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SEGREGATION OF BLOOD GROUPS IN PROGENY

OF CHIMERIC BULLS BORN AFTER TRANSFER

OF AGGREGATES CONSTRUCTED FROM
1/16-BLASTOMERES OF DIFFERENT GENETIC ORIGIN

SEGREGACIA KRVNYCH SKUPIN V POTOMSTVE CHIMERICKYCH
BYKOV NARODENYCH PO PRENOSE AGREGATOV VYTVORENYCH
Z 1/16-BLASTOMER ROZNEHO GENETICKEHO POVODU

R. Duginsky', J. Schroffel’, J. Riha’, V. Landa®, V. Glasnik?, M. Simon'

" Institute of Animal Biochemistry and Genetics, Slovak Academy of Sciences, Ivanka pri
Dunaji, Slovak Republic

2 Czech-Moravian Breeding Association, Ltd., Hradistko pod Mednikem, Czech Republic

3 Research Institute of Cattle Breeding, Ltd., Rapotin, Czech Republic

* Institute of Molecular Genetics, Academy of Sciences of the Czech Republic, Praha,
Czech Republic

ABSTRACT: Bovine 16-cell embryos of different genetic origin were disaggregated into individual 1/16-blastomeres and
these were used for the construction of chimeric aggregates containing 14 blastomeres. Chimeras were produced from two
embryos obtained from different parent pairs. Three chimeric bulls were born after nonsurgical transfer of 5 aggregates (in
vitro cultured for 24 to 28 hours to compacted morulae) into 5 recipients. The blood group antigens of the A, B. C, FV, J,
M. S.Z.R’, T" systems were determined in the chimeric bulls and in their offspring. Erythrocyte mosaicism was demonstrated
in the chimeras in B and C systems. Hemolytic reactions were incomplete indicating the existence of more than one population
of red blood cells. The expression of antigens in chimeric bulls was different from that transmitted to progeny. The segregation
of paternal antigens in offspring indicated that chimeric bulls transmitted the genotype of only one parental pair. The
chimerism of the three bulls from aggregated embryos has similar characteristics as those in ordinary chimeric cattle twins.

Keywords: bovine; chimera; blood groups

ABSTRAKT: Embryé hovidzicho dobytka rézneho genetického povodu v Stidiu 16 buniek boli rozdelené do jednotlivych
1/16-blastomér, ktoré potom boli pouZzité pre tvorbu chimerickych agregitov pozostivajiicich zo 14 blastomér. Chiméry boli
utvorené z dvoch embryi z dvoch rodicovskych parov. Po prenose S agregitov (kultivovanych in vitro 24-48 h do $tadia
kompaktnej morule) nechirurgickou cestou do 5 recipientiek sa narodili tri chimericki byci. UrGili sa krvné skupiny v systé-
moch A, B, C, FV.J, M, 8. Z. R", T" u chimér a ndsledne v ich potomstve. Erytrocytirny mozaicizmus bol dokidzany u chimér
v systémoch B a C. Hemolytické reakcie boli netplné. ¢o ukazuje na existenciu viac ako jednej populicie erytrocytov.
Expresia antigénov u chimér a antigénov prenesenych na potomstvo bola odlisna. Segregicia rodicovskych antigénov v po-
tomstve ukazuje, Ze chimericki byci preniesli genotyp len jedného rodi¢ovského paru. Chimerizmus troch bykov z agregova-
nych embryi vykazoval podobné charakteristiky. ako sa pozoruji u chimerickych dvojéiat hoviidzieho dobytka.

Kl'acové slova: hoviidzi dobytok; chiméra: krvné skupiny
INTRODUCTION ting or separation of blastomeres followed by aggrega-
tion allow for the possibility of combination of embry-

Several techniques for manipulation of mammalian  onic cells from different individuals and construction
embryos in vitro have been developed. Embryo split-  of “artificial* chimeras. Naturally occurring chimeras

* This work was in part (VL) supported by the grant 302/96/0604 from the Grant Agency of the Czech Republic and by the grant 2/4015/97 from
the Grant Agency for Science of the Slovak Republic.
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are common in cattle due to placental anastomosis of
twin fetuses. Such chimeras have been quite well stud-
ied from various immunological aspects (e.g. immune
tolerance, blood cells mosaicism) (Stone et al., 1971;
Emery, McCullagh, 1980; Schroffel et al., 1983). In
contrast to chimeric twins, where the mutual influence
is restricted to the intrauterine development, two or
more components in aggregated chimeras might be per-
manently combined. The aggregation methods enabled
production of cattle chimeras in several cases (Brem et
al., 1984, 1986; Picard et al., 1990; Boedino et al.,
1993). Polymorphic blood group antigens represent
suitable markers for study of gene manifestation in
chimeric animals due to their codominance and single
gene control. Little information, however, is available
on blood cell mosaicism in artificially constructed chi-
meras. Brem et al. (1986) found chimerism in haemo-
globin variants. The chimera showed two different cell
lines with unequal frequencies. Furthermore, Erhardt
and Brem (1989) demonstrated chimerism in transfer-
rins and carbonic anhydrase. The J blood group chimer-
ism was proved in Bos taurus — Bos indicus chimeric
calves (Summers et al., 1983). Our work was concen-
trated on the expression of blood groups in three
chimeric bulls produced by directed reaggregation of
1/16-blastomeres of different genetic origin and their

progeny.

MATERIAL AND METHODS

Bovine 16-cell embryos collected non-surgically on
day-5 of pregnancy from superovulated Czech Pied (red
spotted) cows inseminated with semen of Czech Pied
or Holstein-Friesian (black spotted) bulls were used as
the source of 1/16-blastomeres. Disaggregation of 16-cell
embryos and construction of aggregates were done ac-
cording to the technique used for making aggregation
chimeras in the mouse (Landa, Tepla, 1990). The zona
pellucida of selected embryos was removed and em-
bryos were disaggregated by gentle pipetting. Chimeric
aggregates were composed of regularly mixed 7 blas-
tomeres from Czech Pied and 7 blastomeres from Czech
Pied x Holstein-Friesian embryos. Fine flame polished
and siliconized glass microneedles were used to move
individual blastomeres and place them into aggregates.
Chimeric aggregates were cultured in vitro in drops

(50 pl) of modified M-199 medium under paraffin oil in
an atmosphere of 5% CO, in air at 38 °C for 52 hours.
Five compacted morulae developed from selected
chimeric aggregates after 30 hours of in vitro culture
were non-surgically transferred into Czech Pied recipi-
ents 7 days after the beginning of estrus. Three
chimeric bulls were born. Blood groups of chimeras
and their offspring (8-12 calves from each bull) were
determined by standard haemolytic test. Blood samples
were obtained from animals at the age of 2-3 months.

RESULTS AND DISCUSSION

Three bulls (CMR I, CMR2, CMR3) were born and
their chimerism was manifested in the coat color and
in the blood cell markers. The red and black colors
simultaneously appeared in chimeras. To determine the
blood cells mosaicism 61 blood group factors belong-
ing to the A, B, C, FV,J, M, S, Z, R’, T’ systems have
been tested on the cells of chimeric bulls and their
half-sib families. Erythrocyte mosaicism in chimeras
was manifested by incomplete hemolytic reactions of
certain reagents in the B and C systems (a portion of
erythrocytes was not hemolysed). In other systems
mosaicism was not so clear.

The obtained results are shown on the family of
CMR2. The genotype of the bull was derived from the
segregation of two alleles in progeny. Expression of
blood factors in CMR2 seems to be restricted to certain
specificities, while the hemolytic reactions were incom-
plete (Tab. I). The bull transmitted Y,E’;G'Y’G"" and
BG,KE',F'G’O'G"’ alleles of the B system and X,C"’
and C,R,W alleles of the C system (Tab. II). Some
blood factors were expressed in the chimeras which
were not detected in the progeny (O,, I}, K*, Q',I"", I”?
in the B system, E in the C system). On the other hand,
some factors expected from the genotype were not ob-
served in the chimera (B, G,, K, F’, G’, G, Y,, E’3,
Y’ in the B system).

Expression of certain polymorphic blood group an-
tigens in chimeric bulls suggested the presence of two
or more populations or the absence of some cell popu-
lation(s) in the blood stream. Incomplete hemolytic re-
actions of certain reagents could be explained by the
presence of more than one population of erythrocytes
in chimeras. The segregation of parental erythrocyte

1. Blood groups of the B and C system in two parental pairs and chimera CMR2

B system C system
Sire 1 0,E',F' 1,11 /BG,KA’,B'O' 1" WX,C"'/R,X,C"
Dam | not tested not tested
Sire 2 Y,A’ /Y, E3G'Y'G”" EC"'/X,C
Dam 2 BG,KE',F'G'0’G"/ C,R,W/
Chimera 0,°E',’ ), ’K"0'"Q "1 r* C,"E'R,"WX,"C"

incomplete hemolytic reactions by red blood cells
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11. Blood groups of the B and C system in progeny of chimeric bull CMR2

No. B system C system

IM 1,Yo/E’,G'G"” C,EWL/

1P BG,KE',F'G'O’G"'/I, Y, C,R,W/C,EWL’
2M I"'/0,T,E';F' K’ WC'/C\EW

2P BG,KE',F'G’'0'G"’/O|T,E’;F'K* X,C"'/CEW
3M 0,/0,T\E'yF'K’ R,WC’'/C,EWX,
3P BG,KE',F'G'0'G"'/0,T|E";F'K’ X,C"ICEWX,
4M BG,KE',F'0'/G'G" C,R,WC'/CLEWX,
4P BG,KE',F'G’'O’G"'/BG,KE",F'O X,CIC,R,WC
5M Q/ X,C/wLe
SiB BG,KE'",F'G'0’G"'/Q’ X,C1X,C

6M O'I"/E'}G'G™ WC''/C|R,

6P BG,KE',F'G'O’G"'/E';G’'G" X,C"/C|R,

7™M O,A"|I"'/P,E"\I'G"” X,C'/C,ER,WL!
il BG,KE',F’'G'O'G"'/P,E"|I'G" X,C""/C,ER, WL’
8 M G,Y,E"\Q'/D'G'IQ'I” R,C/WC”

8P YEZG'Y'G/D'GTQT” X,CIWC™

9M E';G'G"'I"'/BG,KE',F'G'0'G" CEWXI/

9P Y,E'3G'Y'G"/E'Z,G'G"'I” C|R,W/C,EWX,
10M T,A’,B’E'y/BG,KA’,B'O'I" WC'/X,L'C"
10 P Y,E'3G'Y'G"/T|A",B'E'; C;R,W/X,L'C”

M - mother, P — progeny

antigens in progeny suggests that chimeric bulls trans-
ferred haplotypes of only one parental pair. Chimeras pro-
duce sperm with genetic information either from the one
or from the other parental pair (Konig, Rommel, 1990).

Expression of blood groups seems to be comparable
in aggregated chimeric animals and chimeric twins
(Schroffel et al., 1983). The incomplete hemolytic re-
actions are generally characteristic of chimeric animals.
The progeny study revealed the existence of the
chimera’s “masked* antigens manifested in offspring.

REFERENCES

Boedino A., Ooe M., Yamamoto M., Takagi, M., Saha, S.,
Suzuki, T. (1993): Production of chimeric calves by ag-
gregation of in vitro-fertilized bovine embryos without
zonae pellucidae. Theriogenology, 40: 1221-1230.

Brem G., Tenhumberg H., Krausslich H. (1984): Chimerism
in cattle through microsurgical aggregation of morulae.
Theriogenology, 22: 609-613.

Brem G., Stranzinger G., Tenhumberg H., Erhardt G. (1986):
Genetic markers for cattle chimerae. Theriogenology, 25: 144.

Emery D., McCullagh P. (1980): Immunological reactivity
between chimeric cattle twins. I-III. Transplantation, 29:
4-22.

Erhardt G., Brem G. (1989): Genetische Charakterisierung
von experimentell erstellten Rinderchimaren. J. Anim.
Breed. Genet., 106: 67-76.

Konig I., Rommel P. (1990): Embryo transfer in cattle. Folia
Biotechnol. (Budapest), 41-42: 75-77.

Landa V., Tepla O. (1990): Construction of aggregation chi-
meras from 8-cell mouse embryos stored for several years
in liquid nitrogen. Folia Biol. (Praha), 36: 159-164.

Picard L., Chartrain 1., King W. A., Betteridge K. J. (1990):
Production of chimaeric bovine embryos and calves by
aggregation of inner cell masses with morulae. Mol. Rep-
rod. Dev., 27: 295-304.

Schroffel J., Glasndk V., Fulka J., Motlik J., Paviok A., Riha
J., Poladek M. (1983): Blood types of twin cattle after
embryo transfer to inseminated recipients. Vet. Rec., 112:
77-79.

Stone W. H., Cragle R. G., Johnson D. F., Bacon J. A..
Bendel S., Korda N. (1971): Long-term observations of
skin grafts between chimeric cattle twins. Transplantation,
12, 1971: 421-428.

Summers P. M., Shelton J. N., Bell K. (1983): Synthesis of
primary Bos taurus — Bos indicus chimaeric calves. Anim.
Reprod. Sci., 6: 91-102.

Received for publication on June 1, 1998
Accepted for publication on September 7, 1998

Contact Address:

RNDr. Roman Du§insky, CSc., Ustav biochémie Zivogichov SAV, 900 28 Ivanka pri Dunaji, Slovenskd republika,
tel.: 07/594 38 82, fax: 07/594 39 32, e-mail: dusinsky @ubgz.savba.sk

CZECH J. ANIM. SCL., 44, 1999: 1-3


mailto:dusinsky@ubgz.savba.sk

Oznamujeme ¢tendifim a autorim na$eho Casopisu,

Ze v ndvaznosti na asopis Scientia agriculturae bohemoslovaca, ktery aZ do roku 1992 vychazel
v Ustavu védeckotechnickych informaci Praha, vydava od roku 1994

Ceska zemédélska univerzita v Praze

éasopié

SCIENTIA AGRICULTURAE BOHEMICA

Casopis si zachovavé piivodni koncepci reprezentace nasi védy (zem&d€lstvi, lesnictvi, potra-
vinafstvi) v zahrani¢i a jeho obsahem jsou pivodni védecké price uvefejiiované v angliéting
s roz§ifenymi souhrny v CeSting.

Casopis je otevien nejirsi védecké vefejnosti a redakéni rada nabizi moZnost publikace pra-
covnikiim vysokych $kol, vyzkumnych tstavi a dalSich instituci védecké zakladny.

Prispévky do Casopisu (v angli¢ting, popf. v estiné i slovensting) posilejte na adresu:

Cesk4 zemédélska univerzita v Praze
Redakce ¢asopisu Scientia agriculturae bohemica
165 21 Praha 6-Suchdol




SERUM LDH ISOENZYMES ACTIVITY AND OTHER
CONSTITUENTS TO PREDICT LIVER DAMAGE IN DAIRY
COWS

SEROVA AKTIVITA LDH IZOENZYMOV A INYCH PARAMETROV
Z POHLLADU ODHADU POSKODENIA PECENE U DOJNIC

A. Asefa Asmare, G. Kovaé, P. Reichel, E. Séurokova

University of Veterinary Medicine, KoSice, Slovak Republic

ABSTRACT: Serum constituents of blood samples, collected from the multiparous dairy cows at weekly intervals starting
from wk 2 before calving. at calving and 7 wks after calving were determined. Mean serum free fatty acid concentration was
much higher at calving and slightly elevated at the st wk after calving (0.63 £ 0.37; 0.47 £ 0.41. respectively). Serum level
of ketone bodies at wk 2 before calving, at calving and at wks 4, 5, 6, 7 after calving was higher than normal (1.11 £+ 0.19;
1.10 £ 0.15; 1.03 £ 0.14: 1.05 £ 0.14; 1.00 £ 0.04; 1.01 £ 0.08, respectively). At wk 2 before calving serum ketone bodies
concentration was significantly higher (P < 0.05) comparing to the concentrations at wk 2 and 3 after calving. While
concentration of ketone bodies at wk 2 and 3 after calving was significantly lower (P < 0.05) than those at wk 4, 5, 6 and 7
after calving. Serum triglyceride level was found to be lower (P < 0.05) at calving and during the following 7 wks after
calving. By the histopathological analyses of the liver biopsy samples less marked perilobular lipid dystrophy of liver was
repeatedly found in two of the three cows. Mean serum total activity of LDH was higher at the 6th wk after calving than
after this at the 7th wk after calving, at calving, at wk 2 before calving and at the 5th wk after calving (7.88 £ 1.59; 7.82 + 1.67,
7.50 £ 2.19; 7.35 £ 4.81; 7.32 £ 1.57, respectively). Since LDH4 and LDHS5 isoenzymes besides skeletal muscle originate
from the liver, the sum of LDH4 and LDH5 (LDH4+5) was used to determine the health state of liver. Relatively increased
percentage of mean serum activities of liver LDH4+5 isoenzymes was observed at wk | before calving and at wks 1,4, 5, 6
after calving (6.30 + 3.16; 6.06 + 4.49; 5.76 £ 2.41; 5.72 £+ 3.30; 5.68 £ 2.85. respectively). Total serum AST increased in
activity starting from the calving day to the 7th wk after calving and reached its peak at calving. Serum activity of ALP was
considerably increased at calving, at wk | before calving and at wk 5 after calving (1.66 + 0.52: 1.57 £ 0.67: 1.47 + 0.64.
respectively). Total activity of GGT showed a moderate increase. Although there was quite wide individual variation, mean
serum bilirubin at calving was far above the range of reference values (10.10 * 9.29). Statistically significant increases in
mean serum bilirubin levels were found between the blood samples taken at wks before calving and samples collected at wks
1,3 (P <0.05) and wk 6 (P < 0.01) after calving. Despite the extent of EMD in this study was not apparently sufficient to
alter greatly the concentrations of blood metabolites during the follow-up study period, it stimulates to carry out further
experiments and is possible to conclude that higher concentration of liver LDH4+5 isoenzymes appeared at wks 1. 4, 5 and
6 after calving in association with higher concentration of ketone bodies, apart from at wk 6 with lower serum concentration
of urea, relatively lower albumin concentration and with higher concentration of bilirubin at wks 1 and 6 after calving.
Therefore, according to our results it seems likely that dairy cows at wks |, 4, 5 and 6 after calving are at risk of liver injury
due to EMD.

Keywords: serum constituents; liver isoenzyme: dairy cow: energy metabolism disorder: liver damage: before calving; at
calving; after calving

ABSTRAKT: V experimente boli posudené sérové parametre krvnych vzoriek odobratych od multiparnych dojnic v tyzdio-
vych intervaloch od 2. tyZdia pred pdrodom, v dei pérodu a 7 tyZdiov po pdrode. Priemerna hodnota sérovej koncentricie
volnych mastnych kyselin bola najvysia v deil pérodu a mierne zvySend . tyZdeii po porode (0,63 + 0.37, resp. 047 +0.41).
Sérova hladina ketoldtok v 2. tyzdni pred pérodom, v dei porodu a v 4., 5., 6. a 7. tyzdni po porode bola vySSia ako normalna
hodnota (1.11 £0.19: 1,10 £0,15; 1,03 £0,14: 1.05 £0.14; 1.00 £ 0.04: 1,01 £0.08). V 2. tyZdni pred pdrodom bola sérovi
koncentricia ketolatok signifikantne vyssia (P < 0,05) v porovnani s koncentriciou v 2. a 3. tyZdni po porode, zatial ¢o
koncentricia ketoldtok v 2. a 3. tyZdni po porode bola signifikantne niz&ia (P < 0.05) ako v 4.. 5.. 6. a 7. tyZdni po porode.
Sérovid hladina triglyceridov bola nizsia (P < 0.05) v deii pérodu a pocas nasledujicich 7 tyZdiov po porode. Histopatolo-
gickou analyzou bioptitu pecene u dvoch z troch dojnic bola opakovane zistend milo vyrazna perilobuldrna tukovi dystrofia
peCene. Celkovd priemernd sérovd aktivita LDH dosahovala vysSie hodnoty v 2. tyzdni pred pérodom. v deii pérodu
av 5. 6.a7. tyzdni po porode (7,35 £4.81; 7.50 +2,19: 7,32 + 1,57: 7.88 £ 1,59; 7,82 + 1.67). PretoZe izoenzymy LDH4 a LDHS5
okrem kostrového svalstva pochadzaju aj z pecene, suma LDH4 a LDHS (LDH4+5) bola pouZitd na postdenie zdravotného
stavu pecene. Relativne percentudlne zvySenie priemernych sérovych aktivit pecefiovych izoenzymov LDH4+5 bola pozoro-
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vand tyZdefi pred pérodom a v 1., 4., 5., 6. tyZdni po porode (6,30 £ 3,16; 6,06 + 4,49; 5,76 + 2,41; 5,72 + 3,30; 5,68 + 2,85).
Celkova sérova aktivita AST bola zvySena od diia poérodu do 7. tyZdiia po pdrode a dosahovala najvy3Siu hodnotu v deii
porodu. Sérova aktivita ALP bola vyrazne zvySena v dei porodu, tyZdei pred pdrodom a v 5. tyZdni po pdrode (1,66 £ 0,52;
1,57 + 0,67; 1,47 £ 0,64). Celkova aktivita GGT bola mierne zvySena. Hoci bola celkom $irokd individudlna variabilita,
priemernd hodnota sérového bilirubinu v defi pérodu bola 0 mnoho vysSia ako referenéné hodnoty (10,10 % 9,29). Statisticky
signifikantné zvy3enie priemernych sérovych hladin bilirubinu bolo zistené medzi vzorkami krvi odobratymi tyzdefi pred
pdrodom a vzorkami odobratymi v 1., 3. (P < 0,05), 6. (P < 0,01) tyZdni po pérode. Sihrnne mdéZeme konstatovat, Ze Grovefi
rozsahu porich energetického metabolizmu v tomto experimente sice nebola extrémna, av3ak ovplyvnila vybrané parametre
metabolického profilu. Zvysena koncentricia pecetiovych izoenzymov LDH4+5 bola zistend v 1., 4., a 6. tyZdni po porode
pri sicasne zvySenej koncentricii ketolitok. V rovnakom ¢asovom intervale s vynimkou 6. tyZdiia bola zistend zniZend sérova
koncentracia mocoviny s relativne nizkou koncentraciou albuminu a vy$Sou koncentrdciou bilirubinu v 1. a 6. tyZdni po
porode. Pre vyraznejSie zmeny by bolo potrebné uskuto&nit dalSie experimenty. Z uvedenych vysledkov vyplyva, Ze u dojnic
v1.,4.,5., a6, tyzdni po porode je pravdepodobné riziko poskodenia pecene v désledku portich energetického metabolizmu.

Klacové slovi: sérové parametre; pecefiovy izoenzym; dojnica; porucha energetického metabolizmu: poskodenie pecene;

pred porodom; deii porodu; po porode

INTRODUCTION

The term energy metabolism disorder (EMD) refers
to two clinical syndromes, ketosis and hepatic lipidosis.
EMD is still a problem in dairy herds of many coun-
tries. It is one of the severe economic problems in the
dairy industry. EMD causes losses that are attributable
to treatment costs, reduced milk yield, declined repro-
duction performance, culling and death which result in
short productive live of economically efficient high-yeld-
ing dairy cows mainly at the age when they reach peak
production. In 50 surveyed Friesian/Holstein dairy herds
(average 178 cows), the average total annual culling
rate was found to be 23.8%. Of the disposal, 54% were
culled by the end of their fourth lactation (Esslemont,
Kossaibati, 1997).

