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ROZDIELY V MLIEKOVE] UZITKOVOSTI ROZNEHO
0s1-KAZEINOVEHO GENOTYPU DOJNIC SLOVENSKEHO
STRAKATEHO PLEMENA

DIFFERENCES IN MILK PERFORMANCE OF DAIRY COWS OF THE
SLOVAKIAN PIED BREED OF VARIOUS o,;-CASEIN GENOTYPES

J. Zitny, 1. Ostertag, E. Michali¢kova, A. Kibek, A. Trakovickd, M. Gavalier

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

ABSTRACT: Milk performance of 717 dairy cows of the Slovakian Pied breed in lst, 2nd, 3rd and 4th lactations was
evaluated from the aspect of 0,;-casein genotypes BB and BC determined by starch gel electrophoresis. The cows came from
a herd included in the category of protected herds in Slovakia. a,,-casein genotype BB was determined in 687 animals
(95.8%), genotype BC in 30 animals (4.2%). The basic description of performance indicators (milk, fat, protein, lactose)
shows a clear trend of their quantitative increase in the group of cows with heterozygotic o.-casein genotype combination
BC of (Tabs. I to IV). The results confirmed statistically significant differences (P < 0.05) between milk production (BC >
BB) in the first lactation (by 473 kg) and average fat production (BC > BB) also in the first lactation (by 20 kg). At summary
evaluation of commercial characteristics of cows for all four standardized lactations significant differences (P < 0.05) were
calculated, in view of o, -casein polymorphism, in average milk production (BC > BB) (by 515 kg) and average lactose
production (BC > BB) (by 23 kg).

dairy cow; Slovakian Pied breed; 0.;-casein polymorphism; performance

ABSTRAKT: Stanovili sme polymorfné varianty o,-kazeinu dojnic slovenského strakatého plemena zadlenenych do kate-
gorie chranenych chovov na Slovensku. Metédou elektroforézy na 3krobovom géli sme analyzovali celkove 717 vzoriek
mlieka. Vypocitali sme genotypovii frekvenciu BC genotypu 4,2 % a genotypu BB o,-kazeinu 95,8 %. Za obdobie prvej aZ
Stvrtej normovanej lakticie sme podla genotypovych kombindcii o,-kazeinu vyhodnotili produkciu mlieka, tuku, bielkovin
a laktézy. V niektorych ukazovateloch boli stanovené Statisticky preukazné rozdiely na 95% hladine vyznamnosti. Dojnice
s genotypom BC o0,,-kazeinu dosiahli lepSie vysledky pri porovnani s genotypom BB v priemernej produkcii mlieka (kg)
a v priemernej produkcii tuku (kg) na prvej laktacii. Podobne aj pri sumdrnom zhodnoteni prisluSnych aZitkovych vlastnosti
za vietky Styri laktdcie boli vypocitané rozdiely Statisticky preukazné (P < 0,05) v produkcii mlieka (BC > BB) a produkcii

laktézy (BC > BB).

dojnica; plemeno slovenské strakaté; polymorfizmus o, -kazeinu; uZitkovost

UvVOD

Zdokonalenie fyzikdlno-chemickych metéd separa-
cie a hlavne metdd elektroforetického delenia bielkovin
na nosicoch (Skrobovy, polyakrylamidovy, agar6zovy,
agarovy gél a i.) viedlo k objaveniu biochemického po-
lymorfizmu radu bielkovinovych liatok (Ferencik,
Skiarka, 1981). Zistenie, Ze vyskyt polymorfnych ty-
pov je geneticky determinovany, spdsobilo, Ze poly-
morfné znaky sa stali predmetom genetickych $tidii na
populacidch hospodarskych zvierat (Brdicka, 1981;
Glasnik, 1968; Grosclaude et al., 1966; Ku-
bek, 1981; Zitny et al., 1995).

V poslednom obdobi sa vedeckovyskumna Cinnost
v tejto oblasti orientuje na otazku i¢inku polymorfnych
znakov mlieka na procesy ovplyviiujice prejavy uZit-
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kovych vlastnosti hoviddzieho dobytka. Predpoklad
mozZnych vztahov medzi tymito znakmi a dZitkovymi
vlastnostami bol sledovany v polymorfizme o -kazei-
nu (Dvorfdk et al.,, 1994; Hanu$ et al.,, 1996;
Havli¢ek, Hartman, 1995; Kali§kova,
Zikova, 1995; Méacha, 1972).

Z hladiska chemického zloZenia mlieka patri kazeinu
medzi najddleZitejSie bielkoviny mlieka. V kravskom
mlieku sa vyskytuje v mnoZstve 2,4 aZ 2,6 % a prie-
merne tvori 77 % celkového dusika v mlieku. Prijala sa
zasada, Ze kazeinovy komplex sa sklada z troch hlavnych
frakcii: oy (alfag), x (kappa) a P (beta) (Pijanowski,
1977). V najvicSom mnoZstve je zastipena frakcia o,
ktord sa stala objektom $tidia predloZenej prace.

Cielom prace bolo bliZ§ie analyzovat biochemicky
polymorfizmus oy -kazeinu a zistit, do akej miery
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mdZu ovplyvnit prisluiné genotypy 0,;-kazeinu vysku
produkcie mlieka a jeho zloZenie.

MATERIAL A METODY

Popis metodického postupu analyzy vzoriek mlieka
krav slovenského strakatého plemena nadvizuje na na§
predchadzajtici prispevok (Zitny et al., 1996).

Dojnice (n = 717) pochadzali z Polnohospodarskeho
druZstva Orechova Pot6i, ktoré na zaklade rozhodnutia
vyberovej komisie bolo zaélenené do kategérie chrane-
nych chovov na Slovensku (Zavereény protokol, 1995),
kde boli zohladnené tieto kritéria:

1. dodrZanie podmienok stanovenych v ,Pokynoch pre
vyber a uznavanie chranenych chovov na zachovanie
genofondu slovenského strakatého a slovenského pinz-
gauského plemena na Slovensku“ &. 4309-92 MP SR;

2. Cistokrvnost stdda a pdvodnost v stanovenom per-
cente;

3. vyrovnanost stida v plemennom a iZitkovom type;

4. zabezpecenie reprodukcie stdda v poZadovanych pa-
rametroch;

5. dosiahnutie $tandardnej drovne Zitkovych vlastnosti;

6. predbeZni registracia chovu a zépis krav do plemen-
nej knihy;

7. zdravotny stav.

Na rozdelenie a stanovenie frakcii o;-kazeinu sme
pouZili horizontalnu elektroforézu na Skrobovom géli
s pouZitim mocoviny a merkaptoetanolu podla metédy
autorov Thymannova a Larsen (1965). Sepa-
racia prisluSnych genotypov o-kazeinu bola preva-
dzand v alkalickom prostredi pri pH boratového pufru
8,7. Na zvyraznenie bielkovinovych frakcii o -kazei-
nu sme pouZili farbiaci roztok amido&erii 10B s nigro-
zinom, pri¢om gél sa nasledne niekolkondsobne vypie-
ral odfarbovacim roztokom v zloZeni methanol :
destilovana voda : kyselina octova.

Hodnotili sme mliekovi uZitkovost krdvna 1., 2., 3.
a 4. laktacii, respektive za vSetky sledované laktécie.
Podla genotypovych kombindécii o;-kazeinu sme prie-
merné hodnoty mliekovej uZitkovosti (produkcia mlie-
ka, tuku, bielkovin, laktézy) porovnali Studentovym
t-testom.

VYSLEDKY A DISKUSIA

Pri elektroforéze mlieka krav slovenského strakaté-
ho plemena sme pozorovali na §krobovych géloch zénu
rozdelenych frakcii o -kazeinu v najvzdialenejSej ob-
lasti od $tartu, t.j. od miesta, kde sme pomocou filtrag-
nych papierikov nanaSali vzorky mlieka. Za Casovy
tisek 6 hodin kon¢i elektroforéza bielkovin o, -kazeinu
v Standardnych podmienkach, ktoré si popisané v me-
todickom postupe autorov Feren&ik et al. (1981)
a Thymannova, Larsen (1965).

Z elektroforetickej separdcie proteinov o, -kazeinu
je zrejmé, Ze rychlejou bielkovinovou frakciou na gé-
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loch je genotyp BB, pomalSou frakciou je genotyp CC,
ich dvojkombinéciou heterozygotny genotyp BC. Z do-
siahnutych vysledkov vyplyva, Ze BB genotyp o -ka-
zeinu sme identifikovali na 687 dojniciach slovenského
strakatého plemena, ostévajicich 30 dojnic je genotyp
BC s genotypovou frekvenciou 4,2 %. Homozygotné
genotypy AA, CC, ako aj heterozygotné formy genoty-
pov AB, AC o -kazeinu sme podobne ako Glasnék
(1968) u krav Eeského Cervenostrakatého dobytka ne-
sledovali v Ziadnej analyzovanej vzorke mlieka.

Pri $tudiu genetickych polymorfnych typov bielko-
vin a syritelnosti mlieka zistii Macha (1991) vza-
jomnym porovnanim jednotlivych genotypov oy-ka-
zeinu najvicSie percento syreniny u homozygotov BB.
Ak tito okolnost zohladnime v naSich vysledkoch,
mdZeme konStatovat velmi dobri droveii BB genoty-
pov oy -kazeinu s 95,8% frekvenciou.

Priemerné hodnoty mliekovej uZitkovosti (mnoZstvo
mlieka, obsah tuku, bielkovin a lakt6zy) krav sloven-
ského strakatého plemena na 1., 2., 3. a 4. laktacii uva-
dzame v tab. I aZ IV.

Z vysledkov produkcie mlieka podla genotypovych
kombindicii oy-kazeinu vyplyva jednoznacna tenden-
cia vy$8ej produkcie mlieka v polymorfnom systéme
BC na 1., 2., 3., ako aj 4. normovanej laktdcii. Takéto
sledovanie (obr. 1) umoZiiuje matematicko-$tatisticky
vyhodnotit droveii mlieckovej produkcie, kedy na prvej
laktécii bol vypoéitany preukazny rozdiel (P < 0,05)
u dojnic s genotypom BC, ktoré v priemere nadojili
0 473 kg mlieka viac neZ dojnice s BB genotypom o.-
-kazeinu. Statisticky preukazny rozdiel (P < 0,05) bol
siiCasne vypocitany aj pri sumarnom zhodnoteni pro-
dukcie mlieka za Styri laktacie opat v kategorii krav
s genotypom BC o -kazeinu, ktoré v priemere vypro-
dukovali 4 788 kg mlieka, kym dojnice s BB genoty-
pom 4 273 kg mlieka.

Tieto uidaje koreSponduji so zistenim autora M-
cha (1972), ktory pri Stidiu o;-kazeinu plemena Ces-
ké strakaté (n = 1 095) vypocital signifikantné vysled-
ky, kedy dojnice genotypu BC dosiahli preukazne
vy3Siu produkciu mlieka, percento tuku a percento biel-
kovin neZ zvieratd homozygotné v alele B. Na tito
skuto¢nost upozoriiuji Dvofak et al. (1994) vysled-
kami rozborov mliekovej uZitkovosti Eiernostrakatého
niZinného plemena. Dojnice na druhej a dalich lakta-
ciach produkovali vy$§ie mnoZstvo mlieka v polymor-
fnom systéme BC o -kazeinu (5 993 kg); priemerna
uZitkovost nadojeného mlieka v BB genotype sa rovna
5 403 kg.

Podobne aj pri posudzovani tukovosti mlieka za ob-
dobie Styroch lakticii sme detekovali zvySenid produk-
¢nu aktivitu v kategorii krav s heterozygotnym zaloZe-
nim oy -kazeinu. Ak dojnice s genotypom BB
vyprodukovali na prvej lakticii 173 kg tuku, tak za to
isté sledované obdobie v skupine krdv s BC genoty-
pom oy -kazeinu bolo stanovené mnoZstvo tuku
193 kg. Kvantitativny rozdiel medzi tymito hodnotami
predstavuje 20 kg tuku, ¢o znamena Statisticky pre-
ukazny rozdiel na hladine vyznamnosti P < 0,05.
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I. Priemerné produkcia mlieka (kg) krdv slovenského strakatého plemena podla zastipenia genotypov alfag -kazeinu — Average milk

production (kg) of dairy cows of the Slovakian Pied breed according to the representation of alphag,-casein genotypes

5 Ukazovatel* Rozdiely® / t-test
Lakticie! Genotypy —
n x S5 v BB : BC
BB 286 3 868 980,7 25,3
1 2:532*
BC 14 4 341 663,7 15,2
BB 193 4342 929,6 21,4
2 0,385~
BC 8 4483 1015,5 22,6
BB 133 4 690 940,6 20,0
3 1,833
BC 5 5767 1 300,5 22,5
7 4 898 1071,6 21,8
4 BB 2 0,914~
BC 3 6 060 2 190,5 36,1
BB 687 4273 1 040,1 243
Laktacie spolu? 2,294*
BC 30 4788 1210,6 25,2
P 2005 "*P<0,05
"lactation, *lactations in total, 3genotypcs. “indicator, differences / r-test
I1. Priemernd produkcia tuku (kg) krdv slo kého strakatého pl podla ia genotypov alfag,-kazeinu — Average fat production

(kg) of dairy cows of the Slovakian Pied breed according to the representation of alphag,-casein genotypes

s ; Ukazovatel* Rozdiely® / t-test
Lakticie Genotypy >
n X 8 v BB : BC
BB 286 173 43,6 25,1
1 2,220*
BC 14 193 31,7 16,4
BB 193 201 42,9 21,3
2 0,297-
BC 8 207 54,2 26,2
BB 133 223 48,7 21,7
3 1,581
BC 5 271 65,9 24,3
BB 75 230 52,1 22,6
4 0,948~
BC 3 269 70,8 26,3
1 2 BB 687 197 50,5 25,6 .
Lakticie spolu 1,927
BC 30 217 56,5 25,9

“P2005*P<0,05
For 1-5 see Tab. 1

I1I. Priemernd produkcia bielkovin (kg) krav slovenského strakatého plemena podIa zastipenia genotypov alfag,-kazeinu — Average protein

production (kg) of dairy cows of the Slovakian Pied breed according to the representation of alphag,-casein genotypes

—— o ) Ukazovatel* Rozdiely® / t-test
n X Sz v BB : BC
BB 180 136 334 24,5
1 0,453~
BC 9 139 20,1 14,4
BB 143 150 30,3 20,1
2 0,737
BC 7 159 28,9 18,2
BB 113 162 34,0 20,8
3 1,638~
BC 5 195 44,2 22,6
BB 68 167 34,1 20,3
4 1,041~
BC 3 213 76,5 35,8
BB 04 150 34, 3;
Lakticie spolu? ? 3 ¢ 2] 1,693~
BC 24 166 445 26,8
“P2005*P<0,05
For 1-5 see Tab. I
ZIVOCISNA VYROBA, 42, 1997 (11): 481-486 483



IV. Priemern4 produkcia laktézy (kg) krdv slovenského strakatého plemena podla zastipenia genotypov alfag,-kazeinu — Average lactose
production (kg) of dairy cows of the Slovakian Pied breed according to tHe representation of alphag,-casein genotypes

5 Ukazovatel* Rozdiely’ / t-test
Laktacie! Genotypy —
n x 53 v BB : BC
BB 180 191 51,9 27,2
1 1,128
BC 9 206 39,8 19,2
B 143 203 443 21,8
2 5 0,861~
BC 7 217 42,6 19,5
11 218 44,7 20,5
3 e 3 1,567
BC 5 257 55,0 21,4
BB 68 226 49,1 21,7
4 0,720
BC 3 271 107,9 39,7
BB 504 205 49,5 24,1
Laktécie spolu? 1,965*
BC 24 228 56,6 24,7

“P20,05*P<0,05
For 1-5 see Tab. I

Pri hodnoteni polymorfnych bielkovin k ukazovate-
Tom mliekovej Zitkovosti Kibek (1981) uvadza, Ze
u krav slovenského strakatého plemena (n = 811) boli
vypocitané Statisticky vyznamné rozdiely medzi jed-
notlivymi polymorfnymi systémami krvnej plazmy
(postalbumin, ceruloplazmin, transferin) a zvyS$enym
obsahom tuku v mlieku krdv v kategérii s heterozygot-
nymi genotypovymi kombindciami. Uvedeny poznatok
sme potvrdili aj v naSom vyhodnoteni heterozygotného
genotypu BC ay,-kazeinu v tom, Ze dojnice s tymto
dvojalelovym variantom sa vyznaZovali zvy$enou pro-
dukciou tuku na Styroch laktaciach.

BC genotyp o, -kazeinu vyrazne ovplyvnil mnoZ-
stvo tuku vyjadrené odchylkou od priemeru v percen-
tach (priemer produkcie tuku v kg za laktaciu = 100 %)
s nadpriemernymi hodnotami, ktoré boli (obr. 2) na pr-
vej laktacii BC = 105,4 %, na druhej lakticii BC =
101,4 %, na tretej laktacii BC = 109,7 % a na §tvrtej
laktéacii BC = 107,8 %.

V poradi tretim ukazovatelom mliekovej uZitkovosti
krav slovenského strakatého plemena je produkcia biel-
kovin v kg. Ako vyplyva z idajov, s poradim lakticie
dochadza k stipajicej tendencii obsahu bielkovin
v mlieku. Na 1. lakticii dojnice s polymorfnym varian-
tom BC oy -kazeinu vyprodukovali priemerne 139 kg
bielkovin, pricom na 4. laktacii sme zistili 213 kg (cel-
kovy rozdiel predstavuje 74 kg bielkovin). Podobne
sme zaznamenali ndrast tohto kvantitativneho znaku aj
v polymorfnom systéme BB o-kazeinu z povodnych
136 kg na 167 kg za 4. lakticiu. Zistené rozdiely su

. Statisticky nepreukazné (P 2 0,05).

