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HODNOTENIE PRIEBEHU PORODOV A HMOTNOSTI
NARODENYCH TELIAT DOJNIC SLOVENSKEHO
STRAKATEHO PLEMENA

CALVING EASE AND BIRTH WEIGHT OF CALVES
OF SLOVAK SIMMENTAL COWS

P. Strapak, K. VavriSinov4, J. Candrik, J. Bulla

Slovak University of Agriculture, Faculty of Agronomy, Nitra, Slovak Republic

ABSTRACT: The aim of this paper was to verify a proposal of calving ease methodology and calf stillbirth rate in the
practical conditions of the Slovak Simmental cattle population on behalf of the purpose to make up genetic evaluation of
sires and to detect the average birth weight with relation to used sires. We included 8 028 Slovak Simmental cows from
46 herds into calving ease evaluation and stillbirth rates that were classified from 1998 to 1999. According to parities we
distributed cows to two basic groups: heifers — first calving cows and older cows — next calving cows. On the basis of
designed methodology with score definition we verified the numbers and individual calving ease scores and calving ease
scores by sires with largest numbers of calves in the population according to determined score: 1 — unassisted (without help
at calving), 2 — easy pull or normal (with help of one person, without mechanical facilities), 3 — hard pull (with help of
more than one person, with mechanical facilities), 4 — veterinarian assistance (caesarian, embryotomy, surgery). The metho-
dology also included concurrently monitoring stillborn calves (dead within 24 hours) in relation to all calvings. Another aim
of this paper was to sum up the birth weight of calves by breeds, sex and by sires. The significance of the influence of
factors on calving ease was tested by selected linear models. We classified 603 heifer calvings and 7 425 cow calvings. At
the heifer evaluation we detected 379 unassisted and normal calving (Table 1), that means 62.7% from all heifer observa-
tions. 41 heifers (23%) had hard pull scores and in 45 cases veterinarian assistance was necessary. At the evaluation of cow
calving ease (Table 1) we determined 1 650 (22.2%) unassisted calvings and 4 170 easy pull scores (56.2%), which showed
a higher per cent of calvings arranged to categories one and two in comparison with the calving in the heifers (78.4% for
cows). Essentially, also the rate of hard pull from 23% to 13.4% and the portion of veterinarian assistance from 7.5% to
4.2% in the older cow category decreased. By testing selected effects on calving ease (Table 3) as a largest and high signifi-
cantly the effect of breed and birth weight of calves was investigated. The substantive influence to processing of calving has
also a sire (P = 0.0013). In this paper we classified only bulls with great number of offspring (Table 2). The highest occur-
rence of calving difficulties was detected for sires Diskont (26%), Xirno (74%), Rensat (21%) and Marcopolo (14%). By
testing the significance of the bulll influence on the frequency of scores we observed a significant influence on hard pull
scores (Table 2) for bulls Ximno and Placo (P < 0.01), Hano, Haxan, Helmut, Pasta, Rado and Streber (P < 0.05). As for the
calf stillbirth rate, we detected in the Slovak Simmental cattle population for heifers 7.5% and for older cows 4.0% rate
(Table 1). It confirmed a decreasing stillbirth rate for heifers and cows. Birth weight of calves has an essential relationship
to calving process. On the basis of our results we determined a highly statistically significant difference for birth weight of
calves (3.4 kg) for the benefit of the Slovak Simmental breed (Table 4). Statistical analysis from the selected effects the
most important influence of breed and sex for birth weight approved. In males we obtained in average +3.69 kg higher birth
weight than in females. In this work significant differences between the classified Slovak Simmental bulls (as an important
effect, P = 0.0120) in birth weight were demonstrated (Table 6). The highest average calf birth weights with regard to the
number of offspring were in calves of the bulls Bator (50.4 kg), Hanes-37 (49.3 kg) and Pasta (48.4 kg). The sires Bator and
Marcopolo were registered with the absolutely highest birth weight (65 kg). On the basis of achieved results we recommend
to make use of this choices methodology of calving ease and stillbirth rate evaluation for bulls genetic evaluation compa-
rable with high level cattle breeding countries. In the course of calving ease evaluation all known significant influence such
as breed, sex, birth weight, sire must be taken into consideration and next known effects (mainly pedigree information)
exercise an influence on calving ease. The results will possible exploit for construction of complex selection indexes in the
Slovak Simmental cattle population.

Keywords: cattle; calving; calving ease; birth weight of calves; the influence of effects on calving ease and birth weight

ABSTRAKT: Na ziklade nami definovanej metodiky hodnotenia priecbehu porodov a podielu mftvo narodenych teliat sme
v populcii dojnic slovenského strakatého plemena analyzovali 8 028 porodov. Dojnice sme podl'a poradia telenia rozdelili
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na dve skupiny — jalovice a star$ie dojnice. V ramci vykonaného rozboru sme hodnotili 603 pérodov prvostok a 7 425 te-
leni u star$ich dojnic. V skupine prvdstok sme zistili 379 Pahkych a normélnych pdrodov, o predstavovalo 62,7 % z celkového
poétu teleni. U 41 prvéstok (23 %) bol zaznamenany t'azky pérod a v 45 pripadoch (6,8 %) bol potrebny zasah veterinar-
neho lekara. V rdmci hodnotenia priebehu pdrodov u starSich dojnic sme zaznamenali 1 650 (22,2 %) Fahkych, resp. samo-
vol'nych porodov a 4 170, resp. 56,2 % normélnych pdrodov, &o potvrdzuje vy3si podiel teleni zaradenych do kategoérie
Pahkych a normalnych pérodov v porovnani s telenim jalovic. Zasadne sa zniZil aj podiel tazkych pérodov z 23 % na 13,4 %
a podiel zasahov veterindrneho lekara pri telenf zo 6,8 na 4,2 %. Z hladiska hodnotenia podielu mftvo narodenych teliat
sme u jalovic zistili 7,5 % a u starSich dojnic 4,0 %. Pri testovani preukaznosti sledovanych efektov na priebeh pérodu sa
prejavil signifikantny vplyv plemena, hmotnosti narodenych teliat a otca telata. Zistili sme vy3si a Statisticky vysoko
preukazny rozdiel v hmotnosti teliat o 3,4 kg v prospech slovenského strakatého plemena. Na zéklade Statistickej analyzy
sledovanych efektov na hmotnost’ teliat pri narodeni sa potvrdil najvyznamne;jsi vplyv plemena a pohlavia (P = 0,0001).
Pri by&koch sme zaznamenali signifikantne vy$§iu hmotnost’ pri narodeni, v priemere o 3,69 kg. Vyznamnou mierou vply-
val na p6rodnii hmotnost’ teliat aj efekt plemenného byka (P = 0,0120).

KPicové slova: hovidzi dobytok; pdrod; priebeh pdrodu; hmotnost narodenych teliat; vplyv efektov na priebeh pérodu

a hmotnost’ teliat pri narodeni

UVOD

Jedno z najproblematickejsich obdobi v chove dojnic
predstavuje obdobie spojené s pérodom, ktoré vo svo-
jich dosledkoch dlhodobo ovplyviluje organizmus mat-
ky i tel'at'a. K pri¢inam, ktoré v obdobi vysokej brezosti
a poérodu negativne pdsobia na plemenicu, patria pre-
dovietkym presuny a zasahy ¢loveka do prirodzeného
priebehu pérodu. Pre narodenie zdravého tel'at’a s ma-
ximélnou moznost'ou uplatnenia genetického a vyvojo-
vého potencialu patri spravne riadenie a organizovanie
porodu a ¢asového obdobia v poporodnom obdobi.

Komplikécie pri pérode vedu spravidla k vy33ej frek-
vencii mftvo narodenych teliat, k poruchdm plodnosti
a koncepcie a k vyraznému zniZeniu produkcie mlieka
v nasledujicom laktaénom obdobi (Berger, 1998) a spra-
vidla maju za nésledok bytok hmotnosti plemenice
a zvy$ené naroky na lieSenie.

Obtiaznost’ telenia sa zarad'uje s ostatnymi reproduké-
nymi ukazovate'mi medzi tzv. sekundérne alebo nepria-
me uzitkové vlastnosti. Tie sa vyznaduji nizkym
koeficientom heritability, nenormalnym rozdelenim
a subjektivnym posudzovanim. Selekcia na tieto znaky
byva obtiaZna, ale je Ziadlca vzh'adom na to, Ze priamo
alebo nepriamo ovplyviiuje produkéné vlastnosti a tym
aj ekonomiku chovu. Dedivost’ obtiaZnosti telenia je niz-
ka, koeficient heritability sa pohybuje v rozpiti medzi
0,01 az 0,2, ako udévaju napr. Philipsson a Foulley (1979),
Maijering (1994) a Berger (1994).

Thompson et al. (1981) povaZzuji za najvyznamnejsie
vplyvy poradie pérodu (viac obtiaznych teleni bolo za-
znamenanych u jalovic), pohlavie tel'at’a (jalovi€ky sa ro-
dia l'ah8ie ako by&ky), obdobie telenia (faZ8ie porody
v zime), vplyv chovu (rézne technologické systémy,
usmeriiovanie vyZivy), dizku tePnosti, hmotnost’ tel'at’a
a rozmery panvy matky.

Prvé pokusy na evidovanie obtiaZnosti pérodov a zni-
Zenie frekvencie tazkych porodov a stréat teliat plemenar-
skymi metédami boli robené v Holandsku v 50. rokoch.
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Postupne sa tejto otazke zacala venovat’ pozornost’ vo
vacsine zdpadoeurdpskych krajin.

Neexistuje Ziadny §tandardny postup, ako posudzovat’
priebeh porodov. Vo vaésine krajin, kde je tato vlastnost’
hodnoten4, je poérod zarad'ovany do dvoch az piatich
tried, kde 1 byva porod bez asistencie, 2 — s asistenciou
jednej aZ dvoch o0sdb, 3 — s asistenciou troch 0sdb, resp.
s pomocou veterinirneho lekéra, 4 — cisarsky reza 5 —em-
bryotémia. Pre odhad plemennych hodnét sa pouzivaju
najcastejsie linedrne modely (BLUP, animal model), aj ked’
sa jednd o vlastnost’ kategorialnu (kvalitativnu).

Rozdelenie pérodov na samovol'né, s malou alebo vac-
Sou pomocou a obtiazne povazuje V&fis (1993) za objek-
tivne len v skupine pérodov samovol'nych a obtiaznych.
Miera pomoci u d’alsich dvoch je dost’ problematicka.
Podr'a autora bol podiel obtiaznych pérodov v masta-
liach s vaznym ustajnenim od 4 do 14,5 % a bol ovplyv-
neny predovetkym telenim jalovic. Po&et samovol'nych
porodov je ovplyvneny predovsetkym tendenciami oset-
rujuceho personalu pomahat’ pri pérodoch a ich priebeh
urychl'ovat’. ZvySovanie podielu samovol'nych pérodov
z pévodnych 10 % na 50 % preukézalo neopodstatne-
nost’ pomoci u prevaznej vaé8iny tzv. 'ahkych pérodov.

Tazké porody mavaji éasto za nésledok priame ekono-
mické straty. Schleppi (1998) konstatuje, Ze vo Svajéiar-
sku ma hodnotenie priebehu pérodov dlhodob tradiciu.
Na zéklade hodnotenia autor udava vysledky za rok 1997
— pocet teleni 119 153, hmotnost’ pri narodeni teliat
44,5 kg, podiel normalnych pérodov 97,1 %. Z celkového
poétu hodnotenych pripadov bolo 12,2 % po jaloviciach.
Percento tazkych poérodov sa zvySovalo s pribudajicou
hmotnost'ou, pri¢om pri hmotnosti teliat 50-55 kg sa vy-
skytlo aZ 32 % t'azkych porodov u jalovica 11 % u star-
Sich krav.

U jalovic je zistena tri- aZ Styrikrat vy3Sia frekvencia
komplikovanych pdrodov ako u krév. Z hl'adiska pohla-
via pri narodenych byé¢koch u jalovic sa uvadza o 5 az
12 % komplikovanych pérodov viac ako u krav, kde ten-
to podiel predstavuje 2 aZ 5,7 %. Pri narodeni jalovi€iek je
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toto percento nizSie, a to 1,8 aZ4 %, resp. 1 aZ2 % (Slap-
nic¢ka, 1995). Autor d’alej zistil, Ze pri hmotnosti narode-
nych teliat do 40 kg sa uvadzaju komplikované porody
v rozsahu 1,5 aZ 2 %, do 50 kg 14 aZ 16 % a nad 50 kg
v 50 az 60 % pripadov.

V pérodniciach s volnym ustajnenim dochédza vo vel-
kej va&Sine pripadov k pdrodu bez cudzej pomoci. Fiala et
al. (1989) uvadzaju, Ze zo sledovanych 140 pérodov vo
vol'mom ustajneni bolo 105 pérodov (t. j. 75 %) bez pomoci
a 35 porodov (25 %) s vacSou alebo menSou pomocou.

Pri plemene fleckvieh v Nemecku, ako to uvadza Au-
mann (1995), sa zist'uji plemenné hodnoty pre priebehy
porodov od roku 1994. Autor konstatuje, Ze najdolezitej-
$imi faktormi, ktoré v zdsadnej miere ovplyviiuji tento
ukazovatel', si rok, sezona a pohlavie tel'at’a. Priebeh p6-
rodu je vo vyznamnej miere ovplyvneny aj matkou tel’a-
ta. V roku 1992 dosiahli dojnice populécie strakatého
plemena v Bavorsku podiel 'ahkych pérodov 83,34 %
a podiel mftvo narodenych teliat 3,02 %.

U bavorskej populécie strakatého plemena uvadzaja
Mack a Zeddies (1995) podiel mitvo narodenych teliat
u prvostok 4,5 % a u starSich dojnic 2,3 %. Z hladiska
hodnotenia priebehu pérodov zistili uvedeni autori
u prvostok 77 % l'ahkych a 19,1 % t'azkych pdrodov. Ve-
terindrnu pomoc pri porode si vyzadovalo 3,82 % hodno-
tenych prvdstok. U star§ich dojnic bolo zistenych 86,4 %
lahkych porodov, 11,6 % tazkych poérodov a v 1,94 %
pripadov bol potrebny zasah veterinidrneho lekara.

Slapnicka (1995), ktory testoval vplyv plemennych by-
kov na priebeh porodu, uvadza, Ze komplikovany pérod
ma spravidla za nasledok vy3$iu frekvenciu mftvo naro-
denych teliat, portich plodnosti a zniZenie produkcie mlie-
ka. Vplyv byka-otca tel'at’a a byka-otca matky sa podl'a
autora uplatituje dizkou gravidity, pérodnou hmotnostou
tel'at’a a jeho telesnymi proporciami. Vplyv plemenného
byka sa tu uplatiiuje vo vacsej miere ako u inych pri¢in
komplikovaného pérodu, o je uréitym limitujicim fakto-
rom vyuZitia plemenného byka. Nadmerni velkost’ plo-
du ako pri¢inu obtiaznych pdrodov uvadza aj Benfert
(1984 —cit. VEFis, 1993). Vysoky vyskyt absolutne vel-
kych plodov a komplikovanych pérodov je opravnenim
pre obmedzené vyuzivanie byka v plemenitbe, resp.
k jeho diferencovanému vyuZivaniu (Averdunk, 1993).

V suvislosti s podielom mftvo narodenych teliat zistil
Schleppi (1998), Ze pri hodnoteni priebehu pérodu ké-
dom 1 (Iahky pérod) predstavoval podiel mitvo narode-
nych teliat 0,9 %, pri normélnych pérodoch 1,5 % a pri
tazkych porodoch sa zvySoval na 26,8 %, resp. 37,7 %
pri porode so zasahom veterindrneho lekara a pri cisar-
skomreze.

Thaller et al. (1994) uvadzaju, Ze pohlavie tel'at’a zohra-
va pri priebehu pdrodu vel'mi délezity vyznam. Rozdiel
medzi narodenymi jalovi¢kami a by¢kami predstavuje
v absoliitnom vyjadreni 1,1 % a vyraznej$ie sa prejavuje
u jalovic ako u starich krav.

VEfis (1993) zistil v mastali s vdznym systémom ustaj-
nenia na zdklade aplikovanej metodiky hodnotenia
v 3tyroch stupiioch u jalovic a star§ich krav podiel samo-
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volnych pérodov 10 %, resp. 14 %, pérodov s malou po-
mocou 67,5 %, resp. 75,4 %, pérodov s va¢Sou pomocou
18,1 % ( 5,6 % ) a vel'mi obtiaZnych pérodov so zdsahom
veterindra 4,4 az 5 % pri priemernej hmotnosti teliat
36,2 kg, resp. 38,2 kg u star$ich dojnic. Dalej autor hod-
notil priebeh pérodov u &eského strakatého plemena,
pricom zistil 9,69 % samovol'nych pérodov, 45,92 % pd-
rodov s malou pomocou, 36,74 % pérodov s vaésou po-
mocou a 7,65 % obtiaznych pérodov.

Pri hodnoteni populécie madsovych plemien dobytka
v Ceskej republike zistila Hradeck4 (1999) podiel pérodov
bez pomoci 61,1 %, s pomocou dvoch osdb 24,1 %
a s pomocou viacerych 0sdb, resp. so zasahom veterinar-
neho lekéra 4,7 %. Cisarsky rez bol realizovany v 0,1 %
pripadoch zo vietkych hodnotenych pérodov.

Groen (1996) poukazuje na ekonomicky pristup k hod-
noteniu funkénych znakov mliekovych plemien
a zd6raziiuje vyznam ekonomicke;j vahy obtiaZnosti p6-
rodov v zdvislosti na veterindmych zakrokoch. Mack
a Zeddies (1995) sa zaoberali hodnotenim ekonomickych
véh pre nepriame GZitkové vlastnosti hovidzieho dobyt-
ka, pri€om pre priebeh porodov uvadzaji ekonomicka
vahu 1,01 DM (za %) a pre podiel mftvo narodenych te-
liat 5,66 DM (za %).

Vo vsetkych vyspelych chovatel'skych krajinich sa
tejto problematike venuje zvySena pozornost, vedie sa
dokladné evidencia, spracovéavaju sa vysledky a vyhod-
nocuji sa vo forme absolitnych hodnét, resp. odhadu
plemennych hodnét, pri¢om sa separatne zist'ujii plemen-
né hodnoty pre paternalny a maternélny vplyv na prie-
beh pérodu. Plemenné hodnoty tejto nepriame;j uzitkove;j
vlastnosti sa vyuZivaju pre zostavenie komplexnych se-
lekénych indexov pre potreby Sl'achtenia a selekcie ple-
mennych bykov.

Na zéklade toho, Ze v naSich podmienkach takéto hod-
notenie absentuje, bolo ciel'om prace v praktickych pod-
mienkach s chovom slovenského strakatého plemena
overenie metodiky hodnotenia priebehu pérodov a po-
dielu mftvo narodenych teliat pre G&ely doplnenia vysled-
kov kontroly dediénosti plemennych bykov a zistenie
priemernej hmotnosti narodenych teliat vo vztahu
k pouzitym plemennym bykom.

MATERIAL A METODA

Vychodiskovymi idajmi pre hodnotenie priebehu p6-
rodov a podielu mftvo narodenych teliat boli (daje
8 028 dojnic slovenského strakatého plemena na 46 pol-
nohospodarskych podnikoch, ktoré boli hodnotené
v rokoch 1998 az 1999. Dojnice sme podl'a poradia telenia
rozdelili na dve zakladné skupiny: jalovice a starSie dojnice.

Na zéklade nami definovanej metodiky sme zistovali
podetnost’ a percentudlne zastipenie jednotlivych pripa-
dov, ako aj priebeh pdrodov podl'a stanovenej stupnice:
1. 'ahky pérod — Ziadna pomoc pri teleni,

2. normalny pérod — potrebna pomoc jednej osoby, Ziad-
ne mechanické pomdcky,
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3. faZky pdrod — potrebnd pomoc viac ako jednej osoby,
resp. mechanickych pomdcok,

4. zAsah veterinarneho lekéra — cisarsky rez, embryotomia,
operéicia a pod.

Zaroveii sme zaznamenavali pocet mftvo narodenych
teliat (do 24 hodin veku) vo vzt'ahu k celkovému pottu
porodov. Pérody dvojitiek boli z hodnotenia vyligené.
Obtiaznost’ pérodov sme vyhodnotili aj po najviac vyu-
zivanych plemennych bykoch v populécii slovenského
strakatého plemena.

Po&etnost’ vyskytu jednotlivych skupin priebehu p6-
rodu podl'a sledovanych bykov sme vyhodnotili x2-tes-
tom v programovom baliku SAS.

Detailnd analyzu efektov ovplyviiujicich priebeh p6-
rodov sme vykonali v sibore 679 krdv slovenského stra-
katého a hol$tajnského plemena. Vplyv sledovanych
efektov sme hodnotili na z4klade linedrneho modelu:

Y,.ju=p+F,.+Paj+0k+b. Hyu+eijkl

kde: YW — priebeh pérodu

p - celkovy priemer

P, - efekt i-techo plemena

Po. — efekt j-teho pohlavia

0, - efekt k-teho otca

b - regresny koeficient pouZity ako korck&ny faktor
pre roznu hmotnost’ pri narodeni

H., - hmotnost’ telata pri narodeni (i-teho plemena,
Jj-teho pohlavia, k-teho otca)

e — rezidualna chyba

-

V d’al3ej &asti prace sme zhodnotili hmotnost’ narode-
nych teliat podl'a plemena, pohlavia a plemennych by-
kov. Hmotnost’ narodenych teliat bola exaktne zistovana
vazenim len na dvoch podnikoch, ¢o malo vplyv aj na
pocetnost’ hodnotenych teliat a plemennych bykov na
zéklade narodeného potomstva. Vplyv sledovanych
efektov na hmotnost’ teliat pri narodeni sme vykonali na
zéklade nasledovného linedrneho modelu:

Yijk=p+Pi+Paj+0k+ein

kde: Y‘y’u ~ hmotnost’ pri narodeni
p  — celkovy priemer
P, — efekt i-teho plemena
Po, — efekt j-teho pohlavia
O, — efekt k-teho otca
i~ rezidudlna chyba

VYSLEDKY A DISKUSIA

Na zéklade vypracovanej metodiky hodnotenia priebe-
hu pérodov a podielu mitvo narodenych teliat sme hod-
notili 603 pérodov jalovic a 7425 teleni u star$ich dojnic.
Podobné stupnice pre hodnotenie priebehu pérodov
uvadzaji aj Mack a Zeddies (1995), Aumann (1995), Ber-
ger (1998) a VE&Fi§ (1993) u &eského strakatého plemena
a Hradecka (1999) u mésovych plemien dobytka.