Ketosis is associated with the development of fatty
liver (Grohn, Lindberg, 1985). Both ketosis and hepatic
lipidosis cause liver injury. Treatment of damaged liver
is unrewarding (Breuking er al., 1992). All efforts should
therefore be directed towards prevention, where early
detection of animals at risk has a significant role.

Although EMD has often been studied, methods to
predict its occurrence have not yet been elucidated satis-
factorily. In previous studies a number of formulas were
developed to detect dairy cows affected by hepatic lipi-
dosis. Sommer (1975) suggested the interrelationship
of aspartate aminotrasferase (AST — EC 2.6.1.1) and
cholesterol (TCH). According to him AST > 0.5 and
TCH < 2.6 indicate positive hepatic lipidosis, whereas
AST > 0.5 or TCH < 2.6 suggests dubious hepatic
lipidosis. Haraszti et al. (1982) on the other hand pro-
posed the ratio of nonesterified fatty acid (NEFA) to
triglyceride (TG) (NEFA/TG) or percentual ratio of
NEFA to total lipids (TL) (NEFA/TL.100). NEFA/TG >
4.0 or NEFA/TL.100 > 35.0 indicates positive hepatic
lipidosis, while NEFA/TG 24 or NEFA/TL.100 > 22-35
indicates dubious hepatic lipidosis. Reid et al. (1983b)
further suggested a formula: y =-0.51 — 0.0032 . NEFA
(umolL.I"!) + 2.84 . glucose (mmol.I"") = 0.0528 . AST
(LU.I"Y, where y < 0 indicates positive hepatic lipi-

dosis and y = 0-1.5 dubious hepatic lipidosis. Reichel
(1989) modified the formula according to Reid et al.
(1983b) by substituting TCH (mmol‘l"') for glucose
and usinffg coefficients 2.85 for TCH, 3.2 for NEFA
(mmol.I"") and 3.168 for AST (ukat.I™}).

But to the knowledge of the authors, in the field of
veterinary medicine the value of serum liver LDH
isoenzyme activity determination in predicting liver in-
jury has not yet been taken into account. LDH regulates
the coefficient of NAD/NADH, which plays a decisive
role in a number of chemical reactions of cells. In ad-
dition, it is an enzyme of glucose metabolism. Glucose
on the other hand holds the central place in energy
metabolism. LDH may therefore be an enzyme of spe-
cial interest in EMD. Furthermore LDH is a cytosol
enzyme. It is found free in cytoplasm and can be read-
ily liberated from the cells into the blood stream as
a result of minor insults such as significant depletion
of ATP (Blahovec, Slesirova, 1991; Gupta et al.,
1994), accumulation of fat droplets in hepatocytes, in-
creased level of lipid peroxide as the result of increased
FFA oxidation in hepatocytes (Mudroi et al., 1997),
subclinical metabolic acidosis (Lechowski, 1996), hy-
poxia (Kramer, 1989) and emulsification of lipids in
the cell membrane by accumulated bile acids. Often
elevated levels of LDH isoenzymes are supposed to be
observed long before clinical symptoms become appar-
ent. Hence it is possible to postulate a hypothesis that
serum liver LDH isoenzyme level assay may be useful
as a means of performing preventive diagnosis or pre-
dicting liver damage. With this in mind the present
study is designed to perform a long term follow-up
study of serum activities of liver LDH isoenzymes and
their association with some of the metabolic profiles in
dairy cows at different milk production stages.

MATERIAL AND METHODS
Twelve multiparous (eight Black-Pied and four Slo-

vak Yellow-Pied) dairy cows, at the last few weeks of
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pregnancy, lactation above 3500 kg, without any clini-
cal signs of diseases, were assigned to this study. The
animals were selected mainly on the basis of their body
conditions. Fat cows were selected because it was sus-
pected that they have higher tendency to develop EMD
after calving. The animals were permanently housed in
the stalls bedded with wheat straw and fed according
to their milk production stages. During the dry period
each animal was fed 15 kg of maize silage, 5 kg of hay,
2 kg of barley straw and 2-4 kg of concentrate. After
calving each was fed 25 kg of maize silage, 2 kg of
barley straw, 4 kg of hay and concentrates of 0.23 kg.l"
milk DOP (DOP is concentrate for milking cow). The
animals had access of water ad libitum.

Three cows did not complete the study and were not
used in the statistical analysis. One of the cows was
sent to emergency slaughter due to dystocia and the
other two were culled at week (wk) 2 after calving due
to very low production resulting from chronic mastitis.

Blood samples were obtained by jugular venepunc-
ture at weekly intervals from 2 wks prior to the ex-
pected calving date through 7 wks after calving. Addi-
tional samples were collected on the calving day with
minimum excitement of the animals. Sodium fluoride
blood samples were collected to assay the serum con-
centration of glucose. After centrifugation (3000 rpm)
the serum was separated and analysed on the day of
sampling. The remaining serum samples were frozen
and stored at -20 °C, until further examination.
Hemolysed serum samples were not used. The serum
concentration of albumin, of urea, of total protein, of
cholesterol, of triglycerides, of total lipids, of glucose,
of total immunoglobuline (TIg), of phosphorus and se-
rum total activities of lactate dehydrogenase (LDH —
EC 1.1.1.27), of aspartate aminotransferase (AST — EC
2.6.1.2), of gamma-glutamyl transferase (GMT - EC
2.3.2.1), of alkaline phosphatase (ALP — EC 3.1.3.1)
and creatine kinase (CK — EC 2.7.3.2) were analysed
by Bio-la-test The serum concentration of ketone bod-
ies was estimated by Gosche method (1970), the serum
concentration of bilirubin by the Jendrassi and Grof
method (1938), and the serum concentration of free
fatty acid (FFA) by the Curtis method (1974). The se-
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rum concentration of calcium, magnesium, sodium,
zinc and iron was determined by the atomic absorption
spectrophotometry (AAS) Perkin-Elmer 306 flame
mode method.

Polyacrylamide gel electrophoretic separation of se-
rum LDH isoenzymes and their staining were performed
according to the Dietz and Lubrano method (1967).
The electrophoretic separation was done on 5.5%
polyacrylamide gel, using Tris-glycin buffer of pH 8.3
at 2.5 mA/tube for 90 min. After the completion of
electrophoresis, the isoenzymes were visualized by in-
cubating the gels in a staining solution. The LDH
isoenzyme bands were scanned by densitometer, model
DS 90 at 525 nm. Values for each isoenzyme were
quantitated by computer and expressed as a percentage
of the total activity.

Liver biopsy was performed on three randomly se-
lected dairy cows at 2 stages. Once at wk 2 and once
at wk 7 after calving. This was carried out by trocar
cannula and syringe after infiltration anaesthesia in the
right 11th intercostal space at the site where a line
drawn from the tuber coxae to the shoulder joint inter-
sects. The biopsy specimens were fixed immediately in
formalin and were stained with Sudan.

RESULTS AND DISCUSSION

Serum constituents of blood samples, collected at
weekly intervals throughout the course of the study
were determined and analysed. The results are given in
Tables I, II, III and IV and Figs. 1, 2 and 3.

Mean serum concentrations of zinc and iron were
below the lower reference limit throughout the study,
whereas serum levels of phosphorus were lower at wk
2 before calving and at wks 2, 3 and 6 after calving,
but these decreases were not significant (Table IV).
Serum FFA concentration was much higher at calving
and slightly elevated at the st wk after calving (0.63
+ 0.37; 0.47 + 0.41, respectively). This result is in
agreement with the findings of Metz and van den Berg
(1977). Mean serum level of ketone bodies was higher
than normal at wk 2 before calving, at calving and at
wks 4, 5, 6, 7 after calving (1.11 £ 0.19; 1.10 % 0.15;
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1. Serum total activity of LDH and percen-
tual values of its isoenzymes



I. Mean serum total activity of LDH and percentual serum activities of its isoenzymes (x  s)

Saniioiils Time of blood collection (in weeks) before, at, and after calving
-2 -1 0 1 2 3 4 5 6 7

LDH 7.35 6.43 7.50 6.45 6.72 6.59 6.59 7.32 7.88 7.82
uknl.l" + 4.81 +4.09 +2.19 +1.79 +1.49 * 1.63 + 0.69 *1.59 + 1.59 + 1.67
LDHI 46.72 50.71 51.64 4792 50.73 43.60 4751 4531 47.70 46.39
% +5.55 + 8.6l +11.78 +3.82 +7.75 +3.98 +5.44 +298 +6.54 +7.71
LDH2 33.18 31.64 34.83 36.76 34.22 3571 32.16 36.20 37.07 33.89
% +3.44 + 8.50 +5.48 +2.27 4+:3.23 +4.44 + 261 +291 +4.15 +5.65
LDH3 16.91 11.93 9.41 9.25 10.20 16.15 14.66 12.20 9.43 15.28
% +3.87 +4.18 + 5.66 +3.25 +7.49 £+3.39 +3.49 +6.64 + 8.95 +7.18
LDH4 1.84 4.14 2.7 3.99 1.82 1.05 345 239 3.64 347
Yo +0.48 + 248 + 1.49 +397 +1.78 +0.84 +3.96 *1.93 *1.42 +1.27
LDHS 1.33 1.58 1.35 2.07 3.03 3.84 223 391 2.12 1.01
%o + (.86 + 1.59 +1.32 & 112 +2.56 +4.04 + 1.49 £2:12 +1.28 +0.70

II. Mean blood serum concentrations of some of the components of the energetic and protein profiles in association with serum percentual

activities of LDH4 + 5 isoenzymes (x % 5)

Retahaiite Time of blood collection (in weeks) before, at, and after calving
-2 -1 0 I 2 3 4 5 6 7

LDH4 + 5 3.20 5.72 4.13 6.06 4.86 4.89 5.68 6.30 5.76 4.48
% +0.99 +3.30 + 236 +4.49 +1.93 +471 +2.85 +3.16 + 241 +1.72
Glucose 3.28 3.39 3.50 3.18 3.17 292 299 3.20 327 299
mmol.I! +0.21 +0.20 +0.42 +0.19 +0.26 + 033 +0.34 +0.61 +0.39 + 0.30
FFA 0.16 0.27 0.63 0.47 0.21 0.32 0.23 0.23 0.32 0.14
mmol.I~! +0.15 +0.20 +0.37 + 041 +0.10 +0.14 +0.10 +0.14 +0.14 +0.04
Ketone bodies 1.11 0.96 1.10 0.90 0.84 0.88 1.03 1.05 1.00 1.01
mmol.I”! +0.19 +0.09 +0.15 +0.10 *0.07 +0.05 +0.14 +0.14 +0.04 +0.08
Cholesterol 2.01 1.76 1.88 2.00 2.50 283 2.86 3.6l 3.47 3.62
mmol.I”! +0.33 +0.11 +0.27 + 0.54 +0.74 =119 + 095 + 1.05 + 1.38 + 1.06
Total lipid 2.20 2.17 1.95 2.10 2.51 292 291 335 3.44 3.71
gl +0.35 +043 +0.24 +0.29 +0.79 +0.92 + 091 +0.90 +1.38 +0.92
Triglyceride 0.218 0.163 0.115 0.072 0.051 0.053 0.058 0.084 0.086 0.079
mmol.I"! +0.068 | £0.027 | £0.058 | £0.049 | £0.017 | £0.013 | £0.027 [ £0.035 | £0.013 [ £0.013
Total Ig. 27.08 24.40 21.32 25.67 25.58 2355 27.00 22.56 24.85 28.82
UZST +547 +5.57 +229 +793 +3.87 + 331 *3.61 +4.28 +431 +5.03
Total protein 74.92 66.00 67.28 70.38 72.07 69.35 70.97 65.94 70.40 77.84
gl! +7.98 +691 +3.90 £10.15 +8.42 + 8.52 + 8.48 +16.28 + 571 +9.05
Albumin 38.60 39.62 37.74 31.78 31.84 30.13 30.87 32.00 28.18 32.98.
gl +3.72 +4.25 +5.07 +8.21 +543 +7.61 + 6.82 +7.08 +6.12 +9.33
Urea 2.5 2.80 3.77 3.13 2.56 293 3.06 313 348 392
pmol 1! +0.60 £ 0.55 % 1.32 & 1311 + 1.65 +0.55 +1.33 +0.62 +0.79 +0.97

1.03 £ 0.14; 1.05 = 0.14; 1.00 £ 0.04; 1.01 £ 0.08,
respectively). Serum ketone bodies concentration at wk
2 before calving was significantly higher (P < 0.05)
comparing to the concentrations at wk 2 and 3 after
calving. Whereas the concentrations at wk 2 and 3 after
calving were significantly lower (P < 0.05) than those

at wk 4, 5, 6 and 7 after calving. Mean serum concen-
tration of glucose was however within the normal range
throughout the trial.

In this study similar to our previous observation
(Asefa Asmare et al., 1997) the serum concentration of
ketone bodies was not displayed with lower concentra-
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111. Mean blood serum total activities of liver enzymes and concentration of bilirubin (X * s)

3 Time of blood collection (in weeks) before, at, and after calving
Metabolite
-2 ~I1 0 1 2 3 4 5 6 7

LDH 7.35 6.43 7.50 6.45 6.72 6.59 6.59 1.32 7.88 7.82
uknt.l'P' + 481 +4.09 +2.19 +1.79 + 1.49 + 1.63 + 0.69 +11.57 + 1.59 + 1.67
AST 0.46 0.40 0.68 0.58 0.61 0.51 0.59 0.52 0.57 0.58
pkat.I"P! +0.29 +0.26 +0.33 +0.23 +0.14 +0.19 +0.17 + 0.08 +0.12 +0.11
CK 0.33 0.29 0.24 0.19 0.14 0.26 0.23 0.17 0.24 0.14
pkat.I"P! +0.48 +0.31 +0.19 +0.14 +0.12 +0.18 +0.24 +0.05 =0.11 +0.08
ALP 1.31 152 1.66 0.97 0.94 0.92 1.12 1.47 1.16 1.19
pkat.I"P' +0.56 +0.67 +0.52 +0.23 +0.22 +0.21 +0.25 + (.64 + 0.09 +0.38
GGT 0.55 0.50 0.48 0.43 0.52 0.58 0.62 0.64 0.51 0.56
}lkaLl"P' +0.24 +0.20 +0.17 +0.09 +0.18 +0.13 +0.24 +0.13 +0.21 +0.16
Total bilirubin 3.52 3.15 10.10 5.19 4.01 4.96 392 447 6.28 470
umo“'l’I +0.68 + 1.07 +9.29 + 1.55 +0.74 *1.19 +1.38 + 1.08 +1.59 +1.24

IV. Mean blood serum concentration of minerals (x % s)

Mol Time of blood collection (in weeks) before, at, and after calving
-2 -1 0 1 2 3 4 5 6 7

Ca 233 230 232 231 227 224 227 2.26 2.26 2.19
mmol.I"P! +£0.12 *0.08 +£0.12 +£0.15 *0.09 +£0.12 +0.04 £0.14 (.14 £ 0.11
P 1.58 1.83 1.74 1.72 1.43 1.4] 1.66 1.61 1.43 1.64
mmol.I"P! +0.29 +0.31 +0.36 +0.24 +0.20 +0.29 +0.30 +0.38 *0.16 £ 0.16.
Na 142.50 145.17 142.67 142.33 141.50 140.50 139.83 143.00 141.25 142.25
mmol.IP' + 1.05 +1.94 +2.07 +£235 +1.38 +1.97 +0.75 + 1.87 +1.71 + 1.86
Mg 0.089 0.94 091 0.90 0.93 0.89 097 0.98 0.98 0.97
mmol.I"P' +0.08 +0.08 +0.09 £0.05 +0.06 +0.10 +0.05 £ 0.01 + 0.06 +0.06
Zn 10.70 10.56 10.88 10.57 11.43 10.81 10.70 10.39 10.51 10.32
umol.I-P! +0.84 +0.74 147 +1.13 * 1.26 132 + 1.37 +1.28 +0.73 + 1.16
Fe 15.37 16.56 15.38 16.11 . 1330 11.96 12.06 13.61 14.77 14.33
pmol.I"P! +1.19 +1.24 * 1.56 +1.27 +4.10 +2.60 +2.46 +2.56 +0.89 +2.53

tion of glucose and higher concentration of FFA.
Although FFAs are precursors of ketone bodies, at
wk 2 before calving the elevated level of ketone
bodies was not associated with higher FFA level
(Fig. 2). Reid (1980) and West (1989) suggested that
fat mobilisation began in late pregnancy and the degree
of fatty infiltration of the liver was significant 2 wks
before calving. Results of other previous studies further
indicated that when under-nutrition arises FFA levels
increase initially, but after a relatively short time they
slowly decline to low normal values (Topps,
Thompson, 1984). Athanasion and Phillips (1978b)
also noted, that FFAs reached their peak concentration
in the blood 12 h earlier than the ketone bodies. There-
fore it seems likely that there was high FFA level in
the blood stream before the beginning of the study and
later declined to the range of reference value. This drop
of FFA level may be due to higher utilization of FFA
by peripheral tissues and higher hepatic uptake which
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was displayed by increased ketone bodies level. In this
study the elevated levels of FFA at calving and wk | after
calving and then their decline to the normal level
(Table II) may favour the above mentioned theory. In
addition, the relatively increased serum albumin con-
centration to the upper physiological limit at wks 2 and
1 before calving (38.60 * 3.72; 39.62 * 4.25, respec-
tively) may indicate increased FFA carrying capacity
of blood plasma during that period. The contribution
by antilipolytic effect of ketone bodies and re-esterifi-
cation of FFAs by glucose should not be overlooked
either. The increase in serum FFAs at calving and 1 wk
after calving may probably be due to partus stress for
according to Basset (1970) blood concentration of
FFAs is extremely stress-sensitive. The body must ex-
pend more energy to resist this stress and therefore,
calls upon body reserves.

The factor that contributes to keep the serum glucose
level in the normal reference range is likely to be the



2. Serum percentual activity of LDH4+5
isoenzymes associated with some of the
components of energetic profile

MLDH 4+5% @ Glucasc mmol/l SFFA mmoll MKetone bodies mmol/l O Triglycerides mmol/l

ketone bodies which play an important part in the main-
tenance of energy homeostasis (Holtenius, Holtenius,
1996). Ketone bodies spare glucose by substituting for
glucose as an energy substrate in the peripheral tissues.
Furthermore ketone bodies can be precursors of glu-
cose. According to Phillips (1978) excess PB-hydroxy-
butyrate might be decarboxylated to produce isopropyl
alcohol; isopropyl alcohol to acetone. Acetone is fur-
ther metabolised by conversion to propandiol and then
to lactic and pyruvic acids which are glucogenic in
nature. In 48-hours fasted rats lactate production may
be increased six to ninefold.

The reduction of triglycerides (P < 0.05) in serum
at calving and during the following 7 wks after calving
(Table II) can probably be connected with milk secre-
tion. Serum concentration of total immunoglobuline at
wk 1 before calving at calving and at wks 1, 2, 3 and
5 after calving (Table II) was found to be lower indi-
cating the immunosuppressive tendency in the early
lactation period.

By the histopathological analyses of the liver biopsy
samples less marked perilobular lipid dystrophy of
liver was in two of the three cows repeatedly found.

Mean total serum activity of LDH was higher at the
6th wk followed in a decreasing order at the 7th wk
after calving, at calving, at wk 2 before and at the 5th
wk after calving (7.88 £ 1.59; 7.82 + 1.67; 7.50 £ 2.19;

2 - 0 2
Weeks
MLDI415% BAST ukavl BCK ukatl BALP ukavl

10

1 2 3 4 5

WGGT ukal

7.35 £ 4.81; 7.32 £ 1.57, respectively). Serum percen-
tual activity of LDH2 was prominently increased at wk
6 and then after this at wk 1, 5 and 3 after calving
(37.07£4.15; 36.76 £2.27; 36.20 £ 2.91; 35.71 £ 4.44,
respectively) (Fig. 1). This may be contributed by the
anoxic red blood cells during the period between the
blood collection and serum separation. Since LDH4
and LDHS isoenzymes besides skeletal muscle origi-
nate from the liver (Thornton, Lohni, 1979; Patel,
Chakrabarti, 1982; Engelking, Anwer, 1992; Rudolph
et al., 1993), in this study the sum of LDH4 and LDHS
(LDH4+5) was used to determine the health state of
liver. Relatively increased percentage of mean serum
activities of liver LDH4+5 isoenzyme was observed at
wks 5, 1, 6 after calving and at wk | before and wk
4 after calving (6.30 + 3.16; 6.06 + 4.49; 5.76 + 2.41;
5.72 £ 3.30; 5.68 * 2.85, respectively). The relatively
highest percentage of LDH4+5 serum activity was
found at wks S and 1 after calving (Fig. 2). The present
result is in agreement with our previous report (Asefa
Asmare et al., 1998) that higher serum activity of liver
isoenzymes is found in early lactating cows.

Total serum AST increased in activity starting from
the calving day to the 7th wk after calving and reached
its peak at partum (Fig. 3). This long-lasting moderate
rise in activity of AST comparing to LDH4+5 may
partly result from its longer biologic half-life which

3. Serum percentual activity of LDH4+5
isoenzymes associated with total activities of
other liver enzymes
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according to Eades and Bounous (1997) lasts 7 to
10 days. AST is found in the liver and muscles. It exists
in mitochondrial and cytoplasmic forms. As Moss
(1979) noted, the cytoplasmic form of AST accounts
for about one-half of the total activity in the whole cell.
Much higher activities of LDH4 and LDHS are also
found in the cytoplasm of liver and skeletal muscle
cells. Therefore in this study, measurements of AST
and LDH were related to serum total CK activity, an
index commonly used to provide biochemical evidence
of damaged muscle cells. The mean serum total activity
of CK was within the range of the reference value
throughout the follow-up study. Muscle damage was
ruled out in this way.

The relative increase of mean serum percentual ac-
tivity of LDH4+5 and the moderate rise of serum total
AST activity over the upper physiological limit there-
fore seemed to come from hepatic cells indicating in-
creased hepatocellular membrane permeability associ-
ated with hepatocytes injury.

Mean serum total activity of ALP was considerably
increased at calving, at wk | before calving and at
wk 5 after calving (1.66 £ 0.52; 1.57 £ 0.67; 1.47 £ 0.64,
respectively). Total activity of GGT showed a moder-
ate increase (Table III). Although there was quite wide
individual variation, mean serum bilirubin at calving was
far above the range of reference values (10.10 £ 9.29).
Statistically significant increases in mean serum biliru-
bin levels were found between the blood samples taken
at wks before calving and samples collected at wks 1,
3 (P <0.05) and wk 6 (P < 0.01) after calving. The rise
in total serum activity of ALP may partly be escalated
by its increased production in the placenta and by its
decreased excretion in the bile. Elevated serum GGT
and ALP activities and hyperbilirubinemia might sug-
gest biliary disfunction which probably occurred sec-
ondary to hepatocyte enlargement packed with
triglycerides.