Dvofidk etal. (1994) zistili, Ze u iernostrakatého
niZinného plemena produkcia bielkovin v mlieku hod-
notend podla genotypovania o;-kazeinu dosiahla na
1. laktacii v BB genotype 129 kg, zatial ¢o v BC ge-
notype 113 kg. Z hodnotenia mliekovej uZitkovosti na
2. a dalSich laktaciach vyplyva, Ze zvySend produkcia
proteinov bola zaznamenana v opaénom poradi genoty-

1. Hodnotenie mlieka kriv slovenského strakatého

Laktacia Odchylka od priemeru v %
plemena podla genotypovej Struktiry alfag,-kazeinu
— Milk evaluation of dairy cows of the Slovakian
Pied breed according to the alphag,-casein genotype
1 structure
For Figs. | to 4:
laktacia = lactation
2 odchylka od priemeru v % = deviation from the
4 P!
mean in %
BB genotyp alfag,-kazeinu = BB alphag,-casein
A
3 genotype
1 BC genotyp alfag,-kazeinu = BC alphag,-casein
genotype
4
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Laktacia Odchylka od priemeru v %
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2. Hodnotenie tuku mlieka krdv slovenského
strakatého plemena podla genotypovej Struktiry al-
fag;-kazeinu — Milk fat evaluation of dairy cows of
the Slovakian Pied breed according to the alphag,-
-casein genotype structure

3. Hodnotenie bielkovin mlieka kriv slovenského
strakatého plemena podla genotypovej Struktiry al-
fag,-kazeinu — Milk protein evaluation of dairy cows
of the Slovakian Pied breed according to the al-
phag,-casein genotype structure

4. Hodnotenie laktézy krdv slovenského strakatého
plemena podla genotypovej Struktiry alfag,-kazeinu
- Lactose evaluation of dairy cows of the Slovakian
Pied breed according to the alphag,-casein genotype
structure
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pov, t.j. v BC genotype o,,-kazeinu 187 kg a v geno-
type BB 167 kg bielkovin.

Vztahom genotypov mlieSnych bielkovin k niekto-
rym ukazovatelom mliekovej dZitkovosti sa zaoberali
Kaliskova a Zikova (1995). V hodnotenej sku-
pine 420 dojnic popisuji BB a BC varianty o -kazei-
nu. Z vysledkov je zrejmé, Ze neboli zistené signifi-
kantné rozdiely (t-test) medzi detekovanymi genotypmi
v produkcii mlieka za laktaciu. V percentudlnom obsa-
hu bielkovin bol pozorovany Statisticky vysoko vy-
znamny rozdiel genotypu BC iba u prvéstok.

Z hladiska $tidia vplyvu genotypu BC oy -kazeinu

na niektoré uZitkové vlastnosti krdv bol opakovane sta- -

noveny zvySeny percentudlny obsah bielkovin aj pri
grafickom hodnoteni uvedeného ukazovatela (obr. 3).
Nadpriemerné hodnoty (BC > BB) boli dosiahnuté na
prvej (101,0 %), druhej (102,9 %), tretej (109,2 %)
a $tvrtej laktacii (112,1 %).

Analyza produkcie laktézy potvrdzuje uriti typovii
selekciu medzi prejavom uvedenej uZitkovej vlastnosti
a genetickymi polymorfnymi znakmi o, -kazeinu. He-
terozygotnd, resp. homozygotna forma genotypov ;-
-kazeinu zvySuje vySku produkcie laktézy s poradim
lakt4cie (tab. IV). Zaujimavé je porovnanie oboch va-
riantov genetického polymorfizmu pri sumarnom zhod-
noteni vietkych testovanych laktécii, kedy dojnice
s genotypom BC dosiahli signifikantne vy$Siu produk-
ciu laktozy (P < 0,05) o 23 kg neZ dojnice s variantom
BB oy -kazeinu.

Heterozygotny genotyp BC povaZujeme za urCujici
mlie¢ny bielkovinovy polymorfny systém o-kazeinu,
ktory sa podstatnou mierou podiela aj na obsahu lakt6-
zy v mlieku (obr. 4). Naskyta sa ur€ita Gvaha selek&nej
preferencie tohto genotypu (BC > BB), ktora sa preja-
vuje nielen na prvej laktacii s nadpriemernym hodno-
tenim 103,7 %, ale tiez na druhej (103,3 %), tretej
(108,2 %) a Stvrtej laktécii (109,0 %).
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AUTORADIOGRAPHIC ANALYSIS OF RNA SYNTHESIS
IN BOVINE OOCYTE-CUMULUS COMPLEXES DURING
IN VITRO MATURATION

AUTORADIOGRAFICKA ANALYZA SYNTEZY RNA V BOVINNYCH
OOCYT-KUMULARNYCH KOMPLEXOCH V PRIEBEHU DOZRIEVANIA
IN VITRO

A. V. Sirotkin', L. V. Kozikova' 2, J. Bulla'

Research Institute of Animal Production, Nitra, Slovak Republic
2Research Institute of Animal Breeding and Genetics, S.-Peterburg-Pushkin, Russia

ABSTRACT: The pattern of RNA synthesis in bovine oocytes and their surrounding cumulus cells was investigated autora-
diographically after 0, 6, 12, 18 and 24 hours of in vitro maturation and according to the cumulus oophorus state. To determine
the role of the state of cumulus oophorus in this process we compared 3H-uridine incorporation by the oocyte-cumulus
complexes with well-developed (dense, group I) and poorly-developed (friable, group II) cumulus investment. A gradual
decrease in both the proportion of oocytes taking up *H-uridine and the number of radioactive labels (silver grains) in each
oocyte from 0 to 12 hours of the culture was observed. At 18 and 24 hours a slight increase in both of these indices took
place. At all stages except 24 hours, both indices of *H uptake were significantly higher in oocytes from group I than in those
from group II. In the cumulus cells of group I a gradual increase in these indices during in vitro maturation was observed.
No significant differences between the groups in either the proportion of labelled cumulus cells or the number of labels per
cell was observed at the start (0 h) or the end (24 h) of maturation, whilst at 6, 12, and 18 h of culture the indices in group
II were lower than those in group I. The present results suggest that: (1) oocytes have two peaks of RNA synthesis, at the
beginning (major peak) and end (minor peak) of in vitro maturation; (2) cumulus ocophorus cells, as a rule, show a gradual
increase in RNA synthesis during in vitro maturation; (3) poor development and friability of the cumulus oophorus is
associated with a reduced capacity for RNA synthesis and alterated dynamics of this process during maturation both in oocytes
and in surrounding cumulus cells.

autoradiography; RNA synthesis; meiosis; cow

ABSTRAKT: Autoradiografickou metédou sme sledovali syntézu RNA v bovinnych oocytoch a ich obklopujicich bunkdch
cumulus oophorus v priebehu dozrievania in vitro a v sivislosti so stavom kumuldrnych buniek. Hodnotili sme akumuléciu
3H-uridinu tymito bunkami pred kultiviciou a po 6, 12, 18 a 24 h kultivécie. Merali sme percento buniek inkorporujicich
H-uridin a pocet znaciek *H-uridinu na jednu bunku, Aby sme zistili ilohu cumulus oophorus v tychto procesoch, porovna-
vali sme inkorporaciu *H-uridinu oocyt-kumuldrnymi komplexami s dobre vyvinutymi, tmavymi (I. skupina) a zI€é vyvinuty-
mi, riedkymi (II. skupina) vrstvami cumulus oophorus. Od 0 do 12 h kultivécie sme pozorovali postupné zniZovanie percenta
oocytov inkorporujiicich 3H-uridin a poctu radioaktivnych znaciek (zrniek striebra) v jednotlivych bunkédch. Po 18 a 24 h
inkubécie sme zistili Tahké klesanie obidvoch tychto ukazovatelov. Pri vSetkych €asoch inkubdcie (okrem 24 h) boli oba
ukazovatele syntézy RNA preukazne vysSie v oocytoch I. skupiny neZ v oocytoch II. skupiny. V kumularnych bunkach v L.
skupine sme pozorovali postupné zvySovanie obidvoch tychto ukazovatelov v priebehu dozrievania in vitro. Na zaciatku (0
h) a konci (24 h) kultivicie neboli zistené Ziadne rozdiely medzi I. a II. skupinou v polte oznafenych buniek a v potte
rédioaktivnych znaciek na bunku. Po 6, 12 a 18 h inkubdcie vak tieto indexy boli niZ$ie v II. skupine neZ v I. skupine. Na%e
pozorovania mdZu svedd&it, Ze: 1) oocyty maji dva vrcholy syntézy RNA — na zaciatku (velky) a na konci (maly) dozrievania
in vitro; 2) bunky cumulus oophorus prejavuji postupny rast syntézy RNA v priebehu dozrievania in vitro; 3) zle vyvinuty
a riedky cumulus oophorus je spojeny s redukovanou schopnosfou a atypickym rozvojom syntézy RNA v priebehu dozrie-
vania oocytov a v ich obklopujiicich kumuldrnych bunkéch.

autoradiografia; syntéza RNA; meidza; hovidzi dobytok
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INTRODUCTION

The maturation of the oocyte-cumulus complex both
in vivo and in vitro includes the synthesis and accumu-
lation of specific biologically active substances: nu-
cleic acids, proteins etc., needed for luteinization, ex-
pansion of the cumulus oophorus, completion of
meiosis, fertilization and first post-fertilization divi-
sions (Eppig, 1985; Guraya, 1985; Sato,
Koide, 1987; Moor, 1988). In particular, in the
cow, new RNA and protein synthesis and phosphory-
lation are necessary for oocyte nuclear maturation and
germinal vesicle breakdown. Some of this RNA and
peptides are synthesised by the oocyte.

The available information about the time of comple-
tion of oocyte RNA synthesis is sparse and contradic-
tory, although the same method of evaluation of RNA
synthesis (autoradiographical analysis of incorporation
of RNA precursor 3H-uridine) has been used by differ-
ent investigators. Most authors note great heterogeneity
in rates of oocyte RNA synthesis and localization be-
fore the reinitiation of meiosis. Some authors reported
a reduction of RNA synthesis at the end of oocyte
growth and during antrum formation in ovarian folli-
cles (mouse: Moore, Linter-Moore, 1979;
pig: Motlik et al.,, 1986). Other experiments, how-
ever, have shown intensive RNA synthesis during and
after the end of the oocyte growth (mouse: Bloom,
Mukherjee, 1972; Rodman, Bachvarova,
1976; Wasserman, Letourneau, 1976; pig:
Motlik et al, 1978; Crozet et al., 1981; rabbit:
Motlik et al, 1978; woman: Parfenov et al.,
1989). The time of RNA synthesis in the oocytes in
other species, in particular in cows, has not been inves-
tigated. The first goal of our investigation was to de-
termine the time of completion of RNA synthesis
within the bovine oocytes matured in vitro.

It is well-known that cumulus investment may be
involved in the oocyte cytoplasmic maturation. Some
precursors of RNA and proteins may be transported to
the oocyte by the cumulus cells through gap junctions.
This has been suggested for the RNA precursor uridine
(sheep: Moor et al., 1980, 1981; mouse: Moore,
Linter-Moore, 1979; Eppig, 1982; Ko et al,,
1988; hamster: Racovsky, Satferlie, 1985;
pig: Motlik et al, 1986; Ko et al,, 1988; Mat-
tioli et al.,, 1988; cow: Laurinéik et al., 1992).
All of these authors, except Mattioli et al. (1988),
found that the final stages of oocyte maturation are
temporarily associated with the restriction of oocyte-
-cumulus coupling and the transport of the substances
to the oocyte. Cumulus mass removal was followed by
pre-term blockage of the accumulation of the sub-
stances in the oocyte, i.e., of oocyte cytoplasmic matu-
ration. On the other hand, bovine oocytes surrounded
by a well developed, dense, multilayer cumulus oopho-
rus are more capable of maturation, fertilization and
subsequent cleavage in vitro than those surrounded by
a poorly developed, friable cumulus mass (Kuzne-
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tsov, 1985; Golubev, Zaverljajev, 1989;
Laurinéik et al, 1992). On the basis of these ob-
servations, it may be supposed that cumulus oophorus
state is a good index of the oocyte’s ability to accumu-
late RNA precursors and other exogenous substances
necessary for cytoplasmic maturation. The second goal
of our study was to test this hypothesis comparing
RNA synthesis from exogenous precursors by oocytes
surrounded by well-developed or poorly-developed cu-
mulus masses during in vitro maturation.

In contrast to the oocytes, there is little information
about the metabolism of RNA, peptides and other sub-
stances in the cumulus oophorus or about the depend-
ence of this process on the state of the cumulus mass
and the stage of maturation. Only one report (Ko et
al., 1988) describes the stimulation of 3H-uridine accu-
mulation by mouse and porcine cumulus masses and its
decrease in the oocyte during the course of in vitro
culture. The third goal of our experiments was to evalu-
ate, by autoradiography following 3H-uridine incorpo-
ration, RNA synthesis in well- and poorly developed
cumulus oophorus during in vitro maturation.

MATERIAL AND METHODS
Oocyte/cumulus collection and culture

Ovaries from the early and middle follicular phase
of the estrous cycle were obtained from 2-4 year old
Holstein cows without visible reproductive abnormali-
ties, which were killed at a local slaughterhouse. Oo-
cyte/cumulus complexes were obtained by dissection of
the ovaries (Golubev, Zavertjajev, 1989) in
TCM-199 (Sigma, St. Louis, USA) supplemented with
200 pg/ml pyruvate Na (Serva, Heidelberg, FRG), 600
ug/ml lactate Ca (Serva, Heidelberg, FRG), 50 pg/ml
gentamicin (Pharmachim, Sophia, Bulgaria) and 10%
heat-inactivated (45 min by 56 °C) blood serum collected
from cows on the first day of visible estrus. After washing
3 times, the oocyte/cumulus complexes were divided in
two groups on the basis of integrity and compactness of
cumulus investment according De Loos et al. (1989,
1991): (I) with well-developed, dense, multilayered and
(I) with poorly-developed, friable cumulus oophorus.
Thereafter these complexes were cultured in 200 pl of
the same medium (20-30 per drop) under paraffin oil
at 38,5 °C in 5% CO, in humified air.

Oocyte/cumulus labelling

Before and in 6, 12, 18 and 24 hours after the start
of incubation the parts of oocytes/cumulus from both
groups were transferred into prewarmed (38 °C) incu-
bation medium enriched with /5-*H/ uridine (UVVVR,
Prague, Czech Republic) to a final radioactivity con-
centration of 1 uCi/ml, and cultured for 30 min. There-
after the oocyte-cumulus complexes were rinsed in the
6 fresh portions of chilled (4 °C) non-radioactive me-
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dium, exposed for 3 min to sodium citrate (0.9% in
distilled water), fixed on slides in an absolute metha-
nol-glacial acetic acid (3 : 1) mixture and extracted for
10 min with ice-cold 3% trichloracetic acid to remove
the free labelled precursor.

Autoradiographical and morphological analysis

The slides with the preparations were rinsed in
3 volumes of 96 ° alcohol, coated with Ilford K. 5 liquid
emulsion diluted 1 : 5, exposed for 20 days, and then
developed for 2 min in D. 19. The developed autora-
diographs were stained with Giemza according to
Tarkovsky (1966) for chromosome analysis, and
observed by a Zeiss Jenamed-2 light microscope. In
some cases the preparations were photographed under
magnification (x 600). The 3H-uridine accumulation
was evaluated according to the proportion of cells la-
belled and the number of silver grains per labelled cell.
The stages of meiosis in oocytes were determined ac-
cording to the structure of chromosomes and culture
time.

Statistics

Each group in the experiment was represented by
4-12 oocytes and by 100-300 cumulus oophorus cells.
The experiment was carried out three times and inte-
grated results are presented. The number of silver
grains (labels) both within and outside (background)
the cells was was counted. If the content of the grains
inside the cell exceeded that on the same place outside,
we considered this cell as a labelled one. Respectively,
the amount of 3H uridine incorporated was evaluated
as a difference between the number of silver grains
within the cell and at background. Significant differ-
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ences between the groups of oocytes were assessed by
xz test, and between the cumuli oophori by ANOVA,

followed by Duncan’s test.

RESULTS

During in vitro culture of the oocyte/cumulus com-
plexes, visual signs of their maturation were detected.
Before the culture, practicaly all oocytes were at the
diplotene-dictiotene stage or had no visible chromatin.
After 6 h of culture, some cells showed gradual chro-
matin condensation and transition to the diakinesis
stage of meiosis. After 12 h of incubation, some cells
had reached metaphase I. At 18 h the visible chromo-
somes of the main cells were at metaphase I or ana-
phase-telophase I stage. After 24 h of the culture, most
(78%) of the oocytes had completed their nuclear matu-
ration, i.e. had reached metaphase II (the stage at which
the oocyte may be fertilized). Cumulus mass expansion
was visible from 12 h of culture. By 18-24 h of incu-
bation, more than 90% of the cumulus investments
were extensively expanded and mucified.

3H-uridine accumulation was observed both in oo-
cytes and cumulus oophorus cells. A great heterogenity
of *H-uridine incorporation was noted: the proportion
of labelled oocytes during in vitro culture varied be-
tween 0 and 30%, and for labelled cumular cells —
between 50 and 100%. The quantitative differences in
the radioactive incorporation rates between the cells
labelled varied between 10 and 3 000 silver grains
(Figs. 1 and 2) per oocyte and between 10 and 70 silver
grains per cumulus oophorus cell (Fig. 3).

