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POLYMORFISMUS HLAVNIHO
HISTOKOMPATIBILITNIHO KOMPLEXU TRIDY I
(BoLA-A) U CESKYCH CERVINEK

MAJOR HISTOCOMPATIBILITY COMPLEX CLASS I (BoLA-A)
POLYMORPHISM IN CZECH RED CATTLE

P. Horin', P. VojtiSek', M. Vyskogil', I. Majzlik®

. University of Veterinary and Pharmaceutical Sciences, Faculty of Veterinary Medicine,
Institute of Animal Breeding and Genetics, Brno, Czech Republic

2 Czech University of Agriculture, Faculty of Agronomy, Department of Genetics and
Animal Breeding, Praha, Czech Republic

ABSTRACT: Analysis of genetic polymorphisms is considered to be a powerful tool in conservation genetics. Here we used
serological typing of major histocompatibility complex (MHC) class I haplotypes for investigating the extent and distribution
of MHC polymorphism in an endangered population of the autochtonous Czech Red cattle. This nearly extinct breed is existing
as a small group of offspring of several founder animals. Out of 18 internationally and 1 locally defined class I specificities
tested, we found 14 to be present in 53 animals tested (Tab. I). Their distribution changed through generations. Founder
animals (Tab. IT) carried 9 haplotypes, the number of which was decreased in their offspring (Tab. III). High proportion of
two haplotypes (BoLA-A20 and 21) in the actual population which represent more than 38% of the total haplotype variability
is probably due to founder effect of bulls used (their genotypes are in Tab. IV). Other existing haplotypes are present in rather
low frequencies (Tab. I) and the probability of their disappearance from the population is not negligible. Potential impact of
this situation on further existence of the small populations is discussed with regard to biological roles of MHC. It would be
possible to take the BoLA class I polymorphism into account when combining breeding animals in order to maintain actual
variability and to promote heterozygosity of the offspring. For that purpose, typing of breeding animals for BoLA class II
gene polymorphism will be useful.

major histocompatibility complex; BoLA; Czech Red cattle; endangered populations

ABSTRAKT: Pomoci typizagnich antisér urujicich 18 mezindrodng uznanych a jednu mistn& definovanou specificitu byl
testovan polymorfismus v BoLA-A, lokusu tfidy I hlavniho histokompatibilitniho komplexu skotu, u ohroZené populace
eskych ervinek. Uroveii polymorfismu u sledovanych zvifat je niZ$i neZ u jinych populaci skotu u nés. Tento stav je dn
men$im po¢tem detekovanych haplotypii a zejména jejich asymetrickou distribuci. BOLA-A20 a 21 jsou nejcast&ji pfitomnymi
haplotypy a samy pfedstavuji vice neZ 38 % celkové haplotypové variability. Byl zaznamenan pokles variability v &ase a za
jeho hlavni pfi¢inu je povaZzovan efekt pouZitych bykd, nositeli haplotypii A20 a A21. Jsou diskutovany moZné negativni
dusledky popsaného stavu z hlediska Zivotaschopnosti stévajici populace. Jednou z cest, jak jim pfedchdzet, je moZnost
zohlednit genotypy v BoLA-A pfi sestavovani kombinaci chovnych zvifat pfi tvorb& nasledujicich generaci. Za timto i¢elem
je Zadouci i vy3etfeni polymorfismu geni II. tiidy.

hlavni histokompatibilitni komplex; BoLA; &eské &ervinky; ohroZené populace

UvVOoD mapovani polymorfismu v riznych typech lokust pfi-
nasi informaci o rozsahu genetické variability v ohro-

Zené populaci, je vyznamnym podkladem pro stanoveni

Nové pfistupy k udrZeni, rozmnoZeni a ochrané biodi-
verzity plemen hospodéfskych zvifat pogitaji s vyznam-
nym vyuZitim molekularné geneticky definovaného po-
lymorfismu (Hall, Bradley, 1995). Popula&ni

chovatelské strategie a napovida o perspektivach dalsi
existence plemene. Ureni genotypli u konkrétnich
chovnych jedincti pak miZe byt vyuZito pfi sestavovani
pfipafovacich plani v definované situaci a pfispét tak

* Price byla podporovéna Grantovou agenturou Ceské republiky, projekt &. 514/94/0846.
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k udrZeni maximalni variability nasledujici generace
(Vassart, 1995).

Jednou z oblasti genomu, kterd ma v této souvislosti
zvl4$tni vyznam, je hlavni histokompatibilitni komplex
(MHC - major histocompatibility complex). Produkty
MHC, hrajici kliCovou ilohu v prezentaci antigenu,
jsou jednou z determinant genetického urfeni imunitni
odpovidavosti a z ni vyplyvajici odolnosti k onemoc-
nénim (Gorga, Monos, 1996). MHC je charak-
teristicky mimofadnym stupném genetického polymor-
fismu. Produkty jednotlivych alel se li§i repertodrem
prezentovanych peptidi a jejich pfitomnost urcuje
spektrum antigennich determinant, na které je jejich
nositel schopen imunitné odpovédét. Existence velkého
poétu alel v populaci a heterozygotnost v genech MHC
jsou proto selekéné vyhodné a v pfirodnich populacich
podléhaji selekci (Hughes et al., 1994). V experi-
mentalnich podminkach u mysi bylo prokazano, Ze vy-
bér partnera pro rozmnoZovani zvyhodiiuje heterozy-
gotnost v MHC (Yamazaki et al,, 1988). U lidi je
kompatibilita v MHC povaZovéna za jeden z faktort
ovliviiujicich plodnost (Kostyu et al., 1993); podob-
na pozorovéini byla udin&na u prasat (Rothschild
et al., 1987).

MHC skotu, ozna¢ovany BoLA, je jednim z nejlépe
prostudovanych u domécich zvifat a byly u né&j proka-
zany asociace s vnimavosti k onemocnénim i k pro-
duk&nim znakum (Lewin, 1996), véetné vlivu na re-
produk&ni ukazatele (Stear et al.,, 1989) a zadrZeni
placenty Joosten etal.,, 1991). VSechny sérologicky
definované a mezinirodné uznané specificity tfidy jed-
na jsou kédovéany v lokusu BoLA-A (Lewin, 1996).

Plemeno &eska Cervinka, je§té v minulém stoleti ty-
pické plemeno v naSich zemich, dnes existuje pouze
v omezeném poctu jedincu. Populace vze§la z nékolika
malo jedincti shroméaZdénych na SZP V3Z v Lénech
koncem 80. let M ajzlik, Kravatikova, 1991)
je povaZovéana za genovou rezervu ve stadiu vysokého
ohroZeni.

Cilem price bylo zmapovat variabilitu v této oblasti
genomu duleZité pro preZiti ohroZené populace u viech
dostupnych zvifat.

MATERIAL A METODY

Celkem bylo vySetfeno 53 zvifat zahrnutych do
programu regenerace Seskych &ervinek na SZP CZU
v Lanech. Sedm krav patfilo k pivodnimu stidu 50%
kiiZenek (rok narozeni 1977-1984), devét zvirat naro-
zenych v letech 1988-1990 bylo s podilem 25-87,5 %,
nej¢astéji 75 % tohoto plemene. Skupinu 36 zvifat tvo-
fily jalovice a telata narozen od roku 1990, s riznym
podilem piavodni krve, nejéast&ji 75 % a 87,5 %. Oty-
povani byli dva byci, BRY-2 a BRY-3, pfimi potomci
Cistokrevného plemenika eskych &ervinek BRY-1,
a dva bycci dalSi generace. U dvou otcii, BRY-1 (otec
BRY-2 a BRY-3 a potomk narozenych v letech 1990-
1991) a POL-1, plemene polska &ervinka (otec vétSiny
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jalovic narozenych v roce 1992) bylo moZné z rodin-
nych ddaji jednozna¢né& odvodit genotypy. Stanoveni
haplotypti BoLA-A bylo provedeno standardnim dvou-
stupiiovym mikrocytotoxickym testem s krali¢im kom-
plementem (Spooner et al.,, 1979) za pouZiti antisér
detekujicich 18 mezinirodné definovanych (Al, A6,
A7, A8, w27(A10), All, Al2, Al4, AlS, Al6, A19,
A20, A21, A22, A30, A32, w43, w48) a jednu mistni
(BRC-3) specificitu. Vétsina antisér byla vyprodukova-
na v nadi laboratofi, néktera poskytli Dr. A. Arriens,
Bern, Svycarsko, a Dr. C. J. Davies, Ithaca, NY, USA.
Hlavni antiséra kaZdé skupiny (clusteru) byla testovana
v patém mezindrodnim srovnavacim testu (Davies et
al., 1994).

Frekvence jednotlivych haplotypu, jejich smérodat-
na odchylka a pfislusné konfiden¢ni intervaly na hladi-
né vyznamnosti 0,05 byly vypocitany standardnimi po-
stupy (Mathews, 1984). Rozdily mezi frekvencemi
byly povaZovény za statisticky vyznamné, jestlize se
jejich intervaly spolehlivosti nepfekryvaly.

VYSLEDKY

Cela populace

Udaje o polymorfismu BoLA-A u celé populace
jsou shrnuty v tab. I a znazorn&ny na obr. 1. Podil pro-
kazatelnych heterozygoti v celé populaci byl 49,1 %.

Individudlni data

Individuélni fenotypy jedinci puvodniho stada, od-
chovu z let 1988-1990, a genotypy plemennych byki
jsou uvedeny v tab. II aZ IV.

DISKUSE

Uvedené vysledky umoZiiuji u€init nékolik zavéra
o existujici populaci ¢eskych Eervinek. V celé populaci
jsme zjistili celkem 14 alelickych haplotypi BoLA-A,
véetné alely blank, jejiZ frekvence byla stanovena do-
poctem. V jiné nasi praci (Hofin et al., pfipravovany
rukopis) jsme u Ceského strakatého skotu (n = 370)
zjistili pfitomnost CEtyf dalSich haplotypi (All,
A12(A30), A19(A6) a w48). Pres relativné vysoky po-
Cet v populaci perzistujicich haplotypt je 63,5 % varia-
bility dano pouze 6 haplotypy. Konfiden¢ni intervaly
frekvenci té€chto haplotypi se Casto bliZi nebo zahrnuji
nulu. Srovnani jednotlivych generaci ukazuje, Ze zatim-
co u zbytku puavodniho stdda neslo 7 zviiat celkem
9 riznych haplotypl, v dal§i generaci neslo 9 zvitat
8 haplotypt a nasledujici potomstvo po jinych bycich
(narozeno v letech 1991-1993) disponovalo u 20 zvifat
8 riznymi haplotypy, pfi¢emzZ 13 z nich neslo haplotyp
A21 a z toho 9 jedinct jiny haplotyp- neneslo (idaje

ZIVOCISNA VYROBA, 42, 1997 (12): 533-538
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1. Frekvence haplotypi BoLA-A u &eskych Cervinek — BoLA-A haplotype frequencies in Czech Red cattle

Relativni haplotypovi frekvence = Relative haplotype frequency

neuvedeny). Vysledky sérologické typizace neumoZiiu-
ji pfimé ur€eni poctu homozygotnich genotypu. Presto
lze vyjadfit podil prokazatelnych heterozygotl, coZ
jsou zvifata se dvéma haplotypy. Uvedena hodnota je
nejniZ8i, jakou jsme u naseho skotu pozorovali. Ani
u vysoce selektované populace plemennych byki ne-
klesla pod 60 % (Hofin et al., 1997). Tento ddaj je
pravdépodobné podhodnocenim skuteéného stavu, pro-
toZe ast zvirat nesoucich jeden haplotyp je zfejmé he-
terozygotnich pro dosud neidentifikované haplotypy
»blank“. O tom svéd¢i skuteCnost, Ze jedno z 53 typo-
vanych zvifat nereagovalo s Zddnymi antiséry. Otec je-
dince, POL-1, s pomérné velkym poétem potomki, je
tudiZ evidentné nositelem takového haplotypu. Neni
jasné, zda v haplotypu blank je proto zastoupen zejmé-
na nezji§té€ny haplotyp byka POL-1 nebo zda se v po-
pulaci vyskytuje nezndmych haplotypt vic. Pfesto je
moZné konstatovat, Ze plivodni, pro polymorfismus
MHC charakteristicka distribuce haplotypt, kdy rela-
tivni Cetnosti jsou si fadové podobné, se méni a v po-
pulaci silné narusta Cetnost nékterych z nich, zatimco
ostatni pretrvavaji pouze u malého poltu zvifat. Fre-
kvence BoLA-A21 se signifikantné odliSuje od vech
ostatnich v populaci. Je velmi pravdépodobné, Ze z teo-
reticky moZnych pfi¢in fluktuace Cetnosti se nejvice
uplatiiuje efekt pouZitych plemenikd. U &tyf zde typo-
vanych byki je z osmi moZnych haplotypu Sest obsa-
zeno haplotypy A20 a A21, tedy t&mi, které jsou v ak-
tualni populaci zdaleka nejcastéjsi.

ZIVOCISNA VYROBA, 42, 1997 (12): 533-538

Je ziejmé, Ze udaje o frekvencich ziskané vypoctem
a nikoli pfimym spocCitdnim jsou zatiZeny urcitou chy-
bou a z hlediska specifického sloZeni testované populace
je nelze interpretovat v terminech populani genetiky.
Poskytuji nicméné informaci o distribuci polymorfismu
BoLA v celé existujici populaci. V tomto smyslu je
moZno konstatovat, Ze variabilita v MHC se v Case sni-
Zila a Ze riziko ztraty dalSich haplotypi nesenych ma-
lym poétem zvifat je znaéné. Genotypy nalezené u by-
ka tuto argumentaci dile podporuji. Nilssonova
(1994) popsala zna¢nou fluktuaci v Cetnostech BoLA
haplotypi ve sledu generaci jednoho stida a hlavni vliv
pricita pravé efektu pouZitych plemeniku.

Typickymi haplotypy jsou BoLA-A20 a A21. A2l
se podle naSich zjisténi vyskytuje u Eeského strakatého
skotu v primé&rnych frekvencich, pouze u skupiny
58 byku-synu v testadnich stanicich jsme zjistili jeho
vy88i vyskyt (f= 0,100) (Hofin et al., 1997). BoLA-
-A20 je podle naSich vysledki typickym haplotypem
&eského strakatého skotu ve viech kategoriich (Hotin
et al., pfipravovany rukopis). Meziplemenné rozdily
a typické haplotypy pro urCitd plemena nebo skupiny
pfibuznych plemen byly u skotu opakované popsany
(pfehled viz Lewin, 1996). BoLA-A20 i 21 se b&Zné
nachazeji u simentélskych plemen a jejich pivodnost,
resp. vztah k vyskytu u Eervinek neni jasny. U holStyn-
ského skotu byla zji§téna statistickd asociace mezi
BoLA-A20 a zvySenym podilem tuku v mléce, u nor-
ského Eerveného skotu byl spojen s vy3si odpovidavos-
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. Polymorfismus BoLA-A u celé populace eskych ervinek — BoLA-A polymorphism in the whole population of Czech Red cattle

Haplotyp! Rclatir::livi:::;t;pové Relaﬁt\_/r:;(c:slggypovﬁ S(:gi:;({;::ﬁ lnlerv?]l, s:(())l:)t;l)ivos(if‘
A6 0,132 0,068 0,025 0,020-0,116
A7 0,057 0,029 0,016 0,000-0,061
w27(A10) 0,075 0,038 0,019 0,002-0,075
Al4(A8) 0,038 0,019 0,013 0,000-0,045
A15(AB) 0,075 0,038 0,019 0,002-0,075
Al6 0,132 0,068 0,025 0,020-0,116
A20 0,208 0,110 0,030 0,050-0,169
A21 0,472 0,273 0,043 0,188-0,358
A22 0,038 0,019 0.013 0,000-0,045
A30 0,019 0,009 0,009 0,000-0,028
A32 0,113 0,058 0,023 0,014-0,103
w43 0,113 0,058 0,023 0,014-0,103
BRC-3 0,038 0,019 0,013 0,000-0,045
Blank 0,193

'haplotype‘ 2relative phenotype frequency, Srelative haplotype frequency, “standard deviation, *confidence interval

II. BoLA-A u piivodniho stida Ceskych ervinek — BoLA-A in the
founder animals of Czech Red cattle

ITI. BoLA-A u zvifat narozenych v roce 1988-1990 — BoLA-A in
the animals born in 1988-1990

Krava' BoLA-A Odchoy' BoLA-A
1 w27(A10)/A32 1 A16/A20
2 w43/BRC-3 2 A21/w43
3 AG6/A15(A8) 3 A2l
4 A7/A20 4 A21/w43
5 A32 5 Al4(A8)/wW27(A10)
6 A22 6 A6/A21
7 A15(A8) 7 A20
o 8 A20/A32
9 A20/A21
Ioffspring

ti na synteticky oligopeptid. Z dalSich Castéji se vysky-
tujicich haplotypu tfidy I byl A16 opakované zji§tén v
asociaci s vnimavosti k mastitidim (Lewin, 1996).
Tyto udaje ukazuji, Ze v populaci Ceskych cervinek
zjiSténé a nékdy prevalentni haplotypy mohou byt jed-
nim ze zdroju variability vyznamnych znak, nevypo-
vidaji vSak o jejich praktickém vyznamu a nejsou di-
kazem o podobném jevu u této populace. Specificita
A6 je supertypicka a vyskytuje se v haplotypech A17,
18 a A19. V nadi studii jsme méli k dispozici pouze
antiséra proti A19, s nimiZ Zidné zvife nereagovalo.
Lze se proto domnivat, Ze ndmi uvadény haplotyp A6
je z velké &asti spojen s A17 nebo A18. Podobn& ne-
pfitomnost specificity A12 u zvifat nesoucich A30 mi-
Ze byt interpretovdna jako pravdépodobny haplotyp
A31(A30) (Davies et al., 1994).

