovany z chovu nez prasnice s laktaci delSi. PfedCasné vyrazovani prasnic
s krat3i délkou laktace z chovu souvisi s produkci méné pocetnych vrha (Xue et al.
1997). DelSi laktace spole€né s del§i dobou od porodu do zabfeznuti byla spojena

s vétsi velikosti nasledujiciho vrhu. Selata z takového vrhu méla vy$Si hmotnost pfi
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odstavu (Koketsu & Dial 1997). Dewey et al. (1994) zjistili, Ze velikost nasledujiciho
vrhu se zvySovala u prasnic s délkami laktace 25, 27 nebo 33 dni. Hoshino & Koketsu
(2009) zkoumali jaky ma vliv prodluzujici se délka laktace na velikost naslednych vrha.
Vysledky jejich studie ukazaly, Ze pokud se laktace prodlouzi o jeden den, pocet zivé
narozenych selat se v nasledném vrhnu zvysi 00,08 selete, ale pouze ve
vysokoprodukénich chovech. Oproti tomu v ostatnich chovech se pocet selat
s prodluzujici se délkou laktace snizuje o 0,04 selete. Varley & Cole (1976) konstatuji,
Ze kratka délka laktace (< 21 dni) ma za nasledek redukci velikosti vrhu, ktera je
zpusobena zejména embryonalni mortalitou v prvnich 20 dnech bfezosti prasnice.
S velikosti vrha, které prasnice produkuji po prvnich a naslednych laktacich, souvisi
jejich schopnost ovulace dostateéného poctu vajiCek. Béhem laktace je vyvoj folikult
prasnice ovlivnén ubytkem hmotnosti v dusledku kojeni. Management chovu by proto
meél byt zaméfen prfedevSim na stimulaci pfijmu krmiva a fizeni poCtu selat, které

prasnice koji (Soede & Kemp 2015).

2.2.4. Vliv poradi vrhu na velikost vrhu

Na velikost vrhu ma znacény vliv pofadi vrhu prasnice. Pofadi vrhu je spojeno
s fyziologii organismu, a to zejména s rlstem organismu, s c&imz souvisi vyvoj
reprodukénich organd. Prodlouzeni reprodukéniho Zzivota prasnic by mélo byt
zakladem produkce, protoze teprve od 3. vrhu vykazuji prasnice ziskovost (Engblom
et al. 2007), a to pfedevsim proto, Ze na 3. — 5. vrhu produkuji nejvice selat ve vrzich
(Hoving et al. 2011). Mezi pofadim vrhu prasnice a velikosti vrhu byl potvrzen
statisticky vyznamny vztah v nékolika studiich (Hughes 1998; Knecht et al. 2015).

V chovech byva velkym problémem velikost 2. vrhu, kdy se prasnicim rodi nizSi
poCty selat nez v 1. vrzich (Hoving 2012). Maly pocet selat ve 2. vrhu negativhé
ovliviiuje velikost naslednych vrhii (Andersen et al. 2011; Hoving et al. 2011) a jeho
velikost je ovlivnéna zejména velikosti 1. vrhu (Hoving 2012), avSak Costa et al. (2004)
uvadeéji, Zze prasnice na prvnich vrzich produkovaly vrhy s mensSim pocCtem selat, nez
prasnice na 2. a dalSich vrzich.

Andersen et al. (2011) zjistili, Ze i pfes podobny pocet Zivé narozenych selat ve
vrhu napfi¢ vdemi vrhy prasnic, se na pozdéjSich vrzich zvySovala mortalita selat, ktera
méla negativni dopad na pocet odchovanych selat. Lavery et al. (2018) hodnotili vliv

poradi vrhu na velikost vrhu u prasnic od 1. do 6. vrhu. Dosli k zavéru, ze prasnice na
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3. a 4. vrhu disponovaly vy$Sim poctem vSech narozenych selat i Zivé narozenych
selat, ktera méla vysSi hmotnost pfi narozeni. Segura et al. (2020) ale konstatovali, ze
pofadi vrhu nema Zadny vliv na pocet zZivé a mrtvé narozenych selat ve vrhu, coz
potvrzuji i De Rosa et al. (2015). AvSak z vysledku Seguery et al. (2020) je patrna
tendence snizeni poctu selat na 2. vrhu, nasledné zvySeni na 3. vrhu a k opétovnému
shizeni dochazi na 5. vrhu, ktery je ve studii hodnocen jako posledni. Mellagi et al.
(2013) hodnotili vliv pofadi vrhu na délku intervalu odstav-fije a na velikost nasledného
vrhu. Ve své studii dospéli k zavéru, Ze prasnice po prvnim vrhu maji delSi interval
odstav-fije a mensi velikost nasledného vrhu v porovnani s prasnicemi na druhém,
tfetim a patém vrhu. Freyer (2018) uvadi, Ze vétSina prasnic méla maximalni pocet
selat na 4. vrhu.

Vliv pofadi vrhu vSak byva doplnén i o vliv dalSich faktoru, kterymi jsou napfiklad
vék pfi prvnim zapusténi, délka laktace, stav kondice prasnic a dalsi (Leman 1992;
Tummaruk et al. 2001; Roongsitthichai & Tummaruk 2014).

2.2.5. Management odchovu selat u nadpocetnych vrhu

Nadpocetna selata se v chovech odchovavaji pfedevSim s vyuZzitim kojnych
prasnic (Baxter et al. 2013; Bruun et al. 2016; Alvasen et al. 2017; Koketsu et al. 2017)

a systému rozdéleného kojeni (Rosvold et al. 2017).

2.25.1. Vyuziti kojnych prasnic

U vysokopocetnych vrhl, kde se rodi takovy pocet selat, Ze jsou néktera
nadpocetna, je k jejich odchovu nutné vyuzit tzv. kojnych prasnic, coz muze mit dopad
jak na welfare prasnic, tak selat (Kobek-Kjeldager et al. 2019). Jako kojna prasnice se
oznacuje prasnice, ktera odchova svuj vlastni vrh a nasledné po jeho odstavu odchova
jesté dalsi vrh, ktery tvofi nadbyte¢na selata odebrana od jiné prasnice (Bruun et al.
2016; Alvasen et al. 2017). Vyuziti prasnic jako kojnych je v praxi zcela bézné (Baxter
et al. 2013; Bruun et al. 2016; Alvasen et al. 2017; Koketsu et al. 2017), avSak pocet
studii, které by se zabyvaly vlivem vyuziti prasnic jako kojnych na jejich welfare
a naslednou uzitkovost, je omezeny.

Amdi et al. (2017) porovnavali hladiny slinného kortizolu a hodnoty srde¢niho
tepu mezi skupinou kojnych prasnic a skupinou prasnic, které jako kojné vyuZzity nebyly

s cilem zjistit, zdali je vyuziti prasnic jako kojnych pro prasnice stresové. Mezi
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hladinami kortizolu se v kratkodobém €asovém horizontu, ktery znamenal dobu, kdy
prasnice obdrzela selata z jiné vrhu, ani v dlouhodobém Casovém horizontu mezi
skupinami prasnic neliSil. Ani hodnoty srdecCniho tepu se mezi skupinami prasnic
neliSily. Dle zavérl této studie |Ize konstatovat, Ze vyuziti prasnic jako kojnych nemélo
zadny negativni dopad na pohodu prasnic béhem jejich laktace. Bruun et al. (2016) se
zaméfili na reprodukCni uzitkovost kojnych prasnic. | pfes to, ze kojné prasnice
odstavily vétSi poCet selat (odstav 12,4 selat z vlastniho vrhu + 11,5 selat z jiného vrhu)
nez prasnice, které nebyly vyuzity jako kojné (odstav 11,7 selat), dale byly v laktaci
v pruméru o 12,5 dne déle, disponovaly vy§S§im pocétem selat na nasledném vrhu.
Prodlouzeni laktace nemélo zadny vliv na nastup do fije a ve vysledku nemélo zadny
negativni dopad na jejich naslednou uzitkovost.

Alvasen et al. (2017) se zabyvali vlivem vyuZziti prasnic jako kojnych na welfare
prasnic i selat. Vyuziti prasnic jako kojnych je spojeno s prodlouzenou laktaci prasnic,
coz ve vysledku mize vést ke zhorSeni kondice prasnic, poranéni struki nebo ke
vzniku viedd na pFednich koncetinach. Tyto problémy naznacuji snizeni welfare
kojnych prasnic, které maze vést v dusledku ke zhorSené plodnosti az naslednému
vyfazeni z chovu. Na druhou stranu kojné prasnice snizuji mortalitu selat v chovu, coz
ma pozitivni vliv na welfare selat. lida et al. (2019) uvadéji, Zze kojné prasnice produkuji
daleko efektivnéji velky pocet selat celozZivotné, odstavi vice selat a snizuji své
neproduktivni dny na minimum. VyuzZiti prasnic jako kojnych je nedilnou soucasti
managementu chovu, vzhledem k ¢im dal vy$Simu podtu selat ve vrzich, ale vzhledem
k udrzeni dobrych Zivotnich podminek zvifat, bude zpusob jeho vyuziti nutny dale

studovat.

2.25.2. Systém rozdéleného kojeni

DalSi z moznosti, jak fesit problém vysokych ztrat nadpocetnych novorozenych
selat v dusledku nedostatecné vyzivy, je systém rozdéleného kojeni, coz je spolecné
s vyuzitim kojnych prasnic béZnou praxi (Rosvold et al. 2017). Zasadni roli na preziti
selat ma prijem kolostra ihned po narozeni. Pfijem kolostra zajiStuje selatim energii
a pasivni imunitu. Pro zajiSténi rovnhomérného pfijmu mleziva vSemi selaty, i témi,
ktera jsou ve vrhu nadpocCetna, je nutné vyuzit techniky rozdéleného kojeni
(Alexopoulos et al. 2018). Cilem rozdéleného kojeni je zmirnit soutéZ o pfijem kolostra

a zajistit dostatek kolostra pro vSechna selata (Morton et al. 2019). Pocet selat, o které
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je prasnice schopna se postarat az do odstavu, je niz8i nez celkovy pocet narozenych
selat. Proto je systém rozdéleného kojeni pro zvySeni Sance na preziti selat velice
dulezity (Oliviero 2013). Alonso et al. (2012) zkoumali rozdil v hladiné imunoglobulint
Vv séru u selat, ktera o struk soutézila bez vyuziti rozdélené kojeni a u selat, u kterych
bylo rozdéleného kojeni vyuzito. Mezi skupinami selat vSak nebyl v hodnoté
imunoglobulinl v séru zjistén zadny rozdil. | pfesto, Ze hladiny imunoglobulini se mezi
skupinami neli8ily, je vyuziti rozdéleného kojeni velmi dulezité ve vztahu k pfijmu

dostateného mnozstvi kolostra vSemi selaty.

2.3. Kangi pach a jeho eliminace

2.3.1. Slozky kanc¢iho pachu

Produkce vepfového masa z kancu neni zcela béZznou praxi. Souvisi s tim
predevsim fakt, Ze béhem pohlavniho dospivani kancl dochazi k produkci slozek,
které jsou zodpovédné za vznik nepfijemné chuti a zapachu masa — kanciho pachu.
Jedna se zejména o dvé hlavni slozky, a to androstenon a skatol (Patterson 1968; VVold
1970; Walstra & Marse 1970). Androstenon (5a-androst-16-en-3-on), jehoz ulozistém
je primarné tukova tkan kancu, zpUsobuje nepfijemny zapach vepfového masa, ktery
se podoba potu a modci. Skatol (3-methyl-indol) je zodpovédny za zapach masa
podobny vykalim. Tyto dvé slozky jsou dale doplfiovany indolem (Bone et al. 2019).
V roce 1957 Self uvedl, Ze nepfijemny zapach se vyskytuje pfedevsim v mase kancu,
ale dale popsal, ze také maso od nékterych prasnicek, prasnic a vepfiku se vyznacuje
timto nepfijemnym zapachem (Self 1957). Williams et al. (1963) pozorovali, Ze nejvice
pFipadl vyskytu kan¢iho pachu je u kancu (65 %), ale dale pozorovali vyskyt kan¢iho
pachu i u kryptorchidd (35 %), vepit (5 %), prasnicek (5 %) a prasnic (1 %).

S ohledem na kanci pach je pro chovatele podstatné dosahnout urcitého
genetického pokroku, ktery se tyka predevsSim sniZeni hladin sloZzek kanc¢iho pachu
v tuku kancu. Pro tyto ucely je potfeba znat pfisluSsné parametry populace. Za jeden
z nejvyznamnéjSich parametrd byva oznacovana heritabilita sledovanych znakd. Pro
sloZky kanciho pachu se uvadéji rozdilné hodnoty heritability. Pro androstenon se
udava heritabilita 0,50 — 0,75; skatol 0,23 — 0,56 a pro indol 0,32 (Sellier et al. 2000;
Tajet & Andresen 2006; Bergsma et al. 2008).
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2.3.1.1. Androstenon

Jednou ze slozek zodpovédnych za kanci pach je androstenon (5a-androst-16-
en-3-on; dale jen AND), ktery je také velmi vyznamny feromon, dulezity pro zajisténi
sexualni stimulace prasnic béhem pareni (Knox 2003). Prvni pokusy o identifikaci
sloZek, které jsou zodpovédné za kanci pach, pochazi ze studie Lerche (1936). Ten
tvrdil, Ze nepfijemny zapach, ktery se vyskytuje v zahfatém kanc¢im mase, se objevuje
na zacCatku pohlavni dospélosti a mizi po kastraci. Prelog & Ruzicka (1944) izolovali
5a-androst-16-en-3a-ol (dale jen a-AND) a 5a-androst-16-en-3p-ol (dale jen B-AND),
které nasledné popsali jako pizmové pachy. O osmnact let pozdéji Craig et al. (1962)
popsali, Zze nezadouci zapach, ktery je podobny zapachu moci a potu je spojen
s tukovou tkani kancu. Patterson (1968) za vyuziti plynové chromatografie —
hmotnostni spektrometrie izoloval AND a tuto slozku popsal jako slozku, ktera je
v kan¢im tuku zodpovédna za zapach podobny potu.

AND jako primarni sloZzka zodpovédna za kanci pach, je steroidni hormon, ktery
je produkovany spoleCné s testosteronem a ostatnimi pohlavnimi hormony,
Leydigovymi bufikami ve varlatech. Spole€né s nimi zajiStuje stimulaci rustu
a plodnosti. Metabolismus steroidnich hormon( souvisi pfedevSim s ledvinami, jatry
a varlaty (Laderoute et al. 2019). Primarnim prekurzorem pro produkci AND je
cholesterol, ktery je transformovan pomoci 20a-hydroxylazy, 22a-hydroxylazy
a 20, 22-lyazy na pregnenolon. Pregnenolon je dale pomoci enzymu 20B-hydroxy
dehydrogenazy a 5,16-androstadien-33-ol syntetazy transformovan na 5,16-
androstadien-3B-ol. Dale metabolicka cesta syntézy androstenonu pokraCuje pfes
meziprodukt 4,16-androstadien-3-on na AND (Brooks & Pearson 1986). Velmi
vyznamnou Casti produkce androstenonu je redukce AND 3[B- a 3a-hydroxysteroid
dehydrogenazou na a-AND a B-AND (Laderoute et al. 2019).

Claus & Alsing (1976) uvadéji, Ze pokud jsou kanci izolovani od prasnicek,
dochazi k prudkému snizeni hladiny AND, coz potvrzuji i Bonneau & Desmoulin
(1980). Andresen (1976) zjistil, Ze jeden kanec ze skupiny, ktery byl chovan
v jednopohlavnim prostfedi, vykazoval vysSi hladiny AND nez ostatni jedinci. Tento
vysledek naznacuje potlaceni tvorby androstenonu ve vztahu k socialni hierarchii, kde

ve skupiné kancl bude nejvyssi hladiny androstenonu produkovat dominantni jedinec.
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2.3.1.1.1. Androstenon v tuku

Nepfijemny zapach masa kancu je spojovan zejména s tukovou tkani, ktera
slouzi jako ulozisté pro sloZzky kan¢iho pachu. Pfitomnost kanciho pach ve vepfovém
mase je pro mnoho spotiebitell nepfijatelna. Desmoulin et al. (1982) zjistili, Ze
spotfebitelé povazuji kan¢i maso za pfijatelné, pokud v mase neni obsazeno vyssich
hladin androstenonu nez 0,5 pg/g u Cerstvého vepfového masa a 1,0 ug/g ve
zpracovanych masnych vyrobcich. Mezi obsahem AND, jako slozky zodpovédné za
kanCi pach, vtukové tkani a pfitomnosti kanc¢iho pachu byla potvrzena pozitivni
korelace (De Brabander & Verbeke 1986). Bonneau (1987) méfil hladinu AND v tuku
u kanct ve véku 100, 125, 150 a 175 dni. Hladina AND v tuku byla velmi variabilni
vzhledem k véku a individualité zvifete. U dvou zvifat z pozorované skupiny byly
nameéreny vyrazné vyssi hodnoty AND ve 100 dnech véku. U dalSich péti byla ve 100
dnech véku pozorovana niz8i hladina, ktera se do 150. dne véku vyznamné zvysila.
U zbyvajicich zvifat byly hladiny AND v tuku velmi nizké. Kanci vykazujici vysoké
hladiny AND byli nasledné zafazeni do skupiny vysoka hladina AND (high
androstenone; HA) a kanci, ktefi vykazovali nizké hladiny, byli zafazeni do skupiny
nizka hladina androstenonu (low androstenone; LA). U skupiny kancd HA byla
naméfena primérna hodnota AND v tuku 0,53 ug/g ve 100 dnech véku az 1,67 ug/g
ve 150 dnech véku, ale zadné dalSi rozdily mezi vékem 150 a 175 dni nebyly
pozorovany. Ve druhé skupiné LA byly primérné hodnoty AND v tuku vyssi ve véku
125 — 150 dnl nez ve 100 dnech (0,47 — 0,52 ug/g vs 0,27 pg/g). Andresen (1976)
potvrdil vysoké pozitivni korelace mezi koncentraci AND v periferni plazmé
a koncentraci AND v tuku (r = 0,82). Hladina AND v plazmé byla 15 ng/ml, coz
znamenalo zvySenou akumulaci AND v tukové tkani. V této studii byli nasledné ctyfi
kanci zafazeni do reprodukce, coz vedlo ke zvySeni hladiny steroidnich hormonu. Dale
byly pozorovany vysoké korelace mezi AND a testosteronem v periferni plazmé
(r=0,72). AZ na nékolik vyjimek hladina AND pfevySovala hladinu testosteronu
v periferni plazmé.

Hladina AND v tuku nizS§i nez 0,75 ug/g je spojena s niz8i hmotnosti
bulbouretralnich Zlaz (< 64 g), niz8i hmotnosti submaxilarnich slinnych zlaz (< 21 g)
a s nizsi hladinou AND v tkani slinnych Zlaz (Booth et al. 1986).
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2.3.1.1.2. Androstenon ve slinach

S AND ve slinach souvisi predev§im metabolismus submaxilarnich slinnych
zlaz. Tyto slinné Zlazy kancu maiji pfi syntéze a metabolismu AND zasadni roli. Katkov
et al. (1972) uvadeéji, ze submaxilarni slinna Zlaza ma enzymaticky systém potfebny
k pfeméné 5,16-androstadien-33-olu na a-AND a 3-AND a jeji tkan obsahuje vysoké
koncentrace AND, a-AND a B-AND. Submaxilarnim slinnym zlazam vSak chybi
andien-B syntetazovy systém, ktery je nutny pro syntézu 5,16-androstadien-33-olu
z pregnenolonu.

Podle Brookse & Pearsona (1986) slinné Zlazy sice nejsou schopny syntézy
steroidU z prekurzort cholesterolu a pregnenolonu, ale jsou schopny metabolizovat
meziprodukty steroidu, které jsou do nich transportovany cirkulujici krvi. Z prekurzort
jsou steroidy primarné syntetizovany ve varlatech kancu a k jejich uvolnéni do krve
dochazi pfes varletni Zilu. Transport steroidd v plazmé kancu, ktery je zajiStovan
zejména diky proteinim plazmy, je ovliviiovan mnozstvim steroidl, které jsou
dostupné pro vychytavani cilovou tkani (Brooks & Pearson 1986). Bone et al. (2019)
poskytuji pfimy dikaz, Ze androstenon je v plazmé kancu transportovan nespecificky
pomoci sérové bilkoviny albuminu. Joseph (1994) uvadi, ze folikulostimulaéni hormon
(FSH) stimuluje produkci androgeny vazajiciho proteinu (ABP), ktery je produkovan
v Sertoliho bunkach. Tento specificky protein je produkovan do Iumenu
semenotvorného kanalku, kde na sebe vaze testosteron spolecné s dalSimi
androgeny. Bone et al. (2019) dale popisuji transport nekonjugovaného androstenonu
specificky navazaného na protein feromaxein, ktery zajistuje transport androstenonu
do slinnych Zlaz. Transport androstenonu pomoci feromaxeinu v8ak neni prozatim
dostateCné znam.

Pregnenolon slouzi jako spole¢ny prekurzor pfi tvorbé adrenalnich kortikoid,
androgenu, estrogenu a jedna se o primarni prekurzor pfi syntéze androstenonu. Po
uvolnéni steroidu pres varletni zilu do krve se steroidy dopravuji do tukové tkané, kde
dochazi k jejich uskladnéni. Nejvice lipofilni, a tudiz pfevladajici formou skladovani je
AND, jiné formy steroidl jsou v kan&im tuku také detekovatelné, ale v mensich
koncentracich (Brooks & Pearson 1986).

Akumulace androstenonu v tukové tkani je reverzibilni proces, coz bylo
prokazano snizenim koncentrace AND v tukové tkani samcul prasat po kastraci. Dale

jsou steroidy uskladnéné v tuku vyuzivany béhem sexualni stimulace prasnic.
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Steroidy jsou uvolhovany z tukové tkané do obéhového systému pro transport do
slinnych Zlaz béhem sexualni stimulace velmi pomalu. Daleko rychlejsi je jejich pFijem
z krve béhem skladovani. Diky schopnosti tkané slinnych zlaz metabolizovat kazdy
z pfichozich steroidu cirkulujici krvi dochazi ke vzniku vysokych koncentraci AND, o-
AND a B-AND v kancich slinach béhem jejich sexualni stimulace (Brooks & Pearson
1986).

Kanci sliny jsou velmi dalezité pro normalni sexualni chovani u obou pohlavi.
Zapach slin, ktery je zpUsoben pfislusnymi steroidy, je detekovan samicemi a jejich
feromonalni uCinek vede k charakteristickému paficimu postoji a nasledné kopulaci
(Brooks & Pearson 1986). Patterson (1982) pozoroval nizSi hladinu AND v tuku
u kancu, ktefi byli chovani spoleéné s prasniCkami oproti kancum, ktefi byli chovani
pouze spole¢né s kanci, coz naznacuje potiebu vysSich hladin androstenonu ve
slinach, z davodu potreby jejich feromonalniho ucinku.

Booth et al. (1986) uvadéji, Ze velikost varlat, bulbouretralnich Zlaz
a submaxilarnich slinnych zlaz se zvysSuje s télesnou hmotnosti a vékem kancu a dale
uvadeéji pozitivni korelace mezi hladinou AND v tkani slinné zlazy a hladinou AND
v tuku, hmotnosti bulbouretraini Zlazy a koncentraci testosteronu v plazmé. Dehnhard
et al. (2013) porovnavali hladinu androstenonu ve slinach kanct gottingenskych prasat
a prasat plemene landrase. Sliny byly odebirany v obdobi od prosince do unora
v mnozstvi 0,5 — 2 ml u kazdého vzorku béhem odbéru spermatu na testaéni stanici
kancu. Vzorky slin byly nasledné zanalyzovany pomoci plynové chromatografie —
hmotnostni spektrometrie (GC-MS). Prokazatelné vy$Si hladiny AND, a-AND a 3-AND
byly zjistény ve slinach gottingenskych prasat, kde bylo primérné 9,20 ug/ml u a-AND
a 0,42 ug/ml B-AND. Oproti tomu kanci plemene landrase méli prGmérné 0,18 pg/mli
ua-AND a 0,02 ug/ml u B-AND. Velké diference mezi jednotlivymi plemeny byly

vysvétlovany sezdnnosti gottingenskych prasat.
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2.3.1.2. Skatol

Skatol (3-methyl-indol), pro ktery je typicky silny fekalni zapach, je metabolit,
ktery vznika pfi degradaci aminokyseliny L-tryptofanu stfevnimi mikroorganismy (Claus
et al. 1994). Produkce skatolu je spjata zejména s tlustym stfevem, kde je €ast skatolu
absorbovana stfevni sliznici a metabolizovana v jatrech pldsobenim enzymu
cytochromu P450 (Kamenik & Kratochvil 2012). Jaterni cytochrom P4502E1
(CYP2E1) je hlavnim jaternim enzymem, ktery je zapojeny do metabolismu skatolu
(Squires & Lundstrgam 1997). Jatra maji potencial i kapacitu extrahovat skatol z krve
v mnozstvi, které prevySuje to, co se v krvi nachazi za fyziologickych podminek
(Agergaard & Laue 1998). Ta cast skatolu, ktera se nemetabolizovala, se uklada
v tukové tkani a ma za nasledek vznik kanc¢iho pachu. Mnozstvi skatolu, které se do
tukové tkané uklada je zavislé predevsim na slozeni krmiva predkladaného prasatum
(Kamenik & Kratochvil 2012). Napfiklad krmivo obohacené o bramborovy Skrob,
Cekanku, topinambur a dalSi mozné komponenty ma za nasledek snizeni hladiny
skatolu v tukové tkani kanct (Aluwé et al. 2009).