Significant changes in the proportion of labelled
cells and in the cellular 3H-uridine incorporation rate,
dependent on the length of in vitro maturation and cu-

1. Low *H-uridine content in bo-
vine oocytes (50 silver grains/cell)
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mulus oophorus state, were observed both in oocytes
and cumulus mass cells (Tab. I, Figs. 4 and 5). In the
oocytes of group I (surrounded by a well developed,
dense, multilayered cumulus mass) both these indices
decreased between 0 and 12 hours of in vitro culture.
At 18 and 24 hours some increase of both indices took
place in these oocytes. In the oocytes of group II (pos-
sessing poorly-developed, friable cumulus oophorus),
the initial proportion of the cells labelled and their 3H-
-uridine incorporation rate were much lower than in the
oocytes of group I. These diferences between the two
oocyte groups persisted during in vitro maturation until
24 hours of culture. Thus, at 12 and 18 hours of matu-
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2. High 3H-uridine content in bo-
vine oocytes (2 000 silver grains/
/cell)

3. Cumulus oophorus cells with (1)
and without (2) 3H-uridine label

ration neither of the oocytes from group II had accu-
mulated 3H-uridine. At 24 hours of incubation both
indices of RNA synthesis in the oocytes of group II
increased and reached the levels in group I (Tab. I).
The Tarkovsky (1966) method does not allow
exact localization of the 3H-uridine label within the cell
structures. At all times the main silver grains observed
were recognized in the cytoplasm at the centre of the
oocyte. In case of intensive labelling, the silver grains
formed characteristic clusters (Fig. 2). Diffuse, rela-
tively uniform displacement of silver grains over the
cytoplasm of oocyte was often observed, especially in
cases of medium and low numbers of silver grains (Fig.
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. Changes in *H-uridine incorporation by bovine oocytes during in vitro maturation in relation to the state of the cumulus oophorus

. Number of Mean number of silver
Time of culture Cumulus oophorus state ocyies analyeed % of oocytes labelled grains per oocyte labelled
well-developed 37 30 368
0 hours XX XXX
poorly-developed 15 ) 40
well-developed 31 36 175
6 hours s -
poorly-developed 16 13 20
well-developed 28 11 36
12 hours xx xx
poorly-developed 15 0 0
well-developed 24 25 190
18 hours XXX XXX
poorly-developed 12 0 0
well-developed 41 12 126
24 hours
poorly-developed 18 22 110

Significant differences between the groups: * P < 0.05; ** P < 0.01,

2). No oocytes with compact chromosomes (meiotic
stages diakinesis, metaphase I, anaphase-telophase
I and metaphase II) accumulated 3H-uridine, although
not all oocytes with the despiralized chromosomes
(diplotene—dictiotene) showed nucleotide uptake.

In the cumulus oophorus of group I, a marked gra-
dual rise in both indices of *H-uridine incorporation
was observed during the course of in vitro maturation.
The cumulus cells of group II had approximately the
same dynamics of 3H-uridine content in the labelled
cells. Until the end of the maturation period (24 hours)
this index was lower in group II than in group I. The
proportion of cumulus cells accumulating 3H-uridine
before culture was higher in group II, but at 6, 12 and
18 hours of maturation a significant reduction in this
index, to below the initial level and the level in group
I, took place. At 24 hours of culture, the proportion of
labelled cumulus cells rose to reach the level in group
I (Figs. 4 and 5). The 3H-uridine label was incorporated
within the cumular cells in a regular pattern (Fig. 3).
No marked correlations between the presence of mi-
totic chromosomes and the appearance of radioactive
tracers in the cumulus oophorus cells were noted.

DISCUSSION

An increase in *H-uridine incorporation in bovine
cumulus oophorus during in vitro maturation was de-
tected in our experiments. This observation on the cow
confirms the data of Ko et al. (1988) concerning the
maturation-associated increase of *H-uridine uptake by
murine and porcine cumular cells in vitro. This activa-
tion of labelled uridine incorporation may be associated
with the increase in RNA synthesis for the production
of glycosaminoglycans and other substances determi-
nating cumulus oophorus expansion and mucification
which take place during the maturation and which are
involved in oocyte fertilization (Eppig, 1985; Gu-
raya, 1985; Sato, Koide, 1987; Salustri et
al., 1989).
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X P < 0.001

The 3H-uridine accumulation in the cumulus mass
at the end of maturation may be partially due to the
reduction of oocyte-cumulus coupling and to a restric-
tion of this substance transport from cumulus to oocyte.
A reduction in H-uridine uptake during in vitro matu-
ration was previously demonstrated in sheep (Moor
et al., 1980, 1981), mouse (Moore, 1978; Eppig,
1982; Ko et al.,, 1988), hamster (Racowsky,
Satferlie, 1985), pig Motlik et al,, 1986; Ko
et al., 1986, 1988) and cow (Laurincik etal., 1992)
oocytes. In our experiments a gradual decrease of 3H-
-uridine incorporation took place between 0 to 12 hours
of oocyte culture, confirming the data mentioned
above. On the other hand, some activation of nucleotide
augmentation at 18 and 24 hours of oocyte culture was
observed. This may suggest the activation of RNA syn-
thesis at the final stages of bovine oocyte maturation.
Whether this phenomenon reflects the activation of
RNA precursor uptake by the oocyte itself or some
increase of uridine transport to the oocyte from the
cumular cells, is unknown. On the one hand, the asso-
ciation of the silver grains with chromatin fibrils ob-
served by ourselves and by other investigators (see
above), and the absence of significant labelling of the
oocytes with compact chromosomes (at metaphase I —
metaphase II) may suggest RNA transcription within
the oocyte, at least at the start of meiosis. On the other
hand, the dependence of oocyte 3H-uridine incorpora-
tion from the state of cumulus investment may suggest
the requirement of cumulus cells for transport and/or
utilization of RNA precursor in the oocyte.

The temporal association between an increase in H-
-uridine accumulation in the cumulus oophorus and its
decrease in the oocytes during in vitro maturation dem-
onstrated in our experiments and by other authors (see
above), suggests the coupling of these two processes.
Whether this is really the case can be tested by a com-
parison of cumulus-enclosed and denuded oocytes or
by oocytes with different grades of cumulus mass de-
velopment. These experiments were performed by
Moor et al. (1980, 1981) on sheep, by Motlik et
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al. (1986) on pigs and by Laurin&ik et al. (1992)
on bovine oocytes. An inhibition of oocyte 3H-uridine
accumulation after cumulus mass removal was always
observed. Additionally, the results of our previous
(Laurinc¢ik et al,, 1992)) and present experiments
on cows demonstrate that the poorly-developed cumu-
lus oophorus has a reduced *H-uridine uptake and an
altered pattern to this process during in vitro matura-
tion. Furthermore, oocytes surrounded by a ?oorly-de-
veloped cumulus mass also had a reduced “H-uridine
accumulation and ,,abnormal* dynamics of nucleotide
uptake during culture.

The present data obtained with bovine cells sug-
gests:

(1) an increase in RNA synthesis in the cumulus oo-
phorus and a decrease in oocytes during in vitro
maturation, and

(2) the importance of the cumulus oophorus state for
both cumular and oocyte RNA synthesis, i. e., for
oocyte cytoplasmic maturation.

The state of the cumulus mass appears to be a good
indicator of oocyte-cumulus complex RNA synthesis.
It does not exclude the possibility that this indicator
might be applied to the selection of oocytes with good
ability for RNA synthesis in IVF technologies.
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THE EFFECT OF DIETARY FAT IN MARKET RAINBOW
TROUT ON FISH WEIGHT GAIN, CONVERSION
COEFFICIENT AND CHEMICAL COMPOSITION

OF BODY

VLIV TUKU VE SMESICH PRO TRZNIHO PSTRUHA DUHOVEHO
NA PRIRUSTEK RYB, KOEFICIENT KONVERZE A CHEMICKE
SLOZENI TELA

J. Parova, M. Herman, V. Prokop

Research Institute of Animal Nutrition, Pohovelice, Czech Republic

ABSTRACT: An experiment was conducted on 17,122 market rainbow trouts kept in concrete-made pools of Im® water
volume to determine the effect of 4% addition of three kinds of oils (fish, rapeseed and sunflower) to diets of our own uniform
formulation (average fat content of 11%) on feed efficiency and some other parameters. Two imported feeds with 13.35%
and 18.49% fat contents for market rainbow trout were used parallelly with the diet of our own formulation. The effect of
the kind of oil on feed efficiency was insignificant. The difference in feed efficiency between the imported feeds with 13.35%
of fat and diets of our own formulation was also insignificant. The highest (statistically significant) feed efficiency was
achieved by administration of imported feeds with 18.49% fat and 38.3% crude protein. The chemical composition of rainbow
trout body samples was affected insignificantly by the use of five types of feeds. A trend toward the lowest fat content in
fish bodies and the highest crude protein content was observed in a group receiving the diet of our own formulation with an
addition of 4% rapeseed oil.

rainbow trout; feed mixture; fat content in diet; kind of fat in diet; feed efficiency; chemical composition of rainbow trout
bodies

ABSTRAKT: V roce 1996 byl na 17 122 kusech pstruha duhového o pocate¢ni kusové hmotnosti 0,082 kg, chovanych
v betonovych bazénech o objemu vody 1 m?, proveden pokus s cilem zjistit vliv 4% pfidavku tfi druhd oleju (rybiho,
fepkového, slune¢nicového) do jednotné smési vlastni receptury (obsah tuku v priméru 11 %) na produké&ni Géinnost smési,
koeficient konverze a chemické sloZeni t&l pstruha duhového. Soubé&Zn& se smé&smi vlastni receptury (1, 2 a 3) byly do pokusu
zafazeny dv€ importované smési pro trZniho pstruha duhového (4 a 5) s obsahem 13,35 % a 18,49 % tuku. Druh oleje
aplikovany do smési 1, 2 a 3 ovlivnil pfiristek hmotnosti ryb nevyznamné. Nejvy33iho pfiristku ryb krmenych smé&smi vlastni
receptury bylo dosaZeno u smési 2 s fepkovym olejem. Importovanou smési 4 bylo dosaZeno statisticky nevyznamné vyss§iho
pfirustku v porovnani se smésmi 1, 2 a 3 podle vlastni receptury. Pfiristek hmotnosti pstruhti krmenych importovanou smési
5 byl statisticky vyznamné vyssi (P < 0,05) v porovnani s timto ukazatelem u variant 1, 2, 3 a 4. Koeficienty konverze
krmnych smési 1, 2 a 3 se pohybovaly v rozmezi 1,59-1,69 kg.kg'l. NejniZ3i koeficient konverze (1,15 kg.kg'l) byl zazna-
mendn u ryb krmenych smési 5. Chemické sloZeni tél trZniho pstruha duhového bylo zkrmovanim péti druhy smési ovlivnéno
nevyznamné. Tendence k nejniZ§imu obsahu tuku a nejvy3$$imu obsahu N-litek v t€lech ryb se projevila ve variant& krmené
smési 2 s fepkovym olejem. V této skupiné byl zaznamenén statisticky vyznamné vy33i (P < 0,05) obsah popela v porovnéni
s timto ukazatelem u ryb krmenych importovanou smési 5. Produk&ni G&€innost smési pro trzniho pstruha duhového v nafem
sledovéni byla ovlivnéna:

— podilem tuku ve smési (nejvy$si obsah tuku — nejvy3Si produkéni G¢innost smési pfi vyrovnaném podilu N-latek ve smési);
— fyzikalnimi vlastnostmi granulatu;

— druhem oleje pouZitého ke zvySeni obsahu tuku ve smési.

Vysledky dosaZené smésmi vlastni receptury (1, 2, 3) byly srovnatelné s vysledky zjiSténymi pfi krmeni importovanou
smési 4.

pstruh duhovy; krmna smés; podil tuku ve smési; druh tuku ve smési; produkéni Géinnost smési; chemické sloZeni tél pstruha
duhového
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INTRODUCTION

A wide range of fat contents from 5 to 45% was
tested in diets for rainbow trout. Gropp et al. (1982)
stated that it was possible to replace 5% of crude pro-
tein in diets for rainbow trout with crude protein con-
tent of 30-40% by 5% of fat without any negative im-
pacts on feed conversion.

This finding made it possible to use diets with the
lower crude protein content (less than 40%) than are
the optimum allowances recommended by various
authors (Satia, 1974; Zeitoun etal, 1973; Hal-
ver etal, 1978; Delong etal., 1958; Steffens,
1970a, b, 1989). Many foreign manufacturers of pellet
feeds make feeds complying with ecological requirements
for reduction in the load of the water environment by
biogenic elements, mainly by nitrogen, as a result of using
high fat contents in diets for rainbow trout.

Steffens (1989) reports that digestibility of com-
mon fats is decreasing from fish oil through sunflower
oil to soybean oil. Taking into account fat quality, cru-
cial importance of linolenic acid was demonstrated in
comparison with linoleic acid (Castell et al., 1972).
Higher positive effects of highly unsaturated fatty acids
on rainbow trout growth were demonstrated by further
research than those exerted by linolenic acid (W ata-
nabe, Takeuchi, 1976; Takeuchi, Wata-
nabe, 1976, 1977, 1978).

The quality of feeds for rainbow trout, especially the
choice of optimum proteinaceous, fatty and cereal in-
gredients in terms of production and ecology, has be-
come a permanent objective of research in foreign
countries (Robert etal.,, 1993; Masumoto etal.,
1993; Peragon etal., 1993; Boccignone etal,
1993; Pongmaneerat, Watanabe, 1993;
Cardenete et al, 1993; Garcia-Gallego et
al., 1993; Bergot, 1993; Steffens et al., 1993).

Besides an optimum nutrient composition, the qual-
ity of feed for rainbow trout is ensured by processing
technology enabling a high fat content to be incorpo-
rated in it. Physical treatment of ingredients (extrusion,
expansion), enhancing nutrient utilization, underlies
the high efficiency of diets. There are currently numer-
ous manufacturers in the Czech Republic that have the
necessary technology at their disposal.

The objective of a 1996 experiment was to deter-
mine the effect of addition of three kinds of oils to diet
of our own formulation for rainbow trout and to deter-
mine the effect of different fat contents (11, 13 and
18%) in diet for market rainbow trout on feed effi-
ciency, conversion coefficient and chemical composi-
tion of body samples (utilizable parts) of market rain-
bow trout.

MATERIAL AND METHODS

Rainbow trout yearlings of average body weight
0.082 kg were planted into 14 concrete-made pools
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1 m’ in volume on 24th May 1996, on a trout farm at
Ujcov (Fisheries Farm Velké Mezifi¢i, a.s.). 100 kg of
fish (1,223 individuals on average) were released per
pool.

Using a single technological procedure on an Insta
Pro 2000 extruder a diet of uniform formulation in
three variants was manufactured for the experiment;
these variants differed in a kind of oil that was applied
to diets. Diets of our own formulation (denoted 1, 2, 3)
contained 7-8% of fat supplied by the ingredients of
which they consisted. The composition of fat supplied
by feed ingredients was as follows: 3.4% of soya oil
from soya extrudate, 1.5% waste fat from meat-bone
meal, 0.15% of fat from wheat and 0.09% of milk fat
supplied by milk and whey powder.

Fat content in diets 1, 2 and 3 was supplemented by
4% of oils. Diet 1 by 4% of fish oil, diet 2 by 4% of
rapeseed oil and diet 3 by 4% of sunflower oil. Fish
oil, used in the diet concerned, was specified by the
supplier as pharmaceutic oil because fish oil for feeding
purposes is not available on the CR market; rapeseed
and sunflower oils were fresh oils for human consump-
tion bought in shopping stores. Fatty acid contents in
the used oils are given by Pokorny et al. (1986).

Two imported feeds with expressed fat contents
13% (4) and 18% (5) were parallelly included in the
experiment with the diets of our own formulation
(1, 2, 3).

Tab. I shows formulations of diets 1, 2, 3. Nutrient
contents in diets 1-5 are given in Tab. II. Each of

I. Formulations of experimental diets in 1996

Diets
Ingredients 1 2 3
(fish oil) | (rapeseed oil) |(sunflower oil)
% %
Fish meal 37 37 37
Meat-bone meal 17 17 17
Soya extrudate 18 18 18
Wheat extrudate 16.2 16.2 16.2
Milk powder 25 25 2.5
Whey powder 4.5 4.5 4.5
Aminovitan Pd 0.8 0.8 0.8
Fish oil 4.0 - -
Rapeseed oil - 4.0 -
Sunflower oil - - 4.0
Total 100 100 100

Composition of Aminovitan Pd supplement:

Vitamins: vitamin A 3,000,000 i.u., vitamin D3 400,000 i.u., vita-
min E 30,000 mg, vitamin K3 1,000 mg, vitamin Bl 2,000 mg,
vitamin B2 2,000 mg, vitamin B6 2,400 mg, vitamin B12 5 mg,
niacin 10,000 mg, calcium pantothenate 10,000 mg, choline
100,000 mg, folic acid 500 mg, vitamin C 100,000 mg, biotin
50 mg, inositol 100,000 mg, antioxidant (Endox) 20,000 mg
Amino acids: DL-methionine 100,000 mg, L-lysine HCI 100,000 mg
Microelements: cobalt 45 mg, copper 840 mg, iron 6,450 mg, iodine
75 mg, manganese 8,350 mg, zinc 8,150 mg, selenium 24 mg
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1. Nutrient contents in experimental diets 1, 2 and 3 and in imported feeds 4 and 5 in the 1996 experiment

Parameter 1 2 3 4 5

Dry matter (%) 90.60 91.75 90.23 90.81 92.64
Crude protein (% in dry matter) 38.20 39.90 37.47 43.15 38.30
Fat (% in dry matter) 11.03 11.99 10.70 1335 18.49
Ash (% in dry matter) 10.96 10.93 10.69 6.78 5.59
Fiber (% in dry matter) 1.59 1.44 1.84 2.14 3.94
Lysine (% in dry matter) 2.30 242 233 2.70 2.50
Methionine (% in dry matter) 0.83 0.89 0.82 0.81 0.83
Ca (g/kg) 25.80 22.90 24.20 12.70 6.17
P (g/kg) 5.58 12.7 12.9 8.38 6.00

II1. Average values of some physico-chemical parameters of water in the pools (values at the outlet) at Ujcov in 1996

Water le;mpemlure O, content pH CHSKy, ‘(’chemll;:al P-PO} N-NO; N-NO; N-NH}
C mg/l oxygen demand)
xE s xE sy mg/l mg/l mg/l mg/l
10.5 £ 1.92 11.7 £ 1.51 7.45 4.85 0.145 21.5 0.075 0.245

variants 1-4 had 3 replications, variant 5 had 2 repli-
cations.