Despite the extent of EMD in this study was not
apparently sufficient to alter greatly the concentrations
of blood metabolites during the follow-up study period,
it stimulates to carry out further experiments and is
possible to conclude that higher concentration of liver
LDH isoenzymes appeared at wks 1, 4, 5 and 6 after
calving in association with higher concentration of ke-
tone bodies, apart from at wk 6 with lower serum con-
centration of urea, relatively lower concentration of
Alb and at wks |1 and 6 with higher concentration of
bilirubin. Therefore it seems likely according to our
results that dairy cows at wks 1, 4, 5 and 6 after calving
are at the risk of liver injury due to EMD.
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EFFECT OF HETEROSPERMIC INSEMINATION
OF HYBRID SOWS ON THE FARROWING RATE
AND THE LITTER SIZE

VLIV HETEROSPERMNI INSEMINACE HYBRIDNICH PRASNIC
NA JEJICH ZABREZAVANI A POCET NAROZENYCH SELAT

J. Cefovsky', V. Hudedek', M. Rozkot', Z. Her&ik’

! Research Institute of Animal Production Praha-UhFinéves, workplace Kostelec nad Orlici,
Czech Republic
2 ZEVOS Zizelice, SYCH Prevysov, Czech Republic

ABSTRACT: In an experiment 575 sows were inseminated by heterospermic insemination doses from 6 pairs of boars. Each
sow from the experimental group was inseminated in oestrus and reinseminated with insemination doses from one of the
6 homology pairs of boars. The dispermic insemination doses used for heterospermy contained 4.77 £ 1.62 x 10” biologically
active sperm cells. The control group of sows was inseminated by so called non-genuine heterospermy, i.e. by homospermic
insemination doses with reinsemination by the dose from another boar with the content of sperm cells in the span of the
experimental doses. We did not find a significant difference (P < 0.05) in the farrowing rate after the first insemination
between the individual groups of boars but there is a significant difference between the experimental and control group of
sows (66.51% vers. 60.54%; P > 0.05). We found out a non-significant difference in the farrowing rate between the experi-
mental and control group of sows after the second and other inseminations (58.27% vers. 51.89; xz = 191: P > 0.05). The
number of liveborn piglets per litter after the first insemination at the comparable parity of the experimental and control group
of sows (4.80 £ 2.41 vers. 4.75 + 2.39 litters: 1 = 0.768; P > 0.05) achieved higher values after all experimental groups of boars
than is the average value in the control group of sows. The results in the group of sows with the second and other inseminations
were similar. The piglet production per 100 first inseminations was higher in the experimental group of farrowed sows than
in the control group (+105.8 of total and +99.2 of liveborn piglets). The situation was the same with the farrowed sows after
the second and other inseminations performed by the heterospermic doses in favour of the experimental group (+94.9 of total
and +90.9 of liveborn piglets). The heterospermy method used in this experiment showed a positive effect in the piglet
production.

Keywords: pig; heterospermic insemination: farrowing rate; number of piglets born

ABSTRAKT: Cilem pokusu bylo zjistit vliv heterospermni inseminace prasnic BU x L na zabfezivini a na pocet narozenych
selat v porovndni s kontrolni skupinou. Heterospermni inseminace byla zajidtovina inseminacnimi diavkami (ID) Sesti dvojic
kanct (H1 az H6) s primérnym poétem 4.77 + 1,62 x 10 biologicky aktivnich spermii v jedné dispermni inseminacni divce.
Celkem bylo heterospermnimi inseminac¢nimi divkami provedeno 575 inseminaci, z toho 436 prvnich. Reinseminace u po-
kusné skupiny (H) byly provedeny heterospermnimi ID stejné dvojice kanct. V drovni zabfezdvani prasnic po I. inseminaci
nebyl mezi jednotlivymi skupinami pouzitych kanci zaznamendn statisticky vyznamny rozdil. Naproti tomu statisticky vy-
znamny rozdil byl u bfezosti po I. inseminaci zaznamendn mezi pokusnou (H) a kontrolni (C) skupinou prasnic (66,51 %
vers. 60.54 %; P < 0,05). U skupiny prasnic pieb&hlych. tj. po druhé a dalSich inseminacich. inseminovanych heterospermnimi
ID, nedosihl podil zabiezlych prasnic tirovné prikaznosti proti kontrole (58.27 % vers. 51.89 %, xl = 1,91; P> 0.05). Po
viech inseminacich celkem (prvnich a opakovanych) dosdhlo vyS8i procento zabiezivini u pokusné skupiny trovné prikaz-
nosti na hladiné P < 0.01 (64,52 % vers. 57,57 %, xz = 9.06). Pro hodnoceni poctu narozenych selat od gravidnich prasnic
po L. inseminaci bylo vyuZito nepriikazného rozdilu v parité u srovndvanych skupin (H a C) — 4.80 + 2.41 vrhi vers. 4,75 £
2.39 vrha, 1 = 0.768: P > 0,05, takZe oba soubory lze povaZovat za srovnatelné z hlediska zastoupeni prasnic podle poradi
vrhu. Od oprasenych prasnic po I. inseminaci se narodilo po heterospermii jednotlivymi skupinami kancu vice selat na vrh,
nez Cini pramérna hodnota u kontrolni skupiny. Pozitivni vysledek heterospermic v praimérném poctu narozenych selat na
vrh po l. inseminaci ve srovnani s kontrolni skupinou prezentuji celkové vysledky (10,61 vers. 9.91 viech narozenych selat;
9.92 vers. 9,26 Zivé narozenych selat). Po druhé a dal§i inseminaci je tomu obdobné (10.33 vers. 9.77 viech narozenych selat;
9,70 vers. 9,14 Zivé narozenych selat). Podle drovné sdruZeného ukazatele, (j. produkce narozenych selat na 100 inseminaci
prasnic, mizeme u skupin H a C Konstatovat vyraznou tendenci ve prospéch heterospermie. Rozdily se pohybuji v rozpéti
90.9 az 105.8 selat na 100 inseminaci. PouZity zpilsob heterospermie v inseminaci prasnic se projevil pozitivnim efektem
v produkei selat.

Klicovi slova: prase; heterospermni inseminace; biezost: pocet narozenych selat
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INTRODUCTION

The efficiency basis of pig breeding is the fertility
rate, i.e. production of piglets. Usage of heterospermic
insemination to the improvement of breeding herd ef-
ficiency now exists on the level of discussion due to
the fact that the results published so far are not unam-
biguous and there is not an exact explanation for the
positive effect of heterospermy on the reproductive per-
formance of sows.

Rymar (1963) achieved better results after a mixed
semen insemination of 2 to 3 boars in the farrowing
rate and litter size of sows in contrast with an insemi-
nation by the semen of individual boars (94% vers.
74%; 13.5 vers. 10.0 piglets born per litter). Sokolovskaja
et al. (1964) reported that the pregnancy rate was in-
creased by 20% after a mixed semen insemination of
more boars (2 to 3 breeds) and the number of piglets
born per litter was also increased by 3.5 piglets. The
authors explain this heterospermic effect by hypotheti-
cally considerable decrease in embryonic mortality rate.
Bugajevskij (1974) achieved basically higher preg-
nancy rate by the mixed semen insemination (3 boars
of 3 breeds) than after a homospermic insemination of
individual boars (78.2% vers. 61.5%). Rustenov et al.
(1976) achieved approximately similar results. Hey-
dorn and Paufler (1976) achieved higher piglet produc-
tion per 100 inseminated sows by 83 piglets, i.e. 14%
more after a heterospermic insemination. According to
Dziuk (1965) it is partly possible to explain the higher
heterospermic results by the different time of capacita-
tion and the survival rate of spermatozoa. Garcia et al.
(1989) connect the positive significant difference in the
pregnancy rate and litter size after the heterospermy
with the osmoresistant test results of the used boars’
spermatozoa. Grooten (1988) defined hypothetically
priorities of the mixed semen usage as follows: there is
a possibility of reciprocal influence of two different
ejaculates and following achievement of a certain way
of heterose effect, and there is also a fact that the uterus
of the mother might contain antibodies against the sper-
matozoa of the one individual boar and the uterus
might be stimulated by the wider spectrum of the se-
men antibodies.

Pacova and Dupal (1978) in our local conditions
achieved higher piglet production in 87.5% per 100 in-
seminations after the heterospermic insemination by
a mixture of semen of 16 pairs of boars in comparison
with homospermic insemination of the same boars from
the pairs. Prokop et al. (1988) monitored the advantage
of a significantly lower decrease of the farrowing rate
after the total inseminations by heterospermic doses
with the increasing period of their storage and usage in
comparison with the homospermic insemination. How-
ever, they did not achieve any increase in the number
of piglets per litter. But Heydorn and Meyer (1977)
achieved higher production of piglets per 100 first in-
seminations (675 vers. 582) after the heterospermy and
a higher farrowing rate by 6.8% (66.8% vers. 60.0%)
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in comparison with the results of the inseminations
with homospermic doses from the same boars which
were used for heterospermy. On the other hand, Podany
et al. (1968) did not prove any priorities of the hetero-
spermy versus the homospermy. Pursel and Johnson
(1975) pointed out the fact that the published positive
results of heterospermy usually lack any statistical sig-
nificant valuation.

MATERIAL AND METHOD

On a sow farm with the average number of 800 sows
and with its own insemination station 6 pairs of boars
(HI to H6) were used for heterospermic inseminations
(H) with mixed semen of two boars (dispermic insemina-
tion) in the course of one year. We performed 575 ex-
perimental inseminations of crossbred sows LW x L by
heterospermic insemination doses. The other sows in
the herd formed the control group (C) that was insemi-
nated in the same time period (2159 inseminations)
with insemination doses from various individual boars.

The quality of boar sperm used for insemination was
evaluated with the help of conventional methods ac-
cording to the requirements of the Czech State Regula-
tions No. 46 7116 (volume of semen, concentration of
spermatozoa, motility of spermatozoa, morphology of
sperm cells). In all insemination doses (ID) used for H
we specified the number of biologically active sperma-
tozoa, i.e. by specifying from the number of motile
spermatozoa with progressive motility after counting
off the morphologically abnormal spermatozoa state-
ment from the native semen of the individual boars.
During the preparation of the ID for the control insemi-
nation of sows we respected the span in the spermato-
zoa number used in heterospermic ID.

The semen of the individual boars from the relevant
pair of boars for H was first prediluted at the 1 : | ratio
by the EDTA diluent (Kare I) with an antibiotic addi-
tion of 8 mg gentamicin per 1000 ml of the diluent. In
such a way prediluted spermatozoa of both boars were
mixed together and diluted up with the same extender
to the level of the ID number.

The experimental inseminations of sows (H) were
performed with the mixed diluted semen separately
with the 6 pairs of boars (dispermic heterospermy). The
ID were stored at the temperature of 16 = | °C in the
thermobox and were used within 56 hours. The control
group (C) was inseminated with fresh ID used within
24 hours from the semen collection and were diluted
with the same diluent. The sows H and C groups were
inseminated in their oestrus 3 x, i.e. with two reinsemi-
nations using the standard method with the two-phase-
-preparation of ID, i.e. predilution of semen for conser-
vation and storage and updilution of ID exactly before
the insemination (BaZant, 1988). The reinseminations,
i.e. the second and the third insemination in the same
oestrus in the experimental group (H) were always en-
sured with the ID of the same pair of boars. We used
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non-genuine heterospermy in the control group, i.e. mini-
mally one reinsemination was performed with the ID
of another boar.

For the evaluation of the experiment we used % of
the pregnant resp. farrowed sows after the first insemi-
nation, after the second and other inseminations (re-
peated inseminations in the next oestrus), after the total
inseminations, the number of piglets born per litter and
associated parameter, i.e. the production of piglets born
per 100 inseminated sows. For evaluation of the piglet
production we used all the litters without the consid-
eration of the number of born piglets. We put together
the results of the pairs H2, H3 and H4 into one group
because of the low number of inseminations.

RESULTS

The heterospermic insemination was ensured with
the ID of six pairs of boars with the average number

4.77 + 1.62 x 10° of biologically active spermatozoa in
one ID.

The values of the farrowing rate of the sows after
the first insemination with the heterospermic (disper-
mic) ID according to the pairs of boars (HI, H2 to H4,
H5 and H6) are shown in Table I. We did not find out
any significant difference between the individual groups
(P > 0.05). Nevertheless, the difference in farrowing rate
between the experimental group (H) and the control
group (C) of sows is significant in favour of the experi-
mental group (66.51% vers. 60.54%: x* = 5.06;
P < 0.05; Table III).

The farrowing rate of sows after the second and
other inseminations, i.e. returned to oestrus sows and
inseminated with the heterospermic ID of the same ex-
perimental pairs of boars is shown in Table I1. We did
not find out any significant difference in the farrowing
rate of sows according to the groups of boar pairs
(x> = 0.00 to 1.08; P > 0.05) in this case either. Also

[. The results of heterospermic insemination of sows according to the used pairs of boars — first inseminations

Pairs of boars HI H2-H4 HS H6
Number of inseminations 156 34 89 157
Pregnant sows 104 22 65 99
Farrowing rate 66.7 64.7 73.0 63.1
. total 1092 227 686 1071
Number of piglets born
alive 1013 207 648 1008
: . total 10.50 10.3 10.55 10.82
Litter size
alive 9.74 9.41 9.97 10.18
11. The results of heterospermic insemination of sows according to the used pairs of boars — second and other inseminations
Pairs of boars HI H2-H4 HS H6
Number of inseminations 61 25 21 32
Pregnant sows 35 13 12 21
Farrowing rate 57.4 52.0 57.1 65.6
e, total 346 135 133 223
Number of piglets born
alive 319 128 127 212
. . total 9.89 10.38 11.08 10.62
Litter size
alive 9.11 9.85 10.58 10.10

111. Comparison of the results of heterospermic insemination of sows with the results of control group

G First inseminations Second and other inseminations
roups
experimental (H) | control (C) difference | experimental (H) | control (C) difference
Number of inseminations 436 1419 - 139 740 -
Pregnant sows 290 859 - 81 384 -
Farrowing rate 66.51" 60.54 5.97 58.27 51.89 6.38
: total 3076 8512 - 837 3753 -
Number of piglets born
alive 2876 7955 - 786 3508 -
. . total 10.61 991 0.70 10.33 9.77 0.56
Litter size
alive 9.92 9.26 0.66 9.70 9.14 0.56

"P<0.05
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IV. Farrowing rate of sows after all inseminations

Group Experimental (H) Control (C) Difference
Number of inseminations (n) 575 2159 -
Pregnant sows 371 1243 -
Farrowing rate 64.52"" 57.57 6.95

“P<001

V. Number of piglets per 100 artificially inseminated sows

G First inseminations Second and other inseminations
experimental (H) control (C) difference experimental (H) control (C) difference

Total 705.7 599.9 105.8 601.9 507.0 94.9

Alive 659.8 560.6 99.2 565.2 474.3 90.9

the difference in the farrowing rate of inseminated sows
between the experimental (H) and the control (C) group
did not achieve the significant level (58.27% vers.
51.89%; P > 0.05; Table III).

The results of the farrowing rate after the total in-
seminations are shown in the complex in Table IV. The
difference between the experimental group (H) and the
control group (C) — 6.95% is significant (64.52% vers.
57.57%; x* = 9.06; P < 0.01).

To evaluate the piglet production from the pregnant
sows after the first insemination we used a non-signifi-
cant difference in the parity of the compared groups H
and C (4.80 £ 2.41 vers. 4.75 £ 2.39 litters, ¢t = 0.768,
P > 0.05), so we consider both groups comparable from
the point of sows according to the parity. More piglets
per litter were delivered by these sows after the het-
erospermy in all monitored groups of boars (H1, H2 to
H4, H5 and H6) than in the average in the control group
(C) — Table I and Table III. Similar results were
achieved in the number of born piglets per litter in the
groups of sows after the second and other insemina-
tions (returned to oestrus) — Table II and Table III. The
positive result of the heterospermy for both groups is
entirely shown in Table III (10.61 vers. 9.91 of total
9.92 vers. 9.26 live born piglets). To express the level
of the piglet production intensity after the het-
erospermy we used so called complex parameter, i.e.
the production of born piglets per 100 inseminations
(Table V). The piglet production per 100 first insemi-
nations of the experimental sows is higher by 105.8
total and 99.2 live born piglets than in the control group
as well as in the experimental group of sows after the
second and other inseminations by 94.9 total and 90.9
live born piglets. We find here an evident tendency in
favour of heterospermy with total as well as live born
piglets.

DISCUSSION

With reference to the trial results we can state that
the heterospermy used in the above mentioned way,
increased the farrowing rate of sows and also the piglet
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production per litter and per 100 inseminated sows. We
achieved significant results in the farrowing rate of
sows after the first insemination and after all insemina-
tions. The results of this experiment are more or less in
agreement with the data of Rymar (1963), So-
kolovskaja et al. (1967) and Péacovd, Dupal (1978) and
most in agreement with the results of Heydorn and
Meyer (1977). But on the other hand our results are
contradictory to the conclusions of Podany et al.
(1968). The data of Prokop et al. (1988) on a lower
decrease of the farrowing rate of sows after het-
erospermy are in agreement with the results of our trial,
where the heterospermy was in disadvantage caused by
the necessity of using the preserved stored sperm of the
same pair of boars for reinseminations to the control
group and where we had to use daily fresh homosper-
mic insemination doses of different boars.

We have to agree with the idea of Pursel and
Johnson (1975) who pointed out that there is a problem
of the statistical valuation absence of the heterospermy
positive impact in the published works. We also could
not prove the heterospermy effect in all our results and
in all the groups of boars in our trial. Objectively, it is
very difficult to achieve a significant piglet production
increase per litter after heterospermy because in general
the possibilities to increase the number of piglets in
a litter are from a biological point of view quite diffi-
cult and therefore the differences can be usually found
in the non-significant span.

The authors came to a conclusion that the use of
heterospermy in the production farm conditions is use-
ful and mainly because the application of this method
does not increase financial costs for ensuring the in-
semination of pigs and it demonstrably increases the
intensity of piglet production of sows.
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SUPEROVULATION, EMBRYO YIELD, QUALITY,
AND EMBRYO TRANSFER IN SHEEP"

SUPEROVULACE, ZISK, KVALITA A PRENOS EMBRYI U OVCI

J. Riha', L. Cunat®

'Research Institute for Cattle Breeding, Ltd., Rapotin, Czech Republic
Centre of Assisted Reproduction, Brno, Czech Republic

ABSTRACT: Two treatment regimens were used for superovulation of ewes during the reproductive season. Merino ewes
and Oxford Down ewes (n = 16) were superovulated with intravaginal sponges (40 mg Norgestomet, Intervet France. 14 days) and
FSH-P (Folicotropin, Spofa Prague. total dose: 10 mg). Suffolk, Tsigai and Wallachian ewes (n = 21) were treated with CIDR
(New Zealand, 14 days) - PMSG - Ovagen. FSH-P and Ovagen were administered twice daily for 4 days since Day 12 of
the treatment period. Synchronizing devices (sponges, CIDR) were removed on Day 14 in the morning. Donors were mated
by the selected ram using hand-service method (excluding Tsigai donors — group method). The following synchronization
regimen was used in recipients: intravaginal sponges (Norgestomet 30-35 mg, Intervet France, 17 days) — 500 I.U. PMSG
(Sergon. Bioveta Ivanovice in Hand) administered at time of sponge withdrawal. Synchronizing devices used in donor and
recipient sets were withdrawn at the same time. Embryos were collected on Day 6 after Ist service and transferred by the
laparoscopic technique (Wolf, Germany). Low and non-significant differences (P > 0.05) were found between specific sets
and regimens. Data on Tsigai ewes are not included in classification of superovulation response. In total, 120 embryos were
transferred to 81 recipients, 57 ewes were pregnant (70.4%). Embryos survival rate determined by the obstetric control
amounted to 61.7% (74/120). i.e. 1.3 lamb per lambed recipient. The increasing number of transferred embryos (1 up to 3)
was associated with an increasing number of lambs — a negative tendency was evident, however, in embryo survival rate,
Data characterizing transfer of cryopreserved embryos are orientational. Pregnancy rates in recipients of vitrified embryos,

_ fresh ones, and embryos preserved by the conventional method (in the freezer) amounted to 60.0% (3/5), 66.7% (2/3). and
22.2% (4/18). respectively (P < 0.05).

Keywords: sheep: donors: recipients; superovulation; transfer: laparoscopy; pregnancy rate: crypreservation; natality

ABSTRAKT: V Ceské republice je prenos embryi vyuZivin jako efektivni metoda reprodukce a flechténi piedeviim u skotu.
Rozsah pouZiti u ovei je nizky piedev§im z divodl sniZeni pocetniho stavu chovanych zvifat. V préci jsou shrnuty vysledky
stimulace, zisku. kvality a pfenostt embryi u ovci. V prubéhu tii let byly v pIné reprodukéni sezoné superovuloviny rezimem
intravagindlnich tampon (40 mg Norgestomet, Intervet, Francie) na dobu celkem 14 dni a pFSH (Folicotropin, Spofa Praha,
CR. v celkové divee 10 mg) bahnice plemen merino a oxford down (n = 16 ks) a rezimem CIDR (Novy Zéland. 14 dni) +
PMSG a Ovagen bahnice plemen suffolk. valadka a cigdja (n = 21 ks). pFSH i Ovagen byly aplikoviny dvakrit denné po
dobu ¢tyf dntt od 12. dne o3etieni. 14. den rano byly synchronizacni prostiedky (tampony, resp. CIDR) odstranény. Darkyné
byly vybranym beranem pfipustény z ruky. s vyjimkou skupiny bahnic plemene cigdja. které byly piipustény v harému.
Prijemkyné byly synchronizoviny intravaginilnimi tampony (Norgestomet 30-35 mg, Intervet Francie. na dobu 17 dni),
tampony byly odstranény ve stejném terminu jako synchronizaéni prostiedky u bahnic-ddrkyii. Piijemkyné byly pfi odstranéni
tamponi oetieny 500 mj. PMSG (Sergon. Bioveta Ivanovice na Hané, CR). Odbér i pfenos embryi byly providény 6. den
po prvnim kryti darkyn¢ laparoskopickou technikou (Wolf, Némecko). Rozdily ve stimulaci ddrkyn jednotlivych plemen
i rezimem oSetfeni byly malé a statisticky neprikazné (P > 0,05) - tab. I. Skupina bahnic plemene cigdja nebyla v ukazatelich
poctu vhodnych embryi, jejich podilu a neoplozenych oocyti hodnocena. Bylo pfeneseno 120 embryi 81 prijemkynim,
zabiezlo 57 bahnic (70,4 %). Prezivani embryi podle porodnického nilezu Cinilo 61,7 % (120/74), 4j. 1,3 jehnéte na obahnénou
piijemkyni (tab. 1I). Byla zjiSténa tendence zvySovini poctu jehiiat s poftem piendSenych embryi (1 aZ 3). ale poklesu
piezivani embryi (tab. I11). Vysledky prenosu kryokonzervovanych embryi jsou orientaéni: po prenosu vitrifikovanych embryi
zabiezlo 60 % (3/5) recipientek. po prenosu Cerstvych 66,7 % (2/3) a po pienosu embryi konzervovanych konvencnim
zmrazovanim (ve zmrazovaci) pouze 22,2 % (18/4, P < 0,05, tab. IV).