Bylo prokazano, Ze pfitomnost skatolu synergicky posiluje nepfijemny zapach
5a-androst-16-en-3-onu (Brooks & Pearson 1986). AvSak Hansson et al. (1980) zjistili,
Ze pro skatol nebylo specifické ukladani pouze v kan&im tuku, protoze podobné hladiny
skatolu byly méfeny i v tuku u vepil a prasniCek. Wesoly et al. (2016) uvadéji, ze vyssi
hladiny skatolu u kanct byly pozorovany v bfisnim tuku oproti tuku hibetnimu. Velky
vliv na prostup skatolu kizi mélo zejména znecisténi klze, a to zejména v oblasti
bficha a kyt.

Hladiny skatolu, které jsou pro spotfebitele nepfijatelne, se v fadé zemi lisi.
Napfiklad v Dansku se jedna o hladinu skatolu 0,25 ug/g tuku, v Norsku je to 0,21 pg/g
(Agergaard & Laue 1998) a ve Svédsku se jedna o hladinu 0,20 ug/g (Babol et al.
2004). Tolerance vys$Sich hladin skatolu ve vétSiné pfipadl souvisi s tradici danych
zemi. V zemich, kde se nekastruje fadu let, jsou lidé ke kan¢imu masu tolerantnéjsi.
Deslandes et al. (2001) navic popsali, Ze skatol nehraje zadnou fyziologickou roli
u prasat a dale tvrdi, ze zatimco je skatol pro vétSinu prezvykavcu toxicky a zpUsobuje

u nich akutni plicni edém a emfyzém, na prasata nijak toxicky nepusobi.
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2.3.1.3. Indol

DalSi sloZzkou, ktera je zodpovédna za vznik kanc€iho pachu, je indol. Indol,
stejné jako predchozi slozka, skatol, vznika v tlustém stfevé pfi degradaci
aminokyseliny L-tryptofanu (Jensen et al. 1995). Primarnim ulozis§tém indolu je jako
u pfedchozich slozek tukova tkan (Rius & Garcia-Regueiro 2001). Oproti
androstenonu a skatolu se indol na tvorbé kanciho pachu podili v mensi mife (Moss
et al. 1993).

Na hladinu indolu ma vliv plemenna pfislusnost a vék kancu a jeho hladina se
zvysSuje s nastupem pohlavniho dospivani (Babol et al. 2004). Snizit hladinu indolu je
mozné zkrmovanim lupiny, bramborového Skrobu (Aluwé et al. 2009) a suSeného
kofene Cekanky (Hansen et al. 2006). Kjos et al. (2010) potvrzuji pozitivni vliv
zkrmovani Cekanky posledni Ctyfi tydny vykrmu na redukci hladiny indolu v tlustém

stfevé i v tukové tkani.

2.3.2. Management eliminace kan€iho pachu

Vykrm kancu z hlediska produkce vepfového masa predstavuje velké
ekonomické vyhody, avSak maso kancl je spojené s pfitomnosti nepfijemného
zapachu masa. NejbéznéjSi metodou eliminace tohoto zapachu je chirurgicka kastrace
kanecku. Kastrace kaneckl neni jen nepfijemna a namahava prace, ktera predstavuje
mimo jiné napriklad riziko infekce, ale je to také proces, jehoz nasledkem dochazi
u vepfikd ke snizeni dennich pfirastkll a ke zhorSeni konverze krmiva (Brewster &
Nevel 2013). Pokud by byla nalezena vhodna alternativa eliminace kanc¢iho pachu,
kastrace kancul by uz nebyla nutna (Brooks & Pearson 1986). Nové postupy eliminace
kanc¢iho pachu, které by umoznily uvést na trh maso z kancl, jsou pro chov prasat
velmi dulezité. Mnoho studii v minulosti uvedlo, Ze nebyl pozorovan zadny pevny vztah
mezi kan¢im pachem a hmotnosti nebo vékem kancl (Andresen 1976; Bonneau
& Desmoulin 1980), avSak Ruszczyc et al. (1981) pozorovali zvySujici se koncentraci
AND s vékem a hmotnosti kancu.

Claus & Hoffman (1971) zmirfiuji zvySeni koncentrace AND v plazmé a tuku
priblizné ve 200 dnech. Za zminku stoji i studie Willekeho et al. (1980), ktefi uspésné
snizili koncentrace AND bé&hem tfigeneraéni selekce u némeckych kancl plemene
landrase. Tfigeneracni selekce v3ak zpusobila také snizeni hladin testosteronu, coz

predstavuje negativni dopad na rist kancli. Rizné moznosti eliminace kanciho pachu

24



bez negativniho dopadu na jejich rustovy potencial budou pro chovatele prasat ¢im dal

vice aktualnim tématem (Brewster & Nevel 2013).

2.3.2.1. Chirurgicka kastrace kanecku

Chirurgicka kastrace bez anestezie je bézné pouzivanou metodou, ktera je pro
chovatele rychlym alevnym zpusobem, jak zajistit dostateCnou redukci kanciho
pachu. Chirurgicka kastrace ve své podstaté zajiStuje moznost prodeje veprového
masa bez rizika pfitomnosti slozek zodpovédnych za kanci pach (Brewster & Nevel
2013; Burgeon et al. 2021). Ve Spojeném kralovstvi a dalSich zemich Evropy se jiz
chirurgicky nekastruje z divodu vlivu na welfare zvifat (Brewster & Nevel 2013).

Kastrace selat mize vyvolat vyznamné zvySeni adrenokortikotropniho hormonu
(ACTH) a kortizolu. Tyto zmény jsou indikaci pfedevSim stresu a poSkozeni tkané,
které je zpusobené v dusledku kastrace. Méfeni kortizolu a ACTH v plazmé by mohlo
byt uziteCnym zplsobem ovéfeni hladiny stresu zplsobného kastraci (Prunier et al.
2005). Moya et al. (2008) pozorovali, Ze kastrace vyvolava specifické projevy chovani
spojené s bolesti. Jednalo se zejména o chouleni se, kfeCe a chvéni. Kastrovani
jedinci se méné pohybovali a zUstavali pfevazné v poloze sedu. Dale méli kastrovani
jedinci tendenci zdrzovat se vice u struku a vyZzadovali kontakt s prasnici. Také bylo
potvrzeno, Ze kastrovani kanecci méli vyssSi hladiny kortizolu v plazmeé.

Von Borell et al. (2009) potvrzuji, Ze kastrovani béhem neonatalni periody je
Cisté bolestivy proces. Dale uvadéji, ze kastrace s pouzitim lokalni anestezie, nebo
dlouhodobé anestezie, vyznamné snizila projevy bolesti. Yun et al. (2019) prokazali
rozdily v chovani chirurgicky kastrovanych selat s anestezii a bez anestezie. Jedinci,
u kterych byla pouZzita anestezie, vykazovali méné Casu neaktivnim stanim nebo
sezenim a dale vrténim ocasu. Gottardo et al. (2016) uvadéji, Ze bolest spojena
s kastraci kanecku je zavazny problém welfare zvifat. Ve své studii porovnavaji ucinky
riznych pfistupl a produktd vhodnych pro zemédélce s cilem snizeni bolesti
zpusobené kastraci selat. Vysledkem studie bylo zji§téni, Ze kastrovana selata bez
anestezie vykazovala vysSi frekvenci chovani spojeného s bolesti po kastraci prvnich
30 min po zakroku oproti jedincum, ktefi pfed kastraci dostali rizné koncentrace
lokalniho anestetika Tetrakainu s tim, Ze po 60 minutach nebyly patrné zadné rozdily
v chovani mezi skupinami. Zavérem studie bylo, Ze pouziti lokalni anestezie pfinasi

pouze jen maly pfinos ve zmirnéni bolesti spojené s kastraci.
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Evropsky ufad pro bezpecnost potravin (EFSA) uvadi tyto mozné alternativy,
které by mohly nahradit chirurgickou kastraci kanec¢kul: vykrm kanecku, imunokastrace,
sexovani spermii zajistujici produkci pouze prasnicek nebo podavani hormona

k inhibici hypotalamo-hypofyzarni-gonadalni osy (EFSA 2004).

2.3.2.2. Imunokastrace

Imunokastrace je jednou z alternativ chirurgické kastrace, ktera se aplikuje od
8 tydni véku kancl ve formé dvou vakcin. Jedinou povolenou vakcinou pro
imunokastraci provadi je Improvac. Specificnost uc€innosti Improvacu je tvorba
protilatek proti gonadotropin uvoliujicimu faktoru (GnRF) a do¢asné potlaceni funkce
varlat. Pouziti Improvacu ma za nasledek snizeni produkce androstenonu, ktery
zpusobuje nepfijemny zapach vepfového masa. Ke snizeni hladin skatolu muize
dochazet nepfimo. K nastupu imunity dochazi pfiblizné jeden tyden po druhé
vakcinaci, prokazano v8ak bylo, Ze Zadouci ucinek nastava az po 4 az 6 tydnech po
druhé vakcinaci. Diky vakcinaci Improvacem dochazi ke snizeni projevu agresivniho
a sexualniho chovani v dobé vykrmu kancu. Zvifata mohou byt poslana na porazku do
10 tydnd po posledni davce Improvacu bez rizika vyskytu kan¢iho pachu. Po uplynuti
této doby se funkce varlat u kancu vraci do normalni funkce (Andersson et al. 2012;
Improvac 2020).

Skrlep et al. (2010) pozorovali, Ze hladina androstenonu a skatolu v tuku
dokazuji 100% uspésnost imunizace Improvacem, a Ze hladiny androstenonu byly
nizsi nez detekéni limity laboratornich metod u v8ech prasat. Dale pozorovali, Ze
vakcinace Improvacem vyrazné snizuje hmotnost varlat a pfidatnych pohlavnich Zlaz.
Co se tyka rustovych schopnosti, imunokastrovani kanci dosahovali srovnatelného
pfijmu krmiva, konverze a rlstu jako nekastrovani kanci. Andersson et al. (2012)
konstatuji, ze brzka vakcinace Improvacem mulze byt pouZita jako alternativa
chirurgické kastrace vedouci ke snizeni problematického chovani kancu
s neovlivnénim rentability. Brewster & Nevel (2013) pozorovali vyznamné rozdily mezi
skupinou nekastrovanych kancu a mezi skupinou kanct vakcinovanou Improvacem,
a to zejména v agresivnim a sexualnim chovani. Vakcinace Improvacem vyznamné
snizuje vyskyt nechténého agresivniho a sexualniho chovani v porovnani se skupinou
nekastrovanych samcl. Andersson et al. (2012) uvedli, Ze po druhé vakcinaci kanecci

nevykazuji zadné sexualni chovani oproti skupiné kaneCkl bez vakcinace
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Improvacem. Vakcinovana zvifata také vykazovala menS$i pocet koznich lézi, které
byly pocitany po porazce na jate¢ni lince. Dale uvadéji, Ze vakcinace Improvacem je
uzite€na jako prevence proti problémdm s chovanim kanecku ve vykrmu.

Andronie et al. (2016) zjistili, Ze imunokastrovani jedinci méli v priméru 0 49 g
vyS8Si denni pfiristky nez chirurgicky kastrovani jedinci. Dale uvedli, Ze mortalita
u imunokastratl byla nizsi v priméru o 0,23 %. Brunius et al. (2011) zjistovali rozdily
mezi skupinami odlisné kastrovanych kancul. Prvni skupina byla chirurgicky kastrovana
do véku jednoho tydne, druha skupina kane¢kl byla kastrovana imunochemicky ve
véku 10 az 14 tydnu, tfeti skupina byla kastrovana rovnéz imunochemicky v klasickém
kanciho pachu v tuku byla naméfena u skupiny chirurgicky kastrovanych jedinca.
U kancl vakcinovanych ve standardni dobu byly hladiny sloZzek kanciho pachu v tuku
témér totozné jako u skupiny kancl vakcinovanych brzy — androstenon 169 ng/g,
skatol 26 ng/g a indol 6,1 ng/g. U skupiny kaneckul byly hladiny sloZzek kanciho pachu
v tuku nékolikanasobné vyssi. V zavéru studie Bruniuse et al. (2011) udavaji moznost
vyuziti brzké vakcinace pfipravkem Improvac jako alternativu v ramci zachovani
kontroly nad hladinami slozek kanc¢iho pachu a nad testikularni aktivitou kancu.

Dunshea et al. (2001) zkoumali efekt GhnRH (gonadotropin releasing hormone;
gonadotropiny uvolfujici hormon) vakciny (Improvac) na eliminaci kanciho pachu.
Kanci zahrnuti do studie byli vakcinovani 8 tydnl a 4 tydny pfed porazkou. U kancd,
vakcinovanych Improvacem, byla zjisténa redukce varlat a bulbouretralnich zlaz
0 50 %, hladiny testosteronu v séru byly niz§i nez 2 ng/ml u vétSiny vakcinovanych
kancu. Hladiny androstenonu a skatolu v tuku byly u vakcinovanych kancu potlaceny
na nizkou, popfipadé nedetekovatelnou hladinu u 100 % vakcinovanych jedincu.
U kancl, ktefi Improvacem vakcinovani nebyli, byly zjistény vysoké hladiny obou
slozek kanc¢iho pachu, které presahovaly prahové hodnoty 1,0 ug/g pro androstenon
a 0,2 yg/g pro skatol. Aplikace Improvacu se zda byt jako adekvatni nahrada
chirurgické kastrace kaneCkd, a navic dle studie Dunshea et al. (2001) kanci
vakcinovani Improvacem méli vy$Si podil libové svaloviny spolecné s lepSi konverzi
krmiva oproti vepfikim, coz potvrzuji i Pérez-Sato et al. (2021), ktefi porovnavali
skupinu kanec¢kl a imunokastrati ve tfech ukazatelich: plocha musculus longissimus
dorsi, podil libové svaloviny a vysSka hibetniho tuku. Na konci vykrmového obdobi méli

lepSi vysledky imunokastrovani jedinci ve v8ech tfech ukazatelich.
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Vykrm nekastrovanych a imunokastrovanych jedincl byva spojen
s problematikou agresivniho chovani. Rydhmer et al. (2010) porovnavali Cetnost
vyskytu agresivniho chovani u chirurgicky kastrovanych jedincl, imunokastratu
a u kanec¢kl. Kanecci kastrovani chirurgicky byli kastrovani do jednoho tydne véku,
imunokastrati byli vakcinovani vakcinou Improvac, kdy prvni davka byla podana v dobé
mezi 8 — 11 tydny pfed porazkou a druha davka byla podavana 4 tydny pfed porazkou.
Po druhé vakcinaci vykazovali imunokastrati méné cetné agresivni chovani
v porovnani s nekastrovanymi jedinci. Projevy sexualniho chovani se snizily na
stejnou uroven jako u chirurgicky kastrovanych jedincu, dale se u imunokastrata témer
nevyskytovaly kozni Iéze v porovnani s kanecky. | pfes ¢etné vyhody vykrmu kancu je
vykrm kancu spojen s projevy agresivniho chovani, coz s sebou pfinasi nevyhody

spojené predevsim s negativnim dopadem na jejich welfare.

2.3.2.3. Vyziva a krmeni

DalSi moznosti eliminace kanc¢iho pachu je eliminace vyzivou, coz je spojeno
zejména se skatolem. Skatol vznika degradaci aminokyseliny L-tryptofanu
v anaerobnich podminkach stfeva a za jeho produkci jsou zodpovédné zejména
bakterie rodu Escherichia coli, Clostridium ssp. a Lactobacillus ssp., které rozkladaji
tryptofan na indol a kyselinu indoloctovou, ktera je hlavnim prekurzorem vzniku skatolu
(Jensen & Jensen 1993). Hlavnim zdrojem tryptofanu je odpad bunék, které tvori
vystelku stfeva (Claus & Raab 2006), proto je jedna z moznosti snizeni hladiny skatolu
omezeni apoptoézy stfevnich bunék. Tim se snizi mnozstvi bunétného odpadu
a nasledné i mnozstvi tryptofanu. Omezeni apoptdzy Ize zajistit zkrmovanim rdznych
komponentu (Claus et al. 2003). Aluwé et al. (2009) zjistili rozdily mezi skupinami
krmenymi krmnou smési s pfidavkem rozdilnych komponentt (bramborovy Skrob 10
%, bramborovy Skrob 10 % + pSeni¢né otruby, lupina 10 %, inulin 5 %, klinoptilolit 1
%) do standardni diety 4—6 tydnu pfed porazkou. Nebyly v8ak zjistény zadné rozdily
v hladiné kan&iho pachu mezi skupinami kancu krmenymi dietami s odliSnym
pfidavkem komponentu.

V dal$i studii Aluwé et al. (2017) hodnotili vliv zafazeni 5 % inulinu a 5 %
oligofruktézy béhem poslednich 3 tydnu pfed porazkou na kvalitu jate¢né upraveného
téla (JUT), hladinu skatolu a indolu v hifbetnim tuku a také olfaktorické hodnoceni

kancCiho pachu. Vysledkem studie bylo zjisténi, Zze hmotnost JUTu se mezi skupinami
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nelisila, ale vysSi hodnoty libové svaloviny byly zjistény u skupiny krmené pfidavkem
oligofruktézy ve srovnani s kontrolni skupinou. Zkrmovani 5 % inulinu a 5 %
oligofruktdzy ve finalni dieté kanct mélo vyznamny vliv na sniZeni skatolu ve hibetnim
tuku zvifat, bez vlivu na hladinu indolu.

Hansen et al. (2006) nahradili ¢tvrtinu krmné davky prasat susenym kofenem
Cekanky pfiblizné 4 — 9 tydnu pfed porazkou. Byla potvrzena vyznamna redukce
androstenonu v plazmé prasat, kterym byl podavan kofen ¢ekanky v 9. tydnu Zivota.
Kjos et al. (2010) pozorovali nizSi hladinu skatolu ve hibetnim tuku prasat po podavani
c¢ekankového inulinu. Dale uvadéji, Ze podavani ¢ekankového inulinu ve finalni krmné
davce kancl ma za nasledek snizeni hladin skatolu ve hrbetnim tuku, ale takovy
vysledek ma pouze podavani 4,2 % Cistého inulinu.

@verland et al. (2008) uvadeéji, ze skatol v plazmé byl vyznamné redukovan
u kancu, ktefi byli krmeni krmnou davkou, ktera obsahovala kyselinu mravenci
a kyselinu benzoovou oproti kontrolni skupiné. Krmna davka obohacena o organické
kyseliny v8ak neméla Zadny vliv na hladinu skatolu v tukové tkani. Dale bylo
prokazano, ze skupina kanct krmena organickymi kyselinami méla vyznamné nizSi
hodnoty koliformnich bakterii, enterokokl a bakterii produkujicich kyselinu mlé€nou.

Vhile et al. (2012) obohatili krmivo kancu riznym podilem topinamburu jeden
tyden pfed porazkou s cilem ur€it jeho vliv na hladinu skatolu v tlustém stfevé
a v tukové tkani. Dieta, ktera obsahovala vy$Si podil topinamburu, redukovala skatol
ve stievé s tendenci redukce hladiny skatolu i tukové tkani. Snizena hladina skatolu
vSak mohla souviset se snizenym poctem bakterii Clostridium perfrigens, coz mohlo
souviset se zvySenym podilem mastnych kyselin s kratkym Ffetézcem s naslednou
redukci pH.

Zammerini et al. (2012) uvadéji, Ze zkrmovani pfidavku suseného ¢ekankového
kofene, v produktu Fibrosos 60, ktery odpovidal 3 % inulinu, dva tydny pfed porazkou,
mélo vyznamny vliv na redukci skatolu. Zkrmovani ¢ekanky vyznamné ovlivnilo hladinu
skatolu, ale nemélo Zadny vliv na hladinu AND. Argemi-Armengol et al. (2021)
zjistovali vliv zkrmovani ovesné silaze na slozeni mastnych kyselin v tuku u kaneck
a prasnicek a nasledné vliv na hladinu skatolu a indolu v tuku u kanec¢kul. Nebyl zjistén
zadny vliv zkrmovani ovesné silaze na celkovou koncentraci nasycenych mastnych
kyselin a na koncentraci mononenasycenych mastnych kyselin ve vepfovém tuku.

Prokazano v8ak bylo zvySeni celkovych polynenasycenych mastnych kyselin. Na
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hladiny slozek kanc¢iho pachu neméla zména diety vliv, i kdyz diky detekci kan&iho

pachu pomoci lidského nosu, bylo vyfazeno vice kaneCkl krmenych ovesnou silazi.

2.3.2.4. Zkraceni doby vykrmu kanct

DalSi moznosti eliminace kan€iho pachu je zkraceni doby vykrmu. ZvySeni
hladin sloZzek zodpovédnych za kancCi pach je spojovano zejména se zvysujicim se
vékem a hmotnosti kancl (Claus 1979; Ruszyc et al. 1981). Claus & Hoffman (1971)
pozorovali zvy$eni AND v plazmé a v tuku pfiblizné ve 200 dnech véku kancl. Walker
(1980) uvadi, Ze rychle rostouci kanci, ktefi jsou porazeni v hmotnosti 100 az 120 kg,
vykazuji vySSi hladinu AND. Babol et al. (2004) prokazali, Ze vySSi hladina kanciho
pachu je spojena s vékem kancu, coz je spojeno s nastupem pohlavniho dospivani.
Z toho vyplyva, Ze zkraceni doby vykrmu by vyreSilo problém obsahu slozek
porazky.

Vezme-li se v Uvahu rentabilita vykrmu, je nejucinnéjsi vykrm prasat pfiblizné
do zivé hmotnosti 100 kg. S vykrmem kancl do vysSich hmotnosti a vy$Siho véku jsou
spojeny komplikace, vznikajici diky bojim mezi zvifaty, které vedou ke vzniku lézi
(Sencic¢ et al. 2005). Faucitano (2001) uvadi, Ze diky tomu dochazi k velkym finanénim
ztratam jak na strané chovatel(, tak na strané jatek. Zkracenim vykrmu snizuje riziko

vzniku koznich |ézi a kan&iho pachu.

2.4. Problematika vykrmu kanc

Vykrm kancl je pozitivni z hlediska vyuziti jejich rustového potencialu, ale
pfinasi s sebou negativa spojena predevsim s vyskytem agresivniho chovani, které
ma negativni dopad na welfare (Rydhmer et al. 2006). Agresivni chovani ma za
nasledek vznik rlznych poranéni, koznich lézi a v neposledni fadé muze koncit
uhynem. VySSi poCet koznich |ézi spojenych s agresivnim chovanim se vyskytuje na
zaCatku vykrmu, coz je spojeno s vytvarenim socialni hierarchie (Parois et al. 2018).
Agrese mezi kanci se muze projevovat béhem celého dne, ale ve vetSi mife je
pozorovana v dobé krmeni. Stupen agrese béhem krmeni koreluje pfedevsim s vékem
zvitat (Rydhmer et al. 2006). Cetnost agresivniho chovani se zvy$uje také v disledku
naruSeni socialni struktury zvifat. Binger et al. (2015) pozorovali, Zze frekvence

sexualniho a agresivniho chovani byla vysSi u kane¢kl po vyskladnéni pullky prasat
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ze skupiny. Naruseni socialni struktury odstranénim pUlky prasat ze skupiny ovlivnilo
celkovy pocet agonistickych interakci mezi zviraty. Kanecci vykazovali vysSi vyskyt
koznich lézi na krku a na kytach pred vyskladnénim pulky zvifat na jatky a na plecich
po vyskladnéni pulky zvifat na jatky. Buinger et al. (2015) konstatuji, Ze vykrm kaneckd,
bez negativnich vlivll na jejich welfare, je mozny, ale pouze s pouzitim ustajovacich
podminek této studie, tj. pfedevsim krmeni ad-libitum a nizka hustota osazeni.
Zamaratskaia et al. (2005a) pozorovali, ze stuper agrese nesouvisel s zadnymi
zménami v souladu s pohlavnim dospivanim kancu. Battner et al. (2020) uvedli, Zze
jedno zvife (kanec) je povazovano za dominantni nad jinym zvifetem, pokud vyhrava
vice soubojll nez jeho soupef. | kdyZ je rozdilnost kalkulace vyher a proher v soubojich
velmi dilezita, je opomijena v mnoha studiich. Dale uvadéji, ze vyznamné dyadické
kontakty odstavenych selat byly minimalni (12,4 % - 8,8 %), ve vykrmu (4,2 % nebo
0,6 %) a u prasnicek (3,6 % - 0,4 %). Prunier et al. (2013) fesili vliv ustajeni a ro¢niho
obdobi na rozvoj puberty, sloZzky kanciho pachu a kozni Iéze u kancu. Vysledkem bylo
zjisténi, Ze hladiny androstenonu a skatolu v tuku a hmotnost varlat se neliSily mezi

rlznymi typy ustajeni.
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3. Védecké hypotézy a cile prace

Na zakladé prace s odbornou literaturou byly pro disertaCni praci zvoleny nasledujici

védecké hypotézy a tomu odpovidajici cile prace.
3.1. Védecké hypotézy

1. Kojné prasnice, vyuzité jako kojné na prvnim vrhu, budou dosahovat zhorSené
reprodukéni uzitkovosti na nasledujicich vrzich vzhledem k delSi dobé laktace
spojené s vycCerpanim télesnych rezerv v porovnani s prasnicemi, které
nebudou vyuZity jako kojné na prvnim vrhu.