The experiment was conducted on 17,122 rainbow
trouts in total.

Feeds were administered to the fish by hand several
times a day using rations amounting on average to 0.8—
1.2% of the fish stock weight in relation to water tem-
perature and content of oxygen dissolved in water. The
lowest daily ration per pool was 1 kg, the highest 1.7 kg.

Tab. III shows some physico-chemical parameters of
water (average values) recorded during investigations.

Control weighing of fish took place on 3rd July and
8th Aug. 1996 in the course of the experiment, which
terminated on 3rd Oct. 1996. Fish weight gains were
calculated as a difference between the final and initial
weight of the pool stock. Conversion coefficient (kg
per kg) was calculated as the quotient of feed consump-
tion (kg) and the achieved fish biomass increment (kg)
in each variant.

Fish samples were taken for trout body analysis at
the beginning of the experiment (30 trouts). Six fishes
from each variant were analyzed at the end of the ex-
periment to determine the effect of five kinds of diets
on the chemical composition of trout bodies.

The values of weight gains obtained in the particular
variants of the experiment and the values determined
by chemical analyses of fish bodies from the particular
variants were statistically processed by analysis of va-
riances.

RESULTS

The results showing the effect of feeding experimen-
tal diets of our own formulation (1, 2, 3) and imported
feeds (4, 5) to market rainbow trout in 1996 are pre-
sented in Tab. IV.
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In diets of our own formulation, the highest
(116.60 kg on average) weight gain of fish per 1 m?
(1 pool) was recorded in variant 2, containing a diet
with an addition of 4% rapeseed oil.

Weight gain of fish in variant 1 with 4% of fish oil
amounted to 111.27 kg/rn3 on average. Fish weight in
variant 3 with 4% of sunflower oil increased by 109.47
kg/m3 of water volume on average..The differences
between the particular variants were however statisti-
cally insignificant (P > 0.05).

The kind of oil applied to diets 1, 2, 3 at a 4%
amount had insignificant effects on fish weight gain.

Imported feed 4 (13.35% of fat) produced the fish
weight gain of 131.1 kg/m?, but this increase in weight
gain was also statistically insignificant in comparison
with diets of our own formulation 1, 2 and 3.

Feeding of imported feed 5 (18.49% of fat) resulted
in a statistically significantly higher increment of fish
biomass (on average 160.55 kg/m3) in comparison with
all other variants.

The results show that an increase in fat content in
diet for market rainbow trout by 2% on average (diet 4
in comparison with diets 1, 2, 3) resulted in an insig-
nificant increment of fish biomass only. An increase in
dietary fat content by 7% (diet 5 in comparison with
diets 1, 2, 3) resulted in a significant increase in fish
weight similarly like an increase in fat content by 5%
(diet 4 in comparison with diet 5) while dietary crude
protein content decreased by 5%. The values of conver-
sion coefficient in diets of our own formulation (1, 2, 3)
are relatively balanced ranging from 1.59-1.49 kg of
feed per kg of weight gain. The lowest conversion co-
efficient (1.59) was calculated for diet 2 with an addi-
tion of rapeseed oil.

Conversion coefficients of 1.41 kg and 1.15 kg per
kg of weight gain were calculated for imported diets 4
and 5, respectively.
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IV. The effect of experimental diets of our own formulation (1, 2, 3) and imported diets (4, 5) on feed efficiency and chemical composition

of trout bodies

Parameter o

1 2 3 4 9
Initial weight of fish per 1 m? kg 100 100 100 100 100
Average final weight of fish per 1 m* kg 211.27 216.60 209.47 231.10 260.55
Average weight gain of fish per 1 m? kg 111.27 116.60 109.47 131.10 160.55
Index % 85 89 84 100 122
Conversion coefficient kg/kg 1.66 1.59 1.69 1.41 1.15
Index %o 118 113 120 100 82
Rainbow trout body composition
Dry matter content in fish body sample % 27.09 26.50 27.53 24.11 2741
Index % 112 110 114 100 114
Crude protein content in absolute dry matter %o 69.84 73.08 69.19 71.06 68.63
Index % 98 103 97 100 97
Fat content in absolute dry matter % 21.02 17.52 22.13 19.50 23.61
Index % 108 90 113 100 121
Ash content in absolute dry matter % 7.88 8.43 7.86 8.02 7.27
Index % 98 105 98 100 91

The effects of additions of three kinds of oils to diets
for market rainbow trout, similarly like of higher fat
contents in diets 4 and 5, on the chemical composition
of rainbow trout body samples were found to be statis-
tically insignificant at the end of investigations with
regard to high variability of the sets. Trends of the
highest crude protein content and the lowest fat content
were observed in a group of fish receiving diet 2 with
an addition of rapeseed oil. An opposite trend — the
lowest crude protein content in fish bodies and the
highest fat content — was established in the group re-
ceiving imported feed 5 with the highest fat content.
The statistically highest ash content (P < 0.05) was
determined in trouts receiving diet 2 with rapeseed oil,
in comparison with this indicator in fish receiving im-
ported feed 5.

DISCUSSION

The positive effect of high fat content in diets for
market rainbow trout on feed efficiency is evident from
the results of our experiments as well as from the
studies of foreign (Lee, Putnam, 1973; Gropp
et al., 1982) and Czech authors (Pokorny, 1982;
Rehulka, 1994).

Pokorny (1982) achieved optimum feed effi-
ciency in a diet for trout containing 10-12% of fat
when he tested the use of different contents of poultry
meal and poultry fat. Rehulka (1984) compared an im-
ported feed with 14% of fat and 45% of crude protein
with commercial Czech-made feed PD with 4.4% of fat
and 41.7% of crude protein. Conversion coefficient for
home feed was 2.5 kg per kg of weight gain, i.e. almost
as twice high as that for imported feed (1.34).
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Although many manufacturers in the CR can use
foreign technology allowing modern treatment of in-
gredients to feeds for trout (extrusion, expansion), the
incorporation of a higher fat proportion into feed (more
than 12%) is a technical and technological problem.
This problems will be a subject of research in the near-
est future.

An increase in feed efficiency in rainbow trout is
related not only to dietary fat content but also to fat
quality (kind). Foreign manufacturers of feeds for mar-
ket rainbow trout apparently take into account the im-
portant role of linolenic acid in the fatty ingredient of
feeds (Castell et al., 1972) and the positive effect of
highly unsaturated fatty acids (20 : 5w 3,22 : 6 w 3)
which is higher than the effect of linolenic acid
(Watanabe, Takeuchi, 1976; Takeuchi,
Watanabe, 1976, 1977, 1978).

Research on fat quality, similarly like on its content
in diet for trout will continue.

Physical properties of the granulate (uniformity,
compact pellets, specific weight) which are not
achieved in home products for the time being are also
very important with regard to the optimum effect of
diets for rainbow trout. These problems should be
studied as well.
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GROWTH OF JUVENILE SIBERIAN STURGEON
(ACIPENSER BAERII) FED TWO TYPES OF PELLETED
FEED UNDER TROUGH FARMING CONDITIONS

RUST JUVENILNICH JEDINCU JESETERA SIBIRSKEHO (ACIPENSER
BAERIT) KRMENYCH DVEMA TYPY GRANULI V PRODUKCNICH
ZLABOVYCH PODMINKACH

M. Prokeél, V. Baruél, M. Peiiézl, J. Jirések2, J. Mares’

! Institute of Landscape Ecology, Academy of Sciences of the Czech Republic, Brno, Czech
Republic
2 Mendel University of Agriculture and Forestry, Brno, Czech Republic

ABSTRACT: At the end of the growing season 1996 (29 August-19 September), the experimental culture of 116 juvenile
specimens of Siberian sturgeon (Acipenser baerii), imported in the form of fertilized eggs to the Czech Republic from Russia
in February 1996, was performed in the Novy Dvir Fish Hatchery (Pohofelice Pond Fisheries, A.S.), using farming troughs.
The initial rearing of fry was carried out in the Mydlovary Fish Hatchery (Hluboka n. Vltavou, Pond Fisheries, A.S.). In our
experimental rearing of Siberian sturgeon in troughs at low natural water temperatures and fed two types of dry pelleted food
of the firm ALMA, the following fundamental growth and production parameters were assessed and analysed: daily body
length and weight increments (D.I.), specific growth ratio (SGR), daily feeding ratio (DFR), food conversion ratio (FCR),
Fulton’s factor of weight condition (FWC), 1/FCR and FCR/SGR. In the first experimental group of sturgeon, feed ALMA
7630 (Forellenfutter 40), and in the second group, feed ALMA 6285 (Karpfen futter 40), were used. The type of the food
used, and the successive water temperature decline from 18.8 °C to 11.2 °C had no significant effect on the length growth
rate, but these factors were influenced moderately by the intensity of weight growth rate and food conversion. The growth
rate was affected markedly by the feeding method. When using the daily feeding doses (1.46-2.10% of the fish weight) in
two portions during a day, the intensive growth rate in the first and second experimental groups of sturgeons was characterized
by the following parameters: D.I. 0.7083 and 0.7350 mm, SLGR 0.1832% and 0.2027%, SWGR 1.378% and 1.230%, FWC
0.375 and 0.363, FCR 1.40 and 1.70, 1/FCR 0.52 and 0.64, FCR/SWGR 1.36 and 1.62, respectively. When using the daily
feeding dose in a single portion within two days, the intensive length growth rate was continued in a similar intensity like it
was in the previous case, but the weight growth rate stopped and the weight condition was dropping successively. In the
present study, moreover, the results of the length-weight relationship analysis and the values of regression coefficients of the
correlations between TL, FL and SL are presented. Mortality of the sturgeons reared (TL = 370.5-406.3 mm, w = 177.7-
239.2 g) was zero during the whole experiment. Tank rearing of Siberian sturgeon specimens of comparable size under similar
feeding and temperature conditions of the environment, carried out in the Institute of Landscape Ecology AS CR in Brno, in
1995, was more effective as to the values of growth rate and food conversion. Due to its biological properties, Siberian
sturgeon is an extraordinarily suitable species for aquaculture and pond rearing in the Czech Republic.

Siberian sturgeon; growth; factor of weight condition; length-weight relationship; daily feeding ratio; food conversion ratio

ABSTRAKT: Koncem vegetacni sezony 1996 (29.8.-17.10.) byl na rybi lihni Novy Dvir (Rybafstvi Pohofelice, a. s.)
proveden pokusny provozni Zlabovy odchov 116 juvenilnich jedinci jesetera sibifského (Acipenser baerii), dovezenych do
Ceské republiky ve form& oplozenych jiker z Ruska v Unoru 1996. Po&ateni odchov plidku byl proveden v rybi lihni
Mydlovary (Rybnikéfstvi Hluboka nad Vlitavou, a. s.). V ndmi provedeném pokusném odchovu jesetera sibifského pii nizkych
piirozenych teplotidch vody a krmeného dvéma druhy suchého granulovaného krmiva firmy ALMA byly zji§toviny a analy-
zovény tyto zdkladni ristové a produkéni parametry: denni pfiristky délky a hmotnosti (D.1.), specifické rychlost ristu (SGR),
koeficient konverze krmiva (FCR), denni krmna ddvka (DFR), Fultoniv koeficient hmotnostni kondice (FWC), 1/FCR
a FCR/SGR. U prvni pokusné skupiny jeseteri bylo pouZito krmivo ALMA 7630 (Forellenfutter 40), u druhé skupiny ALMA
6285 (Karpenfutter 40). Typ pouZitého krmiva a postupny pokles teploty vody z 18,8 °C na 11,2 °C nemél signifikantni vliv
na intenzitu délkového rastu, ale mirné byla ovlivnéna intenzita hmotnostniho ristu a konverze krmiva. Rast byl vyznamné

*  The financial support was given by the Grant Agency of the Czech Republic, Grant No. 507/94/0345.
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ovlivngn metodou krmeni. Pfi aplikaci denni krmné déavky (1,46-2,10 % hmotnosti ryb) ve dvou porcich b&hem jednoho dne
byl intenzivni riist prvni (resp. druhé) pokusné skupiny jeseteri charakterizovan témito parametry: D.I. 0,7083 mm
(0,7350 mm); SLGR 0,1832 % (0,2027 %); SWGR 1,378 % (1,230 %); FWC 0,375 (0,363); FCR 1,40 (1,70); 1/FCR 0,52
(0,64); FCR/SWGR 1,36 (1,62). Pti aplikaci denni krmné davky v jedné porci béhem dvou dni pokradoval intenzivni délkovy
rist v podobné intenzité jako v pfedchozim pfipad€, ale hmotnostni riist se zastavil a hmotnostni kondice postupné klesala.
V préci jsou dale uvedeny vysledky analyzy délko-hmotnostniho vztahu a hodnoty regresnich koeficienti vztahu mezi TL,
FL a SL. Mortalita chovanych jesetera (TL = 370,5-406,3 mm, w = 177,7-239,2 g) byla béhem celého pokusu nulova.
Bazénovy chov srovnatelné velkych jedinci jesetera sibitského, realizovany v roce 1995 v Ustavu ekologie krajiny AV CR
v Brn& pfi podobnych potravnich a teplotnich podminkach prostfedi, byl podle hodnot intenzity ristu a konverze krmiva
efektivn&jsi. Pro své biologické vlastnosti je jeseter sibifsky mimofadné vhodnym druhem pro akvakulturni a rybni¢ni chov
v Ceské republice.

jeseter sibifsky; rust; koeficient hmotnostni kondice; délko-hmotnostni vztah; denni krmna davka; koeficient konverze krmiva

INTRODUCTION

Excellent growth properties, characteristic of larvae
and juvenile specimens of Siberian sturgeon (A.
baerii) reared in an aquaculture system with heated
water, are a result of specific biological properties in
this species which is, in its natural temperature-spe-
cific environment of Siberian rivers, long-term
adapted to a highly effective exploitation of available
food resources (Akimova et al., 1979). This prop-
erty was also proved under experimental conditions of
the Czech Republic in the Institute of Landscape Ecol-
ogy (ILE), Academy of Sciences of the Czech Repub-
lic (AS CR) in Brno and in the Institute of Fisheries
and Hydrobiology of the Mendel University of Agri-
culture and Forestry in Brno (Prokes et al., 1996a,
1997b). Similar experience has been obtained in the
culture of this species in the Mydlovary Fish Hatchery,
Hluboka n. Vitavou Pond Fisheries, A.S. (Prokes§ et
al., 1996a, b, c). With respect to the fact that a very
promising species for artificial rearing under our con-
ditions is concerned, also its growth performance was
verified at low water temperatures and at various kinds
of dry pelleted feed just in the operating Pohofelice
Fisheries, A.S. The present study reports the first
growth rate results obtained in nursery trough rearing
of juvenile specimens 0O+ in the Novy Dvir Fish
Hatchery in autumn 1996.

Growth rate parameters of Siberian sturgeon in the
natural environment of Russian aquatic ecosystems
were reported in the studies of Akimova et al.
(1979), Gershanovitz etal. (1987), Sokolov,
Akimova (1976) and Sokolov, Vasilev
(1989). Investigations on natural food of this species
were performed by Sokolov (1966) and Ruban,
Konoplya (1994), the feeding rates were studied by
Konstantinov, Sholokhov (1990) and
Chinyakov (1991) under experimental conditions.

MATERIAL AND METHODS

In total, 116 experimental juvenile specimens of Si-
berian sturgeon (4 x 29 ex.) were reared in four glass
fibre troughs under operational conditions of the Novy
Dvur Fish Hatchery, Pohotelice Pond Fisheries, A.S.,
during the period from 29 August to 17 October 1996.
This production lineage was imported to the Czech Re-
public as early as in 1995, and its morphometrical
analysis was performed by Proke§ et al. (1997a).
The initial nursery rearing of Siberian sturgeon was
carried out in the Mydlovary, Hlubokd nad Vlitavou
Pond Fisheries, A.S.

The fundamental data on physico-chemical factors
of water (¢, 0, and pH) passing through the experimen-
tal troughs are presented in Tab. I. Measurements of

I. Water temperature, oxygen and pH values found in the course of in experi
reared in troughs in the Novy Dvir Fish Hatchery (Pohofelice Pond Fisheries, A.S.) in 1996

| specimens of Siberian sturgeon (A. baerii)

0.