Klicovi slova: ovce: dirkyné: piijemkyné: superovulace; pienos; laparoskopie: zabfezavini: kryokonzervace: natalita

* This study was supported by the grant from the Ministry of Education. Youth and Physical Training of CR (program “"KONTAKT".
No. ME 212).
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INTRODUCTION

In the Czech Republic, embryo transfer technique
has been used as an effective method of reproduction
and selection in cattle above all. The presented paper
demonstrates preliminary results of superovulation and
embryo transfer in sheep.

The method employed in the mid-1950s by Rowson
et al. at Cambridge continued to be used as the standard
procedure for some 30 years before serious attempts
were made to develop non-surgical techniques. Accord-
ing to Sakul et al. (1992) the freezing of sheep embryos
can contribute to genetic improvement efforts. Then, there
is a potential of the technique to increase the efficiency
of breeding improvement programmes (e.g. MOET).

In the sheep, the induction of superovulation follows
the same lines as those employed in cattle — unlike the
donor cow, the seasonally breeding ewe need not al-
ways be showing estrous cycles. For that reason pro-
gestagen treatment preceding the gonadotropin part of
the regimen may be more usual in sheep. In the 1990’s,
when real-time ultrasonic- equipment could be em-
ployed to visualize follicular development, several re-
ports dealt with sheep (Riesenberg et al., 1995; Kaul-
fuss et al., 1995). PMSG has been the most widely used
gonadotropin for superovulation in sheep. In naturally
cyclic ewes, PMSG can induce a dose-related ovarian
response — ca. 2000 L.U. would be regarded as the highest
permissible dose. During the 1980’s commercial FSH
preparations (e.g. FSH-P) became available. The sub-
stitution of FSH-P for PMSG was shown to enhance
the effectiveness of superovulation treatment in provid-
ing good quality embryos (Torrie et al., 1987). Many
of superovulation treatments in sheep attempt to com-
bine ovarian stimulation with control of estrus (FSH
preparations or PMSG given in conjunction with pro-
gestagens). Evans et al. (1994) demonstrated that treat-
ment with a GnRH agonist prior to FSH produced vi-
able ovine embryos — administration of the agent in
sheep presents problems of cost and labour limiting its
commercial application. The collection and transfer of
sheep embryos by laparoscopy was described by Nel-
lenschulte and Niemann (1992). Steyn er al. (1993)
compared laparoscopy and surgical intervention. The
surgical technique adversely affected ewe fertility dur-
ing subsequent breeding seasons.

Sheep of high fecundity are more responsive to PMSG
treatment than animals of low fecundity (Cahill,
Dufour, 1979; Bindon et al., 1971, 1986). The effect of
breed on superovulatory response was reported by Tor-
res, Cognie (1984) and Cognie et al. (1986).

Greaney et al. (1991) studied superovulation re-
sponse of ewes in the breeding season and during the
anestrus. Ovulation rate was significantly higher in the
non-breeding than in the breeding season, all other pa-
rameters were similar. Body condition of ewes has
a significant effect on ovulatory response and embryo
yield (Boland et al., 1993). Like in cows, there is some
evidence in sheep that the presence of a large follicle
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at the time of gonadotropin administration decreases
the superovulatory response (Rubianes et al., 1995).
The use of GnRH improved fertilization rates and the
number of embryos collected per ewe (Walker et al.,
1989).

For many years sheep embryos were obtained by
flushing methods — nowadays laparoscopy is used for
embryo recovery. Non-surgical methods are essential
on animal welfare grounds. Their application in com-
mercial practice would be, however, very limited —
Gordon (1997).

Different forms of media have been used for collec-
tion and storage of sheep embryos. They should be
transferred as soon as possible after collection, they can
be stored at room temperature for several hours pro-
vided precautions are taken to avoid contamination of
the medium. Usually, day 3 to day 7 embryos are used
for ET. A variety of culture media were studied. Stor-
ing sheep embryos at a reduced temperature may have
advantages e.g. avoiding the need to freeze-thaw em-
bryos. Early-cleavage stage embryos (2-16 cells) are
more sensitive to cooling to 0 °C than morulae stages
(Willadsen et al., 1976). In a review of embryo freez-
ing methods in sheep, Brebion et al. (1992) referred to
the use of 1.5 M ethylene glycol as the cryoprotectant
and 20% FCS in the medium. Rall and Fahy (1985)
described an innovation in cryopreservation of mam-
malian embryos - vitrification. Schiewe et al. (1990)
showed that sheep embryos were able to survive their
simple and rapid vitrification procedure. Like in cattle
(Riha, 1990, 1993), vitrification is viewed by some re-
searchers in sheep as a possible means of eliminating
the need for expensive, programmable cryogenic units in
freezing-storing sheep embryos under field conditions.

As for synchronizing donors and recipients, opti-
mum results were found among recipients in heat 12 h
before to 12 h after donors. Alabart et al. (1995)
showed that one of the main factors contributing to
a high fertility rate was the degree of synchrony be-
tween donors and recipients.

An efficient and rapid non-surgical method for
transferring early ovine embryos which was efficient
for 2-day and 7-day embryos was described by Vallet
et al. (1989). Nellenschulte and Niemann (1992) re-
ported on the laparoscopic transfer of fresh and thawed
embryos. Buckrell et al. (1993) used a proven tech-
nique for transcervical sheep Al for transferring 7-day
embryos. Results indicated successtul penetration of
the cervix, lambing rate suggested, however, a need for
further development of the transfer technique.

MATERIAL AND METHODS

Animals and treatment regimens

In the period 1995-1997, 37 adult ewes were su-
perovulated in 5 herds (Tab. I). The Ist treatment regi-
men (Merino, Oxford Down sheep) was based on the
harmonization and blockage of the donor sexual cycle

CZECH J. ANIM. SCI., 44, 1999: 19-24
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with vaginal sponges (Norgestomet 40 mg, Intervet
France). FSH-P (Folicotropin, Spofa Prague, Czech Re-
public) was administered twice daily for 4 days (total
dose : 10 mg of the active substance) since Day 12 of
the treatment period.

The second regimen (Suffolk, Tsigai, Wallachian
sheep) was characterized by application of CIDR with
gestagens — on Day 11 they were replaced by the new
ones. One ml of FSH-Ovagen (New Zealand) was ad-
ministered to donors twice daily for 4 days since Day
14 of the treatment period, 300 mg PMSG (Sergon,
Bioveta Ivanovice in Hand, Czech Republic) were ad-
ministered simultaneously with the 1st dose of Ovagen.
Vaginal sponges and CIDR were removed at adminis-
tration of last but one dose of FSH-P or Ovagen. Heat
manifestations were controlled since the next day. Do-
nors were mated by a selected ram using hand-service
method (excluding Tsigai donors — group method) in
12h intervals during the standing period. Donors and
recipients were treated during the breeding season (Au-
gust-November). Synchronized adult ewes of various
breeds were used as recipients. Recipients were treated
as follows: intravaginal gestagen sponges (Norgestomet
30-35 mg, Intervet France) applied for 17 days (sponges
were removed at the time of sponge or CIDR with-
drawal in donors). Intramuscular injection of 500 I.U.
PMSG (Sergon, Bioveta Ivanovice on Hana) was ap-
plied to recipients at sponge withdrawal. A teaser ram
was used for heat control.

Recovery, transfer, and culture of embryos, pregnancy
diagnosis

EMBRYO COLLECTION AND TRANSFER

Embryos were collected on Day 6 of the cycle (after
Ist service). Uterine horns were flushed with 30—40 ml
of Krebs-Ringer phosphate complemented with 10%
bovine inactivated serum (animals were anesthetized
and restrained in dorsal recumbency) by means of Wolf
laparoscope (Germany). Embryos were recovered by
four stabs (optics, forceps, Foley catheter, medium) -
Riha et al. (1994). Fresh embryos were transferred to
recipients within 3 h after their isolation from the flush-
ing medium by a laparoscopic procedure (3 stabs —
forceps, optics, portable transfer apparatus) — Riha er al.
(1994). Potential recipients were characterized by one
CL at minimum and by absence of cysts and follicle
population on their ovaries. A conditioned medium
MEMD (Machatkova et al., 1988) was used for embryo
culture in the period isolation-transfer (cryopreserva-
tion). Pregnancy diagnosis was made by an ultrasonic
apparatus (Aloka SSD 210) in the 2nd month after ET
and by an obstetric control (examination).

EMBRYO CRYOPRESERVATION

Day 6 embryos were preserved by a vitrification
procedure applied in cattle (Riha, Landa, 1989; Riha,
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1990, 1993) or exposed to the conditioned medium
MEMD for 2-3 h and preserved by the conventional
method in the medium containing 10% glycerol (10 min
equilibration), loaded into straws, seeded at —6 °C and
cooled to =33 °C (cooling rate 0.3 °C/min) and plunged
into liquid nitrogen. Embryos were thawed in a water
bath (35 °C). Cryoprotectants were removed by 5 min
exposure to the medium containing 0.3 M sucrose and
50% glycerol followed by 5 min exposure to the me-
dium containing 0.3 M sucrose. Embryos were washed
3 times in a fresh medium and transferred by a laparo-
scopic procedure to suitable synchronized recipients.

Statistical analysis

Data were processed by routine statistical methods
and Excel 7.0 program. Data characterizing ET success,
rate of transferable embryos and unfertilized oocytes in
Tsigai ewes have not been included in the analysis (ap-
plication of an incorrect mating method — group method).

RESULTS AND DISCUSSION
Superovulatory response of donors

Numbers of ewes in specific sets are low. The number
of CL collected by laparoscopy demonstrates, however,
minimum variation: from 10.22 = 10.56 CL (1st set of
Merino ewes) to 12.50 + 6.76 CL (2nd set of Merino
ewes). No significant differences were found as related
to the treatment regimen (sponges — FSH-P vs. CIDR -
Ovagen), bibliographical references mention, however,
more favourable results in the case of combined treat-
ment (CIDR - Ovagen) — Fernie er al. (1994), Gordon
(1997). We have not applied PMSG and GnRH in our
experiments, stimulation of donors with the porcine (Fo-
licotropin) and ovine (Ovagen) FSH resulted in similar
responses. Obtained results are satisfactory thanks to
the timing of experiments (breeding season) — Boland
et al. (1993), Rubianes et al. (1995).

Mean number of collected ova was somewhat higher
in ewes treated with CIDR - Ovagen as compared to
the ewes treated with sponges — FHS-P (10.67 + 5.83
vs. 9.65 + 3.54 ova, P > 0.05). The mentioned tendency
corresponds to the references — Fernie et al. (1994),
Gordon (1997). They mention, however, significantly
higher recovery rates in the case of ovine FSH applica-
tion (Gordon, 1997).

The wrong mating method applied in Tsigai ewes
resulted in exclusion of the data from the compiled set.
No significant differences between the specific breeds
and treatment regimens were found in the number and
rate of transferable embryos (P > 0.05). The number and
rate of transferable embryos varied from 6.25 £ 4.50 to
9.56 + 3.86 i.e. from 68% to 100% in sets treated and
mated according to the methodical principle. The men-
tioned results correspond to the data presented in ref-
erences. The laparoscopic procedure proved to be an
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efficient and reliable method of embryo recovery in
adult ewes (Gordon, 1997).

Intrauterine laparoscopic insemination (or its com-
bination with natural service improving the efficiency
of embryo production) is recommended for ewe fertili-
zation (Maxwell et al., 1993; Boland et al., 1993, 1995;
Haresign et al., 1994a, b). Maxwell et al. (1993) men-
tion higher fertilization rates after the oviductal Al than
after the intrauterine one. In our experiments, the in-
trauterine Al could not be applied (financial limitation)
in spite of favourable fertilization rates found in experi-
ments with cattle and sheep (Riha, Cunat, 1995). Natu-
ral service (hand mating) resulted in satisfactory em-
bryo yield as well. Rates of transferable embryos vary
from 61% to 100% excluding the Tsigai set. The men-
tioned variance has not been associated with an evident
ram effect on embryo yield and quality demonstrated
by Fukui er al. (1988).

Transfer of fresh embryos

Results are presented in Tab. II. In total, 120 fresh
embryos were transferred to 81 recipients — 57 reci-
pients (70.4%) were pregnant. In total, 74 lambs were
born, i.e. 1.30 lamb per lambed ewe. Embryo survival

II. Laparoscopic transfers of fresh embryos and production of lambs

Item n %
Number of:

ET 81

Transferred embryos 120

Preg and lambed recipi 57 70.4
Production of:

Lambs in total ' 74

Lambs from transferred embryos 74

Lambs per pregnant recipient 1.3

Embryo survival rate 74/120 61.7

I11. Pregnancy rate and production of lambs as related to the quantity
of transferred embryos

Number of transferred

Item embryos
one two three
Number of:
ET n 48 27 6
Pregnant and lambed recipients » 34 20

%o 70.8 74.1 50

Production of lambs:

In total n 34 34 6
Per pregnant recipient n 1 1.7 2
Embryo survival n 34

% 708 | 63 333

P> 005

CZECH J. ANIM. SCI., 44, 1999: 19-24



IV. Preg y rate of recip after transfer of cryopreserved and fresh ewes embryos
Number of Pregnant recipients
Item P
ET transferred embryos n %
Embryos:
Vitrified 5 10 3 60"
Frozen in the freezer 18 36 4 227 P <0.05
Fresh 3 7 6.7"

Differences a. b are statistically significant (P < 0.05)

rate amounted to 61.7% (74 of 120). Pregnancy rates
are comparable with references and illustrate the opti-
mum choice of medium for in vitro culture (embryo
collection — embryo transfer interval) and appropriate
degree of synchrony between donor and recipient sexual
cycles contributing to higher embryo survival (Alabart
et al., 1995; Gordon, 1997). Laparoscopic method of
embryo transfer was successful similarly like in Czech
experiments with goat (Riha et al., 1994) or in sheep
experiments realized abroad (Fukui et al., 1988; Gor-
don, 1997). Tab. III demonstrates recipient reproduc-
tive parameters and natality as related to the number of
transferred embryos. Data illustrating transfer of three
embryos are orientational (only three classified recipi-
ents). In spite of this, some tendencies are evident. Con-
ception rate was not very variable. Numbers of lambs
produced by pregnant and lambed recipients were pro-
portional to the number of transterred embryos, embryo
survival rate (born lambs of transferred embryos), however,
decreased (from 70.8% to 33.3%, P > 0.05; Tab. III). The
mentioned results (conception rate of recipients, em-
bryo survival rate, natality) are comparable to the biblio-
graphic data (Gordon, 1997; Vallet er al., 1991 and
others). The laparoscopic method is very suitable for
ET realized under field conditions (on farms) — Fukui
et al. (1988), Riha er al. (1994), Gordon (1997).

Embryo cryopreservation

Preliminary results illustrating transfer of vitrified,
routinely frozen, and fresh embryos are presented in
Tab. IV. Transfer of 10 vitrified embryos to 5 recipi-
ents resulted in 60% pregnancy rate (3/5). The corres-
ponding values for transfer of 7 fresh embryos to 3 re-
cipients and of 36 frozen embryos to 18 recipients were
as follows: 66.7% (2/3), 22.2% (4/18), respectively.
Pregnancy rate characterizing recipients of routinely
frozen embryos was lower than rates recorded in reci-
pients of fresh and vitrified embryos (P < 0.05). In spite
of the orientational character of the mentioned results
the potential successful utilization of ovine embryo cryo-
preservation in the Czech Republic is evident. A si-
milar hypothesis was formulated by Niemann (1991),
Vallet et al. (1991), Rall (1992), Riha (1993), Gordon
(1997) and others. It is necessary to work out more
progressive cryopreservation procedures and to test

CZECH J. ANIM. SCL., 44, 1999: 19-24

new cryoprotectants applicable in conventional preser-
vation schemes — Willadsen et al. (1976), Brebion et
al. (1992), Songansen et al. (1995) or in vitrification
procedures — Niemann (1991), Riha (1990, 1993), Schie-
we et al. (1990). The presented results indicate promi-
sing perspectives of ET in sheep production and repro-
duction as well as in breeding programs.
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KONCENTRACIE SODIKA, DRASLIKA, VAPNIKA
A FOSFORU V KRVNOM SERE PO OSETRENI OVIEC
V PUERPERALNOM OBDOBI

SODIUM, POTASSIUM, CALCIUM, AND PHOSPHORUS
CONCENTRATIONS IN BLOOD SERUM AFTER THE TREATMENT
OF EWES IN PUERPERIUM

M. Krajni¢skova', E. Bekeova', I. Valocky®

'Research Institute of Experimental Veterinary Medicine, KoSice, Slovak Republic
R ; ; ol g ;
“University of Veterinary Medicine, KoSice, Slovak Republic

ABSTRACT: This study was aimed at the observation of sodium (Na), potassium (K), calcium (Ca), and (P) phosphorus
levels in ewes in puerperal period after the treatment with Depotocin, Léciva and Dirigestran, Léciva. Twenty-nine Slovak
Merino sheep kept on a commercial farm were included in the experiment. The animals were divided into three groups with
one group being a control one (n = 10). The animals in the control group were treated with | ml of saline solution in 24 h
(i.m.) and 72 h (s.c.) post partum. The ewes in the first group (n = 9) were administered 0.07 mg of carbetocin (2-0-methyl-
-thyronine deamino 1 carba oxytocin, Depotocin, LéCiva) at the same time as the control ones. The second experimental group
(n = 10) was treated with 200 pg of synthetic LH RH (Dirigestran, Léciva) at every treatment. Blood samples were taken
before the treatment 12 hs after parturition (day 0). Blood sampling continued on days 4, 7, 14, 17, 21, 25, 34, 42 and 51
post partum (p.p.). Na, K, Ca and inorganic P levels were determined in blood serum. A spectrophotometer Atomspek
(RANG-HIGLER) was used to determine Na and K levels. Ca and P concentrations were determined using the BIO-LACHEMA
tests (Lachema Diagnostika, Brno, Czech Republic). Na concentrations revealed significant differences between the control animals
and the ewes treated with Depotocin on days 4, 25 and 42 (P < 0,05), on day 51 (P < 0.01) and day 17 (P < 0.001). Significant
differences in Na levels between the control group and the group treated with Dirigestran were recorded on days 4 (P < 0.001),
7, 14,17 (P < 0.01) and 42 (P < 0.05). Significant differences in Ca levels were determined between the control animals and
the animals that were applied Dirigestran on day 21 (P < 0.05). Signiticant differences in Ca levels were found between the
control group and the group treated with Depotocin on day 21 p.p. (P < 0.01). The ewes after the application of Dirigestran
showed significant differences in comparison with the control ones on days 7. 17, 25 (P < 0,05) and 21 (P < 0,01). P levels
revealed significant differences in comparison with the control in the animals treated with Depotocin (P < 0.05) on days 4,
7, 14 and 34 and (P < 0.01) on days 17, 21, 42 and 51; and in the ewes treated with Dirigestran on day 42 (P < 0.01).
Concerning the above results we concluded that the repeated treatment during early puerperium in ewes influenced the increase
in mineral homeostasis levels.

Keywords: ewe: puerperium: Depotocin: Dirigestran: sodium: potassium; calcium; phosphorus

ABSTRAKT: V prici sme sa zamerali na sledovanie hladin sodika, draslika, vipnika a fosforu po oetreni oviec Depotocinom
(Léciva) a Dirigestranom (LéCiva) v puerperdlnom obdobi. Do experimentu bolo zaradenych 29 oviec plemena slovenské
merino, chovanych v podmienkach tzitkového chovu. Zvieratd sme rozdelili do troch skupin, z ktorych jedna sliZila ako
kontrola (n = 10). Zvieratd kontrolnej skupiny boli ofetrené 24 h (i.m.) a 72 h (s.c.) po porode fyziologickym roztokom
v mnozstve | ml pri kazdom oSetreni. Ovciam prvej pokusnej skupiny (n = 9) sme aplikovali v tom istom ¢ase ako u kontroly
0,07 mg carbetocinu (2-0-methyl-thyronine deamino 1 carba oxytocin, Depotocin, Léciva). Druhd pokusna skupina (n = 10)
bola oSetrend 200 pg syntetického LH RH (Dirigestran, Léciva) pri kaZdom oSetreni. Vzorky krvi boli odoberané pred
oetrenim — 12 h po porode (0. odber). Dalsie odbery boli robené v 4., 7., 14., 17., 21. 25.. 34., 42. a 51. dni po porode.
V krvnom sére sme stanovili koncentricie sodika (Na), draslika (K), vipnika (Ca) a anorganického fosforu (P). Stanovenie
Na a K sme robili spektrofotometricky na pristroji Atom Spek fy Rang-Higler. Koncentricie Ca a P sme stanovili Bio-La-
chema-testami (LACHEMA DIAGNOSTIKA. Brno, CR). Pri koncentricidch Na bola signifikantnost diferencii medzi kon-
trolnou skupinou a Depotocinom o3etrenymi bahnicami v 4., 25, a 42, dni (P < 0,05), v 51, dni (P < 0,01) a 17. dni (P < 0,001).
Statisticky vyznamné rozdiely medzi kontrolou a skupinou oviec o$etrenych Dirigestranom pri hladindch Na boli v 4. (P < 0,001).
7.. 14, 17. (P < 0,01) a 42. dni (P < 0,05). Pri koncentriciach draslika (K) bola signifikantnost rozdielov zistend medzi
kontrolou a skupinou zvierat po podani Dirigestranu v 21. dni sledovania (P < 0.05). Statisticky preukazné rozdiely pri
hodnoteni vapnika boli medzi kontrolou a ovcami oSetrenymi pripravkom na bize oxytocinu v 21. dni p.p. (P < 0,01). Skupina
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oviec po aplikécii Dirigestranu v porovnani s kontrolou vykazovala Statisticky vyznamné rozdiely v 7., 17., 25. (P < 0,05)
a 21. dni (P < 0,01) sledovaného obdobia. Signifikantnos( rozdielov v porovnani s kontrolou pri hladinich fosforu bola
u oviec odetrenych Depotocinom v 4., 7., 14. a 34. dni (P < 0,05) a v 17., 21., 42. a 51. dni (P < 0,01) a u oviec o$etrenych
Dirigestranom v 42. dni (P < 0,01). Z dosiahnutych vysledkov sledovanych parametrov usudzujeme, Ze opakované ofetrenie
bahnic v ranom puerpériu ovplyvnilo zvySovanie hladin mineralnej homeostazy.