2. Prasnice z intenzivniho chovu budou diky maximalizaci jejich uzitkovosti na

prvnich vrzich vyfazovany z chovu dfive nez prasnice z extenzivniho chovu bez

Vs waiwvos

v v v

3. Ve slinach tézSich a starSich kancu budou pfitomny vyS$si hladiny 5a-androst-
16-en-3-onu, 5a-androst-16-en-3a-olu a 5Sa-androst-16-en-3B3-olu nez ve
slinach mladsich a leh¢&ich kanca.

4. Vyziva kancu dietou s vy8Sim podilem slunecnice topinamburu bude mit
pozitivni vliv na jejich rust, na kvalitu jate¢né upraveného téla a na snizeni
slozek zodpovédnych za kanéi pach oproti skupiné kancu, kde bude podil

slunecnice topinambur ve vyZivé mensi, nebo Zadny.

3.2. Cile prace

1. Porovnat reprodukéni uzitkovost prasnic vyuzitych jako kojnych na prvnim vrhu
s prasnicemi, které nebyly vyuzity jako kojné.

2. Porovnat reprodukéni uzitkovost prasnic z extenzivniho a intenzivniho chovu.

3. Oveéfit vztah mezi hladinami androstenonu ve slinach kancu a vékem kancu.

4. Oveéfit ucinky zkrmovani slunecnice topinamburu na hladiny kanciho pachu

u vykrmovanych kancua.
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4. Publikované prace

Tato disertacni prace, zpracovana na téma "Vliv vybranych zpisobl managementu
chovu na reprodukci prasnic a uzitkové vlastnosti kanec¢kl" a predkladana formou
souboru védeckych c¢lankl, vznikla na zakladé nize uvedenych tfech publikaci,
publikovanych v Casopisech databaze Web of Knowledge s Impact Factor indexem

a jedné publikované prace v Casopise databaze Scopus.
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Abstract: Using nurse sows is a common practice for intensive pig farming because large numbers of piglets per
litter result from intensive breeding. This aim of this study was to compare reproductive parameters of nurse sows
and non-nurse sows in relation to subsequent reproductive performance. The study evaluated 463 breeding sows
that produced at least one litter. The sows were divided into two groups: non-nurse sows (350 sows) and nurse
sows (113 sows) at their first farrowing. The average length of first lactation was 35.12 days for nurse sows and
29.79 days for non-nurse sows. At first parity, nurse sows weaned 5.18% more piglets than did non-nurse sows
(P <0.05). At second parity, nurse sows had 2.25% more live born piglets than did non-nurse sows. Nurse sows also
had 9.59% more total live born piglets and they were removed from the breeding herd later (on average by 67.1 days)
than were non-nurse sows. In conclusion, using sows as nurse sows in their first lactations provides a good solution
when there are large numbers of piglets per litter, and this practice has no negative effect on sows’ subsequent

reproductive performance.

Keywords: lactating sow; farrowing; litter size; piglet; reproduction; wean

Maintaining reproduction at high levels is a cru-
cial aspect of modern pork production (Rothschild
1996). The primary indicator of success in pig breed-
ing is the number of piglets born per sow per year.
A result of successful breeding programmes today
is that the numbers of piglets per litter can exceed
the numbers of teats per sow (Schmitt et al. 2018).
This phenomenon can be related to the breeds that
are commonly used in hybridisation programmes.
Bobcek et al. (2003) reported that the number
of live-born piglets of Large White was increasing,
and Large White is today commonly used on most
intensively managed pig farms. The average num-

ber of teats per sow is 14, and in the Czech Republic
on average 17.8 piglets were born per litter per sow
during 2017 (CZSO 2018). It is apparent that large
numbers of piglets in litters can be maintained only
when sows exhibit excellent milkiness. In any case,
it should be noted that high numbers of piglets re-
duce the amount of milk available to each of them
(Cabrera et al. 2010). A common practice for suc-
cessfully rearing large numbers of piglets per litter
is to use nurse sows. Nurse sows increase the sur-
vival of so-called “surplus” piglets. Bruun et al.
(2016) defined a nurse sow as the sow that weans
its own litter after a minimum of 21 days of lac-
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tation (Regulation 2008/120/EC) and then weans
another litter of surplus piglets from another sow
at minimally 21 days of lactation. Alvasen et al.
(2017) reported that nurse sows were sows wean-
ing their piglets while within one group of sows and
subsequently were transferred to another group
of sows located in another farrowing house. Here,
sows received surplus piglets from other sows and
weaned them at minimally 21 days of lactation.
Bruun et al. (2016) found that nurse sows can be
developed from suckling sows in one or two steps.
In one step means that a nurse sow weans its own
piglets at least at 21 days of lactation and then re-
ceives surplus newborn piglets from another sow
and weans them at minimally 21 days of lactation.
In two steps means that piglets of sow X are given
at the age of 4-8 days to sow Y and sow X then re-
ceives newborn piglets from sow Z that are surplus
within Z’s own litter. Sow X weans them after a min-
imum of 21 days of lactation. It has been found that
older piglets are better accepted by the nurse sows
than are the newborn piglets. The result of nurse
sows’ weaning two litters each is prolonged lacta-
tion. Prolonged lactation in nurse sows can have
a negative effect on animal welfare, because it can
cause a loss of body reserves due to the high milk
production (Koketsu et al. 2017). This was con-
firmed by Alvasen et al. (2017), who reported that
prolonged lactation worsened nurse sows’ body
condition while leading also to teat damage and
leg ulcers, which negatively affected subsequent
litter size. Prolonged lactation can cause a longer
weaning-to-oestrus interval as well (Koketsu et al.
2017). Lactation length together with the weaning-
to-oestrus interval affects subsequent litter size
(Dewey et al. 1994), because of histological changes
in the mammary tissue. Histological evaluation of
the mammary gland showed a modest number
of changes, although these changes were not differ-
entiated between the groups of non-nurse sows and
nurse sows (Rekiel et al. 2007). Bruun et al. (2016)
also observed no differences between the groups
in the same period when they became pregnant in
the subsequent reproductive cycle. Morrow et al.
(1992) observed that the number of piglets per lit-
ter was positively, but not linearly, associated with
longer lactation length. According to Le Cozler
et al. (1997), in the case of a very short lactation
length, the size of subsequent litter was materially
smaller. Another study showed that longer lacta-
tion positively influenced the number of live born
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piglets in the subsequent litter (Xue et al. 1993),
and simultaneously that sows with longer lactations
were culled later from the breeding herd (Xue et al.
1997). We hypothesised that prolonged first lacta-
tion in nurse sows has a negative effect on their
subsequent litter size and lifetime performance due
to the exhaustion of body reserves. The aim of this
study was to compare subsequent reproductive pa-
rameters of nurse sows and non-nurse sows.

MATERIAL AND METHODS

In this study, 463 breeding sows from a farm with
intensive pig farming were evaluated. The evalu-
ated pig farm used sows of DanBred genetics (cross-
breds of Landrace x Yorkshire). Sows were fed
twice a day complete compound feed. Sows were
selected for the study only after they had been re-
moved from the breeding herd, because data on
lifetime performance were then known. The sows
were divided into two groups: non-nurse sows and
nurse sows at their first lactation. 350 sows were
assigned among the non-nurse sows and 113 sows
were assigned into the second group. Sows with
better body condition that were evaluated subjec-
tively by keepers were selected as nurse sows. Nurse
sows weaned their own litter at the age of 21 days.
Then the nurse sows got surplus piglets from
another sow at the age of 8 days. Until that time
surplus piglets were fed in their own litter thanks
to split suckling. Nurse sows weaned the second
litter after 14 days. Non-nurse sows weaned their
piglets at the age 28 days. It was necessary to cal-
culate the lactation length of those sows that were
used as nurse sows after weaning their own lit-
ters. Average lifetime performance was determined
for all sows, as measured by the sums of all live
born and still-born piglets divided in each case
by the litter number after which the sow was re-
moved from the breeding herd. The selected sows
were included in the breeding herd at an average
age of 187.13 days, were inseminated for the first
time at an average age of 231.16 days, and in some
cases they remained in the breeding herd as long
as through the eighth farrowing. The sows were in-
seminated in natural oestrus. All those sows evalu-
ated produced at least one litter. Every reproductive
cycle for every sow was recorded into the system
from the time of sow’s inclusion in the breeding
herd until its removal. Sows were removed from
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breeding after their two unsuccessful insemina-
tions. Information was recorded about every in-
semination, farrowing, number of live born and
still-born piglets and number of weaned piglets.
Statistical evaluation was performed using the SAS
statistical software (Statistical Analysis System,
v9.4; SAS Institute, Cary, NC, USA). Analysis of
variance and generalised linear models were used
in evaluating the influence of individual effects
(influence of using sows as nurse sows on their
subsequent reproductive performance, influence
of first litter size on lifetime performance of sows,
and influence of sows’ reproductive performance
on sow longevity).

Subsequently, the following indicators were cal-
culated and evaluated: least-squares means, stand-
ard deviations, standard errors of the means (SEM),
and P-value (while setting statistical significance
at o = 0.05).

RESULTS AND DISCUSSION

Figure 1 contains information about the number
of nurse sows and non-nurse sows at parity and
their percentages. At the first lactation, 113 sows
(24.41% of the total number) were used as nurse
sows. For subsequent parities, the numbers
of nurse sows decreased but their percentage in-
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creased. At the second lactation, 101 sows (26.79%)
were used as nurse sows. At the third to the fifth
lactations, the situation remained similar like
at the second lactation. The percentage of nurse
sows in the herd was growing up to the fifth parity
and then began to decrease. The high percentage
of nurse sows at parity eight (35.29%) could be due
to rather a low number of the original sows gener-
ally remaining in the study groups at that point.
Table 1 shows the average reproductive perfor-
mance of non-nurse sows and nurse sows at their
first farrowings. There were no significant differ-
ences in the number of live born piglets between
the two groups or in the mean number of stillborn
piglets. Nurse sows had, however, the 15.79% higher
mean number of stillborn piglets at first farrowing.
Nurse sows weaned 5.18% more piglets (P < 0.05)
from their own litters. More piglets weaned by nurse
sows could be due to better condition score, better
maternal characteristics, or good nutrition of sows
and piglets. For example, Mei et al. (2019) observed
that supplementing y-aminobutyric acid to piglets’
feed can improve the stress response of piglets and
increase the number of weaned piglets. A selection
criterion for becoming a nurse sow was the number
of weaned piglets per sow from its own first litter
(called here “litter A”). Nurse sows did not have less
than 13 piglets of theirs own. Nurse sows weaned
a mean of 13.23 piglets per first litter B (foster lit-

Nurse sows

M Non-nurse sows
25.31%

19.75%
35.29%

64.71%

Figure 1. Number of nurse sows and non-nurse sows per individual litters
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Table 1. Reproductive performance of non-nurse sows and nurse sows at first farrowing

Non-nurse sows

Nurse sows

mean minimum maximum SEM mean minimum maximum SEM
Trait P-value
reproductive performance reproductive performance
at first litter at first litter
Number of sows (1) 350 113
Live born piglets per first litter (») 14.58 20 0.15 14.37 20 0.26 0.483
Still-born piglets per first litter () 0.16 0 3 0.03 0.19 0 4 0.05 0.634
Weaned piglets per first litter A (1)  12.56 16.0 0.11 13.21 13 16 0.20 0.005
Weaned piglets per first litter B (n) - - - - 13.23 16 - -
Weaning-to-oestrus interval (days) 6.49 1 38 0.30 5.40 4 25 0.48 0.055
First lactation length (days) 29.79 2 46 0.31 35.12 10 45 0.55 0.001

Litter A = own weaned piglets; Litter B = weaned nurse piglets; SEM = standard error of the mean

ter). Therefore they weaned on average 26.44 pig-
lets in total after the first farrowing. Nurse sows had
the longer first lactation (on average by 5.33 days).
Longer lactation duration is associated with better
subsequent reproductive performance, and specifi-
cally with larger subsequent litter sizes (Xue et al.
1993). Hildago et al. (2014) found that the longer
lactation of primiparous sows improves total pig-
lets born and litter size at their subsequent farrow-
ing. Extending the lactation length from 22 days
to 25 days has been shown to provide better re-
sults in the litter size of sows at subsequent parity
(Costa et al. 2004), and our study confirms this
earlier finding. Sows used as nurse sows during
their first lactations had a higher average number
of live born piglets per second litter than did non-
nurse sows. Nurse sows with prolonged lactation
had the mean weaning-tooestrus interval shorter
by 1.09 day, although this difference was not found
to be statistically significant. The longer period
for uterine involution accompanying the prolonged

lactation might be beneficial, because uterine invo-
lution need not be completed yet in sows weaned
at 21 days of lactation or less (Koketsu et al. 1999).

Table 2 describes the average reproductive per-
formance of non-nurse sows and nurse sows at sec-
ond parity. Greater loss of body reserves and re-
duction of backfat thickness can cause a lower
number of live born piglets at subsequent parity
and diminish lifetime performance. Koketsu et al.
(2017) confirmed that prolonged lactation can
cause nurse sows to lose too much of their body
reserves due to high milk production. Lactation
weight losses > 10% have a negative effect on sub-
sequent reproductive performance (Thaker and
Bilkei 2005). The body condition at weaning in-
fluences the subsequent litter size. Schenkel et al.
(2010) reported that females weighing more than
178 kg, with backfat thickness > 16 mm or with
body fat > 21% at weaning, had the larger second
litters. On the other hand, Schmitt et al. (2018)
found no differences between the two groups of

Table 2. Reproductive performance of non-nurse sows and nurse sows at second farrowing

Non-nurse sows

Nurse sows

mean minimum maximum SEM  mean minimum maximum SEM
Trait P-value
reproductive performance reproductive performance
at second litter at second litter

Number of sows (#) 276 101

Live born piglets per second litter (1) 16.04 0 23 0.20 16.41 8 25 0.32 0.330
Still-born piglets per second litter (n)  0.26 0 14 0.06 0.18 0 2 0.09 0.446
Weaned piglets per second litter (n)  12.21 0 16 0.17 11.89 0 15 0.28 0.325
Second lactation length (days) 28.61 0 51 0.44 28.70 0 46 0.72 0911

SEM = standard error of the mean
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sows when comparing body condition and se-
verity of lesions during lactation. No significant
difference in the number of live born piglets per
second litter was observed in the present study.
Nevertheless, the nurse sows had 2.25% more live
born piglets than did non-nurse sows, and this is
consistent with the study by Koketsu et al. (2017),
who found that nurse sows had more piglets born
alive at subsequent parity than did non-nurse sows.
Better reproductive performance of nurse sows
in this study could be caused by a longer period
of involution due to the prolonged previous lacta-
tion. According to Vernunft et al. (2018), the prob-
lems of decreasing piglet weights and placental
lengths are related with increasing litter size and
they could cause complications during farrowing.
Due to their prolonged lactations, nurse sows have
more time to regain strength for the subsequent
reproductive cycle. There was no statistically sig-
nificant difference between groups in the mean
number of stillborn piglets per second litter, al-
though this number was 30.77% lower for nurse
sows. For non-nurse sows, the number of still-born
piglets was higher by 38.46% than at the first far-
rowing. Koketsu et al. (1999) observed that lower
numbers of stillborn piglets are born from the sec-
ond to the fourth litters. In this case, the higher
number of stillborn piglets of non-nurse sows
could be caused by complications during farrow-
ing, human error at farrowing time, or health prob-
lems of sows. In a study on genetic parameters
for piglet losses, Wolf and Wolfova (2012) found
that 2% of the total variance in piglet deaths prior
to weaning “was caused by permanent environ-
mental effects of the sow”.

Table 3 documents the lifetime reproductive per-
formance of non-nurse sows and nurse sows. There
was no statistically significant difference in average
age at first insemination between the two groups
of sows. Differences between groups began to ap-
pear after the first farrowing. There was no statisti-
cally significant difference between the two groups
in the mean number of lactations per lifetime, al-
though the nurse sow group in fact had on average
0.41 (9.01%) more lactations. Bruun et al. (2016)
reported that nurse sows’ longer lactations have
no influence and no negative effects on the sub-
sequent reproductive performance and that nurse
sows wean more piglets and have higher numbers
of total piglets born at their subsequent pari-
ties. This statement corresponds with the results
of this study. There was no statistical difference
in the mean number of total live born piglets per
litter. According to Le Cozler et al. (1997), the size
of a subsequent litter is lower in the case of a very
short lactation length. Another study shows that
total number of piglets per sow per year and num-
ber of live born piglets per sow per year are not
significantly associated with the lengths of sows’
previous lactations (Xue et al. 1993). Some authors
have also stated that higher numbers of litters cor-
respond with higher numbers of stillborn piglets
(Randall and Penny 1970; Leenhouwers et al. 1999;
Koketsu et al. 2017). Simultaneously, there was no
statistically significant difference in average num-
bers of total live born piglets. Nevertheless, nurse
sows produced on average 7.04 (9.59%) more live
born piglets during their lives. Serenius and Stalder
(2004) reported that a higher number of weaned
piglets in the first litter is a positive indicator

Table 3. Lifetime reproductive performance of non-nurse sows and nurse sows

Non-nurse sows Nurse sows
Trait mean minimum maximum SEM  mean minimum maximum SEM P-value
lifelong reproductive performance lifelong reproductive performance

Lactation (r) 4.14 1 8 0.12 4.55 1 8 0.21 0.083
Age at first insemination (days) 230.71 149 287 0.74  232.53 210 290 1.31 0.226
Live born piglets, total (n) 66.40 6 154 2.03 73.44 7 146 3.58 0.088
Live born piglets per litter (1) 15.57 6 21.6 0.13 15.67 20.3 0.22 0.698
Still-born piglets per litter (#) 0.30 0 7.5 0.03 0.27 0 1.8 0.05 0.571
Total weaned piglets per litter A 51.97 0 109 29.05 57.16 13 107 25.92 0,091
Total weaned piglets per litter B - - - - 19.58 9 52 - -
Age at leaving herd (days) 867.20 359 1474 17.09  934.27 376 1482 30.08 0.053

Litter A = own weaned piglets; Litter B = weaned nurse piglets; SEM = standard error of the mean
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for sow longevity and lifetime performance. This
statement corresponds with the results from this
study. Nurse sows used as nurse sows in their first
lactations were removed from the breeding herd
67.1 days later, although this difference was not sta-
tistically significant. The results of this study show
that prolonging the lactation of nurse sows has no
negative effect on their subsequent and lifetime
performance. In this study, nurse sows had higher
average number of piglets per litter and simultane-
ously better subsequent reproductive performance.
This could reflect good farm management, good
sow health, or longer period of uterine involution.

CONCLUSION

Sows used as nurse sows in their first lactations
showed better lifetime reproductive performance
than did non-nurse sows, had higher number
of weaned piglets in the first litter, had indistinguish-
able or higher number of total live born piglets, and
appear to have been removed somewhat later from
the breeding herd than non-nurse sows. Prolonged
lactation from using sows as nurse sows in their
first lactation potentially appears to have a posi-
tive effect on the animals’ subsequent and lifetime
performance, and in any case it is an advantageous
solution for addressing high numbers of piglets per
litter. This can be a great benefit for intensive pig
farming, because using sows as nurse sows at their
first or later lactations enables piglets to survive
that might not thrive among their littermates and
the survival of these piglets is economically very
important for farms.
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Abstract

Reproductive performance of sows is the main factor influencing the profitability of piglet production,
and simultaneously it is a basic indicator of farm management quality. The aim of this study was to
compare reproductive performance of sows from intensive and extensive feeder pig operations and
the costs on those farms. Evaluated were 42 sows from extensive pig farming and 464 sows from
intensive pig farming. Lifelong performance was determined for all sows. The study's results show
that sows from intensive pig farming achieved a mean 2.04 fewer lactations per lifetime and were
culled earlier (P < 0.0001). The mean total number of live-born piglets was 11.59% lower among sows
from intensive pig farming, but these sows achieved 23.35% (P < 0.0001) higher mean number of
piglets per litter. Despite shorter mean productive life, sows from intensive pig farming were more
profitable. Maximizing the reproductive potential of sows has positive effect on farm profitability,

and simultaneously it has no negative effect on sows' reproductive performance.

Keywords: profitability, reproduction, herd, sow, litter size, intensive farming, extensive farming

INTRODUCTION

Reproductive performance of sows is one of the
most important factors influencing the profitability
of feeder pig production. Number of piglets per
sow per year is a basic indicator determining the
quality of farm management. Many factors — both
external and internal - influence reproductive
performance of sows, and, at the same time, farm
profitability. Among these factors, for example, is
age at first insemination. Very early insemination of
gilts influences their lifelong performance (Babicz
et al, 2011). Recommendations for first insemination
include that gilts should be inseminated for the
first time at age 221-240 days (Babot et al., 2003), if
their weight is 135-150 kg (Williamse et al., 2005),
and when backfat thickness reaches 18-23 mm

(Roongsitthichai and Tummaruk, 2014). Gilts' age
at first insemination greatly influences farm
profitability (Babot et al., 2003). That impact may be
especially important in the case of intensive feeder
pig farming, where the very continuing existence
of the farming operation may depend crucially on
sufficient profitability. Age at first insemination
affects especially the number of live-born piglets
per first litter (Babicz et al,, 2011). As reported by
Brzobohaty et al. (2015), a higher number of live-
born piglets per first litter was achieved by sows
inseminated at age 220-240 days and the number of
live-born piglets also rose when the animals' backfat
thickness was increasing at the same time. This
information is very important for farmers seeking
to maximize their sows' reproductive potential and
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the profitability of their farms. Inseminating gilts
at the wrong age will have negative effects on the
animals' lifelong reproductive performance, and
this has negative impacts on farm profitability
(Szulc et al.,, 2011).

It has been confirmed that sows have higher
numbers of live-born piglets in their second litters
(Beyga and Rekiel, 2010), and this number continues
increasing until the fourth litter (Wahner, 2009).
In the case of intensive pig farming, sows are most
often culled after the third farrowing and sows are
regarded as being at the top of their reproductive
performance at the time of the third litter (Szulc et al,,
2011). Fifth and later litters typically have lower
numbers of live-born piglets and unbalanced litters
(Knecht and Duzinski, 2014), which characteristics
are accompanied by lower profits and higher costs
for measures to increase piglets' survival. It has been
confirmed that piglet survival is lower in unbalanced
litters. Piglets from sows in their sixth and later
litters have the smallest probabilities of survival
(Milligan et al., 2002). An important rule for farmers
is that no more than 20-25% of the total number
of litters should be from sixth and later farrowings
(Hellbrugge et al.,, 2008).

Birth weight is an important factor influencing
reproductive performance of sows and farm
profitability. Piglet birth weight is influenced
primarily by number of piglets per litter (Nogaj
et al., 2006). Skorput et al. (2018) observed that in
large litters produced by prolific sows the variability
of birth weight among the piglets increases together
with the number of lighter piglets. This poses
a substantial challenge for farmers. According to
Nevrkla et al. (2017), pigs with higher birth weight
reach slaughter weight earlier. That means it is
economically more beneficial to have balanced
litters with good birth weights. If a litter includes
more than 13 piglets, piglet weights are lower and
smaller piglets do not survive. This is primarily
a problem in intensive pig farming.

The number of piglets per litter is one of multiple
factors influencing sow longevity and recovering
the costs for their rearing. Among the others are
age at first farrowing, size of first litter, number
of stillborn piglets per first litter, and backfat
thickness. It has been reported that sows from
extensive pig farming operations are culled later
from the breeding herd because the animals receive
more individual care from farmers and a longer
period is required to recover their costs of rearing
and maintenance (Hoge and Bates, 2011). Based
on the literature, it was hypothesized that sows
from intensive pig farming would result in earlier
cost recovery than would sows from extensive pig
farming and that they would be culled earlier from
the breeding herd. The aim of this study was to
compare reproductive performance of sows from
intensive and extensive feeder pig operations and
to model the costs of these farms.

MATERIALS AND METHODS

Evaluated were 506 sows from two different
types of pig farming operations. The first type
was extensive, and 42 sows were evaluated from
that group on a single farm. This farm keeps an
open herd. The second type of pig farming was
intensive, and 464 sows evaluated from that group
on another single farm. This farm keeps a closed
herd. All evaluated sows were Czech Landrace
x Czech Large White hybrids. Sows from both
farms were fed a complete compound feed twice
daily. So that their lifelong performance would be
known, sows were selected based on their dates
of culling from the farm. Only sows having had at
least one litter were included. Information about
reproductive cycles of sows was recorded in the
farm system. The study also examined information
about every insemination, farrowing, number of
live-born piglets, number of stillborn piglets, and
number of weaned piglets. Piglets were weaned at
28 days of age on both farms. Economic indicators
for both farms were evaluated. Other indicators
(purchase prices for gilts, costs per sow per year)
were taken over from current costs as reported by
the Costs of Agricultural Products database at the
Czech Republic's Institute of Agricultural Economics
and information (IAEI, 2018). The evaluation
of economic indicators served only to model
the influence of farm type on profitability. Cost
assumptions were taken from the database.