Date Day exp. (:ng;) (né : = 2 = pH
29 Aug. 1 185 18.8 6.8 73.0 7.70

5 Sept. 8 192 17.5 6.8 73.0 7.5
12 Sept. 15 199 135 6.6 65.0 7.78
19 Sept. 22 206 11.2 6.2 56.0 7.5
26 Sept. 29 213 11.7 6.3 59.0 7.69

3 Oct. 36 220 135 6.0 58.0 7.82
11 Oct. 42 228 12.5 6.0 57.0 773
17 Oct. 48 234 13.1 5.1 52.0 7.65
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I1. The length growth rate (TL), daily increments (DI) and specific length growth ratio (SLGR) of Siberian sturgeon (A. baerii) under trough
conditions in the Novy Dvirr Fish Hatchery (Pohofelice Pond Fisheries, A.S.) in 1996

Date Day n 2oy Days DI (mm) SLGR Tgh No.
©XD,. range mean S.D.
29 Aug. 1 29 267-440 373.8 33.0 - E =
5 Sept. 8 29 270-447 381.7 343 7. L.13 0.299
12 Sept. 15 29 273-454 388.6 34.7 7 0.99 0.256
19 Sept. 2 29 278-457 388.8 333 7 0.03 0.007
26 Sept. 29 29 282-457 394.8 34.1 7 0.86 0.219 !
3 Oct. 36 28 355-470 4043 215 7 1.36 0.340
11 Oct. 42 28 364-473 408.6 28.3 8 0.54 0.132
17 Oct. 48 28 375-473 4125 29.2 6 0.65 0.158
48 0.81 0.205
29 Aug. 1 29 300-427 384.0 329 = - =
5 Sept. 8 29 302-432 387.0 33.2 7 043 0.111
12 Sept. 15 29 315-432 393.6 33.1 7 0.94 0.242
19 Sept. 2 29 326-439 398.7 326 7 073 0.184
26 Sept. 29 29 323-455 406.0 329 7 1.04 0.259 :
3 Oct. 36 28 335-452 4119 30.6 7 0.84 0.206
11 Oct. 42 28 337-460 415.4 305 8 0.44 0.106
17 Oct. 48 28 343460 4167 33.5 6 0.22 0.052
48 0.68 0.170
29 Aug. 1 29 282-405 3439 326 L2 = =
5 Sept. 8 29 284-412 350.6 31.8 7 0.96 0.276
12 Sept. 15 29 293-422 361.2 316 7 151 0.426
19 Sept. 22 29 306-426 365.4 311 7 0.60 0.165
26 Sept. 29 29 302-432 3722 313 7 097 0.263 3
3 Oct. 36 28 315-431 378.0 29.7 7 0.83 0.221
11 Oct. 42 28 318-440 385.6 29.6 8 095 0.249
17 Oct. 48 28 320-482 388.3 34.0 6 0.45 0.116
48 0.93 0.253
29 Aug. 1 29 283-434 380.4 29.1 = = =
5 Sept. 8 29 282-432 382.5 29.5 7 0.30 0.079
12 Sept. 15 29 292-437 386.5 29.2 7 0.57 0.149
19 Sept. 22 29 298-437 389.8 29.1 7 047 0.121
26 Sept. 29 29 298-447 399.0 29.2 7 131 0.333 *
3 Oct. 36 28 310-450 3993 286 7 0.04 0.011
11 Oct. 42 28 348458 405.3 236 8 0.75 0.186
17 Oct. 48 28 350-460 407.7 23.4 6 0.40 0.098
48 0.57 0.144

the above factors were done using the portable elec-
tronic digital WTW oxy- and pH-meters. The water
flew into the troughs self-falling from a preheating
pond situated in the hatchery area. The size of the
troughs used was 505 x 85 x 80 cm, the water column
depth in the troughs was 38 cm, the mean water volume
in one trough was 1631.2 1 at daily fluctuations of
1 588.2-1 695.5 1. The mean value of water discharge
in each trough was 0.8 Lsec™!. At this discharge, the
trough water content was exchanged 1.77 times per
1 hour. The fundamental data on the size and weight of
experimental fish are presented in Tabs. II and III.

ZIVOCISNA VYROBA, 42, 1997 (11): 501-510

For feeding, the dry pelleted feed ALMA was used
exclusively. In troughs Nr. 1 and 2 (the first group of
sturgeon), the feed ALMA 7630 size 2 mm for sal-
monid fish species (Forellenfutter 40) was used. The
declared contents were 40% crude protein, 2.7% lysine,
16% crude fat, 2.1% crude cellulose and 5.6% ash. One
kg feed contained 25 000 L.U. vitamin A, 2 500 L.U.
vitamin D3, 110 mg vitamin E and 75 mg vitamin C.

In troughs Nr. 3 and 4 (the second experimental
group of sturgeon), the dry feed ALMA 6285 size
3 mm for carp (Karpfenfutter 40) was used. The de-
clared contents were 40% crude protein, 2.3% lysine,
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III. The weight growth rate (w), daily increments (DI), specific weight growth ratio (SWGR) and factor of weight condition (FWC) of
Siberian sturgeon (A. baerii) under trough conditions in the Novy Dvir Fish Hatchery (Pohofelice Pond Fisheries, A.S.) in 1996

Date Day 3 14 LA Days | DI(g) | SWGR EWe Xgh
€xp- range mean S.D. range mean S.D. No.
29Aug | 1 | 29 | 70250 | 18517 | 4938 | - B - lo28043] 035 | o0s
ssept. | 8 | 29 | 80-340 | 20690 | s032 | 7 310 | 1.585 | 031-044 | 037 | 003
128ept. | 15 | 29 | 80-360 | 21655 | 5683 | 7 138 | 0651 | 029-046 | 036 | 004
198ept. | 22 | 29 |100-420 | 24828 | 6978 | 7 453 | 1953 | 032-0.58 | 0.1 0.06
26sept. | 29 | 29 |100-380 | 23410 | 6105 | 7 203 | -0840 | 028045 | 037 | o004 i
30ct. | 36 | 28 |170-300 | 24250 | 5468 | 7 120 | 0504 |031-042 | 036 | 003
1ot | 42 | 28 |170-380 | 253.57 | 5595 | 8 138 | 0558 | 030-046 | 037 | 003
170ct. | 48 | 28 |160-350 | 25070 | 2399 | 6 048 | -0.190 | 029-045 | 036 | 004
48 137 | 0631 | 028058 | 037 | 004
29Aug | 1 | 20 | 70200 | 19621 | s095 | - L - |o026041| 033 | o003
sSept. | 8 | 20 |110-330 | 22586 | 5170 | 7 424 | 2010 | 030047 | 038 | 004
128ept. | 15 | 29 |120-320 | 24000 | 5382 | 7 202 | 0867 | 030-050 | 039 | 005
198ept. | 22 | 29 |120-350 | 261.03 | 6042 | 7 300 | 1200 | 0.33-053 | 041 0.05
26Sept. | 20 | 29 |120-350 | 26379 | 6111 | 7 039 | 0150 | 020047 | 039 | o005 2
30ct. | 36 | 28 |150-340 | 26320 | 5299 | 7 008 | -0032 | 029-053 | 037 | o005
1ot | 42 | 28 |170-350 | 27107 | 5492 | 8 098 | 0368 | 027-050 | 038 | 004
170ct. | 48 | 28 |150-370 | 26820 | 5085 | 6 048 | 0177 | 030068 | 037 | 007
48 150 | 0651 | 0.20-068 | 038 | 005
29Aug | 1 | 29 | 60220 13931 | 4331 - = — lo26040| 033 | o004
sSept. | 8 | 290 | 70-250 | 16103 | 4766 | 7 3.10 | 2070 | 0.25-048 | 036 | 0.05
12Sept. | 15 | 29 | 90-280 | 17931 | 4571 7 261 | 1536 | 029-053 | 037 | 005
198ept. | 22 | 29 |110270 | 19379 | 4923 | 7 207 | 1109 | 032-049 | 039 | 004
26Sept. | 29 | 29 |100-200 | 19966 | s163 | 7 084 | 0426 | 032-049 | 038 | 004 3
30ct. | 36 | 28 | 80-330 | 19464 | 4907 | 7 072 | -0364 | 0.26-046 | 035 | o005
1ot | 42 | 28 |100-300| 20679 | 5419 | 8 152 | 0757 | 027-047 | 035 | oo0s
170ct. | 48 | 28 |100-310| 207.50 | 5494 | 6 012 | 0057 |017-050 | 035 | 006
48 142 | 0830 [017-053 | 036 | 005
29Aug. | 1 | 29 | 80-280 | 19000 | 4347 | - = - lo25043] 03¢ | o004
ssept. | 8 | 29 | 90-330 | 20724 | s078 | 7 246 | 1241 | 028-051 | 037 | oo0s
12Sept. | 15 | 29 | 90-340 | 20897 | 5473 | 7 025 | 0119 | 027-045 | 036 | o005
19Sept. | 22 | 29 | 110320 | 22897 | 5135 | 7 286 | 1306 | 0.29-045 | 038 | 004
26Sept. | 20 | 29 |110-370 | 23300 | ses7 | 7 059 | 0255 |016-050 | 037 | o006 | *
30ct. | 36 | 28 |120-340| 22060 | 4866 | 7 050 | —0216 | 024087 | 037 | o0
1ot | 42 | 28 |140-360 | 231.07 | 5000 | 8 018 | 0798 | 025043 | 034 | 005
170ct. | 48 | 28 |110-380 | 23040 | 5679 | 6 0.1 | -0.048 | 024-045 | 034 | 005
48 084 | 0402 | 0.16-087 | 036 | 006

12% crude fat, 4.5% crude cellulose and 7.5% ash. One
kg feed contained 30 000 L.U. vitamin A, 2 500 L.U.
vitamin D3, 200 mg vitamin E and 100 mg vitamin C.
In the first half of the experiment (29 August-19 Sep-
tember), the feeding took place twice a day in all
troughs (in the morning, the first half of the daily feed-
ing dose, in the afternoon the second half). In the sec-
ond phase of experiment (20 September—17 October),
the feeding took place once per two days (the entire 2
days feeding dose was applied singly). Cleaning of
troughs was performed regularly once a week, always
at the time of measurements.
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Individual measurements and weighings of all speci-
mens reared were carried out at one-week intervals
(Tabs. II and III). Once per week, the total length (TL)
and weight (w) were registered. Occasionally, more-
over, the body length (SL), fork length (FL), head
length and snout length were registered. For the growth
rate description, the fundamental statistical values
found in the feature sets, length and weight daily incre-
ments (D.I.) and specific growth rate (SLGR, SWGR)
were used. For the weight condition characterization,
the Fulton’s factor of weight condition (FWC) and the
length—weight relationship (predictive and functional
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regression) were used. For the feeding effect, the factor
of food conversion (FCR) and daily feeding rate (DFR)
were used. Correlations between the parameters exam-
ined were assessed using the linear, powered and poly-
nomial regressions (y =a + bx,y=ax’,y=a + bx +
o +dx, respectively). In calculations of the condition
coefficient, the total length (TL) was always used. The
detailed characterization of calculations in the parame-
ters assessed and their abbreviations are as follows:

DFR = Daily Feeding Ratio (in % of body weight)

DI = Daily Increments (in mm of TL or in g of w)
FCR = Feed Conversion Ratio
(FCR = a )
wi—wo
1/FCR = Biomass Increment attained from 1 kg food

(in kg)
FCR/SGR = value of the correlation between the above pa-
rameters according to Filipiak etal. (1995)

FHND = Novy Dvur Fish Hatchery, Pohofelice Pond
Fisheries, A.S.
FWC = Fulton’s Factor of Weight Condition
w. 10°
(FWC=
ER
SLGR = Specific Length Growth Ratio in % of TL
InTL; -1
(SLGR =_nl[—nTlo 100
SWGR = Specific Weight Growth Ratio in % of body
weight
(SWGR=M. 100)
t = time
D = age of juveniles in days after hatching
Tgh = trough (No. 1-2 = first experimental group, 34 =
second experimental group).
RESULTS

Length growth rate

In the first and second parts of experiment (29 Au-
gust-9 September and 19 September—17 October, re-
spectively), a positive length growth rate was found in
Siberian sturgeon from all four rearing troughs. This
trend was not affected by decreasing water temperature
(Tab. I, Fig. 1a), various feeding frequency (Tab. VII)
or the type of the pelleted feed applied (see Methods).
In the first phase of experiment, at the temperature
dropping successively from 18.8 °C down to 11.2 °C
and at the feeding twice a day, the mean TL in the first
group of Siberian sturgeon (reared in troughs Nr. 1 and
2) rose from 378.9 mm to 393.8 mm (Tab. II). The
values of daily increments (D.L) of 0.03-1.13 mm.d™}
and specific length growth rate (SLGR) of 0.299-
0.007% correspond to this TL growth rate. Namely, the
values found at week’s intervals (Tab. II) are con-
cerned. In the second group of sturgeons (reared in
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la-c. Length and weight growth rate (TL, w) and factor of weight
condition (FWC) of juvenile Siberian sturgeon (Acipenser baerii),
reared under trough conditions by two types of pelleted feed in the
Novy Dvir Fish Hatchery, Pohofelice Pond Fisheries, A.S., in 1996

troughs Nr. 3 and 4), the mean TL rose from the value
of 362.1 mm to 377.6 mm. To this increase, the values
of D.I. 0.30-1.51 mm.d™! and those of SLGR 0.426-
0.079% correspond. The difference in the mean TL
values between the first and second groups was 4.4%
at the beginning and 4.1% at the and of the first part
of experiment on 19 September 1996. Consequently, it
is evident that the second group of sturgeon grew in
length slightly faster than the first group did. From the
statistical point of view, however, the presented differ-
ence is not significant. This fact is also confirmed by
minimum differences between the TLs (0.32%), DIs
(0.03 mm.d™") and SLGR (0.0194%).

In the second phase of experiment running at
a lower but more stable water temperature and at the
low frequency of the same daily feeding dose applied
(once per two days), the mean TL of the specimens
from the first group rose from the value of 393.8 mm
to 414.6 mm, and that in the specimens from the second
group rose from the value of 377.6 mm to 398.0 mm.
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The DI values varied in weekly intervals in the first and
second groups in the range from 0.22 to 1.36 mm.d™!
and from 0.04 to 1.31 mm.d'l, respectively, and the
SLGR values ranged 0.340-0.052% and 0.333-
0.011%, respectively. The difference in mean TL
values between the first and second groups of sturgeon
was 4.10% at the beginning of the second phase of
experiment and 4.00% at the end of the whole experi-
ment. Also in the second phase of experiment, the
growth rates in both groups of Siberian sturgeon were
very similar (the variance of TL differences = 0.1%,
that of DI differences = 0.03 mm.d™! and that of SLGR
differences = 0.0006%).

Weight growth rate

The weight growth rate was different in the different
phases of experiment. In the second part of experiment,
the effect of a lower feeding frequency was manifested
distinctly. In the first part of experiment, from 29 Au-
gust to 19 September the mean weight of the first ex-

perimental group of sturgeon from 192.1 g to 254.7 g,

and that of the second experimental group rose from
169.7 g to 211.4 g. The values of daily increments (DI)
varied in the first and second groups within the range
from 1.38 to 4.53 g.v:l'l (mean = 3.045 g.d”!) and from
0.25 to 3.10 g.d"l (mean = 2.225 g.d™h), respectively
(see Tab. II and Fig. 1b). From the above data, it is
evident that sturgeons of the first experimental group
grew in weight faster than those of the second group.
The difference of the mean weights was 14.27% at the
beginning and 20.0% at the end of the first part of
experiment.

In the second phase of experiment at a lower feeding
frequency, the weight growth rate stopped in both
groups of sturgeons. The mean weight rose only
slightly both in the first and second group from
254.66 g to 259.45 g and from 211.38 g to 211.95 g,
respectively. The difference in the mean weights be-
tween the first and second groups was 15.61% at the
end of experiment. This value is very similar to that
found at the beginning of experiment (14.27%). From
the above data, it is evident that the effect of different
food composition was not manifested markedly in the

weight growth rate. It is also documented by the DI and
SWGR values (Tab. III). The lowered feeding fre-
quency (once per two days), applied to the second
phase of experiment, is evaluated to be insufficient
from the production point of view.

Length-weight relationship and TL : FL : SL relation

The relationship between the length and weight, de-
scribed using the Fulton’s weight condition factor
(FWC), was different between the first and second
parts of experiment (Tab. II, Fig. 1c). In the first part
of experiment, the FWC value rose successively in both
groups of sturgeons. In the first experimental group, the
FWC mean value increased from 0.340 to 0.410, and
that in the second experimental group rose from 0.335
to 0.385.

On the contrary, in the second phase of experiment,
the FWC value dropped successively. In the first group,
it dropped down to 0.365, and to 0.345 in the second
group (Tab. III). The percentage differences between the
FWC mean values at the beginning of experiment, at the
end of the first part of experiment, and at the end of the
whole experiment (1.47%, 6.10% and 5.48% respec-
tively) document the effect of different food composition
on the weight condition of sturgeon reared, namely in
favour of the feed with higher fat content.

The above finding was also confirmed using the pa-
rameters of length—weight relationship (Tab. IV) and
the weights calculated from this relationship (Tab. V).
When using the analysis of mean weights calculated
from size-pooled samples (TL = 340-440 mm, mean =
390 mm), the increasing difference between the first
and second groups of sturgeons is evident in the course
of experiment, always in favour of the first group fed
with the food with a higher fat content (Tab. V). The
coefficient values of the linear regression between TL and
SL, and between TL and FL are presented in Tab. VI.