Omezené zdroje variability v MHC mohou mit ne-
pfiznivé dopady na dal3i existenci sledované populace
jak vzhledem k jeji velikosti, tak s ohledem na nutnost
brat v dvahu i Fadu jinych okolnosti podstatnych pii
regeneraci a uchovani genového zdroje (exteriérové
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IV. Genotypy plemennych byku ceskych ervinek v BoLA-A — Ge-
notypes of breeding bulls of Czech Red cattle at BoLA-A

Byk' Genotyp®
BRY-I A20/A21
BRY-2 A20/BRC-3
BRY-3 A20/A21
POL-1 A2l/-

'bull, 2gcnolypc

a dalsi znaky). O’ Brien a Evermann (1988) po-
pisuji negativni ndsledky omezeného polymorfismu
v MHC na odolnost k infek&nim onemocnénim u pfi-
rodnich populaci proslych ve své historii efektem ,hrd-
la ldhve*. Na druhé strané jsou znimy druhy s velmi
nizkym stupném polymorfismu MHC, které pieZivaji
bez znatelnych problémi (Ellegren et al, 1993).
U skotu se vSak tato situace zda vzhledem ke zptisobu
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chovu a pfirozenym a umélym selekénim tlakim,
a soudé i podle situace zjiSt€né u viech b&Znych ple-
men, nevyhodnd. Existence nizkého poctu alel dile sni-
7uje moZnosti heterozygotnosti, kterd je v genetice
ohroZenych populaci obecné povaZovéna za podstat-
nou. V mélo polymorfni populaci se zvySuje pravdépo-
dobnost kompatibilnich kombinaci matka—plod, které
vedou ke zvySeni rizika zadrZeni placenty po porodu
(Joosten etal., 1991). Do jaké miry se vySe uvedend
rizika mohou v dané populaci realizovat, neni jasné.
Lze vak konstatovat, Ze nami zji§té€na tGroveii polymor-
fismu MHC tfidy I je dal§im dokladem o stavu ohroZe-
ni populace. Jednou z moZnych cest sniZovani rizik vy-
plyvajicich z niZ§iho polymorfismu sledované
populace je zohlednit BoLA pfi sestavovani kombinaci
zvifat pro dalSi reprodukci.

Pfi srovnédni polymorfismu BoLA v populaci ces-
kych Cervinek s ¢eskym strakatym skotem jsme zjistili
hodnotu genetické vzdalenosti 0,336 a s Cernostraka-
tym skotem 0,508. Tyto idaje dokumentuji oekavanou
genetickou blizkost eského strakatého skotu i pro
MHC. Relativné nizkd hodnota genetické vzdalenosti
ve vztahu k niZinnému Cernostrakatému skotu zfejmé
souvisi s blizkosti ceského strakatého a niZinného Cer-
nostrakatého skotu u nds.

V této studii byl testovan pouze polymorfismus tfi-
dy I, pfiCemZ fada vyznamnych iloh a i¢inka MHC se
véze ke tfidé II. Informace o tfidé I je v§ak cenna nejen
vzhledem k vazebné nerovnovaze haplotypu tfidy II
a I, zji§t€né u vech dosud sledovanych plemen skotu
(Lewin, 1996). Geny tfidy I samy maji vyznamnou
tilohu v prezentaci antigenu CD8 pozitivnim T lymfo-
cytim a tudiZ v zasadnich imunitnich funkcich. Zfejm&
z obou vySe uvedenych divodu byla fada asociaci s vy-
znamnymi znaky popséna i pro haplotypy tfidy I a né-
které z nich pouze pro tfidu I a nikoli II, jako napfiklad
zminéna tloha v zadrZeni placenty. Analyza polymor-
fismu genu tfidy II je nicméné indikovand a lze pfed-
pokladat, Ze poskytne dal$i a komplementarni informa-
ce o genofondu ceskych Cervinek.

Vzhledem k biologické tloze genu t¥idy I i k tomu,
Ze v soucasné dobé neni k dispozici rutinni typizani
metoda pro geny tfidy I, je sérologickou typizaci expri-
movaného polymorfismu moZno povaZovat za informa-
tivni. Jeji vysledky charakterizuji rozsah polymorfis-
mus MHC u existujici populace Ceskych Cervinek jako
men$i neZ u ostatnich populaci skotu u nds a upozor-
fiuji na rizika z toho vyplyvajici. Charakteristika popu-
lace jako ohroZené se zda proto oprdvnénd i z tohoto
specialniho pohledu.
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SOME BIOPHYSICAL AND BIOCHEMICAL TRAITS
IN ANTE MORTEM AND POST MORTEM SKELETAL

*
MUSCLE OF PIGS WITH DIFFERENT RN PHENOTYPE

NIEKTORE BIOFYZIKALNE A BIOCHEMICKE UKAZOVATELE ANTE
MORTEM A POST MORTEM V KOSTROVOM SVALE OSIPANYCH
S ROZDIELNYM RN FENOTYPOM

R. Lahuéky', A. Talmant?, G. Monin®

' Research Institute of Animal Production, Nitra, Slovak Republic
2INRA, Station de Recherches sur la Viande, Theix, France

ABSTRACT: RN phenotype of Pen Ar Lan pigs was identified by determining the glycolytic potential (GP) in muscle
biopsies at 70-80 kg liveweight. Experiment involved 6 m* homozygous (rn*) and 6 RN™ carriers (RN"). Protein soluble in
phosphate buffer (0.1 M, pH 7) was determined in muscle biopsy samples and post mortem muscle (longissimus lumborum).
pH, WHC (assessed by a centrifugation technique) and R value (ATP/IMP) were estimated in biopsy samples after 1 hour
of incubation at 39 °C and in post mortem muscle (24 h). Citrate synthetase (CS) activity was estimated in longissimus
lumborum muscle after slaughter. Muscle from RN~ carriers contained higher GP (P < 0.01), less soluble protein (P < 0.01)
and slightly less WHC (P < 0.05) in biopsied samples. Higher GP (P < 0.01), less soluble protein (P < 0.01) and higher CS
activity (P < 0.05) were found in RN™ carriers post mortem. Significant correlations were found between GP and soluble
protein in biopsied (r =-0.63) and between GP and CS activity (r = 0.73) in post mortem muscle samples. The results confirm
the values of the muscle biopsy on live animals and post mortem to predict the RN phenotype in pigs.

RN phenotype; muscle metabolism; meat quality prediction

ABSTRAKT: Fenotyp RN u oipanych Pen Ar Lan (Francia) sa zistil na zdklade hodnoty glykolytického potencidlu (GP)
v bioptitoch svalu pri hmotnosti 70-80 kg. Do experimentu sa vzalo 6 ofipanych fenotypu rn a 6 o3ipanych fenotypu RN.
Obsah rozpustnych bielkovin (fosforovy pufer, 0,1 M, pH 7) sa zistil vo vzorke bioptatu svalu a post mortem (m. longissimus
lumborum). Ukazovatele pH, WHC (centrifugacna metdda) a hodnota R (pomer ATP/IMP) sa stanovili v bioptéte svalu po
inkubdcii 1 h pri 39 °C a 24 h post mortem. Aktivita citrat syntetizy (CS) sa stanovila vo vzorke svalu (longissimus lumborum)
post mortem. Sval ofipanych fenotypu RN obsahoval vy33i GP (P < 0,01), menej rozpustnych bielkovin (P < 0,01) a mensiu
hodnotu WHC (P < 0,05) vo vzorkach ante mortem. Vy33i obsah GP (P < 0,01), menej rozpustnych bielkovin (P < 0,01)
a vys§ia aktivita CS sa zistili vo vzorkich post mortem. Vyznamné koreldcie sa zistili medzi hodnotami GP a rozpustnej
bielkoviny vo vzorkach ante mortem (r = —0,63) a medzi GP a CS aktivitou (r = 0,73) post mortem. Vysledky potvrdili, Ze
na zaklade ukazovatelov svalu ante mortem a post mortem je moZné predpovedat vyskyt fenotypu RN.

RN fenotyp; metabolizmus svalu; predpoved kvality misa

INTRODUCTION

The Hampshire breed was proposed also in condi-
tions of Slovak pig breeding strategy to be used for
production of final meat hybrids usually in 3-way
crosses (Demo, Fiilop, 1994). In comparison with
other breeds, the Hampshire breed, in which the domi-
nant allele RN~ (Rendement Napole) is present, is
known to have an increased muscle glycogen content
inducing the production of “acid meat“ (Monin,

1989; Fernadez et al, 1992; Estrade et al.,
1993a, b; Lundstrom et al., 1996). The dominant
RN™ allele results in acid meat (Naveau, 1986)
which contains less protein and more glycogen than
normal meat and which presents a decreased yield
when processed by curing and cooking (Monin etal.,
1992). The glycogen excess in muscle from RN~ pigs
is mainly observed in glycolytic fibers (Estrade et
al., 1993a, b). It was found that the increase in muscle
glycolytic potential induced by the RN~ gene (Le

* This study was partly performed owing to grants attributed to R. Lahucky by Institut National de la Recherche Agronomique, France.
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Roy et al, 1990) does not result from a hormonal
deficiency, but from a defect inherent in skeletal mus-
cle cells Monin et al., 1992). The expression of the
RN~ gene on glycolytic potential level appears to de-
pend on the metabolic type of muscle fibres (Monin
et al., 1986, 1987; Estrade et al., 1993a, b).

The RN~ allele has detrimental effects also on tech-
nological properties (yield of cured cooked products,
Fernandez et al., 1990; drip loss in fresh meat,
Lundstrém etal., 1996), as well as on sensory char-
acteristics, preliminary tenderness (Le Roy et al,
1996). It must be noted that Lundstrom et al.
(1996) reported on improvement of shear force and
taste in RN~ carrier pigs. However the experimental
design used by Le Roy etal. (1996) was more con-
vincing, as they used the three fenotypes at the RN
locus with an otherwise common genetic background.
Currently (before introducing DNA based test) avail-
able methods for determining whether a pig is carrying
the RN allele have been based on analysis of the gly-
colytic potential in muscle tissue taken by biopsy in
vivo (Talmant et al., 1989) or after slaughter (Fer-
nandez et al., 1992) but recently a prediction tech-
nique for RN phenotype in pig carcasses has been de-
signed by analysis of meat juice (Lundstréom,
Enfdlt, 1997).

The purpose of the present experiment was to deter-
mine the influence of RN phenotypes on some physico-
-chemical and biochemical traits of ante mortem and
post mortem muscle samples, in order to confirm some
values susceptible to predict the potential meat quality.

MATERIAL AND METHODS
Animals

The glycolytic potential was determined on muscle
biopsy samples from 50 pigs (Pen Ar Lan) weighing
about 70 kg of an experimental herd including RN~
pigs. Six RN™ carriers and 6 rn* pigs were taken for an
experiment. The glycolytic potential values estimated
from biopsy of longissimus thoracis and post mortem
muscle tissue are shown in Tab. I. The animals were

1. Glycolytic potential (GP) ante mortem and post mortem and lac-
tate post mortem in longissimus lumborum muscle of pigs with dif-
ferent RN phenotypes

RN~ (n=6) m* (n=6)
xts xts
Ante ‘mortem
GP (umol.g™") 42+17 7 125 + 18
Post mortem
GP (pmol.g™) 262425 | 16430
Lactate (pmol.g") 3T.5%£52 390+ 46

Results are means + sd. Significant differences: " P<o00l
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fed ad libitum and slaughtered in pairs at around 100 kg
liveweight by electronarcosis (90 V) and exsanguina-
tion in an experimental slaughterhouse, each pair in-
cluding 1 RN™ and 1 ™ pig.

Sample collection and analyses

Muscle samples (about 1 g) were taken before
slaughter from the longissimus lumborum using a bi-
opsy device (Schoberlein, 1976; Lahucky et
al., 1980; Talmant et al., 1989). The sample was
split in two parts. One part was immediately homoge-
nized in phosphate buffer (0.1 M, pH 7) for determi-
nation of soluble protein and glycolytic potential. The
other part was incubated at 39 °C with 0.5 ml of
150 mM KCI for | h, then used for determination of
pH, R value and water holding capacity. Within 5 min
after slaughter, 100 g of longissimus lumborum were
removed from the animals and put on ice. A 5g sample
of the muscle was immediately taken and dipped in
liquid nitrogen. It was then freeze-dried and subse-
quently used for glycolytic potential determination.
The muscle (40 g) was dissected free of fat and con-
nective tissue and minced with a domestic mincer. Ap-
proximately 5 g of ground muscle were frozen at
—20 °C and freeze-dried. They were powdered in a cof-
fee-mill before use for protein and citrate synthetase
activity determination (Estrade et al.,, 1993a, b).
Samples were taken also at 24 h after slaughter for
determination of pH, water holding capacity, R value
and soluble protein.

The glycolytic potential was determined according
toMonin and Sellier (1985):

Glycolytic potential = 2 x (/glycogen/ + /glucose-6-
-phosphate/ + /glucose/) + /lactate/

The amounts of glycogen + glucose + glucose-6-
-phosphate were determined following the procedure of
Dalrymple and Hamm (1973), lactic acid was
determined according to Bergmeyer (1974). For
the soluble protein estimation 0.5 g of tissue were ho-
mogenized in 4.5 ml of phosphate buffer (0.1 M, pH
7.4), the homogenate was left 15 min at 0 °C, then
centrifuged at 10000 g, the absorbance was determined
at 230 and 260 nm and the protein content was calcu-
lated according to Kalb and Bernlohr (1977) and
expressed in % of fresh tissue. R value (i.e. IMP/ATP
ratio) was determined according to Honikel and
Fischer (1977). Water holding capacity (WHC) was
measured as described by Cheah et al. (1993) and
expressed as the volume of supernatant fluid in ml
(fluid volume). pH was determined in the fluid after
centrifugation in the WHC measurements (pH homog.)
and directly 24 h after slaughter using combined
semimicroelectrode (Ingold). Citrate synthetase activ-
ity was determined as described in Monin et al.
(1986).