Pri hodnoteni jalovic sme zistili 379 'ahkych a normal-
nych pdrodov (tab. 1), Co predstavuje 62,7 % z celkového
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poétu teleni. U 41 prvostok (23 %) bol zaznamenany taz-
ky porod a v 45 pripadoch (6,8 %) bol potrebny z4sah ve-
terinarneho lekara. V zédsade nizsi vyskyt obtiaznych
pbrodov v porovnani s vysledkami naSej prace zistili
VEFS (1993) -4 az 14,5 % a Hradeck4 (1999) —4,7 %. Pri
hodnoteni priebehu pdrodov jalovic zistili Mack
a Zeddies (1995) o 14,3 % vyssi podiel pérodov s miernou
pomocou v porovnani s hodnotenim nasej populédcie
strakatého plemena. Tito autori taktiez uddvaji o 3,9 %
niz§i podiel tazkych porodov, o je porovnatelné
s vysledkami nasej prace. Podobny vyskyt samovolnych
porodov a pérodov s malou pomocou uvadza aj V&fis
(1993). Podstatne nizsi podiel zasahov veterinamneho le-
kara pri teleniach jalovic u nemeckej populécie strakaté-
ho plemena (o0 2,98 aZ 3 %) poukazuje na dlhodobejsiu
selekciu na tato nepriamu Gzitkovu vlastnost, ako to
konstatuji Aumann (1995) a Mack a Zeddies (1995).
Slapnicka (1995) na zéklade vysledkov svojich prac po-
tvrdzuje vy38iu frekvenciu obtiaznych pérodov u jalovic.

V rdmci hodnotenia priebehu pérodov u starsich doj-
nic (tab. 1) sme zaznamenali 1 650 (22,2 %) 'ahkych, resp.
samovolnych pérodov a 4 170, resp. 56,2 % normalnych
porodov, ¢o poukazuje na vyssi podiel teleni zaradenych
do kategorie I'ahkych a norméalnych pérodov v porovna-
ni s telenim jalovic (78,4 %). Zésadne sa v porovnani
s telenim jalovic zniZil podiel t'azkych pérodov z 23 % na
13,4 % a podiel zasahov veterindrneho lekara pri teleni zo
7,5 % na 4,2 %. Porovnatel'nt troveii pérodov, hodno-
tenych ako I'ahké u strakatého plemena v Bavorsku
(83,34 %), zaznamenal aj Aumann (1995). Pri hodnoteni
porodov u eského strakatého plemena zistil VEfis (1993)
niZ§i podiel porodov samovol'nych a s 'ahkou pomocou
022,79 % a vysSie zastipenie obtiaznych poérodov a po-
rodov s va¢Sou pomocou o 26,79 %.

Na priebeh telenia mé znaény vplyv paternélna a ma-
terndlna zlozka, pri€om zvlastny déraz v ramci selekcie
pripisujeme hodnoteniu tejto vlastnosti pri plemennych
bykoch, u ktorych vyjadrujeme vysledky telenia dcér vo
forme absolutnych &isel alebo plemennych hodnét.

Tab 1. Hodnotenie priebehu pérodov a podielu mitvo narodenych
teliat u dojnic slovenského strakatého plemena — Calving case cval-
uation and stillbirth rate of calves for Slovak Simmental cows

3 - )
Ukazovater ! Kod? Prvostky StarSie dojnice’
n % n %

Lahky pérod® 1 101 | 167 | 1650 |222
Normalny pérod ¢ 2 278 | 460 | 4170 | 56,2
Tazky pérod’ 3 138 | 23,0 995 | 134
Zisah veterindrneho

okt 4 41 6,8 315 | 42
Pocet mitvo

nacodsdoh Gl 45 | 7.5 295 | 4,0
Celkom pérodov'® 603 | 100 7425 | 100

Itrait, 2scores, >heifers, ‘cows, Sunassisted, Scasy pull (normal),
Thard pull, 8veterinarian assistance, number of stillborn calves,
10,

total
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Tab. 2. Vplyv plemennych bykov na priebeh pérodov a podiel mitvo

and stillborn calves cvaluation by Slovak Simmental sires

Léh

denych teliat sl strakatého plemena - Calving ease

| sy I!ahk}'; Normélny Tnzky'; Zésah veterindmeho Podiel’ mftvo
Plemenny byk il n porod porod* porod lek4ra® narodenych teliat’
% % % % %
Baltor BAT-003 26 42+ 46 & 12* =
Fleuron C0-002 23 26+ 35+ 26 13* -
Diskont DS0-001 941 15 56 26 3 4
Ximo HAT-001 37 4 19* 74%% 3 5
Hano HAX-001 14 - 86 14* 2 =
Haxan HAX-003 38 13 79 g+ = 5
Helmut HEL-001 80 21 65 10* 4 3
Halligali HLG-002 75 12 72 16 - -
Halt HN-001 97 10* 65 21 3 1
Homit HOS-001 26 31+ 46 23 = =
Elvis KEN-002 35 22 78 - - -
Marcopolo MOL-003 219 35+ 49 14 2% 5
Pasta PAR-003 26 12* 54 35+ = S
Placo PKN-004 50 20 64 4x 12% 10
Radon RA-001 33 16 69 13 3 3
Rado RA-002 17 18 53 29+ - -
Rektor RAO-001 42 19 60 19 2 5
Rensat RNN-001 240 8* 65 21 6* 6
Streber STK-008 29 7* 86 7% - -
Zahn ZAX-001 29 17 52 24 7 =
Zeukar Z1L-006 34 32+ 59 9 = 6

* P <005, ** P<0,01

Isire, 2official state registration, *unassisted, “easy pull (normal), Shard pull, Sveterinarian assistance, "number of stillborn calves

Vplyv plemenného byka na priebeh pérodu, resp. hmot-
nosti narodenych teliat zdoraziiuje aj Averdunk (1993).
V praci sme hodnotili len bykov s vy§Sou pocetnost'ou
narodeného potomstva (tab. 2). Najvyssi vyskyt obtiaz-
nych pérodov sme zistili u plemennych bykov Diskont
(26 %), Xirno (74 %), Rensat (21 %) a Marcopolo (14 %).
Pri testovani preukaznosti vplyvu jednotlivych bykov na
priebeh porodu sme pri tazkych porodoch zaznamenali
signifikantny vplyv (tab. 2) v kateg6rii tazkych porodov
u bykov Xirno a Placo (P <0.01), Hano, Haxan, Helmut,
Pasta, Rado a Streber (P <0.05).

Najvyssi vyskyt zasahov veterinareho lekara (tab. 2)
sme zaznamenali u bykov Baltor (12 %), Fleuron (13 %)
a Placo (13 %). Tieto vysledky boli Statisticky preukazné.

Z hl'adiska hodnotenia mitvo narodenych teliat (tab. 1)
sme v populécii slovenského strakatého plemena zistili
u jalovic podiel 7,5 % a u star$ich dojnic 4,0 %. Mack
a Zeddies (1995) uvé4dzajh podiel mftvo narodenych te-
liat u jalovic 4,5 % a u starSich dojnic 2,3 %, €o st hod-
noty podstatne priaznivej$ie, ako sme zistili v nasej
populécii. Potvrdilo sa zniZenie podielu mftvo narode-
nych teliat u jalovic a starSich dojnic, ako to dokumentu-
ja aj Slapnicka (1995) a Schleppi (1998).

Najvy33i podiel mitvo narodenych teliat (tab. 2) dosiah-
li byci Placo (10 %), Streber a Zeukar (6 %). Je v3ak po-
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trebné zdoraznit', Ze sa jednalo o najviac vyuzivanych
bykov v populécii, resp. nizsie pocty hodnotenych dcér
po jednotlivych bykoch. Vplyv plemennych bykov na
priebeh pérodu testoval aj Slapnicka (1995).

Pri testovani preukaznosti sledovanych efektov na
priebeh pérodu (tab. 3) sa prejavil ako najvacsi a vysoko
signifikantny vplyv plemena a hmotnosti narodenych
teliat, ¢o potvrdilo zavery autorov Thompson et al.
(1981). Vyznamne viak vplyval na priebeh porodu aj otec
tel'ata (P=0,0013).

Hmotnost teliat mé podstatny vplyv na priebeh poro-
du. Na zaklade na3ich vysledkov sme zistili vyssi a Sta-
tisticky vysoko preukazny rozdiel v hmotnosti teliat
0 3,4 kg v prospech slovenského strakatého plemena

Tab. 3. Vplyv sledovanych efektov na priebeh porodu — The influ-
ence of effects on calving ease

Efekt' F-test Statistick4 preukaznost® P
Plemeno’ 97,95 0,0001
Pohlavie* 3,97 0,0467
Hmotnost® 10,37 0,0001
Otec® 18,59 0,0013

leffect, Zsignificance, 3breed, “sex, “birth weight, bsire
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Tab. 4. Hmotnost’ narodenych teliat slovenského strakatého a hol-
Stajnského plemena — Birth weight of Slovak Simmental and Hol-
stein calves

Plemeno' n b3 s min.

Slovenskeé strakaté? | 503 | 455 | 696 | 27 65

Hol3tajnské® 166 | 42,1 | 694 | 25 60

'breed, 2Slovak Simmental, *Holstein

Tab. 5. Hmotnost' narodenych teliat podl'a pohlavia — Birth weight
of calves by sex

Pohlavie' n x s

Byky? 321 | 46,58 | 6,58 2 65

Jalovigky® 348 | 42,89 | 7,26 25 65

Isex, Zmales, *females

Tab. 6. Vplyv sledovanych efektov na hmotnost’ teliat pri naro-
deni — The influence of effects on birth weight

Efekt' F-test Statisticka preukaznost” P
Plemeno® 31,76 0,0001
Pohlavie* 43,76 0,0001
Otec? 1,59 0,0120

leffect, 2significance, breed, 4sex, Ssire

(tab. 4). Potvrdzuje to zévery viacerych autorov, ktori sa
zaoberali analyzou hmotnosti narodenych teliat, vzhla-
dom na rozdielny uzitkovy typ hodnotenych dojnic.
Schleppi (1998) zistil u §vajéiarskej populécie simental-
skeho plemena niZ$iu priemernt hmotnost’ narodenych
teliat (44,5 kg). Podstatne niz§iu hmotnost’ narodenych te-
liat v populécii ¢eského strakatého plemena (36,2 kg
u jalovic a 38,2 kg u star§ich dojnic) uvadza aj VEFis (1993).

Na zéklade 3tatistickej analyzy sledovanych vplyvov
na hmotnost’ teliat pri narodeni (tab. 6) sa potvrdil ako
najvyznamnejsi vplyv plemena a pohlavia (P =0,0001).
Pri by¢koch sme zaznamenali signifikantne vy$§iu hmot-
nost’ pri narodeni, v priemere o 3,69 kg (tab. 5). Vyssi po-
diel komplikovanych pérodov u byckov a teliat s vyssou
poérodnou hmotnost'ou uvadza aj Slapnitka (1995) a na
vplyv pohlavia na priebeh pérodu poukazuji aj Thaller
etal. (1994). V nasej praci sme zistili, Ze vyznamnou mie-
rou vplyva na pérodni hmotnost’ teliat aj plemenny byk
(P=0,0120) - tab. 6.

Pri hodnoteni hmotnosti narodenych teliat sme s ohl'a-
dom na pocetnost’ potomstva zistili najvy$§iu priemernii
hmotnost’ u teliat bykov Bator (50,4 kg), Hanes-37
(49,3 kg) a Pasta (48,4 kg) —tab. 7. U plemennych bykov
Bator a Marcopolo sme zaznamenali aj najvyssiu abso-
latnu hmotnost’ narodenych teliat (65 kg). Vplyv plemen-
ného byka na pérodni hmotnost' teliat potvrdili
s ohl'adom na vyskyt absolutne vel'kych plodov aj Slap-
nicka (1995), Averdunk (1993) a Benfert (1984 —cit. V&fis,
1993).

Tab. 7. Vplyv plemennych bykov slovenského strakatého plemena na hmotnost’ narodenych teliat — Birth weight of calves by Slovak

Simmental sires

Plemenny byk' Stétny register” n x 5 min. max. Odhad vplyvu byka®
Baltor BAT-003 20 457 6,55 30 57 -0,12663
Bator BAT-004 9 50,4 10,47 35 65 3,08677
Diskont DSO0-001 67 46,2 6,58 37 65 -0,14598
Egol EGE-001 18 41,7 8,04 30 60 -4,36614*
Halligali HLG-002 11 453 6,00 40 60 -1,42105
Halt HN-001 12 474 3,57 40 53 1,64438
Hanes HNS-024 36 41,8 7,07 27 60 —4,65391 **
Hanes-37 HNS-037 86 443 6,29 32 57 -1,38575
Horwein HO-002 8 49,3 5,42 42 57 4,28244
Homit HOS-001 9 448 7,96 35 57 -0,86973
Husaldo HUS-002 8 459 4,02 40 50 -1,73711
Horwein HW-003 12 428 6,88 30 57 -2,21925
Hornor HW-005 11 46,9 5,63 35 55 1,55685
Marcopolo MOL-003 24 473 6,37 37 64 1,26088
Pasta PAR-003 32 484 7,00 35 65 1,69636
Paxon PAS-001 18 43,6 6,71 31 56 -2,17597
Radon RA-001 10 449 7,38 35 55 -0,72028
Firn ZM-006 16 459 6,97 35 55 -0,93231

* P <0,05 ** P<0,0l1

Isire, 2official state registration, Jestimation of sire effect
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Na zaklade vysledkov prace odporuéujeme vyuZivanie
zvolenej metodiky hodnotenia priebehu pérodov a podie-
lu mftvo narodenych teliat pre i¢ely kontroly dedi¢nosti
plemennych bykov, tak ako je to vo vidcSine krajin
s vyspelym chovom hovéadzieho dobytka. Pri samotnom
spracovani hodnotenia pérodov musia v§ak byt zohl'ad-
nené vietky zname preukazné vplyvy, ako plemenna
prisludnost’, pohlavie, hmotnost’ pri narodeni, otec na-
rodeného tel’at’a, pripadne d’alSie zname efekty ovplyv-
flujice priebeh pdrodu. Ziskané vysledky bude moZné
vyuzivat pri konstrukcii komplexnych selekénych inde-
xov v populdcii strakatého plemena na Slovensku.
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VPLYV ZIVEJ HMOTNOSTI PRASIAT PRI NARODENT
NA ICH VYVIN DO ODSTAVU

THE EFFECT OF LIVE WEIGHT OF PIGLETS AT BIRTH
ON THEIR DEVELOPMENT UNTIL WEANING

B. Buchova, P. Gracik, P. FPak, J. Poltarsky, L. Hetényi

Research Institute of Animal Production, Nitra, Slovak Republic

ABSTRACT: The set of 683 piglets from 64 litters was evaluated in the nucleus herd of White meaty breed. The piglets
were weighed individually with 24 hours after parturition, on 21st day and at weaning on 35th day. The average number of
live born pigs was 10.78 with average live weight 1.42 kg in the first evaluation irrespective of the order of litter (litter [-X)
and sex. The individual weight of piglets was 5.59 kg and 7.90 kg on 21st and 35th day, respectively. The litter weight at
birth was 15.32 kg, 59.65 kg on 21st day, and 84.50 kg on 35th day. The average daily gain of pigs was 0.199 kg from birth
to 21st day, and 0.185 kg from birth to the weaning on 35th day. There were no statistically significant differences between
gilts (n = 350) and young barrows (7 = 333) in the evaluated parameters. Out of the number of live born pigs 10.78 animals
in a litter there were 5.52 gilts (51.2%) and 5.27 young barrows (48.9%) with weight at birth 1.40 kg and 1.45 kg, resp. The
comparison of pigs from first (» = 161) and second litters (n = 114) showed that the weight of pigs was statistically
significantly higher (P < 0.001) in second litters by +0.15 kg at birth, by +0.61 kg on 21st day, and by +1.10 kg on 35th
day. The results demonstrate that with respect to the lower statistically insignificant correlation coefficient (» = 0.3347) the
weight of weanlings on 35th day is not dependent on the weight of pigs at birth to a large extent. Within the whole set of
evaluated pigs (gilts and young barrows together) were statistically highly significant correlation coefficients between the
number of live born pigs and average weights of pig litters on 21st and 35th day (» = 0.6603"" and » = 0.6820™, resp.) On
the other hand, the correlations between pig weight at birth and litter weight on 21st and 35th day were low and statistical-
ly insignificant (» = 0.2457 and 0.2117). The mentioned findings show that the litter weight on 21st day as well as at
weaning depends mainly on litter size and not on the weight of born pigs. It was also confirmed by the analysis by partial
correlation coefficients. The weight increase by 0.43 kg and 0.75 kg in pig is estimated on 21st and 35th day, respectively,
with the weight increase of the born pig by 0.2 kg, on the basis of the calculated linear regression equation in the evaluated
set of White meaty breed in the nucleus herd. These results document that if there is a difference 1 kg between the weights
of pigs at birth there will be a difference 2.85 kg at weaning. The individual weight of pigs on 35th day was calculated by
use of the double regression in dependence on litter size and on the weight of pigs at birth as well. With the litter size
12 animals and weight of born pig 1.0 kg we can expect that its weight on 35th day will be 6.5 kg, with the number of
8 born pigs and average live weight 1.6 kg it can be up to 8.9 kg. We can consider the pig weight from 7.4 kg to 8 kg to be
the optimum one, with the number of 10 live born pigs in a litter and their average weight from 1.2 kg to 1.4 kg. By means
of double regression analysis litter weights on 21st day were estimated (Table 5) according to the weights of pigs at birth
and number of live born pigs in the litter. This evaluation showed that the litter weight on 21st day depends rather on litter
size than on the weight of live born pigs (R? = 0.515"™). The litter weight 52 kg on 21st day, which is the selection criterion
for sows to be included into the breeding stock or to be entered in the State Breeding Book, can be achieved according to the
gained estimates in real values of numbers of live born pigs and their weight at birth 12 animals and 0.8 kg; 11 animals and
1.0 kg; 10 animals and 1.2 kg; 9 animals and 1.4 kg; 8 animals and 1.6 kg; 7 animals and 1.8 kg. The results of this work
show that the litter weight on 21st day is more influenced by the number of pigs in the litter than by their weight. It is
obvious that the more numerous litters (12 and more animals) will meet easily the selection limit of litter weight on 21st
day (52 kg) on the basis of which the pigs can be selected as breeding pigs. On the other hand, it is necessary to take into
account that with regard to the lower weight of weanlings from more numerous litters their growth in the rearing phase will
be insufficient. For the above mentioned reasons the individual weight on 21st or 35th day should be a more serious criteri-
on for the selection of the breeding pigs.

Keywords: pigs; mother breed; weight of pigs at birth; weight increase to weaning on 21st and 35th day; weight at birth;

correlation; regression analysis

ABSTRAKT: Overoval sa vplyv Zivej hmotnosti prasiat pri narodeni na ich intenzitu rastu a hmotnost' v 21. dni a pri
odstave v 35. dni v §Tachtitelskom chove plemena biele masové. Hodnotili sa tieZ rozdiely medzi prvymi a druhymi vrhmi
ako aj medzi pohlaviami. Sledovany siibor 683 prasiat zo 64 vrhov pri podte 10,78 Zivonarodenych prasiat dosiahol prie-
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merni %ivi hmotnost pri narodeni 1,42 kg. Individuilna hmotnost’ prasiat v 21. a v 35. dni bola 5,59 kg a 7,90 kg. Priemer-
ny prirastok od narodenia do 21. diia bol 199 g a od narodenia do odstavu v 35. dni 185 g. V hodnotenych ukazovateloch
neboli medzi prasnitkami a brav&ekmi zistené Ziadne $tatisticky vyznamné rozdiely (P > 0,05). Z priemerného poétu 10,78 na-
rodenych prasiat bolo 5,52 prasni&iek (51,2 %) a 5,27 bravéekov (48,9 %) s hmotnostou 1,40 kg, resp. 1,45 kg. Z porovnania
prvych (n = 161) a druhych (n = 114) vrhov vyplynulo, Ze prasiatka pochddzajice z druhych vrhov mali $tatisticky preu-
kazne vy§¥iu hmotnost’ (o 0,15 kg pri narodeni, o 0,61 kg v 21. dni a 0 1,10 kg v 35. dni). V ramci celého siboru bez rozdie-
lu pohlavia boli zistené $tatisticky vysoko vyznamné korelicie medzi po&tom Zivonarodenych prasiat a priemernymi
hmotnostami vrhov v 21. a 35. dni (» = 0,6603"" a » = 0,6820™"). Naproti tomu korel4cie medzi individualnymi hmotnost'a-
mi prasiat pri narodeni a hmotnostami vrhov v 21. a 35. dni boli nizke a §tatisticky nepreukazné (» = 0,2457 ar = 0,2117).
Na zéklade korelaénych koeficientov a linearnych regresnych rovnic bolo zistené, Ze hmotnost vrhu v 21, dni, ako aj pri
odstave je viacej z4visld od po&etnosti vrhu ako od hmotnosti narodenych prasiat.

KPukové slové: ofipané; biele masové plemeno; pdrodnd hmotnost’; rast do odstavu v 21. av 35. dni; hmotnost’ vrhu; kore-

lacie; regresnd analyza

UvoD

Daolezitym ukazovatefom efektivnosti chovu oSipa-
nych je plodnost, ktorej horné hranica je dané poétom
zrelych Graafovych folikulov, avSak skutont velkost’
uréuje podet uspe$ne oplodnenych vaji€ok a nasledne
podet vyvijajlicich sa embryi aZ po narodenie Zivota-
schopnych jedincov. Tieto pociatoéné Stadia, urtujice
vel'kost vrhu, s vo velkej miere zévislé od podmienok
prostredia. PretoZe po&etnost’ vrhu aj pérodné hmotnost’
prasiatok je jednym z ¢initel'ov ovplyviiujucich ich dal-
$iu uzitkovost, dali sme si za ciel sledovat’ tito proble-
matiku.