Daily feeding ratio, food conversion ratio and mortality

At the daily feeding ratio of 1.46-2.10% of the
biomass of sturgeon reared at feeding frequency twice

IV. Coefficients of length—-weight relation (a, b, u, v, R) of A. baerii assesed in the Novy Dvir Fish Hatchery (Pohofelice Pond Fisheries,
A.S.) in 1996. Explanations: a, b = regression coefficients of predictive regression (y = axly; u, v = regression coefficient of functional
regression (y = ux"); R = determination coefficient; group 1 = troughs 1 and 2, group 2 = troughs 3 and 4

Date Group Regression coefficient R "
a b u v
29 Aug. 1 4.60E-06 2.949795 8.29E-07 3.238452 0.9109 58
2 4.09E-05 2.576665 4.12E-06 2.967061 0.8684 58
19 Sept. 1 9.82E-06 2.852376 1.45E-06 3.172813 0.8990 58
2 9.22E-06 2.852020 2.06E-06 3.104504 09187 58
17 Oct. 1 2.09E-04 2.325437 1.40E-05 2.774375 0.8382 56
2 1.82E-05 2.718464 1.82E-07 3.488328 0.7793 56
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V. Values of body weight of A. baerii cc d by predictive

of length-weight relationships (y = axh). Explanations: 1 = first

group of A. baerii, reared in the first and second trough; 2 = second group of A. baerii, reared in the third and fourth trough

Weight (g)
TL (mm) 29 Aug. 1996 19 Sept. 1996 17 Oct. 1996

1 2 2 1 2
270 68.30 75.25 - - -
280 76.03 82.65 - - -
290 84.32 90.47 97.18 - -
300 93.19 98.72 107.04 - ; -
310 102.66 107.43 125.43 117.54 - -
320 112.73 116.59 137.32 128.68 - 117.69
330 123.45 126.21 149.92 140.48 - 127.96
340 134.81 136.30 163.24 152.96 161.40 138.78
350 146.84 146.87 177.32 166.15 172.65 150.16
360 159.57 157.92 192.15 180.05 184.34 162.11
370 173.00 169.48 207.77 194.68 196.46 174.64
380 187.16 181.53 224.19 210.07 209.04 187.87
390 202.06 194.10 24143 226.22 225.05 201.51
400 217.73 207.18 259.51 243.16 235.52 215.87
410 234.18 220.79 278.45 260.90 249.44 230.86
420 251.43 234.93 298.26 279.46 263.81 246.49
430 269.51 249.62 318.97 298.86 278.65 262.77
440 288.42 264.85 340.59 319.11 293.95 279.72
450 - - 363.13 - 309.72 297.34
460 - - 386.63 - 325.97 315.65
470 - - - - 342.68 334.65
480 - = = = 359.88 354.36
390 205.88 196.69 245.63 230.15 224.57 204.62
S.D. 48.62 40.69 56.13 52.59 41.94 4461

Diff. (%) 4.67 6.73 9.45

VI. Regression (a, b) and correlation (r) coefficients of the linear regression (y = a + bx) between the fundamental lengths (TL : SL, TL :
FL), calculated for Siberian sturgeon (A. baerii) from experimental culture

Date Fundamental a b ’ n Values for TL

lengths (mm)
56 SL 13.809540 -0.789032 0.9612 112 310-470

FL 19.020780 0.834932 0.9765 112

166 SL 77.313480 -0.638838 0.8579 112 320-482
FL 68.677310 0.713142 0.8794 112

el SL 45.561510 0.713935 0.9096 224 310-482
FL 43.849045 0.774037 0.9280 224

a day, the FCR value 0.99-2.43, 1/FCR value 0.41-
1.01 and FGR/SWGR 0.56-2.94 were found in the first
phase of experiment. In the second part of experiment
at daily feeding rate of 1.47-1.69% biomass of stur-
geon, but at the feeding frequency once in two days,
the weight growth stopped in both reared groups of
sturgeon. To this weight growth rate, unbalanced nega-
tive and also positive values of FCR, 1/FCR and
FCR/SWGR correspond (Tab. VII).
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There is evident from the above data that at the daily
feeding rate applied in two portions per day, good pro-
duction parameters in Siberian sturgeon, corresponding
to its size are achieved even at relatively low water
temperatures (during the experiment, the water tem-
perature dropped from 18.8 to 11.2 °C). At the feeding
intensity decreased down to the level of daily feeding
rate supplied once per two days, the capacity of stur-
geon was decreased markedly of exploiting the offered
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VII. Daily feeding ratio (DFR), feed conversion ratio (FCR), reciprocal value of FCR (1/FCR) and relation FCR/SWGR. Explanations: Gr.
Nr. | = group of sturgeon in troughs Nr. 1 and 2 (ALMA 7630, NL/fat = 40/16); Gr. Nr. 2 = group of sturgeon in troughs Nr. 3 and 4

(ALMA 6285, NL/fat = 40/12)

Feedi
Date Day exp. | Gr. Nr. n Total w (g) | DFR (%) FCR I/FCR | FCRISWGR f;;:fcy
1 58 11 060 1.95 - - -
29 Aug. 1
2 58 9 550 2.10 = N - -
8 12 550 1.72 101 0.99 0.56 sy
1 s J i ; :
5 Sept. 8 Aday
2 58 10 680 1.88 125 0.80 0.76
1 58 13 240 1.63 2.19 0.46 2.88
12 Sept. 15
2 58 11 260 1.79 243 041 2.94
1 58 14770 1.46 0.99 1.01 0.63
19 Sept. 22
2 58 12 260 1.64 1.41 0.71 117
1 58 14 440 150 -4.58 -022 13.28
26 Sept. 29
2 58 12 550 1.60 4385 021 14.24
1 56 14 160 153 -5.40 -0.19 -22.88
3 Oct. 36
2 56 11 880 1.69 -2.10 -0.48 7.24 once
per 2 days
1 56 14 690 1.47 245 0.41 5.29
11 Oct. 42
2 56 12 260 1.64 3.17 0.32 4.08
1 56 14 530 1.49 -8.10 -0.12 44.12
17 Oct. 48
2 56 12 260 1.64 0.00 0.00 0.00

food amount, which is documented by the unfavourable
values of FCR, 1/FCR and FCR/SWGR. Even in spite
of this fact, however, an intensive length growth rate oc-
curred in sturgeon of both groups investigated (Fig. 1b),
which resulted in a marked decrease of weight condi-
tion as documented by the above values of the condi-
tion regression coefficients in the length-weight rela-
tionship. The described regime of experimental rearing
and handling the specimens reared (measurements and
weighings) had no effect on the mortality of Siberian
sturgeon that was zero within the entire experiment.

DISCUSSION

Comparisons of growth rate in Siberian sturgeon in
the environment of aquaculture rearing and under natu-
ral conditions are included in the studies by Prokes§
et al. (1996a, b, ¢, 1997b). The comparisons of growth
rate parameters found by us in sturgeon reared in the
troughs of the nursery facilities in the Novy Dvir Fish
Hatchery (Pohofelice Pond Fisheries, A.S.) with the
growth rate parameters of sturgeon reared in the experi-
mental tank in the area of the Institute of Landscape
Ecology AS CR in Brno in 1995 revealed that the
growth rate in a tank is higher. For instance, in the
period from 29 August to 3 October 1996 for the length
growth rate of fish from troughs, the DI value of
0.80 mm.d~! and SLGR value of 0.20% were found,
whereas in the -period from 4 September to 3 August
1995 for the length growth rate of fish from the tank,
the DI value of 1.26 mm.d~' and SLGR value of 0.37%
were found. The differences were 36.5% in the DI
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value and 45.9% in the SLGR value. In the weight
growth rate, the difference of 5.63% was found in the
DI value and that of 23.6% in the SWGR value. The
size of the specimens compared, daily feeding ratio and
also the water temperature were similar in both cases.

The above data indicate that the sturgeon reared in
the troughs were dependent fully on the food amount
and feeding intensity whereas, in the sturgeon reared in
the tank, this dependence was lower because the fish
also consumed natural food components, especially
zooplankton, phytoplankton, algal periphyton on walls
and insect larvae. In a trough culture, the daily feeding
ratio should be divided into two or three portions and
applied at the time interval of maximum 6-8 hours. At
a lower frequency of feeding doses applied, the produc-
tion parameters drop down in the reared specimens of
Siberian sturgeon at low water temperatures. This con-
clusion is true for juveniles 0+ of Siberian sturgeon and
corresponds fully to the data by Chinyakov
(1991), who found in this species two foraging periods
with different feeding rates in his experiment. This
author emphasizes that, during the first period of short
duration, the majority of the ratio was consumed. Dur-
ing the second period, the ratio remained practically
unchanged. The presented value of time intervals be-
tween individual feeding ratios also corresponds to the
intervals of changes in the level of oxygen consumption
and to operational conditions of respective fisheries
(Jirasek etal., 1997).

Examinations of the growth rate in Siberian stur-
geon reared in troughs also revealed that different com-
position of the foods used affected only the weight
growth rate. The length growth rate was practically

ZIVOCISNA VYROBA, 42, 1997 (11): 501-510



coincident in both groups investigated. The experimen-
tal specimens were capable of using effectively even
the food with a lower fat content and a higher cellulose
portion, production-determined for carp. Similar
knowledge was obtained also from other feeding ex-
periments that were performed with this species in the
Mydlovary Fish Hatchery in 1995-1996 and in the ex-
perimental rearing facilities of the Mendel University
of Agriculture and Forestry in Brno (Jirdsek et al,,
1997).

The favourable production parameters found in the
trough culture of Siberian sturgeon at lower water tem-
peratures document a specific feature of this species
(modest requirements for water temperatures), which
can be applied to pond rearing and to cultures in various
water reservoirs in the Czech Republic. The experiments
performed by Konstantinov and Sholokhov
(1990) indicate that oscillations of temperature acceler-
ates significantly growth and optimizes considerably
the conversion of food consumed by juveniles of Sibe-
rian sturgeon.

A lower weight condition of Siberian sturgeon,
found in the second part of experiment (i.e., preference
of length to weight growth rate during starvation pe-
riod) occurs in this species more frequently than in
other sturgeon species (Proke$ et al., 1997b). Re-
garding the rearing in reservoirs with a natural tem-
perature regime, a suitable parameter of adaptation is
concerned here.

Siberian sturgeon belongs to the endangered fish
species in its original distribution area (Birstein,
1993) and, at present, its natural reproductive features,
similar to other sturgeon species, are endangered heav-
ily by anthropogenic influences (Akimova, Ru-
ban, 1996; Shatunovskiy et al., 1996). Conse-
quently, its aquaculture and pond rearing, nowadays
developing in more European countries (Steffens et
al., 1990), is of importance not only from the produc-
tion point of view but also for the conservation of this
species.
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ANALYZA KVALITY MASA U HYBRIDNI POPULACE
PRASAT

ANALYSIS OF MEAT QUALITY IN A HYBRID POPULATION OF PIGS

V. Matousek, N. Kernerov4, J. Vaclavovsky, A. Vejéik

University of South Bohemia, Faculty of Agriculture, Ceské Budéjovice, Czech Republic

ABSTRACT: Quantitative and qualitative characteristics of meat were determined in 302 final hybrids of pigs of different
genotypes that received normal feed mixtures and were slaughtered in a meat-packing plant. Comparison of average values
of meat quality obtained by measurings, i.e. pH; 6.00, pH, 5.47, meat color 22.02% reflectance, meat juice drippings 4.74%,
electrical conductivity 90.26 Q and limit values for identification of pork defects showed that the above average values in
the set under observation corresponded to normal quality of meat. Determined percentage of intramuscular fat 2.39 almost
meets the recommended optimum value, i.e. 2.5%. 31.1% of carcasses were assessed as PSE meat on the basis of pH, 15.6%,
meat color 26.8% and electrical conductivity of meat. The incidence of quality deviations on the basis of meat juice drippings
was observed in 41.7% of the hybrids. PSE meat was found in 25% of slaughter pigs using two out of three criteria included
in the methodology (pH,, meat color, meat juice drippings). As for the characteristics of carcass value, average backfat
thickness was 26.09 mm, m.LLt. area 5,180 mm? and the percentage of lean cuts made 52.34%. Correlations between average
backfat thickness and pH, and/or electrical conductivity of meat were low and positive, and between average backfat thickness
and meat color and/or meat juice drippings were low but negative. The correlation coefficients calculated in this study
confirmed the fact that the higher the percentage of lean cuts and m.LLt. area, the worse the meat quality. Correlations with
opposite signs were found between the percentage of lean cuts and meat quality unlike those for average backfat thickness,
i.e. between the percentage of lean cuts and pH, and/or electrical conductivity that were low and negative. The values
r=0.173** and/or 0.219** were calculated for correlations between the percentage of lean cuts and meat color and/or meat
juice drippings. Correlations between the percentage of intramuscular fat and average backfat thickness and/or percentage of
lean cuts were highly significant (r = 0.426"*", or —0.426"**). Rather a lower coefficient was calculated for correlations
between the percentage of intramuscular fat and m.LLt. area (r = -0.107). Applying the present knowledge which shows that
the higher the percentage of lean cuts, the lower the average backfat thickness and the m.lLLt. area, highly significant
correlations r = —0.806"** and/or 0.300*** were calculated. Correlations between the separate qualitative characteristics were
also studied. Correlations of pH; with meat juice drippings (r = -0.298***) and meat color (r = -0.245***) was more acceptable
than with electrical conductivity. The closest correlation was found between meat color and meat juice drippings (r = 0.544").

pig; hybrids; meat quality; intramuscular fat; lean meat content; correlation

ABSTRAKT: Hodnotili jsme kvalitu masa u findlnich hybridi prasat a koreladni vztahy mezi vybranymi kvalitativnimi
a kvantitativnimi znaky. Zjistili jsme, Ze pramérné naméfené hodnoty kvality masa ve sledovaném souboru, tj. pH; - 6,00,
pH, — 5,47, barva masa — 22,02 % remise, odkap masné $tavy — 4,74 % a elektrickd vodivost — 90,26 Q, odpovidaji normélni
kvalité masa. Podil intramuskuldrniho tuku 2,39 % téméf dosahuje doporu¢ované optimélni hodnoty, tj. 2,5 %. Podil libového
masa byl stanoven ve vysi 52,3 %. V souladu s uvedenou metodikou jsme stanovili PSE maso u 25,2 % prasat. Zjisténé
korela¢ni koeficienty potvrdily skutednost, Ze se zvySujicim se podilem libového masa a plochou m.LLt. dochazi ke zhorSeni
kvality masa. Vysoce priikazné korelatni vztahy byly nalezeny mezi podilem intramuskulérniho tuku a primérnou vyskou
hibetniho tuku, resp. podilem libového masa (r = 0,426"*, resp. -0,426").

prasata; hybridi; kvalita masa; intramuskularni tuk; podil libového masa; korelace

UvVoD jate¢né hodnoty a frekvenci vyskytu jakostnich vad
veprového masa.
Cilem vSech §lechtitell prasat je spojit vysokou vy- Zakladnim kritériem pro hodnoceni kvality masa na

konnost jedinct §lechténych na produkci libové svalo-  testaénich stanicich v CR je hodnota pH masa (pH; za
viny s kvalitou masa. V3eobecné je vSak zndm negativ- 45 aZ 60 minut a pH, za 24 hodin po pordZce méfend
ni vztah mezi ristem hodnot kvantitativnich ukazateli v nejdel$im hfbetnim svalu). Od roku 1985 se stanovu-
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je také svétlost masa pfistrojem GOFO. Na zékladg
poznatkil, Ze heterozygotn& zaloZeni hybridi vykazuji
pfi poZadované masné uZitkovosti dobrou kvalitu masa,
bylo do $lechtitelskych programii zafazeno selekéni
kritérium zahrnujici stresovou nichylnost prasat.

Intramuskularni tuk pfiznivé ovliviiuje organoleptic-
ké vlastnosti masa a obsahem esencidlnich mastnych
kyselin pfispiva k raciondlni vyZivé. Vlivem negativni
korelace mezi podilem svaloviny a obsahem vnitrosva-
lového tuku dochézi k poklesu intramuskuldrniho tuku
v m.lLLt. pod poZadovanou hranici 2,5 %, ¢imZ vepfové
maso ztrdci svoje charakteristické vlastnosti (chut,
$tavnatost, kiehkost).

Kvalita masa je charakterizovana souhrnem organo-
leptickych, nutriénich, hygienickych a technologickych
vlastnosti masa (Hofmann, 1987).

Hovenier etal. (1993) povaZuji za nejduleZit&jsi
vlastnosti ovliviiujici kvalitu masa barvu masa, podil
intramuskularniho tuku, schopnost masa vazat volnou
vodu, jemnost a pH masa. Autofi, ktefi ve svém pfi-
spévku analyzuji metody ke zjiStovani jakostnich od-
chylek masa, stanovili dédivost té€chto ukazatell (v roz-
péti od 0,20 u schopnosti masa véizat volnou vodu do
0,50 u mnoZstvi intramuskularniho tuku) a vyznamné
genetické korelace mezi produkénimi ukazateli a kva-
litou masa.

Pro uréeni kvality masa jednotlivych jate¢nych tél
doporucuji Kauffman et al. (1993) brat v dvahu
konecné pH, odraz svétla a schopnost masa vazat vodu.
Na zdkladé méfeni odrazu svétla HLS (Hunter Lab-
scan) a méfeni schopnosti masa vdzat vodu rozdéluji
maso do téchto kvalitativnich tfid: PSE, RSE, PFN,
RFN a DFD.

Genetické korelace stanovené na ukazatelich vykrm-
nosti z testaéni stanice ukazuji, Ze selekce na vysoky
podil libového masa a nizkou spotfebu krmiva maji za
nasledek niZ8i podil intramuskuldrniho tuku a sniZeni
kvality masa a tuku a maji i neZadouci vliv na ,,biolo-
gické* zdravi zvifat (Gregor, Scholz, 1993).

RovnéZ genetické korelace, které stanovil Came -
ron (1990), naznaluji, Ze vysledkem selekce na zvy-
Seni podilu libového masa je zvySeni obsahu vody
v mase a sniZzeni pH a intramuskularniho tuku.

Podil intramuskularniho tuku koreluje negativné
s plochou m.LLt. a podilem kyty a pecené a pozitivné
s vy$kou hibetniho tuku (Bakke, Standal, 1975).

Nizka korelace mezi podilem svalového tuku a vys-
kou hibetniho tuku svédéi o tom, Ze selekce na zvySeni
podilu intramuskularniho tuku, ktery zvySuje chutnost
masa, by neméla mit za nasledek vytvéafeni nadmérného
mnoZstvi tuku (Warriss et al.,, 1990).