KIicové slova: ovca; puerperium; Depotocin (Lé¢iva); Dirigestran (Légiva); sodik; draslik; vdpnik; fosfor

UvoD

Nepostradatelnou sicastou pri neurohumoralnej re-
guldcii procesov rozmnoZovania hospodarskych zvierat
je i aktivny transport niektorych mineralnych latok
bunkovymi membrinami. Ich deficiencia je doprevéd-
zand aj naruSenim priebehu pohlavnych funkcii s né-
slednym zniZenim fertility zvierat (Kudlac et al., 1995).

Koncentracie sodika a draslika boli §tudované v si-
vislosti s horménom zadného laloku hypofyzy (Berger,
Marschal, 1961), pricom autori zistili, Ze oxytocin pdsobi
na membranu buniek a meni jej permeabilitu pre pre-
chod elektrolytov. Signifikantné rozdiely v koncentra-
cidch sodika a hlavne draslika pocas porodu krav po-
zoroval Schvarc (1965) a u oviec Okab et al. (1991).

Viapnik v ionizujicej forme participuje na stimulacii
C — AMP pri ovaridlnej steroidogenéze s naslednym
vplyvom na LH a FSH (Van der Kraak, 1991). Podla
zisteni, ktoré uvadzaji Ortman et al. (1994), je intrace-
luldrne kalcium prioritnym poslom v GnRH, pricom
vstup vapnika do bunkovych Struktir adenohypofyzy
zavisi od dizky pdsobenia ovarialnych steroidov. Zme-
ny vzijomného pomeru vipnika a fosforu vo vztahu
k plodnosti po porode kriv zaznamenali Garbarcik
a Balon (1978). Podiel minerélnej homeostazy anorga-
nického fosforu na zniZenie fertility uvadzaji Hunter
a Van Aarde (1973).

Uvolfiovanie LH a FSH je regulované hypotalamic-
kym peptidom GnRH, ktorého stimulacia je zavisla na
hladinach intraceluldarneho vapnika 2+ (McArdle et al.,
1991). Mobilizécia ionizovaného vapnika z intracelular-
nych zasob a nasledna aktivacia proteinkinazy-C moze
tiez podporit stimuldciu a uvolfiovanie GnRH (Hirota
et al., 1985; McArdle et al., 1986).

Vychadzajic z hore uvedenych skutocnosti ako aj na-
Sich predchadzajucich prac (Krajni¢akova et al., 1995)
sme sa v naSej prici zamerali na sledovanie vplyvu
aplikacie Depotocinu, LéCiva, a Dirigestranu, Léciva,
na koncentracie vybranych ukazovatelov mineralne;j
homeostizy u bahnic v popérodnom obdobi.

MATERIAL A METODA

Do experimentu bolo zaradenych 29 bahnic plemena
slovenské merino vo veku tri az Styri roky, s hmotnos-
tou 40 az 50 kg, obahnenych medzi 1. aZ 12. februa-
rom. Zvieratd vSetkych skupin v Case experimentu boli
chované spolu s jahnatami v ovéine klasického typu na
hlbokej podstielke bez regulicie svetelného reZimu.
Kfmna dévka pozostivala z kfmneho ovsa (0,35 kg),
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sena (2,0 kg) a OV-5 (0,2 kg). Voda a dobyt¢ia sol boli
podavané ad libitum.

Ovce boli rozdelené do troch skupin — kontrolnej
(n = 10) a dvoch pokusnych (n = 9; n = 10). Bahnice
kontrolnej skupiny boli oetrené 24 h (i.m.) a 72 h (s.c.)
po porode fyziologickym roztokom v mnoZstve 1 ml pri
kazZdom oSetreni. Ovciam prvej pokusnej skupiny (oSet-
renie Depotocinom, Léciva) sme aplikovali v tom is-
tom Case ako u kontroly 0,07 mg carbetocinu (2-0-met-
hyl thyronine deamino | carba oxytocin, Depotocin,
Léciva). Druha pokusna skupina (n = 10) bola oSetrena
200 ug syntetického LH RH (Dirigestran, Léciva) pri
kazdom oSetreni.

Vzorky krvi boli odoberané punkciou v. jugularis
medzi 8.00 a 9.00 h. Prvy odber bol urobeny pred oset-
renim, t.j. 12 h po pérode (0. odber). DalSie odbery boli
va.,7,14.,17., 21,25, 34.,42. a 51. deii po porode.

V krvnom sére sme stanovili koncentricie sodika
(Na), draslika (K), vapnika (Ca) a fosforu (P). Koncen-
tracie Na a K v krvnom sére sme uréili spektrofotomet-
ricky na pristroji Atom Spek fy Rang-Higler, koncentra-
cie Ca a P sme stanovili Bio-Lachema-testami
(LACHEMA DIAGNOSTIKA, Brno, CR). Miera roz-
ptylu individualnych hodndt bola uréena vypoctom sme-
rodajnej odchylky. Testovanie diferenci medzi hodnota-
mi sledovanych parametrov zistenymi 12 h po pdrode
a v ostatnych diioch sledovania a medzi kontrolnou a po-
kusnymi skupinami sme robili Studentovym z-testom.

VYSLEDKY A DISKUSIA

Pri hodnoteni hladin sodika (obr. 1) sme u kontrol-
nej skupiny zaznamenali $tatisticky preukazny pokles
(P < 0,05) v 4. a 17. dni popérodného obdobia v po-
rovnani k 12. hodine p.p. (0. dei). U Depotocinom
ofetrenych oviec sa jeho koncentrdcie pohybovali pri
signifikantne preukaznom poklese (P < 0,05) v 14. dni
a4., 25, 34. a 42. dni sledovania (P < 0,01). Najvyssi
Statisticky vyznamny pokles (P < 0,001) sme zazname-
nali v 51. dni po pérode. Skupina oviec oSetrenych Di-
rigestranom vykazovala Statisticky vyznamny pokles
(P <0,05) v42. dni, (P<0,01) v5l.dnia(P<0,00I)
v 17. dni sledovania. Statisticky vyznamné rozdiely me-
dzi kontrolou a skupinou oviec oSetrenych Dirigestranom
pri koncentraciach sodika boli v 4. dni (P < 0,001); 7.,
14.,17. (P < 0,01) a 42. dni (P < 0,05). Pokles koncen-
tricii sodika v popérodnom obdobi, podobne ako sme
zistili v kontrolnej skupine bahnic, zaznamenali i Jeli-
nek et al. (1985) a Sobiraj et al. (1986). Koncentricie
sodika méZzu byt stimulované i vzijomnym pomerom
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3. Koncentricia vdpnika (Ca) v krvnom sére oviec v puerperdlnom
obdobi — Calcium (Ca) concentrations in the blood serum of sheep
in puerperal period

For Figs. 1-4: hodiny = hours; dni po pdrode = days after parturition;
kontrolnd skupina = control group; skupina po aplikicii Depotocinu
= group after Depotocin treatment; skupina po aplikdcii Dirigestranu
= group after Dirigestran treatment

hormondlnych hladin, ako uvadzaji Rubython a Mor-
gan (1983). V bunkach endometria jahniat sledovanych
in vitro boli koncentracie sodika stimulované estradio-
lom (Zanca et al., 1983). Do akej miery malo vplyv
oSetrenie bahnic Depotocinom na zistené hladiny sodi-
ka, zatial vysvetlit nemdZeme. AvSak ak berieme
v dvahu zistenia autorov Zanca et al. (1983), nemdze
byt vyli¢ené ani pdsobenie estrogénov cez oxytocin
a prostaglandiny. Vysledky medzi kontrolou a skupi-
nou oviec oSetrenych Dirigestranom v sledovanom ob-
dobi podporuji i zistenia, ktoré uvadzaji Mason, Sik-
dar (1988) a Tse, Hill (1993) a ktoré predpokladaju
stimulaéné posobenie GnRH na membréanovy potenciél
sodika u bahnic.

Koncentricie draslika v krvnom sére bahnic (obr. 2)
mali podobny trend dynamiky ako hladiny sodika do
14. diia po porode obidvoch skupin, aviak s vy$§imi
hodnotami skupiny oviec oSetrenych Depotocinom.
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4. Koncentricia fosforu (P) v krvnom sére oviec v puerperdlnom
obdobi — Phosphorus (P) concentrations in the blood serum of sheep
in puerperal period

V dalSom obdobi sledovania si charakteristické vicSie
vykyvy so signifikantnym rozdielom sledovanych sku-
pin v 42. dni po pérode (P < 0,05). Statisticka vyznam-
nost medzi kontrolou a skupinou oSetrenou Dirigestra-
nom bola zaznamenana v 21. dni popdrodného obdobia
(P < 0,05). Zisteny pokles draslika v kontrolnej skupi-
ne bahnic sa priblizuje ddajom, ktoré uvadzaji Jelinek
et al. (1985) po pérode oviec, a vysledkom, ktoré pre-
zentuji Kudlag et al. (1995) pri fyziologickom priebe-
hu puerpéria krav.

Dynamika sérového véipnika v kontrolnej skupine
vykazovala siginifikantne najniZSie hodnoty v porov-
nani k 12 h p.p. v 17,, 21. a 34, dni (P < 0,05) po
pérode (obr. 3). Naproti tomu dynamika Ca u skupiny
oviec oSetrenych Depotocinom vykazovala nepravidel-
ny, Statisticky nepreukazny (P > 0,05) vzostup ich
hodnét v uvedenom obdobi. Skupina oviec oSetrenych
Dirigestranom nevykazovala Statisticky vyznamné roz-
diely v dynamike sledovaného vdpnika. Signifikantnost
rozdielov medzi kontrolou a Depotocinom oSetrenymi
ovcami bola zistend v 21. dni p.p. (P < 0,01). Statistic-
ky preukazné rozdiely sme zaznamenali medzi kontro-
lou a skupinou oviec oSetrenych Dirigestranom v 7.,
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17., 25. (P < 0,05) a 21. dni (P < 0,01) popérodného
sledovania. U obidvoch oSetrenych skupin bol zisteny
vzostup vapnika, zatial' o u kontrolnej vykazoval po-
kles. ZniZenie hladin sérového vapnika, ktoré sme zis-
tili u kontrolnych oviec, je podobné tidajom po porode
oviec, ako uvadzaji Jelinek er al. (1985), a dojnic (Iva-
nov et al., 1990). Ak berieme v dvahu skutocnost, ze
deficit vapnika znizuje plodnost (Hunter, Van Aarde,
1973), potom rozdiely v dynamike vapnika medzi sku-
pinami podporuji hypotézu, Ze vapnik je nepostrada-
telnou sucastou a jednym z faktorov pre popérodni
obnovu pohlavnych funkcii.

Mierny nesignifikantny vzostup anorganického fos-
foru sme zistili v kontrolnej skupine (obr. 4). U Depo-
tocinom oSetrenych bahnic mal anorganicky fosfor po
14. dni sledovania tendenciu nepravidelného vzostupu.
U skupiny oviec oSetrenych Dirigestranom mala jeho
dynamika podobny trend, avSak so Statisticky preukaz-
nym vzostupom v 42. (P < 0,01) a 51. (P < 0,05) dni
sledovania. Signifikantnost rozdielov v porovnani ku
kontrole bola u Depotocinom oSetrenych bahnic ziste-
niv4,7,14. a34.dni(P<005)al7., 21,42 a5l.
dni (P < 0,01) a u Dirigestranom oSetrenych oviec
v 42. dni (P < 0,01). Dynamika koncentracii anorga-
nického fosforu, ako sme zistili u kontrolnej skupiny,
bola podobna vysledkom, ktoré uvadzaji Jelinek et al.
(1985) do prvého mesiaca po poérode. Nami zazname-
nané hladiny anorganického fosforu u o3etrenych oviec
a najmi oviec po podani Depotocinu podporuje i naSa
predchadzajica praca (Krajnicakova er al., 1995)
o vzostupe reprodukénych ukazovatelov u takto oSetre-
nych bahnic v porovnani s kontrolou.

Na zdklade nami dosiahnutych vysledkov sledova-
nych parametrov usudzujeme, Ze aktivne vedenie puer-
péria malo pozitivny vplyv na koncentricie minerilne;j
homeostéazy s naslednym t¢inkom na fertilitu a obnovu
pohlavnych funkcii bahnic v popérodnom obdobi.
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LARVAL DEVELOPMENT AND GROWTH
OF THE EUROPEAN WELS (SILURUS GLANIS) UNDER
EXPERIMENTAL CONDITIONS FED NATURAL

AND PELLETED DIETS"

LARVALNI VYVOIJ A RUST SUMCE VELKEHO (SILURUS GLANIS)
V EXPERIMENTALNICH PODMINKACH KRMENEHO PRIROZENOU
A GRANULOVANOU POTRAVOU

M. Prokes', V. Barus', M. Peniaz', J. Hamackova®, J. Koufil®

Institute of Vertebrate Biology, Academy of Sciences of the Czech Republic, Brno, Czech
Republic

2 Research Institute of Fisheries and Hydrobiology, South Bohemian University, Vodiiany,
Czech Republic

ABSTRACT: The development and growth rate were studied in two groups of the European Wels (Silurus glanis) larvae
fed different diets. The first group was fed size-sorted live zooplankton, and the second group was fed the artificial universal
pelleted. so-called starter feed. prepared in the INRA in France. The rearing was performed under experimental conditions
of aquaria in the Research Institute of Fisheries and Hydrobiology of the South Bohemian University. Vodiany. The larval
developmental period was divided into 6 steps (L1-L6). In the first group of free embryos. exogencous food was first taken
on day 4 of age with 10.2 mm TL, in the second group on day 5 of age with 11.3 mm TL. Mixed, endogeneous and exogencous
nutrition occurred coincidentally in both larval groups during the first two steps of development (L1-L2). During the third
step of development (L3) at 8-9 days ol age with 14.6-15.5 mm TL, a marked intensification of feeding appeared. The first
signs of canibalism were observed during the fifth step (L5) at 15-16 days of age with 21.0-21.7 mm TL. The termination
of the larval developmental period occurred in the first experimental group of larvae at 26-31 days of age with 30-35 mm
TL. and in the second group of larvae at 33-39 days of age with 28-30 mm TL. Up to 16 days of age (21.9 mm TL). no
differences in the development and growth rate were observed between the groups compared. The specific length and weight
growth ratio (SLGR and SWGR) and also parameters of weight condition (FWC. coefficients of length-weight relationship)
were very similar. During the next rearing period up to the end of experiment, however, the intensity of growth rate dropped
successively in the larvae ted artificial diet. At the end of experiment, the mean length of the larvae fed artificial diet was
lower by 46.6%, and their mean weight was lower by 137% (1 = 2.3575, p = 0.01) than those in the larvae fed live diet. On
the contrary, the mean FWC value was higher by 37.6% in the larvae fed artificial diet. In the present study, developmental
deviations and predatory injuries are described. It is stated concluding that the artificial universal starter feed is appropriate
to initial feeding and rearing of larvae up to 16 days of age. i.e., to the mean total length (TL) of 22 mm and weight (w) of
0.1 g

Keywords: European Wels; larval ontogeny: larval growth rate; experimental pelleted feed: factor of weight condition:
length-weight relationship; morphological anomalies

ABSTRAKT: Byl srovnin vyvoj a rast dvou skupin larev sumce velkého (Silurus glanis) krmenych rozdilnym Krmivem.
Prvni skupina byla krmena Zivym, velikostné tfidénym zooplanktonem a druhd skupina umélym, univerzialnim. granulovanym.
tzv. startérovym krmivem, pfipravenym v INRA ve Francii. Odchov byl proveden v experimentilnich akvarijnich podminkich
ve VURH JU ve Voditanech v roce 1996. Larvilni perioda vyvoje byla rozélenéna na 6 etap (L1-L6). K prvnimu pfijmu
exogenni potravy doslo u 1. skupiny volnych embryi ve ¢tvrtém dni véku pii TL 10.2 mm a u druhé skupiny v patém dni
véku pti TL 11.3 mm. Smifend, endogenni i exogenni vyZiva probihala u obou skupin larev shodné b&hem prvnich dvou etap
vyvoje (L1-L2). V pribéhu tieti etapy vyvoje (L3) ve véku 8-9 dni pii TL 14.6-15,5 mm doslo k vyraznému zintenzivnéni
prijmu potravy. Prvni pfiznaky kanibalismu byly pozoroviny v pité etapé (L5) ve véku [15-16 dni pii TL 21.0-21.7 mm.
K ukonceni larvilni periody vyvoje (konec L6) doslo u prvni skupiny larev ve véku 26-31 dni pfi TL 30-35 mm a u druhé

* This work was partly supported by the National Agency of Agricultural Research of the Czech Republic (Grant No. 1E 5139) and by the Grant
Agency of the Academy of Sciences of the Czech Republic (Grant No. A 6087804).
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skupiny larev ve véku 33-39 dni pfi TL 28-30 mm. Do véku 16 dni (TL 21,9 mm) nebyly mezi srovndvanymi skupinami
larev zji$tény rozdily v rychlosti vyvoje a intenzité ristu. Specificka rychlost délkového a hmotnostniho ristu (SLGR, SWGR)
i parametry hmotnostni kondice (FWC, koeficienty délko-hmotnostniho vztahu) byly velmi podobné. V.dal3im obdobi chovu
az do konce pokusu se viak postupné sniZovala rychlost vyvoje a intenzita riistu u larev krmenych umélou potravou. Na konci
pokusu byla primérnd délka larev krmenych umélou potravou 0 46,6 % a hmotnost o 137 % (t = 2,3575, p = 0,01) niZsi nez
u larev krmenych Zivou potravou. Primérnd hodnota FWC v3ak byla naopak u larev krmenych umélou potravou o 37,6 %
vy$§i. V prici jsou dile popsany vyvojové odchylky a poSkozeni predaci. V zivéru je konstatovano, Ze umélé univerzalni
startérové krmivo je velmi vhodné pro rozkrmeni a pocate¢ni odchov larev az do véku 16 dni, tj. do primérné celkové délky
(TL) 22 mm a hmotnosti (w) 0,1 g.

Klicova slova: sumec velky; larvdlni vyvoj; larvdlni rust; experimentdlni granulované krmivo: koeficient kondice; délko-

-hmotnostni vztah: morfologické anomalie

INTRODUCTION

In the study submitted, the results are presented as
obtained during the solving of a part of the scientific pro-
ject “Biological and Technological Aspects of the Euro-
pean Wels (Silurus glanis L.) Culture under Conditions
of the Czech Republic®, which was realized in 1995-1997
in three research institutions: Institute of Fisheries and
Hydrobiology of the Mendel University of Agriculture
and Forestry in Brno, Research Institute of Fishery and
Hydrobiology of South Bohemian University, Vodiiany,
and Institute of Vertebrate Biology of the Academy of
Sciences of the Czech Republic in Brno (Jirdsek et al.,
1998b). Performed were analyses and comparisons of the
basic ontogenic and growth rate parameters of two larval
groups reared under the same experimental conditions but
fed different diets: natural live zooplankton and artificial
experimental pellets of French origin.

Investigations into the ontogeny of the European Wels
were carried out by Kryzhanovskiy (1949), Ginzburg
(1950) and Lange et al. (1977). Partly, the development
or characterization of developmental steps (stages) are
dealt with in the studies by Vojnarovi¢ (1954), Mihalik
(1968), Hochman (1970), Koblitskaya (1981) and others.
Morphological characteristics of larvae are presented in
the study by Ginzburg (1950), Cerny (1979) and Oliva
(1963 — see Baru$, Oliva, 1995). A considerably large
amount of papers has been published on larval growth
rate and food. During the post-war period, the rearing
and growth rate of European wels have been studied in
the Czech Republic since 1950s. Presented are reviews
of the results published by 1980 in the paper by Koufil
and Berka (1981), and results of the rearing of young
in troughs are in the study by Mare§ and Koufil (1988).
A present review of the knowledge on biology and
technology of the European Wels culture: in the study
by Mare$ (1996) and that of the knowledge on larval
growth rate under conditions of aquaria, including the
testing of various sorts of pelleted starter feeds, are
presented in the studies by Haméckova et al. (1997a, b).

MATERIAL AND METHODS

Experimental rearing of free embryos, larvae and
juvenile specimens of the European Wels was performed
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in two 100 | aquaria with controlled water temperature,
recirculation and aeration in the Research Institute of
Fishery and Hydrobiology of South Bohemian Univer-
sity, Vodiany. The initial stock of three days old free
embryos (D3) was 2000 individuals (ind) per aquarium
(20 ind.I"", 0.152 g.l'l). The stocking density was re-
duced every five or seven days as follows: at age of
9 days (D9) to 1000 ind (10 ind.I"!, 0.285 g.I"!), on D4
to 600 ind (6 ind.I"!, 0.451 g.I™' ), on DI8 to 500 ind
(5 ind.I™!, 0.541 g.I”") and on D24, 29, 34 to 400 ind
(4 ind.I"", 0.902 g.I"!, 300 ind (3 ind.I"", 1.122 gI7"),
200 ind (2 ind.I"", 1.612 g.l'l), respectively. Aquaria
were supplied with water from the Blanice River,
which was filtered and heated to 25 °C (23.2-27.0 °C)
before use. Water exchange rate in aquaria: once per
3 hours at the beginning of experiment and once an
hour at the end of experiment. The oxygen content in
aquaria was maintained above 4 mg OZ.I‘l (2.0-5.1 mg
Oz.l’l). The contents of ammonia, nitrites, nitrates, al-
kalinity and acidity were within the norm of fish cul-
ture. The pH was 7.1-7.4.

In the first aquarium, larvae were fed experimental
pellets sized 0.25-0.45 mm which had been produced
in the Laboratory for Larval Fish Nutrition in the INRA
at St. Pee sur le Nivelle in France. The feed composi-
tion was as follows: dry matter 91%, crude protein
49%, crude fat 11%, raw carbohydrates 30% and raw
ash 10%.

In the second aquarium, the control group was fed
with zooplankton (Rotatoria, Copepoda, Cladocera)
caught in ponds and graded to appropriate size (0.25-0.30
mm at the beginning of experiment and 0.7-1.0 mm at
the end of experiment).

Feeds were given to larvae every two hours during
the daylight period (8 times a day). Daily doses were
calculated according to Prikryl er al. (1990). Calcula-
tions were based on the temperature of rearing water,
mean individual net weight of larvae, specific weight
growth ratio (SWGR), stocking rate in aquaria and food
conversion ratio (FCR). Aquaria were cleaned twice
a day. The survival rate was calculated on countings of
larvae recovered at the end of 7, 16, 22, 27, 32 and
37 days of experiment. Cumulative survival of the lar-
vae fed experimental pellets was 86.3%, and that of the
larvae fed zooplankton was 64.7%.
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For ontogenctic and growth analyses during the whole
experimental period of 37 days, 5 specimens were taken
daily from each aquarium, and at water exchange (at
recapture), the sample of 30-39 specimens was taken
from each aquarium on days 5-7. The specimens taken
were fixed in 4% solution of formaldehyde and pre-
served till reprocessing. which was performed in the
Institute of Vertebrate Biology of the Academy of Sci-
ences of the Czech Republic in Brno. In the total,
729 young specimens were treated.

The experiment was launched on 28.6.1997 and
stopped on 3.8.1997. On 28.6.1997 free embryos of the
total length (TL) of 8.5-9.5 mm (mean 9.1 mm) and
weight (w) of 0.0060-0.0087 g (mean 0.0076 g) were
stocked into both aquaria at the same time; their develop-
mental step was classified to be the final step of the
embryonal developmental period. The experimental
material produced artificially at Vodiiany was derived
from one parental fish pair.