Uspesny odchov prasiatok a d’al3ie pdsobenie v chove
vo velkej miere zévisi od ich hmotnosti pri narodeni. Do-
kumentuja to aj vysledky préce autorov Kisner et al.
(1995), podra ktorych prasiatka s hmotnost'ou mensou
ako 1 kg pri narodeni dosahovali §tatisticky preukazne
hor$iu vykrmnost’ ako prasiatka s hmotnostou nad 1 kg.
Okrem genotypu je hmotnost’ narodenych prasiat najviac
ovplyviiovana troviiou vyZivy pocas prasnosti ich ma-
tiek (Krause et al., 1986).

Pre zabezpelenie poZadovanej tirovne ukazovatel'ov
vykrmnosti a jatoénej hodnoty je vel'mi d6leZita faza vy-
vinu od narodenia do odstavu prasiat. Majer&iak et al.
(1967) uvadzaju, Ze je ddleZité, aby chovatel poznal roz-
diely v raste a vyvine prasiat v obdobi doj&enia. Zistili,
Ze priemernd hmotnost’ prasiat pri narodeni plemien biele
usl'achtilé a landrase bola 1,52kga 1,48kgav2l.dnisa
zvysilana 5,37 kg a 5,49 kg.

Vukov et al. (1994) hodnotili 159 vrhov plemena §véd-
sky landrase. Priemernd hmotnost’ pri narodeni, v 21. dni
av 82.dnibola 1,1 kg, 5,48 kg a 24,28 kg. Denny priras-
tok od narodenia do odstavu dosiahol 194 g, od 21. do
82. dita 308 g. Pri$li k zaveru, Ze hmotnost’ prasni&iek pri
narodeni, v 21. dni a v 82. dni nemala vplyv na hmotnost’
a vek pri ich prvom fertilnom zapusteni.

Naproti tomu Tylegek (1998) uvadza, Ze nizka pérodné
hmotnost’ prasni¢iek ma zrete'ne negativny vplyv na po-
Set narodenych prasiatok v obdobi ich vyuZitia v chove,
priemernt hmotnost’ narodenych prasiatok a po&et do-
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siahnutych vrhov. Zatial ¢o prasnicky s nizkou hmotnos-
tou st v chove v priemere tri aZ $tyri vrhy, pri fazSich
prasni¢kéch je pofet vrhov dvojnasobny.

Objavuju sa tieZ nazory, Ze prasnic¢ky pochadzajice
z méalopodetnych vrhov, to znamend aj s vysokou hmot-
nost'ou pri narodeni, st plodnej$ie ako prasni¢ky, ktoré
pochadzaji z viacpodetnych vrhov (Johansson, 1981).
Tieto zévery potvrdili aj Jarczyk a van der Steen (1988).

Z toho vyplyva, Ze z hl'adiska vy$ky dosahovane;j re-
produkcie ma mimoriadny vyznam hmotnost’ prasni¢iek
pri narodeni. Pre d’al§i chov by sa, ako uvadza Tylecek
(1998), vobec nemali vyberat’ jedince s hmotnostou niz-
Sou ako 1,2 kg, pretoZe v porovnani s prasni¢kam, ktoré
mali hmotnost’ 1,5 kg a viac, dosahovali niZ$iu reprodukg-
nu Gzitkovost. Hmotnost'ou prasiat pri narodeni a ich
néslednou intenzitou rastu a vitalitou sa zaoberali aj
Lakhani (1989) a Hoy et al. (1994). DdleZité je aj hodnote-
nie hmotnosti narodenych prasiat a ich nasledne;j inten-
zity rastu po matkich na prvom, resp. dalSich vrhoch.
Z tohto hl'adiska Gonzales et al. (1987) vyhodnotili
190 prasnic po prvom vrhu a 271 prasnic po vy3§ich vr-
hoch. Zistili, Ze matky plemien LW a L na prvych, resp.
na dal§ich vrhoch dosiahli po&et Zivonarodenych prasiat
8,54, resp. 9,51, celkova hmotnost vrhu pri narodeni bola
12,57 kg, resp. 14,17 kg. Hmotnost' vrhu pri odstave do-
siahla 39,8 kg, resp.45,4 kg, ¢o zodpovedé dosahovanym
prirastkom Zivej hmotnosti od narodenia do odstavu
111 g,resp. 97 g.

St tieZ zndme prace, ktoré hodnotia plodnost’ vo vzta-
hu k Zivej hmotnosti prasiat pri narodeni. V Nemecku
(Rohe, Kalm, 1997) uskutoénili v rokoch 1988 aZ 1994 ana-
1yzu 14 950 prasiat vo vzt'ahu k velkosti vrhu a hmotnosti
prasiatok pri narodeni. Preukazne sa zniZzovala hmotnost’
z 1,6 kg na 1,4 kg, ked’ sa zvySovala vel’kost’ vthu z 9 na
14 prasiatok. Prasiatka so Zivou hmotnost'ou nad 2 kg pri
narodeni dosahovali o 3 kg vy33iu hmotnost’ pri odsta-
ve ako prasiatka s hmotnostou 1 kg.

Cielom predloZenej prace bolo posudit’ vplyv Zivej
hmotnosti prasiat pri narodeni na intenzitu rastu
a hmotnost’ v 21. dni a pri odstave v 35. dni a zaroveil
zistit, aké budi rozdiely v uvedenych hmotnostiach

CZECH J. ANIM. SCI., 45, 2000: 301-307



medzi prvymi a d'al§imi vrhmi, ako aj medzi pohlaviami.
Jednym z ciel'ov prace bolo posudit’ aj objektivnost uka-
zovatela hmotnosti vrhu v 21. dni vo vztahu k hodnote-
niu reprodukéne;j GZitkovosti.

MATERIAL A METODA

V $TachtiteI'skom chove bieleho masového plemena
sme individudlne vazili prasiatka pri narodeni, v 21. dni
veku a v defi odstavu, t. j. v 35. dni veku. Pri odchove do
odstavu sme okrem prirodzeného dojéenia pridavali pra-
siatkam od 10. diia veku v malych mnoZstvach kimnu
zmes OS 1, ktord obsahovala 13,09 MJ/kg metabolizova-
tenej energie, 207,6 g/kg N-latok, 30,6 g/kg vldkniny
a 14,35 g/kg lyzinu. Pomer lyzinu k metabolizovatel'nej
energii bol 1,10.

Celkove bolo vyhodnotenych 64 vrhov s poctom
683 prasiatok. Uvedeny stbor sme analyzovali aj z hl'a-
diska medzipohlavnych rozdielov (350 prasnidiek
a 333 kan&ekov, resp. bravcov). Pre stanovenie rozdielov
sledovanych hmotnosti prasiat vzhl'adom na poradie
vrhu sme z dovodu zabezpedenia reprezentativnej podet-
nosti vyhodnotili len prvé a druhé vrhy.

Stanovili sme zdkladné varia¢no-§tatistické charakte-
ristiky sledovanych ukazovatel'ov a jednoduché korelac-
né koeficienty medzi nimi pre jednotlivé prasnice
a poradia vrhu. Pre zistenie ukazovatel'ov charakterizu-
jucich prasnicu a vrh (mliekovost’) a ich podmienenost
sledovanymi pri¢innymi faktormi sme vychadzali
z priemernych hodnét prasnic a kancov. Na zdklade zna-
mych korelacii a premenlivosti sledovanych ukazovate-
Tov sme stanovili prislu$né jednoduché linedrne
a dvojnésobné linedrne regresné rovnice. Porovnanie

medzipohlavnych rozdielov a rozdielov hmotnosti prasiat
na prvych a druhych vrhoch sme vyhodnotili pomocou
Studentovho t-testu.

VYSLEDKY A DISKUSIA

Zékladné variatno-§tatistické charakteristiky a korel4-
cie sledovanych ukazovatel'ov zo 64 vrhov si uvedené
v tab. 1. Hodnoteny stibor 683 prasiatok dosiahol prie-
meme 10,78 Zivonarodenych prasiatna vrh s priemernou
hmotnost'ou pri narodeni 1,42 kg. Priemerna %iv4 hmot-
nost’' v 21 diioch bola 5,59 kg a v 35 ditoch 7,90 kg pri
priemernom dennom prirastku od narodenia do 21. diia
0,199 g a od narodenia do odstavu v 35. dni 0,185 g. Prie-
memé hmotnost’ vrhu pri narodeni bola 15,32 kg, v 21. dni
59,65kga v 35. dni 84,50 kg, o svedti o dobrej plodnos-
ti a mliekovosti prasnic v sledovanom chove.

Gonzales et al. (1987) zistili pri plemenéch landras, vel-
ké biele, hampshire a duroc niz$i pocet Zivonarodenych
prasiat (9,34, 9,22, 8,78, 8,33) s hmotnost'ou vrhu pri na-
rodeni od 11,89 do 14,45 kg. Naproti tomu Krause et al.
(1986) zistili u 504 sledovanych prasnic plemena landra-
se 10,38 Zivonarodenych prasiat na vrh, ¢o si podobné
vysledky ako v naSich pokusoch. Hmotnost' vrhu viak
bola vysSia takmer o 2 kg, ako sme zistili v naSich experi-
mentoch. NiZz$iu priemernt hmotnost vrhu (1,1 kg) zistil
Lakhani (1989), naproti tomu vysledky dosiahnuté
u kriZencov plemien biele usT'achtilé a landrase v poku-
soch autorov Cechovi ef al. (1991) sa v hmotnosti pra-
siat pri narodeni pribliZili naim vysledkom (1 292 g aZ
1447g).

Najvyssie a $tatisticky vyznamné korela&né koeficien-
ty (tab. 1) sme zistili medzi priemernym poctom Zivonaro-

Tab. 1. Zékladné varia¥no-3tatistické charakteristiky a priememné korelédcie sledovanych ukazovatel'ov ofipanych — Basic variation-sta-
tistical data and average correlations between the studied parameters of pigs

Poget vihov’ (n = 64) Prasnicky a bravéeky spolu'®
Ukazovatel' n
x s S5 v% 2 3 4 5 6 7
1. Pocet Zivonarodenjch | 1478 | 163 | 020 |15,15 ~0,0413 | 0.4119" | 203034 | 0,8697** | 0,603 | 0,6820**
prasiat (ks)
2. Hmotnost’ prasat’a -+ -+
1 03869 | 0,3347 | 04251 | 02457 | 0,2117
ot (g | 42 | 019 | 002 | 1316 9
3. Hmotnost prasata 0,8360" | -0,1819 | 0,3110 | 0,1961
oLt g | 5% | 109|013 |1805 1 i ; i b
4. Hmotnost prasat’a 1 -0,1218 | 0,3247 | 0,3855"
v g | 790 | 154|010 | 1047 ; ; ;
5. Hmotnost' vl 1 07466 | 0,7388"
prinarodent® (g | 1572 | 240 | 030 | 1565 ; ;
6. Hmotnost' vrhu 1 0,9094""
ol ad g | 3965 | 950 | 119 [1593 X
7. Hmotnost' vrhu 1
vt g | 340 | 1430 | 179 | 1693

Iparametr, Znumber of live-born piglets, *piglet weight at birth, “piglet weight on day 21, Spiglet weight on day 35, Slitter weight at
birth, 7litter weight on day 21, Slitter weight on day 35, litter number, %gilts and barrows together
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Tab. 2. Zakladné varia¢no-§tatistické charakteristiky a vyznamnost' rozdielov sledovanych ukazovatefov prasnidiek a bravéekov — Basic
variation-statistical data and significance of differences between the studied parameters of gilts and barrows

Prasnitky’ (n = 64) Bravee'? (n = 64)
Ukazovatel” I-test
x s Sz v% x | Sz v%
1. Podet Zivonarodenych prasiat®  (ks) 552 | 1,50 019 | 27,22 527 | 1,76 022 | 3335 0,866
2. Hmotnost prasafa pri narodeni®  (kg) 1,40 | 0,18 0,02 | 12,57 145 | 0720 0,02 | 13,52 1,603
3. Hmotnost prasata v 21. dni* (kg) 559 | 1,02 0,13 | 18,28 559 | 1,00 0,13 | 17,95 0,006
4, Hmotnost prasata v 35. dni® (kg) 784 | 1,51 0,19 | 19,21 797 | 1,58 020 | 19,84 0,475
5. Hmotnost vrhu pri narodeni® (kg) 764 | 203 025 | 26,62 769 | 273 034 | 3555 0,115
6. Hmotnost vrhu v 21. dni’ kg) | 3033 | 8,38 1,05 | 27,61 29,32 | 10,55 1,32 | 3598 0,599
7. Hmotnost' vrhu v 35. dni® kg) | 42,72 | 12,96 1,62 | 3032 | 41,78 | 15,63 1,95 | 37,40 0,372

For 1-8 see Table 1; %gilts 'barrows

denych prasiat a priemernymi hmotnostami vrhu v 21.
av 35. dni (r=0,6603*"; »=0,6820"). Podobne vysoké
kladné korelécie boli zistené medzi priemernou hmotnos-
tou vrhu pri narodeni a priemernymi hmotnost'ami vrhov
v 21.av35. dni(r=0,7466""; r=0,7388""). Na ziklade
uvedenych zévislosti sa ukazuje, Ze hmotnost' vrhu vo
veku 21 dni stvisela predovSetkym s poéetnost'ou vrhu
a mene;j bola z4visld od hmotnosti prasiat pri narodeni.
Potvrdili to aj parcidlne korelatné koeficienty (ry,,pmi=
0,6922, resp. 7y, 10 = 0,3638).

Z vysledkov tiez vyplynulo, Ze vzh'adom na niZsi a ne-
preukazny korelacny koeficient (r = 0,3347) bola hmot-
nost’ odstav¢iat v 35. dni tieZ ovplyvnend obdobim doj-
¢enia.

Z tab. 2 vyplyva, Ze v hodnotenych ukazovatel'och ne-
boli medzi prasni¢kami (n =350) a bravcami (n = 333) Ziad-
ne $tatisticky preukazné rozdiely. Z priemerného poctu
10,78 Zivonarodenych prasiat bolo v priemere 5,52 pras-
niciek a 5,27 kan¢ekov s hmotnost'ou pri narodeni 1,40 kg,
resp. 1,45 kg. Najvicsie rozdiely medzi prasnikami
a brav&ekmi (Statisticky nepreukazné) sme zaznamenali
v hmotnostiach vrhu vo veku 21 dni, resp. 35 dni, kedy
hmotnost’ vietkych prasniiek dosiahla 30,33 kg, resp.

Tab. 3. Odhad Grovne sledovanych ukazovatel'ov podl'a réznej
h i prasiat pri deni — Estimates of the studied parame-
ters in relation to different weights of piglets at birth

Hmotnost prasata’ (kg) Hmotnost’ vrhu (kg)
pri narodenf? | v21.dni® | v 35.dni* v2l. dni’
1.0 4,67 6,69 51,67
1.2 5,10 7,26 55,04
14 5,54 7,83 58,41
1,6 5,97 8,40 61,77
18 6,41 8,97 65,14
2,0 6,84 9,54 68,51
402 +0,43 +0,57 43,37

Ipiglet weight, Zat birth, on day 21, “on day 35, Slitter weight on
day 21
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42,72 kg, kym hmotnost’ bravcov len 29,32 kg, resp.
41,78 kg. Z uvedeného vyplyva, Ze priemern4 hmotnost’
vietkych odstavenych prasni¢iek vo vrhu bola v naom
experimente o 1 kg vy$§ia ako u bravcov.

Vysledky dosiahnuté v nasich pokusoch korespondu-
ja s vysledkami autorov Vecchionacce et al. (1987), ktori
u plemien velké biele a landrase zistili u kan&ekov a pras-
ni¢iek priemerni hmotnost’ pri odstave 4,93 kga 5,01 kg
pri prirastku Zivej hmotnosti od narodenia do odstavu
127 ga 129 g. Rozdiely medzi pohlaviami boli tieZ nepreu-
kazné.

Na zéklade ziskanych koreldcii a premenlivosti sledo-
vanych ukazovatel'ov sme odhadli parametre lincarnych
regresnych rovnic. Z tab. 3 vyplyva, Ze pri zvy$eni hmot-
nosti narodeného prasat'a o 0,2 kg sa odhadlo zvy3enie
hmotnosti v 21. dni, resp. 35. dni 0 0,43 kg, resp. 0,57 kg.
Ak bol medzi hmotnostami prasiat pri narodeni rozdiel
1 kg, tak sa odhaduje, Ze tento rozdiel pri odstave
v 35. dni bude predstavovat' uz 2,85 kg.

Rohe a Kalm (1997) taktieZ zistili, Ze prasiatka s prod-
nou hmotnost'ou nad 2 kg boli pri odstave o 3 kg tazsie
ako prasiatka s hmotnost'ou pri narodeni pod 1 kg.

Pomocou dvojnasobnej regresnej rovnice bola od-
hadnuté individudlna hmotnost’ odstavenych prasiat v 35.
dni v zévislosti od potetnosti vrhu a zarovefi od hmot-
nosti prasiat pri narodeni (tab. 4). Z tabul'ky vidiet, Ze pri
poc&etnosti vrhu 12 ks a hmotnosti narodeného prasata
1,0 kg mozZno v 35. dni o8akavat hmotnost’ 6,5 kg a pri
podte 8 narodenych prasiatok a priemernej Zivej hmot-
nosti pri narodenti, resp. v 35. dni 1,6 kg aZ 8,9 kg. Za op-
timalnu moZno povazovat’ hmotnost’ prasiat v 35. dni od
7,4 do 8 kg pri podte 10 Zivonarodenych prasiat vo vrhu
a ich priemernej hmotnosti pri narodeni od 1,2 do 1,4 kg.

Pri d’alSej dvojnéasobnej regresnej analyze sme podl'a
hmotnosti prasiat pri narodeni a poétu Zivonarodenych
prasiat vo vrhu odhadli hmotnosti vrhovv 21. dni (tab. 5).
Z hodnotenia vyplynulo, Ze hmotnost’ vrhu v 21. dni bola
vo vicSej miere zavisld od pocetnosti vrhu ako od hmot-
nosti Zivonarodenych prasiat (R?= 0,515""). Hmotnost’
vrhu v 21. dni 52 kg, ktor4 je selekénym kritériom pre za-
radenie prasnic do plemenného jadra, alebo pre zépis do
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Tab. 4. Odhad hmotnosti prasiat v 35. dni vzhPadom na po&et Zivonarodenych prasiat a ich hmotnost' — Estimate of piglet weight on day

35 in relation to the number of live-born piglets and their weight

_ Poget = Hinotnost prasata pri narodent? (kg)
s ool
prasiat’ (ks) 0,80 1,0 1,2 1,4 1,6 1,8 2,0 22
5 733 7,88 8,43 8,98 9,53 10,08 10,64 11,19
6 7,13 7,68 8,78 9,33 9,88 10,43 10,98
7 6,93 9,68 10,23 10,78
H 6,73 9,48 10,03 10,58
9 6,52 9,27 9,83 10,38
10 632 9,07 9,62 10,17
11 6,12 8,87 9,42 9,97
12 592 8,67 9,22 977
13 571 6,26 6,81 7,36 791 8,46 9,02 9,57
14 5,51 6,06 6,61 7,16 771 8,26 8,81 9,36
15 5,31 5,86 6,41 6,96 7,51 8,06 8,61 9,16

H, = 6,1452 - 0,2025 P + 2,7512 H,_

-0,2901

0,3227

R? = 0,1960**

For 1-2 see Tab. 1

Tab. 5. Odhady hmotnosti vrhu v 21. dni vzhl'adom na velkost vrhu a hmotnost’ prasata pri narodeni — Estimate of litter weight on day

21 in relation to litter size and piglet weight at birth

zivon:::;:znych Thtuotuost pEasata pui iacodeat (o)

prasiat’ (ks) 0,80 1,0 12 14 16 18 2,0 22
5 25,75 29,50 3325 36,99 40,74 44,49 48,23 51,98
6 29,52 33,27 37,02 40,76 44,51 48.26 52,00 55,75
7 33,29 37,04 40,78 44,53 48,28 52,02 55,77 59,52
8 37,06 40,81 44,55 48,30 52,05 55,79 59,54 63,29
9 40,83 44,57 55,81 59,56 63,31 67,05
10 44,60 : 55,84 59,58 63,33 67,08 70,82
1 48,36 55,86 50,60 63,35 67,10 70,84 74,50
12 52,13 55,88 59,63 63,37 67,12 70,87 74,61 78,36
13 55,90 59,65 63,39 67,14 70,89 74,63 78,38 82,13
14 59,67 63,42 67,16 7091 74,66 78,40 82,15 85,90
15 63,44 67,18 70,93 74,68 78,42 82,19 85,92 89,60

¥, = -8,0746 +3,7684 P +18,7332 H_

0,6716
R* = 0,5105*, R?