Chizzolini etal. (1993), ktefi rozdélili sledova-
ny soubor jatenych prasat podle EUROP systému,
zjistili, Ze kromé dobfe znamého negativniho vztahu
mezi podilem masa a jatenou hmotnosti vykazala téz§i
a tucnéjsi prasata nepatrné vyssi konecné pH a inten-
zivnéjsi barvu masa.

Vybranymi objektivnimi metodami hodnoceni vep-
fového masa a vztahy mezi nimi se zabyvali Garri-
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do et al. (1994). Zjistili korelaci mezi elektrickou vo-
divosti masa (EV,4) a vnitfnim svételnym rozptylem
optickou sondou (FOP,,), resp. pHy4 na trovni r =
0,45, resp. r =-0,43 (méfeno v m.L.Lt.). Mezi ostatnimi
parametry nalezli niZ§i hodnoty korelaci.

Vztahy mezi vybranymi ukazateli jatené hodnoty
a kvalitou masa u hybridnich prasat Slovhyb 1 analy-
zovali Demo et al. (1993a, b). Potvrdili, Ze zvy$eny
podil masitych &asti, zejména zvySujici se plocha
m.l.lt., ma v jatetném téle za nasledek zhorSeni prede-
v§im barvy masa a podilu vazané vody (r = -0,79, resp.
r=0,76)

Vysledky prace autori Demo et al. (1993a, b) po-
tvrdily stfedn€ vysoké zévislosti mezi hodnotami pH,
a barvou masa stanovenou pfistrojem GOFO (r = 0,34),
pH, a podilem volné vazané vody (r = -0,27) i pH,
a barvou masa zjisfovanou japonskou $kélou (r = 0,48).
Vztahy mezi hodnotami pH; a elektrickou vodivosti
byly nevyrazné a neprikazné. Po rozdéleni souboru
prasat na podskupiny s vyskytem, resp. bez zji§téni
PSE masa byly zjiStény diametrdlné odli§né korela¢ni
zdvislosti, pfedev§im u prasat s vyskytem syndromu
PSE.

Vries a Wal (1993) upozoriiuji na spojeni vy-
soké heritability u podilu libového masa (h2 = 0,52)
a podilu intramuskularniho tuku (R?=041)s negativ-
nimi genetickymi vztahy mezi témito dvéma ukazateli,
kdy r = -0,23. KaZdé zvySeni podilu libového masa
o 1 % je doprovazeno sniZzenim podilu intramuskular-
niho tuku 0 0,07 %. Ve sledovaném souboru prasat ple-
mene holandské bilé byly zjiStény tyto hodnoty: pH,
6,36, pH, 5,71, ztrita vody odkapem 4,06 %, intramus-
kularni tuk 1,32 %.

Merks et al. (1989) zjistili, Ze korelace mezi po-
dilem libového masa a kvalitativnimi ukazateli (kromé
podilu intramuskularniho tuku) jsou nizké — pohybuji
se mezi -0,09 (pH,) aZ +0,12 (odkap masa). U sledo-
vaného souboru hybridnich prasat, kde v otcovské po-
zici byly pouZity rizné linie plemene holandsky york-
shire, naméfili pH, 6,4, pH, 5,7, odkap masné Stavy
3,8 % a podil intramuskularniho tuku 1,4 %.

Oliver et al. (1993) analyzovali vliv citlivosti na
halotan, plemene a jejich interakce na kvalitu jate¢ného
t€la a masa. U halotan pozitivnich zvifat byla naméfena
niZ§i vySka hrbetniho tuku, vyssi podil libového masa
a vétsi plocha m.LLt. (13,66 mm, 55,01 %, 4 604 mmz,
resp. 15,21 mm, 51,17 %, 4 088 mmz). Plemena Pn
a BL vykazala vysSi podil libového masa (60,16 %,
resp. 56,10 %) ve srovnani s plemeny L, LW a D
(49,79 %, 48,80 % a 47,39 %). Nejlepsi kvalitu masa
vykézala plemena LW a D (pH, 6,23, resp. 6,39, pH,
5,68, resp. 5,74). Plemeno L spiSe inklinovalo k halo-
tan negativnim plemenim. U plemene D byl naméfen
nejvyssi podil intramuskularniho tuku (2,89 %). Vli-
vem pohlavi na kvalitu masa u kfizenci BL x D se
zabyvali Poltdrsky a Palanska (1991). Z je-
jich sledovani vyplynulo, Ze kvalita masa byla u obou
pohlavi téméf shodna. U vepfiku, resp. prasnicek byly
naméfeny hodnoty pH; 5,84, resp. 5,79 a barva masa

ZIVOCISNA VYROBA, 42,1997 (11): 511-515



(GOFO) 52,16, resp. 49,88. Veprici vykazali o 0,40 %
vice intramuskulérniho tuku (3,57 %) neZ prasnicky.

Holkova a Beckova (1993) zjistily u 78 fi-
nalnich hybridi z béZného piihonu na jatky podil intra-
muskuléarni tuku 2,62 %.

MATERIAL A METODA

U 302 finalnich hybridd prasat riznych genotypu,
krmenych b&Znymi krmnymi smésmi a poriZenych
v masokombinatu v Pisku, jsme zji§tovali tyto kvanti-
tativni a kvalitativni ukazatele:

— hodnotu pH; zji§tovanou 45 minut po pordZce
v m.l.Lt. za poslednim hrudnim obratlem pfenosnym
digitalnim pH-metrem GRYF 209;

— elektrickou vodivost mé&fenou 45 minut po pordZce
v m.LLt. za poslednim hrudnim obratlem pfistrojem
MEAT QUALITRON vyvinutym ve VUMP v Brng;

— priamérnou vysku hibetniho tuku (jednotlivé hodno-
ty vy3ky tuku byly méfeny za druhym hrudnim, po-
slednim hrudnim a prvnim kfiZovym obratlem);

— hodnotu pH, zji§tovanou 24 hodin po poraice
v m.L1Lt. za poslednim hrudnim obratlem pfenosnym
digitalnim pH-metrem GRYF 209;

— barvu masa méfenou 24 hodin po poraZce v m.lLLt.
za poslednim hrudnim obratlem pfistrojem SPECOL;

— odkap masné $tavy zjiStovany za 48 hodin po po-
raZce;

— podil intramuskularniho tuku zjiSfovany Soxhleto-
vou metodou;

— plochu m.LLt. méfenou planimetrem;

— podil libového masa zjistovany ZP metodou.

ZP (dvoubodovou) metodou jsme zjistovali vySku
tuku a hloubku svaloviny na pravé pilce téhoZ jateCné-
ho t&€la v linii puliciho fezu pomoci posuvného méfitka.
Hloubka svaloviny (M) v mm se méfi v bederni kraji-
né&, a to jako nejkratsi spojnice od horni (dorzélni) hra-
ny misniho kandlku k pfednimu (kranidlnimu) okraji
stfedniho hyzdovce (musculus gluteus medius). Vyska
tuku (S) véetné kiize v mm se méfi v bederni krajiné
v misté nejnizsi vrstvy nad stfedem stfedniho hyZdovce
(musculus gluteus medius). Podil svaloviny se vypocte
dosazenim hloubky svaloviny (M) a vy$ky tuku (S)
v mm do této rovnice:

Y=176,6722 — 1,0485 M + 0,00794 M? — 0,002884 5% +
+9,0151 In (M/S)

kde: Y - podil libové svaloviny v %
S - vy3ka tuku véetné kiZze v mm
M - hloubka svaloviny v mm
In - pfirozeny logaritmus

Pro objektivni dikaz stanoveni jakostni odchylky
PSE vepiového masa jsme pouZili tato hodnotici krité-
ria: pH, barvu masa zjiStovanou pfistrojem SPECOL
a odkap masné §tavy. V piipadech, kdy u dvou z téch-
to ukazateli byly piekroleny mezni hodnoty, byly
vzorky oznafeny jako PSE maso. Pro normalni jakost
a PSE maso jsme poufZili tyto mezni hodnoty:
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Normalni

Hodnotici kritérium jakost PSE
pH; >58 <57
Barva masa — Specol (% remise) 13-25 >25
Odkap masné tavy (%) 1-5 >5
Elektricka vodivost — Meat Qualitron () > 80 < 80

VYSLEDKY A DISKUSE

Zakladni statistické charakteristiky ukazatell kvality
masa a vybranych ukazatel jate¢né hodnoty jsou uve-
deny v tab. I. Porovndnim nidmi namé&fenych pramér-
nych hodnot kvality masa, tj. pH, 6,00, pH, 5,47, barvy
masa 22,02 % remise, odkapu masné Stivy 4,74 %
a elektrické vodivosti 90,26 Q, a meznich hodnot pro
identifikaci defektniho vepfového masa jsme zjistili, Ze
vySe uvedené primérné ukazatele u sledovaného sou-
boru odpovidaji normalni kvalité€ masa. Zji§t€ny podil
intramuskularniho tuku 2,39 % témér dosahuje doporu-
dované optimélni hodnoty, tj. 2,5 %. U viech kvalita-
tivnich ukazateli byla zji§téna vysoké variabilita.
Bendall a Swatland (1988) naméfili ve sledo-
vaném souboru pH; v rozpéti od 5,56 do 6,62. Udaje
studii zabyvajicich se podilem intramuskularniho tuku
shrnul Schwoérer (1988). Zjistil, Ze u istokrevnych
plemen se podil intramuskularniho tuku pohybuje
v rozmezi 0,9-2,7 % u plemene belgickd landrase
a 2,4-45 % u plemene duroc. Hovenier et al.
(1993) konstatuji, Ze vétSina autorl uvadi variabilitu
u odkapu masné §tavy od 1,9 do 8 %. :

Vzhledem k tomu, Ze jsme barvu masa zji§tovali pfi-
strojem SPECOL, zatimco v prevaZné vétSiné praci
publikovanych v soutasné dobé je barva masa méfena
pristroji GOFO & FOP, je srovnani s literdrnimi pra-
meny obtiZné. Stejné tak dostupnd literatura neposky-
tuje dostatek informaci k zjiStovani vodivosti masa pfi-
strojem MEAT QUALITRON.

Jako PSE bylo hodnoceno podle pH, 15,6 %, podle
barvy masa 26,8 % a podle elektrické vodivosti masa
31,1 % jate¢nych t&l. Podle odkapu masné §tavy byl
zji¥tén vyskyt jakostnich odchylek u 41,7 % hybrida.
V souladu s vy$e uvedenou metodikou jsme na zakladé
dvou ze tfi jmenovanych kritérii stanovili PSE maso
u 25,2 % jateEnych prasat. Novotna (1991) stanovi-
la PSE maso méfenim pH; u 18 %, odkapem masné
§tavy u 28 % a mé&fenim elektrické vodivosti u 29 %
jatenych prasat. Pfi sou¢asném pouZiti vSech stanove-
nych kritérii, tj. pH,, barvy masa a odkapu masné $ta-
vy, ur¢ila PSE maso u 11 % prasat.

Z ukazatell jate¢né hodnoty byla naméfena primér-
na vyska hibetniho tuku 26,09 mm, plocha m.LLt
5 180 mm? a podil libového masa 52,34 %. Oliver
et al. (1993) uvadegji u halotan pozitivnich, resp. halotan
negativnich zvifat hodnoty podilu libové svaloviny
55,1 %, resp. 51,17 %, vy$ku hibetniho tuku
13,66 mm, resp. 15,21 mm, plochu m.LLt. 4 604 mm?,
resp. 4 088 mm?. U jednotlivych plemen byly zjiStény
tyto hodnoty: podil libového masa — Pn 60,16 %, BL
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1. Zakladni matematicko-statistické charakteristiky sledovanych uk: 1 — Basic ico-statistical data on the characteristics studied
| oy | grocon [ ot [ B Tiwommiti T vty Ty | it
Q) (%) (mm) (%)
Minimum 5,05 5,00 9,75 0,97 30 0,79 9,33 2 568 39,35
Maximum 6,90 6,55 37,38 11,47 120 5,57 51,33 7755 61,57
Prumér® 6,00 5,47 22,02 4,74 90,26 2,39 26,09 5180 52,34
Smérodatnd odchylka’ | 0,30 0,22 5,16 2,13 16,56 0,88 6,17 827 4,03
ldrippings. Zel. conductivity, 3intramuscular fat, “backfat thickness, Slean cuts, “mean, "standard deviation
II. Korelace mezi sledovanymi ukazateli — Correlations between the characteristics studied
A e B T
Q) (%) (mm) (%)
pH, * 0,133* | -0,245*+* | -0,298*** | 0,175"* -0,008 0,031 -0,021 -0,101
pH, * -0,304*+ | —0,476"** | 0,120* 0,063 0,215 -0,062 -0,210"**
SPECOL * 0,544 | -0,084 -0,104 -0,067 0,065 0,173**
Odkap' * 0,001 -0,198" -0,084 0,118 0,219
El. vodivost? * 0,064 0,005 -0,220"**| -0,105
Intramuskuldrni tuk? * 0,426"**| -0,107 -0,426"**
Vy3ka tuku? * -0,175** | -0,806""*
m.lLLt » 0,300***

For 1-5 see Tab. 1

56,10 %, L 49,79 %, LW 48,80 % a D 47,39 %, vyska
hibetniho tuku — Pn 9,41 mm, BL 12,15 mm,
L 17,03 mm, LW 17,82 mm a D 22,15 mm, plocha m.LLt.
- Pn 5 193 mm?, BL 4 729 mm% LW 4 002 mm?,
L 3 904 mm?, D 3 674 mm% Merks et al. (1989)
zjistili u sledovaného souboru hybridnich prasat, kde
v otcovskeé pozici byly pouZity rizné linie plemene ho-
landsky yorkshire, podil libového masa 53,4 %.

V tab. II jsou shrnuty korelaéni koeficienty charak-
terizujici t€snost vztahli mezi sledovanymi ukazateli, tj.
primérnou vySkou hibetniho tuku, plochou m.LLt., po-
dilem libového masa a kvalitou masa a mezi jednotli-
vymi kvalitativnimi ukazateli navzijem.

Korelace mezi primérnou vyskou hibetniho tuku
a pH,, resp. elektrickou vodivosti masa byla nizka po-
zitivni, mezi pramérnou vy¥kou hibetniho tuku a bar-
vou masa, resp. odkapem masné §tavy pak nizkd nega-
tivni. MiZeme tak podpofit tvrzeni autorit Weniger
et al. (1975), ktefi zjistili negativni korelaci mezi bar-
vou masa a vy$kou hibetniho tuku.

Nami zji§téné korelacni koeficienty potvrdily sku-
tenost, Ze se zvySujicim se podilem libového masa
a plochou m.LLt. dochdzi ke zhorSeni kvality masa.
Mezi podilem libového masa a kvalitou masa byly zjis-
tény korelace opa¢né orientované, neZ tomu bylo u pri-
mérné vySky hibetniho tuku, tj. mezi podilem libové
svaloviny a pHj, resp. elektrickou vodivosti byly nale-
zeny nizké negativni korela¢ni koeficienty. Mezi podi-
lem libové svaloviny a barvou, resp. odkapem masné
$tavy byly korelaéni koeficienty v hodnot& r = 0,173%7,
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resp. 0,219, Chizzolini et al. (1993) sdileji na-
zor, Ze ukazatele jatecné hodnoty, jako je napf. podil
libového masa, pouze nepatrné koreluji s ukazateli kva-
lity masa. Vyznamnou negativni korelaci barvy masa
k plose m.LLt. stanovili Weniger et al. (1975).

Za vysoce pritkazné lze oznacit korelacni vztahy
mezi podilem intramuskuldrniho tuku a primérnou
vySkou hibetniho tuku, resp. podilem libového masa
(r = 0,426***, resp. -0,426**"). Wood et al. (1986)
vypocitali mezi intramuskularnim tukem a vyskou
hibetniho tuku té€snéjsi vztah (r = 0,56). Mnohem niZsi
zévislost mezi intramuskularnim tukem a podilem libo-
vého masa (r = —0,13) uvadéji Vries et al. (1993).
Pozitivni korelaci mezi podilem intramuskularniho tu-
ku a vySkou hibetniho tuku a negativni korelaci intra-
muskularniho tuku s plochou m.LLt. (r = -0,23) potvr-
zuji i Bakke a Standal (1995). V poslednim
sledovaném vztahu byl nami zji§tény korelacni koefici-
ent ponékud nizsi (r = -0,107).