During the proper reprocessing of fixed samples, the
total length (TL in mm), weight (w in g), developmen-
tal step and morphological anomalies or other charac-
teristics from the point of view of evaluating the onto-
genetic process, growth rate and health state were
registered in each specimen. The larval developmental
period was divided into 6 steps (L1-L6) analogical to
the division in the methodology by Lange et al. (1974).
Mathematico-statistical processing of data was done on
PC and Microsoft Office software programs (basic sta-
tistics, regressions) were used.

Factor of weight condition was calculated using the
form FWC = w.10%/TL?, specific length growth ratio
(in % of TL.day™') according to the form SLGR =
(In TL, - In TLyt) . 100, specific weight growth ratio
(in % of w.day'l) according to the form SWGR =
(In wy = In wy/t) . 100. For the fry age, the symbol of
D (days after hatching) was used.

RESULTS
Ontogeny

Free embryos released into the experiment were
noted for large head with small eyes, 3 pairs of devel-
oping barbels, large oval yolk sac, large unpair fin fold
and pigmented body. The age of embryos stocked was
3 days, mean total length was 9.1 mm and mean weight
was 0.0076 g. At the beginning of mixed feeding (en-
dogenous and cxogenous), i.e. after consumption of the
first exogenous food (L1), the larvae fed zooplankton
were 10.2 mm long (on day 4 of age) and the larvae
fed pellets were 11.3 mm long (on day 5 of age). A part
of yolk was not still resorbed. The digestive tract con-
sisted of the developing oesophagus, stomach, intestine
and functional anus. Moreover, the basis of liver could
be observed. Configuration of the fin fold was noted for
a straight long line of the dorsal part, long line of the
ventral postanal part and short line of the preanal part.
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The developing pectoral fins were without rays. Dorsal
part of the head was pigmented intensively with melanine.
The head length was 18%, body length was 21% and tail
length was 60% of the total length. The eye horizontal
diameter was only 13% of the head length. All larvae
consumed round pellets, sized 0.25 mm, given to them.

At the age of 6 days with 12.8 mm TL (L2) the gas
bladder basis and that of the dorsal fin at the beginning
of the fin fold dorsal part were registered for the first
time. The yolk was resorbed almost completely. The
lengths of the fast growing barbels were equal or greater
than the head length. The shape of markedly pigmented
eyes continued to change gradually from round to oval
one. The digestive tract developed intensively, the stom-
ach size and intestine length were enlarged markedly.

At the age of 8-9 days with 14.6-15.5 mm TL (L3).
an important change occurred in the feeding rate due
to well developed gas bladder and digestive tract. In the
gas bladder, its connection with oesophagus by ductus
pneumaticus was distinctly visible. The stomach was
massive, the intestine was always right-sided to the
stomach and formed two loops before its transition into
the anus. The volumen of the digestive tract changed
markedly depending on its food fullness. Larvae took
food intensively which resulted in a fast increase ol
weight condition, see the course of the FWC value
(Tabs. I. II, Fig. 2). During this developmental period,
no developmental differences were found between the
larvae fed natural and pelleted diets, and no marked
manifestations of canibalism were observed. During the
next steps, in particular the development of fins could
be observed externally.

At the age of 15-16 days with 21.0-21.7 mm TL
(LS), the first signs of starting canibalism (biting off
the eyes and tail fin) and those of food insufficiency
were observed in the larvae receiving pelleted feed.
This fact is evident after performed analyses of TL, w and
FWC values, and it is manifested by a decreased intensity
of ontogenetic development and growth rate in larvae.

The termination of the larval developmental period
(end of L6) occurred in the specimens receiving natural
feed at the age of 26-31 days with 30-35 mm TL, and
in the specimens fed experimental pellets up to the age
of 33-39 days with 28-30 mm TL (Tab. III). During
this developmental period, all larval features disap-
peared. However, no initial formation of scales is ob-
served here, as it is the case in cyprinids, because they
are not formed in European Wels at all. Towards the
end of our trial. the specimens fed pellets had
a changed body shape, dominated by the large head,
and they had a higher value of weight condition than
the specimens fed zooplankton, where the development
and growth rate were higher. This fact is documented
in greater detail in the subchapters below.

Length and weight growth rates

The characterization of the length growth rate in the
European Wels larvae is presented using the limit and
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L. Parameters of the length and weight growth rates and factor of weight condition in the European Wels (Silurus glanis) fry fed zooplankton

s e R Age Interval TL [TLd"] | SLGR w [wd'] | SWGR FWC
(days) (days) (mm) (mm) (%) (g) (g) (%)
1 28. 6. 27 3 - 9.1 - - 0.0076 - - 1.01
2 29. 6. s 4 I 10.2 L1311 | 11,7294 | 0.0095 0.0019 | 22.4453 0.89
3 30. 6. (3 s 1 113 11200 | 103990 | 0.0128 0.0033 | 29.8697 0.88
4 147 5 6 1 12.8 1.5000 | 124229 | 0.0161 0.0033 | 22.8450 0.76
5 25T s 7 | 13.8 1.0000 | 7.4998 | 0.0184 0.0023 13.3843 0.69
6 3.7 5 8 1 14.6 0.8000 | 56195 | 0.0217 0.0033 16.6216 0.69
7 4.7. 33 9 1 15.5 0.8691 57669 | 0.0320 0.0103 | 389062 0.86
8 5% s 10 | 16.0 0.4409 | 28032 | 0.0319 | -0.0001 | -0.2062 0.78
9 6.7. 5 11 1 16.1 0.1500 | 09360 | 0.0308 | -0.0011 | -3.5875 0.73
1 8. 7. 6 13 2 18.9 1.4000 | 8.0171 0.0609 0.0150 | 34.0531 0.90
13 10. 7. 5 15 2 21.0 1.0500 | 5.2680 | 0.0875 0.0133 18.1531 0.94
14 W7 5 16 | 21.7 07200 | 33711 0.0956 0.0081 8.8952 0.93
15 2.7, s 17 1 227 1.0200 | 45892 | 0.1144 0.0188 17.9110 0.97
16 1337, 33 18 1 225 -0.2461 | -1.0880 | 0.1050 | -0.0094 | -8.5885 0.92
17 14. 7. 5 19 1 23.9 1.3661 5.8958 | 0.1220 0.0170 | 15.0205 0.90
18 15.7. s 20 1 249 1.0800 | 4.4270 | 0.1289 0.0069 5.5016 0.83
19 16. 7. 5 21 1 24.3 -0.6000 | -2.4352 | 0.1369 0.0080 5.9922 0.94
20 17.7: 5 22 1 27.0 26600 | 103716 | 0.1890 0.0522 | 32.3000 0.96
21 18. 7. 5 23 1 27.6 0.6400 | 23427 | 0.1896 0.0006 0.3063 0.90
22 19. 7. 30 24 1 28.2 0.5873 21025 | 0.2254 0.0358 17.2855 1.01
24 21. 7. 5 26 2 30.2 09864 | 33777 | 0.2424 0.0085 3.6274 0.87
25 227 5 27 1 323 21000 | 67225 | 03176 0.0752 | 27.0243 0.93
26 23.7. s 28 1 319 -0.4000 | -1.2461 03008 | -0.0167 | -5.4088 0.92
27 24.7. 33 29 1 34.3 23848 | 7.2098 | 0.3740 0.0731 | 21.7604 0.91
28 25,7 s 30 1 344 0.1152 | 03353 | 03605 | -0.0135 | -3.6802 0.88
29 26. 7. 5 31 1 36.9 25000 | 7.0155 | 0.4887 0.1283 | 30.4450 0.92
30 217 5 32 1 37.2 0.2600 | 07021 0.4467 | -0.0420 | -8.9899 0.86
31 28. 7. 5 33 1 36.4 -0.7600 | -2.0664 | 0.4447 | -0.0020 | -0.4442 0.92
32 29.7. 32 34 1 385 20706 | 55325 | 0.5428 0.0980 | 19.9202 0.94
33 30. 7. 35 1 36.2 -22706 | -6.0835 | 0.4394 | -0.1034 | -21.1328 0.93
34 a7 s 36 1 420 5.8000 | 14.8610 | 0.7180 0.2786 | 49.1133 0.97
37 3. 8. 34 39 3 45.3 1.1143 25528 | 0.8062 0.0294 3.8632 0.85
Total 348

mean values of TL, daily increments of TL (TL.d‘l)
and the values of specific length growth ratio (SLGR) —
Tabs. T and II. Analysing the length growth rate, we
found that, during the period between 3 days of larval
age (TL = 9.1 mm) and 16 days (TL = 21.9 mm), no
differences occurred in the larvae fed live and artificial
feeds. During the next rearing period up to the end of
experiment, however, the intensity of length growth
rate in the larvae fed pellets dropped down succes-
sively. The difference of the mean TL at the end of
experiment at 39 days of fry age, was 46.6%. Analogi-
cal differences were also found in daily increments and
specific length growth ratio.

The characterization of the weight growth rate is
presented in a similar way like in the weight growth
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rate (Tabs. I and II, Fig. 1). A successive decrease in
the intensity of weight growth rate occurred, of course,
only as late as from day 21 of larval age, i.e. from the
weight of 0.1369 g, in the group of the larvae fed
zooplankton, or from the weight of 0.1240 g in the
group of larvae fed experimental pellets. At the end of
experiment, the difference in the mean weight between
the fry groups compared was 137% in disfavour to the
larvae fed pellets (1 = 2.3575, p = 0.01).

Factor of weight condition and length-weight
relationship

During the period of the first 7-8 days of life of the
European Wels fry, in association with successive yolk
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11. Parameters of the length and weight growth rates and factor of weight condition in the European Wels (Silurus glanis) fry fed experimental

pelleted starter feed

Ex. Date ; Age Interval TL [TL.d™" SLGR w [w.d™'] SWGR FWC
(days) (days) (mm) (mm) (%) (g) (g) (%),

| 28. 6. 27 3 - 9.1 - - 0.0076 - - 1.01

2 29. 6. 5 4 | 10.1 0.9911 10.3501 0.0092 0.0016 19.2296 0.90

3 30. 6. 5 5 1 11.3 1.2200 11.4249 | 0.0122 0.0031 | 28.7682 0.85

4 19 5 6 | 12.0 0.7400 6.3432 | 0.0136 0.0013 10.2415 0.78

5 2.7 5 T | 13.0 0.9800 7.8252 | 0.0171 0.0036 | 23.4291 0.80

6 % 1 5 5 8 1 14.2 1.1800 8.6755 | 0.0187 0.0016 8.9245 0.65

7 4.7 33 9 | 15.1 0.8813 6.0210 | 0.0285 0.0097 | 41.7488 0.82

8 5.0 5 10 | 16.4 1.3588 8.6265 | 0.0365 0.0080 | 24.8068 0.81

9 6. 7. 5 11 | 16.2 -0.2800 -1.7178 | 0.0332 -0.0033 | -9.3666 0.77
11 8. 7. 6 13 2 18.8 1.2950 7.4327 | 0.0591 0.0129 | 28.8200 0.89
12 9.7. 33 14 1 20.4 1.6561 8.4638 | 0.0751 0.0160 | 24.0275 0.88
13 10. 7. 5 15 | 20.4 -0.0261 -0.1278 | 0.0734 -0.0018 | -2.3845 0.86
14 11279, 5 16 1 219 1.4800 7.0104 | 0.0972 0.0238 | 28.0980 0.93
15 12. 7. 5 17 1 21.8 -0.0200 -0.0915 | 0.1030 0.0058 5.7981 0.99
16 137 33 18 1 223 0.4509 2.0436 | 0.1081 0.0052 4.8884 097
17 14. 7. 5 19 1 234 1.1291 4.9411 0.1195 0.0113 9.9757 0.94
18 5.7, 5 20 | 242 0.7400 3.1108 | 0.1285 0.0090 7.2947 091
19 16. 7. 5 21 1 238 -0.4000 -1.6695 0.1240 -0.0045 -3.5486 0.93
20 5% A 5 22 1 25.1 1.3800 5.6457 | 0.1792 0.0552 | 36.7948 112
21 18. 7. 5 23 | 25.6 0.4400 1.7351 0.1796 0.0004 0.2341 1.06
22 19. 7. 30 24 | 26.5 0.8800 3.3823 | 0.2116 0.0320 | 16.3918 1.14
24 2177 5 26 2 27.9 0.7200 2.6496 | 0.2123 0.0004 0.1769 0.97
25 22.:7: 5 27 1 26.8 -1.1000 -4.0225 | 0.2277 0.0154 6.9928 1.20
26 23.7. 5 28 1 25.7 -1.1000 -4.1911 0.1845 -0.0432 | -21.0576 1.08
27 24. 7. 33 29 1 283 2.5909 9.6050 0.2516 0.0671 31.0215 1.11
28 25.17. 5 30 1 274 -0.8909 -3.1998 | 0.2207 -0.0309 | -13.1043 1.07
29 26. 7. 5 31 | 27.6 0.2000 0.7273 0.2439 0.0232 9.9881 1.16
30 21..7; 5 32 1 29.0 1.4000 4.9480 | 0.2440 0.0002 0.0656 1.00
31 28.7. 5 33 1 30.8 1.8000 6.0219 | 0.3052 0.0611 22.3586 1.04
32 29.17. 32 34 | 31.0 0.2000 0.6473 | 0.3087 0.0036 1.1663 1.03
33 30. 7. 5 35 | 33.0 2.0000 6.2520 | 0.3705 0.0618 18.2354 1.03
34 31.7. 5 36 1 299 -3.1000 -9.8649 0.3279 -0.0426 | -12.2206 1.21
37 3.8. 34 39 3 309 0.3225 1.0617 | 0.3404 0.0042 1.2537 1.17

Total 381

resorption, the weight condition (FWC) dropped succes-
sively (1.01-0.69 with zooplankton feed and 1.01-0.78
with pelleted feed). During the next rearing period up
to 17 days of age, the weight condition in both experi-
mental fry groups rose up to the value of 0.97-0.99.
From day 18 of age (22.5 mm TL, zooplankton; 22.3
mm TL, pellets), the FWC value changed differently for
the fry fed zooplankton as compared with that for the fry
fed with pellets. Higher FWC values were found in the
same age larvae fed pellets, of which the development and
also growth rate were slower. On the last trial day, the
difference in the FWC value was 37.6% in favour of the
larvae fed pellets (Tabs. I and II, Fig. 2).
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On the basis of analysis of length-weight relation-
ships, lower weight condition in the faster growing group
of larvae (zoop.) was determined. Weight difference
(5.9%) in the same size (but not same age) individuals
from TL 25 mm was initiate. This difference gradually
increases with longitudinal growth. Calculated weight
difference at TL 34 mm was 12%. The equation of
length-weight relationship which was calculated for all
larvae feeding with zooglankton (n = 348) has the form
w = 0.000009.TL? (R* = 0.9929, validity for TL =
8.5-55.0 mm) and for larvae feeding with experimental
pellets (n = 381) has the form w = 0.000005.TL20!4
(R® = 0.9839, validity for TL = 8.5-34.0 mm). Using
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I11. Regression and correlation coefficients of the length-weight relationship in the European Wels (Silurus glanis) fry fed zooplankton and
experimental pelleted starter feed prepared in the INRA (FR) (1996)

Age TL (mm) Devel Coefficients
Date iod ¥ = n
(days) range aver. PRIID a b R
Zooplankton
28. 6. 3 8.5-9.5 9.1 E 0.001276 0.805813 0.2868 27
A & 9 14.1-16.5 15.5 5} 0.000319 1.680112 0.6374 33
13.7. 18 19.2-25.0 249 L 0.000099 2.236384 0.7960 33
19. 7. 24 22.0-32.0 28.2 L-J 0.000586 1.778968 0.7502 30
24.7. 29 29.0-40.0 343 L-J 0.000014 2.873357 0.9800 33
29. 7. 34 32.0-52.0 38.5 J 0.000103 2.339418 0.9329 32
3.8. 39 39.0-55.0 45.3 J 0.000032 2.651716 0.9464 34
INRA experimental pelleted starter feed
28. 6. 3 8.5-9.5 9.1 E 0.001276 0.805813 0.2868 27
4.7. 9 10.8-16.2 15.1 E-L 0.000012 2.857885 0.9150 33
9.7. 14 18.0-22.5 204 L 0.000006 3.108017 0.8812 33
13.17. 18 18.0-25.0 223 L 0.000099 2.236384 0.7960 33
19. 7. 24 23.2-29.0 26.5 B 0.000048 2.559247 0.8087 30
24.7. 29 24.9-31.0 283 L 0.000039 2.624143 0.7812 33
29. 7. 34 28.0-34.0 31.0 L 0.000036 2.647157 0.8619 32
3.8 39 23.0-34.0 30.9 L-J 0.001311 1.618292 0.7928 34
Q8000 T T e T, P e Ry I. Relationship between the weight (w in g)
0,8000 y = 5E-07x" - 3E-05 + 0,001 - 0,0063x + 0,022 and age (t in days) of the European Wels (Si-
R?=0,9727 lurus glanis) fry fed zooplankton (ZOOP) and
0.7000 experimental starter feed prepared in the
0,6000 INRA in France (FR) in 1996
5 05000 | |~z00p:
2 0,4000 sl
0,3000
0,2000
0,1000 = 2E-07x" - 2E-05x" + 0,0008x" - 0,0045x + 0,0138
R?=0,9718
0,0000 1
3 8 13 18 23 28 33 38 43
age (days)
1,40 T —_— —— |
‘ y = 5E-06x" - 0,0005x + 0,0146x* - 0,161x + 1,345 ‘
120 R?=0,8022
1,00 i
[4) i [--zo0P|
E ! ; -=FR

0,80

0,60

0,40

43

y = 4E-06x* - 0,0004x" + 0,0106x* - 0,1162x + 1,2019
R?=0,47
S |
3 13 23 33
age (days)

2. Relationship between the factor of weight
condition (FWC) and age (t in days) of the
European Wels (Silurus glanis) fry fed
zooplankton (ZOOP) and experimental pel-
leted starter feed prepared in the INRA in
France (FR) in 1996
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these equations for weight calculation of the smallest
and largest larvae is however inappropriate. In Tab. III
are therefore presentation equations, which was calcu-
lated for material from individual take-of (28. 6., 4. 7.
38

Developmental deviations and injuries by predation

In both experimental fish groups, we registered only
rarely the occurrence of developmental anomalies
(curved spine, absence of one or both eyes, shortening
of tail peduncle, absence of caudal fin, deformation of
dorsal or anal fins, prolapsus of intestine and partial or
total absence of body pigmentation). In the sample of
348 larvae and juvenile specimens fed zooplankton,
developmental anomalies were found in 7 individuals
(2.01%). In the sample of 381 specimens fed artificial
pelleted feed, developmental anomalies were found in
13 specimens (3.41%).

A special category of external defects in larvae and
juvenile specimens is represented by injuries of the
caudal fin and eyes by reciprocal biting off, which sug-
gests significant food deficiency and increased preda-
tory pressure on fish. In the experimental group fed
zooplankton, we found this characteristic injury only
once, namely on day 16 of experiment, in 6 specimens
(1.72%). In the fish group fed artificial pelleted feed,
these injuries were registered as late as on day 22 of
experiment, after that, however singly, even on other
days (days 25-28 of experiment). In total 5 specimens
(1.31%) from this group was registered.

DISCUSSION

Analysing the ontogenetic development of the Euro-
pean Wels, we confirmed all specific characteristics
referred to by the authors who dealt with the present
species (Kryzhanovskiy, 1949; Ginzburg, 1950;
Hochman, 1970; Koblitskaya, 1981; Lange et al. 1977).

Compared with phytophilous cyprinids, free European
Wels embryos differ by round yolk sac not connected
with intestine in its posterior part, by short body part,
long tail part and by three pairs of barbels. Initially,
ductus Cuvieri serves to respiration, later on, gills are
formed. The unpair subintestinal vein or other organs
do not serve to respiration. Embryos are light-shy, take
shelters from predators on the bottom, move their tail
parts improving the conditions for their own respira-
tion. In order to identify food items, they use their rela-
tively long barbels; eyes are relatively very small. There
are sense organs on margins of the unpair fin fold.

The first three steps of the larval period (L1-L3,
TL = 10.2-15.5 mm, w = 0.0095-0.0320 g) are consid-
ered by us to be the crucial period of the early develop-
ment as to the artificial rearing of fry. During this pe-
riod, larvae pass successively from endogenous nutrition
to exclusively exogenous one, important changes occur
in values of weight condition, in moving capacities, in
reaction to light intensity and in oxygen and food con-
sumption. During this period, the specific length growth
ratio (SLGR) dropped from the values of 10.4-12.4%
down to the values lower than 6%, SWGR dropped
from the values of 22.4-29.9% to the values lower than
17% and FWC dropped from the values of 0.89 to 0.69,
which was the absolute minimum. The oxygen con-
sumption dropped from the value of 2.437 mg.h".g_I
to 0.844 mg.h“[.g_l (Jirasek er al., 1998a). The typical
larval respirative system was replaced by gill respira-
tion. Successively, the light-shyness and tigmophily re-
ceded, and as a result, the developmental levels
achieved in gas bladder function, moving capacities
and possibilities of active capture of food organisms
were markedly improved. It can be stated on the basis
of metabolic intensity changes (Jirasek et al., 1998a)
that two hours’ interval between daily feeding rations
is acceptable. We do not recommend, of course,
a longer interval. As regards the fast size increase of
digestive tract, it is necessary that the pellet size should
be enlarged from the initial diameter of 0.25 mm to
0.50-0.75 mm during this period of development. The

1 - S
A
0.4
« INRA9SS
0,35 y=-9E-06x’ + 0,0007x - 0,0042x + 0,0155 w INRA91
R?=1 |
i
03 [ A 3. Larval weight growth rate of the European Wels
— 025 x SZLABE according to different authors. Explanations:
2 ¥ HILG8S INRA96 - our results with the experimental feed
3 02 INRA (France) 1996; INRA9I - results of Hama¢-
OWIESSD kova er al. (1991) with experimental pelleted
0.15 +WOLN1 starter INRA (France) 1991; ALMA - results of
1 Hamackova et al. (1997) with pelleted starter
0.1 | =WOLN2 2
g ! ALMA; SZLA86 — Szlamiriska (1986); HILG88 —
005 ‘ =WOLN3 Hilge (1988)..live_ ar(emi.n and salmonid pellets;
i | &SCHLOS WIES89 - Wiesniewolski (1989), European cat-
0 i fish starter (Hamburg); WOLNI - Wolnicki
0 5 10 15 20 25 30 35 (1995). salmonid pelleted starter; WOLN2 - Wol-

age (days)
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nicki and Starzonek (1996), live artemia; SCHL9S5 —
Schlumberger er al. (1995). ALMA pelleted starter
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fat content in the feed should not be lower than 10%,
but the optimum is 14-15%, especially in the case
when this feed is used in the same composition of in-
dividual components also during the second half of larval
developmental period. The capacity of the European
Wels early larvae to consume large food pieces was
pointed out as early as by Jaszfalusi (1954).