0,08

0,2734

(2, 60) = 0,095

R (2, 60) = 0,142

For 1-2 see Tab. 1

SPK, je mo#né podla ziskanych odhadov dosiahnut
v redlnych hodnotach poétu Zivonarodenych prasiat
a ich hmotnosti pri narodeni 12 ks a 0,8 kg; 11 ksa 1,0 kg;
10ksa 1,2kg;9ksa 1,4kg; 8ksa 1,6kg; 7ksa 1,8kg.
V tab. 6 uvddzame porovnanie hmotnosti sledovanych
kategorii prasiat na prvych (161 prasiat) a druhych

CZECH J. ANIM. SCL, 45, 2000: 301-307

vrhoch (114 prasiat). Hmotnost prasiat pri narodeni na
prvych vrhoch bola 1,41 kg a na druhych vrhoch
1,56 kg; v 21. dni 5,06 kg a 5,67 kg; v 35. dni 6,80 kg
a 7,90 kg. Vietky uvedené rozdiely v hmotnostiach pra-
siat na prvych a druhych vrhoch boli $tatisticky preu-
kazné (P<0,001).
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Tab. 6. Zékladné variadno-§tatistické charakteristiky a vyznamnost' rozdielov sledovanych ukazovatel'ov podla poradia vrhov — Basic
variation-statistical data and significance of differences between the studied parameters in relation to litter number

Poradie vrhu®
Ukazovatel” L vb® IL vih? rest
n=161 n=114
x 1,4096 1,5607
st et R sl s 02754 02822 D
¥ 0,03 0,03
v% 19,54 18,08
x 5,0609 5,6750
s 1,1948 1,4106
Hmotnost’ prasiat v 21. dni’ (kg) ) i - 3,8936%*
v% 23,61 24,86
X 6,7976 7,9017
s 1,6354 2,0837
Hmotnost prasiat v 35. dni* (kg) " S i 49176*
v% 24,06 26,37

Ipiglet weight at birth, 2piglet weight on day 21, 3piglet weight on day 35, “litter number, litter I, Slitter II

Vysledky prace poukazuji na to, Ze hmotnost’ vrhu
v 21. dni bola vo vic¢$ej miere ovplyvnend poftom pra-
siat vo vrhu ako ich individudlnou hmotnost'ou. Je zrej-
mé, Ze viacpocetné vrhy (12 a viac prasiatok) I'ahko splnia
v stiiCasnosti poZzadovany selekény limit pri zarad’'ovani
prasiat na d’al§i chov v hmotnosti vrhu v 21. dni (52 kg).
Na druhej strane je treba pocitat’ s tym, Ze vzhl'adom na
niz8iu hmotnost odstav¢iat z viacpocetnych vrhov bude
ich rast vo faze odchovu pomalsi. Z uvedenych dévodov
by pre zarad'ovanie plemennych o§ipanych mala byt’ d6-
leZitej§im kritériom hmotnost’ prasata vo veku 21, resp.
35 dni.

Z vysledkov tieZ vyplyva, Ze prasiatka na druhych vr-
hoch mali v porovnani s prvymi vrhmi vy§$iu priemerna
hmotnost prinarodeni v 21.av 35.dnio 0,15kg, 0,61 kg
al,10kg.
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VLIV STAVU DRAHY NA VYVOJ RYCHLOSTI
VE VYBRANYCH FRANCOUZSKYCH ROVINOVYCH
DOSTIZICH

THE EFFECT OF COURSE SURFACE QUALITY ON DEVELOPMENT
OF SPEED IN SOME FRENCH FLAT RACES

D. Misaf, I. Jiskrova, K. Somerlikova

Mendel University of Agriculture and Forestry, Faculty of Agronomy, Brno, Czech Republic

ABSTRACT: We have followed the development of speed in France classical races in dependence on the year and current
state of race course. Altogether 24 years (1974-1997) were analysed. Winners’ times were calculated to speed in m/min.
Using correlation and regression analysis the dependence of winners’ speed on the fixed effect of year and the random
effect of course surface quality was estimated. Highly significant dependence of speed on course surface quality was found
in all races (P < 0.001-0.016). The effect of the year was positively manifested as increased speed only in the case of one-
mile races (P < 0.001). Speed reduction due to the course surface quality was not the same in all races and was smaller
above all in Prix du Jockey Club and in Prix Saint Alary. This observation indicates hypothetical effects of other factors
which had not been studied. A positive but not significant speed increase was found in all races except Prix de Diane.

Keywords: thoroughbred; speed; classical races; course surface quality

ABSTRAKT: Byl sledovéan vyvoj rychlosti ve francouzskych klasickych dostizich v zavislosti na ro&niku a aktulnim sta-
vu dostihové drahy. Provéfili jsme vysledky 24 roénikd (1974-1997). Docilené asy vitézl jsme pfepodetli na rychlost
v m/min. Metodou korelagni a regresni analyzy jsme zjistili zavislost rychlosti vitézi na pevném efektu ro&niku a ndhodném
efektu kvality terénu. Ve vSech dostizich jsme zjistili vysoce priukaznou zavislost rychlosti na stavu terénu (P < 0,001 aZ
0,016). Efekt ro¢niku se projevil pozitivnim riistem rychlosti pouze v pfipadé milovych dostihii shodné na arovni P < 0,001.
SniZeni rychlosti vlivem stavu terénu nemélo v pfipad& viech dostihii podobnou trovet — v Prix du Jockey Club a v Prix
Saint Alary bylo men$i neZ v ostatnich. Toto zji§téni vyvolava hypotézu vlivu dal¥ich faktorl, které nebyly predmétem
priizkumu. S vyjimkou jediného dostihu, Prix de Diane, jsme zjistili ve viech ostatnich pozitivni, avak nepritkazny nartist
rychlosti.

Kli¢ovi slova: anglicky plnokrevnik; rychlost; klasické dostihy; stav drahy

UvoD

Vyvoj maximaélni rychlosti v rovinovych dostizich
ovliviluje komplex faktorti. Spolu s endogennimi, pfevaz-
né genetickymi vykonnostnimi faktory se na vysledku
dostihu podileji exogenni vlivy. K nim patii mimo jiné
momentalni stav dostihové drahy. Navzdory vlivu hloub-
ky a pruznosti terénu na vysledny ¢as nebyl dosud jeho
u¢inek piedmétem podrobnéjsi analyzy. Tato skuteénost
nas inspirovala k pokusu posoudit vliv terénu na vyvoj
¢asl ve vybranych francouzskych klasickych dostizich.

Dostihova vykonnost anglického plnokrevnika je vy-
sledkem dlouhodobé selekce na maximaélni rychlost ve
cvalu (Misaf et al., 1992). Z tohoto diivodu se pokusili
néktefi z autorl genetickych analyz vyuzit naméfenych
¢asti k odhadu dé&divosti vykonnosti koné& a vyjadieni
ucinnosti selekce. Oscag a Toth (1959) stanovili regresi
matka—potomek miru dédivosti rychlosti na h*=0,04-0,06.

CZECH J. ANIM. SCI., 45, 2000: 309-312

Pern (1970) pouzil k podobnému G&elu riznych metod.
V zavislosti na pouzité metodé odhadl miru dédivosti
rychlosti podle nam&fenych &asti v rozpéti 2 = 0,05-0,80.
Minkema (1970) stanovil podle naméfenych ¢asii dédivost
rychlosti americkych klusaki na drahach v Nizozemsku.

Podle n&kterych autort nepotvrzuje vzestup rychlosti
podle naméfenych Casii vysokou intenzitu selekce. Cun-
ningham (1975) dospél k zévéru, Ze ve 20. stoleti doslo
k poklesu &asti v rovinovych cvalovych dostizich. Na
rozdil od pfedchoziho autora doklad4 Dusek (1975) sou-
vislost mezi §asem dostihu a jeho selekéni trovni. Casy
v nejvyznamné&j¥ich dostizich mély podle tohoto autora
vzestupnou tendenci. Naopak ¢asy méné vyznamnych
dostiht stagnovaly. TentyZ autor se pokusil charakteri-
zovat vliv klimatickych a pudnich podminek na rychlost
dostihovych koni a zjistil pritkaznou zévislost ¢asti na
vnéjSich podminkach.
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Tendenci pozitivniho vzestupu rychlosti v nejvyznam-
néjsich dostizich potvrzuje Langlois (1978). Podobnou
tendenci vyvoje rychlosti v rozpéti del§im nez dva gene-
raéni intervaly dokumentuje Czyzewicz (1976). Na rozdil
od posledné citovanych autori dospéli Gaffney
a Cunningham (1988) k zavéru, Ze v poslednim desetileti
se vitézné Casy klasickych dostihli nezlepsily a Gasy
viech dostihi se v obdobi 19521977 sniZzovaly o 1 %
ro¢né. Jak uvadi Langlois (1980), je schopnost opakova-
ni vynikajiciho ¢asu v dostihu pomé&rné nizk4, protoze
rekordni €asy nejsou zpravidla poZadavkem vykonnost-
ni zkousky.

Oki et al. (1997) porovnavali vyvoj rychlosti
v zavislosti na vzdélenosti a povrchu drahy. Dospéli
k zavéru, Ze s rostouci vzdélenosti klesd hodnota gene-
tické korelace. Korelaci mezi riznym povrchem drahy
(travnaty — dirt) stanovili u vzdalenosti 1 200 m 0,69
a u vzdalenosti 1 800 m 0,31. Vyvoj vitéznych cast ve
tiech anglickych klasickych dostizich publikoval Cun-
ningham (1998). Autor dospél k zavéru, Ze &as se v téchto
dostizich progresivné vyvijel v obdobi 1840-1910. Poz-
déji doslo ke stagnaci vitéznych castii. De Chevigny
(1999) uvadi seznam rekordnich &asti na nejvyznamnéj-
sich francouzskych dostihovych drahéch s otazkou, zda
doslo k dal$imu progresu plemene.

ProtoZe vétsina uvedenych analyz nezohlednila fakto-
ry stavu dostihové drahy a mozného vlivu techniky mé-
feni, rozhodli jsme se posoudit mozny vliv stavu terénu
na rychlost dostihovych koni na vyvoji francouzskych
klasickych dostihti v obdobi 1974-1997.

MATERIAL A METODA

Pro stanoveni vyvoje rychlosti ve vybranych francouz-
skych klasickych dostizich jsme zvolili obdobi 1974 az
1997. Rychlost jsme sledovali v téchto klasickych dosti-
zich: Poule d’Essai des Poulains, Poule d’Essai des Pou-
liches, Prix Saint Alary, Prix Lupin, Prix de Diane, Prix du
Jockey Club, Prix Vermeille.

U dostihti jsme z oficidlnich statistik zjistili &as vit&z-
ného kong a aktualni stav drahy dostihového dne. Cas

vitéze jsme pfepocetli na rychlost vyjadfenou v m za min.
K charakteristice dostihové drdhy jsme pouZzili udaj
o penetrometrickém méfeni hloubky a prostupnosti trav-
natého povrchu. Slovni dopln€k charakteristiky jejiho
stavu jsme povaZovali za dopliivjici informaci a pfi vlast-
nim zpracovani jsme ho nepouzivali.

Rychlost vitézi dostihu podle jednotlivych ro¢niki
v zavislosti na stavu drdhy jsme provérili v programu
Unistat regresni a korelaéni analyzou za pouZiti metody
nejmengich étverci podle rovnice:

y=a+bx +bx,

kde: a — absolutni &len
x,— pevny efekt roku dostihu
X, - nahodny efekt stavu drahy

VYSLEDKY A DISKUSE

Cilem préce bylo stanovit vliv ¢iselné definovaného
povrchu dostihové drahy na rychlost dostihovych koni.
K tomuto Géelu jsme pouzili 24 roénikl francouzskych
klasickych dostihii. Propozice téchto dostihl zajistuji
maximum stejnych podminek vSem startujicim konim.

V prib&hu sledovaného obdobi byla na Gstfednich
francouzskych dostihovych drahach provadéna penetro-
metrickd méfeni stavu travnatého povrchu na principu
tlaku. Casy byly méfeny elektronicky a kons startovali ze
startovnich boxi. Zpisobem méfeni a startu byl minima-
lizovan subjektivni vliv lidského faktoru na zptisob star-
tu a méfeni Gasu.

Kvalitu povrchu dostihové drahy vyjadiovala ciselna
stupnice s rozpétim 2,0 az 6,0. Ciselna hodnota je nepfi-
mo umeérné kvalité drahy. Rozpéti ¢iselnych hodnot
u sledovanych dostihii kolisalo od 2,40 do 5,10.

Udaje o vivoji rychlosti v zavislosti na terénu jsme
zjistili u vSech klasickych dostihti sledovaného obdobi.
Vyjimkou byl pouze dostih Prix de Diane 1975, ktery se
v disledku stavky spole¢nosti PMH a PMU nekonal. Za-
kladni charakteristika sledovanych dostihl je uvedena
v tab. 1.

Tab. 1. Charakteristika sledovanych dostihlt ~ Characteristic of the analyzed races

Nézev dostihu' Vm?‘“‘“‘z Urtent’ Zavodists* rycmos:’6 rb;?r:}:f:: l:ye:tflzds?’f St
m) (m/min) | (m/min) | (m/min) | rekordu®
Poule d’Essai des Poulains 1 600 tileti hiebei’ Longchamp 962,60 886,20 1 002,00 1984
Poule d’Essai des Pouliches 1600 tfileté klisny'® Longchamp 959,10 892,80 996,00 1993
Prix Saint Alary 2000 tiileté klisny Longchamp 933,76 856,80 982,80 1989
Prix de Diane 2100 tileté klisny Chantilly 973,10 921,00 1.000,80 1985
Prix Lupin 2100 | tileti hiebei Longchamp 950,48 904,80 981,60 1988
Prix du Jockey Club 2 400 tifleti hiebei a klisny | Chantilly 962,95 922,80 999,60 1986
Prix Vermeille 2400 tifleté klisny Longchamp 938,05 888,60 974,40 1999

Irace name, 2length, 3destination, 4race-course, Saverage speed, “minimum speed, "record speed, ®record year, °three-year stallions, 'Cthree-

year mares
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Ve sledovaném obdobi bylo distanéni rozpéti francouz-
skych klasickych dostihii 1 600—2 400 m. Klasické propo-
zice vytrvaleckého dostihu Prix Royal Oak byly v roce
1979 pozménény na srovnavaci. Proto jsme ho do sou-
boru nezafadili. V8echny sledované dostihy maji statut
Grl.

Francouzské klasické dostihy jsou startovany na dvou
hipodromech: Longchamp a Chantilly. Tato skutecnost
vybizela k pokusu porovnat vyvoj rychlosti na obou
zminénych drahach. Avsak rozdilné vzdalenosti a pro-
pozice presné€jsi srovnani bohuzel neumoznily.

Nejvyssi minutovou rychlost vitéze jsme zjistili v Poule
d’Esaai des Poulains (1984), 1 600 m (1 002,00 m/min)
a v Prix de Diane (1985), 2 100 m (1 000,80 m/min). Oba
zminéné dostihy mély rovnéZ nejvyssi primémou rych-
lost vitézi (962,80 m/min Poule d’Essai des Poulains
a 973,10 m/min Prix de Diane). V prvém pfipadé je tento
ukaz vysledkem propozic. Vyssi rychlost klisen v dostihu
0 500 m del§im miZze byt Easteénym potvrzenim domnén-
ky, Zze podlozi drahy v Chantilly umoZiiuje dosdhnout
vys§ich rychlosti nez hlubsi a téz§i pida v Longchamp.
Tato domnénka zasluhuje ovéfeni.

Nejniz§i rychlost vitéze mély Poule d’Essai des Pou-
lains (1986), 1 600 m (886,20 m/min) a Prix Vermeille (1983),
2 400 m (888,60 m/min). NejniZsi primérnou rychlosti vi-
tézily klisny v Prix Saint Alary, 2 000 m (933,76 m/min).
Pozitivni i negativni hodnoty rychlosti z4visely pfede-
v3im na stavu dostihové drahy. Jeho mezni a primérné
hodnoty dokumentuje tab. 2.

Nizké naméfené hodnoty oznacuji homogennéjsi, pev-
néjsi terén usnadiiujici dosaZeni mimofadnych a re-
kordnich ¢ast. Vysoké hodnoty naopak charakterizuji
hlubokou pliidu omezujici dostihovy vykon. Nejv&tsi
rozpéti meznich hodnot mély Poule d’Essai des Poulains
(2,60) a Poule d’Essai des Pouliches (2,30), nejmensi oba
dostihy startované v Chantilly — Prix du Jockey Club
(1,30) a Prix de Diane (1,70). U dostihi startovanych
v Longchamp mélo rozpéti meznich hodnot sestupnou
tendenci v zévislosti na postupu dostihové sezony. Nej-
vétsi hodnoty byly na po¢atku kvétna (Poule d’Essai des
Poulains 2,60, Poule d’Essai des Pouliches 2,30), nejnizsi

v z4f{ (Prix Vermeille 1,80). Tento pokles mé nepochybnou
souvislost s klimatickymi podminkami a zdsobou plidni
vlhkosti. Priimérna hodnota terénu jednotlivych dostihi
kolisala od 3,31 (Poule d’Essai des Poulains) do 3,20 (Prix
Saint Alary).

V zévislosti na kvalit& drahy byly docileny tyto rekord-
ni vykony sledovanych dostihti: Poule d’Essai des Pou-
lains 2,5 (1 002,00 m/min), Poule d’Essai des Pouliches 3,0
(996,00 m/min), Prix Saint Alary 2,5 (982,80 m za min), Prix
de Diane 2,7 (1 000,80 m/min), Prix Lupin 2,6 (981,60 m/
/min), Prix du Jockey Club 2,6 (999,60 m/min), Prix Ver-
meille 2,9 (974,40 m/min). Priivodnim jevem nejniZ8ich do-
cilenych rychlosti v jednotlivych dostizich byl naopak
,»t&Zky* terén: Poule d’Essai des Poulains 5,1 (886,20 m/
/min), Poule d’Essai des Pouliches 4,7 (892,00 m/min), Prix
Saint Alary 4,1 (856,80 m/min), Prix de Diane 4,0 (921,00 m/
/min), Prix Lupin 4,5 (904,80 m/min), Prix du Jockey Club 3,5
(922,80 m/min) a Prix Vermeille 3,7 (888,60 m/min).

Zéavislost rychlosti anglickych plnokrevniki na stavu
dostihové dréhy a roéniku charakterizuje pfehled vybra-
nych charakteristik podle jednotlivych dostiht (tab. 3).

U v8ech sledovanych dostihii jsme zjistili vysokou
miru zavislosti na stavu terénu (P < 0,001-0,016). Pozitiv-
ni vyvoj rychlosti jsme naopak prokazali pouze v Poule
d’Essai des Poulains, Poule d’Essai des Pouliches a Prix
Vermeille v kombinaci se stavem terénu a u prvych dvou
jmenovanych i samostatné. V pfipadé dvou dostiht byl
dopad kvality terénu na rychlost odli¥ny od vétSiny
ostatnich, V pfipadé Prix du Jockey Club by mensi vliv
hloubky terénu mohl byt dal§im argumentem pro domnén-
ku, Ze draha v Chantilly je rychlejsi nez v Longchamp.
Tento argument eliminuje mira vlivu terénu zji§t€na na
stejné dréze v Prix de Diane. Druhy pfipad niz§iho vlivu
narychlost jsme zjistili v Prix Saint Alary (Longchamp).
Tento vysledek svadi k domnénce, Ze na vysledny &as
mohou plisobit dal§i, ndmi nezohledn&né faktory. Jednim
z nich miiZe byt selekéni troveii dostihu. Napf. Prix Lu-
pin je navzdory zatfidéni do Gr 1 pfipravnym dostihem
pro Prix du Jockey Club. Plnokrevnici v ném startujici
zpravidla jesté nedoséhli vrcholu formy pro hlavni kla-
sicky dostih Prix du Jockey Club, coz miiZe mit dalsi vliv

Tab. 2. Zédkladni statistické charakteristiky penetrometrickych hodnot sledovanych dostihlt — Basic statistical characteristics of penetro-

metric values of the analyzed races

Charakteristika penetrometrickych hodnot terénu®
a1
Rt Lol podethodnot’ |  priimér* :I:ir;li: ‘,ni ko;,ta'::e‘:i o minimum maximum rozpéti’
Poule d’Essai des Poulains 24 3,31 0,803 0,242 2,50 5,10 2,6
Poule d’Essai des Pouliches 24 323 0,579 0,179 2,40 4,70 23
Prix Saint Alary 22 345 0,597 0,173 2,50 4,80 23
Prix de Diane 23 3,30 0,503 0,153 2,60 4,30 1,7
Prix Lupin 24 3,29 0,570 0,173 2,50 4,50 2,0
Prix du Jockey Club 22 322 0,372 0,116 2,60 3,90 13
Prix Vermeille 24 322 0,519 0,161 2,40 420 1,8

Irace name, 2characteristics of penetrometric values of course surface, 3sample size, “mean, standard deviation, Scocfficient of
variation, 'range
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Tab. 3. Piehled vybranych vysledki regresni a korelatni analyzy rychlosti v zdvislosti na stavu drdhy a rogniku startu — Some results of
regression and correlation analyses of speed in relation to the course surface quality and year of start

Zévislost rychlosti na terénu a roéniku’ Zavislost rychlosti na roéniku®

Nézev dostihu’ pritkaznost’ P , by Pro | bypro | prikazny 2 by, pro

erén® | rotnild terén® 7| rotnik’ g F roénik
Poule d’Essai des Poulains | <0,001 | <0001 | 084 | 092 | -3305 | 1,79 0,050 0,16 040 1,83
Poule d’Essai des Pouliches | <0,001 [ <0,001 | 076 | 087 | -33,09 [ 155 0,008 0,28 0,53 2,02
Prix Saint Alary 0006 | 0959 | 033 | 057 [ -1951 | 005 0,740 0,005 | 007 033
Prix de Diane <0001 [ 0984 | 073 | 085 | -3399 [ -0,01 0,975 0,00 000 | -002
Prix Lupin <0001 [ 0975 | 064 | 080 | -3352 [ 001 0,597 0,01 0,36 0,38
Prix du Jockey Club 0016 [ 0381 | 027 | 052 | 2575 | -0,50 0,474 0,02 0,15 043
Prix Vermeille <0001 [ 0025 | 061 | 078 | -3455 | 1,13 0,277 0,05 023 0,78

'race name, 2relation of speed to course surface and year, *significance, ‘course surface, year, b, for course surface, 7 b, for year,

8relation of speed to year, Isignificant year

(s obtizné definovatelnou mirou) na vyslednou rychlost.
Z dal3ich faktori miZe mit vliv teplota a vlhkost vzdu-
chu. Tyto vlivy nejsou souéasti dostihovych zprav. Po-
soudit jejich vliv v kombinaci s vlivem stavu terénu
povazujeme za prospésné. Z dalSich vlivii to mize byt
obtizné definovatelna kvalita pole startujicich.