Statistical evaluation was performed using SAS
statistical software (Statistical Analysis System,
version 9.4, 2012, SAS Institute, Cary, NC, USA).
A generalized linear model procedure was used
to evaluate the influence of individual effects
for type of pig farming's effects on age at culling,
total number of live-born piglets, age at first
insemination, and number of live-born piglets per
litter).

To evaluate these indicators, their values were
calculated and evaluated as least squares means.
Also calculated were standard errors of the
mean (SEM), and P-values indicating statistical
significance at level a = 0.05.

RESULTS

Tab. I shows reproductive performance of sows
from the first to third litters. Sows from extensive
pig farming achieved 29.57% lower mean number
of live-born piglets per first litter (P < 0.0001) and
16.12% (P < 0.0001) fewer weaned piglets. Sows
from extensive pig farming had 80.23% (P < 0.0001)
higher mean number of stillborn piglets per
first litter. The first weaning to estrus interval
was 5.15 days (P < 0.0001) longer for sows from
extensive pig farming. It is apparent from Tab. I
that reproductive performance at the second litter
was similar to reproductive performance at the first
litter. Sows from intensive pig farming achieved
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24.54% (P < 0.0001) higher mean number of live-
born piglets and weaned 9.32% more piglets. Sows
from extensive pig farming had 75.26% (P < 0.0001)
higher mean number of stillborn piglets. The second
weaning to estrus interval was 1.55 days longer
for sows from extensive pig farming. At the third
litter, sows from intensive pig farming achieved
20.89% (P < 0.0001) higher mean number of live-
born piglets and weaned 13.58% (P < 0.0001) more
piglets. The mean number of stillborn piglets at the
third litter was 68.7% (P < 0.0001) higher for sows
from extensive pig farming. The third weaning to
estrus interval was 4.54 days longer for sows from
extensive pig farming. These results show that the
extensive farming operation produced litters with
more variable number of piglets. Under intensive

. Reproductive performance of sows from first to third litters

farming, by comparison, stricter selection and
earlier culling of sows from the farm ensure that
sows produce more balanced litters.

Tab. 1II shows the lifelong reproductive
performance of sows from the two types of feeder
pig operations. Sows from both farms were
inseminated for the first time at approximately
the same age. Sows from extensive pig farming
were inseminated at mean 2.63 days later. These
sows achieved 2.04 (P < 0.0001) higher number
of lactations and they were culled later from the
breeding herd. Sows from extensive pig farming
reached an 11.59% (P < 0.0001) higher mean
number of total live-born piglets. They produced
higher numbers of piglets from their mean
6.29 lactations. Although sows from intensive pig

Extensive pig farming

Intensive pig farming

Item Mean SEM Mean SEM P-value
Number of sows (n) 42 464
Reproductive performance at first litter
Live-born piglets (n) 10.24 0.45 14.54 0.13 <0.0001
Stillborn piglets (n) 0.86 0.16 0.17 0.02 <0.0001
Weaned piglets (n) 10.67 0.24 12.72 0.10 <0.0001
Weaning to estrus interval (days) 11.35 2.82 6.20 0.25 <0.0001
Reproductive performance at second litter
Number of sows 34 378
Live-born piglets (n) 12.18 0.52 16.14 0.17 <0.0001
Stillborn piglets (n) 0.97 0.25 0.24 0.05 <0.0001
Weaned piglets (n) 11.00 0.31 12.13 0.14 0.0209
Weaning to estrus interval (days) 7.25 1.58 5.70 0.44 0.3085
Reproductive performance at third litter
Number of sows (n) 33 337
Live-born piglets (n) 13.33 0.63 16.85 0.19 <0.0001
Stillborn piglets (n) 1.15 0.18 0.36 0.06 <0.0001
Weaned piglets (n) 10.82 0.37 12.52 0.09 <0.0001
Weaning to estrus interval (days) 9.00 241 4.46 0.51 0.0105
SEM - standard error of the mean
II: Lifelong reproductive performance of sows from two different types of pig farming
Extensive farming Intensive farming
Item Mean SEM Mean SEM P-value
Sows (n) 42 464
Age at first insemination (days) 233.76 6.44 231.13 0.64 0.3606
Lactation (n) 6.29 0.55 4.25 0.10 <0.0001
Live-born piglets total (n) 77.24 7.04 68.29 1.78 0.1543
Live-born piglets per litter (n) 11.95 0.34 15.59 0.11 <0.0001

SEM - standard error of the mean.
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1II: Profitability of two different types of pig farming

Extensive farming

Intensive farming

Item Mean Mean Dif.

Purchase of gilt (CZK) 8,000 8,000 0
Costs of sow per year (CZK) 30,000 30,000 0
Litters (n) 6.29 4.25 -2.04
Turnover rate (litters/year) 2.39 2.46 0.06
Years in production (n) 2.62 1.73 -0.89
Lifetime costs of sow (CZK) 78,685 51,857 -26,828
Costs total (CZK) 86,685 59,857 -26,828
Piglets per sow per year (n) 28.58 3895 10.37
Live-born piglets total (n) 77.24 68.29 -8.95
Revenue from pig sales (CZK) 77,240 68,290 -8,950
Profit total (CZK) -9,445 8,433 17,878

Dif. = difference

farming produced 11.59% fewer piglets, they did
S0 in a substantially shorter time (4.25 lactations)
and simultaneously had 23.35% (P < 0.0001) higher
mean number of piglets per litter.

Tab. III shows economic measures and
profitability for the two different types of pig
farming. The purchase price for a gilt was assumed
to be 8,000 CZK (IAEL 2018), and this was the
same for both groups. The mean costs per sow per
year were calculated at 30,000 CZK (IAEI, 2018),
and this also was the same for both groups. The
numbers of lifetime litters per sow were different,
as sows from extensive pig farming achieved 2.04
(32.43%) more lactations. Turnover rate differed
by 0.07, with sows from extensive pig farming
achieving a mean 2.39 litters per year and those
from intensive pig farming 2.46 litters per sow per
year. Sows from extensive pig farming had mean
production life longer by 0.89 year. They remained
a mean 2.62 years on the farm and represented
lifetime costs of 78,685 CZK per sow. The mean
productive life of sows from intensive pig farming
was a shorter 1.73 years, and lifetime costs per sow
were 51,857 CZK. Total costs here refer to lifetime
costs attributable to the sow plus the gilt purchase
price. For sows from extensive pig farming, these
costs were a mean 86.685 CZK. That was 26,828 CZK
more than for sows from intensive pig farming.
Sows from extensive pig farming achieved 8.95
more total live-born piglets, which is 11.59% higher.
This higher number of live-born piglets resulted
in higher revenues from feeder pig sales. Feeder
pigs after weaning were sold for 1,000 CZK. It was
assumed that mean piglet weight at weaning was
8 kg and so the price per kilogram was 125 CZK
(IAEI, 2018). Sows from extensive pig farming
achieved 77,240 CZK in revenues from piglet sales,
which was 8,950 CZK more per animal. Total profit,
however, which means revenues from feeder pig

sales minus total costs, was higher for sows from
intensive pig farming. This profit was 8,433 CZK for
every sow from intensive pig farming. By contrast,
every sow from extensive pig farming brought
a loss 0f-9,445 CZK.

DISCUSSION

Reproductive performance of sows is very
important for the economics of feeder pig
production (Aasmundstad et al, 2014). Important
targets for every producer are to minimize the
unproductive days of sows and to maximize profit
(Madej et al, 2016). Sows that are culled earlier
from the breeding herd have approximately
2.4 times higher litters than do sows that are
culled later (Engblom et al., 2009). The results of
the present study accord with that earlier finding.
Sows from intensive pig farming produced higher
mean number of piglets per litter, and these sows
were culled from the herd earlier than were sows
from extensive farming. This could reflect the high
reproductive potential of sows, due to which they
are able to recover their own costs in less time.
On the other hand, early culling of sows from the
herd could be related to the high proportion of
sows in their first litters, which can be hazardous to
those animals. Already at first litter sows from the
intensive farming operation had a high number of
piglets, and this could be problem for subsequent
reproductive performance and the sows' future
profitability (Soede et al, 2013). This was not
confirmed by our results to be the case, however.
A suitably chosen system for culling sows from the
breeding herd causes balanced production (Beek
et al, 2014). In the present study it was observed
that in extensive pig farming balanced production
is ensured by retaining prolific sows in the breeding
herd for a longer time. Sows from extensive pig
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farming reached a mean 6.29 lactations per sow.
In some unique cases, sows from extensive farming
achieved as many as 12 lactations. A high number
of lactations could reflect that such sows are
producing large litter sizes and thereby ensuring
sufficient profit for farmers. Sows from extensive
pig farming had a mean 2.62 years in production.
During this time, they accumulated costs of
86,685 CZK. The higher costs of these sows relate
to the longer periods that they remained in the
herd. On the other hand, sows from intensive pig
farming had a mean 1.73 years in production and
embodied costs lower by 26,828 CZK and totaling
59,857 CZK. Sows culled later than at the seventh
litter could be poor mothers, have problems with
milkiness, produce unbalanced litters, and more
frequently crush their piglets, and all these aspects
negatively influence farm profitability (Cerovsky,
2002). The sows evaluated in this study that
achieved higher numbers of litters also had higher
numbers of stillborn piglets, lower numbers of
live-born piglets, and lower numbers of weaned
piglets. This could reflect more frequent crushing
of piglets, poorer milkiness of sows, or their
production of unbalanced litters. Sows should be
culled from the breeding herd after a maximum

of six lactations. Most often, sows are culled after
their fourth farrowing (Dourmad et al, 1994;
Koketsu et al, 1999). This was confirmed by this
study only in one case. This statement is true for
intensive pig farming, which aims to maximize the
reproductive potential of sows already from their
first litters. Such a breeding plan is economically
advantageous for the farm. Serenius and Stalder
(2004) have reported that higher numbers of piglets
per litter have positive effect on the longevity and
profitability of sows. It is apparent from this study
that sows from intensive pig farming have higher
numbers of piglets per year and are culled earlier.
Sows from extensive pig farming, by contrast, have
fewer piglets per litter and are culled later. It is also
true, however, that lower numbers of piglets can
mean those piglets born have higher birth weights,
and Nevrkla et al. (2017) report that piglets with
higher birth weights reach slaughter weight earlier.
This could be a big advantage for farm profitability.
Our results show that sows from the intensive pig
farm achieved a mean lifetime profit advantage of
17,878 CZK over sows from the extensive pig farm.
This higher profit is what matters decisively for the
farms.

CONCLUSION

Sows from intensive farming had better reproductive performance and greater profitability than
did sows from extensive farming, despite that their reproductive potential was maximized and they
were culled earlier from the herd. This earlier culling under intensive versus extensive pig farming
was possible because maximizing the animals' high reproductive potential brought earlier recovery
of the costs of rearing and maintaining those animals in the breeding herd. This is important for all
pig farms. Maximizing sows' reproductive potential can positively affect farm profitability without
negatively impacting reproductive performance. Farm profitability is very important today, and,
regardless of the farming system in use, it is important to have excellent knowledge of the biological
principles of sows' reproductive potential and properly to use that knowledge to avoid negatively
affecting sow health and reproductive performance. Particularly in the case of extensive pig farming,
it is economically very important to practice good management to minimize pig losses.
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Simple Summary: Pork is one of the most consumed meats worldwide. In many countries, pork
is produced only from gilts or barrows because of the presence of boar taint in boar’s meat. Boar
taint is an unpleasant odour, which is present in the meat and fat of boars. This odour is related to
the increasing age and body weight of boars. The absence of boar taint in the final product can be
achieved by castration of boars. Regarding the welfare of the animals, it would be appropriate to
find a non-invasive, reliable, and working method for the determination of boar taint during the
fattening of boars. Androstenone, which is one of the main compounds responsible for boar taint,
can be determined from saliva. This method appears to be a hopeful way to predict individuals with
a high level of this compound. Based on the current knowledge, the early slaughter of boars could be
a suitable and functional step to avoid boar taint in the meat or fat, respectively. This is a pilot study
that is focused on the non-invasive determination of boar taint on live animals. In the future, this
method could be simplified and adjusted for use in farm conditions.

Abstract: With the increasing age of boars, the possibility of androstenone (5x-androst-16-en-3-one
(AND), 5a-androst-16-en-3x-ol (x-AND), and 5a-androst-16-en-33-ol (3-AND)) occurrence increases
as well. The aim of this study was to evaluate concentrations of androstenone compounds in the
saliva of boars concerning the age of animals. In total, 72 boars were evaluated (24 boars per replica-
tion). The effect of age (three different ages—152, 163, and 172 days) was observed, and (Landrace x
Large White) x Pietrain genotypes were used. Chemical analysis of saliva samples was conducted by
multidimensional gas chromatography/mass spectrometry (MDGC/MS). Salivary a-AND increased
with age (p < 0.05), and positive correlations were found between age and submaxillary salivary gland
weight (p < 0.05), age, and salivary AND concentration (p < 0.05), body weight and submaxillary
salivary gland weight (p < 0.05), submaxillary salivary gland weight and salivary 3-AND concen-
tration (p < 0.05), as well as submaxillary salivary gland weight and total salivary 5x-androstenone
(AND total) concentration (p < 0.001). Nowadays, animal welfare is becoming a more and more
discussed topic, and pig breeding is not an exception. Specifically, the castration ban is a current
issue, so it is very important to know as much as possible about compounds responsible for boar
taint. Androstenone’s appearance in boars’ saliva could be one of the most important precursors for
future early detection of boar taint.

Keywords: boar taint; entire male pig; salivary gland; steroid hormone; welfare

1. Introduction

Boar’s bodies go through many changes with age to ensure their reproductive ability.
These include changes in anatomy, behaviour, and, of course, hormone production [1].
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In relation to pork meat production, very important are hormonal changes. As boars
age, there is a growing possibility for heightened production of compounds responsible
for boar taint [2]. Boar taint is an odour or taste that can be evident during the cooking
or eating of pork products derived from noncastrated male pigs [3-5]. One of these
compounds is the hormone androstenone, which causes an unpleasant “urine-like” odour
in pork. Androstenone is a steroid hormone produced by Leydig cells [6-8] together
with testosterone. It is stored in adipose tissue or secreted by the salivary glands into the
saliva. Saliva is produced in boars by three main pairs of salivary glands: the parotid,
submaxillary, and sublingual glands [9]. It is predominantly the submaxillary salivary
glands that are associated with the metabolism of the boar taint compound androstenone.
These salivary glands do not contain the andien-3 synthetase system that is necessary
for the synthesis of 5,16-androstadien-33-ol from pregnenolone. Therefore, they are not
able to synthesise steroids from this precursor [10], but they are able to metabolise all
steroids transported to them from circulating blood [11]. Boars’ submaxillary salivary
glands possess the enzyme system needed for the transformation of 5,16-androstadien-3f3-
ol to S5x-androst-16-en-3t-ol and 5x-androst-16-en-33-ol. It is this ability that enables a
boar’s saliva to contain high concentrations of 5x-androst-16-en-3-one, 5x-androst-16-en-
3o-0l, and 5x-androst-16-en-33-ol during sexual excitement [12,13]. The concentration of
androstenone in the saliva of boars is primarily dependent upon the onset of puberty, it is
related to age and live weight of boars, and it is greatly individual [14,15]. During puberty,
levels of steroid hormones begin to increase, causing changes in sexual and aggressive
behaviour in boars [16]. Levels of androstenone in the saliva of boars are related to the
basic manifestations of sexual behaviour. Its “urine-like” odour makes androstenone in
saliva a pheromone [17]. The presence of androstenone in saliva results in the lordosis
reflex in a sow when she is in oestrus. This signals when is the right time for sows to
mate or be inseminated. Therefore, the role of androstenone in saliva is very important.
Androstenone pathways in salivary glands are known [18], but the question remains as
to how androstenone’s concentration in the saliva of boars increases with age. Positive
correlations between the weight of submaxillary salivary gland and age, between the weight
of testis and the weight of submaxillary salivary glands, and between the concentration of
5x-androst-16-en-3-one and the weight of submaxillary salivary glands were observed [19].
However, no results about the levels of androstenone in the saliva of boars were reported.
With a goal of improving animal welfare, researchers most often rely on obtaining saliva
from animals in order to analyse specific compounds. Collecting saliva from boars for
analyses is a non-invasive method of the future. The aim of this study was to evaluate the
relationship between androstenone concentrations in boars’ saliva and their age. Based
upon the literature, it was hypothesised that, due to the effective enzyme system in their
submaxillary salivary glands, there should occur increasing levels of 5x-androst-16-en-3-
one, 5x-androst-16-en-3x-ol, and 5x-androst-16-en-33-ol in saliva in relation to age.

2. Materials and Methods

All experimental procedures were approved by the Ethics Committee of the Central
Commission for Animal Welfare at the Ministry of Education Youth and Sports of the Czech
Republic (Prague, Czech Republic) and were carried out in accordance with Directive
2010/63/EU regarding animal experiments and Local Ethics Commission, case number
13/2018. The experiment was conducted in the Demonstration and Experimental Centre at
the Czech University of Life Sciences Prague (CZ11760061/01).

2.1. Animals

In the present study, three replications of the experiment design were used. We
evaluated 72 boars (24 boars per replication). Moreover, we studied three different ages
of boars (8 boars per age). Boars ((Landrace x Large White) x Pietrain) were housed
individually under identical conditions in the Demonstration and Experimental Centre
of the Czech University of Life Sciences Prague. In the Demonstration and Experimental
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Centre, standard EU microclimatic conditions were secured, which remove the effects of
the season. The average floor area per boar was a minimum of 1 m2. Boars were fed ad
libitum with complete compound feed. The first group were slaughtered at the age of
152 days and average live weight of 105.20 kg (SEM = 2.769 kg), the second group at the
age of 163 days and average live weight of 119.30 kg (SEM = 1.531 kg), and the third group
at the age of 172 days and average live weight of 133.50 kg (SEM = 4.394 kg). The age of
slaughtering was chosen based on reaching the standard slaughter weight of boars and
based on the average age of slaughtered pigs in the EU (150-180 days).

2.2. Post-Mortem Sample Collection

Samples of adipose tissue and submaxillary salivary glands were taken post-mortem
for testing. Samples of adipose tissue were collected 24 h after slaughter in the area
between the first and third cervical vertebrae. The weight of the average sample was
30 g. The samples were packed without skin and muscles and stored in a freezer at
—80 °C. The analysis of the androstenone levels in the adipose tissue was performed
using HPLC (Jasco LC-2000, Watrex Praha, s.r.o., Prague, Czech Republic) described by
methodology [20]. To determine androstenone levels, an Agilent Eclipse XDB C18 column
(5 um, 150 x 4.60 mm ID) operated at 40 °C was used. The parameters of the mobile phase
were: (A) tetrahydrofuran: acetonitrile: sodium phosphate buffer (25 mM): acetic acid
(34: 23.8: 41.4: 0.8) and (B) methanol. Fluorescence detection was performed with excitation
at 346 nm and emission at 521 nm. The standard calibration curve was used to determine
the content of androstenone in the samples. The observations were evaluated using the
programme ChromNAYV (ver. 1.18.04.) [20]. ChromNAV (ver. 1.18.04.)

2.3. Saliva Sample Collection

Saliva was collected on cotton wool tampons one week before slaughtering. It was
ensured that the boars had no access to water or food for approximately 15 min before
saliva collection. Tampons with absorbed saliva (3 mL) were placed into individual plastic
bags, and saliva was pressed out from the tampons. After collection, saliva was stored in
glass tubes at —80 °C to ensure the stability of androstenone [21,22].

2.4. MDGC-MS Analyses

Saliva samples were processed in the laboratories of the Department of Animal Science
at the Czech University of Life Sciences Prague. The chemical analysis was conducted by
multidimensional gas chromatography/mass spectrometry (MDGC/MS). The MDGC/MS
set up included two GC-2010 ovens (Shimadzu, Kyoto, Japan) and columns with two
different stationary phases. The compounds 5x-androst-16-en-3-one (AND), 5x-androst-16-
en-3a-0l (a-AND), and 5x-androst-16-en-33-ol (3-AND) were determined from the saliva
while following the modified methodology described by Dehnhard et al. [23]. The samples
of saliva were analysed using a 50 m FS-Supreme-5 ms capillary column. Ultrapure helium
was used as a carrier gas, with a column head pressure setting of 41 kPa. The injection
temperature was 300 °C. The MS acquisition was performed in SIM by monitoring the ions
m/z 272 for 5a-androst-16-en-3-one, m/z 274 for 5x-androst-16-en-3x-ol (x-AND), and
5a-androst-16-en-33-ol (-AND) and m/z 202 for 5x-androst-3-one (internal standard). A
calibration line and constant amount of internal standard were used for quantification [23].

2.5. Statistical Analysis

Statistical evaluation was performed in SAS (Statistical Analysis System, version 9.4,
2012; SAS Institute, Cary, NC, USA). A generalised linear model procedure was used for eval-
uating individual effects (i.e., the effect of age on the submaxillary salivary gland’s weight,
effect of age on salivary AND concentration, effect of age on salivary a-AND concentration,
effect of age on salivary 3-AND concentration, and effect of age on AND concentration in
adipose tissue). The Pearson correlation coefficient was used for evaluating correlation.
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The following indicators were calculated and evaluated: least-squares means, standard
errors of the means, and p-values (while setting statistical significance at « < 0.05).

3. Results
3.1. Effect of Age on Androstenone Concentrations in Saliva and Adipose Tissue of Boars

Statistically significant differences among groups were observed and are presented
in Table 1. The weight of submaxillary salivary glands increases with age (p < 0.05). The
concentration of salivary AND increases with age (p < 0.05). The highest concentration of
AND was in the oldest group of boars. The increasing concentration of salivary c-AND also
was determined in relationship with the increasing age of boars. The highest concentration
of «-AND was found in the oldest group of boars. The oldest boars reached the highest
levels of androstenone concentration, and statistically significant differences among groups
were found in concentrations of total salivary AND (p < 0.05). The level of total salivary
AND concentration increased with boars’ age. No differences among groups were observed
in levels of AND in adipose tissue.

Table 1. Comparison of groups of boars as of slaughter date for levels of AND, x-AND, and 3-AND.

152 163 172
Scheme 152 (n=24) (n=24) (n=24)
Mean SEM 1 Mean SEM 1 Mean SEM 1
Live weight (kg) 105.20 2.769 119.30 1.531 133.50 4.394
SMG ? weight (g) 23308 2.614 27.97 AB 6.405 41704 4.800
Salivary AND ? (ug/mL) 0.001 B 0.001 0.002 AB 0.002 0.009 A 0.005
Salivary a-AND 4 (ug/mL) 0.012 0.006 0.019 0.007 0.026 0.032
Salivary B-AND ° (ug/mL) 0.017 0.002 0.022 0.008 0.018 0.004
Salivary AND °© total (ug/mL) 0.030 B 0.009 0.043 AB 0.012 0.053 & 0.037
AND 3 in adipose tissue (ug/g) 3.678 2.327 3.491 1.870 4974 1.703
1 SEM—standard error of the mean. Superscripts (AB) indicate statistically significant differences (with
p < 0.05). 2 SMG—submaxillary gland. 3 AND—5a-androst-16-en-3-one. 4 o-AND—5a-androst-16-en-3c-ol.
5 B-AND—S5a-androst-16-en-3p-ol. © AND total—5a-androstenone total.
3.2. The Relationships between Studied Indicators
Table 2 describes the relationships among the various indicators. Positive correla-
tions were observed between most indicators. Strong positive correlations were observed
between age and submaxillary salivary gland weight (p < 0.001), age and salivary AND
concentration (p < 0.001), body weight and submaxillary salivary gland weight (p < 0.001),
submaxillary salivary gland weight and salivary 3-AND concentration (p < 0.01), as well
as submaxillary salivary gland weight and total salivary AND concentration (p < 0.001).
Table 2. Correlation coefficients between studied indicators.
. SMG! Salivary Salivary Salivary Salivary
Ttem Age Body Weight  \yeioht AND ? a-AND3  B-AND%  AND Total ®
1.000
Age 0.000
. 0.816 1.000
Body weight 0.001 0.000
0.902 0.872 1.000
1 .
SMG * weight 0.001 0.001 0.000
0.887 0.650 0.771 1.000
: 2
Salivary AND 0.001 0.022 0.009 0.000
. 4 .747 511 1.
Salivary a-AND 3 0.559 0.460 0 0.5 000

0.059 0.133 0.013 0.090 0.000
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Table 2. Cont.

. SMG ! Salivary Salivary Salivary Salivary
Ttem Age  BodyWeight (g ioht AND ? «-AND3  B-AND*  AND Total 5
0.358 0.404 0.857 0.341 0.468 1.000
. ; 4

Salivary -AND 0.254 0.193 0.002 0.279 0.125 0.000

0.695 0.575 0.882 0.682 0.959 0.628 1.000
: 5
Salivary AND total 0.012 0.050 0.001 0.015 0.001 0.029 0.000
AND 2 in adivose 6 0.328 0.617 0.274 0.263 ~0.200 0.024 ~0.083

1n adipose issue 0.298 0.033 0.443 0.410 0.534 0.941 0.797

1 SMG—submaxillary gland. 2 AND—5a-androst-16-en-3-one. 3 a-AND—5a-androst-16-en-3a-ol. 4 B-AND—
5x-androst-16-en-3p-ol. ° AND total—5x-androstenone total.