From comparisons of our own and literature data on
the weight growth rate of the European Wels larvae fed
different sorts of feeds (Fig. 3), it can be stated that the
larvae fed experimental pelleted starter feed prepared
in the INRA in France in 1996 indicated the weight
growth rate of the same intensity, or a better one, than
the larvae reared by other authors and fed other sorts
of feeds (Szlaminska, 1986; Schlumberger et al., 1995;
Wiesniewolski, 1989; Hilge, 1988). The starter feed
INRA (1996) was clearly better than the starter feeds
TROUVIT and TACO (Hamackova et al., 1997b).
A higher growth rate was achieved from day 20 of age
only using the starter feed ALMA (Hamdackova er al.,
1997b), and till days 11-12 of larval age using the
starter salmonid feed and live artemia (Wolnicki, 1995;
Wolnicki, Starzonek, 1996).

From the results of the total analysis of fixed sam-
ples of European Wels fry reared experimentally up to
39 days of age after hatching, and fed natural and arti-
ficial diets, it can be stated that pellets prepared experi-
mentally, substituting the live feed, are appropriate to
the culture of the European Wels fry (larvae) only dur-
ing the first two weeks of rearing (up to the larval total
length of 22 mm and weight 0.1 g). For larval feeding
during the next rearing period, the size of the extant
experimental pellets needs to be enlarged, and the for-
mulation for the composition of individual components
needs to be adjusted in order that it might be compara-
ble e.g. with the ALMA feed.
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ANALYZA KVALITY JATECNEHO TELA SYNU
PLEMENNYCH BYKU MASNYCH PLEMEN

ANALYSIS OF CARCASS QUALITY IN SONS OF BREEDING BULLS
OF MEAT BREEDS

J. Subrt' J. Frelich? P. Polach' J. Voriskov4>

'Mendel University of Agriculture and Forestry, Brno, Czech Republic
Do 3 ; ; ! . 2 P ]
“University of South Bohemia, Faculty of Agriculture, Ceské Budéjovice, Czech Republic

ABSTRACT: The objective of the paper was to elucidate the carcass composition of beef bulls-products of commercial
crossing between dams of Czech Pied cattle and 10 breeding bulls of five specialized meat breeds (AA — Aberdecn Angus,
BA — Blonde d’Aquitaine, BBW — Belgian Blue-White, Ch — Charolais and Li — Limousine). Evaluation of the basic parameters
of performance and carcass value in 107 bulls did not show any statistically significant differences (P > 0.05) between the
groups of bulls in relation to commercial types of cattle fattened to the identical age of 500 days. But significant differences
(P < 0.05) between the groups of bulls were determined by detailed dissection of sides and quarters of beef and butcher’s
cuts. There were significant dilterences (P < 0.05) in relative proportions of cuts from chuck (13.03-12.15%), round + rump
(26.87-24.48%), flank with bones (3.71-4.35%) and flank (4.74-5.63%). Crossbreds after sires of BA breed had the highest
proportion of prime cuts while the proportion of grade Il meat was highest in the progeny after sires of breeds with
intermediate body framework (Aa — 48.83%, Li — 48.13%). The highest total meat proportion was observed in group Li
(80.07%) as a result of low bone proportion. Evaluation of the proportion of separable external fat indicated significant
differences between the commercial types on the basis of hindquarter dissection (0.97-1.69%). Bulls after Li sires had the
lowest proportion of bones in the side of beef — 18.24%. Bone proportions in the side of beet ranged from 19.21 to 19.69%
in all the other commercial types of beef bulls. The meat/bone ratio can be considered as an important indicator: its value
was 3.98-4.40 in the groups of slaughter bulls concerned.

Keywords: slaughter cattle: commercial crossing; meat breeds: carcass composition: carcass quality

ABSTRAKT: Cilem price bylo pfispét k objasnéni poméri ve skladbé jatecného téla vykrmovanych byki — produktl
komeréniho kiizeni matek ceského strakatého skotu a 10 plemennych bykd péti specializovanych masnych plemen (AA -
aberdecn angus, BA — plavé akvitinské, BM — belgické modrobilé, Ch - charolais a Li — limousine). Pfi hodnoceni zikladnich
ukazateltl vykrmnosti a jate¢né hodnoty u 107 bykl jsme nezjistili statisticky vyznamné diference (P > 0.05) mezi skupinami
byku podle uzitkovych typl skotu, vykrmovanych do shodného véku 500 dnu. Signifikantni rozdily (P < 0,05) mezi skupinami
byki jsme viak stanovili pfi detailnim bourdni jate¢nych polovin, ¢tvrti a vysekovych ¢asti. Vyznamné diference (P < 0.05)
byly zjiStény zejména pii relativnim zastoupeni masa plece (13.03-12,15 %), masa kyty (26.87-24.48 %). masa z boku s kosti
(3.71-4.35 %) a boku bez kosti (4,74-5.63 %). Nejvy$si podil masa I. jakosti vykazali kfiZzenci po otcich plemene BA
(51,57 %), zatimco podil masa II. jakosti byl stanoven u potomstva otcl nileZejicich k plemeniim se stfednim télesnym
rimeem (AA — 48.83 %. Li — 48,13 %). Nejvyssi celkovy podil masa v dusledku nizkého zastoupeni kosti méla skupina Li
(80,07 %). Signifikantni rozdily mezi uZitkovymi typy jsme pfi hodnoceni podilu oddélitelného loje z povrchu téla zjistili
pouze pii bourdni zadni jate¢né Ctvrti (0,97-1,69 %). Nejmensi zastoupeni kosti v jate¢né poloviné méli byci po otcich Li -
18.24 9%. U vSech ostatnich uZitkovych typi vykrmovanych bykt se podil kosti v jate¢né poloviné pohyboval v rozmezi od
19,21 do 19.69 %. Za vyznamny ukazatel lze povazovat pomér maso/kosti. ktery se u sledovanych skupin jate¢nych byku
pohyboval na Grovni hodnot 3,98-4,40.

Klic¢ovi slova: jate¢ny skot: komercni kiiZeni: masnd plemena; skladba jate¢ného téla: kvalita jate¢ného t&la

UvoD bo i nepfimo soustfedéno na produkci jate¢ného skotu.
Vysledky ovérovini vlivi specializovanych masnych

Kfizeni skotu s kombinovanou a mléénou uzitko-  plemen na zmény masné uZitkovosti u kfizencl jsou
vosti se specializovanymi masnymi plemeny je v ne- uvedeny v celé fadé domdcich védeckych praci. Pre-
ustalém zajmu chovatelt, jejichZ zaméreni je pfimo ne-  vazna ¢ast autord uvadi pozitivni vliv masnych plemen
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na zvySeni produkce masa a ukazatele jatecné hodnoty

u kiiZencd prvni filidlni generace (Teslik et al., 1991, '
1994; Antal, Bulla, 1993; Nosal, Cubofi, 1994; Subrt, .

1994, 1995; Vofiskova et al., 1995, 1998; PoniZil et al.,
1997; Frelich, Voriskova, 1997). Ze zahrani¢nich pub-
likaci, poukazujicich na zlepSovani skladby jate¢ného
t€la kfiZzenci s masnymi plemeny, Ize uvést zejména
prace autori Weiher et al. (1991) a Mandell et al.
(1997a, b).

Vofiskova et al. (1995) uvadéji u byka-kfiZzencu Ces-
kého strakatého skotu s masnymi plemeny, vykrmova-
nych do hmotnosti 500 dnu, nejvyssi jateCnou vytéz-
nost u potomstva otcti plavého akvitinského plemene.
Hodnota jate¢né vytéZnosti byla 0 2 % vy3&i (59,6 %)
nez zjiténa vytéznost u kontrolni skupiny plemene C.
Intermedidlni hodnoty jate¢né vytéZnosti autofi proka-
zali u jateCnych byka C x Li a C x Ch. Pfi pouZiti
plavého akvitanského plemene k produkci masnych uZit-
kovych typt vykrmovanych do vy$si porizkové hmot-
nosti stanovil nejvy3$8i hodnotu jate¢né vytéZnosti
a procentudlni vytéZnost masa z jatecné opracovaného
t&la i Subrt (1995). Nejvyssi podil masa prvni jakosti
(maso kyty, rosténce, plece a svitkové) viak vykézala
skupina po otcich plemene Li, coZ koresponduje i s vy-

Struktura a oznadeni uZzitkovych typu skotu

MATERIAL A METODA

Hodnoceni masné uZitkovosti bylo provedeno ve
spolupréci s Ceskym svazem chovatelti masného skotu
u byku, ktefi byli vykrmovéni ve shodnych chovatel-
skych podminkach v testacni stanici skotu masnych
plemen v Zemédélském podniku Usovsko, a. s., v le-
tech 1996-1997. Zastavova zviiata byla podle ptivodu
vykoupena ze zemédélskych podnikl a farem na Mo-
ravé a v podminkich stanice vykrmovina do véku
500 dnt. Jedna se o kiiZence masnych plemen prvni
filidlni generace s Ceskym strakatym skotem.

V nasledujicim piehledu je uvedena struktura a zna-
¢eni sledovanych skupin byku, vEetné jejich pivodu po
otci. Ve tfech skupinach analyzovanych jate¢nych zvi-
fat je zahrnuto potomstvo pouze po jednom plemenném
bykovi, coZz do urcité miry nepiiznivé ovliviiuje vypo-
vidaci schopnost vysledku analyz v jednotlivych skupi-
nich. Z toho divodu je tfeba publikované vysledky
chdpat jako analyzu potomstva jednoho ro¢niku ple-
mennych byku, kterda je prispévkem ke komplexnimu
zhodnoceni vlivu specializovanych plemen na masnou
uzitkovost kiiZzencl s ¢eskym strakatym skotem prvni
generace hybridizace.

sledky autort Ponizil er al. (1987). Shodny pohled na
vyuZiti plavého akvitinského plemene v kfiZeni s do-
maci matefskou populaci strakatého skotu uvadi Pile-
nik (1993). Obdobné zavéry pii realizaci jednoduchého
uzitkového kiizeni masnych plemen se slovenskym
strakatym skotem publikovali Nosal a Cuboi (1994).

Voriskova et al. (1998) uvadéji pii pouZiti Sesti ot-
covskych plemen a vykrmu jejich potomstva do véku
500 dnu nejvyssi jateGnou vytéZnost u byka po otcich
belgického modrobilého plemene (60,37 %) a vytéZnost
celkového mnoZstvi masa z pravé jateCné poloviny
u kfizencu s akvitanskym plemenem (77,74 %). Mezi
vykrmovanym sam¢im potomstvem po otcich plemen
se stfednim télesnym rdmcem a otcich plemen s vel-
kym télesnym ramcem se diference v celkové produkei
masa, v dusledku odli$né drovné tvorby tuku, pohybovala
na drovni 3 %. Pfiznivy pomér masa 1. a IL. jakosti
v jate¢né opracovaném téle uvadéji Subrt (1995)
a u Ceského strakatého skotu Teslik er al. (1995).
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Plemenna pfislunost otce / oznaceni skupiny
Ukazatel Celkem AA BA BM Ch Li
a b c d e
Pocet otcl 10 | 2 1 5 |
ZAa 184 ZBa 192 ZBm 169 ZCh 215 ZLi 197
ZBa 173 ZCh 243
Registr otcli - ZCh 245
ZCh 236
ZCh 232
Pocet analyzovanych byki-potomku 107 11 20 1 55 10

Jatecné a technologické analyzy byly provadény
v podminkdch Masokombindtu Policka, a. s., v prubé-
hu roku 1997. Po poraZce byla provedena klasifikace
zmasilosti a protu¢néni teplych jateCnych tél s cilem
jejich zafazeni do kvalitativnich tfid pro zpenéZeni ja-
te¢ného skotu. K matematicko-statistickému zhodnoce-
ni zmasilosti byly tfidy pfevedeny na tyto kédy: tiida
E = 1, tfida A = 2, tfida B = 3, tfida C = 4. Kody pro
hodnoceni tukového kryti jatecnych tél odpovidaji ja-
kostni tfidé | aZ 3.

U porazenych zvifat byla po 24hodinovém odvéSeni
jateCné opracovaného t€la stanovena technologicka
hodnota pravé jate¢né poloviny. U jatecnych polovin
byla provedena detailni disekce na jednotlivé vysekové
Casti. Ndsledné byla kazda vysekova cast jatecné polo-
viny bouriana az na télesné tkané — maso (svalovina
s vnitrosvalovym a mezisvalovym tukem), povrchovy
(oddélitelny) tuk a kosti. Kosti byly roztiidény do sku-
piny kosti technickych (kosti pletence hrudniho a pa-
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nevniho a Zebra) a kosti masitych (kosti osového ske-
letu — patefe). Déle byly vyhodnoceny absolutni hod-
noty hmotnosti jednotlivych vysekovych Casti a téles-
nych tkdni a vytéZnostni poméry v pfedni a zadni
jate&né &tvrti a pravé jateEné poloviné. Ziskana data
byla vyhodnocena matematicko-statistickymi metoda-
mi programu UNISTAT. K testaci diferenci mezi trov-
ni znaku v celém souboru skupin bylo pouZito nepara-
metrického Kruskal-Wallisova testu s detailni analyzou
diferenci mezi jednotlivymi skupinami pomoci vicena-
sobného porovnani pro t-rozdéleni a s pouZitim Dunne-
tova testu s korekci standardni odchylky podle poiadi.

Statisticka vyznamnost byla testovana pii 95% pravdé-
podobnosti.

VYSLEDKY A DISKUSE

Nejvyssi Zivou hmotnost na konci testaéniho obdo-
bi, tj. ve véku 500 dnd, méli byci s poloviénim podilem
plemene charolais — 566 kg, coZ tzce souvisi s jejich
nejvyssi celoZivotni rastovou intenzitou (1 049 g)
a druhou nejvyssi intenzitou rustu po dobu vlastniho
testu (1 139 g). Nevyznamné vy$si primérny denni pii-

Zakladni charakteristika uZitkovych typt bykd — Basic characteristics of commercial types of bulls

Pl i prisl otce / Oznaceni skupin®
Ukazatel / Statistickd data’' AA BA BM Ch Li
a b c d E
_— . b3 544 555 548 566 533
(;g’fi Oy hmotidst 5 4192 62,08 42,02 44.55 43.68
V (%) 7.70 11,18 7,67 7.87 8,20
Pramérny denni prirustek x 1 006 1032 1013 1 049 981
od narozeni do konce testu® K 80,43 126,22 85,24 89,60 85.09
(8) V (%) 7.99 12,23 8.41 8,54 8,68
Prumérny denni priristek X 1094 1150 1 058 1139 1051
v testu’ s 85.28 141.49 85,95 101,98 78.16
(® V (%) 7,80 12,31 8.12 8.95 743
Hmotnost teplého jaeéné ¥ 318,14 32477 318,08 329,58 311,05
opracovaného téla® s 27,14 37,08 25,21 25,75 26,51
(kg) V (%) 8,64 11,42 7,93 781 8.51
L X 627 651 635 657 620
i ge)‘ il s 52,71 75.81 51,30 52,03 52,53
V (%) 8,41 11,65 8,08 7.92 8.47
- ; ¥ 57.68 58,52 58.09 58,21 58.49
(f}:;“'"“ VyteZnost s 1,0886 1,1900 0.9204 10854 16836
V (%) 1,89 2,03 1,58 1.86 2,88
] x 2,00 1.80 1.64 1,62 1.70
;’,:’:é':’efo""élig? ommce s 0.0000 0.4104 0.5045 0.4903 0.4830
V (%) 0,00 22,80 30,83 30,30 28,41
st e T 136 1.35 1.36 1.56 1,30
jategného t&lal * s 0,5045 04894 0.5045 0.5005 04830
V (%) 37,00 36,25 37,00 32,01 37,16
— x 139 0,96 1.09 118 1.21
oy e s 0.5153 0.3667 0.4505 0.3939 0,3299
V(%) 37,16 38,02 41,42 3327 27,25
o ] x 0,90 0,90 0,89 0,88 0,89
;‘::;:\'yg;eé‘:;:‘é' Zadnich s 0,0493 0,0389 0,0486 0.0646 00537
V (%) 5,46 432 5.43 731 6,03
Pomér hmotnost JOT/délka x 1.23 1,27 1.23 1.29 1,23
jot"? § 0,0830 0,1064 0,0699 0,0707 0.10
(kg.cm™) V (%) 6,77 8,39 5,69 5,50 8,42

a,b.c,d=P <005

.
Hodnoceni zmasilosti a protucnéni jate¢ného téla je uvedeno v metodice price — Evaluation of carcass meatiness and fat content is described

in the section Method

'pnramctcr / statistical data, sire breed / group designation, Jsl:nughler weight, 4avemge daily weight gain from birth to test end, snverage
. b

daily weight gain in test, "weight of warm dressed carcass, 1

10

CZECH J. ANIM. SCI., 44, 1999: 39-48

net weight gain, % g p g
evaluation of carcass external fat, Ilkidm:y fat, 'Zforcquancr to hindquarter ratio, Ppc weight to DC length ratio

ion of conformation,
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ristek za dobu testace byl zjiStén u byku s podilem
plemene BA (1 150 g). Vykrmovani byci se shodnym
podilem specializovanych masnych plemen stfedniho
télesného ramce (Li, AA, BM) vykazali v porovnani
s plemeny velkého télesného ramce (Ch a BA) niZsi pri-
mérnou denni intenzitu ristu od narozeni do 500 dni
véku. S uvedenou ristovou intenzitou souvisi i hmot-
nost teplého jatecné opracovaného téla (tab. I). Statis-
ticky nesignifikantni rozdily v tomto ukazateli jsme sta-
novili mezi skupinami po otcich s velkym télesnym
ramcem (Ch a BA). Nesignifikantni rozdily priméra
vykazaly i skupiny byki v rdmci otcovskych plemen se
stiednim télesnym ramcem. Hmotnost jate¢né opraco-
vaného téla u skupiny s podilem Ch piesahla 325 kg,
zatimco u ostatnich uzitkovych typa byla v rozmezi
311 aZ 324 kg. S hmotnosti jatetn& opracovaného téla
a intenzitou ristu skotu souvisi i vy$e netto piiristku

(nejvyssi hodnota u Ch — 657 g a nejniZSi hodnota u Li —
620 g).

QOdlisné a pfevazné ocekdvané vysledky jsme zjistili
pii hodnoceni vyvoje jate¢né vyté€Znosti. Byci s podi-
lem plemene Li se v tomto vyznamném ukazateli fadi
mezi skupiny s nejlep§imi vysledky. S vyjimkou sku-
piny s podilem plemene AA (57,68 %) vykézali viech-
ny uZitkové typy hodnoty presahujici 58 %. Obdobné
vysledky zjiSténé v testani stanici bykd publikovali
Vofiskova et al. (1995) a Frelich, Voriiskova (1997).
Vyjimku pfedstavuje potomstvo po bycich plemene BA,
u kterého autofi prvni citované prace uvadgji jate¢nou vy-
t&Znost vyznamné vy3si (59,6 %). RovnéZ Subrt (1995)
hodnotil potomstvo prvni generace kiiZeni Ceského
strakatého skotu s byky plemene BA v jateCné vytéz-
nosti nejvySe. Soucisti tab. I je hodnoceni zmasilosti
(konformace) a protu¢néni jateného téla. Nejlépe byly

11. Bourdrensk4 kvalita piedni jatené &tvrti (PC) — Butcher's quality of the forequarter (PC)

Pl i prislus otce / Oznaceni skupin®
Ukazatel / Statistickd data' AA BA BM Ch Li
a b c d E

x 1215 13,03 12,96 12,52 12,27
Vykosténd plec’ ch s 0,5913 0.7600 09101 0,6571 0.6200

V (%) 4,87 5.83 7,02 5.25 5,05

X 4,94 507" 506" 477 449"
Predni klizka* I:C s 0,4406 0,5916 0.5246 04392 0.3409

V (%) 8,90 11,67 10,36 9,19 7.58

X 10,29 9.37 10,08 9,57 941
Vykosténé Zebro® ?C s 1,0797 0.6949 0.5743 07547 0,9470

V (%) 10.50 7.42 570 7.89 10.06

x 6.88 6.86 6.73 6.92 7.25
:f,';gif;‘,gggzé' = | s 0.6570 0.8090 0.6337 0.7810 0.5163

V(%) 9,56 11,80 941 11,28 7.12

X 7,46 7,64 7.15 745 822
Vykostény krk %o
a ¥picka krku? pe | 0.7852 06197 0.8131 0.9683 1.2622

V (%) 10,53 8,12 1137 12,99 1536

¥ 0.93 0.79 0,72 0,96 0.76
Oddelitelny 10" o | s 0.4191 0.5655 02575 0.3669 0,2463

V (%) 4491 71.39 3577 38.22 3241

X 6,07 595 6.11 6.22™ 4.60°
Kosti technicke” :"C s 0,2938 0,3584 0,2620 0,9971 0.4397

V (%) 4,84 6.02 429 16,01 9,56

X 3,24 343 318 321 296
Kosti masité'” :"C s 0,6956 0,6516 03014 0.4872 0.2266

V (%) 21,46 18,98 9,48 15.17 7.65

x 0,85 0,88 0,81 0,82 0.80
Pomér masitych - %
a technickych kosti!! pe | s 02074 0.1736 0.0969 0.1506 0.1309

V (%) 24,52 19,70 11,91 18,30 16.46

a, b, e, d=P<005

pnrameter / statistical data, sure breed / group designation, ~ 3deboned chuck, *fore shank Sdeboned ribs, “deboned fore ribs and short loin,

10,

heor'

h B

deboned neck and neck tip, “separable fat, “technical bones,
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s bones, *s bones to I bones ratio
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hodnoceny jatecné poloviny potomstva po plemenicich
Ch a BM - &ast jatednych tél byla zatfidéna do jakostni
tiidy E, zatimco u skupiny AA byla vSechna jateCna
téla zafazena do tiidy A. Za zajimavé zjiSténi 1ze pova-
Zovat nejniz§i tukové kryti jateCnych polovin u byku
skupiny Li a vy38i u skupiny Ch, zatimco hor$i hodno-
ceni z pohledu tvorby povrchového (podkozniho) tuku
u skupiny AA se dalo predpokladat.

Za vyznamnéj§i lze povaZovat analyzy jednotlivych
jatecnych Ctvrti testovanych zvifat. V tab. II jsou uve-
deny vysledky bourani piednich jate¢nych &tvrti byku.
Procentualni zastoupeni masa z plece (vykosténa plec)
se u jednotlivych uZitkovych typt pohybuje od 12,15
do 13,03 %, s nejvyssi hodnotou u potomki po otcich
plemene BA. NejniZsi podil masa plece z pravé jate¢né
poloviny jsme stanovili u bykid s podilem plemen AA
a Li. Za zajimavé lze povaZovat zjiSténi, Ze vy3§i podil
masa ze Zebra (> 10 %) byl zjiStén prevazné u potom-
stva po otcich plemen se stfednim t€lesnym rdmcem —
AA (10,29 %) a BM (10,08 %).