Vyvoj rychlosti vitézi francouzskych klasickych dosti-
hii mél v prevazné vétSiné pozitivni tendenci. V piipadé
obou dostihi na 1 600 m byla tato tendence priikazna.
Jedinym pfipadem opaéné tendence bylo v tomto obdo-
bi nepriikazné sniZeni rychlosti v Prix de Diane. Za pfici-
nu niz8i frekvence rekordnich ¢asti povazujeme shodné
s tvrzenim Langloise (1980) skuteénost, ze docileni re-
kordniho ¢asu neni prvofadym zdmé&rem majitele a trenéra
dostihového koné. Tuto okolnost by mohla zménit jedi-
né ekonomické zavislost majiteli na dosazeni rekordu.
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RELATIONSHIP OF PLASMA OESTRADIOL-17B
AND CHOLESTEROL LEVELS TO EGGSHELL STRENGTH
IN LAYING HENS

VZTAH HLADINY 17B-ESTRADIOLU A CHOLESTEROLU
V KREVNI PLAZME K PEVNOSTI SKORAPKY NOSNIC

P. Reza&, M. Poschl, Z. Havlitek

Mendel University of Agriculture and Forestry, Faculty of Agronomy, Brno, Czech Republic

ABSTRACT: The relationship between eggshell strength and plasma oestradiol-17, cholesterol, calcium and phosphorus
levels in the laying hens was observed. Water and feed were provided ad libitum. The feed was a standard commercial meal
containing 39 g calcium/kg and 2.1 g phosphorus/kg. Blood samples were taken from two groups of hens in the 11th month
of the laying period. The first group was consisted of hens (n = 83) which laid more than 4% eggs with cracked shells
during 10 months of the laying period. These hens were sampled on the day when the egg with broken shell was laid. The
second group comprised hens (n = 90) which laid less than 1% eggs with cracked shells during 10 months of the laying
period. These hens were sampled on the day when the egg with unbroken shell was laid. Oestradiol-17B in hens with
cracked eggshells had a significantly lower plasma level than in hens with unbroken eggshells (P < 0.05). Plasma cholesterol
in hens with cracked eggshells had a significantly higher level than in hens with unbroken eggshells (P < 0.01). The plasma
calcium level was higher in hens with cracked eggshells than in hens with unbroken eggshells but this difference was not
significant. The plasma phosphorus level was nearly the same in both groups of hens. The significant correlations of oestra-
diol-17B with cholesterol, calcium with phosphorus, and cholesterol with calcium were found in both groups of hens. The
results suggest that plasma oestradiol and cholesterol may have a relationship with the quality of the eggshell in laying
hens.

Keywords: hens; oestradiol; cholesterol; calcium; phosphorus; eggshell quality

ABSTRAKT: Byl sledovan vzdjemny vztah mezi pevnosti skofapky a hladinou 17B-estradiolu, cholesterolu, vapniku a fos-
foru v krevni plazmé& u nosnic. Voda a krmivo bylo poddvéano ad libitum. Jako krmivo byla pouZita standardni krmnéa smés,
ktera obsahovala 39 g vapniku/kg a 2,1 g fosforu/kg. Krev byla odebirana u dvou skupin nosnic v 11. mésici snasky. Prvni
skupinu tvofily nosnice (n = 83), které snesly béhem 10 mésicli snasky vice nez 4 % vajec s rozbitou skofapkou. Odbér
krve byl u této skupiny nosnic proveden v den, kdy snesly vejce s rozbitou skofdpkou. Druhou skupinu tvofily nosnice
(n = 90), které snesly béhem 10 mésici sndsky méné nez 1 % vajec s rozbitou skorapkou. Odbér krve byl u této skupiny
nosnic proveden v den, kdy snesly vejce s neporuSenou skofapkou. Hladina estradiolu v krevni plazmé u nosnic, které
snesly vejce s rozbitou skofépkou, byla priikazné niZ3i neZ u nosnic, které snesly vejce s neporusenou skofapkou (P < 0,05).
Hladina cholesterolu v krevni plazmé u nosnic, které snesly vejce s rozbitou skofépkou, byla pritkkazné vy3si nez u nosnic,
které snesly vejce s neporuienou skofapkou (P < 0,01). Hladina vapniku v krevni plazmé u nosnic, které snesly vejce
s rozbitou skofépkou, byla vy3¥i neZ u nosnic, které snesly vejce s neporuienou skofépkou, ale tento rozdil nebyl statistic-
ky prikazny. Hladina fosforu v krevni plazmé byla u obou skupin nosnic téméf stejnd. Byly zjiStény prikazné korelace
mezi hladinami 17B-estradiolu a cholesterolu, vapniku a fosforu, cholesterolu a vapniku. DosaZené vysledky naznacuji, ze
hladina estradiolu a cholesterolu v krevni plazmé miiZe mit u nosnic vztah ke kvalité vaje¢né skofapky.

Kli¢ova slova: nosnice; estradiol; vapnik; fosfor; kvalita skofdpky

INTRODUCTION incidence of poor shell quality is higher in hens which
laid the eggs during the momning (Roland, 1981). The

There are many factors which can influence eggshell ~ strength of the eggshell has a relationship with the egg
calcification. The shell quality is influenced by the age  size (Roland, 1976). The thinner shell may be caused by a
of the hens and season of the year (Izat et al., 1985). The  low concentration of calcium in the intestine during the

This work was supported by the Ministry of Education, Youth and Sports of the Czech Republic (Project No. GG MSM
432100001).
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most active periods of eggshell calcification (Farmer et
al., 1983). The decline in shell quality may be associated
with altered calcium transport or metabolism at the actu-
al site of eggshell formation or premature oviposition
(Roland et al., 1977).

Not less than four endocrine systems (calcitonin, par-
athyroid hormone, vitamin D,, and oestrogens) control
calcium metabolism in the laying hens (Soares, 1984).
Qestradiol has been implicated in the regulation of calci-
um metabolism in the laying hens through several modes
of action. Oestradiol is known to cause an elevation of
circulating plasma calcium levels by stimulating the he-
patic synthesis of vitellogenin, a major calcium-binding
protein in plasma (Guyer ef al., 1980). In addition, oestra-
diol appears to have a direct effect on the synthesis of a
uterine calcium-binding protein which may be involved
in calcium transport across the uterus (Navickis ez al.,
1979). Active immunization against oestradiol in the lay-
ing hens resulted in a worse eggshell quality (Tsang and
Grunder, 1983).

There are findings to indicate that plasma cholesterol
may have a relationship with the circulating levels of the
plasma calcium. Harms and Simpson (1979) found that
hens with the fatty liver syndrome had greatly elevated
concentrations of serum calcium and cholesterol. Recent-
ly it has been reported (Sloan et al., 1994) that a high cor-
relation exists between plasma calcium and cholesterol
levels in laying hens.

Therefore, the present experiment was conducted to
evaluate the relationship between eggshell strength and
plasma oestradiol-17p and cholesterol levels in the lay-
ing hens. The levels of plasma calcium and phosphorus
were examined too.

MATERIAL AND METHODS

Laying hens (ISA Brown) were housed in a tempera-
ture-controlled (18 °C) building in individual laying cag-
es (600 cm?). The light regime was 15-h light and 9-h dark.
Water and feed were provided ad libitum. The feed was
a standard commercial meal containing 39 g calcium/kg
and 2.1 g phosphorus/kg.
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Fig. 1. Plasma oestradiol-178 levels in the hens with unbroken and
broken eggshells
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Blood samples were taken from the basilic vein approx-
imately 2 to 5 h after oviposition. Blood was collected
into 5-ml heparinized syringes and transferred to heparin-
ized tubes. Samples were stored at 4 °C for 1h, then the
plasma was separated by centrifugation. The plasma cho-
lesterol was analysed immediately. The blood plasma for
determination of oestradiol, calcium and phosphorus was
held at —20 °C until analysis. Blood samples were taken
from two groups of hens. The first group was consisted
of hens which laid more than 4% cracked eggshells (n =
83) during 10 months of the laying period. The second
group comprised hens which laid less than 1% cracked
eggshells (» = 90) during 10 months of the laying period.
Blood samples were taken from both groups of hens in
the 11th month of the laying period. The hens which laid
over 4% eggs with cracked shells were sampled on the
day when the egg with broken shell was laid. The hens
which laid under 1% eggs with cracked shells were sam-
pled on the day when the egg with unbroken shell was
laid.

The commercial kits (Institute of Radioecology and Ap-
plied Nuclear Techniques, KoSice) were used for direct
assays of oestradiol-17f. The sensitivity of each assay
was 25 pmol/l. The intra- and interassay coefficients of
variation were 7.0% and 13.0%, respectively. The choles-
terol level was determined by means of BIO-LA-TEST
(Lachema Diagnostica, Brno) on the Spekol 11 (Carl
Zeiss, Jena). The calcium concentration was determined
by atomic absorption spectrophotometry (H1170, Hilger
and Watt). The concentration of phosphorus was deter-
mined with an automatic analyzer (Cobas Mira S, Roche).

All results are presented as means + SEM. The means
were compared using Student’s t-test. Correlations of
oestradiol, cholesterol, calcium and phosphorus were
also determined.

RESULTS

Oestradiol-178 in hens with cracked eggshells had a
significantly lower plasma level (Fig. 1) than in hens with
unbroken eggshells (P < 0.05). The plasma cholesterol
level (Fig. 2) in hens with cracked eggshells was signifi-
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Fig. 2. Plasma cholesterol levels in the hens with unbroken and
broken eggshells
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Fig. 3. Plasma calcium levels in the hens with unbroken and broken
eggshells

cantly higher than in hens with unbroken eggshells (P <
0.01). The plasma calcium level (Fig. 3) was higher in hens
with cracked eggshells than in hens with unbroken egg-
shells but this difference was not significant. The plas-
ma phosphorus level (Fig. 4) was nearly the same in both
groups of hens.

The relationship between the plasma oestradiol-17p,
cholesterol, calcium and phosphorus levels in hens with
broken and unbroken eggshells, is shown in Table 1.
There were significant correlations of oestradiol with
cholesterol, and calcium with phosphorus in both groups
of hens, but the correlation coefficient was higher in hens
with cracked eggshells than in hens with unbroken egg-
shells. There were significant correlations of cholesterol
with calcium in both groups of hens, but the correlation
coefficient was higher in hens with unbroken eggshells
than in hens with cracked eggshells.

Table 1. Correlation coefficients for plasma oestradiol-17f, cho-
lesterol, calcium, and phosphorus in the hens with unbroken and
broken cggshells

Hens with Hens with
unbroken shells broken shells

Oestradiol : cholesterol 0.28* 0.58*
Oestradiol : calcium -0.02 -0.13
Oestradiol : phosphorus -0.09 -0.16
Cholesterol : calcium 0.62** 0.26*
Cholesterol : phosphorus 0.15 0.13
Calcium : phosphorus 0.46%* 0.65**

*P < 0.05; **P <0.01

DISCUSSION

A significantly lower oestradiol level in the hens with
cracked eggshells than in hens with unbroken eggshells
was found. This result is consistent with that of Grunder
et al. (1983), who observed that hens laying low specific
gravity eggs have lower plasma oestrogen levels than the
high specific gravity group. A lower oestradiol level in
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Fig. 4. Plasma phosphorus levels in the hens with unbroken and
broken eggshells

the hens with cracked eggshell corresponds with Tsang
and Grunder (1983), who found that active immunization
against oestradiol in the laying hens results in a worse
eggshell quality. All the above mentioned findings sug-
gest that oestradiol plays an important role in the control
of eggshell calcification.

Oestradiol in the laying hens is involved in the calcium
regulation through several mechanisms. Oestradiol
stimulates the synthesis of a calcium-binding protein in
plasma (Guyer et al., 1980) as well as a uterine calcium-
binding protein (Navickis et al., 1979). Oestradiol is also
implicated in the bone calcium absorption (Mauras et al.,
1997; Rezat et al., 1997). Owing to a slightly higher level
of plasma calcium in the group of hens with cracked egg-
shells, we suppose that the decline of eggshell quality
could be rather a consequence of the effect of oestradiol
on the calcium transport through the uterus than on the
synthesis of a plasma calcium-binding protein in the liv-
er or calcium absorption in the bone.

There were significantly different levels in the plasma
cholesterol between hens with poor and good eggshell
quality. Hens with broken eggshells had significantly
higher plasma cholesterol level compared to hens with
unbroken eggshells. This result suggests that a higher
level of plasma cholesterol may be associated with poor
eggshell quality.

Plasma cholesterol and calcium had a higher correla-
tion in the group of hens with unbroken eggshells than
in hens with cracked eggshells. This finding and the
higher level of plasma cholesterol in hens with poor egg-
shell quality indicates that plasma cholesterol has prob-
ably a relationship with eggshell calcification not only
through its connection with the plasma calcium level.
The correlation of cholesterol and calcium levels in the
laying hens was also found by Sloan et al. (1994) and
Harms et al. (1995). However, these authors did not study
the correlation of plasma cholesterol and calcium in rela-
tion to eggshell quality. Sloan et al. (1994) studied the
relationship of egg cholesterol to serum cholesterol and
serum calcium. Harms et al. (1995) investigated the rela-
tionship of plasma calcium with experimentally elevated
cholesterol and triglycerides.
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The plasma cholesterol showed a significant correla-
tion with plasma concentration of oestradiol in both
groups of laying hens. A significant correlation between
the plasma cholesterol and oestradiol was also found in
women (Gorbach et al., 1989; Wakatsuki and Sagara,
1995) and men (Dai et al., 1984; Denti et al., 1994). After
oestradiol treatment a decrease of serum cholesterol lev-
els in post-menopausal women was observed (Netelen-
bos et al., 1991). The modulation of the circulating levels
of the plasma cholesterol by oestradiol was also de-
scribed by Marslew et al. (1992), Westerveld et al. (1996)
and Lundeen et al. (1997).

Our results showed that there was no significant dif-
ference in plasma calcium levels between hens with bro-
ken and unbroken eggshells. No relationship between
serum calcium and eggshell quality when hens were fed
adequate calcium diets was observed by Sloan et al.
(1974) and Lennards et al. (1981). Roland ef al. (1973)
have shown serum calcium to be related to shell quality
when hens were fed a calcium-deficient diet.

A significant correlation between plasma calcium and
phosphorus levels suggest that the plasma concentra-
tions of both ions have a close relationship. Similar find-
ings were observed by Ruschkowski and Hart (1992).

In conclusion, our results indicate that plasma
oestradiol and cholesterol may have a relationship with
the quality of the eggshell in laying hens.
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VLIV ZVYSENE ZATEZE PUDY TEZKYMI KOVY
NA JEJICH OBSAH VE VYBRANYCH TKANICH KRALIKA

THE EFFECT OF INCREASED SOIL CONTAMINATION WITH HEAVY
METALS ON THEIR CONTENT IN SOME RABBIT TISSUES

P. Rous, P. Jelinek

Mendel University of Agriculture and Forestry, Institute of Morphology,
Physiology and Veterinary Medicine, Brno, Czech Republic

ABSTRACT: Studies were aimed at transfer of cadmium, lead, mercury and chromium within the soil — plant — animal
system. A complete feed mixture was formulated using barley, wheat and clover-grass hay produced on contaminated lands;
it was given to rabbits between days 41 and 125 of age. Contaminated soil contained 13 mg/kg Cr, 0.8 mg/kg Cd, 65 mg/kg
Pb. Control group received a complete feed mixture, its ingredients were produced on plots with natural contents of the
metals: Cr 4.95 mg/kg, Cd 0.38 mg/kg, Pb 21.1 mg/kg. A part of rabbits were slaughtered at 125 days of age, and liver,
kidney and muscle samples were taken. The remaining rabbits were left for reproduction and the young were slaughtered at
the age of 1 and 30 days. Liver, kidney and muscle samples were also taken. Contents of Cd, Pb, Cr in samples were
determined by ICP-MS method. Cd content in rabbit liver increased to 107 pg/kg at 125 days of age (P < 0.01) as a result of
experimental diet (control 55 pg/kg Cd). Cd concentration in the kidneys of contaminated 125 days old rabbits (P < 0.01)
increased to 543 pg/kg (control 280 pg/kg Cd) while Pb concentration (P < 0.01) rose to 71 pg/kg (control 44 pg/kg Pb).
A higher amount of cadmium (P < 0.05) was determined in the liver of the thirty-day rabbit young (48 pg/kg — control
16 pg/kg). Chromium contents in the tissues showed high variability.

Keywords: rabbit; tissue; ICP-MS; heavy metals; cadmium; lead; chromium

ABSTRAKT: Byl sledovan piestup kadmia, olova, rtuti a chromu v systému plda — rostlina — zvife. Z jeémene, p3enice
a z jetelotravniho sena vypé&stovaného na kontaminovanych piidach byla vytvofena kompletni krmna smés, kterd byla zkr-
moviéna kréalikim od 41. do 125. dne véku. Kontaminované piida obsahovala Cr 13 mg.kg™', Cd 0,8 mg.kg'a Pb 65 mg.kg'.
Kontrolni skupina dostdvala kompletni krmnou smés, jejiz komponenty byly vypéstovany na pozemcich s pfirozenym
obsahem sledovanych kovi (Cr 4,95 mgkg™, Cd 0,38 mg.kg™', Pb 21,1 mg.kg™"). Ve 125 dnech v&ku byla &ast kraliku
porazena a byly odebrény vzorky jater, ledvin a svaloviny. Druha &ast kralikli byla ponechana k chovu a ziskana mlad'ata
byla poraZena ve véku jeden den a 30 dni. Byly opét odebriny vzorky jater, ledvin a svaloviny. Ve vzorcich byly metodou
ICP-MS stanoveny Cd, Pb, Cr. Pokusny zasah zvy3il mnozZstvi Cd v jatrech kraliki ve 125 dnech (P < 0,01) na 107 pgkg™
(kontrola 55 pg.kg™"). Hladina Cd v ledvinich kontaminovanych 125dennich kralikii byla zvy3ena (P < 0,01) na 543 pg.kg™'
(kontrola 280 pg.kg™) a koncentrace Pb (P < 0,01) na 71 pg.kg" (kontrola 44 pgkg™). VEtdi mnoZstvi kadmia (P < 0,05)
méla v jatrech tficetidenni pokusna krali¢ata — 48 pg.kg™ (kontrola 16 pg.kg™). Hodnoty chromu ve tkanich vykazovaly
vysokou variabilitu.

Klitova slova: kralik; tkaii; ICP-MS; téZké kovy; kadmium; olovo; chrom

UvoD

Problematika toxickych kovii je intenzivné studovéana
ve vazbé na rostouci objem primyslovych odpadi a emisi
a jejich dopad na Zivotni prostiedi. Daleko méné& pozor-
nosti je dosud vénovano agrarnimu ekosystému, ktery
zvl4sté v poslednich letech prochazi vyraznym intenzifi-
ka&nim procesem. Jsou to viak pravé potraviny a krmiva
majici pivod v zemé&dg&lské prvovyrobg, které mohou byt
zdrojem piijmu rizikovych prvki. Propojenost zemédél-
ského ekosystému s ostatnimi ¢4stmi prostiedi je pfitom
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zcela zjevna. Kli¢ovou roli zde hraji pfimé vstupy do ze-
mé&délské prvovyroby, jako jsou hnojiva a prostredky pro
ochranu rostlin. Dalsi z vlivii podilejicich se na kontami-
naci rizikovymi kovy je expozice emisim, které maji piivod
v prumyslové vyrobé a dopravé. V téchto pfipadech pla-
ti znaéna variabilita, definovana rozsahem expozice
a danou lokalitou (Cibulka, 1991; Bencko et al., 1995).
Nebezpedi zatizeni agrarniho ekosystému rizikovymi
prvky tkvi v tom, Ze tyto latky vstupuji do potravinovych
fetézct hospodaiskych zvifat a Elovéka. Potraviny a kr-
miva jsou vyznamnym zdrojem zdravotniho rizika. Jen
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obtiZzné si umime pfedstavit riziko chronické expozice niz-
kym davkam né&kterych nebezpe&nych chemickych latek
(Ruprich et al., 1997).

Sledovanim pfenosu olova, kadmia a rtuti v systému
puda — rostlina — zvife z travnich pastevnich porostii
rostoucich na kontaminovanych piidach se zabyvali Kra-
lovec a Slavik (1997) — v pastevnim areélu sledovali ob-
sah olova, kadmia a rtuti v atmosférickém spadu.
Priim&rny spad na daném stanovisti &inil u rtuti 4,29 g.ha™!,
ukadmia 2,13 g.ha™ au olova 64,18 g.ha™!, coz byl jediny
zdroj expozice na nehnojeném pozemku a toto mnozstvi
bylo hluboko pod limitem platnym v CR. MnoZstvi ti sle-
dovanych prvki v pici ani v jednom pfipadé nepiekrodi-
lo limit pfipustny pro krmiva. Maso a vnitinosti (jatra
a ledviny) pasenych zvifat odpovidaly hygienickym po-
Zadavkim. Podobné téma zpracovavali Podlesdkova
a Némedek (1997). Bencko et al. (1981) sledovali uklada-
ni Mn, Pb, Cr, Cd a Ni v orgénech a tkdnich kralikd
v imisemi zatizeném prostfedi. Pokusny chov byl umis-
t&n 2,5 km od zdroje zne€isténi, kterym byla slévarmna zpra-
covavajici Zelezo a mangan. Krélici byli odchovavani
1-12 mésici a po tuto dobu byli napéjeni vodou a krmeni
krmivy ze zatiZzené oblasti. Pokusni krélici akumulovali
v riznych tkédnich vice Mn, Pb a Cd neZ kontrolni skupi-
na.

Chowdhury a Chandra (1987) uvadéji, Ze v laborator-
nich experimentech byly pozorovany modifikace toxic-
kého efektu olova, kadmia a rtuti vlivem nékterych dal-
§ich mineralnich latek. Tyto vzdjemné interakéni vzta-
hy zmiiiuje i Sanstead (cit. Zima, 1987). Podrobny pfehled
o vzajemnych metabolickych vztazich mezi toxickymi
a esencidlnimi prvky podava Goyer (1997). Obecné se
viak vi jen velmi malo o metabolickych funkcich celé fady
stopovych a ultrastopovych prvki, z nichZ né&které ne-
jsou povaZovany za esencialni; jiné jsou pfimo toxické.