4. Discussion

The mean level of salivary «-AND of German Landrace boars was 0.18 ug/mL [23].
In our study, the mean measured concentrations of a-AND were 0.012 pg/mlL for the
youngest boars, 0.019 ug/mL for a middle group of boars, and 0.026 ug/mL for the
oldest boars. The levels of salivary 3-AND were more balanced between groups. The
mean level of salivary 3-AND of German Landrace was 0.02 pg/mL [23]. Additionally,
in this study, the mean measured levels of 3-AND were 0.017 ug/mL for the youngest
boars, 0.022 ug/mL for a middle group, and 0.018 pg/mL for the oldest boars. The
differences could be caused by using different breeds and hybrids with different seasonality
in these studies. Walstra et al. [24] observed higher levels of androstenone in adipose
tissue of pigs during the summer in most European countries. Next significant breed
differences in 16-androstenes levels among Duroc, Hampshire, Landrace and Yorkshire
were reported [25]. For the next evaluation, it would be good to compare groups of most
used hybrid boars because of their routine use in fattening. According to Hurden et al. [26],
in testis, there predominates a reduction in AND to its 33 isomer so that the saliva contains
lower levels of 3-AND. Booth [27] had reported that the concentration of 3-AND exceeded
that of x-AND in post-pubertal testes and that x-AND is the dominant component in
submaxillary salivary glands at all ages. This was confirmed by our results only in one
case, as the oldest boars had higher levels of x-AND in saliva than of the (3 isomer.

Our results confirmed previous studies, which showed the concentration of 5a-
androstenone has a tendency to increase as boars become older and heavier [28]. The
oldest boars reached the highest levels of androstenone concentration, and statistically
significant differences among groups were found in concentrations of total salivary AND
(p < 0.05). Booth et al. [19] had confirmed a positive correlation between 5a-androstenone
concentration in the salivary gland and the submaxillary salivary gland weight. The lowest
levels of androstenone in salivary glands are related to the smallest salivary glands. Simi-
larly, positive correlations between age and submaxillary salivary gland weight (p < 0.001),
age, and salivary AND concentration (p < 0.001) were observed. Moreover, positive relation-
ships were found between body weight and submaxillary salivary gland weight (p < 0.001),
submaxillary salivary gland weight and salivary 3-AND concentration (p < 0.01), as well
as submaxillary salivary gland weight and total salivary 5a-androstenone concentration
(p <0.001). Babol et al. [29] further stated positive correlations among 16-androstene
steroids and synthesis of oestrogens and androgens. Booth et al. [19] had reported positive
correlations between age and submaxillary salivary gland weight and stated that the sub-
maxillary salivary gland’s weight increases with body weight and age, which is consistent
with our results. Babol et al. [30] observed positive correlations between the concentrations
of 16-androstene steroids in salivary glands and androstenone in fat. Positive correlations
of boar taint compounds between different types of tissues offer the possibility to expand
the field of research. For the future, it would be appropriate to measure androstenone as
well as skatole for boar taint detection. More studies need to be executed to completely
understand this problem.
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5. Conclusions

In terms of animal welfare requirements and the possibility of a ban on castration, it is
very important to know as much as possible about compounds responsible for boar taint. To
recapitulate, salivary 5x-androstenone increases with boar age, and its appearance in boars’
saliva could be one of the most important precursors for future early detection of boar
taint. We found the possibility of using this non-invasive method to examine androstenone
concentration in boars’ saliva, which could improve animal welfare in fattening and meet
both the consumers’ and pork producers’ expectations.
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Simple Summary: The elimination of boar taint by a method other than surgical castration without
anaesthesia is currently one of the main topics in pig research. Boar taint occurs in meat from some
entire male pigs and is undesirable for sensitive consumers. Boar taint is mainly caused by skatole.
Skatole is produced by the breakdown of proteins by intestinal bacteria and can be stored in meat
and reduce its sensory quality (taste and odour). Boar taint can be reduced by a diet high in easily
fermentable saccharides, such as Jerusalem artichoke (Helianthus tuberosus L.). These saccharides
change the bacterial colonisation in the intestines and thus reduce the production of skatole. The aim
of this study was to evaluate the effects of different levels of Jerusalem artichoke on performance,
carcass composition and skatole and indole levels in adipose tissue and on microbiota in faecal
samples. In the present study, Jerusalem artichoke had no negative effect on the growth performance
or carcass value in male pigs. Moreover, Jerusalem artichoke led to decreased skatole levels in the
adipose tissue, probably due to the decreased level of proteolytic bacteria, which cause a higher rate
of skatole production in the gastrointestinal tract. It seems that a dietary concentration of 8.1% of
Jerusalem artichoke fed 13 days before slaughter is a sufficient dose for decreasing the skatole levels
to those of castrated males, and this approach could be an alternative to the surgical castration of
male pigs.

Abstract: Jerusalem artichoke contains inulin polysaccharide, which has prebiotic effects and
influences the microbiota of the digestive tract. The addition of Jerusalem artichoke in boar diets may
decrease the content of skatole and indole, which are the main constituents of boar taint, and may also
negatively affect the taste and odor. The objective of this study was to evaluate the effects of different
levels of Helianthus tuberosus L. (H. tuberosus) in feed mixtures on performance, carcass composition,
the levels of microbiota in faecal samples, and the concentrations of skatole and indole in adipose
tissue. The study was performed with 47 crossbred entire male pigs of the Large White 4. X (Large
White game X Landrace) genotype fed a basal diet with 0%, 4.1%, 8.1% or 12.2% H. tuberosus for
13 days before slaughter. Significant differences in daily weight gain and daily feed intake were
found (p = 0.045), with the values being lower in the group with the highest level of H. tuberosus.
In addition, increasing levels of H. tuberosus decreased the concentration of skatole in the adipose
tissue (p = 0.003). The highest level of H. tuberosus decreased the level of Escherichia coli (p < 0.001) in
the faeces. The enterococcal count increased (p = 0.029) in groups with a diet that included 4.1% and
8.1% H. tuberosus. There was also a significant correlation between the concentration of H. fuberosus
and the concentration of E. coli (p < 0.001; —0.64) and the skatole levels in the adipose tissue (p = 0.001;
—0.46). Moreover, there was also a positive correlation between the concentration of E. coli and the
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skatole levels in the adipose tissue (p = 0.023; 0.33). In conclusion, feeding pigs with H. tuberosus
leads to decreased levels of skatole in the adipose tissue. According to the results of our study, a diet
with 8.1% H. tuberosus is sufficient for decreasing skatole levels, which could be due to the decreased
levels of pathogenic bacteria in the intestines.

Keywords: inulin; skatole; microbiota; Escherichia coli; entire male

1. Introduction

Boar taint and its elimination are among the problems associated with entire male pigs. At present,
the European Union aims to ban surgical castration without anaesthesia. The use of lidocaine-based
local analgesia is time consuming and costly and may also induce stress to the animals due to extra
handling [1]. It is important to focus on other strategies to decrease boar taint. The high concentrations
of some compounds cause distinctive boar taint in entire male pigs. Specifically, these compounds
include androstenone, indole and skatole [2,3]. Androstenone is a steroid with an odour typical of
urine. It is synthesised in testes and metabolised in the liver [4]. Skatole, which is formed by tryptophan
degradation in anaerobic conditions, has a characteristic offensive faecal odour. It is produced in the
gastrointestinal tract (GIT), where L-tryptophan is cleaved by Escherichia coli, clostridia and lactobacilli
in the intestines. Most of these bacteria are able to metabolise tryptophan to indole and indole acetic
acid, which is the main precursor of skatole. Indeed, only a small quantity of intestinal bacteria, i.e.,
less than 0.01%, is able to catalyse the decarboxylation of indole acetic acid to skatole [5]. Skatole
is typically metabolised in the liver in two phases. In boars, there is insufficient metabolisation of
androstenone and skatole in the liver; therefore, these substances accumulate in the adipose tissue [6].
Consumer sensitivity to boar taint depends on the individuality of the person. In general, women tend
to be more sensitive to the boar taint than men [7].

To some extent, the production of skatole in the gastrointestinal tract can be influenced by nutrition.
Skatole formation can be reduced when the diet of animals is supplemented with a high quantity of
easily fermentable saccharides, which are not digested by enzymes in the small intestine [8]. These
saccharides are prebiotics; thus, oligosaccharides support the activity and growth of Bifidobacteria
and inhibit the growth of the bacteria involved in skatole and indole formation, e.g., E. coli and
Clostridium spp. [9]. One of these oligosaccharides with prebiotic function is inulin, which passes
in intact form through the upper to the lower parts of the gastrointestinal tract, where it undergoes
bacterial fermentation and is able to change the microbial diversity [10]. The end products of bacterial
fermentation are gases, such as carbon dioxide and hydrogen, lactate and short-chain fatty acids
(i.e., acetate, propionate and butyrate). It is widely accepted that the presence of inulin is able to
change the composition of microbiota in the colon in favour of specific bacterial groups, such as
Bifidobacteria [9,11]. These changes in bacterial fermentation in the colon could result in the reduction
of some potentially pathogenic bacteria and thus the reduction of skatole production [12].

Chicory root and Helianthus tuberosus (Jerusalem artichoke) are examples of inulin sources, and
these plants have a high inulin content. Many studies have demonstrated that providing feed with
chicory or pure inulin influenced the content of skatole in the excrement, blood and adipose tissue
of animals [13-15]. Furthermore, previous studies have shown that diets with chicory roots, dried
chicory or pure inulin significantly decreased skatole in adipose tissue to levels equivalent to those of
castrated males [16-18]. According to some studies, feeding inulin to pigs could also have a beneficial
influence on growth performance, especially on daily weight gain [19,20].

Many authors have monitored the effect of chicory root on the skatole levels in adipose tissue;
however, there is limited information on the effect of H. tuberosus, which has a comparable inulin
content to that of chicory and a similar effect on boar taint. Therefore, the objective of this study was to
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investigate the effect of different levels of H. tuberosus on growth performance, carcass quality, skatole
and indole concentrations in adipose tissue and on microbiota composition.

2. Materials and Methods

The feeding experiment was conducted at the Ploskov Test Station, the external workplace of
the Department of Animal Husbandry of the Czech University of Life Sciences Prague, in the Czech
Republic. The experiment was approved by the Ethics Committee of the Central Commission for
Animal Welfare at the Ministry of Agriculture of the Czech Republic and was carried out in accordance
with Directive 2010/63/EU for animal experiments. The local Ethics Commission, case number 02/2018,
approved all the procedures described in this study.

2.1. Diet and Animals

In the experiment, a total of 72 crossbred entire male pigs of the Large White 4. X (Large
White game X Landrace) (LWg x (LWp X L)) genotype were used. Two animals were housed in each pen,
and 36 pens were used. The average initial weight was 46.6 kg, and the average slaughter weight was
112.1 kg. The pigs were separated into four dietary treatments, and each treatment received a different
diet: a basal diet containing extracted soya bean, wheat and barley meal and feed additive (premix);
the basal diet +4.1% H. tuberosus; the basal diet +8.1% H. tuberosus; or the basal diet +12.2% H. tuberosus.
H. tuberosus used in the diets was dried and milled (particle size < 2 mm). The content of pure
inulin was determined based on the analysis of the dried H. tuberosus. The basal diet was formulated
according to the nutrient needs of the animals and fed ad libitum. The chemical compositions of the
diet and dried H. tuberosus are shown in Table 1. The animals had free access to water throughout the
course of the experiment. The animals were fed the basal diet between 93 and 140 days old. This period
was followed by a 13-day period (from 140 to 153 days old) before slaughter, during which the dried
and milled H. tuberosus was homogenously mixed into the basal diet for each experimental group every
day. The animals were slaughtered at the age of 153 days. The pigs were housed in pairs in pens (with
concrete floor grates) designed for feeding (1 feeder for 2 pigs), and the average daily feed intake was
observed. The average daily weight gain was observed by weighing the animals once a week. At the
end of the experiment, all pigs were weighed. Based on an average body weight (average + 5 kg),
11-13 pigs from each treatment were selected. All selected pigs were close to mean weight of each
treatment. Selected pigs were slaughtered at a commercial slaughterhouse and subjected to analyses.

Table 1. Analysed chemical composition of the basal diet and H. fuberosus.

Nutrient Composition Basal Diet H. tuberosus

Dry matter (%) 90.95 90.00
Crude protein (%) 14.18 8.57
Ether extract (%) 1.06 0.33
Crude fibre (%) 3.63 3.51
Crude ash (%) 4.58 7.47
N-free extract (%) 67.50 70.12
Fructans (%) - 55.76
MEp (MJ/kg) 13.25 13.79

MEp: metabolizable energy for pigs [21].

2.2. Sample Collection

For the microbiological analysis, 0.5 g of uncontaminated fresh faeces was collected from the
rectum of each animal one day before slaughter. The samples were collected in sterile tubes with
9 mL of anaerobic solution containing nutrient broth and tryptone (Oxoid Ltd., Basingstoke, UK) in an
oxygen-free environment developed by injecting carbon dioxide into the tube. The faecal samples were
immediately processed for microbiological analysis. For the analyses of the skatole and indole, samples
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of adipose tissue were collected from the neck region 24 h post-mortem and frozen at —80 °C until the
analyses. The hot carcass weight and lean meat percentage (i.e., using a two-point (ZP) method) were
measured 45 min post-mortem at the slaughterhouse.

2.3. Skatole and Indole Analyses

The analysis of the skatole and indole concentrations in the adipose tissue was performed using
HPLC (Jasco LC-2000, Watrex Praha, s.r.o., Prague, Czech Republic) based on a method described
by [22].

For the skatole and indole determination, a Kinetex C18 100A (5 um, 50 X 4.60 mm ID) column was
used at a 40 °C operating temperature. The mobile phase parameters were as follows: A—potassium
phosphate buffer (10 mM) and B—methanol. The gradient profile programme was as follows: 0-0.2 min,
90% A; 0.2-6.0 min, 90%-55% A; 6.0-7.0 min, 55%—-0% A. The column flow was 1.2 mL/min, with
an injection volume of 30 uL. Fluorescence detection was performed with excitation at 285 nm and
emission at 340 nm. For the determination of skatole and indole from the sample, a standard calibration
curve was used.

For skatole and indole content, the proportion of samples above the detection level was calculated.

2.4. Microbial Analysis

The plate count method was used to evaluate the composition of the faecal microbiota. The groups
of bacteria tested are shown in Table 2. The total counts and bifidobacteria were cultivated at 37 °C for
48 h in anaerobic conditions using the AnaeroGen anaerobic generation system (Oxoid Ltd., Basingstoke,
UK). The lactobacilli were cultivated under microaerophilic conditions using the double-layered plate
method at 37 °C for 48 h. The enterococci were cultivated aerobically at 37 °C for 48 h, and the E. coli
and coliform bacteria were cultivated aerobically at 37 °C for 24 h. The cultivation medium for each
group of bacteria is shown in Table 2.

Table 2. Cultivation media used.

Group Tested Cultivation Medium
Total counts of anaerobic bacteria Wilkins—Chalgren anaerobe agar with the addition of soy peptone (W + S)
Bifidobacteria W+S supplemented with mupirocin (100 mg/L) and glacial acetic acid (1 mL/L)
Lactobacilli Rogosa agar supplemented with glacial acetic acid
(1.32 mL/L)
Enterococci Slanetz—Bartley agar
E. coli and coliform bacteria TBX agar

All media were purchased from Ox0id® (Oxoid Ltd., Basingstoke, UK). TBX: tryptone bile x-glucuronide medium.

2.5. Statistical Analysis

One-way analysis of variance (ANOVA) with the H. tuberosus content in diet as the fixed factor
was used. Live weight, carcass weight and pen had no significant effect on evaluated characteristics,
and therefore they were not included in the final model. The data were evaluated using the general
linear model (GLM) procedure in SAS (version 9.04, Statistical Analysis System, Toronto, ON, Canada).
The significance of the variance between the groups was tested using the Scheffe test. The significance
level was p < 0.05 for all the measurements. A Pearson correlation analysis was used to test for
correlations. Residuals were checked for normality and were distributed normally.

Testing of significant differences was carried out according to the following mathematical statistical
one-way analysis model:

Yi=p+di+ei (1)

where:
Yi = value of the trait;
i = overall mean;
di = effect of the H. tuberosus content in diet (i =1, 2, 3, 4);
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ei = random residual.
3. Results and Discussion

3.1. Growth Performance and Carcass Traits

The effects of the H. tuberosus concentration in the diet on growth performance and carcass traits are
presented in Table 3. With regard to growth performance, a significantly lower (p = 0.042) daily weight
gain (DWG) was found in the group with the highest amount of H. tuberosus compared with that of the
other groups. On the other hand, Houdijk et al. [23], who studied the use of fructooligosaccharides
in feed and their influence on growth performance, did not find any significant differences between
groups fed with or without non-digestible oligosaccharides. Nevertheless, these results are in contrast
to studies by Grela et al. [19] and Wang et al. [24], who found significantly higher daily weight gains
and lower feed conversion ratios in pigs fed a diet supplemented with inulin. The decrease in the DWG
(p = 0.042) in the group fed 12.2% H. tuberosus could be explained by the decreased daily feed intake in
this group, which may have been caused by the presence of substances that altered the organoleptic
properties of the feed mixture.

The amount of H. tuberosus in the diet had no significant influence on carcass traits, which is in
agreement with the results reported by Vhile et al. [25], who found no significant differences between
groups fed with or without H. tuberosus.

Table 3. The effect of the dietary Helianthus tuberosus L. concentrations on the growth performance and
carcass traits of entire males.

Levels of Dietary Control (n=11)  4.1% (n=12) 8.1% (n =11 12.2% (n = 13)

SEM p-Value

H. tuberosus Means Means Means Means
Live weight at 93 days (kg) 46.6 46.9 46.1 46.0 0.69 0.968
Live weight at 153 days (kg) 112.1 1144 113.3 109.0 1.14 0.354
DWG (g) 118432 1176.12 1194.82 1084.4° 16.14 0.042
DFI (kg) 2.652 2.662 2661 2.37b 0.015 0.045
FCR (kg/kg) 2.24 2.26 2.23 2.19 0.011 0.935
Carcass weight (kg) 86.5 86.2 86.3 83.1 1.02 0.581
Dressing yield (%) 77.2 754 76.2 76.2 0.51 0.677
Backfat thickness (mm) 13.8 13.5 14.3 13.5 0.36 0.844
Lean meat share (%) 68.2 67.3 68.7 63.5 0.76 0.053

DWG: daily weight gain; DFI: dailg/ feed intake; FCR: feed conversion ratio; DWG, DFI and FCR were evaluated
between 93 and 153 days of age; * ° Means with different superscripts differ significantly; SEM: standard error of
the mean.

3.2. Skatole and Indole Concentrations in the Adipose Tissue

The effects of the H. tuberosus concentration in the diet on the skatole and indole concentrations
in the adipose tissue are presented in Table 4. No significant effect was found on the concentrations
of indole. These results are in accordance with those of previous studies, which found no significant
difference between animals fed with or without different types of carbohydrates [26-29].

Table 4. The effects of dietary H. tuberosus concentrations on skatole and indole concentrations in the
adipose tissue of entire males.

Control (n = 11) 41% (n=12) 8.1% (n =11) 12.2% (n = 13)

Levels of Dietary H. tuberosus. SEM p-Value
Means + SD Means + SD Means + SD Means + SD
Skatole (ug/g) 0.1482 +0.0143  0.0772 +0.0059  0.027° +0.0022  0.041° + 0.0040 0.0130 0.003
Skatole detection > 0.03 pg/g (%) 72.72 75.00 36.36 53.84
Indole (ug/g) 0.059 + 0.0051 0.045 + 0.0036 0.063 + 0.0086 0.050 + 0.0026 0.0008 0.839
Indole detection > 0.03 ug/g (%) 81.82 58.33 54.54 69.23

&b Means with different superscripts differ significantly; SEM: standard error of the mean
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With regard to the level of skatole, a significant decrease was found when diets containing 8.1%
and 12.2% H. tuberosus were fed to the animals. These results are in agreement with those of several
studies, in which the presence of non-digestible oligosaccharides in the diet decreased the levels of
skatole in adipose tissue [14-16,18,30]. In addition, Vhile et al. [25] fed animals diets with different
levels of H. tuberosus only 7 days before slaughter, and they determined that adding dried H. tuberosus
resulted in a dose-dependent decrease in skatole levels in the adipose tissue.

3.3. Microbiota Concentration in the Rectum

Diet and the presence of probiotics, prebiotics or synbiotics can influence microbiota [31]. In the
present study, no significant difference was found in the total counts of anaerobic bacteria, bifidobacteria,
lactobacilli or coliforms (Table 5), which is in accordance with the findings of Bohmer et al. [31].
A significant effect of H. tuberosus was detected in the count of the enterococci (p = 0.029), which belong
to the order Lactobacillus. The groups given diets supplemented with 4.1% and 8.1% H. tuberosus
had higher enterococcal contents. Likewise, Paflack et al. [32] found that inulin increased the cellular
numbers of enterococci in the faeces of animals. On the other hand, some authors did not find an effect
of inulin on the amounts of enterococci [33,34]. It seems that differences in the results could be caused
by variation in the basal diets or the levels of inulin.

Probiotic bacteria are able to selectively ferment prebiotic saccharides and have a positive effect
on the maintenance of balanced intestinal microbiota [35].

In the present study, there was a significant difference (p < 0.001) in the level of E. coli with
increasing levels of H. tuberosus in the diet. E. coli may be responsible for the transition of indole acetic
acid to skatole [36]. The reduction in E. coli with an increasing amount of H. tuberosus in the diet could
be explained by the antagonistic ability of probiotic bacteria to reduce the levels of enterobacteria,
E. coli and other potentially pathogenic bacteria [37]. Many studies performed on piglets have shown
that a diet enriched with inulin-type fructans has a positive effect on the gastrointestinal tract through
an inhibition of pathogenic bacteria [38—40], a reduction of intestinal pH and an increase in villous
height [41].

Table 5. The effects of dietary H. tuberosus concentrations on the microbiota in the rectums of entire males.

Levels of Dietary Control (n =11) 4.1% (n =12) 8.1% (n=11) 12.2% (n =13) SEM p-Value
H. tuberosus Means + SD Means + SD Means + SD Means = SD
Total anaerobes (log CFU/g) 9.91 +0.229 9.90 + 0.331 9.95 + 0.227 9.82 + 0.264 0.038 0.706
Bifidobacteria (log CFU/g) 8.12 +0.337 8.37 +0.261 8.29 +0.303 8.42 +0.427 0.051 0.177
Lactobacilli (log CFU/g) 9.11 £ 0.322 9.38 + 0.386 9.22 +0.392 9.19 + 0.457 0.057 0.404
Enterococci (log CFU/g) 8.72° +0.379 9.06 # + 0.330 9.00? +0.332 8.70° +0.373 0.055 0.029
Escherichia coli (log CFU/g) 6.78 2 £ 0.617 6.59 2 +£0.272 6.44 2 +0.396 5.67° +0.549 0.093 <0.001
Coliforms (log CFU/g) 5.62 + 0.539 5.45 +0.376 5.77 £ 0.828 5.52 + 0.495 0.083 0.577

&b Means with different superscripts differ significantly; SEM: standard error of the mean; CFU: colony forming units.

3.4. Correlations between the Levels of H. tuberosus, the Microbiota and the Concentrations of Skatole and
Indole

The correlations between the levels of H. tuberosus, the microbiota and the concentrations of
skatole and indole are shown in Table 6. Table 7 shows the correlations between the concentrations of
the microbiota and the skatole and indole levels in the adipose tissue. The results show that increasing
levels of H. tuberosus in the diet are significantly related to decreasing levels of E. coli in the rectum
(p <£0.001; —0.64).

With a decreased content of E. coli, the levels of skatole in the adipose tissue subsequently
significantly decreased (p = 0.023; 0.33). These results are in accordance with the fact that E. coli belong
to the bacteria involved in one part of skatole production in the hind gut [9]. The decreased levels of
E. coli may be caused by the prebiotic effect of inulin from H. fuberosus and the antagonistic ability of
probiotics to reduce levels of pathogenic bacteria. The effect of dietary H. tuberosus could be enhanced
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by combining it with fermented liquid feed, which leads to decreased levels of coliforms and better
performance [42,43].

Table 6. Pearson’s correlation coefficients between increasing dietary H. tuberosus and the concentrations
of microbiota in the rectums and the levels of skatole and indole in the adipose tissue of entire males.

Total Microbiota in Rectums Adipose Tissue
Content Bif. Lactob. Ent. EC Coli. Skat. Ind.
H. tuberosus ~0.10 0.26 0.01 -0.06 —0.641 -0.00 ~0.462 -0.02

concentration

Bif.: Bifidobacteria; Lactob.: Lactobacilli; Ent.: Enterococci; EC: E. coli; Coli.: Coliforms; Skat.: Skatole; Ind.: Indole;
1p<0.001,2 p = 0.001.