Data were analyzed using classical procedures of
one-way analysis of variance and linear regression.
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RESULTS

Pigs with RN~ phenotype were distinguished on the
basis of the glycolytic potential in biopsy and post mor-
tem longissimus lumborum muscle (Tab. I). There was
no significant difference in lactate content between the
two phenotypes. Tab. II shows some biophysical and
biochemical values in ante mortem and post mortem
longissimus lumborum muscle of Pen Ar Lan pigs with
different phenotypes. The soluble protein content was
higher (P < 0.01) in both muscle samples (biopsy and
post mortem) of rn* phenotype. Water holding capacity
was higher (fluid volume after centrifugation was lower)
in biopsy samples from m* pigs (P < 0.05) than in those
from RN pigs but there was no significant differences in
post mortem samples. No significant differences were
found in both muscle samples (biopsy and post mortem)
in R value. The activity of citrate synthetase was signifi-
cantly higher (P < 0.05) in post mortem longissimus dorsi
muscle of RN~ phenotype. The correlations between some
biophysical and biochemical values from ante mortem
and post mortem longissimus dorsi samples of Pen Ar
Lan pigs are presented in Tab. III. High significant corre-
lations (P < 0.01) were found between GP estimated ante
mortem (biopsy) and post mortem in longissimus lum-
borum muscle. Significant correlations (P < 0.05) are also
shown between citrate synthetase activity and GP in both
ante mortem and post mortem muscle samples and be-
tween protein soluble values and GP in biopsy samples.
Correlations between WHC values in both muscle sam-
ples (biopsy and post mortem) and protein soluble values
in post mortem samples and GP were lower and no sig-
nificant (P > 0.05).

DISCUSSION

The present results agree with those of Fernan-
dez et al. (1992), Estrade et al. (1993a, b) and
Lundstrdm et al. (1996) regarding RN phenotypes.
These authors reported that muscle from RN~ pigs has
a higher glycolytic potential and a lower total and sol-
uble protein content than muscle from ™ pigs. Present
findings showed that RN phenotype affected biopsy
glycolytic potential but did not affect the lactate con-
tent which was opposite to the results relative to the
HAL genotype (Kocwin-Podsiadla etal., 1995).
pH and R values in incubated biopsy samples were not
affected by RN phenotype. These findings would sup-
port the results which showed that GP without lactate
may be also used for the classification of RN phenotype
(Lundstrém et al., 1996). The effect of RN pheno-
type on water holding capacity (fluid volume) of fresh
meat was not reported before. Our findings of signifi-
cant higher WHC (lower fluid volume estimated by
centrifugation technique) in rn* pigs need more inves-
tigation as WHC test was earlier proposed as prediction
test for PSE meat using biopsy samples in live pigs
(Cheah et al.,, 1993). Higher drip loss was also ob-
served in RN carriers (Lundstrom et al., 1996)
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1. Some biophysical and biochemical traits of ante and post mortem
longissimus lumborum muscle in pigs with different RN phenotypes

RN~ (n = 6) m* (n = 6)
xts xts

Ante mortem
pH (fluid) 6.29 £ 0.17 6.36 £ 0.22
R value 1.06 = 0.07 1.05 + 0.06
WHC (fluid volume) 0.41+003 * | 036+0.03
Protein soluble (%) 895+002 ** | 9.83+067
Post mortem
pH (homogenate) 535+0.33 540+ 0.13
WHC (fluid volume) 0.60 + 0.02 0.59 £ 0.03
Protein soluble (%) 7.00+088 ** | 856049
CS activity (ukat.g™") 0.198 +£0.047 * | 0.137 +0.025

CS = citrate syntethase 1L
Results are means * sd. Significant differences: P <0.05, P <0.01

III. Correlations between glycolytic potential (GP) and some ante
and post mortem biophysical and biochemical traits in longissimus
dorsi muscle in pigs with different RN phenotypes

GP GP
ante mortem post mortem

Ante mortem
WHC (fluid volume) 0.56 0.41
Soluble protein -0.63" -0.52
GP - 094"
Post mortem
Citrate synthetase 0.67° 073"

Significance: ‘P< 0.05, *pP<o00l

which was connected with a lower ultimate pH value.
The smaller amounts of soluble sarcoplasmic protein
found in our experiment in RN~ phenotype can be at-
tributed to a smaller total protein content (Monin et
al,, 1992; Estrade et al., 1993a, b) but also to
a higher degree of denaturation during the post-mortem
process (Lundstrom et al., 1996). Differences in
levels of soluble (sarcoplasm) protein content can result
from different extraction methods (Estrade et al.,
1993a, b) different times of extraction (Lundstrém
et al., 1996) and different ionic strengths of extraction
solution (Boles et al., 1992). It seems that our results
regarding the soluble protein content in biopsied mus-
cle (correlation with GP r = -0.63 was significant)
could be used as a test to identify the RN~ carriers, but
this decision would need more investigations. Before
DNA based test is available, using non-stress and effi-
cient shot (Schoberlein, 1976; Lahucky etal,
1980; Talmant et al.,, 1989) or spring loaded
(Kovac etal., 1992) biopsy is possible to predict RN
phenotypes in live animals in order to develop selection
strategies while eliminating both preslaughter and
slaughter stress affects on GP estimated values. Re-
cently the sum of glucose and glucose-6-phosphate in
meat juice was shown to be a reliable marker for the
determination of RN phenotype in meat; glucose alone or

541



the osmolality of meat juice can also be used but more
as a preliminary method (Lundstrém, Enfilt,
1996), but this technique applies only to slaughtered ani-
mals.

More research is needed to fully explain the differ-
ences in the glycolytic metabolism between RN pheno-
types. It was shown (Monin et al.,, 1992) that the
excess of glycogen in muscle is not secondary to defi-
ciencies in circulating hormones, but rather to a defect
located in the muscle cells. This defect is more marked
in the glycolytic fibres of RN~ pigs (Monin et al.,
1987; Estrade etal., 1993a, b). Our observations on
the effect of the RN phenotype on citrate synthetase
activity confirm previous results of Estrade et al.
(1993a, b) that mitochondrial metabolism is impaired
in RN~ muscle. From this point of view, the correlation
between CS activity and GP is particularly interesting
and deserves further investigations.
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EFFECTS OF DIFFERENT ENZYME PREPARATIONS
ON NITROGEN RETENTION AND METABOLIZABLE
ENERGY OF BARLEY-BASED DIETS IN BROILERS

VLIV RUZNYCH ENZYMOVYCH PREPARATU V KRMNYCH SMESICH
NA BAZI JECMENE NA RETENCI DUSIKU A OBSAH
METABOLIZOVATELNE ENERGIE U BROJLERU

C; Kaomal, J. Bléhal, J. Heger2

Czech University of Agriculture, Institute of Tropical and Subtropical Agriculture, Praha,
Czech Republic
2Biofaktory Praha, s. r. o., Research Centre of Feed Additives, Praha, Czech Republic

ABSTRACT: The efficacy of three different enzyme preparations containing both beta-glucanase and xylanase activities was
studied in a metabolic experiment with young broiler chicks aged 7-14 days fed on barley-based diets. Starter diets containing
60% barley with calculated ME content of 11.7 MJ/kg were used. The criteria of response were N retention and apparent
N-corrected metabolizable energy (AMEn). The inclusion of all enzymes resulted in an increase in N retention as compared
with the control group. The degree of increase ranged between 9.7 and 12.8%. The estimated content of AMEn of the basal
diet (12.7 MJ/kg) was considerably higher than the calculated value and significantly increased (P < 0.05) to 13.1-13.6 MJ/kg
(3.1-7.1%) in the enzyme-treated groups. It is concluded that the improvement of the nutritive value of barley for chicks by
enzyme supplementation is a result of an increase in both N and energy utilization.

young broiler chicks; barley-based diets; enzyme preparations; N retention; metabolizable energy; beta-glucanase; xylanase

ABSTRAKT: V bilan&nim pokusu na brojlerech ve v&ku 7 aZ 14 dni krmenych smésmi na bazi jeSmene byla studovina
ginnost tfi enzymovych preparéti obsahujicich beta-glukanizu a arabinoxylanazu. V pokusu byly pouZity krmné sm&si BR1
obsahujici 60 % je¢mene s kalkulovanym obsahem ME 11,7 MJ/kg. Sledovanou odezvou byla retence dusiku a zdanlivd
metabolizovatelnd energie korigovanad na dusikovou rovnovihu (AMEn). Zafazeni enzymi mélo u viech pokusnych skupin
za nésledek zvy3eni retence dusiku oproti kontrolni skupiné 0 9,7-12,8 %. Experimentaln& stanoveny obsah AMEn kontrolni
smési (12,7 MJ/kg) byl podstatné vy33i neZ hodnota vypoctena z tabulkovych tidaji a u skupin s dopliiky enzymi se prukazné
zvysil (P < 0,05) na 13,1-13,6 MJ/kg, tj. o 3,1-7,1 %. Vysledky pokusu naznacuji, Ze zlepSeni krmné hodnoty jemene pro
brojlery dopliiky enzymii je dusledkem zvySené vyuZitelnost jak dusiku, tak energie.

brojlefi; smési na bazi je¢mene; enzymové preparaty; retence N; metabolizovatelnd energie; beta-glukanaza; arabinoxylanaza

INTRODUCTION

The use of barley in poultry diets has been limited
because of its low feeding value and frequent contribu-
tion to the production of wet and sticky excreta. It is
now well established that the inferior nutritional value
of barley is due mainly to the presence of mixed-linked
(1-3),(1-4)-B-D glucans which are the major non-starch
polysaccharides present in cell walls of the barley en-
dosperm (Rotter et al., 1989b; Pettersson,
Aman, 1989). An important feature of the mixed-
-linked beta glucans is their water solubility, resulting
in formation of viscous gel solutions. They cause a
dramatic increase in the viscosity of the intestinal di-
gesta, which impairs the action of digestive enzymes,
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decreases digesta flow and absorption of nutrients and
finally causes sticky droppings. As a result, digestibil-
ity of nutrients and utilization of dietary energy may be
markedly impaired (Broz, Frigg, 1990).

Dietary supplementation of barley-based diets with
microbial enzyme preparations has been reported
(Broz, Frigg, 1986, 1990; Hesselman,
Aman, 1986; Hesselman et al., 1982). Crude en-
zyme preparations with beta-glucanase and/or arabi-
noxylanase activities were found to improve signifi-
cantly the feeding value of barley (Hesselman,
1983; Campbell et al.,, 1986; Rotter et al.,
1989a, b; Brenes et al.,, 1993). The improved per-
formance has been attributed to the viscosity reduction
and a breakdown of beta-glucans or pentosans and/or
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a partial digestion of the cereal walls leading to a re-
lease of intracellular nutrients (Pettersson,
Aman, 1989). Although the use of diets based on
enzyme-supplemented barley for poultry has been
studied extensively, only a few reports are concerned
with the effects of enzyme preparations on nitrogen
retention and metabolizable energy of diets.

The objective of the present study was to examine
the effects of different enzyme preparations on N reten-
tion and metabolizable energy of barley-based diets fed
to young broiler chicks.

MATERIAL AND METHODS

One-day-old male broiler chicks of the Ross hybrid
were used. In the adaptation period lasting one week,
160 chicks were housed in brooders and fed a commer-
cial starter diet. After one week, the chicks were
weighed individually and placed into narrow weight
classes. Chicks of relatively low and high body weights
were discarded. Groups of five chicks were then ran-
domly assigned to each of the 16 metabolic cages so
that all cages had chicks with similar initial weight.

The chicks were then fed experimental starter diets
ad libitum. The balance period consisted of a 3 d pre-
liminary period and a 4 d collection period. At the end
of the preliminary period, the chicks were weighed
again and the cages cleaned. On the first day of the
collection period, i.e. at the age of 11 days, a glass tray
was placed under each cage and the uncontaminated
excreta were collected daily and frozen. At the end of
this period, the cages were cleaned and the chicks
weighed. At the end of the experiment, the excreta sam-
ples were lyophilised and then ground prior to labora-
tory analysis.

The basal starter diet was prepared to contain 60%
barley. The composition of the basal diet and its calcu-
lated nutrient content are given in Tab. I. To the basal
diet (B), three different enzyme preparations were
added via premix thus forming diets E1, E2 and E3.
The enzymes used in diets E1 through E3 were com-
mercial preparations containing both beta-glucanase
and xylanase activities. The enzyme preparations were
added to the diets at concentrations recommended by
the manufacturers, i. e. 500, 350 and 1 000 ppm for
diets E1, E2 and E3, respectively. The enzyme activi-
ties as determined by Kaoma et al. (1995) were 230,
510 and 660 beta glucanase u/g and 280, 2 250 and 850
xylanase u/g for enzyme preparations E1, E2 and E3,
respectively.

Chemical and statistical analysis

The gross energy of diets and excreta was determi-
ned using an adiabatic bomb calorimeter (IKA-C400).
The nitrogen content was determined by the Kjeldahl
method and chromic oxide in both diets and excreta
was analysed following the procedure of Petry and
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1. Composition of the basal diet (g/kg)

Ingredients

Barley 600.0
Soybean meal 273.5
Fish meal 60.0
Soybean oil 40.0
Salt 1.0
Limestone 15.0
DCP 1.5
Cr,0, 4.0
Vitamin and mineral premix 50"
Calculated composition

ME (MJ/kg) 1.7
Crude protein 217.1
Lysine 12.3
Methionine 43
Calcium 44
Non-phytate phosphorus 3.6

* Supplied per kg of feed: vitamin A — 14 000 IU, D3 - 3 000 IU,
E - 30 mg, K; - 3 mg, B, - 3 mg, B - 4.5 mg, B, - 0.02 mg,
niacin — 30 mg, pantothenic acid — 12.5 mg, choline — 300 mg,
Endox - 100 mg, Co - 0.36 mg, Cu — 7.85 mg, Fe - 37.5 mg, J
-0.3 mg, Mn - 79 mg, Zn - 53.5 mg, Se — 0.16 mg, Avoparcin —
15 mg, Diclazuril - | mg

Rapp (1970/1971). The beta-glucanase and xylanase
activity of the enzyme preparations was determined by
Kaoma et al. (1995) by using the dinitro salicylic
method as described by Miller (1959).

Data on nitrogen retention and N-corrected apparent
metabolizable energy (AMEn) were subjected to analy-
sis of variance (Steel, Torrie, 1980) and signifi-
cant differences between the treatment means were as-
sessed using Duncan’s multiple range test.

RESULTS

The results of the experiment are presented in
Tab. II. The addition of enzyme preparations had
a beneficial effect on the utilisation of nutrients. As
compared with the control group, N retention increased
in all enzyme-treated groups. The degree of the im-
provement ranged between 9.7% (diet E1) and 12.8%
(diet E3). Enzyme supplementation also improved the
metabolizability of energy of the experimental diets. As
compared with the control group, AMEn of all enzyme-
-treated groups increased, the differences being signifi-
cant in all cases (P < 0.05). The degree of improvement
ranged between 3.1% (diet E1) and 7.1% (diet E3).

DISCUSSION

The effects of supplemental enzymes on chicks fed
barley-based diets have been widely studied (Bed-
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II. Effects of different enzyme preparations on N retention and me-
tabolizable energy of barley-based diets

Diets
Parameter
B El E2 E3
N retention 55.7* 61.1" 61.5" 62.8"
(% of N intake) +23 | +26 | 37 | 34
AMEn 1273* | 133° | 1325 [ 1363
(Ml/kg) £005 | £0.06 | £0.06 | +£0.07

a, b — means within the same row not sharing a common superscript
differ significantly (P < 0.05)

ford, 1994; Brufau et al, 1991; Campbell et
al.,, 1986; Classen et al.,, 1988; Elwinger,
Saterby, 1987). In most studies, however, growth
rate and feed efficiency were the criteria of response.
Less information is available on the effect of enzymes
on N retention and energy metabolizability. Studies
conducted by Broz and Frigg (1990) showed that
enzyme supplementation significantly improved AMEn
of a barley-based diet by 0.43 MJ/kg (+4.2%). Similar
effects of enzymes on the metabolizability of energy of
barley-based diets were reported by Hijikuro
(1983) and Broz, Frigg (1986). Rotter et al.
(1990) found that the enzyme addition had a differen-
tial effect on AMEn of different barley varieties. The
greatest increase (1.97 MJ/kg, i.e. 15%) was observed
in the hulled variety Scout. In our previous work
(Kaoma et al., 1996), the addition of a purified en-
zyme product increased the AMEn of a barley-based
diet by 1 MJ/kg. Numerous studies support the idea that
the increase in ME is due mainly to the increased digesti-
bility of fat and starch (Hesselman, Aman, 1986;
Newman, Newman, 1987; Wang et al., 1992).