MATERIAL A METODY

Cilem pokusu bylo zhodnoceni vlivu krmiv kontamino-
vanych rizikovymi prvky na depozici a distribuci t&chto
prvki organismem, jejich translokaci na potomstvo pla-
centou a matefskym mlékem. Price navazuje na grantovy
projekt MZe CR, ktery je evidovan pod &islem 4031
s nizvem ,,Organické zemédélstvi v podminkach hnojeni
kejdou se zaméfenim na produkci s niz§im obsahem $kod-
livych latek” (Rimovsky, 1997).

K ovéfeni pfijmu a uklddani Cd, Cr a Pb byly pouzZity
plodiny vypé&stované na pokusnych pozemcich hnoje-
nych dvéma zplsoby:

—hnojeni N, P a K priimyslovymi hnojivy pfi zvySeném
obsahu tézkych kovii v pidé,
— hnojeni kejdou pfi zvySeném obsahu téZkych kovi

v pldg.

Na pokusné pozemky byly sledované prvky doplnény do
mnoZstvi prekradujiciho stanovené limity — Cr 13 mg.kg™!,
Cd 0,8 mgkg™, Pb 65 mg kg™ zeminy (Richterezal., 1997;
Rimovsky, 1997). Z4kladni komponenty krmné davky
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(pSeniény Srot, jeCny Srot a jetelotravni seno) ziskané
z obou uvedenych pokusnych variant byly smichiny
v poméru 1 : 1 atvofily zéklad pokusné krmné davky.

Zéakladem krmné davky kontrolni skupiny byly surovi-
ny (p3eni¢ny 3rot, jeny 3rot a jetelotravni seno), které
pochézely z plodin vypéstovanych na nekontaminova-
nych pozemcich ve varianté pokusu:

— kontrola, bez hnojeni a pfi pfirozeném obsahu tézkych
kovil v pudg.

Pfirozeny obsah sledovanych téZkych kovii v piidé na
kontrolnich plochéch byl Cr4,95 mg kg !, Cd 0,38 mg kg,
Pb21,1 mg.kg! (Richter et al., 1997; Rimovsky, 1997).

Obé krmné davky byly optimalizovany z hlediska ob-
sahu Zivin (Zeman, 1995). Kontrolni a pokusna kompletni
krmné smés (KKS) byly pfipraveny podle shodné recep-
tury a lisily se pouze ptivodem jiZ zminénych zékladnich
soudasti. Vysledné KKS byly granulovany a zkrmovéany
ad libitum. Jejich sloZeni je uvedeno v tab. 1. Koncen-
trace t&Zkych kovii v kontrolni a pokusné KKS jsou uve-
deny v tab. 2.

Tab. 1. SloZeni granulovanych } 1 h krmnych smési (KKS)
— Formulation of granular complete fccd mixtures (KKS)
Komponenty' %
ml‘mﬁé 8 jetmen jami 41 vypéstovano®
Jetelotravnf seno® 40 vypéstovano
SGjovy extrahovany Srot* 7
Oves’® 45
Melasa®
MIKROS -K
(mineralni pHisada pro kréliky”) %P
FARVIT LK (dopln&k biofaktori®) 1

lingredients, 2winter wheat and spring barley (1:1 ratio), clovcr
grass hay, “soybean meal, %oats, mol "mineral suppl
for rabbits, $biofactor supplement, *own production

Tab. 2. Primé&mé koncentrace sledovanych rizikovych prvki v po-
kusné a kontrolni KKS — Average concentrations of hazardous
elements in experimental and control KKS

Krmn4 smés' Cd (ugkg™) | Pb(ugkg™) | Cr(mgkg™)
Pokusna’ KKS 206 894 13,32
Kontrolni®* KKS 120 649 10,38

Ifeed mixture, 2experimental, 3control

Experiment sestéval ze dvou sledovani. K prvnimu
pokusu bylo pouzito 24 jate¢nych hybridnich kraliki
HYLA, zafazenych do sledovani t&€sné po odstavu ve
véku 41 dnii. Zvifata byla rozdé€lena do dvou skupin po
12 kusech, pfi¢emz v kazdé skuping byla vzdy polovina
samcti a polovina samic. Zvifata byla umisténa ve dvou-
etdzovych draténych klecich.

Pokus byl ukon&en po jate&né zralosti ve véku 125 dni
pfi zivé hmotnosti 2,85 az 3,80 kg, kdy byla polovina zvi-
fat porazena. Z jater, ledvin a svaloviny (m. biceps fe-
moris, m. semitendinosus, m. semimembranosus) byly
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odebrény vzorky pro kvantitativni analyzy sledovanych
prvki.

Cilem druhého pokusu, ktery navazuje na pfedchazeji-
ci, bylo prokézat pfechod sledovanych tézkych kovii pies
placentu a prostfednictvim matefského mléka do tkani mla-
d’at. Bylo proto ponechéno 3est kralikli pokusné a Sest
kralikt kontrolni skupiny, z nichz v kazdé skuping byla
polovina samcil a samic. Krmeni a ustdjeni bylo shodné
s pfedchazejicim experimentem. Po dosaZeni chovné do-
spélosti byly samice zapoustény. Cést jejich potomstva
byla porédZena v den narozeni, dalsi ¢ast pak ve véku
30 dni. Z porazenych mlad’at byly odebrany vzorky led-
vin, jater, svaloviny a tuku. Od kralikd po odstavu byla
pouZita svalovina z celého pravého stehna a od novoro-
zenych jedincl svaly z obou stehen. Od jednodennich
kréli¢at jsme odebirali vzorky tukové tkané z podkozi
a dutiny bfisni.

Od laktujicich samic bylo soucasné ziskavano mléko
pro stanoveni uvedenych rizikovych prvki.

Vzorky vybranych tk4ni, mléka a krmiv byly spalovéany
v uzavieném systému v mineralizatoru APION. Pro sta-
noveni obsahu vybranych rizikovych prvki byla pouZi-
ta hmotové spektrometrie s induk&né vézanou plazmou
Jjako zdrojem iontii (ICP-MS).

DByp pFistroje: ICP-MS analyzator PERKIN-ELMER
ELAN 6000.

Charakteristika pristroje: argonové plazma. Pfistroj po-
uziva zmlZovac typu cross-flow. RF generator 27 MHz.

Plyn: argon, 350 + 7 kPa; pritok plynu 20 L. min".

Nastaveni: ICP RF—vykon 1000 W. Priitok argonu zmlZo-
vagem 0,9 L. min .

Metoda a kalibrace: Pro sledované prvky byla pro-
vedena tfibodova kalibrace s pouzitim vnitinich standar-
du Sc, In, Bi. PouZité vnitini standardy dodala firma Ana-
lytika Co. Ltd. Praha. Vnitini standardy byly pfidany do
kalibra¢nich roztoki, slepych vzorki a vzorki ve stejné
koncentraci: Bi— 40 ppb, In— 40 ppb, Sc — 80 ppb. Kore-
laéni koeficienty kalibrace pro viechny sledované prvky
dosahovaly minimalné 0,9999. Ve vzorcich byly sledova-
ny tyto izotopy sledovanych prvki: Cr3, Pb?%7, Cd'!.
Cisty &as m&feni jednoho vzorku byl 58,3 s. Spravnost
méfeni byla ovéfovana pouzivanim dvou koncentraci
standardnich pfidavkd pro kazdy méfeny prvek. Byly
pouzity vZdy tfi vzorky kazdého typu matrice. Standard-
ni pfidavky byly v koncentracich, které fadové odpovida-
ly mnozZstvi mé&fenych prvki ve vzorcich (pro Cr, Cd, Pb
10 pg.I™! a20 pg.1™). Relativni odchylka méteni (RSD) byla
pro Cr4,5 %, Cd 4 %, Pb 4,8 %. Vytéznost se pohybovala
mezi 92 az 98 %.

Kalibrace:

Sc  Opgl? 80pgl' 80 pgl™! vnitini standard
In  Opgl' 40pgl! 40 pgl™! vnitini standard
Bi Opgl' 40pgl!  40pgl vnitini standard
Cd Opgl! SOpgl' 100pgl”

G Opgl! 50pgl! 100pgl?

Pb  Opgl! 50pgl! 100pgl?

CZECH J. ANIM. SCI., 45, 2000: 319-324

Koncentrace sledovanych prvki jsou uvadény na kg
vlhké hmotnosti. Detekéni limity pro Cd, Cr a Pb byly
2 pg.I"!. Pro testovéani souborti dat s malym rozsahem byl
pouzit Shapiro-Wilkilv test na normalitu rozdéleni (UNI-
STAT 4.53a). Pro veskeré testované udaje byl pouzit
dvouvybérovy t-test s rovnosti rozptyld.

VYSLEDKY A DISKUSE

Krélici pokusné skupiny primérn& spotiebovali od
41. dne do 125. dne 122,4 g kontaminované KKS na kus
a den. Primérna spotfeba nekontaminované KKS kon-
trolni skupinou byla za sledované obdobi 113,3 g na kus
a den.

V tab. 3 aZ 6 jsou uvedeny koncentrace kadmia, olova,
chromu a rtuti ve sledovanych tkénich a v mléce. Z vy-
sledkii vyplyvé, Ze zkrmovani plodin vyrostlych na kon-
taminovanych pozemcich statisticky vyznamné ovlivnilo
koncentrace Cd v ledvinéach a jatrech (P < 0,01) kréalikt
ve 125 dnech v&ku. Bencko et al. (1981) udavaji u pilroé-
nich kréliku, ktefi byli krmeni krmivy z imisemi zatiZzené
oblasti, hodnoty Cd v ledvinéch vyssi (0,70-1,18 mg.kg™").
V jatrech byly koncentrace kadmia srovnatelné (0,18 az
0,19 mg.kg™!). MnoZstvi tohoto prvku ve svaloving byla
v naSem pfipadé fadove nizsi nez v jatrech a ledvinach,
coZ odpovida udajim, které publikovali Bencko et al.
(1981). Massényi et al. (1995) zjistili hodnoty kadmia ve
svaloving 12mé&si¢nich kralikt 0,01 mg.kg™" a v ledvinach
0,17 mg.kg™'. Pokud jde o obsah kadmia v tkanich jedno-
dennich krali¢at naSeho experimentu, nebyly zaznamena-
ny statisticky vyznamné rozdily, pouze hodnoty Cd
v jatrech byly vy$§i, av8ak tésné pod hranici statistické
vyznamnosti. Krali¢ata pokusné skupiny ve véku 30 dni
vykazovala statisticky vyznamné vice Cd v jatrech nez
skupina kontrolni (P < 0,05), v ostatnich pfipadech ne-
byly zaznamenény statisticky pritkazné rozdily. Ve 30
dnech v&ku je jiZ zietelngji vidét diferencovana distribu-
ce kadmia v organismu, které se pfednostn& uklada
v jatrech a ledvinach.

Statisticky vyznamné vice olova bylo uloZeno v ledvi-
nach krélikti pokusné skupiny ve 125 dnech véku (P <0,01).
Bencko et al. (1981) zaznamenali v ledvinach, jatrech
a svaloviné krélikd hodnoty Pb vy3$8i, nez jsou v nasich
nélezech. U jednodennich krali¢at nebylo mnozstvi ulo-
Zeného olova ovlivnéno pokusnym zésahem a koncent-
race olova byly ve vech tkanich vyssi nez u kréliku ve
125 dnech. Lze se tedy domnivat, Ze olovo pomérné vy-
razné pronika pies placentu kralikl. Na tuto skute¢nost
upozomnili jiZ Piska& a Kadmér (1985), kteti uvadéji, ze olo-
vo pronika pfes placentu a dostava se do fetalnich tkéni.
Mnozstvi Pb v tuku bylo statisticky prikazné vyssi
u skupiny kontrolni (P < 0,01). Koncentrace Pb v jatrech
kontrolnich 30dennich krali&at byla ve srovnéni s pokus-
nou skupinou signifikantné vy§§i (P < 0,05). V ostatnich
tkanich nebyl nalezen vyznamny rozdil. Ze srovnani kon-
centrace Pb ve tkanich jednodennich a 30dennich krali-
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Tab. 3. Koncentrace Cd, Pb, Cr v tkinich krélikii ve 125 dnech — Cd, Pb, Cr concentrations in rabbit tissues at 125 days of age

o Cd (ugkg™) Pb (ugkg™) Cr(ugkg™)
Skupina’
n % SD n - SD n x SD
Tiira! pokus® 6 107 ** 34 6 44 7 6 190 163
kontrola® 6 55 16 6 39 18 6 76 40
X pokus 6 543 ** 136 6 ) R 28 6 166 225
Ledviny?
kontrola 6 280 124 6 44 9 6 238 192
- pokus 6 13 4 6 24 6 6 223 164
Svalovina
kontrola 6 13 3 6 24 3 6 238 246
** p < 0,01

liver, 2kidneys, *muscle, *group, experiment, Scontrol

Tab. 4. Koncentrace Cd, Pb, Cr v krali¢im mléce — Cd, Pb, Cr concentrations in rabbit milk

Cd (ugkg™ Pb (ugkg™ Cr(ugkg™
Skupina® (ugkg™) (ugkg™) T (ugkg™)
n X SD n x SD n % SD
. | pokus’ 21 11 5 21 81 81 21 1,36 ** 1,32
Miéko “
kontrola 17 10 2 17 74 37 17 3,22 2,00
** P <0,01

'milk, 2group, *experiment, “control

Tab. 5. Koncentrace Cd, Pb, Cr v tkénich jednodennich kréliat — Cd, Pb, Cr concentrations in the tissucs of the onec-day rabbit young

-1 4 24
Skupina® Cd (ugkg™) Pb (ugkg™) Cr(pgkg)
n X SD n x SD n x SD
Yl pokus® 24 53 112 24 99 81 24 166 158
kontrola® 17 20 20 17 68 21 17 324 649
. pokus 24 44 27 24 156 147 24 184** 206
Ledviny
kontrola 17 50 57 17 109 48 17 920 1550
3 | pokus 24 29 14 24 114 84 24 551 1598
Svalovina
kontrola 17 38 33 17 135 T 17 269 293
_y pokus 24 27 12 24 101** 65 24 732 1838
kontrola 17 35 12 17 179 57 17 364 586
** p < 0,01

For 1-6 see Tab. 3, fat

Tab. 6. Koncentrace Cd, Pb, Cr v tkanich 30dennich krali¢at — Cd, Pb, Cr concentrations in the tissues of the thirty-day rabbit young

kg™ kg kg™
Skupina® Cd (ngkg™) Pb (ngkg™) Cr(pgkg™)
n * SD n x SD n x SD
o pokus® 13 48* 40 13 68* 19 13 49 56
kontrola® 18 16 1 18 142 150 18 22 13
pokus 13 57 64 13 85 36 13 85 82
Ledviny?
kontrola 18 31 5 18 97 63 18 47 5
| pokus 13 23 11 13 64 26 13 77 81
Svalovina
kontrola 18 13 4 18 54 33 18 42 8
* P <0,05

For 1-6 see Tab. 3
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&at vyplyva, Ze u kralika ve 30 dnech vé&ku jsou hladiny
olova v tkdnich niZsi.

Hodnoty chromu se bez vyjimky u vSech sledovanych
skupin kralikl vyzna&ovaly velmi vysokou variabilitou.
V mnoha ptipadech bylo navic prokédz4no mnohem vice
chromu v tkanich kontrolnich skupin. Chrom je kromé
svych toxickych vlastnosti vyznamnym biogennim prv-
kem a je o ném znamo, Ze zasahuje do metabolismu kad-
mia. Stacey a Klaassen (1981) a Stacey et al. (1983)
uvadéji, Ze chrom miiZze vyznamné modifikovat toxicitu
kadmia. V experimentu autorti Bencko et al. (1981) se
koncentrace Cr v jatrech kralikii pohybovaly v rozmezi
0,02-0,40 mg kg™, v ledvinach 0,40-0,50 mg.kg™' a ve
svalech 0,20-0,50 mg kg™,

Mnozstvi Cd vylouéeného krali¢im mlékem nebylo
ovlivnéno pokusnym zésahem. Udaje pro srovnani ob-
sahu sledovanych prvki v krali¢im mléce jsme v literatu-
fe nenalezli. Dréapal, Valcl et al. (1996) uvadéji v syrovém
kravském mléce hladinu kadmia v priiméru 8 pg kg™'. Mil-
ler (1975) konstatuje, Ze pouze mal4 &ast piijatého Cd pie-
chazi do mléka. MnozZstvi olova v kravském mléce uda-
vaji Drapal, Valcl et al. (1996) 72 pg.kg™. Toto mnoZstvi
odpovida nasim vysledkim. Piska¢ a Ka¢mar (1985) uva-
dé&ji, ze do mléka je za normalnich okolnosti vyluéovano
jen velmi malé mnozstvi olova. MnozZstvi Cr v krali¢im
mléce bylo velmi variabilni a samice pokusné skupiny
vylucovaly prikazné méné chromu neZ samice kontrolni
(P<0,01). Drapal, Valcl et al. (1996) udavaji prtimérnou
hladinu chromu v kravském mléce 34 pg kg™'. Nase pozo-
rovani toto mnoZstvi mnohonéasobné pievysuje.

Z uvedenych vysledki je patrné, Ze zmény v koncent-
racich sledovanych té€zkych kovii mezi skupinami neby-
ly p#ili$ priikazné. Je to nejspise ddno pomé&rné nizkymi
koncentracemi kontaminujicich prvkd v krmnych smé-
sich. Pokusna KKS obsahovala pfiblizné 20 % limitni
déavky kadmia a asi 90 % mezni koncentrace olova (Vy-
hlaska MZ CR 194/1996). Rovnéz rozdily v hladinach sle-
dovanych rizikovych prvki mezi kontaminovanou KKS
a pfirozené zatizenou KKS byly pomé&mé malé. Podle
vyhlasky MZ CR 298/1997 o kontaminujicich latkach
v potravinach nepfekrodily hodnoty kadmia v jatrech,
ledvinach a v mase kralikt ve 125 dnech véku stanovené
hygienické limity. Tyto limity nebyly pfekroceny ani
v pfipadé olova a chromu. Lze se tedy domnivat, Ze {iro-
vefi kontaminace piid v uvedeném rozsahu nepfedstavu-
je vyznamné hygienické riziko.

Nelze zpochybnit, Ze sledované tézké kovy vstupuji
diky znecisténi pad do potravnich fetézci. Z toho ply-
nouci zdravotni a hygienické nebezpeéi je vSak limitova-
no charakterem a intenzitou kontaminace pudy, pro-
stupnosti jednotlivych &lankd agrarniho ekosystému
a skute&nou davkou t&Zkych kovi pfijatou Zivo¢isnym
organismem. Mazanec (1996) uvadi, Ze vliv pudy na
kontaminaci p&stovanych plodin n&kterym rizikovym
prvkem je prokazatelny pouze v pfipadech, kdy jeho
obsah mnohonasobné pfevysuje povolené koncentra-
ce. Pro ptipadny dal$i vyzkum na toto téma bude tieba
zjistit limitni mnozstvi t&€Zkych kovi v pidg, kterd budou
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po pfechodu do potravniho fetézce hygienicky a zdravot-
né zavazna.
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EFFECT OF HEAT-TREATED RAPESEED CAKES
IN DAIRY COW DIET ON YIELD, COMPOSITION
AND FATTY ACID PATTERN OF MILK

VLIV TEPELNE UPRAVENYCH REPKOVYCH VYLISKU
V KRMNE DAVCE DOJNIC NA MNOZSTVI A SLOZENT MLEKA
A PROFIL MASTNYCH KYSELIN

T. Komprda!, R. Dvo¥ak?, P. Suchy?, M. Fialova!, K. Sustova!

! Mendel University of Agriculture and Forestry, Faculty of Agronomy, Brno, Czech Republic
2 University of Veterinary and Pharmaceutical Sciences, Brno, Czech Republic
3 Veterinary Research Institute, Brno, Czech Republic

ABSTRACT: Sixteen dairy cows (Czech Red-pied x Ayrshire x Red Holstein) received in the first sixty days of lactation
the basic diet (maize silage, red clover silage, meadow hay) and the basal concentrate mixture. Subsequently either heat-
treated rapeseed cakes (HRC) or soybean meal (SBM) were included in the concentrate mixture at the amount of 35%, and
in either case eight dairy cows were fed by turns with both experimental diets within the 60th to 90th, 90th to 120th, and
120th to 150th day of lactation. Milk yield and milk protein yield were not influenced by the feeding of HRC or SBM (P > 0.05).
However, inclusion of HRC in the production mixture decreased milk fat yield (0.83 and 0.93 kg/day, P < 0.05), milk fat content
(39 and 43 g/kg of milk, P < 0.01), content of total milk protein (34 and 36 g/kg of milk, P < 0.01), and casein content (2.6 and
2.8 g/kg of milk, respectively, P < 0.01) in comparison with SBM. Palmitic acid content in milk fat of dairy cows receiving the
diet with HRC was lower in comparison with SBM milk (27 and 33% of the sum of total fatty acids, respectively, P < 0.01),
stearic acid content was higher (10.8 and 8.8%, P < 0.01) similarly to oleic acid content (31.6 and 23.2%, respectively,
P < 0.01). The ratio of total content of C16 fatty acids and total content of C18 fatty acids was substantially lower (P < 0.01)
in the milk of dairy cows fed HRC (0.66) in comparison with SBM milk (1.01). It was concluded that the inclusion of HRC
in the dairy cow diet instead of SBM had a favourable effect (from the viewpoint of human nutrition) on the composition
of the lipid fraction of milk.