Table 7. Pearson’s correlation coefficient between the concentrations of microbiota in the rectums and
the levels of skatole and indole in the adipose tissue of entire males.

Skatole Indole
Total anaerobes 0.11 0.11
Bifidobacteria -0.15 0.04
Lactobacilli -0.17 0.02
Enterococci -0.16 0.05
Escherichia coli 0.331 0.10
Coliforms 0.09 0.07
1p=0.023.

4. Conclusions

In conclusion, feeding animals diets with H. tuberosus leads to a decreased level of skatole in
the adipose tissue. This could be due to the decreased level of proteolytic bacteria, which cause a
greater production of skatole, in the gastrointestinal tract. The enrichment of the diet does not have
any major negative effects on the growth performance or carcass value. It appears that a diet with
8.1% of H. tuberosus fed 13 days before slaughter is a sufficient dose for decreasing the skatole levels, in
boars with carcass weight of 110 kg, to those of castrated males.
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5. Souhrnna diskuze

V této kapitole jsou souhrnné diskutovany vysledky publikovanych praci. Citace
publikovanych praci jsou vtextu oznaceny tucné. Podrobné popsana metodika
spolec¢né s vysledky je uvedena v jednotlivych ¢&lancich v kapitolach 4.1. — 4.4,

S ohledem na publikované prace je souhrnna diskuze rozdélena do ¢tyfech podkapitol.

5.1.  Vliv vyuziti prasnic jako kojnych na jejich celozivotni uzitkovost

Kojné prasnice se v praxi bézné vyuzivaji pro odchov nadpocetnych selat ve
vrzich (Baxter et al. 2013; Bruun et al. 2016; Alvasen et al. 2017; Koketsu et al. 2017).
Jedna se o prasnice, kterym jsou po odstavu jejich vlastnich selat ve véku 28 dni
nasledné predlozena nadpocetna selata z vrhu jiné prasnice (Bruun et al. 2016).
Vyuziti kojnych prasnic ma vyznamny vliv na rentabilitu chovu, ale vzhledem
k prodlouzené laktaci kojnych prasnic s sebou pfinasi otazky spojené s vlivem na jejich
reprodukci. ProdlouzZeni laktace kojnych prasnic muze mit za nasledek jak pozitivni,
tak negativni vliv na jejich celozivotni reprodukéni uzitkovost (Xue et al. 1993; Alvasen
et al. 2017).

V ramci naSi studie byly porovnany dvé skupiny prasnic, a to kojnych prasnic
a prasnic, které jako kojné vyuzity nebyly. Jako kritérium vybéru pro vyuziti prasnic
jako kojnych byl pocCet odstavenych vilastnich selat. U prasnic, které byly vyuzity jako
kojné, byl odstaven v priméru vysSi pocCet selat. VysSi pocty odstavenych selat témito
prasnicemi mohly byt zpisobeny lepsi kondici prasnic, lepSim matefskym chovanim
nebo napfiklad lepSi vyZivou (Pokorna et al. 2020a). ZvySeni poctu odstavenych selat,
jako vybérového kritéria, mize chovatel zajistit napfiklad podavanim y-aminomaselné
kyseliny do krmné smési selatim. Podavanim této kyseliny dochazi ke zlepseni
stresové odpovédi selat na jakékoliv podnéty (Mei et al. 2019). Muze se jednat
napfiklad o tepelny stres, ktery ma negativni vliv na prasnici i selata a vede ke snizeni
predevsim mlécné produkce (Guo et al. 2018). Proto se doporucuje umélé krmeni selat
pravé napriklad i smési obohacenou o y-aminomaselnou kyselinu. Se snizenim stresu
u selat souvisi zejména jejich preziti a nasledny odstav vyssiho poctu selat prasnici
(Mei et al. 2019), ¢ehoz by se dalo vyuZzit u pfedem vybranych prasnic, které chovatel

bude chtit vyuzit jako kojné. Serenius & Stalder (2004) doplfuji, Zze vySSi pocet
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odstavenych selat na prvnim vrhu je pozitivni indikator dlouhovékosti prasnice a jeji
vynikajici celozivotni uzitkovosti.

Prodlouzena laktace kojnych prasnic muze vést ke zhor3eni jejich kondice, dale
k riznym poranénim na strucich a jinym problémum, které ve vysledku zajisti
zhorSenou reprodukcni uzitkovost na druhém vrhu, nebo dokonce vyfazeni prasnice
z chovu (Thaker & Bilkei 2005; Alvasen et al. 2017; Koketsu et al. 2017). Mnohem vice
studii vSak uvadi, Ze prasnice s delSi dobou laktace vykazuji na naslednych vrzich
lepSi reprodukéni uzitkovost, a to predevsim v poctu celkem narozenych selat ve vrhu
celkem a v poctu zivé narozenych selat (Xue et al. 1993; Costa et al. 2004; Hildago et
al. 2014). Tento trend byl potvrzen i v ramci na$i studie, kdy prasnice, které byly vyuzity
jako kojné na jejich prvnim vrhu s delSi dobou laktace, produkovaly vysSi celkovy pocCet
narozenych selat na druhém vrhu oproti prasnicim s kratSi dobou laktace (Pokorna et
al. 2020a). Prodlouzena laktace vSak mulze zpusobovat vyCerpani télesnych rezerv
prasnice s naslednym zhorSenim kondice (Thaker & Bilkei 2005; Koketsu et al. 2017).
Thaker & Bilkei (2005) pozorovali, Zze ztraty télesnych rezerv vyssi nez 10 % maiji za
nasledek negativni dopad na naslednou reprodukéni uzitkovost prasnic. Pokorna et
al. (2020a) potvrdili pouze odstav mensiho poctu selat na druhém vrhu u kojnych
prasnic oproti prasnicim s kratSi dobou laktace. Odstav mensiho poctu selat mize byt
vysvétlovan pravé vycCerpanim télesnych rezerv prasnice. Proto Schenkel et al. (2010)
pro optimalni reprodukéni uzitkovost doporu€uje dbat na to, aby prasnice pfi odstavu
mély vySku hibetniho tuku vy$Si nez 16 mm a procento télesného tuku pfiblizné 21 %.

DelSi délka laktace ovliviiuje také interval odstav-fije u prasnic. Prodlouzeni
laktace ma negativni vliv na délku intervalu odstav-fije, kdy dlouha laktace znamena
prodluzovani tohoto intervalu a nasledné i produkci malopoc€etnych vrhi, coz je pro
chovatele nezadouci (Kemp & Soede 1996; Boyd et al. 2002). V na$i studii viak byl
interval odstav-fije kratSi u kojnych prasnic, tedy prasnic s delSi dobou laktace, které
navic produkovaly vySSi pocCty selat na nasledném vrhu oproti prasnicim s kratSi dobou
laktace (Pokorna et al. 2020a). DelSi délka laktace u kojnych prasnic muze mit
pozitivni vliv na délku intervalu odstav-fije a naslednou reprodukéni uZitkovost diky
delSimu ¢asovému prostoru na involuci délohy, kdy u prasnic, u kterych dojde
k odstavu v 21 dnech po porodu, nemusi byt involuce uplna. To nasledné vede
k prodluzovani intervalu odstav-fije a ke zhorSeni reprodukénich ukazatell prasnic na

nasledném vrhu (Koketsu et al. 1999). Tantasuparuk et al. (2001) navic uvadéji, ze
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prodluzovani intervalu odstav-fije vede k celozivotni produkci niz§iho poctu selat, coz

ProdlouZeni laktace na prvnim vrhu prasnic nema vliv pouze na reprodukéni
uzitkovost prasnice na druhém vrhu, ale mize mit vliv i na jeji celozivotni uzitkovost.
Bruun et al. (2016) se zabyvali porovnanim celoZivotni uzitkovosti mezi kojnymi
prasnicemi a prasnicemi, které jako kojné vyuzity nebyly. Nezjistili zadné negativni
dopady vyuziti prasnic jako kojnych na jejich naslednou uzitkovost v disledku
prodlouzené laktace. V nasi studii, kde doslo k porovnani prasnic, které byly vyuzity
jako kojné na prvni laktaci, a prasnic, které jako kojné vyuzity nebyly, bylo zjiSténo, ze
kojné prasnice produkuji celozivotné vyssSiho poctu zivé narozenych selat, vysSiho
pocCtu narozenych selat na vrh, niz§iho po¢tu mrtvé narozenych selat a vyssiho véku
pfi vyfazovani z chovu (Pokorna et al. 2020a). Dle vysledk( Bruuna et al. (2016)
a Pokorné et al. (2020a) ma prodlouzeni laktace u prasnic pozitivni vliv na celozivotni
uzitkovost. Tyto vysledky doplfiuje Le Cozier et al. (1997), ktefi zjiStovali vliv kratké
doby laktace na reprodukéni uzitkovost prasnic a v pripadé velmi kratké laktace
potvrdili jeji negativni vliv na velikost vrhu. | pfes cil produkovat co nejvy$si pocet selat
ve vrhu by se mél brat ohled na to, Ze vysSi pocet celkové narozenych selat je spojen
i s vy§88im poctem mrtvé narozenych selat, coz neni pro chovatele zadouci (Randall &
Penny 1970; Leenhouwers et al. 1999; Koketsu et al. 2017). Pokorna et al. (2020a)
tyto vysledky nepotvrzuji. Kojné prasnice, které produkovaly vySSi pocty selat ve vrzich
vykazovaly nizSi poCet mrtvé narozenych selat. Pokorna et al. (2020a) dale uvadi, ze
vyuziti prasnic jako kojnych je dobry zplsob managementu v feSeni problematiky
nadpocCetnych selat ve vrhu, ktery nema negativni dopad na celoZivotni uzitkovost

prasnic.

5.2.  Vliv managementu chovu na produkci selat

Reprodukéni uzitkovost prasnic je velmi dllezita pro ekonomiku chovu prasat
(Aasmundstad et al. 2014). Cilem kazdého producenta je minimalizovat neproduktivni
dny prasnic na minimum a tim maximalizovat zisk vzhledem k zajisténi rentability
chovu (Madej et al. 2005). Proto je pro chovatele velmi dulezita produkce co mozna
nejvyssiho poctu selat ve vrhu. To se dafi u prasnic, u kterych je reprodukéni uzitkovost
vyuzita na maximum jiz od prvniho zapusténi, protoze takové prasnice produkuji az

2,4 krat vySSiho poctu selat ve vrhu, ale jsou vyfazovany z chovu dfive (Engblom et al.
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2009). Pokorna et al. (2020b) potvrzuji, Ze prasnice z intenzivniho chovu, u kterych
byl reprodukéni potencial vyuzit od prvniho zapusténi, produkovaly vySSi pocet selat
ve vrhu, ale byly z chovu vyfazovany dfive. Vyuziti reprodukcniho potencialu prasnic
od prvniho vrhu s sebou muze pfinaset problémy na nasledujicich vrzich a zhorSenou
rentabilitou téchto prasnic (Soede et al. 2013). V chovech se velmi Casto feSi
problematika velikosti druhého vrhu, kdy ve vétSiné pfipadu dochazi ke snizeni poctu
selat na druhém vrhu (Hoving 2012). Malé druhé vrhy negativné ovliviuji velikost
naslednych vrhu (Andersen et al. 2011; Hoving et al. 2011) a jejich velikost byva
ovlivnéna velikosti prvniho vrhu (Hoving 2012). AvSak Costa et al. (2004) uvadéji, ze
prasnice na prvnich vrzich produkovaly vrhy s mensim pocCtem selat, nez prasnice na
druhych a dalSich vrzich. Pokorna et al. (2020b) pfi porovnani prvniho vrhu
a naslednych vrhi prasnic z intenzivnich a extenzivnich chovu zjistili, ze nedoslo ke
shizeni velikosti druhého vrhu. V obou typech chovl prasnice na druhém vrhu
produkovaly vyS$Si pocty selat oproti prvnimu vrhu. Beek et al. (2011) pozorovali, Ze
pokud jsou prasnice vyCerpany produkci na prvnich vrzich, jsou pfed€asné vyfazovany
z chovu. Jen vhodné zvoleny systém brakovani zvifat zajisti chovu vyrovnanou
produkci. Podle vysledktu Pokorné et al. (2020b) se management vyfazovani prasnic
v jednotlivych typech chovu prasat lisi a jeho cilem je zajisténi rentability chovu prasat.
V extenzivnich chovech je vyvazena produkce zajisténa setrvanim plodnych prasnic
v chovu po delSi dobu. V ojedinélych pfipadech muzeme u prasnic z extenzivnich
chovll zaznamenat az 12 laktaci, coz mize byt vysvétleno tim, Ze produkuji velké vrhy
a tim zajistuji dostatecny zisk pro zemédélce. Vzhledem k primérnému poctu laktaci
setrvavaji prasnice v extenzivnim chovu primérné 2,62 roku v produkci. B&hem
celého produkéniho zivota prasnic byly jejich primérné naklady 86 685 K¢ (naklady na
jednu prasnici za cely produkéni Zivot). Prasnice z intenzivniho chovu setrvavaly
v chovu v pruméru 1,73 roku. Za tuto dobu byly jejich naklady vycisleny o hodnotu
niz8i 026 828 K& nez u prasnic z extenzivniho chovu. | pfes to, Ze prasnice
z extenzivniho chovu jsou udrzovany v produkci po delSi dobu, vyssi pofadi vrhu byva
spojeno s urditymi problémy. Cefovsky (2002) uvadi, Ze prasnice, které jsou
vyfazovany pozdéji nez na sedme laktaci, jsou horSi matky, maji problémy s mlé¢nosti,
produkuji nizSi pocCty Zivé narozenych selat a je u nich odstavovan niZSi pocet selat.
Coz potvrzuji ivysledky Pokorné et al. (2020b), kde prasnice na vy$Sich vrzich
produkovaly vyS$Si polty mrtvé narozenych selat, nizsi pocty Zivé narozenych selat a

nizsi pocty odstavenych selat. To by mohlo byt vysvétleno tim, ze na vysSich vrzich
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dochazi k CastéjSimu zalehavani selat, prasnice vykazuji zhorSenou mlé€nost a jejich
produkce je celkové nevyrovnana. Z toho divodu by prasnice mély byt vyfazovany
z chovu nejpozdéji po Sesté laktaci, ale v praxi jsou mnohem ¢astéji vyfazovany uz po
Ctvrté (Dourmad et al. 1994; Koketsu et al. 1999). Toto tvrzeni bylo potvrzeno i ve studii
Pokorné et al. (2020b), ale pouze pro prasnice z intenzivniho chovu, kde je
reprodukéni potencial vyuzit jiz od prvniho vrhu, coz je z hlediska ekonomiky pro farmu
vyhodné. Serenius & Stalder (2004) uvedli, ze vySSi pocet selat ve vrhu ma pozitivni
vliv na dlouhovékost a rentabilitu prasnic. Ze studie Pokorné et al. (2020b) je ale
zfejmé, Ze prasnice z intenzivnich chovu, které produkuji vy$si pocty selat za rok, jsou
vyfazovany z chovu dfive. Prasnice z extenzivniho chovu maji naproti tomu méné
selat na vrh a jsou vyfazovany pozdéji. Niz8i pocCet selat ve vrhu v8ak muze znamenat,
Ze narozena selata maji vy$si porodni hmotnost a Nevrkla et al. (2017) uvadéji, ze
selata s vysSSi porodni hmotnosti dosahuji porazkové hmotnosti dfive, coz by mohlo

byt velkou vyhodou pro rentabilitu farmy.

5.3. Zmeény hladin androstenonu ve slinach kancu ve vztahu k véku

Detekce sloZzek kanciho pachu je vzhledem k moznosti zavedeni vykrmu
kanec€ku velmi aktualnim tématem. V detekci slozek zodpovédnych za kanci pach
budou hrat zasadni roli neinvazivni metody. Pro neinvazivni zpusob detekce se nabizi
zpusob analyzy slozek kanciho pachu ze slin kancl, kde je pfitomna jedna ze slozek
zodpovidajicich za kan€i pach — androstenon (Pokorna et al. 2022). Androstenon ve
slinach kanci byl analyzovan ve studii Dehnharda et al. (2013), kde byly analyzovany
sliny kancu plemen némecka landrase a gottingenské miniprase. U kancl plemene
gottingenské miniprase byly zjistény vysSi hodnoty sloZek kanciho pachu oproti
kancim plemene némecka landrase. Hodnota hladin slozek kan¢iho pachu se
shodovala se studii Pokorna et al. (2022) pouze v pfipadé plemene némecka
landrase. VysSi hladiny sloZzek zodpovédnych za kanci pach u gottingenskych
miniprasat mohly byt zplsobeny sezénnosti tohoto plemene. Bylo napfiklad potvrzeno,
Ze tuk kancu obsahuje vyssi hladiny slozek zodpovédnych za kanci pach béhem letni
sezony ve vétsiné evropskych zemi (Walstra et al. 1999). Xue et al. (1996) doplnuji,
Ze mezi plemeny duroc, hampshire, landrase a yorkshire nebyly potvrzeny zadné
vyznamné rozdily v hladinach androstenonu. Pro budouci ucely by bylo dobré
analyzovat slozky zodpovédné za kanli pach u nejvice pouzivanych hybridnich

kombinaci pouzivanych pro vykrm.
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V ramci androstenonu jsou rozliSovany tfi zakladni slozky zodpovédné za kanci
pach, ato 5a-androst-16-en-3-one (AND), 5a-androst-16-en-3a-ol (a-AND) a 5a-
androst-16-en-3p-ol (B-AND) (Brooks & Pearson 1986). Ve varlatech po puberté
dominuje produkce B-AND, zatimco ve slinnych zldzach dominuje produkce a-AND
v kazdém véku kancl (Booth 1975; Hurden et al. 1979). Ve vysledcich studie Pokorné
et al. (2022) byly tyto vysledky potvrzeny pouze v jednom pfipadé. VysSi produkce a-
AND oproti B-AND ve slinach byla potvrzena pouze u skupiny nejstarSich kancu.
Ruszczyc et al. (1981) uvadéji, Zze se hladiny v8ech metabolitd 5a-androstenonu
zvysSuji pfimo umérné s hmotnosti a vékem kancu. Coz potvrzuje i studie Pokorné et
al. (2022), kde nejstarsi kanci dosahovali nevyssich hladin androstenonu.

Booth et al. (1986) potvrdili pozitivni korelaci mezi hladinami Sa-androstenonu
v tkani submaxilarnich slinnych Zlaz a hmotnosti téchto slinnych zlaz. Nizsi hladiny 5a-
androstenonu v tkani submaxilarnich slinnych Zlaz souvisely s niz§i hmotnosti téchto
slinnych zlaz. Hladina 5a-androstenonu vSak byla zjistovana pouze v tkani slinnych
Zlaz. Pokorna et al. (2022) vénovali pozornost vztahu mezi hadinami 5a-androstenonu
ve slinach a dalSimi parametry. V této studii byly potvrzeny pozitivni korelace mezi
vékem kancu a hmotnosti slinnych Zlaz, vékem a hladinou AND, dale mezi Zivou
hmotnosti a hmotnosti submaxilarnich slinnych zlaz, mezi hmotnosti submaxilarnich
slinnych Zldz a hladinou B-AND a v neposledni fadé také mezi hmotnosti
submaxilarnich slinnych zlaz a celkovou hladinou Sa-androstenonu. Tyto vysledky
potvrzuji i Booth et al. (1986), ktefi uvadéji pozitivni korelace mezi vékem kancl
a hmotnosti submaxilarnich slinnych Zlaz a potvrzuji, ze hmotnost submaxilarnich
slinnych zlaz se zvySuje s vékem a Zivou hmotnosti kancu, coz je v souladu s vysledky
Pokorné et al. (2022). Dale byly popsany pozitivni korelace mezi hladinami

androstenonu ve slinnych Zlazach a androstenonu v tuku (Babol et al. 1996).

5.4. Vlivzkrmovani Helianthus tuberosus L. na populace fekalnich bakterii

a hladinu skatolu u kanct

Omezeni chirurgické kastrace kaneCkl znamena vzhledem k pfitomnosti
kanciho pachu ve vepfovém mase zacatek hledani vhodnych alternativ redukce téchto
sloZzek. Okrouhla et al. (2020) uvadéji jednu z moznych alternativ redukce kanciho
pachu, a to zkrmovani Helianthu tuberosu L., nebo-li slune¢nice topinambur (dale jen

topinambur) v dieté kancl. S ohledem na rdstovou schopnost kancu, kanci krmeni

71



krmnou smési s nejvy8Sim podilem topinamburu ve srovnani s ostatnimi skupinami
méli nejniz8i denni pFirdstky. Houdijk et al. (1998), ktefi studovali pouZiti
fruktooligosacharidl v krmivu a jejich vliv na ristovou schopnost kancu, vSak nezjistili
zadné vyznamné rozdily mezi skupinami kancl krmenymi nestravitelnymi
oligosacharidy nebo bez nich. Nicméné vysledky studie Okrouhlé et al. (2020) jsou
v rozporu s vysledky Grely et al. (2013) a Wanga et al. (2019), ktefi zjistili vyznamné
vySSi denni pfiristky a lepSi konverzi krmiva u kanct krmenych smési doplnénou
o inulin. Ve studii Okrouhlé et al. (2020) Ize snizeni denniho pfirdstku ve skupiné
krmené 12,2 % topinamburu vysvétlit snizenym dennim pfijmem krmiva v této skupiné,
ktery mohl byt zplsoben pfitomnosti latek, které ménily organoleptické vlastnosti
krmné smési. Podil zkrmovaného topinamburu v krmné smési nemélo Zadny
vyznamny vliv na vlastnosti jateCné upraveného téla, coz je v souladu s vysledky
uvadénymi ve studii Vhile et al. (2012), ktefi nenasli Zzadné vyznamné rozdily mezi
skupinami krmenymi topinamburem a bez topinamburu. Okrouhla et al. (2020)
nezjistili Zzadny vyznamny vliv na hladiny indolu v tukové tkani kancl. Tyto vysledky
jsou potvrzovany vysledky pfedchozich studii, které nepotvrdily Zadny vyznamny rozdil
mezi zvifaty krmenymi rdznymi pfridavkem ruznych typd sacharidi nebo bez nich
(Andersson et al. 2005; Zamaratskaia et al. 2005b; Chen et al. 2007; Pauly et al. 2008).
S ohledem na hladinu skatolu bylo zjiSténo vyznamné snizZeni hladin této slozky v tuku
kancu pfi podavani krmiva s obsahem 8,1 % a 12,2 % topinamburu (Okrouhla et al.
2020). Tyto vysledky jsou v souladu s vysledky nékolika dalSich studii, ve kterych
pritomnost nestravitelnych oligosacharidi v krmivu snizila hladiny skatolu v tukové
tkani (Hansen et al. 2006; Byrne et al. 2008; Kjos et al. 2010; Zammerini et al. 2012;
Aluwe et al. 2017). Kromé toho Vhile et al. (2012) zkrmovali kancim rdzné podily
topinamburu v krmné smési 7 dni pfed porazkou a zjistili, ze pfidani suseného
topinamburu v zavislosti na jeho podilu ma za nasledek snizeni hladiny skatolu
v tukové tkani kancu.