As compared with the calculated content of AMEn
in the basal diet, the estimated value was considerably
higher. This might be due to the differences between
the table and actual values for AMEn of barley or other
ingredients. This discrepancy suggests that, when for-
mulating diets for broilers, the data on the energy value
of feeds should be taken with care.

The present experiment confirmed the previous fin-
dings on the positive effects of enzymes on nitrogen
utilization (Broz, 1987; Edney et al., 1989;
Broz, Volker, 1990). Even though no significant
difference was found between the basal and enzyme-
-supplemented diets, the improvement due to the en-
zyme addition was clearly apparent. It has been shown
that the degradation of non-starch polysaccharides
leading to reduced digesta viscosity could also lead to
a greater ileal digestibility, including the digestibility
of amino acids (Chesson, 1987; Aman, Gra-
ham, 1987). Edney et al. (1989) found in experi-
ments with chicks fed a hulled barley-based diet a sig-
nificant increase in apparent absorption of all amino
acids. It seems that the increased availability of amino
acids is the main factor contributing to the increased N
retention in diets supplemented with enzymes.

ZIVOCISNA VYROBA, 42, 1997 (12): 543-546

REFERENCES

AMAN, P. - GRAHAM, H.: Mixed-linked beta-(1-3),(1-4)-
D-glucans in the cell walls of barley and oats — chemistry
and nutrition. Scand. J. Gastroenterol., 22 (Suppl. 129), 1987:
42-48.

BEDFORD, M. R.: Fixed or flexible dosing — A technical
review. Finnfeeds International Limited, 1994: 1-6.
BRENES, A. - SMITH, M. - GUENTER, W. - MAR-
QUARDT, R. R.: Effect of enzyme supplementation on the
performance and digestive size of broiler chickens fed wheat
and barley-based diets. Poult. Sci., 72, 1993: 1731-1739.
BROZ, J.: Improvement of the nutritive value of rye for
broiler chickens by supplemental enzymes. In: Proc. 6th
Europ. Symp. on Poultry Nutrition, Konigslutter, 1987: 6-7.
BROZ, J. - FRIGG, M.: Effects of cellulolytic enzyme pro-
ducts on the feeding value of various broiler diets. Arch.
Gefliigelkde, 50, 1986: 104-110.

BROZ, J. - FRIGG, M.: Influence of Trichoderma viride
enzyme complex on the nutritive value of barley and oats for
broiler chickens. Arch. Gefliigelkde, 54, 1990: 34-37.
BROZ, J. - VOLKER, L: Efficacy studies with Trichoderma
viride complex in broiler chicks. In: Proc. 7th Europ. Poultry
Conf., Barcelona, 1990: 275-279.

BRUFAU, J. - NOGAREDA, C. - PEREZ-VENDRELL, M.
A. — FRANCESCH, M. — GARCIA, E.: Effects of Tricho-
derma viride enzyme in pelleted broiler diets based on bar-
ley. Anim. Feed Sci. Technol., 34, 1991: 193-202.
CAMPBELL, G. L. - CLASSEN, H. L. - THACKER, P. A.
— ROSSNAGEL, B. G. - GROOTWASSINK, J. W. D. -
SALMON, R. E.: Effect of enzyme supplementation on the
nutritive value of feedstuffs. In: Proc. 7th Western Nutrition
Conf., Saskatoon, 1986: 250.

CHESSON, A.: Supplementary enzymes to improve the uti-
lization of pig and poultry diets. Rec. Adv. Anim. Nutr.,
1987: 71-93.

CLASSEN, H. - CAMPBELL, G. L. - GROOTWASSINK,
J. W. D.: Improved feeding value of Saskachewan barley for
broiler chickens with dietary enzyme supplementation. Can.
J. Anim. Sci., 68, 1988: 1253-1259.

EDNEY, M. J. - CAMPBELL, G. L. - CLASSEN, H. L.:
The effect of beta-glucanase supplementation on nutrient di-
gestibility and growth in broilers given diets containing bar-
ley, oat groats or wheat. Anim. Feed Sci. Technol., 25, 1989:
193-200.

ELWINGER, K. - SATERBY, B.: The use of beta-glucanase
in practical broiler diets containing barley or oats. Swed. J.
Agric. Res., 17, 1987: 133-140.

HESSELMAN, K.: Effects of beta-glucanase supplementa-
tion to barley based diets for broiler chickens. [Ph.D. Thesis.]
Uppsala, 1983. — Swedish Univ. of Agric. Sciences.
HESSELMAN, K. - AMAN, P.: The effect of beta-glucanase
on the utilisation of starch and nitrogen by broiler chickens
fed on barley of low or high viscosity. Anim. Feed Sci. Tech-
nol., 15, 1986: 83-93.

HESSELMAN, K. - ELWINGER, K. - THOMKE, S.: Influ-
ence of increasing levels of beta-glucanase on the productive
value of barley diets for broiler chickens. Anim. Feed Sci.
Technol., 7, 1982: 351-358.

545



HIJIKURO, S.: Improvement of feeding value of barley by
enzyme supplementation. Jap. Agric. Res. Quarterly, 17,
1983: 55-58.

KAOMA, C. - BLAHA, J. - HEGER, J. - SKARKOVA, L.:
Effects of different enzyme preparations on growth rate and
feed efficiency in broilers fed on mash or pelleted barley-
-containing diets. Zivo&. Vyr., 40, 1995: 411-415.
KAOMA, C. - BLAHA, J. - HEGER, J. - SKARKOVA, L.:
Estimation of the level of enzyme preparation required to
obtain optimum nutrient utilisation and growth performance
in young broiler chicks fed on barley diets. Zivog. Vyr., 41,
1996: 9-14.

MILLER, G. L.: Use of dinitrosalicylic acid reagent for de-
termination of reducing sugars. Anal. Chem., 37, 1959: 426—
428.

NEWMAN, R. - NEWMAN, C.: Beta-glucanase effect on
the performance of broiler chicks fed covered and hull-less
barley isotypes having normal and waxy starch. Nutr. Rep.
Int., 36, 1987: 693-699.

PETERSSON, D. — AMAN, P.: Enzyme supplementation of
a poultry diet containing wheat and rye. Brit. J. Nutr., 62,
1989: 139-149.

PETRY, M. -~ RAPP, W.: Zur Problematik der Chromoxid-
-Bestimmung in Verdauungsversuchen. Z. Tierphysiol. Tie-
rerndhr. Futterm.-Kde, 27, 1970/1971: 151-189.

ROTTER, B. A. - NESKAR, M. - MARQUARDT, R. R. -
GUENTER, W.: Effects of different enzyme preparations on
the nutritional value of barley in chicken diets. Nutr. Rep.
Int., 39, 1989a: 107-120.

ROTTER, B. A. - NESKAR, M. - MARQUARDT, R. R. -
GUENTER, W.: Effects of enzyme on the nutritive value of
hull-less barley in chicken diets. Anim. Feed Sci. Technol.,
24, 1989b: 233-245.

ROTTER, B. A. — FRIESEN, O. D. - GUENTER, W. -
MARQUARDT, R. R.: Influence of enzyme supplementation
on the bioavailable energy of barley. Poult. Sci., 69, 1990:
1174-1181.

STEEL, R. G. D. - TORRIE, J. H.: Principles and Procedure
of Statistics: A Biometrical Approach. 2nd ed. New York,
McGraw Hill Book Co. 1980.

WANG, L. - NEWMAN, R. - NEWMAN, C. - HOFER, P.
J.: Barley beta-glucans alter intestinal viscosity and reduce
plasma cholesterol in chicks. Nutr. Req. Interact., 122, 1992:
2292-2297.

Received for publication on March 4, 1997

Contact Address:

Dr. Ing. Chibwe Kaoma, Mochipapa Research Station, P.O. Box 630090 Choma, Zambia

546

ZIVOCISNA VYROBA, 42, 1997 (12): 543-546



THE EFFECT OF DIETARY FAT IN MARKET RAINBOW
TROUT ON GROWTH DYNAMICS, SPECIFIC GROWTH
RATE AND TROUT HEALTH

VLIV TUKU VE SMESICH PRO TRZNIHO PSTRUHA DUHOVEHO
NA DYNAMIKU RUSTU, SPECIFICKOU RYCHLOST RUSTU
A ZDRAVOTNI STAV RYB

J. Parova', J. Rehulka®

! Research Institute of Animal Nutrition, Pohovelice, Czech Republic
2 Research Institute of Fish Culture and Hydrobiology, University of South Bohemia,
Vodriany, Opava Station, Czech Republic

ABSTRACT: An experiment on the culture of 17,122 market rainbow trouts (Oncorhynchus mykiss) was conducted in 1996;
their initial individual weight was 0.082 kg and they were kept in concrete-made pools with 1m® water volume. The objective
of the experiment, which lasted 133 days, was to determine the effect of an addition of 4% contents of three kinds of oils
(fish, rapeseed, sunflower oils) on feed efficiency and some other parameters, including specific growth rate (SGR in % per
day), growth dynamics in rainbow trout and trout health. Two imported feeds for rainbow trout with 13.35% (4) and 18.49%
of fat (5) were used in this experiment parallelly with diets of our own formulation (1, 2, 3 with 11-12% of fat). The highest
values of specific growth rate were determined in fish receiving imported feed 5 with 18.49% of fat. Growth dynamics of
rainbow trout receiving diets 1, 2, 3 of our own formulation and imported feed 4 was almost identical. This parameter was
not substantially influenced by the kind of oil used. The growth of trout receiving imported feed 5 with 18.49% of fat was
dynamic and faster. The five kinds of diets did not affect the trout health evaluated by hematological and biochemical
parameters. The lowest (P < 0.05) value of serum total protein content was determined in the group receiving diet 5 with
highest fat content.

rainbow trout; feed; dietary fat content; specific growth rate; growth dynamics; red blood count; serum total protein

ABSTRAKT: V roce 1996 probéhl experiment pfi odchovu 17 122 kusi trZniho pstruha duhového o po&atedni kusové
hmotnosti 0,082 kg v betonovych bazénech o objemu vody 1 m°. Cilem pokusu, ktery trval 133 dni, bylo zjistit vliv 4%
pfidavku tfi druht oleju - rybiho, fepkového a slunecnicového — na produkéni Gcinnost smési a dalsi vybrané ukazatele, mezi
nimi rovnéZ na dynamiku ristu trzniho pstruha duhového, na specifickou rychlost riistu ryb (SRR v %.den™") a na zdravotni
stav ryb, ktery byl hodnocen pomoci hematologickych a biochemickych ukazateli. Soub&Zné& se smésmi vlastni receptury
(1, 2, 3) s pruim&rnym obsahem tuku 11 % byly do pokusu zafazeny dvé importované smési (smés 4 s 13,35 % tuku a smés 5
s 18,49 % tuku). Dynamika ristu ryb krmenych smésmi 1, 2 a 3 vlastni receptury byla obdobni. Dynamika rustu ryb
krmenych smési importovanou (4) byla bliZ§i skupindm 1, 2 a 3 neZ dynamice riistu ryb krmenych smési 5. Rist téchto ryb
byl dynamicky a rychlej$i. V této skupiné bylo rovnéZ dosaZeno nejvy$sich hodnot specifické rychlosti ristu (SRR v %.den™).
Zdravotni stav ryb, hodnoceny pomoci hematologickych a biochemickych ukazatel, nebyl krmenim péti druhy smési ovliy-
nén. Nejnizdi (P < 0,05) hodnota obsahu celkové bilkoviny (TP) v krevnim séru byla zji§téna u varianty krmné smési 5
s 18,49 % tuku.

pstruh duhovy; krmna smés; podil tuku ve smési; specificka rychlost ristu; dynamika ristu; Cerveny krevni obraz; celkova
bilkovina v krevnim séru

INTRODUCTION examinations is one of the routine approaches to tests
of feeds with different efficiency and biological effects.

Checks of physiological condition and health of ex-  This is true mainly when testing diets with higher fat
perimental fish are an integral part of the methods of contents because a decrease in the values of red blood
feeding trial evaluation. Evaluation of fish health on the  count can be a signal of oxidative impairment of the
basis of results df post mortem and hematological feed fatty component that can result in anemia symp-
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toms due to tocopherol deficit (Rehulka, 1989,
1990). This also applies to observations of plasma total
proteinemia, especially when the dietary crude protein
content is compensated by higher fat contents.

MATERIAL AND METHODS

Studies in the effect of an addition of three kinds of
oils to diets for rainbow trout (Oncorhynchus mykiss)
of our own formulation (1, 2, 3) and studies in the
effect of various fat contents in applied feeds in 1996
on growth dynamics in rainbow trout, specific growth
rate and on trout health were conducted on the fish
described in detail in the paper by Parova et al
(1997). Pellet feed formulations are shown in Tab. I,
dietary nutrient contents in Tab. II. Pellet size was 4
mm. Variants 1, 2, 3, 4 had three replications, variant 5
two replications.

Feed was administered to the rainbow trout by hand
several times a day, as a ration of 0.8-1.2% of the
stocking weight on average, in relation to water tem-
perature and to the content of water dissolved oxygen.

Growth dynamics in all experimental groups of fish
was represented graphically (Fig. 1) on the basis of fish
live weight determined on the day of control weighing.

Specific growth rate of fish as a performance para-
meter was calculated from the relation

SGR =100. (In final W - In initial W)/number of days
(W = average individual weight of fish)

Experimental data are shown in Tab. IIL.
The fish health was evaluated using the results of
patho-anatomical autopsy and parasitological and he-

300

1. Formulations of experimental diets in 1996

Diets
Ingredients 1 2 3
(fish oil) | (rapeseed oil) |(sunflower oil)
% %

Fish meal 37 37 37
Meat-bone meal 17 17 17
Soya extrudate 18 18 18
Wheat extrudate 16.2 16.2 16.2
Milk powder 25 2.5 25
Whey powder 45 4.5 4.5
Aminovitan Pd 0.8 0.8 0.8
Fish oil 4.0 - ez
Rapeseed oil - 4.0 -
Sunflower oil - - 4.0
Total 100 100 100

Composition of Aminovitan Pd supplement:

Vitamins: vitamin A 3,000,000 i.u.; vitamin D3 400,000 i.u.; vitamin
E 30,000 mg; vitamin K3 1,000 mg; vitamin B1 2,000 mg; vitamin
B2 2,000 mg; vitamin B6 2,400 mg; vitamin B12 5 mg, niacin
10,000 mg, calcium pantothenate 10,000 mg; choline 100,000 mg;
folic acid 500 mg; vitamin C 100,000 mg; biotin 50 mg; inositol
100,000 mg; antioxidant (Endox) 20,000 mg

Amino acids: DL-methionine 100,000 mg; L-lysine HCI 100,000 mg
Microelements: cobalt 45 mg; copper 840 mg; iron 6,450 mg; iodine
75 mg; manganese 8,350 mg; zinc 8,150 mg; selenium 24 mg

matological examinations. Hematological parameters
under observation included: red blood count (RBC in
T/1), packed cell volume (PCV /1), hemoglobin content
(Hb in g/l), mean corpuscular volume (MCV in fl),
mean corpuscular hemoglobin (MCH in pg), mean cor-
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1. The effect of diets of our own formulation (1, 2, 3) and imported feeds (4, 5) on growth dynamics in rainbow trout in 1996
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Ila. Nutrient contents in experimental diets 1, 2 and 3 and in imported feeds 4 and 5 in the 1996 experiment

Parameter 1 2 3 4 5

Dry matter (%) 90.60 91.75 90.23 90.81 92.64
Crude protein (% in dry matter) 38.20 39.90 3747 43.15 38.30
Fat (% in dry matter) 11.03 11.99 10.70 13.35 18.49
Ash (% in dry matter) 10.96 10.93 10.69 6.78 5.59
Fiber (% in dry matter) 1.59 1.44 1.84 2.14 3.94
Lysine (% in dry matter) 2.30 242 233 2.70 2.50
Methionine (% in dry matter) 0.83 0.89 0.82 0.81 0.83
Ca (gkg™) 25.80 22.90 24.20 12.7 6.17
P (gkg™) 5.58 12.7 12.9 8.38 6.00

IIb. Average values of some physico-chemical parameters of water in the pools (values at the outlet) at Ujéov in 1996

lempg,r:x:e °C Olr_r:::.lll't?m pH (chemiculco‘;s)%t:l demand) l;::g; r:_‘_;g; l:‘_gNl_ 2 N-NH}
xts; xts; mg.l
10.5 £ 1.92 11.7 £ 1.51 7.45 4.85 0.145 21.5 0.075 0.245
IIL. The effect of five diets administered to rainbow trout on the values of specific growth rate (SGR in % per day) in 1996
Diet
1 2 3 4 5
Period 1: 24.5-3.7. (41 days) 0.51 0.58 0.60 0.63 0.74
Period 2: 4.7-8.8. (36 days) 0.79 0.79 0.74 091 0.89
Period 3: 9.8-3.10. (56 days) 0.46 0.45 041 0.46 0.59
Period 1-3: 24.5-3.10. (133 days) 0.56 0.58 0.56 0.63 0.72

puscular hemoglobin concentration (MCHC in I/l) and
plasma total protein (TP in g/l). Instructions given by
Svobodovéa et al. (1986) were taken into account
when the methodological procedure of determining the
above parameters was applied. Blood samples were
taken in morning hours before feeding by puncturing
the blood vessels of the caudal peduncle, and Chelaton
III and aqueous solution of heparin were used as anti-
coagulants.