Keywords: dairy cows; rapeseed cakes; milk yield; milk composition; fatty acids

ABSTRAKT: Cilem prace bylo zhodnotit vliv ndhrady s6jového extrahovaného Srotu tepelné oetfenymi fepkovymi vylis-
ky v krmné davce dojnic na mnoZstvi a slozeni mléka a na sloZeni mastnych kyselin mlééného tuku. Do pokusu bylo zafa-
zeno 16 dojnic — kfizenek plemen Ceské strakaté x Ayrshire x Red Holstein. Dojnice byly v prvnich 60 dnech laktace
krmeny zakladni krmnou davkou na bazi kukufiéné silaZe, jetelové silaZe a luéniho sena a zékladni produkéni smési sloZe-
nou z pienice (29 %), ovsa (12 %), p3eni&nych otrub (20 %), s6jového extrahovaného Srotu (15 %), fepkovych vyliskia (20
%), soli (1 %) a mineralnich dopliikli (3 %). Nésledné byly do produkéni smési zafazeny v mnoZstvi 35 % bud’ tepelné
o3etfené fepkové vylisky (HRC), nebo séjovy extrahovany Srot (SBM) a vidy osm dojnic bylo stfidavé krmeno kazdou
z pokusnych krmnych davek v pritb&hu 60.-90., 90.-120. a 120.—150. dne laktace podle schématu uvedeného v tab. 2. Slo-
Zeni pokusnych produké&nich smési je uvedeno v tab. 1. MnoZstvi nadojeného mléka a mnoZstvi mléénych bilkovin nebylo
krmnym zdsahem ovlivn&no (P > 0,05), zafazeni HRC do krmné davky misto SBM viak mélo za nasledek sniZeni mnoZstvi
mlé&ného tuku (0,83, resp. 0,93 kg/den, P < 0,05), sniZeni obsahu mlé¢ného tuku (39, resp. 43 g/kg mléka, P < 0,01), sniZeni
obsahu celkovych mlé&nych bilkovin (34, resp. 36 g/kg mléka, P < 0,01) i obsahu kazeinu (2,6, resp. 2,8 g/kg mléka, P <
0,01). Vliv zafazeni HRC, resp. SBM do pokusné krmné davky dojnic na sloZeni mléka je patrny z tab. 3. Obsah mastnych
kyselin v mlé&ném tuku dojnic krmenych pokusnou krmnou davkou s HRC, resp. SBM je porovnan v tab. 4. Mlé¢ny tuk
dojnic krmenych pokusnou produk&ni krmnou smési s HRC mél nizsi obsah kyseliny palmitové (27, resp. 33 % sumy
viech mastnych kyselin, P < 0,01), na druhé strané vy33i obsah kyseliny stearové (10,8, resp. 8,8 %, P < 0,01) a olejové (31,6,
resp. 23,2 %, P < 0,01) a tedy podstatné niZ§i (P < 0,01) pomér celkovych C16/C18 mastnych kyselin (0,66, resp. 1,01).

The experiments were carried out within the research project of Mendel University of Agriculture and Forestry Bmo No. MSM
432100001 and were also financially supported by the National Agency for Agricultural Research (Project No. EP 7187).
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Zavéry prace naznaluji, Ze z hlediska lidské vyZivy mélo zafazeni HRC do krmné davky dojnic misto SBM pfiznivy vliv

na sloZeni lipidové frakce mlé¢ného tuku.

Kli¥ovi slova: dojnice; fepkové vylisky; sloZeni mléka; mastné kyseliny

INTRODUCTION

It is possible to influence the content of basic compo-
nents of milk by genetic approaches and dietary ap-
proaches. Within the dietary approaches it is necessary
to consider — apart from the diet composition — also the
stage of lactation, feeding management and health sta-
tus of the animal (Kennely and Glimm, 1998).

From the basic components of the cow’s milk, lactose
is most difficult to influence by the diet. It is possible to
increase milk protein content by increasing protein con-
tent in the diet (Burgess and Nicholson, 1984) or by the
decreasing of dietary protein degradability (Robinson et
al., 1992).

The main target of the manipulation of milk composi-
tion is the milk fat content (protein to fat ratio in milk),
and the composition of milk fat (Kennely and Glimm,
1998). From the viewpoint of human nutrition (reduction
of the plasmatic cholesterol) it is desirable to increase the
content of C18 fatty acids (including stearic acid accord-
ing to the current state of knowledge) at the expense of
myristic (C14 : 0) and palmitic (C16 : 0) acid content.

Milk fat composition can also vary due to economic
reasons. Introduction of the 00 cultivar led to the more
widespread use of rapeseed in some European countries
because rapeseed cakes are cheaper than soya or cereal
concentrates, and feeding costs are lower with rapeseed
cake (Ammann, 1996). However, rapeseed meal has a low-
er content of crude protein and energy due to a higher
crude fibre content in comparison with soybean meal.
Due to the high crude protein degradability of rapeseed
meal, only one third of ingested nitrogen reaches the in-
testine as the absorbable protein. The main objective of
the rapeseed meal industry is to reduce nitrogen degrad-
ability using a proper heat treatment during oil extraction
and feed processing (Daccord, 1996). However, the in-
crease of the protein effective degradability does not nec-
essarily lead to the increase of milk protein content.
There is a possibility that the non-protein nitrogen is
increased at the expense of the content of casein or whey
protein (Khorasani et al., 1991).

Rapeseed (in the form of meal or cakes with varying fat
content) became an usual component in the diets for
dairy cows in some countries (Jahreis et al., 1996). Accord-
ing to Wiesen et al. (1990), the content of milk protein was
not influenced by the addition of rapeseed screenings to
the dairy cow diet on the pasture. Lawles et al. (1998)
report a significant decrease of the milk protein concen-
tration when the dairy cow diet was supplemented on
pasture by ground full-fat rapeseeds. According to Strze-
telski ez al. (1998) rapeseed supplements in dairy cow di-
ets do not decrease the milk fat concentration.
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Fatty acid spectrum of milk fat is considered to be un-
favourable from the viewpoint of relatively high content
of saturated fatty acids (C14 : 0, C16 : 0) and relatively
low ratio of monounsaturated or polyunsaturated fatty
acids. Based on the current state of knowledge the effect
of stearic acid (C18 : 0) is analogous to that of oleic acid
(C18: 1) regarding the decrease of the plasmatic choles-
terol level. The main interest in the dietary manipulation
of the fatty acid ratio in the milk fat is therefore to de-
crease the ratio of C16 : 0 and to increase the ratio of total
C18 fatty acids, including C18 : 0 (Kennely and Glimm,
1998).

The spectrum of fatty acids in milk fat is changed by
addition of rapeseed to the diet. The content of C18 fatty
acids, including unsaturated fatty acids increases (Focant
et al., 1998), palmitic acid content (C16 : 0) decreases (En-
jalbertezal., 1997).

The objective of the study was to assess the effect of
replacing soybean meal by heat-treated rapeseed cakes
on milk yield and milk components, including fatty acid
profile, in dairy cows.

MATERIAL AND METHODS

Experimental animals, design and diets. Sixteen dairy
cows (Czech Red-pied x Ayrshire x Red Holstein) were
used in the experiment. The experiment was carried out
from April to June 1998 at the dairy co-operative farm
Zichlinek, Czech Republic.

Dairy cows were kept individually and fed by the basal
diet (maize silage 19 kg, red clover silage 8 kg and meadow
hay 2 kg) and a concentrate mixture at the rate of 0.40 kg/1
of milk produced above 10 I/day. Within the preliminary
period (first sixty days of lactation) the composition of
production mixture was as follows (in per cent): wheat
(29), oats (12), wheat bran (20), soybean meal (15), rape-
seed cakes (12% of fat; 20), feed salt (1), mineral addi-
tives (3). As far as the nutrient composition is concerned,
this mixture contained 214 g of crude protein, 48 g of fat,
78 g of crude fibre, 86 g of ash and 461 g of nitrogen free
extract per 1 kg of fresh matter (dry matter content 88.6%).

At the end of the preliminary period milk samples were
taken and subsequently either soybean meal (SBM) or
heat-treated rapeseed cakes (HRC) were included in the
production feed mixture.

Heat-treated rapeseed cakes contained per one kg of
fresh matter (dry matter 90.5%) 265 g of crude protein,
65 g of crude fibre, 137 g of crude fat, 132 g of crude ash
and 314 g of nitrogen free extract. Digestibility of these
nutrients (determined in a metabolic trial on six steers)
was 82, 88, 97, 82 and 93%, respectively.
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Table 1. C ition of experi 1 concentrate mixtures
Production mixture
HRC" SBM?
wheat 311 30.0
barley 10.0 10.0
oats 5.0 50
maize 5.0 5.0
wheat bran 5.0 50
malt sprouts 5.0 5.0
Component (%) B0y oen meal ! P
rapeseed cakes 35.0 /
feed salt 1.0 1.0
ground limestone 20 2.0
MgO 0.3 0.4
dicalcium phosphate / 1.0
premix of biofactors 0.6 0.6
total 100.0 100.0
crude protein 188.2 240.1
crude fibre 462 5438
Nutrient crude ash 102.0 80.4
(g/kg of fresh matter) crude fat 749 13.1
nitrogen free extractives 4754 4849
dry matter (%) 88.7 87.3
Cl4:0 0.57 0.68
Cl16:0 8.03 13.22
Cl16 : 1n7 0.62 0.52
C18:0 2.06 2.96
C18: 1n9 40.55 20.95
- - C18 :2n6 35.62 47.04
(;bngfi;]edsum of total fatty acids) 18533 gl 1249
C20:0 044 0.30
C22:0 0.26 0.17
C22 : 2n6 0.01 0.06
C22:5n3 0.02 0.02
C22:6n3 0.03 0.03
C24:0 0.14 0.20

1) heat-treated rapeseed cakes
2) soybean meal

Content of protein digestible in the intestine (PDI) and
net energy of lactation (NEL) of HRC was determined ac-
cording to Komprda et al. (1996). PDI was calculated
based on crude protein effective degradability and intes-

Table 2. The scheme of feeding the diets containing experimental
concentrate mixtures

Group Day of lactation

of dairy cows 60th-90th | 90th-120th | 120th-150th
1 HRC SBM HRC
2 SBM HRC SBM
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tinal digestibility of the rumen undegradable protein. Dry
matter disappearance was determined by the in situ meth-
od in two cows of Czech Red-pied breed.

Ingredients of HRC and SBM production mixtures and
their nutrient composition, including fatty acid pattern
are presented in Table 1. Eight dairy cows were fed thirty
days in parallel with the SBM and HRC mixture, respec-
tively, following the scheme shown in Table 2. Three ex-
perimental periods were altogether covered: 60th to 90th,
90th to 120th, and 120th to 150th day of lactation. The
average live weight of dairy cows at the end of the pre-
liminary period was 640 kg. The average live weight with-
in the group of dairy cows fed by the SBM and HRC
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mixture was 90th day of lactation 646 kg and 655 kg, 120th
day of lactation 665 kg and 658 kg, and 150th day of lac-
tation 676 kg and 678 kg, respectively.

At the end of each period milk samples were taken. An
average milk sample from each dairy cow was taken dur-
ing milking at the amount of 1 1. Samples were cooled to
the temperature 4 °C, and protein and fat content was de-
termined the same day after transport to the laboratory.
Samples of the extracted milk fat were stored at—20 °C in
dark powder bottles until successive analyses of fatty
acids. Altogether 24 milk samples were obtained after the
experimental SBM and HRC intervention, respectively.

Rapeseed cakes treatment. Untreated rapeseed cakes
had the following nutrient content: crude protein 288,
crude fibre 88, crude fat 143, nitrogen free extract 340 and
ash 55 g/kg of the fresh matter (dry matter 91.4%). These
rapeseed cakes were treated using the combination of
heat, pressure, chemical substances (citric acid, calcium
hydroxide) and water. Details of the procedure are pro-
tected by the “Certificate on the registration of the utility
pattern No. 6297, Feed for farm animals based on rape-
seed” of the Office for the Industrial Property, Prague,
Czech Republic.

Determination of milk proteins content. Total protein,
casein and whey protein were determined spectrophoto-
metrically using the Pro-Milk apparatus (Foss Elektric,
Denmark). Spectrophotometric determination of urea ni-
trogen was carried out at the wavelength 420 nm after the
reaction with p-dimethylaminobenzaldehyde (Gajdasek
etal.,1996).

Determination of milk fat and fatty acid content. Milk
was centrifuged at 2500 rev/min and fat was consequent-
ly extracted seven hours by diethylether under the reflux.
70-80mg aliquot of extracted milk fat was saponified 30
minates in the water bath at 60-70 °C with 6 ml of the
methanolic solution of KOH (1 mol/l). The saponifiable
part was reesterified by heating for further fifteen min-
utes after the addition of 10 ml of methanol (saturated
with 14% HCI). Fatty acid methyl esters (FAMEs) were

extracted in a separation funnel by H,O/hexane mixture.
The extract was dried by the addition of anhydrous
Na,SO, and evaporated on a rotary vacuum evaporator
at 60 °C. The residue was dissolved in 1 ml of hexane and
injected (2 pl) on the column. FAMEs were separated us-
ing a gas chromatograph HP 4890 (Hewlett-Packard) with
capillary column Omegawax TM250 30 m % 0.25 mm x
0.25 pm. Temperature range was from 60 °C to 240 °C with
the temperature increase 30 °C/min. Injector and detec-
tor temperature was 280 °C and 300 °C, respectively.
FAME:s were detected with the flame ionization detector,
identified according to the retention times using stan-
dards from C4 : 0 to C22 : 6 (Sigma), and confirmed using
mass spectroscopy. The content of individual fatty ac-
ids was calculated as a per cent of the sum of all detected
fatty acids.

Statistical evaluation. The effects of the inclusion of
SBM or HRC in the diet on yield of milk, milk fat and milk
protein, on content of milk components, and on the fatty
acid pattern in milk fat were tested by the one-way clas-
sification of the variance ratio test using the UNISTAT
package.

RESULTS

Crude protein effective degradability of HRC was
45.7%, intestinal digestibility of the rumen undegradable
protein was 83.0%. Content of PDI and NEL per one kg of
fresh matter was 189 g and 6.70 MJ, respectively.

The average consumption of production feed mixture
based on SBM or HRC (mean of all three experimental pe-
riods) was 4.65 and 4.46 kg per day, respectively.

Yields. The average daily milk yield was 21.48 kg/day
and 21.97 kg/day in dairy cows fed by the diet with heat-
treated rapeseed cakes and with soybean meal, respec-
tively. The differences were not significant (P > 0.05).
Also insignificant (P> 0.05) were the differences between
HRC and SBM in the yield of total protein (0.72 and

Table 3. Effect of feeding the concentrate mixture with heat-treated rapeseed cakes (HRC) or soybean meal (SBM) on milk constituents.

One-way classification of the variance ratio test, n = 24

ik compoRait Mean + standard error of the mean vk
HRC SBM

Fat (%) 3.90+0.11 4.28 +0.09 14.90 **
Total protein (%) 3.41+0.04 3.62+0.03 1232 **
Whey protein (%) 0.77 £0.01 0.86 +0.01 6.98 **
Casein (%) 2.65+0.03 2.77+0.01 485*
Urea nitrogen (mg/100 ml) 286+1.14 314+1.57 1.09
Lactose” (%) 4.88+0.04 4.87+0.04 0.06
Ca? (%) 1.19+0.01 1.21 £0.01 0.09

1) determined polarimetrically
2) determined by the complexometric titration
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* differences significant at P < 0.05
** differences significant at P < 0.01
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0.77 kg/day), and lactose (1.05 and 1.07 kg/day, respec-
tively). However, dairy cows receiving HRC produced
less (P <0.05) of milk fat (0.83 kg/day) in comparison with
dairy cows fed with SBM (0.93/day).

Milk composition. The effect of the diet composition
on the content of milk constituents is apparent from Ta-
ble 3. Milk of dairy cows fed by a production mixture with
HRC had lower (P <0.01) content of total protein in com-
parison with milk produced using a production mixture
with SBM: 3.41% and 3.62%, respectively. HRC milk had
both lower content (P < 0.05) of casein (2.65%) and lower

content (P <0.01) of whey protein (0.77%). Dairy cows
receiving HRC also tended (P> 0.05) to produce milk with
lower content of urea nitrogen.

Neither lactose content (determined polarimetrically)
nor calcium content (determined by the complexometric
titration) in milk were influenced by the inclusion of HRC
instead of SBM in the diet. Inclusion of heat-treated rape-
seed cakes in the production mixture resulted in the de-
crease (P <0.01) of milk fat content in comparison with
SBM: 3.90% and 4.28%, respectively.

Table 4. Fatty acid pattern in milk fat of dairy cows fed with the diet containing heat-treated rapeseed cakes (HRC) or soybean meal (SBM).
One-way classification of the variance ratio test; n = 24; % of the sum of total fatty acids

" Mean * standard error of the mean F-value
HRC SBM

C4:0 2.430.05 2.43 £0.06 11.0*
C6:0 0.94 £0.05 1.07 +0.06 5.6*
C8:0 0.93 +0.04 1.12£0.04 8.6*
C10:0 2.74 £0.09 3.54+0.11 16.6**
C12:0 3.3910.10 4.61+0.14 26.7%*
Cl14:0 1179 £0.16 13.88 £0.15 39,5%*
C16:0 26.71 +0.39 33.07 +0.43 64.3%*
C18:0 10.79 £0.31 8.81+ 022 14.3*+
Sum of SFAY 59.72 +0.53 67.90 +0.51 63.0%*
Cl4:1 0.85 +0.07 1.03 +0.07 33
C16:1 1.41 £0.06 1.61£0.05 4.1*
Ci18:1 31.56 +0.43 2321 £0.40 70.0%*
C20:1 0.28 £0.01 0.20 +0.01 22.3%*
Sum of MUFA? 34.10 £0.47 26.05 £0.50 56.9%*
C18:2n6 4,64 +0.09 3.86 £0.10 18.6**
C18 :3n6 0.05 +0.00 0.06 +0.00 5.5%
C20:2n6 0.10 +0.01 0.22+0.01 8.8*
C20: 4n6 0.11 £0.01 0.13 +0.01 24
C22: 4n6 0.03 £0.00 0.04 +0.00 13.6**
C22:5n6 0.01 +0.00 0.01 +0.00 37
PUFAnG6 5.03 +0.08 432 +0.10 14.7%*
C18:3n3 0.93 £0.03 0.89 +0.03 0.8
C20:3m3 0.02 +0.00 0.02 £0.00 12
€20 : 5n3 0.03 +0.00 0.03 +0.00 0.1
C22:5m3 0.14 £0.01 0.15 £0.01 14
C22:6n3 0.03 +0.00 0.03 £0.00 2.0
PUFAn3 1.15 £0.03 1.12 £0.02 12
Sum of PUFA” 6.18 £0.10 5.44£0.12 11.2%*
PUFAR6/m3 437+ 0.12 3.86 +0.08 7.3*
PUFA/SFA 0.10£0.01 0.08 +0.00 18.8%*
PUFA/MUFA 0.18 £0.00 0.21 £0.00 14.5%*
MUFA/SFA 0.57 £0.01 0.38 £0.01 56.0%*
C16/C18 0.66 +0.02 1.08 +0.01 75.6**

D saturated fatty acids
2) monounsaturated fatty acids
3) polyunsaturated fatty acids

*
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** differences are significant at P < 0.01

329



Fatty acid profile. The fatty acid pattern in milk fat of
dairy cows fed by the experimental diets (mixture with
HRC and SBM, respectively) is presented in Table 4.
Saturated fatty acids in milk of dairy cows fed with the
HRC-diet (59.7% of the sum of total fatty acids) were sub-
stantially lower (P < 0.01) than of those fed with the
SBM-diet (67.9%). The lower (P <0.01) palmitic acid con-
tent in HRC milk contributed substantially to this differ-
ence: 26.7% and 33.1% in HRC and SBM milk,
respectively. On the other hand, stearic acid (C18 : 0)
content was higher (P <0.01) in HRC milk.

Conversely, monounsaturated fatty acid content in the
HRC milk was substantially higher (P <0.01) in compari-
son with SBM milk, 34.1% and 26.1% of the sum of total
fatty acids, respectively. This was mainly due to the
higher (P < 0.01) content of oleic acid in the HRC milk
(31.6% and 23.1%, respectively).

The ratio of the total content of C16 fatty acids to the
total content of C18 fatty acids was substantially lower
(P <0.01) in milk of dairy cows fed with HRC in compar-
ison with SBM milk: 0.66 and 1.01, respectively.

Linoleic acid (C18 : 2n6) and total PUFAn6 in milk of
cows receiving HRC were significantly higher (P <0.01)
than those in milk of cows fed with SBM, while o-linolen-
ic acid (C18 : 3n3) and total PUFAn3 were almost the
same (P > 0.05) in both groups. Total PUFA content in
HRC milk (6.2%) was higher (P <0.01) in comparison with
SBM milk (5.4%). However, the PUFAn6/PUFAn3 ratio in
HRC milk was higher (P <0.01), and therefore less favour-
able from the viewpoint of human nutrition.

DISCUSSION

Yield of milk and milk components. The tendency to
a lower yield of milk in dairy cows fed with HRC in com-
parison with dairy cows fed with SBM is not confirmed
by literature data regarding feeds based on rapeseed.
Emanuelson et al. (1993) reported a higher milk yield of
dairy cows receiving rapeseed meal or full-fat rapeseed
in comparison with other protein or fat supplements,
among other things with SBM. Michalcové and Benczova
(1995) found the increase of the milk yield when grain
concentrate was replaced by rapeseed cakes in the diet.
Also Jahreis et al. (1996) reported a higher milk yield when
rapeseed cake (produced by the cold extraction of rape-
seed oil) was used in the supplement in comparison with
the supplement without this component. These authors
explained that the increase in milk yield of cows receiv-
ing rapeseed was due to a higher concentrate and fat in-
take. However, in the present study the concentrate
intake did not differ between production mixtures based
on rapeseed and soybean, respectively, and the total fat
content in the production mixture with heat-treated rape-
seed cakes was substantially higher in comparison with
mixture based on SBM: 7.5% and 1.3%, respectively. Sim-
ilarly to our results, Tesfa et al. (1995) did not find any
differences in the milk yield between pasture grazed dairy
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cows supplemented with rapeseed meal and other cereal
byproduct-based concentrates.

The fact that the yield of milk protein was not influenced
by the type of supplement in the present study confirms
the data of Michalcova and Benczova (1995) or Tymchuk
et al. (1998). Contrary to these results Emanuelson et al.
(1993) reported an increase of the yield of total protein in
milk when rapeseed meal and full-fat rapeseed were used
in the diet instead of SBM.

A lower yield of milk fat of dairy cows receiving the diet
with heat-treated rapeseed cakes in the present experi-
ments is in accordance with the data of Michalcova and
Benczova (1995).