Pfitomnost probiotik, prebiotik nebo synbiotik v krmné smési, nebo celkové typ
krmné smési muze ovlivnit mikrobiotu ve stfevech kancl (Béhmer et al. 2005).
Okrouhla et al. (2020) neuvadéji zadny vyznamny rozdil v celkovych poctech
anaerobnich bakterii, bifidobakterii, laktobacill nebo koliformnich bakterii, coz je
v souladu se zji§ténimi Bohmera et al. (2005). Vyznamny vliv topinamburu byl
zaznamenan na pocet enterokok, které patfi do fadu Lactobacillus. Skupiny kancd,

kterym byla krmena dieta doplnéna 4,1 % a 8,1 % topinamburu, mély vysSi pocet
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enterokokll. Podobné Palilack et al. (2015) zjistili, Ze inulin navySuje bunécny pocet
enterokokll ve vykalech zvifat. Oproti tomu nékteré studie uvadéji, Zze inulin nema
zadny vliv na pocet enterokokl (Eberhard et al. 2007; Metzler-Zebeli et al. 2009).
Rozdily ve vysledcich téchto studii by mohly byt zpisobeny rozdilnym sloZenim diet
nebo pFitomnosti inulinu v dieté. Probiotické bakterie jsou schopny selektivné
fermentovat prebiotické sacharidy a maiji pozitivni vliv na udrzeni vyvazené strevni
mikrobioty (Russell et al. 2011). Okrouhla et al. (2020) ve své studii uvadi vyznamny
rozdil mezi po¢tem bakterii Escherichia coli (dale jen E. coli) se zvySujicim se podilem
topinamburu v dieté. E. coli mizZe byt zodpovédna za pfeménu kyseliny indoloctové na
skatol (Yokoyama et al. 1979). Snizeni poctu bakterii E. coli se zvySujicim se podilem
topinamburu v krmné smési by se dalo vysvétlit antagonistickou schopnosti
probiotickych bakterii sniZzovat hladiny enterobakterii, E. coli a dalSich potencialné
patogennich bakterii (Saarela et al. 2000). Mnoho studii prokazalo, ze krmna smés
obohacena o fruktany inulinového typu ma pozitivni vliv na prostredi
gastrointestinalniho traktu prostfednictvim inhibice patogennich bakterii u selat
(Tzortzis et al. 2005; Mglbak et al. 2007; Janczyk et al. 2010), sniZzenim stfevniho pH
a zveétSenim plochy kIku (Pierce et al. 2006). Okrouhla et al. (2020) ve své studii zjistili,
Ze zvysujici se podil topinamburu v krmné smési vyznamné souvisi se snizujicim se
poCtem E. coli v konecniku. Se snizenym poc¢tem E. coli souviselo i sniZzeni hladiny
skatolu v tukové tkani. Tyto vysledky jsou v souladu se skute€nosti, Ze E. coli patfi k
bakteriim podilejicim se na €asti produkce skatolu v tlustém stfevé (Roberfroid et al.
1998). Nizké pocty E. coli mohou byt zpusobeny prebiotickym u€inkem inulinu,
pochazejiciho z topinamburu a antagonistickou schopnosti probiotik snizovat hladiny
patogennich bakterii. Uginek topinamburu v diet& by mohl byt zlep$en jeho kombinaci
s fermentovanym tekutym krmivem, coz by mélo za nasledek snizeni poctu
koliformnich bakterii a lep$i uzitkovosti vykrmovanych zvifat (Canibe & Jensen 2003;
Missotten et al. 2015).
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6. Zaver

Zpusoby managementu chovu maiji velmi vyznamnou roli vzhledem k zajmu
chovatele o zajisténi co nejlepSich ZzZivotnich podminek zvifat. Zvoleny zpusob
managementu by mél mit pozitivni efekt jak na Zivotni podminky zvifat, tak i na
ekonomiku chovu. Nejvétsi zajem vefejnosti a chovatell byva o zpuUsoby
managementu, které mohou negativné ovlivhovat welfare zvifat a tim i jejich
uzitkovost. Jedna se prfedev§im o management ovliviiujici reprodukci prasnic, které
produkuji vy$Si podty selat ve vrhu, nez jsou schopné uzivit, a o kastraci kanecku na
porodnach. Pro zhodnoceni téchto vybranych konkrétnich zplisobl managementu
chovu prasat byly zvoleny Ctyfi pFislusné cile v ramci disertacni prace, které byly
splinény. Byla porovnana reprodukéni uzitkovost kojnych prasnic a prasnic, které jako
kojné vyuzity nebyly. Dale byla porovnana reprodukcni uZitkovost prasnic
z extenzivniho a intenzivniho chovu. V neposledni fadé byl ovéfen vztah mezi
hladinou androstenonu ve slinach kancu a jejich vékem a vliv zkrmovani Helianthu
tuberosu L. na hladinu kanciho pachu u vykrmovanych kancu.

Diky produkci vy$siho poctu selat, nez je pocet strukl prasnice, je vyuziti prasnic
jako kojnych nezbytnym pfedpokladem zajisténi odchovu nadbyte¢nych selat ve vrhu.
Problematika nadpocetnych vrhi je spojena zejména s intenzivnimi chovy, kde se pro
produkci selat vyuziva modernich hybridnich kombinaci prasat. Proto se nabizi otazka
vlivu prodlouzeni laktace u kojnych prasnic na jejich welfare, jehoZ odrazem je
i celoZivotni uZitkovost prasnic. | pfes prodlouzenou prvni laktaci kojnych prasnic, ktera
mohla zpulsobit vyCerpani télesnych rezerv prasnic, vykazovaly tyto prasnice lepSi
celozivotni uzitkovost nez prasnice, které jako kojné na prvni laktaci vyuzity nebyly.
Prodlouzena prvni laktace méla pozitivni efekt na velikost nasledujicich vrhi a na
celozivotni uzitkovost prasnic. Prvni hypotéza disertaéni prace nebyla potvrzena, ale
tento vysledek je ve své podstaté velkym benefitem pro intenzivni chovy, kdy vyuziti
prasnic jako kojnych na jejich prvni laktaci zajiStuje preziti nadpocCetnych selat bez
negativhiho dopadu na welfare a celozivotni uzitkovost prasnic, coz je pro chovy
dulezité i z hlediska ekonomiky.

V dusledku zajisténi maximalizace produkce je reprodukéni potencial prasnic
z intenzivnich chovld vyuzivan jiz od prvniho vrhu, coz je odliSné od prasnic
z extenzivnich chova. | pfes maximalni vyuziti prasnic z intenzivnich chovl od zacatku

zarazeni do reprodukce, mély tyto prasnice lepSi vysledky v ramci reprodukéni
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uzitkovosti a rentability, ale byly vyfazovany z chovu dfive nez prasnice z extenzivniho
chovu, proto byla druha hypotéza disertacni prace potvrzena. Prasnice z intenzivniho
chovu byly vyfazovany z chovu dfive diky maximalizaci jejich produkce, avSak bez
negativniho vlivu na jejich uzitkovost, coz je velkym benefitem pro chovy prasat.
Rentabilita chovu prasat je velmi dulezita, ale nelze ji realizovat bez spravné zvoleného
zpusobu managementu chovu, pro jehoz spravné zvoleni je nutné dobfe znat
biologické principy reprodukéniho potencialu prasnic. Dale je nutné uplatnit spravné
znalosti, aby nedochazelo k negativnimu vlivu jak na reprodukci prasnic, tak celkové
na jejich zivotni podminky. Jen vhodné zvoleny zpusob managementu chovu zajisti
ekonomickou navratnost s minimalnimi ztratami s ohledem na welfare zvifat.

S prasnicemi a jejich reprodukéni uzitkovosti souvisi zejména produkce selat.
Produkce selat je pak spojena zejména problematika produkce kanecku, u kterych je
béznym zasahem managementu chovu jejich kastrace do tydne véku. Vzhledem k &im
dal aktualnéjSi moznosti zakazu chirurgické kastrace kaneCku a k ¢im dal vétSimu
tlaku na welfare zvifat je nutné zjistit co nejvice informaci o slozkach zodpovédnych
za kancCi pach av neposledni fadé se snaZit zajistit jejich v€asnou detekci. Jedna
z nejvyznamnéjSich slozek zodpovédnych za kanéi pach — androstenon, mize byt do
budoucna vhodnym prekurzorem. Androstenon, pfitomny i ve slinach kancu, zvySuje
svoji hladinu ve slinach s vékem kancl, coz potvrzuje tfeti hypotézu disertacni prace.
PFitomnost androstenonu ve slinach kancl by do budoucna mohla byt pfinosna pro
neinvazivni metodu v€asné detekce kancCiho pachu, coz by mélo velky pfinos jak
z hlediska welfare zvifat, tak z hlediska spotfebitelt a producentu.

S omezenim chirurgické kastrace nesouvisi pouze v€asna detekce kanciho pachu,
ale také moznosti jeho eliminace. Jako velmi vhodnou alternativou eliminace kanciho
pachu se jevi zkrmovani topinamburu. Zkrmovani topinamburu mélo pozitivni ucinek
na snizeni hladiny skatolu vtukové tkani kancl. Krmna smés s pfidavkem
topinamburu neméla negativni vliv na ristovou schopnost kancu ani kvalitu jateCné
upraveného téla. Ctvrta hypotéza disertaéni prace byla potvrzena. Krmeni krmnou
smési s pfidavkem topinamburu pozitivné ovliviiuje sniZeni slozek zodpovédnych za
kanCi pach a jevi se jako vhodna alternativa chirurgické kastrace kanecku, avSak
s otazkou ekonomického dopadu. Pro dosazeni co nejlepSich vysledkl uzitkovosti
prasat obecné je zajisténi jejich dobrého welfare podstatnou podminkou, kterou lze

uskutecnit pouze v pfipadé vhodné zvolenych zplsobl managementu chovu.

75



7. Seznam pouzité literatury

Aasmundstad T, Olsen D, Sehested E, Vangen O. 2014. The genetic relationships
between conformation assessment of gilts and sow production and longevity.
Livestock Science 167:33-40.

Agergaard N, Laue A. 1998. Absorption of skatole to portal vein blood and liver
turnover in entire male pigs using an in vivo animal model. Skatole and boar
taint. Danish Meat Research Institute, Roskilde.

Alexopoulos JG, Lines DS, Hallett S, Plush KJ. 2018. A review of success factors for
piglet fostering in lactation. Animals 8:38.

Alonso V, Rocco VVB, Galdeano JVB, Santana RS, Molero AHT, Oliveira MCD. 2012.
Split suckling in relation to the parturition order of sows. Revista Brasileira de
Zootecnia 41:221-224.

Aluwé M, Heyrman E, Theis S, Sieland C, Thurman K, Millet S. 2017. Chicory fructans
in pig diet reduce skatole in back fat of entire male pigs. Research in Veterinary
Science 115:340-344.

Aluwé M, Millet S, Nijs G, Tuyttens FAM, Verheyden K, De Brabander HF, De
Brabander DL, Van Oeckel MJ. 2009. Absence of an effect of dietary fibre or
clinoptilolite on boar taint in entire male pigs fed practical diets. Meat Science
82:346-352.

Alvasen K, Hansson H, Emanuelson U, Westin R. 2017. Animal welfare and economic
aspects of using nurse sows in Swedish pig production. Frontiers in Veterinary
Science 4:1-6.

Amdi C, Moustsen VA, Oxholm LC, Baxter EM, Sgrensen G, Eriksson KB, Diness LH,
Nielsen MF, Hansen CF. 2017. Comparable cortisol, heart rate and milk let-
down in nurse sows and non-nurse sows. Livestock Science 198:174-181.

Andersen IL, Neevdal E, Bge KE. 2011. Maternal investment, sibling competition, and
offspring survival with increasing litter size and parity in pigs (Sus scrofa).
Behavioral Ecology and Sociobiology 65:1159-1167.

Andersson HK, Andersson K, Zamaratskaia G, Rydhmer L, Chen G, Lundstrom K.
2005. Effect of single-sex or mixed rearing and live weight on performance,
technological meat quality and sexual maturity in entire male and female pigs
fed raw potato starch. Acta Agriculturae Scandinavica 55:80-90.

76



Andersson K, Brunius C, Zamaratskaia G, Lundstrom K. 2012. Early vaccination with
Improvac? Effects on performance and behaviour of male pigs. Animal: An
International Journal of Animal Bioscience 6:87-95.

Andersson E, Frossling J, Engblom L, Algers B, Gunnarsson S. 2015. Impact of litter
size on sow stayability in Swedish commercial piglet producing herds. Acta
Veterinaria Scandinavica 58:1-9.

Andersson E, Frossling J, Westin R, Algers B, Gunnarsson S. 2020. Associations
between litter size and medical treatment of sows during farrowing and lactation.
Acta Agriculturae Scandinavica 69:176—182.

Andresen @. 1976. Concentrations of fat and plasma 5a-androstenone and plasma
testosterone in boars selected for rate of body weight gain and thickness of back
fat during growth, sexual maturation and after mating. Journal of Reproduction
and Fertility 48:51-59.

Andronie |, Parvu M, Nitu C, Andronie V. 2016. Immunocastration in Fattening Pigs
and its Effects on Productive Performance. Scientific Papers: Animal Science &
Biotechnologies 49:209-211.

Appleby MC. 1996. Can we extrapolate from intensive to extensive conditions? Applied
Animal Behaviour Science 49:23-27.

Argemi-Armengol |, Villalba D, Bertolin JR, Latorre MA, Panella-Riera N, Alvarez-
Rodriguez J. 2021. Dietary silage supplement modifies fatty acid composition
and boar taint in pork fat. Annals of Animal Science 21:477-500.

Babol J, Squires EJ, Bonneau M. 1996. Factors regulating the concentrations of 16-
androstene steroids in submaxillary salivary glands of pigs. Journal of Animal
Science 74:413-4109.

Babol J, Zamaratskaia G, Juneja RK, Lundtrom K. 2004. The effect of age on
distribution of skatole and indole levels in entire male pigs in four breeds:
Yorkshire, Landrace, Hampshire and Duroc. Meat Science 67:351-358.

Baxter EM, Rutherford KMD, D'eath RB, Arnott G, Turner SP, Sandge P, Moustsen
VA, Thorup F, Edwards SA, Lawrence AB. 2013. The welfare implications of
large litter size in the domestic pig Il: management factors. Animal Welfare
22:219-238.

Beek J, Jong ED, Soom AV, Kruif AD, Maes D. 2011. Ovarian cysts in sows: a
multifactorial disorder with consequences on the reproductive performance.
Vlaams Diergeneeskundig Tijdschrift 80:215-222.

7


https://rep.bioscientifica.com/search?f_0=author&q_0=%C3%98.+Andresen

Bergsma R, Kanis E, Knol EF, Bijma P. 2008. The contribution of social effects to
heritable variation in finishing traits of domestic pigs (Sus scrofa). Genetics
178:1559-1570.

Berner H, Dietel M. 1992. Effect of noise on the course of farrowing. Tierarztliche
Umschau 47:549-556.

Bond J. 1963. Effects of loud sounds on the physiology and behavior of swine. US
Department of Agriculture, Washington, D.C.

Bone C, Anderson A, Lou Y, Squires EJ. 2019. The characterization of androstenone
transport in boar plasma. Journal of Steroid Biochemistry and Molecular Biology
185:218-224.

Bonneau M. 1987. Effect of age and live weight on fat androstenone levels in young
boars fed two different planes of nutrition. Reproduction Nutrition Development
27:413-422.

Bonneau M, Desmoulin B. 1980. Evolution de la teneur androstenone du tissue
adipeux dorsal chez le porc male entire de type Large-White: variations selon
les conditions d’elévage. Journal of Reproduction and Nutrition Development
20:1429-1437.

Booth WD. 1975. Changes with age in the occurrence of C19 steroids in the testis and
submaxillary gland of the boar. Reproduction 42:459-472.

Booth WD, Williamson DE, Patterson RLS. 1986. 16-androstene steroids in the
submaxillary salivary gland of the boar in relation to measures of boar taint in
carcasses. Animal Production 42:145-152.

Boyd RD, Castro GC, Cabrera RA. 2002. Nutrition and management of the sow to
maximize lifetime productivity. Advances in Pork Production 13:1-12.

Bohmer BM, Branner GR, Roth-Maier DA. 2005. Precaecal and faecal digestibility of
inulin (DP 10-12) or an inulin/Enterococcus faecium mix and effects on nutrient
digestibility and microbial gut flora. Journal of Animal Physiology and Animal
Nutrition 89:388-396.

Brewster V, Nevel A. 2013. Immunocastration with Improvac™ reduces aggressive
and sexual behaviours in male pigs. Applied Animal Behaviour Science 145:32—
36.

Brooks RI, Pearson AM. 1986. Steroid hormone pathways in the pig, with special

emphasis on boar odor: a review. Journal of Animal Production 62:632—645.

78



Broom DM. 1991. Animal welfare: concepts and measurement. Journal of Animal
Science 69:4167-4175.

Brunius C, Zamaratskaia G, Andersson K, Chen G, Norrby M, Madej A, Lundstrom K.
2011. Early immunocastration of male pigs with Improvac®-Effect on boar taint,
hormones and reproductive organs. Vaccine 29:9514-9520.

Bruun TS, Amdi C, Vinther J, Schop M, Strathe AB, Hansen CF. 2016. Reproductive
performance of “nurse sows” in Danish piggeries. Theriogenology 86:981-987.

Burgeon C, Debliquy M, Lahem D, Rodriguez J, Ly A, Fauconnier ML. 2021. Past,
present, and future trends in boar taint detection. Trends in Food Science &
Technology 112:283-297.

Bunger B, Schrader L, Schrade H, Zacharias B. 2015. Agonistic behaviour, skin lesions
and activity pattern of entire male, female and castrated male finishing pigs.
Applied Animal Behaviour Science 171:64—68.

Battner K, Czycholl I, Mees K, Krieter J. 2020. Temporal development of agonistic
interactions as well as dominance indices and centrality parameters in pigs after
mixing. Applied Animal Behaviour Science 222:1-9.

Byrne DV, Thamsborg SM, Hansen LL. 2008. A sensory description of boar taint and
the effects of crude and dried chicory roots (Cichorium intybus L.) and inulin
feeding in male and female pork. Meat Science 79:252—-269.

Canibe N, Jensen BB. 2003. Fermented and nonfermented liquid feed to growing pigs:
effect on aspects of gastrointestinal ecology and growth performance. Journal
of Animal Science 81:2019-2031.

Claus R. 1979. Pheromone bei Saugetieren unter besonderer Berucksichtigung des
Ebergeruchsstoffes und seiner Beziehung zu anderen
Hodensteroiden.Zeitschrift fur Tierphysiologie Tierernahrung 10:100-136.

Claus R, Alsing W. 1976. Einfluss von Choriongonadotropin, Haltungsanderung und
sexueller Stimulierung auf die Konzentrationen von Testosteron im Plasma
sowie des Ebergeruchsstoffes im Plasma und Fett eines Ebers. Berl Munch
Tierarztl Wochenschr 89:354-358.

Claus R, Hoffmann B. 1971. Determination of A16-steroids in boars. European Journal
of Endocrinology 68:155.

Claus R, Losel D, Lacorn M, Mentschel J, Schenkel H. 2003. Effects of butyrate on
apoptosis in the pig colon and its consequences for skatole formation and tissue

accumulation. Journal of Animal Science 81:239-248.

79



Claus R, Raab S. 1999. Influences on skatole formation from tryptophan in the pig
colon. Tryptophan, Serotonin, and Melatonin Basic Aspects and Applications
467:679-684.

Claus R, Weiler U, Herzog A. 1994. Physiological aspects of androstenone and skatole
formation in the boar — a review with experimental data. Meat Science 38:289—
305.

Cole DJA, Varley MA, Hughes PE. 1975. Studies in sow reproduction. 2. The effect of
lactation length on the subsequent reproductive performance of the sow. Animal
Science 20:401-406.

Costa EP, Filha WA, Costa AHA, Carvalho FF, Santos AK, Silva AF. 2004. Influence
of the lactation length in the subsequent litter size of sows. Animal Reproduction
1:111-114.

Craig HB, Pearson AM, Webb NB. 1962. Fractionation of the components responsible
for sex odor/flavour in pork. Journal of Food Science 27:29-35.

Cechova M, Tvrdof Z. 2006. Relationships between backfat thickness and parameters
of reproduction in the Czech Large White sows. Archives Animal Breeding
49:363-369.

Cerovsky J. 2002. Higher piglet production per sow is a step in the right direction.
Farmar 8:41-43.

Csu. 2021. Spotfeba potravin a nealkoholickych napoju (na

obyvatele za rok) — 2020. Available from https://www.czso.cz/csu/czso/spotreb

a-potravin (accessed November 2021).

De Brabander HF, Verbeke R. 1986. Quantitative determination of androstenone in pig
adipose tissue. Journal of Chromatography A 363:293-302.

De Rosa LS, Souza MIL, Correa Filho RAC, da Costa Filho LCC. 2015. Genetic group
and parity order on productive and reproductive performance of sows. Revista
Brasileira de Saude e Produgao Animal 16:47-56.

Dehnhard M, Rohrmann H, Kauffold J. 2013. Measurement of 16-Androstenes (5a-
androst-16-en-3-one, 5a-androst-16-en-3a-ol, 5a-androst-16-en-33-ol) in
Saliva of German Landrace and Géttingen Minipig Boars. Chemical Signals in
Vertebrates 12:381-389.

Deslandes B, Gariépy C, Houde A. 2001. Review of microbiological and biochemical
effects of skatole on animal production. Livestock Production Science 71:193—
200.

80


https://www.czso.cz/csu/czso/spotreba-potravin
https://www.czso.cz/csu/czso/spotreba-potravin

Desmoulin B, Bonneau M, Frouin A, Bidard JP. 1982. Consumer testing of pork and
processed meat from boars: the influence of fat androstenone level. Livestock
Production 9:707-715.

Dewey CE, Martin SW, Friendship RM, Wilson MR. 1994. The effects on litter size of
previous lactation length and previous weaning-to-conception interval in Ontario
swine. Preventive Veterinary Medicine 18:213-223.

Dourmad JY, Etienne M, Prunier A, Noblet J. 1994. The effect of energy and protein
intake of sows on their longevity: a review. Livestock Production Science 40:87—
97.

Dunshea FR, Colantoni C, Howard K, McCauley I, Jackson P, Long KA, Lopaticki S,
Nugent EA, Simons JA, Walker J, Hennessy, D. P. 2001. Vaccination of boars
with a GnRH vaccine (Improvac) eliminates boar taint and increases growth
performance. Journal of Animal Science 79:2524-2535.

Eberhard M, Hennig U, Kuhla S, Brunner RM, Kleessen B, Metges CC. 2007. Effect of
inulin supplementation on selected gastric, duodenal, and caecal microbiota
and short chain fatty acid pattern in growing piglets. Archives of Animal Nutrition
61:235-246.

EFSA. 2004. Opinion of the scientific panel on animal health and welfare on a request
from the commission related to welfare aspects of the castration of piglets 1
(Question N - EFSA-Q-2003 - 091) Adopted on the 12th and 13th July 2004.
The EFSA Journal 1:1-18.

Engblom L, Lundeheim N, Dalin AM, Andersson K. 2007. Sow removal in Swedish
commercial herds. Livestock Science 106:76—-86.

Engblom L, Lundeheim N, Dalin AM, Andersson K. 2009. Genetics of crossbred sow
longevity. Animal 3:783-790.

Engblom L, Lundeheim N, Strandberg E, del Schneider P, Dalin AM, Andersson K.
2008. Factors affecting length of productive life in Swedish commercial sows.
Journal of Animal Science 86:432-441.

Faucitano L. 2001. Causes of skin damage to pig carcasses. Canadian Journal of
Animal Science 81:39-45.

Filha WA, Bernardi ML, Wentz |, Bortolozzo FP. 2010. Reproductive performance of
gilts according to growth rate and backfat thickness at mating. Animal
Reproduction Science 121:139-144.

Fraser D. 2008. Understanding animal welfare. Acta Veterinaria Scandinavica 50:1-7.

81



Freyer G. 2018. Maximum number of total born piglets in a parity and individual ranges
in litter size expressed as specific characteristics of sows. Journal of Animal
Science and Technology 60:1-7.

Gottardo F, Scollo A, Contiero B, Ravagnani A, Tavella G, Bernardini D, De Benedictis
GM, Edward SA. 2016. Pain alleviation during castration of piglets: a
comparative study of different farm options. American Society of Animal Science
94:5077-5088.

Grela ER, Pietrzak K, Sobolewska S, Witkowski P. 2013. Effect of Inulin and Garlic
Supplementation in Pig Diets/Efektywnosc dodatku inuliny i czosnku w zywieniu
tucznikow. Annals of Animal Science 13:63-71.

Guo Z, Lv L, Liu D, Fu B. 2018. Effects of heat stress on piglet production/performance
parameters. Tropical animal health and production 50:1203-1208.

Hansen LL, Mejer H, Thamsborg SM, Byrne DV, Roepstorff A, Karlsson AH, Hansen-
Mgller J, Jensen MT, Tuomola M. 2006. Influence of chicory roots (Cichorium
intybus L) on boar taint in entire male and female pigs. British Society of Animal
Science 82:1-11.

Hansson KE, Lundstrem K, Fjelkner-Modig S, Persson J. 1980. The importance of
androstenone and skatole for boar taint. Swedish Journal of Agriculture
Research 10:167.

Hemsworth PH, Mellor DJ, Cronin GM, Tilbrook AJ. 2015. Scientific assessment of
animal welfare. New Zealand Veterinary Journal 63:24-30.

Hidalgo DM, Friendship RM, Greiner L, Manjarin R, Amezcua MR, Dominguez JC,
Kirkwood RN. 2014. Influence of lactation length and gonadotrophins
administered at weaning on fertility of primiparous sows. Animal Reproduction
Science 149:245-248.

Holder RB, Lamberson WR, Bates RO, Safranski TJ. 1995. Lifetime productivity in gilts
previously selected for decreased age at puberty. Animal Science 61:115-121.

Hoshino Y, Koketsu Y. 2009. An evaluation of the impact of increased lactation length
on the reproductive efficiency of sows in commercial herds. Journal of
Veterinary Medical Science 71:299-303.

Houdijk JGM, Bosch MW, Verstegen MWA, Berenpas HJ. 1998. Effects of dietary
oligosaccharides on the growth performance and faecal characteristics of young
growing pigs. Animal Feed Science and Technology 71:35-48.

82



Hoving LL. 2012. The second parity sow: Causes and consequences of variation in
reproductive performance. Wageningen University and Research, Wageningen.

Hoving LL, Soede NM, Graat EAM, Feitsma H, Kemp B. 2011. Reproductive
performance of second parity sows: Relations with subsequent reproduction.
Livestock Science 140:124-130.

Hughes PE. 1998. Effects of parity, season and boar contact on the reproductive
performance of weaned sows. Livestock Production Science 54:151-157.

Hurden EL, Gower DB, Harrison FA. 1979. Biosynthesis of 16-androstenes and
androgens in boar testis in vivo. The Journal of Endocrinology 81:161-162.

Chen G, Zamaratskaia G, Andersson HK, Lundstrom K. 2007. Effects of raw potato
starch and live weight on fat and plasma skatole, indole and androstenone
levels measured by different methods in entire male pigs. Food Chemistry
101:439-448.

lida R, Yatabe Y, Pineiro C, Koketsu Y. 2019. Nurse sows’ reproductive performance
in different parities and lifetime productivity in Spain. Journal of Agricultural
Science 11:29-38.