The initial health examination was conducted in ten
trouts with the average total body length of 200 mm
and live weight of 78-104 g which received feed pellets
Alma Forellenfutter 45. Inchoate necrosis of pectoral
fins was observed in 50% of trout, and the skin of all
fish showed the sporadic or moderate presence of
Trichodina sp., Apiosoma sp. and Gyrodactylus truthae
at the rate of 4-15 specimens. The initial health was
evaluated as good on the basis of the negative post
mortem findings and results of hematological examina-
tion, as shown in Tab. IV.

Final evaluation of trout health was conducted in
8-10 fish from each experimental group in 137 days;
the results of hematological examination are shown in
Tab. V.
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RESULTS AND DISCUSSION

Fig. 1 shows very close dynamics of rainbow trout
growth in the groups receiving diets of our own formu-
lation (1, 2, 3) with additions of three kinds of oils. The
position of group 4 (feed with 13.35% of fat) is be-
tween these experimental groups and group 5 (imported
feed with 18.49%) fat), but the growth rate in group 4
is closer to that of experimental groups 1, 2, 3 receiving
diets with 11-12% of fat. Growth dynamics of fish
receiving feed 5 corresponds to the recorded (statisti-
cally significantly) highest weight gain of fish in com-
parison with the other groups, between which no sig-
nificant differences in this parameter were observed.

Specific growth rate of rainbow trout (SGR) in the
particular experimental periods and variants ranged
from 0.41-0.91% per day. The highest SGR was re-
corded in the group receiving imported feed 5 in all
periods and in period 1-3 total, followed by the group
administered imported feed 4. The effect of three kinds
of oils that were applied to diets of our own formula-
tion (1, 2, 3) on SGR was hardly perceivable (SGR
0,56-0.58-0.56% per day).

Experimental diet applications did not affect the red
blood count in the fish of all groups at all. There was
a statistically significant difference (P < 0.05) between
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IV. Hematological values of the initial examination of experimental rainbow trout (n = 10, water temperature 8 °C)

Parameter x S5 v R

RBC (Tl 1.14 0.148 12.98 0.90-1.35
PCV ar' 0.441 0.0487 11.04 0.364-0.504
Hb ™ 89.7 9.62 10.72 75-103
MCV (1) 390 35.1 9.0 351-453
MCH (P 80 9.0 11.25 65-92
MCHC 1 0.204 0.0118 578 0.186-0.228
TP g™ 39.0 7.1 18.21 32-54

X = arithmetical mean, s; = standard deviation, v = variation coefficient (in %), R = variation range

V. The effect of experimental diets of our own formulation (1, 2, 3) and imported feeds (4, 5) on hematological parameters in market rainbow

trout (n = 8-10, water temperature 10 °C)

P Experimental group
| 2 3 4 5

RBETH 1.23 (1.18-1.28) 1.18 (1.14-1.22) 1.24 (1.18-1.30) 1.19 (1.16-1.22) 1.18 (1.12-1.24)

15.37 (0.95-1.52) 12.29 (0.91-1.41) 14.44 (0.98-1.50) 8.49 (1.06-1.28) 16.02 (0.78-1.38)
PV L 0.394 (0.382-0.406) |  0.379 (0.373-0 .385)"|  0.411 (0.399-0.423)" 0.401 (0.391-0.411) |  0.381 (0.366-0.396)

10.61 (0.342-0.483) 6.54 (0.350-0.434) 8.54 (0.355-0.466) 7.31 (0.340-0.430) | 11.81 (0.306-0.435)
Hb gI! 73.0 (70.7-75.3) 70.3 (68.8-71.8) 72.8 (69.1-75.5) 74.7 (72.0-77.4) 70.8 (67.4-74.2)

11.16 (61.0-82.9) 8.68 (57.4-79.6) 14.88 (61.0-93.8) 12.45 (57.4-91.3) 14.25 (55.0-88.9)
MOV i 324 (314-334) 326 (314-338) 336 (326-346) 339 (328-350) 328 (317-339)

11.17 (274-388) 14.79 (264-420) 8.81 (311-388) 9.41 (279-383) 9.82 (282-392)
MCH pg 60 (58-62) 60 (58-62) 59 (57-61) 63 (60-66) 61 (59-63)

12.5 (50-77) 13.33 (51-72) 12.03 (51-72) 15.40 (47-78) 10.16 (50-78)
— 0.185 (0.181-0.189) |  0.185 (0.182-0.188) 0.177 (0.172-0.182) 0.181 (0.177-0.185) |  0.185 (0.181-0.189)

6.81 (0.168-0.199) 5.95 (0.164-0.198) 7.74 (0.163-0.201) 7.02 (0.169-0.203) 6.38 (0.168-0.204)
P g I 35.9 (34.9-36.9) 39.4 (38.8-40.0)" 39.4 (37.3-41.5) 42.4 (39.9-44.9)" 33.6 (31.7-35.5)"

9.47 (29-41) 6.37 (36-45) 15.86 (31-42) 20.42 (34-64) 16.90 (23-42)

Note: The values designated by indexes a, b show mutually statistically significant differences (P < 0.05)
Arithmetical mean (reliability interval for parameter p at significance level P = 0.05) (Reisenauer, 1995); variation coefficient in %

(variation range)

the hematocrit value (PCV) of fish receiving diet 3 with
an addition of sunflower oil and this parameter in fish
fed diet 2 with an addition of rapeseed oil; the differ-
ence was for the benefit of diet 3, which provided the
highest PCV in all groups (0.411 I/).-No statistically
significant differences were determined between the
other values of the red blood count.

Total protein content in the blood serum of fish re-
ceiving imported feed 5 (38.3% of crude protein,
18.49% of fat) was significantly lower (P < 0.05) in
comparison with this parameter in groups receiving
diets 2, 3 and 4. This important finding corresponds to
the results showing the effect of feed 5 on the chemical
composition of rainbow trout bodies, where the (insig-
nificantly) lowest crude protein content in dry matter
of rainbow trout bodies was recorded out of all experi-
mental variants.

The red blood count and serum total proteins ranged
within the physiological values indicated by our labo-
ratory for this age group of fish.

550

Parasitological examinations revealed sporadic to
moderate infections by Trichodina sp., Apiosoma sp.
and Gyrodactylus truthae on the skin and fins of rain-
bow trout in all experimental groups. The presence of
Trichodina sp. and Apiosoma sp. on gills was sporadic.
No pathological lesions were determined by post mor-
tem examination of fish.
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INFORMACE - STUDIE - SDELENI

AKTUALNI PROBLEMY V ODHADU PLEMENNYCH
HODNOT PRO REPRODUKCNI UKAZATELE U PRASAT

CURRENT PROBLEMS IN BREEDING VALUE ESTIMATION FOR
REPRODUCTION TRAITS IN PIG

M. Wolfova, J. Wolf

Research Institute of Animal Production, Praha-Uhrinéves, Czech Republic

ABSTRACT: A survey on the actual situation of breeding value estimation for reproduction traits in pig is given. The factors
(effects) included in the linear models used for breeding value estimation of reproduction traits in different countries are
reviewed (Tab. I). Recent estimates of genetic parameters (heritabilities, genetic correlations) are summarized (Tabs. [I-1V).
In future, work should be focused on the following problems: (i) Are parities to be treated as individual traits or as a repeated
expression of the same trait? (ii) What is the best way for modelling the complex of factors herd—year-season (fixed versus
random effect, number of observation in subclasses)? (iii) To what extent are the estimates of breeding values influenced by
maternal effects and should maternal effects be included in the linear models for breeding value estimation? (iv) Which traits
are to be chosen for an effective selection for reproductive performance?

pig; reproduction; breeding value estimation; genetic parameters; review

ABSTRAKT: V prici je shrnuta sou¢asn situace v odhadu plemenné hodnoty prasat pro reproduk&ni znaky ve svét& i v CR.
Je uveden piehled pouZivanych metod a faktort zahrnovanych do modeld pro hodnoceni reprodukce, pfehled nejnovéjSich
odhadi genetickych parametrii v&etné korelaci mezi reproduk&nimi znaky navzdjem a mezi reproduk&nimi a produkénimi
znaky. Je poukdzano na nékteré problémy, které je v budoucnu potieba pfi odhadu plemennych hodnot pro reprodukci jesté
vyfeSit. NejduleZit€j¥i z nich jsou zpiisob hodnoceni jednotlivych vrhii a znaki (jednoznakovy versus viceznakovy model),
volba typu efektu pro stddo-rok-sezénu (pevny versus nihodny efekt), vliv maternalniho efektu na piesnost odhadu plemen-

nych hodnot a selekéni zisk a volba znaki charakterizujicich reprodukci.

prasata; reprodukce; plemenna hodnota; genetické parametry; literarni pfehled

UvVoD

V minulych letech spocivalo t&Zisté §lechténi prasat
ve zlepSovani ukazatelli vykrmnosti a jatecné hodnoty.
V soucasnosti, kdy se u podilu libového masa, vysky
hibetniho sadla i jinych produkénich znakt dosahlo té-
méf optima, obraci se pozornost §lechtiteli vice k re-
produkénim znakim. ZvySovéani reprodukce zna¢né
sniZzuje naklady, coZ je dnes pfi nasycenosti trhu a po-
klesu spotfeby masa hlavnim faktorem zvySovani efek-
tivnosti vyroby. Velikost vrhu mé ve srovnéni s produké-
nimi vlastnostmi vysokou variabilitu mezi plemeny
i uvnitf plemen — Roehe a Kennedy (1995) sta-
novili variaéni koeficient 22-28 %. Pficinou dosavadni
nizké odezvy na selekci podle velikosti vrhu (Ollivier,
1982) je zfejmé nizka dédivost tohoto znaku a existen-
ce zapornych kovarianci mezi pfimymi genetickymi
a maternalnimi efekty. Zavedeni modernich matema-
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tickych metod (DF REML, BLUP animal model) do
odhadu plemenné hodnoty umozZiiuje vyuZit pro selekci
i znaky s nizkou dédivosti.

Hodnoceni reprodukce je vSak komplikovan&j§i nez
hodnoceni vykrmnosti a jate¢né hodnoty. PfestoZe
v nékterych zemich se uZ v praxi pouZiva nebo se pfi-
pravuje odhad plemenné hodnoty prasat i pro zékladni
reprodukéni znaky, zistava zde fada otevienych otdzek
a piedpovidany selekéni zisk v téchto ukazatelich neni
v praxi dosahovan (Ollivier et al., 1990). Pro udr-
Zeni konkurenceschopnosti plemennych prasat v Ceské
republice je nutné po zavedeni animal modelu pro od-
had produkcnich znakt uplatnit tuto metodu i pro hod-
noceni reprodukce.

Cilem této studie je zhodnotit soucasny stav odhadu
plemenné hodnoty reproduké&nich znaku prasat ve svété
i u nés, pfedstavit pouZivané modely a metody hodno-
ceni, podat prehled odhadnutych genetickych paramet-

553



ri a diskutovat problémy, které je nutné v této oblasti
jesté vyfesit.

SOUCASNY STAV ODHADU PLEMENNE HODNOTY
REPRODUKCNICH ZNAKU U PRASAT V RUZNYCH
ZEMICH

Piehled hodnocenych reprodukénich znaki a efektl
zahrnutych do modeld pro odhad plemenné hodnoty
v n&kterych zemich je uveden v tab. I. Jsou zde zahr-
nuty ddaje dostupné do roku 1996, s novymi poznatky
viak pribézné dochazi k dpravdm uvedenych modeli.
Ve viech téchto zemich se pouZivd animal model
s opakovanim, tj. jednotlivé vrhy jsou posuzovény jako
jeden biologicky znak. Hodnoti-li se vice znakd, pro-
vadi se vypoclet viceznakovym animal modelem.
V soucasnosti se vSak v téchto pfipadech pocitd s nu-
lovymi kovariancemi mezi produk&nimi a reprodukéni-

mi znaky i mezi jednotlivymi reprodukénimi znaky,
takZe u reprodukcnich znaku se presto v podstaté jedna
o jednoznakovou analyzu. K vypoctu se nejéastéji po-
uZivaji programy PEST (Groeneveld et al,, 1990),
PIGBLUP (Long et al.,, 1991) a v USA program
STAGES (Stewart et al., 1991). Genetické paramet-
ry jsou zpravidla odhadovdny metodou DF-REML
(Meyer, 1989). V ndvaznosti na program PEST se
v posledni dobé &asto pro odhad genetickych paramet-
ra pouZiva program VCE (Groeneveld, 1994). Mo-
dely uZivané pro hodnoceni reprodukce jsou smiSené
modely, zahrnujici jako ndhodné efekty vZdy pfimy ge-
neticky efekt a permanentni efekt prostfedi prasnice.
V ostatnich efektech se modely v jednotlivych zemich
1i8i (tab. I).