Vykosténé vysekové Casti podpleci a vysoky rosté-
nec byly hodnoceny jako jedna ¢ast — podil se pohybo-
val v praméru skupin od 6,73 % (BM) do 7,25 % (Li),
bez vyznamnych rozdili mezi skupinami tfidénymi podle
otcovskych plemen. U bykid s podilem plemene BM
byl zjistén nejmensi podil masa z krku (7,15 %), zatim-
co vyznamné nejvy3$8i hodnota tohoto ukazatele byla
stanovena u skupiny Li (8,22 %), i kdyZ u byku po otcich
Li byla rovnéZ nejvyssi variabilita znaku (v = 15,36 %).
Nejvyssi procentudlni podil masa z krku, podpleci a vy-
sokého rosténce u skupiny po otcich plemene Li ve
znacné mife souvisi i s jeho ranosti.

Podil povrchového (oddélitelného) loje z jate¢né &tvrti
byl u vSech skupin byku nizky a rozdily mezi skupina-
mi byly statisticky nevyznamné.

Celkové mnozstvi kosti bylo rozdéleno na kosti tech-
nické (kosti hrudniho pletence a Zebra) a kosti masité
(kosti patere). Relativné nejvy$si hmotnost kosti hrudni
koncCetiny a Zeber z predni jatecné Ctvrti jsme zjistili
u skupiny Ch a BM (6,22 % a 6,11 %). Velmi nizky
podil kosti technickych jsme stanovili u skupiny Li
(4,6 %). V porovnani s potomstvem po plemeni Ch vy-
kézala signifikantné piiznivéjsi procentudlni podil kos-
try hrudni koncetiny a Zeber i skupina BA (5,95 %),
kterd v§ak méla v piedni jatecné tvrti relativné nejtézsi
kosti pitere (3,43 %), zatimco pfi porovnani otcov-
skych typt plemen velkého ramce bylo potomstvo po
otcich Ch (3,21 %) hodnoceno lépe. Nejniz$i hodnoty
podilu masitych kosti jsme opét prokazali u skupiny Li
(2,96 %). Nizky podil technickych a masitych kosti
svédci o nejjemnéjsi koste predni jatecné Ctvrti limou-
sinského skotu v celém hodnoceném souboru skupin
masnych uzitkovych typu skotu.

Nejvét§i podil masa z kyty (tab. III) byl prokazén
u skupiny BM (26,87 %) a naopak nejnizsi u byka AA
(24.48 %). Dobrou zmasilost kyty jsme zjistili i u po-
tomstva po otcich plemen BA (26,71 %) a Li (26,61 %).
Statisticky vyznamné diference u procentudlniho zastou-
peni svickové byly zjiStény jen ve skupinich AA a BA,
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AA a BM. Absolutni mnoZstvi vykosténého roSténce se
v ramci skupin pohybovalo od 7,72 kg (AA) do 7,41 kg
(BM). Nejvyssi podil rosténce vykazaly shodné skupi-
ny AA (4,83 %) a Li (4,81 %), zatimco nejniZ§i podil
jsme zaznamenali u skupiny Ch (4,58 %).

Skupina testovanych byku po otci AA méla v jate¢né
poloviné nejvyssi podil masa z boku s kosti a boku bez
kosti (4,35 %; 5,63 %), coz ukazuje na vétsi hloubkové
rozméry téla tohoto uZitkového typu. Téméi shodné
hodnoty vySe hodnocenych Casti jsme stanovili i u po-
tomstva po otci Li (4,33 %; 5,09 %). Uroveil zastoupe-
ni nizkého roSténce, masa z boku s kosti a boku bez
kosti u skupin AA a Li ve srovndni s potomstvem po
otcich masnych plemen Ch, BA a BM ukazuje na vétsi
osvaleni stiedotrupi.

Byci skupiny AA vsak vykazali ve srovnani s prevaz-
nou ¢asti ostatnich sledovanych skupin signifikantné vys-
§i mnoZstvi oddélitelného (povrchového) loje (2,71 kg,
1,70 %).

Pri hodnoceni zastoupeni masitych a technickych kos-
ti v zadni jatené Ctvrti jsme mezi sledovanymi skupi-
nami bykd nezjistili statisticky vyznamné diference.
Jsou zde vSak naznaCeny tendence vyvoje tvorby kosti
jako pfi hodnoceni bourdrenské kvality predni jate¢né
¢tvrti. Podil kosti technickych (skelet panevni konceti-
ny a Zebra boku s kosti) byl v hranicich od 6,19 % (Li)
do 6,99 % (Ch). Kategorie testovanych bykl po otcich
AA patiila mezi skupiny s nejvy$§im podilem kosti
technickych (6,97 %) i masitych (2,63 %). NejniZsi za-
stoupeni kosti masitych jsme zaznamenali u byka skupiny
BM (2,35 %) a Li (2,42 %). Pii hodnoceni potomstva
po bycich masnych plemen naleZejicich k typiim s vel-
kym télesnym ramcem (Ch, BA) byl stanoven nevy-
znamné niz§i podil kosti technickych i masitych u sku-
piny BA (6,86 %; 2,53 %). Mezi uZitkové typy
s nejpriznivéj§im podilem technickych i masitych kosti
patii potomstvo po plemenikovi ZLi 197 (6,19 %;
2,42 %).

V tab. IV a V jsou sumarizovany vytéznostni pome-
ry masa a kosti v jatené poloviné testovanych byki.
Nevyznamné nejvyssi podil masa I. jakosti z piedni ja-
tecné Ctvrti (plec) jsme zaznamenali u byka skupiny BA
(6,69 %), zatimco pii hodnoceni vyvoje daného znaku
v zadni jateCné Ctvrti byla nejlepSi skupina BM
(25,64 %). V zastoupeni masa 1. jakosti v zadni jate¢né
ctvrti byla pozitivné hodnocena i skupina Li (25,38 %).
NejniZ3i relativni hodnoty tohoto ukazatele jsme zjistili
jak u prednich, tak u zadnich jateénych &tvrti u byka
skupiny AA (5,96 %; 23,29 %), coz se projevilo v cel-
kové niz§im podilu masa I. jakosti v jatecné poloviné
(29,25 %). V celkové vytéZznosti masa I. jakosti bylo
nejlépe hodnoceno potomstvo ve skupinidch BM (32,23 %)
a Li (31,94 %). Z potomstva po otcich masnych ple-
men s velkym télesnym rdmcem se této urovni vysled-
ki nejvice priblizuje skupina BA — 31,78 %. Obdobné
rozpéti hodnot podilu masa I. jakosti, které byly ziska-
ny pii vykrmu byki do shodného véku uvadeji Voris-
kova et al. (1998). Vy3§i hodnoty vytéZnosti masa I. ja-
kosti u kfizencu slovenského strakatého skotu uvadéji
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11I. Bourdrenska kvalita zadni jatecné &tvrti (ZC) — Butcher’s quality of the hindquarter (ZC)

Pl i prislusnost otce / Oznaceni skupin®
Ukazatel / Statistickd data' AA BA BM Ch Li
a b c d E

X 24.48™% 26,71* 26,87 26.22" 26,61"
Vykosténi kyta® ?c s 1,1316 0,9606 0.5925 0,9829 0.8897

V (%) 4,62 3.60 2.20 3,75 334

x 2,52 27 2,68 2,73 248"
Zadni Klizka* i T [ 0,2235 0,1958 0.1436 0,1834 03121

V (%) 8,87 7,05 5.35 6,71 12,54

X 1,45 1,65 1,66 1,58 1.62
Svitkova® o | 0,1506 0,1298 0.1560 0.1287 0.1587

V (%) 10,36 7.86 9.37 8,16 9.78

x 483 4,69 4,66 4,58 481
Vykostény rosténec® ;’C s 0,5542 04772 0,4439 0.3989 0.4063

V (%) 11.48 10,18 9,52 8.71 8.45

X 4,35M 372" 3710 4,01 433
Vykostény bok s kosti” ;"c s 0,5159 0,4857 0,4854 0,5778 0.6988

V (%) 11,85 13,03 13,06 14,40 16,13

x 5,634 475" 474° 4,88° 5.09
Bok bez kosti® ;"c s 03558 0,4399 0,3524 0,4626 04342

V (%) 6,31 9,25 743 9,47 8,53

X 1,69" 0974 1,36 1,56" 1,24
Oddélitelny 16j” Z]C 5 0,4554 0,2642 0,3880 0,5793 0,3663

V (%) 26,86 27,06 28,54 36,97 29,63
Kosti technické (kosti i | * 6,97 6.87 6.86 6.99° 6.19"
gﬁiZV:i::szl)%encc azebra | o | ¢ 0,4631 0,6389 0,5196 0,3608 0.9169

V(%) 6,64 9,30 7.57 5,16 14.80

x 2,63 2,53 2,35 2,56° 242!
Kosti masité (kosti osového %
skeletu)!! ze | s 04119 03727 0.3559 0,4316 0,4061

V (%) 15,69 14,73 15,15 16.83 16.74

x 038 037 034 037 0,40
Pomér masitych
a technickgih kostf!2 zC | 0.0670 0,0627 0.0392 0.0556 0,0890

V (%) 17,71 16,92 11,48 15,17 22,30

a,b.c.d=P <005

lp:xr:nmelcr / statistical data, sire breed / group designation, 3deboned rump and round, *hind shank, *sirloin, “loin and sirloin, "deboned
flank with bones, *flank, qsepnmble fat, '"technical bones (bones of pelvic girdle and ribs of flank with bones), "butcher’s bones (bones of

axial skeleton), "butcher’s bones to technical bones ratio

Nosal a Cuboii (1994). Hodnoty vys§i nez 38% vytéz-
nosti masa I. jakosti u byku prvni filidlni generace uZit-
kového kriZeni Ceského strakatého skotu s plemenem
Li, vykrmovanych do hmotnosti 600 kg, uvadi i Subrt
(1994).

Nejnizsi vytéZnost masa II. jakosti jsme v jate¢né
poloving zjistili u skupiny po otci ZBm 169 (46,80 %)
a naopak nejvy$3i zastoupeni masa dané jakosti bylo
zaznamenano u byku ndleZejici ke skupiné AA — 48,84 %.
Blizké poméry masa L. a II. jakosti uvadi v zavérech po-
kusného sledovani shodnych masnych uZitkovych typa
po jinych otcich Subrt (1995).
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Vyse uvedenym vysledkim odpovida i nejnizsi vy-
téZnost celkového mnoZstvi masa u skupiny AA
(78,09 %), zatimco u skupiny Li jsme v disledku niz-
kého podilu kosti v jatecné poloviné (18,24 %) zjistili
hodnotu nevyznamné pievySujici 80 %. Mezi prumér-
nymi hodnotami skupin ve vytéZnosti masa viak byly
zjiStény v pfevazné mite signifikantni rozdily, takZe se
nejednd pouze o vyvojové tendence trovné hodnot.
I v produkci masa na 1 cm délky jate¢né poloviny ne-
byly mezi skupinami stanoveny vyznamnéjsi rozdily.
Prumérné hodnoty skupin vykazaly rozpéti od 0,96 do
1,01, s nejvy3si hodnotou u byki skupiny Ch.
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IV. Bourdrenska kvalita jate¢né opracované poloviny (JP) — maso -

Butcher's quality of the dressed side of beef (JP) — cuts of meat

Plemenni pfislusnost otce / Oznageni skupin®
Ukazatel / Statistickd data' AA BA BM Ch Li
a b c d E
- X 596" 6.69* 6.59 6,49 6,56
o o s 05329 03335 04890 0.4299 0,400
V (%) 8.93 4.98 743 6,62 6.78
NS X 23,29™° 25,08 25,64 24,57° 25,38
M % ; 13277 11672 0.8336 10140 12500
V(%) 5,70 4,65 3.25 413 491
X 46,77" 51,57 51,19 51.46° 49,58
kg s 31566 6.2363 3,0277 33171 3,6200
Maso I jakosti V (%) 6,75 12,09 591 6.45 7.3000
celiar X 29,254 31,78 32,23 31.06° 31.94"
s ; 14511 1.4110 0.9983 11478 1,5500
V (%) 4,96 4,44 3,10 3.70 4,86
X 30,96 3031 30.46 30,12 30,71
Maso I1. jakosti %
2 pledni dtvrti® o s 15225 11739 1,3241 1,4004 15900
V (%) 4,92 3,87 435 4,65 5,19
i X 17,88 16,77 1634 17,08 1742
s Pt i -4 ; 14387 12119 1,1037 1,140 1,1900
V(%) 8,05 7,23 6,75 6,68 6.82
X 78,37 76,55 74,41 78,32 75.13
kg s 8,5228 9,8474 58679 6.6359 9.9100
Maso I1. jakosti V (%) 10,87 12,86 7.89 847 13,20
il % 4883 47,08 46,79 47,20 48,13
s 5 22818 17549 1,3918 1,5673 15100
V(%) 4,67 3.73 2,07 332 313
X 125,15 128,12 125,60 129,78 12471
kg s 10,6875 15,4532 8.3068 9,1783 13,2400
s ediam? V(%) 8,54 12,06 6.61 7.07 1062
X 78,09° 78,86 79,03 78,25° 80.07"
% P s 1,666 13219 1,0721 12269 1,2300
V (%) 2,13 1,68 1.36 1,57 1,54
X 0,60 0,67* 0,68" 0,66 0,66
o kvality !0 P s 0,0532 0.0495 0.0378 0,0422 0.0486
V(%) 8,85 7.31 548 6,41 7.32
X 0,96 1,00 0,97 101 0,99
Pomér hmotnosti masa )
a délky jatetného tela!! | KBS | s 00754 0,0901 0.0606 0,0568 0.0902
V (%) 7.86 9,01 6.24 5.65 9,14

a, b, c,d=P<0,05

'pnmme[cr / statistical data, “sire breed / group designation, *meat of prime cuts from forequarter, *meat of prime cuts from hindc‘uarlcr.
. . h . . Y Y .
*meat of prime cuts in total, (grade 1T meat from forequarter, "grade Il meat from hindquarter, “grade 1 meat in total, *meat in total, ' )prlme

cuts to grade II meat ratio, "meat weight to carcass length ratio

Rozdily v primérech skupin jsme zjistili i pfi hod-
noceni vytéZnosti kosti technickych a masitych i celko-
vého mnozstvi kosti v jate¢ném téle. Nejjemnéjsi kos-
tru vykdzali byci s podilem plemene Li (18,24 %),
zatimco rozdily v zastoupeni celkového mnoZstvi kosti
u ostatnich skupin byly statisticky nevyznamné a hod-
noty se pohybovaly v hranicich od 19,21 do 19,69 %.
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Z piedchézejicich idaji vyplyva, Ze nejpiiznivéjsi
pomér masa a kosti byl zjistén u potomstva ve skupiné
Li (4,41), pficemZ vSechny skupiny hodnocenych mas-
nych uZitkovych typu skotu s vyjimkou skupiny AA
(3,99 %) vykazaly vys§i pomér nez 4,00 %. Rozpéti
uvedenych vysledkd odpovida publikovanym hodno-
tdim u shodnych uZitkovych typu skotu, aviak s vyuZi-
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V. Bourarenské kvalita jate¢né& opracované poloviny — kosti a 10j — Quality of butcher’s cuts from the dressed side of beef — bones and fat

Pl i prislusnost otce / Oznaceni skupin®
Ukazatel / Statistick4 data' AA BA BM Ch Li
a b c d E
x 15,56 15,88 15,60 16,44° 13.86"
Kosti technické kg | s 0,9190 1,4788 0,9306 1,5285 2,0100
(kosti hrudniho V (%) 5,90 931 597 9,29 14.48
; ip:{,’fa‘{)?'h(’ plstente . x 9,74 9,84 9,84 991° 8.90"
P s 0,5644 0.8531 0.6922 0.5818 1.0100
V (%) 579 8,67 7.03 5.87 11,29
x 15.94 15.87 14,90 16,03 14,48¢
kg s 2,1348 1,9549 1,3400 1,6366 1.2800
Kosti masité V (%) 13,40 1232 8,99 10,21 8.85
(kosti osového skeletu)* < 594 o9 031 9,66 03
;”;, s 1,0637 0.6979 0,5497 0.6823 0.6800
V (%) 10,69 713 5,87 7,06 7.24
X 31,50 31,75 30,50 32,48° 28.34"
kg s 2,6530 3.0589 2,1198 2,7693 2.7500
Kosti celkem® V (%) 8,42 9.63 6,95 8.53 9.70
x 19,69° 19,63 19.21 19.58° 18,24
;’i’, s 1.2350 11222 1,0963 0,8732 1.1900
V (%) 6.27 572 571 4,46 6.54
¥ 1,02 1,00 0,95 0.98 1.06
Pomér masitych
a technickych kost® LA 01298 0.1094 0,0602 0,0908 0.1301
V (%) 12,68 10,92 6.30 9,28 12.29
X 3,98° 4,03 4,13 4,00° 4,40
Pomér maso/kosti’ p s 0.3524 0,2738 0.2863 0.2262 0.34
V (%) 8,84 6,79 6.93 5.65 7,64
x 3.53™ 2,48% 2,81 3,54™ 2,654
kg | s 1,1944 1,3497 0,7259 1,3846 0.8300
Oddelitelny 1gj* V (%) 33,77 54,42 25,84 39,03 3118
X 2:g1be 1.49% 176 213" 1.68"
;7;; s 07472 0,6717 0,4168 0.7852 0.4500
V (%) 33,74 4485 23,68 36.77 26,5100
x 4,09° 4,10° 422 4.11° 4.50™
Pomér maso + luj/kosti’ P 5 0,3408 0,2760 0,2970 0,2240 0.3400
V(%) 832 6.72 7.04 5.44 7.66

a,b,c,d=P<005

Ipnmm{:lcr / statistical data, *sire breed / group designation, 3technical bones (bones of pectoral, pelvic girdles and ribs), *butcher’s bones
A % 3 5 A & 4 i
(bones of axial skeleton), Sbones in total, “butcher’s bones to technical bones ratio, 7meut to bones ratio, xsepnrnhlc fat, “meat + fat/bones

ratio

tim jinych plemennych bykd k produkci potomstva
(Voriskova et al. (1998). Vyssi poméry maso/kosti jsou
soucasti zavéru studii vyvoje masné uZitkovosti riz-
nych uZitkovych typt skotu (Teslik et al., 1996; Barton
et al., 1996; Suchanek et al., 1990).

Nejmensi povrchové kryti jate¢nych polovin tukem
jsme stanovili u skupin BA (2,48 kg a 1,49 %) a nej-
vy§8i tvorbu povrchového tuku jsme zjistili shodné
u byki typu Ch a AA (3,54 kg a 3,53 %, resp. 2,13 kg
a 2,21 %). Stanovené relativni hodnoty oddélitelného
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tuku pfi bourani jatecnych polovin jsou vyznamné vys-
§i, neZ které uvadi pii vykrmu byka s niz§i drovni vy-
Zivy Subrt (1994). Tendence k vys§i tvorb& tuku pi
vyS8i drovni vyzivy jsou v souladu s vysledky, které
u typi AA a Ch zjistili Colleman et al. (1993).

Pfi celkovém zhodnoceni poradi jednotlivych uZit-
kovych typt v rdmci sledovanych skupin znaki jsme
u zvolenych ukazateld vykrmnosti nejlépe hodnotili
potomky po otcich Ch a BA, zatimco nejhtie byli hod-
noceni byci po otcich plemen AA a Li. Potomstvo ve

CZECH J. ANIM. SCI., 44, 1999: 3948



14,00

1. Vyt&Znostni poméry v piedni
JjateSné &tvrti (predni &tvrf =

EDAA ELi 8SBM @EBA BCh 100 %) - Dressing percent-
12,00 1 age of the forequarter

10,00- (forequarter = 100%)
8,00 Maso plece = cuts of chuck;
% Maso krku = cuts of neck:
6,00 5% Maso podpledi = cuts of
S foreribs; Maso Zebra = cuts
4,00 B X of ribs; Oddglitelny 18j =
3 51 separable fat; Kosti masité =
H00 e . 3 butcher’s bones; Kosti tech-
0,00- 7 nické = technica! bones;
Maso plece Masokrku ~ Maso  Maso Zebra Odd@litelny Kosti masité  Kosti Telesna, i, = edible’ por-

podpleti liaj technické $1on
Télesnd tkan

2. Vytéznostni poméry v zad-
BAA BLi BM @BA BcCh ni jate¢né Ctvrti (zadni Ctvrf =
30,007 100 %) — Dressing percent-
AT age of the hindquarter

250017 [ZERY (hindquarter = 100%)
BE\ZH Maso z kyty = cuts of ump
2000+ FEN and round; Maso z ro§ténce =
AL cuts of short loin; Svitkovi =
% 15004 [EnA | sirloin; Maso z boku s kosti =
ERNA cuts of flank with bones;
10,00 b A Bok bez kosti = flank; Od-
4 F BT délitelny lij = separable
& :';:; Ry v 3= o ‘- : 4 fat; Kosti technické = tech-
L AL RN RN L I z nical bones; Kosti masité =
= BENE 2 2B B=NH 2 L BB butcher's bones; Télesna

Maso zkyty Masoz Svitkova Masozboku Bok bez  Oddélitelny Kosti Kosti masité tigin =redibleportion

roténce s kosti Kkosti lij technické
Télesna tkan
Y 3. Vyt&Znostni pomery v ja-
90,00- BAA HLi NBM BBA OCh BAAL L o6 poloving  (jatetnd
ELi EBEBM B@BA ECh || polovina = 100 %) -
80,00 8= N2 Dressing percentage of the
70,00 BENGE side of beef (side of beef =
R 100%)
60,00 Maso I. jakosti = prime
50,00 % cuts; Maso II. jakosti =
% 40,00 BN grade I1 cuts; Maso
; 1 N celkem = meat cuts in total,
30,0047 EA: % Kosti masité = butcher’s
20,00 : : - bones; Kosti technické =
R=\ZR RENAN 4 7 technical bones; Kosti
10,007 Al 6=Nas 2% E celkem = bones in total;
0,00 Télesna tkail = edible por-
Maso L jakosti  Maso IL Maso celkem Kosti masité Kosti Kosti celkem tion
jakosti technické

Télesna tkai

skupiné po otcich plemen Li a BM bylo v8ak nejpfizni-
véji hodnoceno pfi bodové klasifikaci pofadi ve zna-
cich bourdrenské kvality jate¢nych polovin. Mezi nej-
hiife hodnocené saméi potomstvo pfi sledovéni potadi
v jednotlivych ukazatelich bourdrenské kvality jated-
nych polovin patfi prekvapivé potomstvo plemennych

CZECH J. ANIM. SCL., 44, 1999: 39-48

bykd Ch a AA. Z prezentovanych vysledka je ziejmé,
Ze volba optimalniho uZitkového typu je pro chovatele
velmi sloZita a bude o ni vedle plemenné hodnoty byka
v masné uZitkovosti rozhodovat zejména zpenéZovani ja-
teénych zvifat a poZadavky zpracovatelskych podnikii na
kvalitu a skladbu jate¢nych tél vykrmovaného skotu.
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