Milk composition. According to Kennely and Glimm
(1998), the per cent of milk protein increased with the in-
crease of the content of dietary protein. Lower content
of milk protein (34 g/kg of milk) in HRC milk in compari-
son with SBM milk (36 g/kg) in the present study is also
possible to explain partially by the above mentioned
mechanism. Crude protein content was 188 g/kg in the
production mixture with HRC and 240 g/kg in the mixture
with SBM (Table 3). Also according to Mustafa et al.
(1997), diets based on canola meal produced milk with
a lower protein content in comparison with the diets
based on SBM. Tymchuk et al. (1998) report that inclu-
sion of heat-treated canola seed at the amount of 5% of
dry matter of the diet did not influence milk protein con-
tent. Wiesen et al. (1990) presented similar results regard-
ing pelleted rapeseed screenings given at the amount of
0 to 14% of the diet dry matter. Also Munger (1996) did
not find any differences in milk composition when a pro-
tein concentrate with rapeseed meal, soybean meal or
sunflower oilmeal, respectively, was used in the diet.

Content of fat in milk is influenced — as far as the diet
composition is concerned — mainly by dietary fibre
(Kennely and Glimm, 1998) and by dietary fat (Jahreis et
al., 1995). With the higher content of fibre in the diet more
acetate is produced in the rumen at the expense of propi-
onate, and milk fat concentration increases as a conse-
quence. Fibre content in the production mixture with
rapeseed cakes and soybean meal was 46 g/kg and 55 g/kg
of the fresh matter, respectively, in the present experiment
(the basic forage mixture being the same in both cas-
es). Consequently fat content in HRC and SBM milk
was 39 g/kg and 43 g/kg of milk, respectively (the differ-
ence significant at P<0.01).

From a higher concentration of dietary fat, which is giv-
en in a non-protected form and has a high ratio of unsat-
urated fatty acids, follows the restriction of the growth
of rumen microorganisms and therefore the restriction of
the acetate production (Jahreis et al., 1996). It is general-
ly accepted that the maximal fat content in the dairy cow
diet should not exceed 5% of dry matter (Pajtas et al.,
1975). This was fulfilled not only in the diet with SBM
mixture (3.12% of dry matter) but also in the diet with HRC
concentrate mixture (4.57% of dry matter). Therefore, de-
spite the fact that crude fat content in HRC mixture alone
(7.5%; Table 1) was substantially higher in comparison
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with SBM mixture (1.3%), the decrease in milk fat of dairy
cows fed with the diet containing rapeseed was not like-
ly caused by the fat content of the diet in the present
experiment. According to Jahreis et al. (1996), the milk
composition was significantly influenced by the diet
containing 400 g of rapeseed oil, but not by the diet with
200 g of rapeseed oil. The daily intake of rapeseed cakes
was 1 560 g per day in the present study which corre-
sponds to 213 g of rapeseed oil per day. Therefore, rather
than a negative effect of rapeseed oil, we suppose a com-
bined action of other factors on the decrease of fat con-
tent in milk in the present experiment.

When oil is pressed using the cold way, it is also pos-
sible to expect negative effects of rapeseed cakes on the
health status of dairy cows (Kala¢ and Mika, 1997). How-
ever, this was not the case in the present experiment.
Rapeseed cakes were treated by heat, pressure and
chemical substances and this treatment lowered the con-
tent of glucosinolates from 19.5 pmol/g of fat-free matter
in untreated rapeseed cakes to <2 pmol/g.

Fatty acid spectrum in milk fat. The decrease in palm-
itic acid (C16 : 0) ratio, the increase in the ratio of total
C18 fatty acids, and therefore the decrease of the C16/C18
ratio in milk fat of dairy cows receiving the diet contain-
ing rapeseed in comparison with the diet with soybean
(Table 4), is in accordance with all literature data regard-
ing the use of rapeseed in the diet for dairy cows. Jahreis
et al. (1996) found the decrease in lauric, myristic and
palmitic acid, with the consequent increase in stearic and
oleic acid of butter from dairy cows on the diet contain-
ing full-fat rapeseed or oil-rich rapeseed cake. The de-
crease of palmitic acid ratio and the significant increase
of oleic acid ratio in milk fat of dairy cows fed with the
diet with rapeseed cake confirmes the data of Jahreis et
al. (1995). According to Emanuelson et al. (1993), con-
tentof C18 : 0 and C18 : 1 increased and content of C16 : 0
decreased in milk fat of dairy cows receiving rapeseed oil
meal or heat-treated and crusted full-fat rapeseed in com-
parison with tallow.

Wiesen et al. (1990) found the increase of the content
of oleic acid and linoleic acid in milk when pelleted rape-
seed screenings (content of C18 : 1 52% and C18 : 2 24%)
were fed, in comparison with the control diet. In the
present experiment, we have found the increase (P <0.01)
of the content of C18 : 1 and C18 : 2n6 in milk fat of dairy
cows receiving heat-treated rapeseed cakes (31.6 and
4.6% of the sum of total fatty acids) in comparison with
the diet with SBM (23.2 and 3.9%, respectively).

CONCLUSIONS

Rapeseed meal became a frequently used alternative to
soybean meal as the diet component for dairy cows. Itis
possible to achieve amore favourable (from the viewpoint
of human nutrition) composition of fat in the milk of dairy
cows fed by production mixtures based on rapeseed in
comparison with soybean. That means lower content of
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Fat Total protein Lactose

Fig. 1. Constituents of milk produced using heat-treated rapeseed
cakes (HRC) or soybean meal (SBM); mean and standard deviation
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O SBM
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% of total fatty acids
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Fig. 2. Saturated (SFA), monounsaturated (MUFA) and polyunsatu-
rated (PUFA) fatty acids in milk produced using heat-treated rape-

seed cakes (HRC) or soybean meal (SBM); mean and standard
deviation

MUFA/SFA

C16/C18

Fig. 3. Monounsaturated/saturated (MUFA/SFA) and C16/C18 fatty
acids ratio in milk fat produced using heat-treated rapeseed cakes
(HRC) or soybean meal (SBM); mean and standard deviation
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saturated fatty acids (by 12% in the present experiment),
higher content of polyunsaturated fatty acids (by 14%),
substantially higher content of monounsaturated fatty
acids (by 31%; Fig. 2), and a lower ratio of the sum of C16
and the sum of C18 fatty acids (by 39%; Fig. 3).

On the other hand, it is necessary to take into account
the probable decrease of the concentration of milk fat and
milk protein when rapeseed is used instead of soybean
in the diet (by 9% and by 6%, respectively; Fig. 1). How-
ever, this need not be a disadvantage when the current
trend of healthy human nutrition is considered.
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SHORT COMMUNICATION

NON-SURGICAL TRANSFER OF PORCINE FROZEN
EMBRYOS

NECHIRURGICKY PRENOS ZMRAZENYCH PRASECICH EMBRYI

J. Riha, J. Vejnar

Research Institute for Cattle Breeding, s. r. 0., Rapotin, Czech Republic

ABSTRACT: Preliminary evaluation of realized experimental laparoscopic and non-surgical transfers of porcine fresh and
vitrified embryos was the principal objective of this study. Methodical principles of the laparoscopic transfer and embryo
vitrification have been specified in previous studies (Riha ez al., 1996, 1997a, b). Embryos were recovered post mortem
from superovulated donors. An insemination probe was used for non-surgical transfers. A silicone catheter completed with
a syringe containing culture medium (3 ml approx.) was drawn through the probe. Recipients were synchronized either by
feeding Regumate and by application of PMSG and HCG (gilts) or by piglet weaning (sows, 1st and 2nd parities). Recipi-
ents showing symptoms of standing reflex at the time of the donor insemination were used for laparoscopic and non-
surgical transfers. Five recipients were pregnant after 10 laparoscopic transfers of fresh embryos: 39 piglets were born in
total, 37 piglets were born alive, 34 ones were weaned. Seven inseminated recipients were pregnant after 13 laparoscopic
transfers of vitrified embryos: 4 recipients gave birth to piglets produced by insemination only, the remaining sows gave
birth to 5, 9, and 10 piglets resp. produced by transfer of vitrified embryos. Three recipients were pregnant after 4 non-
surgical transfers of fresh embryos. One recipient was pregnant after 2 non-surgical transfers of vitrified embryos. This
sow gave birth (pregnancy period: 117 days) to 6 piglets. All the piglets were weaned.

Keywords: pig; embryo; cryopreservation; non-surgical transfer; laparoscopic transfer; piglet

ABSTRAKT: Metoda pfenosu embryi je dnes b&Zné pouZivanym postupem v reprodukci a $lechténi u skotu, ovci a koz.
U prasat je jeji pouZivani spojeno s obtiZemi plynoucimi z fyziologickych a morfologickych odlisnosti ve funkci a stavbé
reprodukénich organi a z odliSnosti v samotnych embryich a v jejich poZadavcich na kvalitu prostfedi. ObtiZe
s kryokonzervaci a dlouhodobym uchovavanim embryi prasat, s vyvojovym potencidlem embryi po vitrifikaci a uspé&snosti
po laparoskopickém pfenosu &erstvych a vitrifikovanych embryf jsme popsali v nadich d¥iv&jiich pracich (Riha et al., 1996,
1997a, b). I pfes pozitivni vysledky je zfejmé, Ze kryokonzervace embryi u prasat pfedstavuje i nadale velmi naroény
problém. Pienos embryi je nejéastéji provadén chirurgickou, laparotomickou cestou, popf. méné invazni laparoskopickou
metodou, kterou souhrnné popisuje Oberfranc (1994) a kterou jsme pouzili v citovanych pracich s pomérné dobrymi vy-
sledky. Usp&inost prvnich chirurgickych pfenosii &erstvych embryi se vyzna€ovala velmi nizkym zabfezdvanim pfijemkyi
a velmi nizkym poétem selat ve vrzich (Gordon, 1997). V soudasné dobé je po chirurgickém pienosu tfi- aZ sedmidennich
embryi dosahovéno a% 75% zabfezavani. Usp&$nost vznamné ovliviiuje trauma endometria a krvaceni. Sims a First (1987)
nedosahli porodu selat po nechirurgickém pfenosu. Teprve Reichenbach et al. (1993), Galvin et al. (1994), Modl (1994),
Hazeleger et al. (1995a, b) a Wallenhorst a Holtz (1995) pouzili ,,asp&§n&“ nechirurgicky transcervikalni pfenos cerstvych
embryi prasat. Li et al. (1995) a Gordon (1997) popisuji nezbytnou konstrukci pfenosového katetru. Pres nékteré dilci
uspéchy povaZuje vétina citovanych autorl rozpracovéni komplexni metody pfenosu embryi u prasat za vyzkumnou fazi.
Ponékud optimisticky hodnoti budoucnost pfenosu embryi u prasat Cameron a van der Lende (1998). Cilem price bylo
vyhodnotit zatim provedené experimenty laparoskopického a nechirurgického pfenosu erstvych a vitrifikovanych embryi
prasat. Postup laparoskopického pfenosu a vitrifikace embryi byl popsan v naich predchozich pracich (Riha et al., 1996,
1997a, b). Embrya byla ziskéna post mortem od superovulovanych dérkyii. K nechirurgickému pfenosu jsme pouZili inse-
minaéni sondu, kterou jsme provlékli silikonovy, pfimé&fené rigidni katetr zakoneny na druhé stran& injeké&ni stfikackou
s cca 3 ml kultivaéniho média. Recipientky byly synchronizovany bud’ zkrmovéanim pfipravku Regumate a oSetfenim pre-
paraty PMSG a HCG (prasni¢ky), nebo odstavem selat bez dal$iho oetfeni (prasnice na I. a I vrhu). Pro ET laparosko-
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Sports of the Czech Republic (Project No. ME 212).
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picky nebo nechirurgicky byly pouZity Sesty den cyklu recipientky, které vykazaly reflex nehybnosti v ¢ase inseminace
darkyni. Po 10 laparoskopickych ET &erstvych embryf zabfezlo pét prasnic, které porodily celkem 39 selat, z toho 37 Zivé,
a odstaveno bylo 34 selat. Po 13 laparoskopickych ET vitrifikovanych embryi inseminovanym recipientkam zabfezlo sedm
prasnic, z toho &tyfi prasnice porodily pouze vlastni selata, u dal3ich bylo 5, 9 a 10 selat fenotypicky prokazatelné pocha-
zejicich z pfenesenych vitrifikovanych embryi. Ze &tyf provedenych nechirurgickych ET &erstvych embryi zabfezly tfi
pfijemkyné a po dvou nechirurgickych ET vitrifikovanych embryi zabfezla jedna pfijemkyné, kterd po 117 dnech bfezosti

porodila 3est selat, jeZ byla odstavena.

Klitov4 slova: prase; embryo; zmrazovani; nechirurgicky pfenos; laparoskopicky pfenos; sele

Introduction

Nowadays embryo transfer is applied routinely in re-
production process and selection schemes in cattle,
sheep, and goats.

Application of this progressive method in pigs is as-
sociated with numerous problems resulting from specific
physiological and morphological functions and the spe-
cific build of porcine reproductive organs and from char-
acteristics of porcine embryos.

In most cases, the surgical method is used for embryo
recovery — total anesthesia induced with barbiturates or
with halothane, laparotomy at linea alba (back position).
The mentioned procedure cannot be realized under prac-
tical conditions. Methodical principles for the surgical
embryo recovery published by Hancock, Hovell (1962)
and Dzuik et al. (1964) have been modified — Oberfranc
et al. (1992), Oberfranc (1994), Niemann (1995), Riha e
al. (1997a) and others. In embryos recovered on Day 6
after insemination the recovery rate amounts to 80 —90%.
Length and structure of the cervix and of the uterine
horns complicate development and ensuing application
of the non-surgical method. Hazeleger et al. (1989) short-
ened uterine horns to 20 cm approx. Embryos were recov-
ered from 4 sows. These sows were not, however,
utilizable in the normal routine reproductive system. In
general, porcine embryos for experimentation are recov-
ered post mortem.

Problems associated with cryopreservation and long-
term storage of porcine embryos, developmental compe-
tency of vitrified embryos, and success of laparoscopic
transfers of fresh and vitrified embryos were published and
discussed in papers by Riha et al. (1996, 1997a, b). In spite
of positive and favourable results numerous problems still
characterize cryopreservation of porcine embryos.

Embryos are transferred predominantly by surgical
methods — the laparotomic one or the laparoscopic one
(less invasive procedure). The latter method described
by Oberfranc (1994) has been applied in our experiments
mentioned above. The first surgical transfers of fresh em-
bryos were characterized by a very low and variable
pregnancy rate and by very small litter size. These results
were summarized by Gordon (1997).

With regard to the mentioned problems ET has been
applied only in U.S. clinical experimentation and in cura-
tive programs. Nowadays, approx. 75% pregnancy rate
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characterizes surgical transfers of 3—7-day embryos (Day
O =day of the 1st insemination). This rate is reduced sig-
nificantly in embryos transferred on Day 8 and Day 9.
Embryos are transferred in a small pipette into the lumen
of the uterine horn incised slightly at the utero-tubal
junction. Trauma of endometrium and haemorrhage affect
significantly the success of transfers. Riha et al. (1997a,
b) mention relatively favourable pregnancy rate and lit-
ter size in the case of fresh and vitrified embryos trans-
ferred by the laparoscopic procedure.

Similarly like in sheep and goats, surgical procedures
of embryo recovery and embryo transfer are the limiting
factors reducing development and commercial utilization
of ET in the swine production sector. Very low success
rate (3%) was mentioned in the case of the non-surgical
transfer of porcine embryos (Polge and Day, 1968).

The anatomical structure of the cervix and the small
orifice of the cervical channel complicate penetration of
the catheter into the lumen. Sims and First (1987) used a
non-surgical method without any success. Reichenbach
etal. (1993), Galvin et al. (1994), Modl (1994), Hazeleger
etal. (1995a, b), Wallenhorst and Holtz (1995) used suc-
cesfully non-surgical methods for transcervical transfers
of fresh porcine embryos. Li et al. (1995), Gordon (1997)
mentioned the necessary construction of the catheter.
Formation of the complex method for ET is still consid-
ered as an experimental phase of the ET program in spite
of some achievements. Cameron and van der Lende
(1998) presented a more successful non-surgical proce-
dure for transfer of fresh porcine embryos. Preliminary
evaluation of realized experiments is the principal objec-
tive of this study.

Material and Methods

Procedures of embryo recovery, cultivation, morpho-
logical classification, vitrification, thawing, and laparo-
scopic transfer were specified completely in our previous
studies (Riha ef al., 1996, 1997a, b). The non-surgical
intubation (transfer) was made with an A.I. probe —a sil-
icone (adequately rigid) catheter completed with a sy-
ringe containing culture medium (3 ml approx.) was drawn
through the probe. Regumate fed according to the regi-
men specified by Riha et al. (1997a, b) and application of
PMSG and HCG (dosage and time schedule — see the
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above mentioned references) were used for synchroniza-
tion of recipients — gilts. Weaning of piglets was used for
synchronization of recipients-sows. Recipients showing
the standing reflex at the time of the donor insemination
were used for ET. Sows of different colour were used as
donors and recipients.

Result and Discussion
Laparoscopic transfer of fresh embryos

In total, 10 laparoscopic transfers of fresh embryos
recovered post mortem on Day 6 after estrus and 1st in-
semination into recipients-sows synchronized by wean-
ing (1st and 2nd parity) — were made. Five sows were
pregnant (50%) —in total, 94 embryos were transferred to
the pregnant recipients. In total, 39 piglets (42% of the
transferred embryos) were born (8, 11, 7, 7, 6 in individual
recipients), 37 piglets (39% of the transferred embryos,
95% of born piglets) were born alive (8, 10, 7, 6, 6), 34 pig-
lets (36% of the transferred embryos, 85% of born pig-
lets, and 92% of piglets born alive) were weaned (8, 10, 7,
5, 4 in individual recipients) (Table 1).

Gordon (1997) mentions a higher pregnancy rate (75%)
in the case of surgical transfers. As compared to small
ruminants, the laparoscopic procedure in swine is com-

Table 1. Transfer of porcine embryos — summarized results

plicated by the recipient body weight and by different
characteristics of the uterine wall and musculature.
Therefore, bibliographic references approaching applica-
tion of the laparoscopic ET in swine are less numerous.
The above mentioned rates are, however, substantially
higher than those found by Riha et al. (1997b) in less
numerous sets of recipients (10-50%). Natality and
weaning rates are comparable to the rates found by Gor-
don (1997) in the case of fresh embryos transferred sur-
gically.

Laparoscopic transfer of vitrified embryos

In total, 13 laparoscopic transfers of vitrified embryos
(method specified by Riha et al., 1996, 1997a, b) to the
recipients-sows inseminated by a phenotypically differ-
ent (different colour) boar during estrus following wean-
ing — were made. Seven recipients (54%) were pregnant,
4 sows gave birth to own piglets (produced by insemina-
tion) only. In total 37 piglets were born, 35 piglets were
born alive, 35 piglets were weaned. One sow gave birth
to 10 piglets — 5 of them were produced by insemination,
five piglets were born after transfer of 12 vitrified embry-
os. All the piglets were weaned. The second and the third
recipient gave birth to 9 and 10 piglets resp. produced by
ET of 16 and 11 vitrified embryos resp. In total, three
recipients were pregnant after ET of 39 vitrified embryos,

Transferred Born piglets
Type of transfer Fingnancy s embryos" total alive weaned
n n % n n n n
% % %o
Laparoscopic
- fresh embryos 10 5 50 94 39 37 34
non-inseminated recipients 94 42 39 36Y
95 87"
929
~ vitrified embryos
inseminated recipients total 13 7 54
— piglets produced by insemination only 4 37 35 35
95 95»
1 00:)
- piglets produced by ET 3 39 24 24 24
62 62 627
100 100"
1009
Non-surgical
— fresh embryos 4 3 75 41 249 unclassified
non-inseminated recipients 59
- vitrified embryos 2 1 50 11 6 6 6
non-inseminated recipients 55 55 559
100 100"
looc)
Note: ! embryos transferred to the pregnant recipients
3) rate of the total number of transferred embryos (%)
b rate of the total number of born piglets (%)
°) rate of the total number of piglets born alive (%)
9) viable embryos
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24 piglets were born alive and weaned, embryo survival
rate amounted to 62% — Table 1. Our previous paper men-
tioned the birth of first piglets produced by ET of cryo-
preserved embryos. Cryopreservation of porcine embryos
is characterized by numerous problems (Niemann, 1995,
Gordon, 1997, our previous studies). The mentioned exper-
iment can be, therefore, classified as a very successful
one.

Non-surgical transfer of fresh embryos — intubation with an
A.L probe

Four non-surgical transfers of fresh embryos to gilts
(age: 8 months) synchronized with Regumate (15 days)
and 500 I.U. PMSG (Sergon, Bioveta Ivanovice on Han4)
and 300 I.U. HCG (Werfachor, Austria) were made. Preg-
nancy was diagnosed in two gilts on Day 28 after estrus.
Four and 10 viable embryos (of 10 and 12 transferred em-
bryos resp.) were found in gilts slaughtered on Day 30.
A sow (2nd parity) was synchronized by weaning— 19 em-
bryos were transferred non-surgically to this recipient.
Pregnancy was diagnosed by a sonographic control on
Day 26. Abortion of 10 piglets terminated this pregnan-
cy at the end of the 2nd month. Non-surgical transfers
did not include sedation of recipients. Results of this ex-
periment are relatively favourable as compared to the data
published in the above mentioned references (Table 1).

Non-surgical transfer of vitrified embryos — intubation with
an A.lL probe

Two transfers of vitrified embryos were realized. Trans-
fer of 19 embryos to a gilt synchronized with Regumate
and hormonal preparations mentioned above was not
successful. Transfer of 11 thawed embryos (expanded
blastocysts) to a sow synchronized by weaning (1st par-
ity) was successful (Table 1). The sow gave birth to
6 piglets born alive, all the piglets were weaned. The
available references do not mention any similar success,
so it can be classified as the 1st successful non-surgical
transfer of cryopreserved porcine embryos. In spite of in-
disputable significance of these experimental results it is
evident that studies of porcine ET realized until now
characterize the phase of the fundamental research.
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