V Ceské republice se reprodukce ve $lechtitelskych
a rozmnoZzovacich chovech v sou¢asnosti hodnoti inde-
xem reprodukce prasnic (Igg) a standardizovanym in-
dexem kancli (Igg), které maji tvar:

I. Modely pro odhad plemenné hodnoty reprodukénich znaki u prasat v riznych zemich - Models for breeding value estimation of
reproduction traits in pig in different countries

Zemé [autor]* Znak? Efekty v modelu®®

Francie* [1] NB H-Y-S, L, AF, SI, GG, a, p
Spanélsko’ [2] NBA H-Y-S, L, a, p

Nizozemi [3] NB, IW h-s, L, B, BT, a, p

Svycarsko’ [4] NBA H-Y, S, L, AF, SI, a,.p
Norsko® [5] NBA H-Y-S,L,a,p

Dinsko [6] NB H-Y,S,L, I, H-Y x SL, a, p
SRN - Bédensko-Wiirttembersko'" [7] NBA, NWH Y,S, L, SI,B-Y,P,a

SRN — Bavorsko'! [8] NBA H-Y, Y-S, L, SI, BT, a, p
USA [9] NBA, NW, WW Y-S, m(H-L), ¢, a, p
Kanada'? [10] NB gf-eYdi(S'Sl;ci::“‘P: S, L. AF, SI, PI. SB
Finsko'? [11] NB, IF H-Y, L, SI, AFI, SB, BT, a, p

* Pro tab. I aZ IV ~ For Tabs. I-1V:

[1] Bidanel, Ducos (1993), [2] Estany et al. (1993), [3] Knap (1993), [4] Frey et al. (1994), [5] Sehested, ITanssen
(1993), [6] Andersen etal. (1993), (7] Karras etal. (1993), [8] Gotz, Peschke (1995),[9] Lofgren (1997), [10] Anonym
(1995), [11] Nylander (1991), [12] Estany, Sdrensen (1995), [13] Kerr, Cameron (1995), [14] Roehe, Kennedy
(1995), [15] Southwood, Kennedy (1990), [16] Kisner et al. (1996), [17] Babot et al. (1994), [18] Ferraz, Johnson
(1993), [19] Rydhmer etal. (1995),[20] Irgang etal. (1994), [2]1] Télle, Trappmann (1995), [22] Skorupski etal. (1996),
[23] Réhe, Kalm (1996), [24] Tholen etal. (1996), [25] Hermesch etal. (1995), [26] Alfonso etal. (1994), [27] Bereskin
(1984a), [28] Irvin, Swiger (1984), [29] McCarter etal. (1987), [30] Fiedler (1994), [31] Bereskin (1984b), [32] Young
etal. (1978), [33] Young etal. (1977), [34] Short etal. (1994)

pevné efekty — velkd pismena, nihodné efekty — mald pismena, doprovodné proménné — kurziva; sdruZené efekty jsou spojeny pomlckou
a interakce znakem ,x* (fixed effects — capital letters, random effects — small letters, covariables — in italics; the hyphen is used for combined
effects and ,,x* is used for interactions)
Znaky (traits): NB — pocet viech narozenych selat (number of piglets born), NBA — poéet Zivé narozenych selat (number of piglets born
alive), NW - pocet od ych selat (number of piglets weaned), IW — interval mezi odstavem a 1. pfipu$ténim (interval from weaning to
Ist breeding), WW — hmotnost vrhu pfi odstavu (weaning weight), IF — mezidobi (farrowing interval)
Efekty, (effects): H — stido (herd), Y - rok (year), S — sezona (season), L - pofadi vrhu (parity), AF — v&k pfi opraseni a/nebo délka mezidobi
(age at farrowing and/or farrowing interval), AFl — v&k pfi 1. opraseni (age at Ist farrowing), SI — typ zapu$téni (mating type), GG -
genetickd skupina (genetic group), B — plemeno (breed), BT - geneticky typ, tzn. istokrevny jedinec nebo kiiZenec (breed type — purebred
or crossbred), SB — plemeno otce (sire breed), PI — podet i i na fiji (number of i ions per oestrus), a — aditivni geneticky
efekt prasnice (additive genetic effect of the sow), ¢ — prostedi vrhu prasnice (common litter environment of sow), p — permanentni efekt
prostiedi prasnice (permanent environmental effect of the sow), m(H-L) — efekt pfipafovaného kance uvniti H a L (random effect of mate
within H and L)

lcounlry [author], %trait, %effects in the model, *France, ° Spain, Netherlands, "Switzerland, “Norway. “Denmark, l"Gt:rm:my - Baden-Wiirt-
temberg, ”Germuny — Bavaria, '’Canada, "*Finland, l"preceding adjustment
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Igs=hy . () =y +hy. (12— ¥,) + 100
Iag=100+20. (3~ ) /s

kde: y1 - podet Zivé narozenych selat ve vrchu
y, — pocet dochovanych selat ve vrhu v 18 aZ 24 dnech
y3 — prumérny pocet Zivé narozenych selat na prvni zapusténi
kance
¥; — prim&mé hodnoty znaki uvnitf chovu, linie nebo plemene
h; — koeficienty dileZitosti znakd
s - smérodatna odchylka

Udaje jsou upraveny pouze na pofadi vrhu. Délka
mezidobi se pouZiva jako pomocny ukazatel a rozliSuji
se tfi tfidy — mezidobi normalni (do 170 dnu), prodlou-
zené (170-190 dnui) a dlouhé (nad 190 dnti) Ivédnek
et al., 1995).

ZNAKY POUZ[VANE PRO HODNOCENI
REPRODUKCNI UZITKOVOSTI PRASAT

Velikost vrhu pFi narozeni je pouZivana nejcastéji
a je definovana jako pocet vSech narozenych selat (NB)
nebo jako pocet Zivé narozenych selat (NBA) na vrh.
NB je vicesloZkovy ukazatel zahrnujici podet vajiek
uvolnénych pfi ovulaci, pieZitelnost embryi a kapacitu
délohy. Nekteri autofi doporucuji zlepSit reprodukci
piimou selekci na tyto znaky, protoZe v selek&nich ex-
perimentech bylo dosaZeno lepSich vysledki neZ pfi
selekci na NB nebo NBA (Casey et al., 1994). Meé-
feni téchto znaku v praxi je vSak zatim problematické.
NBA je podobny znak, vysoce korelovany s NB, pro
praxi je v8ak vyhodnéjsi nez NB, protoZe se da snadno
kontrolovat.

Velikost vrhu pri odstavu charakterizuje prede-
vS§im preZitelnost selat do odstavu. I kdyZ je ovlivnéna
poctem Zivé narozenych selat (NBA), je sporné, zdali
ji lze povaZovat za znak zaménitelny za NBA. Korelace
stanovené mezi NBA a poCtem odchovanych selat
(NW) nejsou totiZ jednoznacné.

NW je vice ovlivnén matefskymi vlastnostmi pras-
nice (chovanim, mlé¢nosti), proto u tohoto znaku byva
udédvan prukazny maternélni efekt. Ekonomicka hodno-
ta NW je vyssi neZ u NBA. Fiedler et al. (1995)
stanovili pfinos zvy$eni NW o jedno sele na 1 380 K¢&
na prasnici a rok.

V nékterych zemich se méfi i hmotnost vrhu pfi
odstavu (WW), korigovana obvykle na vék vrhu 21 dni.
V CR bylo v soucasnosti ustoupeno od méfeni tohoto
znaku. Tim se upustilo od hodnoceni mléCnosti prasni-
ce, coZ je jisté jeden z vyznamnych reprodukénich uka-
zateli. Vyvoj mlé¢nosti, jak ho stanovili Rybaf a
MatousSek (1996) u matefskych a otcovskych ple-
men v CR, neni pfitom pfili§ uspokojivy. Cdstené mi-
Ze tento znak nahradit velikost vrhu v 21 dnech, ktera
je s hmotnosti vrhu v 21 dnech stfedné aZ vysoce ko-
relovana.

Z dal3ich ukazateli se hodnoti napf. v Nizozemi in-
terval mezi odstavem a 1. pFipu$ténim (IW), v CR se
jako dopliikovy znak uvadi délka mezidobi. V Kanadé
se pfipravuje hodnoceni véku prasnicek pfi 1. pFipus-
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téni. Bylo totiZ zjiSt€no, Ze selekce na vySSi pfiristek
a podil masa zvySuje vék pfi 1. opraseni (Rydhmer
et al., 1995), coz zvySuje naklady na odchov. Selekci
Ize tento znak ovlivnit — ma stiedni heritabilitu (kolem
0,30) i dostatenou varianci (Lamberson et al.,
1991), problémem je v3ak silny vliv managementu na
tento znak.

DalSimi potencidlnimi ukazateli reprodukce jsou
bFezost po 1. pripusténi (Stewart et al.,, 1990)
a pocet funkénich strukd (von Brevern et al.,
1994). Malo vyuZivéna je také samci sloZka reproduk-
ce. Nékteré ukazatele samci reprodukce maji vySsi dé-
divost neZ velikost a hmotnost vrhu a byl u nich zji§tén
signifikantni vliv na sami¢i reprodukci. Jsou to napf.
velikost varlat (h2 = 0,12 az 0,80), mnoZstvi spermii
(0,20 az 0,50) a pohlavni vyraz — libido (0,10 aZ 0,50)
(Rothschild, 1996).

FAKTORY OVLIVNUJICI UROVEN
REPRODUKCNICH ZNAKU

Stido, rok a sezona

Tyto efekty vystupuji v modelech samostatné nebo
jako efekty kombinované (napf. stado-rok, stado-rok—
sezona) s riznou délkou sezony tak, aby v jednotlivych
urovnich faktoru byl dostate¢ny pocet zvifat. Jako mi-
nimalni se uvadi 10 vrhi (Frey et al., 1994). Vliv
sezony opraseni na velikost vrhu neni jednozna¢ny. Pfi
délce sezony jeden mésic vychazi jeji vliv &asto nesig-
nifikantni (Rydhmer et al.,, 1995; vlastni analyzy),
zatimco pfi étvrtletni nebo pulroéni sezoné byly stano-
veny sezonni rozdily 0,1 aZ 0,8 selat na vrh, s niZ§imi
vrhy v Iété nebo na podzim (Estany, S¢rensen,
1995). Jak uvadéji Roehe a Kennedy (1993),
vliv sezony muiZe byt také zkreslen interakci s vékem
pfi opraseni. ZhorSeni zabfezavani v urCité sezoné zvy-
Suje v€k prasnice pii opraseni, coZ se naopak projevi
zvétSenim velikosti vrhu.

Autofi se je$té neshoduji v ndzoru, zda zafadit efekt
stddo-rok do modelu jako pevny nebo nahodny. Pri
definovéni tohoto efektu jako ndhodného se zvySuje
obsah informaci a pfesnost predikce (Estany,
Sgrensen, 1995). To plati oviem pouze tehdy, je-li
tento efekt také ve skute€nosti ndhodny, tj. neexistuje-li
interakce mezi stddem a pouZivanymi plemennymi zvi-
faty a je-li pfi odhadu zohlednén efekt selekce. Neni-li
zaji§téno dostate¢né propojeni podniki umélou insemi-
naci, jsou nevychylené odhady plemenné hodnoty zis-
kény jen za pouZiti stida-roku jako pevného efektu
(Visscher, Goddard, 1993).

Poradi vrhu

Velikost vrhu narista v zavislosti na plemeni do 4.
az 6. vrhu, pak nastavé pokles, ktery je bud pozvolny
(u plemene yorkshire az do 10. vrhu), nebo silny (u ple-
mene landrase uZ po 6. vrhu). Efekt pofadi vrhu se
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zahrnuje do modelu s opakovénim, ktery pfedpoklada,
7e viechny vrhy reprezentuji geneticky jedinou vlast-
nost. Tento model se v soucasnosti sice pouZiva ve vét-
§ing zemi, ale spie z divodu niZsi sloZitosti vypoltu
a niz8iho naroku na vypocetni techniku a pocitaovy
&as, protoZe nékterymi autory je spravnost tohoto po-
stupu zpochybfiovana. V pracich autori Looft
(1992) nebo Télle a Trappmann (1995) byly
stanoveny vysoké genetické korelace mezi jednotlivy-
mi vrhy, zatimco Alfonso et al. (1994) uvadéji vy-
soké korelace od 0,70 do 0,99 pouze pfi pouZiti dvou-
znakového modelu (vzdy jen dva vrhy), zatimco pii
zahrnuti v8ech vrhi do viceznakové analyzy stanovuji
jen korelace v rozmezi 0,22 az 0,74. Ve dvouznakové
analyze mohou byt genetické korelace nadhodnoceny
v disledku selekce prasnic podle velikosti pfedchoziho
vrthu. Rydhmer et al. (1995) uvadéji korelaci mezi
1. a 2. vchem 0,67. Irgang et al. (1994) stanovili
vy$§i korelace pouze mezi 1. a 3. a 2. a 3. vrhem (0,77
aZ 1,00), zatimco korelace mezi 1. a 2. vrhem byla niZsi
(kolem 0,50).

Vék pii opraseni a délka mezidobi

Pro vék prasnice pfi opraseni byl vétSinou stanoven
pozitivni vliv na velikost vrhu. Frey et al. (1994) viak
zjistili pozitivni regresni koeficient pouze u prvniho vr-
hu a prvniho mezidobi, pro ostatni vrhy byla regrese
zdporna. ProdluZovani délky mezidobi (resp. servis pe-
riody) Casto nejdiive zvySuje velikost vrhu, ale po pre-
kroceni uréité hranice, Grob (1988) uvadi 55 az
60 dni servis periody, se velikost vrhu sniZuje. Vék
prasnice pii jednotlivych oprasenich lze volit jako fak-
tor tehdy, je-li zarueno hlaseni vSech, tedy i neuspé&s-
nych vrhi. Jinak je vhodnégjsi pro druhy a dalsi vrh
pouZit v modelu délku mezidobi. Oba tyto faktory jsou
vétsinou zahrnuty jako doprovodné proménné, Ize v8ak
také uvnitf kaZzdého vrhu stanovit pevné vékové tfidy
(Estany, S@érensen, 1995).

Zpiisob pripaFovani

Vétsina autort uvadi pfi pouZiti inseminace sniZeni
velikosti vrhu o 0,10 aZ 0,37 selat (Frey et al., 1994;
Tolle, Trappmann, 1995; Estany, Sgren-
sen, 1995). Existuji v8ak i opana zjisténi (S@ren-
sen, 1990). Zda se, Ze hlavnim faktorem neni pfimo
pouZiti chlazeného spermatu, ale technika inseminatora
nebo drovei managementu podniku. Brandt
a Glodek (1984) zjistili v né€kterych podnicich pfi
pouZiti inseminace zaporny efekt az 0,7 selat, v jinych
naopak stejné nebo lepsi vysledky ve velikosti vrhu.

Maternalni efekt

Maternalni efekt ma jak sloZku podminénou prostie-
dim, tak slozku genetickou. Existence maternalniho
aditivniho genetického efektu muiZe vychylovat odhad
primého aditivniho genetického efektu (odhad plemen-
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né hodnoty). Pfi zahrnuti maternélniho efektu do mo-
delu je aditivni genetickd variabilita znaku obvykle
vy$§i neZ pii zahrnuti pouze aditivniho efektu, coZ se
vysvétluje zapornou kovarianci (korelaci) mezi ptimym
a materndlnim efektem (Irgang et al., 1994). Vyse
této korelace udavana v literatufe se ruzni. South-
wood a Kennedy (1990) stanovili u plemene
landrase korelaci —0,61, u plemene yorkshire —0,24,
u jejich kfiZencu vSak byla korelace téméf nulova
s kladnym znaménkem. Irgang et al. (1994) udavaji
korelaci v rozmezi —-0,50 az -0,99. Redukce piesnosti
odhadu plemenné hodnoty zévisi na heritabilité mater-
nalniho efektu. Pfi nizké heritabilité je efekt zanedba-
telny. Stanovené hodnoty maternalni heritability se po-
hybuji v rozmezi O (Roehe, Kennedy, 1995) az
0,17 (Irgang et al., 1994).

Nazory autort na vliv maternalniho efektu jsou kon-
troverzni. Zatimco Rydhmer et al. (1995) nebo
Roehe a Kennedy (1995) nasli jen nevyznamny
nebo Zadny maternalni efekt, Southwood a Ken-
nedy (1990) nebo Ferraz a Johnson (1993)
zjistili signifikantni efekt. Looft (1992) uvadi vy-
znamny maternalni efekt pouze pro 1. vrh, kdezto Ir-
gang etal. (1994) pouze pro 2. vrh, a to jen u nékte-
rych plemen. Pfi¢iny téchto rozdilnych vysledki
mohou byt v nevhodnych datovych souborech s malym
poctem maternélnich a pramaternalnich generaci, v po-
uZiti riznych plemen, v CetnéjSim cross-fostringu nebo
v nendhodném vybéru vétSich a lépe rostoucich prasnic
ve vrhu pro dal3i chov. Pro dostate¢né piesné stanoveni
materndlniho efektu se doporucuje zahrnout idaje mi-
nimdlné ze Ctyf predchozich generaci matek. Jednou
z moZnosti nepiimého zohlednéni maternélniho efektu
je zahrnuti efektu vrhu narozeni prasnice, ptipadné
i efektu poradi tohoto vrhu do modelu.