Improvac - Zoetis. 2020. Improvac pribalovy letak. Available from
https://myhealthbox.eu/cs/improvac/3533276 (accessed December 2020).

Janczyk P, Pieper R, Smidt H, Souffrant WB. 2010. Effect of alginate and inulin on

intestinal microbial ecology of weanling pigs reared under different husbandry
conditions. FEMS Microbiology Ecology 72:132-142.

Jensen BB, Jensen MT. 1993. In Measurement and Prevention of Boar Taint in Entire
Male Pigs. Roskilde, Denmark 60:99-105.

Jensen MT, Cox RP, Jensen BB. 1995. 3-Methylindole (skatole) and indole production
by mixed populations of pig fecal bacteria. Applied and Environmental
Microbiology 61:3180-3184.

Joseph DR. 1994. Structure, function, and regulation of androgen-binding protein/sex
hormone-binding globulin. Vitamins and Hormones, 49:197-280.

Kamenik J, Kratochvil J. 2012: Boar taint. Maso 2:3-9.

Katkov T, Booth WD, Gower DB. 1972. The metabolism of 16-androstenes in boar
salivary glands. Biochimica et Biophysica Acta 270:546-556.

Kemp B, Soede NM. 1996. Relationship of weaning-to-estrus interval to timing of
ovulation and fertilization in sows. Journal of Animal Science 74:944—-949.

83


https://myhealthbox.eu/cs/improvac/3533276

Kjos NP, @verland M, Fauske AK, Sgrum H. 2010. Feeding chicory inulin to entire
male pigs during the last period before slaughter reduces skatole in digesta and
backfat. Livestock Science 134:143-145.

Knecht D, Srodon S, Duzinski K. 2015. The impact of season, parity and breed on
selected reproductive performance parameters of sows. Archives Animal
Breeding 58:49-56.

Knox RV. 2003. The anatomy and physiology of sperm production in boars. University
of llinois, Urbana. Available from http://www.ansci.wisc.edu/jjp1/pig case/html/

library/boara&p.pdf (accessed December 2020).
Kobek-Kjeldager C, Moustsen VA, Theil PK, Pedersen LJ. 2019. Effect of litter size,

milk replacer and housing on behaviour and welfare related to sibling

competition in litters from hyper-prolific sows. Applied Animal Behaviour
Science 14:824-833.

Koketsu Y, Dial GD. 1997. Factors influencing the postweaning reproductive
performance of sows on commercial farms. Theriogenology 47:1445-1461.

Koketsu Y, Takahashi H, Akachi K. 1999. Longevity, lifetime pig production and
productivity, and age at first conception in a cohort of gilts observed over six
years on commercial farms. Journal of Veterinary Medical Science 61:1001—
1005.

Koketsu Y, Tani S, lida R. 2017. Factors for improving reproductive performance of
sows and herd productivity in commercial breeding herds. Porcine Health
Management 3:1-10.

Kongsted AG, Hermansen JE. 2009. Sow body condition at weaning and reproduction
performance in organic piglet production. Acta Agriculturae Scandinavica
59:93-103.

Kummer R, Bernardi ML, Wentz |, Bortolozzo FP. 2006. Reproductive performance of
high growth rate gilts inseminated at an early age. Animal Reproduction Science
96:47-53.

Laderoute H, Bone C, Brewer D, Squire EJ. 2019. The synthetis of 16-androstene
sulfoconjugates from primary porcine Leydig cell culture. Steroids 146:14—20.

Lavery A, Lawlor PG, Magowan E, Miller HM, O’driscoll K, Berry DP. 2018. An
association analysis of sow parity, live-weight and back-fat depth as indicators
of sow productivity. Animal 13:622—-630.

84


https://rep.bioscientifica.com/search?f_0=author&q_0=%C3%98.+Andresen
http://www.ansci.wisc.edu/jjp1/pig_case/html/library/boara&p.pdf
http://www.ansci.wisc.edu/jjp1/pig_case/html/library/boara&p.pdf

Lawlor PG, Lynch PB. 2007. A review of factors influencing litter size in Irish sows.
Irish Veterinary Journal 60:1-8.

Le Cozier Y, Dagorn J, Dourmad JY, Johansen S, Aumaitre A. 1997. Effect of weaning-
to-conception interval and lactation length on subsequent litter size in sows.
Livestock Production Science 51:1-11.

Leenhouwers JI, Van Der Lende T, Knol EF. 1999. Analysis of stillbirth in different lines
of pig. Livestock Production Science 57:243-253.

Leman AD. 1992. Optimizing farrowing rate and litter size and minimizing
nonproductive sow days. The Veterinary Clinics of North America. Food Animal
Practice 8:609-621.

Lerche H. 1936. Geschlechtsgeruch bei eberkastraten. Fleisch Milchhyg 46:417-420.

Madej A, Lang A, Brandt Y, Kindahl H, Madsen MT, Einarsson S. 2005. Factors
regulating ovarian function in pigs. Domestic Animal Endocrinology 29:347—
361.

Mei H, Yang C, Xie Q, Yang Y, Luo X, Jiao H, Gan L. 2019. Effects of y-aminobutyric
acid on aggressive behaviour, jejunum villus morphology, serum biochemical
indicators and hippocampal neuropeptide mRNA levels in piglets at weaning
with mixing. Czech Journal of Animal Science 64:151-159.

Mellagi APG, Panzardi A, Bierhals T, Gheller NB, Bernardi ML, Wentz |, Bortolozzo
FP. 2013. The effect of parity order and lactation weight loss on subsequent
reproductive performance of sows. Arquivo Brasileiro de Medicina Veterinaria e
Zootecnia 65:819-825.

Metzler-Zebeli BU, Ratriyanto A, Jezierny D, Sauer N, Eklund M, Mosenthin R. 2009.
Effects of betaine, organic acids and inulin as single feed additives or in
combination on bacterial populations in the gastrointestinal tract of weaned pigs.
Archives of Animal Nutrition 63:427-441.

MZe. 2021. Komoditni karta vepfové maso prosinec 2021. Available from

https://eaqri.cz/public/web/mze/zemedelstvi/zivocisna-vyroba/zivocisne-

komodity/prasata/ (accessed December 2021).
Missotten JAM, Michiels J, Ovyn A, De Smet S, Dierick NA. 2015. Fermented liquid

feed for weaned piglets: Impact of sedimentation in the feed slurry on

performance and gut parameters. Czech Journal of Animal Science 60:195-
207.

85


https://eagri.cz/public/web/mze/zemedelstvi/zivocisna-vyroba/zivocisne-komodity/prasata/
https://eagri.cz/public/web/mze/zemedelstvi/zivocisna-vyroba/zivocisne-komodity/prasata/

Mglbak L, Thomsen LE, Jensen TK, Bach Knudsen KE, Boye M. 2007. Increased
amount of Bifidobacterium thermacidophilum and Megasphaera elsdenii in the
colonic microbiota of pigs fed a swine dysentery preventive diet containing
chicory roots and sweet lupine. Journal of Applied Microbiology 103:1853-1867.

Moody NW, Baker DS, Hays VW, Speer VC. 1969. Effect of reduced farrowing interval
on sow productivity. Journal of Animal Science 28:76—79.

Moody NW, Speer VC. 1971. Factors affecting sow farrowing interval. Journal of
Animal Science 32:510-514.

Morton JM, Langemeier AJ, Rathbun TJ, Davis DL. 2019. Immunocrit, colostrum
intake, and preweaning body weight gain in piglets after split suckling based on
birth weight or birth order. Translational Animal Science 3:1460-1465.

Moss BW, Hawe SM, Walker N. 1993. Sensory thresholds for skatole and indole.
Colloques de I'INRA (France), INRA.

Moya SL, Boyle LA, Lynch PB, Arkins S. 2008. Effect of surgical castration on the
behavioural and acute phase responses of 5-day-old piglets. Applied Animal
Behaviour Science 111:133-145.

Nevrkla P, Vaclavkova E, Hada$ Z, Kamanova V. 2017. Effect of birth weight of piglets
on their growth ability, carcass traits and meat quality. Acta Universitatis
Agriculturae et Silviculturae Mendelianae Brunensis 65:119-123.

Okrouhla M, Citek J, Svejstil R, Zadinova K, Pokorna K, Urbanova D, Stupka R. 2020.
The effect of dietary Helianthus tuberosus L. on the populations of pig faecal
bacteria and the prevalence of skatole. Animals 10:693.

Oliviero C. 2013. Management to improve neonate piglet survival. Society for
Reproduction and Fertility 68:203—-210.

Omtvedt IT, Stanislaw CM, Whatley JA. 1965. Relationship of gestation length, age
and weight at breeding, and gestation gain to sow productivity at farrowing.
Journal of Animal Science 24:531-535.

@verland M, Kjos NP, Borg M, Skjerve E, Sgrum H. 2008. Organic acids in diets for
entire male pigs: Effect on skatole level, microbiota in digesta, and growth
performance. Livestock Science 115:169-178.

Parois S, Bonneau M, Chevillon P, Larzul C, Quiniou N, Robic A, Prunier A. 2018.
Odeurs indésirables de la viande de porcs males non castrés: problemes et

solutions potentielles. INRA Productions Animales 31:23-26.

86



Pallack N, Vahjen W, Zentek J. 2015. Dietary inulin affects the intestinal microbiota in
sows and their suckling piglets. BMC Veterinary Research 11:1-8.

Paterson AM, Barker I, Lindsay DR. 1980. Ovulation rate at first mating and
reproductive performance of gilts. Australian Veterinary Journal 56:442—-443.

Patterson RLS. 1968. 5a-androst-16-en-3-one: Compound responsible for taint in boar
fat. Journal of the Science of Food and Agriculture 19:31-38.

Patterson RLS. 1982. Effect of season upon 5a-androst-16-en-3-one (boar taint)
concentrations in the subcutaneous fat of commercial weight boars. Journal of
the Science of Food and Agriculture 35:55-58.

Pauly C, Spring P, O’Doherty JV, Kragten SA, Bee G. 2008. Performances, meat
guality and boar taint of castrates and entire male pigs fed a standard and a raw
potato starch-enriched diet. Animal 2:1707-1715.

Peltoniemi O, Han T, Yun J. 2021. Coping with large litters: management effects on
welfare and nursing capacity of the sow. Journal of Animal Science and
Technology 63:199-210.

Pérez-Sato M, Cruz-Cortés A, Castro-Gonzalez NP, Valencia-Franco E, Pérez-
Martinez J, Escobar-Hernandez R, Soni-Guillermo E. 2021. Evaluation of
Surgical Castration vs Immunocastration in Fattening Pigs. Agro Productividad
14:81-86.

Pierce KM, Sweeney T, Brophy PO, Callan JJ, Fitzpatrick E, McCarthy P, O'Doherty,
JV. 2006. The effect of lactose and inulin on intestinal morphology, selected
microbial populations and volatile fatty acid concentrations in the gastro-
intestinal tract of the weanling pig. Animal Science 82:311-318.

Pokorna K, Citek J, Zadinova K, Okrouhla M, Lebedova N, Komosny M, Stupka R.
2020a. Influence of the use of nurse sows on their lifetime performance. Czech
Journal of Animal Science 65:97-103.

Pokorna K, Citek J, Zadinova K, Okrouhla M, Lebedovéa N, Stupka R. 2020b. The Effect
of Farming System Type on Piglet Production. Acta Universitatis Agriculturae et
Silviculturae Mendelianae Brunensis 68:567-572.

Pokorna K, Citek J, Dolezal P, Matopolska M, Tyra M, Okrouhla M, Zadinova K, Sprysl
M, Lebedova N, Stupka R. 2022. Changes of Androstenone Concentrations in
Saliva of Boars with Age. Animals 12:157.

87



Prelog V, Ruzicka L. 1944. Untersuchungen uber Organextrakte, 5. Mitteilung: Uber
zwei moschusarting reichende Steroide aus Schweinetestes Extrakten.
Helvetica Chimica Acta 27:61-66.

Prunier A, Brillouét A, Merlot E, Meunier-Salain MC, Tallet C. 2013. Influence of
housing and season on pubertal development, boar taint compounds and skin
lesions of male pigs. Animal 7:2035-2043.

Prunier A, Mounier AM, Hay M. 2005. Effects of castration, tooth resection, or tail
docking on plasma metabolites and stress hormones in young pigs. Journal of
Animal Science 83:216-222.

Randall GCB, Penny RHC. 1970. Stillbirth in the pig: an analysis of the breeding
records of five herds. British Veterinary Journal 126:593—-603.

Rius MA, Garcia-Regueiro JA. 2001. Skatole and indole concentrations in Longissimus
dorsi and fat samples of pigs. Meat Science 59:285-291.

Roberfroid MB, Van Loo JA, Gibson GR. 1998. The bifidogenic nature of chicory inulin
and its hydrolysis products. The Journal of Nutrition 128:11-19.

Roongsitthichai A, Koonjaenak S, Tummaruk P. 2010. Backfat thickness at first
insemination affects litter size at birth of the first parity sows. Agriculture and
Natural Resources 44:1128-1136.

Roongsitthichai A, Koonjaenak S, Tummaruk P. 2011. Association between backfat
depth and litter size at birth in primiparous sows. Agriculture and Natural
Resources 45:422-427.

Roongsitthichai A, Tummaruk P. 2014. Importance of backfat thickness to reproductive
performance in female pigs. The Thai Journal of Veterinary Medicine 44:171—
178.

Rosvold EM, Kielland C, Ocepek M, Framstad T, Fredriksen B, Andersen-Ranberg I,
Naess G, Andersen IL. 2017. Management routines influencing piglet survival in
loose-housed sow herds. Livestock Science 196:1-6.

Rozeboom DW, Pettigrew JE, Moser RL, Cornelius SG, El Kandelgy SM. 1996.
Influence of gilt age and body composition at first breeding on sow reproductive
performance and longevity. Journal of Animal Science 74:138-150.

Russell DA, Ross RP, Fitzgerald GF, Stanton C. 2011. Metabolic activities and
probiotic potential of bifidobacteria. International Journal of Food Microbiology
149:88-105.

88



Ruszczyc Z, Fuchs B, Schleicher A, Skorupinska J. 1981. Fattening of boars. Roczniki
naukowe zootechniki. Monografie i rozprawy 19:211-219.

Rutherford KMD, Baxter EM, D'eath RB, Turner SP, Arnott G, Roehe R, Ask B, Sandge
P, Moustsen VA, Thorup F, Edwards SA, Berg P, Lawrence, AB. 2013. The
welfare implications of large litter size in the domestic pig I: biological factors.
Animal Welfare 22:199-218.

Rydhmer L, Lundeheim N, Canario L. 2008. Genetic correlations between gestation
length, piglet survival and early growth. Livestock Science 115:287-293.
Rydhmer L, Lundstrom K, Andersson K. 2010. Immunocastration reduces aggressive

and sexual behaviour in male pigs. Animal 4:965-972.

Rydhmer L, Zamaratskaia G, Andersson HK, Algers B, Guillemet R, Lundstrom K.
2006. Aggressive and sexual behaviour of growing and finishing pigs reared in
groups, without castration. Acta Agriculturae Scandinavica 56:109-119.

Saarela M, Mogensen G, Fonden R, Matté J, Mattila-Sandholm T. 2000. Probiotic
bacteria: safety, functional and technological properties. Journal of
Biotechnology 84:197-215.

Scipioni R, Martelli G, Volpelli LA. 2009. Assessment of welfare in pigs. Italian Journal
of Animal Science 8:117-137.

Segura M, Martinez-Mir6 S, Lépez MJ, Madrid J, Hernandez F. 2020. Effect of parity
on reproductive performance and composition of sow colostrum during first 24
h postpartum. Animals 10:1853.

Self HL. 1957. The problem of pork odor. In Proceeding of 9" Meat Institute Foundation
Conference, University of Chicago 9:53.

Sellier P, Le Roy P, Fouilloux MN, Gruand J, Bonneau M. 2000. Responses to
restricted index selection and genetic parameters for fat androstenone level and
sexual maturity status of young boars. Livestock Production Science 63:265—
274.

Senéié D, Antunovi¢ Z, Kanisek J, Speranda M. 2005. Fattening, meatness and
economic efficiency of fattening pigs. Acta Veterinaria (Beograd) 55:327-334.

Serenius T, Stalder KJ. 2004. Genetics of length of productive life and lifetime
prolificacy in the Finnish Landrace and Large White pig populations. Journal of
Animal Science 82:3111-3117.

89



Schenkel AC, Bernardi ML, Bortolozzo FP, Wentz |. 2010. Body reserve mobilization
during lactation in first parity sows and its effect on second litter size. Livestock
Science 132:165-172.

Schukken YH, Buurman J, Huirne RBM, Willemse AH, Vernooy JCM, van den Broek
J, Verheijden JHM. 1994. Evaluation of optimal age at first conception in gilts
from data collected in commercial swine herds. Journal of Animal Science
72:1387-1392.

Soede NM, Hoving LL, van Leeuwen JJ, Kemp B. 2013. The second litter syndrome in
sows; causes, consequences and possibilities of prevention. In Proceedings of
the 9" International Conference on Pig Reproduction, Satellite Symposium 28—
34.

Soede NM, Kemp B. 2015. The gestating and lactating sow. Wageningen Academic
Publishers, Wageningen.

Squires EJ, Lundstrgm K. 1997. Relationship Between Cytochrome P450IIE1 in Liver
and Levels of Skatole and Its Metabolites in Intact Male Pigs. Journal of Animal
Science 75:2506-2511.

Skrlep M, Segula B, Zajec M, Kastelic M, Ko$orok S, Fazarinc G, Candek-Potokar M.
2010. Effect of immunocastration (Improvac®) in fattening pigs |: Growth
performance, reproductive organs and malodorous compounds. Slovenian
Veterinary Research 47:57— 64.

Tajet H, Andresen @. 2006. Estimation of genetic parameters of boar taint; skatole and
androstenone and their correlations with sexual maturation. Acta Veterinaria
Scandinavica 48:1-4.

Tantasuparuk W, Lundeheim N, Dalin AM, Kunavongkrit A, Einarsson S. 2001.
Weaning-to-service interval in primiparous sows and its relationship with
longevity and piglet production. Livestock Production Science 69:155-162.

Thaker MYC, Bilkei G. 2005. Lactation weight loss influences subsequent reproductive
performance of sows. Animal Reproduction Science 88:309-318.

Thongkhuy S, Chuaychu SB, Burarnrak P, Ruangjoy P, Juthamanee P, Nuntapaitoon
M, Tummaruk P. 2020. Effect of backfat thickness during late gestation on
farrowing duration, piglet birth weight, colostrum vyield, milk yield and

reproductive performance of sows. Livestock Science 234:1-8.

90



Thun R, Gajewski Z, Janett F. 2006. Castration in male pigs: techniques and animal
welfare issues. Journal of physiology and pharmacology: an official journal of
the Polish Physiological Society 57:189-194.

Tummaruk P, Lundeheim N, Einarsson S, Dalin AM. 2001. Effect of birth litter size,
birth parity number, growth rate, backfat thickness and age at first mating of gilts
on their reproductive performance as sows. Animal Reproduction Science
66:225-237.

Tzortzis G, Goulas AK, Gee JM, Gibson GR. 2005. A novel galactooligosaccharide
mixture increases the bifidobacterial population numbers in a continuous in vitro
fermentation system and in the proximal colonic contents of pigs in vivo. The
Journal of Nutrition 135:1726-1731.

Van Wettere WHEJ, Revell DK, Mitchell M, Hughes PE. 2006. Increasing the age of
gilts at first boar contact improves the timing and synchrony of the pubertal
response but does not affect potential litter size. Animal Reproduction Science
95:97-106.

Varley MA, Cole DJA. 1976. Studies in sow reproduction 5. The effect of lactation
length of the sow on the subsequent embryonic development. Animal Science
22:79-85.

Vhile SG, Kjos NP, Sgrum H, @verland M. 2012. Feeding Jerusalem artichoke reduced
skatole level and changed intestinal microbiota in the gut of entire male pigs.
Animal 6:807-814.

Vold E. 1970. Fleischproduktionseigenschaften bei Ebern und Kastraten 1V:
Organoleptische und gaschromatographische Untersuchungen
wasserdampfflichtiger Stoffe des Ruckenspeckes von Ebern. Meld Nor
Landbrukshogsk 49:25.

Von Borell E, Baumgartner J, Giersing M, Jaggin N, Prunier A, Tuyttens FAM, Edwards
SA. 2009. Animal welfare implications of surgical castration and its alternatives
in pigs. Animal 11:1488-1496.

Walker N. 1980. The effect of controlled growth rate on the performance of boars and
on the odour of subcutaneous fat at 85 and 122 kg live weight. Livestock
Production Science 7:163-173.

Walstra P, Claudi-Magnussen C, Chevillon P, Von Seth G, Diestre A, Matthews KR,
Homer DB, Bonneau M. 1999. An international study on the importance of

91



androstenone and skatole for boar taint: levels of androstenone and skatole by
country and season. Livestock Production Science 62:15-28.

Walstra P, Marse H. 1970. Investigation into sex odour of entire male pigs. IVO-Report
C-147 (Sept 1970) 30.

Wang W, Chen D, Yu B, Huang Z, Luo Y, Zheng P, Xiangbin M, Yu J, Luo J, He J.
2019. Effect of Dietary Inulin Supplementation on Growth Performance, Carcass
Traits, and Meat Quality in Growing—Finishing Pigs. Animals 9:840.

Warriss PD. 1998. The welfare of slaughter pigs during transport. Animal welfare
7:365-381.

Wesoly R, Stefanski V, Weiler U. 2016. Influence of sampling procedure, sampling
location and skin contamination on skatole and indole concentrations in adipose
tissue of pigs. Meat Science 111:85-91.

Willeke H, Claus R, Pirchner F, Alsing W. 1980. A selection experiment against 5a-
androst-16-en-3-one, the boar taint steroid, in adipose tissue of boars.
Zeitschrift fur Tierziichtung und Zichtungsbiologie 97:86—94.

Williams LD, Pearson AM, Webb NB. 1963. Incidence of sex odor in boars, sows,
barrows and gilts. Journal of Animal Science 22:166—-168.

Xue,JL, Dial GD, Holton EE, Vickers Z, Squires EJ, Lou Y, Godbout D, Morel N. 1996.
Breed differences in boar taint: relationship between tissue levels boar taint
compounds and sensory analysis of taint. Journal of Animal Science 74:2170—
2177.

Xue JL, Dial GD, Marsh WE, Davies PR, Momont HW. 1993. Influence of lactation
length on sow productivity. Livestock Production Science 34:253-265.

Xue JL, Dial GD, Marsh WE, Lucia T. 1997. Association between lactation length and
sow reproductive performance and longevity. Journal of the American
Veterinary Medical Association 210:935-938.

Yokoyama MT, Carlson JR. 1979. Microbial metabolites of tryptophan in the intestinal
tract with special reference to skatole. The American Journal of Clinical Nutrition
32:173-178.

Young LG, King GJ. 1981. Reproductive performance of gilts bred on first versus third
estrus. Journal of Animal Science 53:19-25.

Yun J, Ollila A, Valros A, Larenza-Menzies P, Heinonen M, Oliviero C, Peltoniemi O.
2019. Behavioural alterations in piglets after surgical castration: Effects of

analgesia and anaesthesia. Research in Veterinary Science 125:36-42.

92



Zamaratskaia G, Babol J, Andersson HK, Andersson K, Lundstrom K. 2005b. Effect of
live weight and dietary supplement of raw potato starch on the levels of skatole,
androstenone, testosterone and oestrone sulphate in entire male pigs. Livestock
Production Science 93:235-243.

Zamaratskaia G, Rydhmer L, Chen G, Madej A, Andersson HK, Lundstrom K. 2005a.
Boar Taint is Related to Endocrine and Anatomical Changes at Puberty but not
to Aggressive Behaviour in Entire Male Pigs. Reproduction in Domestic Animal
40:500-506.

Zammerini D, Wood JD, Whittington FM, Nute GR, Hughes SI, Hazzledine M,
Matthews K 2012. Effect of dietary chicory on boar taint. Meat Science 91:396—
401.

93



8. Seznam zkratek

ABP — androgen binding protein; androgen vazajici protein

AND - 5a-androst-16-en-3-on

a-AND — 5a-androst-16-en-3a-ol

B-AND — 5a-androst-16-en-3(3-ol

ACTH — adrenocorticotropic hormone; adrenokortikotropni hormon

CSU — Cesky statisticky urad

EFSA — The European Food Safety Authority; Evropsky ufad pro bezpecnost potravin
FSH — follicle-stimulating hormone; folikulostimulacni hormon

GC-MS - gas chromatography-mass spektrometry; plynova chromatografie-
hmotnostni spektrometrie

GnRF — gonadotropin-releasing factor; gonadotropiny uvolfujici faktor

GnRH — gonadotropin-releasing hormon; gonadotropiny uvoliujici hormon

HA — high androstenone; vysoka hladina androstenonu

JUT — jateCné upraveneé télo

LA — low androstenone; nizka hladina androstenonu

MZe — Ministerstvo zemédélstvi

pH — potential of hydrogen; potencial vodiku
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