Dalsi faktory s moznym vlivem na reprodukéni znaky

Velikost vrthu miaZze ovliviiovat i geneticka skupina,
a to pfedev§im pii vyznamném podilu importu chov-
nych zvifat. Vynechdnim genetické skupiny muze byt
silné nadhodnocen odhad heritability a geneticky trend.

Roehe a Kennedy (1993) zjistili signifikantni
vliv poctu inseminaci na fiji, ovS§em v zavislosti na ple-
meni. UZiti vice neZ jedné inseminace zvysilo velikost
vrhu o 0,5 selete u plemene landrase, u plemene york-
shire se v8ak vliv neprojevil.

Thomas (1989) doporuCuje zahrnout do modelu
i efekt otce vrhu, tj. pfipafovaného kance, u kterého
zjistil signifikantni vliv nejen na velikost, ale i hmot-
nost vrhu a na zabfezavani prasnic.

ODHADY GENETICKYCH PARAMETRU
REPRODUKCNICH ZNAKU
Velka variabilita odhadu genetickych parametri

u riznych autoru ukazuje zavislost odhadu na struktuie
populace, zahrnutych plemenech a na pouZitém modelu
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a metod&. Literdrni udaje o genetickych parametrech
slouZi proto jen k hrubé orientaci a pro danou konkrét-
ni populaci je potfeba provést vlastni analyzy. V tab. I
je uveden prehled nejduleZitéjSich genetickych para-
metrl reprodukénich znakd. Omezili jsme se pouze na
nové&jsi prace. Star§i odhady byly provddény Casto s po-
uZitim metod, které nezaruduji pozitivni definitnost va-
rian&n&-kovarianéni matice. Ruzné odhady uvedené
v tab. II u téhoZ autora souvisi s pouZitim riznych mo-
deld zahrnujicich rizné efekty. Neni-li uvedeno jinak,
jsou genetické parametry spolitany pies viechny vrhy.
V nékterych pracich je uvedena i opakovatelnost pro
velikost vrhu. Pro pocet viech narozenych selat se po-
hybuje v rozmezi 0,11 aZ 0,23, pro podet Zivé naroze-
nych selat 0,11 aZ 0,15 a pro podet odstavenych selat
0,07 (Tolle, Trappmann, 1995; Kisner etal,
1996; Short et al, 1994). Znacné vyssi koeficienty
opakovatelnosti pro tyto tfi znaky (0,33-0,47) stanovili
Maj§ik et al. (1996).

Pro posouzeni vzdjemné zastupitelnosti jednotlivych
znakd reprodukce nebo pro odhad plemenné hodnoty
viceznakovou analyzou (multitrait animal model) jsou
nutné i znalosti korelaci mezi znaky. V literatufe je za-
tim maélo ddaji k témto genetickym parametrim, tyto
udaje se v8ak dostate¢né shoduji (tab. III).

Byly stanoveny i korelace mezi reproduké&nimi
a produkénimi ukazateli (tab. IV). Tyto korelace jsou
vesmés nulové nebo nizké a u korelaci mezi velikosti
vrhu a pfiristkem nebo vy$kou hibetniho sadla je ve-
smés zdporné znaménko. Kerr a Cameron (1995)
zjistili, Ze vztah mezi vy§kou hibetniho sadla a velikos-
ti vrhu je nelinedrni, coZz by vysvétlovalo v literatufe
stanovené jak nulové, tak zaporné i kladné korelace,
a to podle stupné proSlechténosti hodnocené populace
na vySku hibetniho sadla a podle zpusobu krmeni.
V této oblasti je potiebny dalSi vyzkum.

DISKUSE A ZAVERY

V fadé zdpadoevropskych zemi, v USA i Kanadég je
v kontrole uZitkovosti prasat zaveden odhad plemenné
hodnoty produkénich znakd a minimalné jednoho re-
produkéniho znaku metodou BLUP za pouZiti animal
modelu, v dalsich zemich i v CR se provédi pfipravy
na zavedeni tohoto zpisobu hodnoceni.

Jako hlavni kritérium reprodukce se uZivd pocet
v8ech nebo podet Zivé narozenych selat na vrh. Ziské-
vani téchto dat je spojeno s minimalnimi naklady
a u poltu Zivé narozenych selat je moZna i kontrola
spravnosti idaju. ZvétSovani velikosti vrhu v§ak mizZe
vést k sniZovani hmotnosti selat pfi narozeni, coZ ne-
pfiznivé ovliviluje ztraty v odchovu selat i ekonomiku
vykrmu. Bylo by proto vhodné znovu zvéaZit moZnosti
zji§tovani hmotnosti vrhu. Rozhodujici pro zahrnuti
znaku do odhadu plemenné hodnoty bude samoziejmé
pomér mezi ndklady vynaloZenymi na méfeni a doda-
teénym selek&nim ziskem. TotéZ plati pro sledovéni
dalSich ekonomicky vyznamnych znak, jako jsou in-
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1I. Odhady heritability reproduk&nich znaki podle literdrnich prame-
nil - Review of heritability estimates for reproduction traits

Znak (vrh)' h? Plemeno® | Autor’

NB 0,06-0,14 (L, Y, LW [12], [13], [23]

NB (1-3) 0,10-0,13 LY [14]

NB (1-7) | 003 L, LW [16)

NB (1) 0,13 Y [15]
0,00 L. LW [16]

NB (2) 0,14 L, LW [16]

NB (3) 0,05 L, LW [16]

NBA 0,08-0,13 Lw [17], [21). [22]
0,05-0,09 L [17], [21], [22)
0,00-0,16 L, LW [18], [23], [27]
0.16 D 22]

NBA (1-3) 0,07-0,11 LY [14]

NBA (1-7) | 0,03 L LW [16]

NBA (1) 0,10-0,13 |Y [19], [15]
0,00-0,04 L, LW [16], [26]
0,14-0,18 L [15], [20]
0,11-0,16 | D [20]

NBA (2) 0,01-015 L LW, Y [16], [19], [20], [26]
0.11-0,16 |D [20]

NBA (3) 0,02-0,05 L, LW [16], [26]

NW 0,08 LW [13)

NW (1-2) 0,05-0,14 LW [20]
0,19-022 |L [20]
0,11-0,22 D [20]

NW (1-3) 0,05-0,11 LY [14]

NW (1-7) | 001 L LW [16]

NW (1) 0,01-0,12 |LW,L,Y |[I5][16]

NW (2) 0,09 L LW (16]

NW (3) 0,04 L, LW [16]

ww 0,06-0,23 L, LW [13], [18], [24)

WW (1) 0,07-0,17 L, LW [25]

WW (2) 0.12 L LW [25]

WW (3) 0,23 L, LW [25]

PW 011-035 | L, LW (23], [24)

BW 0,06-0,33 L, LW [23]

IF 0,00-0,10 |L, LW, Y |[19], [24]

WCI 0,00-0,10 |L,LW [24]

Znaky (traits): PW - hmotnost selat pfi narozeni (piglet birth-
weight), BW — hmotnost vrhu pfi narozeni (litter weight at birth),
WCI - interval mezi odstavem a zabfeznutim (interval from weaning
to conception)

Plemena (breeds): L — landrase (Landrace), LW - bilé u3lechtilé
(Large White), Y — yorkshire, D — duroc, H — hampshire

Ostatni symboly viz tab. I (for other symbols see Tab. I)

Ytrait (parity), 2breed. 3author

terval mezi odstavem a prvni fiji, resp. prvnim zapus-
ténim nebo délka mezidobi, pfipadné bfezost po prv-
nim zapu$téni, které ovliviiuji poet vrhii na prasnici
a rok i dobu vyuZiti prasnice v chovu. ;
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111. Korelace mezi reproduk&nimi znaky ~ Correlations between reproductive traits

Znaky (vrh)' r, r, Plemeno® Autor?

NB - NBA 0,97 a% 0,98 L Y LW [23], [14]
0,83 az 0,88 0,91 Y. D.:H [27], [28]

- NW 0,62 a% 0,77 Y [14]

0,37 0,67 Y,D [27]

0,92 0,65 Y,H, D [28]

0,53 0,69 LW [13]

- WW 0,4 0,49 Y,D [27]

0,75 0,43 Y,H, D [28]

0,21 0,55 LW [13]

- BW -0,00 aZ 0,65 L, LW [23]

—IF 0,39 LW [30]

NBA - NW 0,65 az 0,82 LY [14]

0,74 0,89 Y. D 27

1,00 0.73 Y. H. D (28]

0,58 Y [29]

- BW -0,04 az 0,50 L, LW [23)

- PW -0,24 a7 -0,57 -0,13 az -0,46 L. LW [24]

- WW -0,29 aZ -0,38 -0,03 az -0,11 L, LW [24]

0.75 0,55 Y, D [27]

0,50 091 Y,H, D 28]

0,09 aZ 0,12 0,08 Y [29]

- IF 0,45 LW [30]

NBA(I) -IF(1-2) -0,19 0,03 L, LW [24]

-0,03 Y [19]

NBA(2) - IF(1-2) -0,10 Y [19]

NBA(1) - AF(l) 0,00 Y [19]

NBA(2) - AF(l) 0,09 X [19]

AF(1) - IF(1) 0,02 Y [19]

NW - WwW 1,00 0,86 Y,D [27]

0,82 0,83 Y,H, D [28]

0,87 0,88 LW (3]

~-1IF 0,43 LW [30]

-IF 0,14 LW [30]

re I, — genetickd a fenotypova korelace (genetic and phenotypic correlations), aZ (to)

Ostatni symboly viz tab. I (for other symbols see Tab. I)

"traits (parity), %breed, *author

Velka pozornost je vénovédna vybéru faktori ovliv-
fiujicich reprodukéni znaky. Ve vSech dosud uZivanych
modelech se vyskytuji faktory stido, rok, sezéna
(v ruznych kombinacich), pofadi vrhu a permanentni
efekt prostfedi prasnice. Vybér ostatnich faktorl zavisi
na hodnocené populaci (plemeni), zplsobu testace
a struktufe dat.

Sporna zustdvd otdzka vlivu maternédlniho efektu.
Z biologického hlediska je jasné, Ze materndlni efekty
hraji v reprodukci duleZitou roli. Problém je v kvanti-
fikaci a v oddéleni tohoto efektu od efektd ostatnich.
Z literarnich udaju vyplyva klamny zavér, Ze maternal-
ni vliv je specificky pro jednotlivd plemena i jednotlivé
vrhy. BéZné pouZivané linearni modely maji tu vlast-
nost, e odhady plemennych hodnot (aditivné genetic-
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kych efekti) a maternalnich efekti jsou mezi sebou
zpravidla negativné korelovany. Je nutné zduraznit, ze
zaporna hodnota je z ¢asti podminéna ur€itym nedosta-
tkem matematického modelu a vztahuje se predevsim
na odhady a méné uZ na skuteénost. Pfi interpretaci
mozného biologického vyznamu téchto korelaci se pro-
to musi postupovat velmi opatrné. Zaporné korelace
také vysvétluji, pro¢ nezohlednéni maternalniho efektu
v modelu vede k podhodnoceni plemenné hodnoty re-
produkénich znaku a ke sniZeni odezvy na selekci pod-
le téchto znaku.

Dal§im spornym faktorem jsou genetické skupiny.
Jejich vyznam se uplatiiuje piedevsim pfi vysokém po-
dilu importovanych zvifat. Jejich nezohlednéni nadhod-
nocuje odhadovany geneticky zisk ze selekce.
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IV. Korelace mezi produk&nimi a reproduk&nimi znaky — Correlations between production and reproduction traits

Znaky (vrh)! r, ks Plemeno® Autor?
Prirustek*
- NB -0,15 az 0,23 -0,01 az 0,06 L, LW [34]
0,44 -0,01 LW (13
0.01 LW [28]
- NBA 0,04 Lw [30]
0,07 az -0,11 -0,01 az 0,04 L, LW [24)
~ NBA(I) -0,01 Y [19]
- NBA(2) -0,00 Y [19]
- NW 0,31 0,07 Lw [13]
0.16 LW (30]
- PW 0,18 az 0,27 0,00 aZ 0,04 L, LW [24]
Y 0,52 0.10 LW (13)
0,15 Lw [30]
-1IF 0,24 Lw [30]
- IF(1-2) 0,11 Y [19]
- AF 0,61 Y [19]
Vyska hibetniho sidla’
- NB -0,54 -0,04 Y.D [31]
0,01 -0,03 [32)
-0,12 az 0,06 -0,08 az 0,02 L, LW [34])
-0,08 0,01 Lw [13]
~0,10 LW [30)
- NBA -0,21 az 0,07 -0,05 az 0,01 (32]
-0,06 Lw [30]
-0,06 az 0,11 -0,01 az 0,04 L, LW [24)
— NBA(1) -0,11 Y (19
~NBA(2) ~0,06 Y [19]
- NW -0,17 -0,02 Y,D [33]
-0,13 LW (30]
- PW -0,08 az -0,10 -0,02 az -0,05 L, LW (24]
- Ww -0,26 -0,25 YD 31
0,26 0,05 32)
011 0,05 LW [13]
~0,08 LW [30]
— AF -0,16 Y [19]
-IF -0,32 LW [30]
- IF(1-2) -0,03 Y [19]
Pfijem krmiva®
- NB -0,22 22 0,17 -0,03 aZ 0,06 L, LW [30]
0,23 0,06 Lw [13)
- NW 0,21 0,06 LW [13]
-Ww 0,42 0,07 LW [13]
Konverze krmiva’
- NB -0,19 0,00 LW [13]
-0,21 LW [30]
- Nw -0,07 0,01 LW [13]
-0,23 LW (30
-WW -0,11 -0,01 LW [13]

Symboly viz tab. T aZ IIT (for symbols see Tabs. I to III)

traits (parity), Zbreed, *author, 4weight gain, Sbackfat thickness, feed intake, 'feed conversion
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Pfi dal§im vyzkumu v oblasti odhadu plemenné
hodnoty pro reprodukéni znaky je potfebné se zaméfit
na tyto hlavni otazky:

— jak hodnotit jednotlivé vrhy prasnice — jako jeden
znak s opakovanim nebo jako samostatné znaky —
a kolik vrhi zahrnout do hodnoceni;

— jaky typ efektu (pevny versus néhodny) zvolit pro
faktor stddo-rok-sezona;

— jakou roli hraje maternélni efekt, jak ho lze efektiv-
n& odhadovat a pouZivat v selek&nich programech;

— jaké zpfesn&ni odhadu plemenné hodnoty pfinese
zohledn&ni raznych zbytkovych varianci;

— jaky vliv na odhad plemenné hodnoty ma selekce
prasnic a jejich nucené vyfazovéni;

— které dal8i reproduk&ni znaky mohou pfinést vy-
znamné zpfesnéni odhadu reprodukénich schopnosti
prasat a zvy3eni selek&niho zisku pfi co nejmensich
dodateénych nékladech na jejich podchyceni.
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Z VEDECKEHO ZIVOTA

Mezinirodni konference Genofond hospodaiskych zvirat

v Ceské republice a v zahraniéi

Mendelova zemédélské a lesnick univerzita v Brné
uspofadala 4. 6. 1997 mezindrodni seminaf o genofon-
du hospodafskych zvifat. Cilem seminife bylo provést
winventuru® soucasnych plemen hospodarskych zvitat
v Ceské republice, porovnat je se zahraniim a prodis-
kutovat otdazku vyznamu plemen. Za tG¢asti 90 zastupct
vyzkumu, ¥kol a chovatelt bylo pfedneseno 10 referatt
o sou¢asném stavu v Ceské republice, Anglii, Skotsku,
Bavorsku, Polsku a na Slovensku. Soucasti seminafe
byla také diskuse k navrhim ,plemenéiského* zakona.

V tvodnim referdtu (Hrouz, Subrt, Polich) byla
uvedena problematika vzniku plemen hospodafskych
zvitat, jejich vyznam a soucasny stav. Autofi naznacili,
Ze v poslednich letech nastaly vyznamné zmény ve
struktufe plemen hospodafskych zvifat. Mnohé pleme-
na se silné pocetné zredukovala a v ekonomickém tlaku
na efektivnost produkce se stala nevyznamnymi. Na-
opak jina plemena, ktera vykazuji pfiznivéjsi parametry
ekonomické efektivnosti produkce, se rozsifila. Evropa
je domovem vice neZ Ctvrtiny plemen skotu, ovci, pra-
sat a koni. Aby farmafi zabezpecili regionalni poZadav-
ky na potraviny Zivoc¢i$ného pivodu, stile vice se spo-
1éhaji na mensi pocet plemen. Chovatelé zvifat si musi
uvédomit vaZnost zuZovani genetické zdkladny hospo-
darskych zvifat a ujmout se, za uc¢inné podpory vlad-
nich a nevladnich organizaci, vedouci role v zachovani
potfebné biodiverzity v jednotlivych regionech a ze-
mich.

Podle zprav FAO (1993) je v databance registrova-
no 2 719 plemen, z toho 863 plemen ovci, 783 plemen
skotu, 357 plemen koni, 313 plemen koz, 263 plemen
prasat, 78 plemen osli a 62 plemen buvoli. Nejvice
plemen (1 058) je registrovdno v Evropé, véetné &asti
byvalého Sovétského svazu. FAO upozoriiuje, Ze z to-
hoto celkového poctu je ohroZeno 390 plemen, kterym
hrozi zénik. V ndvaznosti na tato svétova data jsme se
pokusili ziskat podrobné&jsi prehled o situaci v Ceské
republice a sousednich zemich.

Pokud jde o situaci v Ceské republice, Misar (1997)
ve svém referitu uvedl, Ze v soucasné dobé je zde cho-
vano 11 hlavnich plemen koni a nékolik dalSich ple-
men s ojedinélym zastoupenim (Tab. I). I kdyZ je pes-
trost plemen koni v Ceské republice dostate&n4,
hlavnim problémem je jejich celkovy pocetni stav. Da
se pfedpokladat, Ze perspektivu maji plemena, ktera
jsou chovéana pro sportovni a rekrea¢ni ucely, ale
v souvislosti s navracenim lest jejich majitelim nelze
vyloucit ani jejich pracovni vyuZiti. Vyjimku tvofi pie-
dev8im kladrubsky kuii, ktery je narodni kulturni pa-
métkou a je hlavnim genovym zdrojem chrin&nym
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v ramci ochrany biodiverzity. K problematice staro-
kladrubského koné piednesl analyzu jeho genotypu na
molekularni drovni doc. P. Hofin, dékan Veterinarni
fakulty Veterinarni a farmaceutické univerzity v Brné.
Z referétu lze pfipomenout, Ze mezi starokladrubskym
bélouSem a vranikem existuje vyrazny geneticky roz-
dil.

1. Plemenn4 skladba koni v CR

Pocet klisen Klisny piipudténé

Plemeno pfihlaSenych v roce 1996 hiebci
k PK licentovanymi pro PK

Cesky teplokrevnik 4156 1230
Anglicky plnokrevnik 710 -
Klusdk 120 -
Arabsky plnokrevnik 32 -
Shagya arab 65 -
Lipicdn 12 -
Starokladrubsky ki 234 -
giikyor:li:);avsky bel- 533 228
Noricky kui 706 214
Hucul 318 -
Haflinger 65 -
Ostatni plemena pony 190 -

Znaény zajem byl projeven o velmi prehledny
a koncepcni referat autori Hreben, Motycka a Pytloun
..Genofond plemen skotu a situace v Ceské republice*,
ve kterém se uvadi, Ze v Ceské republice je chovino
5 mlé&nych a kombinovanych plemen skotu a 11 mas-
nych plemen skotu.

Také v chovu skotu je moZné pozorovat dostatenou
variabilitu plemen (tab. II a III). K podstatnému rozsi-
feni doSlo pfedevsim u plemen masné produkce. Podle
nazoru autord budou i vyhledové tvorit nejvétsi zastou-
peni plemena Ceské strakaté a holStynské.

Je zajimavé, Ze dochazi k roz§ifovani masného typu
simentdlského skotu, ktery uspé$né konkuruje ,,éistym*
masnym plementim.

Pocet plemen ovci (Horak, Pindik, 1997) je v Ceské
republice ve srovnini s ostatnimi druhy nejvyssi —
16 plemen. Nejvyssi zastoupeni maji plemena merino
a charollais (tab. IV). Ojedinéle jsou chovéana néktera
»hoby* plemena (jacob, zwartbles aj.).

Uznanych plemen koz je u nas chovano sedm - bild
kratkosrsta koza, hnéda kratkosrsta koza, alpinskéd ko-
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11. Pl i skladba populace krav v kontrole uZitkovosti v roce  IV. Stavy ovci
ik Pl ) Pocet stad Pocet ovci
Plemeno Pocet %o Merino 11 1 422
Cesky strakaty skot celkem 333 101 53,83 Zirné merino 2 505
Cernostrakaty skot v&. kfizenek 274 572 4435 Merinolandschaf 2 102
Ayrshire 552 0,09 Kent 3 377
Jersey 363 0.06 Némecka dlouhovinni ovce 1 378
Montbéliard 1 657 0,26 Silhavskkioves 5 956
Ostatni plemena a kiiZzenky 8714 1,41 Zuslechténi valaska 6 977
Cigdja 3 689
I11. Poéty krav a jalovic masnych plemen v KU MP k 30. 9. 1995 Bergschaf 2 15
PoZet zapojengch v KUMP Vychodofriska ovce 1 58
Plemeno TR Finskd ovece 1 33
krivy jalovice
Aberdeen angus 676 242 Ramdncydeh aves 4 =
Blonde d’ Aquitaine 259 382 Sufalk ! L
Belgické modro-bilé 3 7 S 3 o
Galloway 116 22 o] 3 v
Gasco.gne 10 a1 Oxford Down 1 30
Hereford 2 189 815 Selbors e Ulia;
Highland 15 5
Charolais 715 989
Limousine 921 645 rhodajlendka &erven4 a bil4. Pro vyrobu kufecich broj-
Simental (masné) 1 054 773 lerti jsou pouZivani predevs§im hybridi syntetickych li-
Piemontese 237 177 nii plemen plymutka bild a kornySka bila. Soucasny
Celkem 6215 4088 genofond je v3ak stdle dopliiovén a navazuje na geno-

za, toggenburgska koza, anglonubijska koza, kaSmirova
a mohérova koza a koza burska. V chovu ovci probiha
podle autort strukturalni pfestavba v uZitkovém zamé-
feni (na produkci masa). Plemenna struktura koz odpo-
vida soucasnym potfebam.

Situace v plemenné struktufe prasat je ¢aste¢né od-
linéd od predchozich druhi s ohledem na rizné hybri-
dizaCni programy. Pfesto vSak lze konstatovat, Ze za-
klad tvoii 9 plemen, z nichZ vétSina ma svij pavod
mimo tizemi Ceské republiky. Jsou to podle autorti Ma-
tousek, Kernerova, Prazak, Ivanek (1997) plemena bilé
uslechtilé, landrase, Cernostrakata plemena, duroc,
hampshire, bilé uslechtilé (otcovska linie), Ceské vyraz-
né masné, belgicka landrase a pietrain.

Na tizemi Ceské republiky piisobi vedle naSich hyb-
ridizaénich programi riizné programy zahranicni, ¢imZ
se vytvaii konkurenéni prostiedi v oblasti produkce fi-
nélnich hybridi. Dovoz genofondu ze zahraniéi pfinasi
nékdy nezadouci zhorSeni zdravotniho stavu prasat.
Podle uvedenych autort je uroveifi domaciho genofon-
du prasat uspokojivd a konkurenceschopna pro stavaji-
ci podnikatelské prostiedi.

Obdobna situace je v chovu dribeZe. Jak uvedl Kiiz
(1997), soudasna vyroba je zaloZena na tizce speciali-
zovanych hybridech masného a nosného typu. Pro vy-
robu vajec jsou to pfedevsim hybridi syntetickych linii
vySlechténych na bazi plemene leghornka bild a linii
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fond svétovy, coZ vytviii podminky pro konkurenci.
Mezi puvodni genové zdroje byly zafazeny Ceskd kro-
penka a Ceskd husa.

Na seminafi byly pfedneseny podrobné referaty
o genofondu v jinych zemich. Prof. A. Filistowicz
z Wroclawi seznamil pfitomné se situaci v Polsku. Je
zde chovano $est hlavnich plemen mlé¢ného typu sko-
tu, ve kterych ma rozhodujici podil (kolem 90 %) skot
¢ernobily. Z masnych typu je chovano deset plemen,
nejvetsi zastoupeni maji plemena limousine a hereford.
Znacnou pestrost je moZné pozorovat u plemen koni,
kterych je registrovano devét. UrCitou specifitou je ple-
meno polsky konik — zajimavé je sledovat pomérné
dobry celkovy stav tohoto druhu. V chovu prasat pre-
vaZuje plemeno polské bilé svislouché a polské velké
bilé. Vedle téchto plemen je chovédno jesté dalSich
sedm, pfevazné dovezenych z jinych zemi. Zna¢n4 pes-
trost je v plemenech ovci, kterych se chova pies dvacet.
V Polsku je vénovina také zna¢na pozornost pivodnim
plementim, kterych je do genovych rezerv zafazeno de-
set — koné, ovce, prasata, skot (mimo dribeZ).

Kolébka tady svétovych plemen — Anglie — zistala
i pfes ,unifikacni* snahy nadale zdrojem vysoké varia-
bility plemen. Celkem 24 hlavnich plemen skotu viech
typt véetné ,,hoby* plemen a 19 plemen vedlejsich tvo-
fi znaCnou ziakladnu biodiverzity tohoto druhu. Jak
uvedl Millar (1997), celkem 25 plemen skotu lze pova-
Zovat za puvodni plemena britskd. Obdobna situace je
v chovu ovci, kde je chovdano 17 plemen hlavnich
a 42 plemen vedlejSich. NejdualeZitéjsi plemena ovci
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jsou v oblasti horské — scottisch blackface, vySinné —

north country cheviot, niZinné — dorset horn a dalsi.

Zna¢na zakladna genofondu je také v plemenech pra-

sat, kde ze 16 plemen jich byla vétSina vySlechténa

v Brit4nii a stala se zdkladem pro chov prasat v dalSich

zemich i pro hybridiza&ni programy. V chovu koni je

evidovano 24 plemen.

Chov plemen hospodaiskych zvifat na Slovensku
(Bulla aj., 1997) ma nékteré vyvojové postupy podobné
jako v Ceské republice, n&kterd feSeni jsou odli¥na.
V chovu skotu jsou zastoupena 4 hlavni plemena (slo-
venské strakaté, ayrshire, Cernostrakaté niZinné a slo-
venské pinzgavské). Témér polovinu populace tvoii
kfiZenci téchto plemen s plemeny ayrshire, ¢ernostra-
katé niZinné a hol$tynské — ervené i ¢erné. Ze 14 ple-
men prasat a hybridi je ve §lechtitelskych chovech nej-
roz8ifenéjsi plemeno bilé uslechtilé. Z 9 plemen koni
prevlada slovensky teplokrevnik a v zahrani¢i je také
zdjem o arabského plnokrevnika chovaného na Sloven-
sku. Z ovci a koz pievlada zu$lechténa valaSka a bila
koza krétkosrstd. Znacné zastoupeni ma také plemeno
ovci cigaja.

Na Slovensku je znacna pozornost vénovana puvod-
nim plemenim — genovym rezervam, a chovatelé téch-
to plemen jsou stitem ucinné dotovani.

Ve sborniku, ktery byl ke konferenci vydan, jsou
uvedeny také tdaje o genofondu v Bavorsku (publika-
ce ,,Tierische Erzeugung in Bayern®, 1995). V Bavor-
sku je v kontrole uzitkovosti 10 plemen typu mlé&ného
a kombinovaného a 5 plemen masnych. Pievlada za-
stoupeni plemen fleckvieh (75 %) a braunvieh (15 %).
Specifitou je chov plemene fleckvieh masného typu,
geneticky bezrohého. V chovu prasat jsou rozitena
3 hlavni plemena — deutsche landrase, deutsches edel-
schwein a pietrain. Znac¢na pestrost je také v chovu ov-
ci — 26 plemen ruznych typt a 7 plemen koz. Také
v Bavorsku je zna¢na pozornost vénovana puvodnim
plemenum.

Vedle informaci o sou¢asném genofondu byla na se-
minéfi diskutovana otdzka plemen a jejich perspektivy.
Podle autorti Hrouz, Subrt a Polach (1997) je kazdé
plemeno vysledkem dlouholeté Cinnosti ¢lovéka a na
jeho tvorbé se podilely generace chovatela a specialis-
ti-$lechtiteld. Jaké jsou piedpoklady dalSiho vyvoje
plemen uvedl v zdvére¢ném referatu Macha (1997).
Podle jeho nazoru plemena v soucasné dobé plni a mo-
hou plnit tyto ukoly:

1. Zustavaji populaci, v ramci které lze spravnym vy-
uZitim metod plemenitby, selekci a reprodukcei zvy-
Sovat droveri uZzitkovosti a ménit uZitkovy smér
v souladu s potfebou vyroby (napf. v ramci némec-
kého strakatého skotu doslo k dvou- aZ trojnasobné-
mu zvySeni produkce mléka, stabilizaci procenta bil-
kovin a vy$lechténi masnych typt tohoto plemene).
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2. Plemeno i pfi vyuziti vSech forem kryokonzervace
zUstava nezastupitelné i jako genovy zdroj. Uvaha,
Ze pouze kryokonzervaci embryi lze zachovat pu-
vodni plemeno, byla vyvricena fadou autoria. Doba
kryokonzervace embrya znamena pieruseni adapta-
bility na prostfedi a po oZiveni se jedinec dostava do
novych podminek, na které neni adaptovian. Muze
tak dochézet ke znacnym zdravotnim a tim i uZitko-
vym zménam.

3. Tretim divodem je skutenost, Ze v rdmci plemene
Ize vytvéret fadu subpopulaci (linie, rodiny), které
zvysuji variabilitu plemene jako celku, a tim se roz-
§ifuje potfebna vybérova zakladna i urcita regionalni
specifita, v&etn& adaptace na regionalni zdroje a Zi-
votni podminky.

4. Protoze vétSina plemen vznikla ¢innosti chovatel
v riznych zemich a regionech, jsou plemena soucis-
ti biodiverzity téchto zemi a regioni. Jsou soucasti
pfirody, kterd tvoii raz krajiny, a jsou tedy soudésti
jeji kultury, a miiZeme fici, Ze jsou i kulturnim dg&-
dictvim. Je tedy potfeba vzit v tvahu, Ze chov jed-
notlivych plemen je predevsim zéleZitosti chovateld,
coz nékdy podceiiujeme, a plosnym fizenim pleme-
naiské prace nelze urovat chovatelim jejich zamé-
feni. V této souvislosti nutno dodat, Ze stit muiZe
v pripadé potfeby zachovini biodiverzity legislativ-
ni formou, ekonomickou formou nebo obojim do
situace zasahovat.

Se stoupajici potiebou intenzity vyroby je nutné vé-
novat maximalni usili vytvafeni a rozmnoZeni genoty-
pu zvifat, které mohou plnit potieby vyroby. Jak lze
fesit tento zdanlivy rozpor mezi nutnosti zachovani bio-
diverzity a potiebou vyroby?

Nejde o rozpor, ale spiSe o spravné pochopeni. Po-
kud se z hlediska vyroby ukazuje jako ekonomicky vy-
hodnéjsi pracovat s hybridy a vyuZivat heterozniho
efektu, je logické, Ze je nutné tento postup vyuZit. Je
viak potieba, abychom si pro produkci hybrida zacho-
vali piivodni genové zdroje, ze kterych vznikli. Témito
zdroji jsou prevazné plemena, jejichZ pocet musi odpo-
vidat ,,definici plemene* a dnes dobfe znamym mode-
lim. Oba tyto postupy je nutné zachovat, protoZe se
vzajemné dopliiuji. O tom, jaké plemeno bude chovano
a jaky hybridiza¢ni program bude pouZit, musi rozhod-
nout chovatel.
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