Na zékladé soudasnych vysledku, které ukazuji, Ze
se zvySujicim se podilem libového masa klesa pramér-
na vySka hibetniho tuku a zvy3uje se plocha m.lLLz.,
byly zjistény vysoce prukazné korelaéni vztahy (r =
-0,806**, resp. 0,300"**). Demo et al. (1993a, b)
stanovili korelaéni koeficient mezi primérnou vyskou
hibetniho tuku a podilem hlavnich masitych Casti —
0,387

Sledovali jsme i korelaCni vztahy mezi jednotlivymi
kvalitativnimi ukazateli navzdjem. Z tabulky vyplyva,
Ze pfiznivéji s pH, koreloval odkap masné Stavy (r =
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-0,298"*) a barva masa (r = —0,245"*") ne elektrick4
vodivost. Nejtésnéjsi zavislost byla naméfena mezi bar-
vou masa a odkapem masné §tavy (r = 0,544**). Z vy-
sledki autori Merks et al. (1989), resp. Vries
a Wal (1993) je ziejmé, Ze pH; a odkap masné Stavy
jsou v tésnéj§im vztahu (r = -0,45, resp. —0,44), neZ
vyplyvéa z nasSeho sledovani. I mezi odkapem masné
§tavy a barvou masa (FOP) udivaji Vries a Wal
(1993) tésnéjsi zavislost (r = 0,46). Demo et al.
(1993a) zjistili korela¢ni koeficienty mezi barvou masa
(GOFO) a pH,, resp. podilem voln& vazané vody r =
0,38, resp. r = =0,70 a mezi pH; a podilem volné va-
zané vody r = -0,17. Tyto vysledky se shoduji i s udaji
autori Demo et al. (1993b), ktefi zjistili sttedné vy-
soké zavislosti mezi hodnotami pH; a barvou masa sta-
novenou pfistrojem GOFO (r = 0,34), pH, a podilem
volné vazané vody (r = -0,27).
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DYNAMIKA POSTMORTALNICH ZMEN pH V PRSNI
A STEHENNI SVALOVINE KURAT"

DYNAMICS OF POSTMORTAL pH VALUE VARIATIONS
IN THE BREAST AND THIGH MUSCLES OF CHICKENS

L Ingrl, R. Boiekz, 0. Mika2, V. Baéékl, J. Simeonovova'

'Mendel University of Agriculture and Forestry, Faculty of Agronomy, Brno, Czech
Republic
2UKAMO, a. s., Moravian-Silesian Poultry Plants, Modrice, Czech Republic

ABSTRACT: The objective of the study was to determine individual and group variability in postmortal pH values in the
breast and thigh muscles of chickens from standard supplies to a poultry processing plant. pH values are an adequate indicator
of the state and pattern of biochemical postmortal changes in meat. Increasing quantities of chicken meat processed to make
meat products pose a problem of knowing the quality of this basic foodstuff — of the level, dynamics and variability of
postmortal changes. The objective of the study was to determine the dynamics and variability of pH values in two main
muscular regions of chickens — breast and thigh muscles. Random sampling of groups of slaughter chickens supplied to
processing on a packing line was used within one year. Fifteen groups with 10 chickens in each were evaluated: five groups
of plucked and drawn chickens, five groups after chilling with water and five groups divided into half numbers following
the mentioned stages of dressing. Detailed evaluation in 30-minute intervals showed elementary differences between the breast
and thigh muscles. pH values in the breast muscle decreased relatively dynamically below 6.0 in the first three hours post
mortem, further decrease was minute only (Fig. 1). The assumed physiological pH value at the moment of chicken killing is
7.0, and the first values in the breast muscle in 45 minutes post mortem were close to 6.3. The rigor mortis set in 3 to 4 hours
post mortem. The rigor mortis in the thigh muscle was found to terminate 90 minutes post mortem at pH around 6.4. pH values
started increasing only after this breakpoint, at a very slow rate, to reach pH 6.5 to 6.6 in 7 hours after chicken killing.
Different pH values in the breast and thigh muscles can have expressive impacts on the hygienic and technological quality
of meat — rapid onset of microbial proteolysis in the thigh muscle, and on the other hand, easier boning and better retention
capacity. The breast muscle is expected to show opposite trends. The dynamics of pH values in the warm and chilled muscle
exhibited identical trends. pH values in the muscles of chilled chickens were always only a little higher, which can be
explained by moderate inhibiting effects of cold on meat autolysis. Relatively large variability in pH values was determined
both between the chicken groups and between the separate chickens within the groups (Figs. 2 to 5). Trends of variations
were identical, but the differences in average values between the extremely different groups amounted up to 0.8 pH, and
individual differences within the groups up to 1.0 pH in the thigh muscle and up to 0.5 pH in the breast muscle. Hence the
large variability of meat characteristics in chickens from standard supplies can be derived from this study.

slaughter chickens; long breast muscle; bicipital thigh muscle; pH value

ABSTRAKT: U 150 kust poraZenych kufat (15 skupin po 10 kusech) byly méfeny hodnoty pH v prsni a stehenni svaloving,
a to po dobu 7 hodin od porazky v pulhodinovych intervalech. Hodnoty pH prsni svaloviny z vychozi hodnoty 6,30 poklesly
b&hem prvnich tfi hodin na 5,90 aZ 6,00 a dale klesaly jen zcela nepatrné. Ve stehenni svaloviné se hodnoty pH stile mirné
zvySovaly z 6,40 na 6,60. Vysledky méfeni skupin i jednotlivych kufat vykazovaly velkou variabilitu. Jednalo se o nihodny
vybér skupin jategnych kufat z b&€Znych poriZek.

jate¢na kufata; velky prsni sval; dvojhlavy sval stehenni; pH

UvVoD tivné nejvétsi narist mezi hlavnimi druhy masa. Svéto-
va produkce masa v roce 1995 ¢inila 203,2 miliont tun,

Produkce a spotfeba dribeZiho masa ve svétovém  z toho dribeZiho 54,8 mil. tun, tj. 27,0 %. Vice se pro-
méfitku vykazuje v poslednich letech absolutné i rela-  dukuje jen masa vepfového. Hlavni pfi€inou vzestupu

* Reseno v rimci grantu EPO960996197 MZe CR.
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produkce a spotfeby dribeZiho masa jsou jeho relativ-
né nizké produkéni naklady a rovnéZ jeho nutriéni
a zdravotni vhodnost pro lidskou vyZivu. Vice nez
75 % svétové produkce dribeZiho masa predstavuje
maso kufeci. Zvyraznéni pozice kufeciho masa na trhu
vede k roz8ifovani sortimentni nabidky kuchanych kufat,
déleného a ruzné upraveného kufeciho masa (porcované,
obalované, marinované aj.) pro kulinarni uplatnéni i jako
»pohotové* potraviny a kone¢né i k obohacovani sorti-
mentu masnych vyrobkd z dribeZiho masa (dribeZi
Sunky, salamy, parky, pastiky aj.).

Tato nova situace nezbytné vyZaduje podrobnéjsi
znalosti o dribeZim mase z aspekti technologickych,
které zatim nebyly pfili§ potfebné, ponévadZ rozhodu-
jici podil kufat se prodaval jako kuchana kufata chla-
zend nebo zmrazena. Poznatky o technologickych
vlastnostech veprového a hovéziho masa jsou jen z&asti
pouZitelné pro hodnoceni jakosti kufeciho masa, poné-
vadzZ jde o velmi rozdilné typy svaloviny.

NejcennéjSimi svalovymi partiemi kufat jsou svalo-
vina prsni a stehenni. Jejich histologicka struktura
a mnohé jakostni znaky jsou velmi rozdilné (Uhrin,
1995). Markantni rozdil neni jen v barvé svaloviny, ale
i v dalSich vlastnostech. Je zajimavé, Ze publikované
studie o kufecim mase se tykaji pfevazné jen prsni sva-
loviny.

Z technologického hlediska jsou u jate¢nych kufat
a kufeciho masa nejduleZitéjsi jate¢nd vytéZnost, vytéz-
nost stehenni a prsni svaloviny, chufové a texturni
vlastnosti masa, obsah vody, bilkovin a tuku, barva
svaloviny, jeji schopnost poutat vodu a stadium post-
mortdlnich zmén (Risti¢, 1991). Hodnota pH je
obecné povaZovana za vyznamny indikétor prib&hu
postmortélnich zmén masa a je tedy i ukazatelem aktu-
alniho biochemického stavu kufeciho masa se vztahem
k jeho hygienickym, senzorickym, technologickym
a kulinarnim vlastnostem. V dfivéjsi praci Ingr et
al.,, 1994) jsme poukazali na postmortalni dynamiku
hodnot pH v priub&éhu péti hodin po zabiti kufat i na
rozdily mezi prsni a stehenni svalovinou.

Na vlastnosti kufeciho masa v¢etné pribéhu hodnot
pH ma vliv fada vnitfnich a vn&jSich faktori, zejména
plemeno, resp. hybridni kombinace kufat, pohlavi
a vék kufat, pordZzkovd hmotnost, resp. rychlost rustu,
pfedporazkové okolnosti v&etné transportu, zpisob
omracovani kufat i dal§iho prub&hu jateSniho zpraco-
vani vCetné chlazeni jate¢né opracovanych tél kufat
(Ali et al., 1955; Young et al., 1996; Hille-
brand et al., 1996; Papinaho, Fletcher,
1996; Sanders, Van der Sluis, 1996). Je stu-
dovéan také vliv rozdilného ristu kufat véetné vyuZiti
proteini (Schreurs, 1995) a doby laénéni kufat pred
pordZkou (Smith et al., 1995) na pribéh hodnot pH
v mase post mortem a kone¢né i proménlivost textur-
nich vlastnosti kufeciho masa (Gault et al., 1995).

Nasi snahou je pfispét ke standardizaci technologic-
ké jakosti jateCnych kufat a kufeciho masa. Smyslem
predloZené prace bylo posouzeni variability jakosti ma-
sa kufat z béZnych dodavek na poriazku z hlediska
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zmén pH v prsni a stehenni svaloviné véetné vlivu
chlazeni jateEné opracovanych kufat. :

MATERIAL A METODY

V letech 1995 a 1996 bylo hodnoceno nidhodné vy-
branych 15 skupin b&Zn& pordZenych kufat, vidy
10 kufat za sebou bezprostiedné nasledujicich. Prvnich
5 skupin kufat bylo své$eno z linky po kuchani, dalSich
5 skupin bylo odebrano po chlazeni a poslednich 5 sku-
pin bylo vZdy rozdéleno na pétice, z nichZ prvni byla
odebrina po kuchéni a druhé po chlazeni. Ve velkém prs-
nim svalu a v dvojhlavém svalu stehennim byly v piilho-
dinovych intervalech méfeny hodnoty pH a teploty, a to
po dobu 7 hodin. Kufata byla od riznych dodavatelu, 13
skupin byli hybridi Ross a po jedné skupiné ISA Vedette
a Cobb. Vék kutat byl 37 aZ 42 dni, primé&rnd hmotnost
Zivych kufat ve skupinach byla 1,25 az 1,99 kg.

VYSLEDKY A DISKUSE

Grafické vyjadieni postmortalniho prabéhu hodnot
pH (obr. I) ukazuje vyrazné rozdily mezi prsni a ste-
henni svalovinou. Vychozi hodnoty jsou pomérné bliz-
ké (prsni cca 6,30, stehenni cca 6,40 pH), ale dalsi
pribéh je zcela rozdilny. Hodnoty pH v prsni svaloviné
klesaji pomérné rychle a po tfech aZ Ctyfech hodinich
post mortem jsou v rozmezi 5,90 az 6,00 a poté klesaji
jiZz jen zcela nepatrné. Rovnéz Ali et al., (1995)
i Sanders, Van der Sluis (1996) zjistili, Ze
tzv. kone¢ného pH (pH,,) se v prsni svaloviné kurat
dosahuje jiZ za Ctyii aZ Sest hodin post mortem. V dfi-
v&jSi préci (Ingr et al.,, 1994) jsme zaznamenali po-
kles aZ k hodnoté pH 5,80 a je$té v case pét hodin post
mortem byl patrny pokles hodnot pH. VétSina autort
uvadi pouze hodnoty naméfené v Case 15 minut
a 24 hodin post mortem, aniZ by postihovala dynamiku
celého priabéhu. Citovani autofi zjistili za 15 minut po
zabiti kufat v jejich prsni svaloviné velmi §iroké roz-
mezi hodnot pH, a to od 6,05 do 6,78, po 24 hodinach
hodnoty 5,56 az 6,00 pH. Konecné hodnoty pH maji
vliv na rychlost a intenzitu mikrobidlni proteolyzy ma-
sa, na snadnost déleni a vykostovani kufat i na vaznost
kuieciho masa.

Stehenni svalovina vykdzala od prvnich méfeni
(obr. 1) neustaly, ale jen velmi mirny vzestup hodnot
pH do oblasti 6,50 az 6,60. Je to nepochybné dusledek
odlisné histologické stavby svali (Uhrin, 1995)
i funké&ni zatéZe stehenniho svalstva kufat pfi jejich na-
kladce, transportu a vykliddce a nasledného zavéSovani
na pordZeci linku a pfislusné fyzické zatéZe az do faze
omraceni a vykrveni. Svalovy glykogen se vycerpal
a také kyselina mlécna byla ze svali odplavena, takZe
nejsou piedpoklady pro okyseleni masa, které by moh-
lo vzdorovat mikrobidlnimu kaZeni. Naproti tomu prsni
svalovina dosahuje hodnot pH s uréitym bakteriostatic-
kym ucinkem (hodnoty 6,0 a niZ¥i).
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1. Prib&h hodnot pH v prsni a stehenni svaloviné kufat po kuchani a po chlazeni v €asovém useku sedmi hodin post mortem (kufata odebrand
z linky po kuchdni: 1 — prsni svalovina, 2 — stehenni svalovina; kufata odebrand z linky po vychlazeni: 3 — prsni svalovina, 4 — stehenni
svalovina) — The curve of pH values in the breast and thigh muscles of plucked and drawn chickens and after their chilling within seven

hours post mortem (plucked and drawn chickens sampled from the line: | — breast muscle, 2 — thigh

line after chilling: 3 — breast muscle, 4 — thigh muscle)

Posledni fazi jateCniho zpracovani kufat je jejich
zchlazeni. Hodnotili jsme proto prib&h hodnot pH ve
svaloviné zchlazenych kufat a pro srovnéani i pred
zchlazenim, tedy po operaci kuchani. Z grafického vy-
jadfeni (obr. 1) je zfejmé, Ze rozdily jsou jen velmi
malé. Hodnoty pH ve svaloviné chlazenych kufat jsou
vidy nepatrné vyssi, ale v pfipad€ prsni svaloviny se
po tfech hodinédch zcela vyrovnaji. PfedloZené primér-
né hodnoty pH ukazuji zdkladni tendence zmén a roz-
dilnost prib&hu v prsni a stehenni svaloving.

Pro zpracovatelskou praxi je Zadouci standardni su-
rovina. Proto bylo dal§im cilem prace zjistit variabilitu
zmén pH ve svaloving. Zji§téné vzajemné rozdily mezi
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srovnatelnymi skupinami byly vétsi, neZ se ocekévalo
(obr. 2 a 3). Tendence zmé&n u prsni a stehenni svalo-
viny byly sice vZdy shodné, ale droveii hodnot velmi
rozdilna. Vzhledem k volb& experimentilniho materia-
lu ani nebyla snaha vyvozovat miru zdvaZnosti moZz-
nych faktortl, naopak se prokézalo, Ze s tak velkou va-
riabilitou se u milioni pordZenych kufat musi pocitat
nejen u hodnot pH, ale i u vétSiny jakostnich znaki
kufeciho masa.

Velmi rozdilné hodnoty pH byly zji¥tény i ve svalo-
viné jednotlivych kufat uvnitf hodnocenych skupin.
V tomto piipadé jsou pfiCiny zjiSt€nych rozdila (obr. 4
a 5) méné ziejmé, ponévadZ plvod kufat, jejich vykrm
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2. Dynamika hodnot pH v kufeci prsni svaloviné po chlazeni — Dynamics of pH values in the chicken breast muscle after chilling; as =
time (for Figs. 2-5)
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3. Dynamika hodnot pH v kufeci stehenni svaloviné po chlazeni — Dynamics of pH values in the chicken thigh muscle after chilling
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i pfedporazkové okolnosti byly pro celou skupinu stej-
né. Mohl se v8ak projevit vliv individualné rozdilného
rustu a tedy rozdilna jateCna hmotnost a také rozdilné
podminky jednotlivych kufat v piepravnich klecich.
Fyzicka zatéZ jednotlivych kufat mohla byt tudiZ znac-
né rozdilna a nasledné i hodnoty pH masa. Na tyto
mozné vlivy upozornili jiZ Sanders, Van der
Sluis (1996)i Schreurs (1995).

V z&jmu kvality jatecné zpracovavanych kufat a ku-
feciho masa, a tedy i v zajmu tzv. vyrobni jistoty zpra-
covani kufeciho masa na vyrobky, je Zadouci zjiiténou
rozsahlou variabilitu jakosti zmiriiovat. Toho lze do-
sdhnout jen vyhodnocovanim podili hlavnich zdroju
zminéné variability.
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POLYMORFISMUS MLECNYCH PROTEINU SKOTU

THE POLYMORPHISM OF MILK PROTEINS IN CATTLE
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ABSTRACT: The practical sense of genotyping of milk proteins related to milk production is discussed in the review. The
methods of genotyping are briefly described, and the allele frequencies in different cattle breeds of recent years are summa-
rized.

cattle; milk; proteins; polymorphism; genotyping; milk performance; allele frequencies
ABSTRAKT: V c¢lanku jsou zpracovany literdrni ddaje shromaZdéné s vyuZitim databazi Agris, Agricola a Biological

Abstracts a z domdacich prameni z poslednich nékolika let. Je diskutovan prakticky vyznam genotypizace mléénych proteint
ve vztahu k produkci mléka. Jsou zde stru¢né popsiny metody genotypizace zejména s ohledem na rozvoj molekularnégene-

tickych metod a shrnuty frekvence alel nejcastéji sledovanych mléénych proteini u riznych plemen skotu.

skot; mléko; proteiny; polymorfismus; metody genotypizace; uZitkovost; frekvence alel

MIécéné proteiny

Polymorfismus mléénych proteint skotu je po néko-
lik desetileti objektem zdjmu zejména pro moZny vztah
ke kvantitativnim a kvalitativnim aspektim produkce
mléka. V této studii jsou diskutovany nékteré vysledky
z poslednich let.

Nejvétsi skupinu mlécnych proteint, cca 78-82 %,
tvoii kazeiny, 18-22 % syrovatkové proteiny
(Krdusslich et al.,, 1994 aj.). Vycet alel hlavnich
proteinovych komponent kravského mléka lze nalézt
u fady autord. Napf. Rottmann, Schlee (1992)
a Krdusslich et al. (1994) uvadéji pro o,-kazein
(CN) alely A, B, C, D a E, oy,- kazein alely A, B, C
a D, B-kazein alely A', A%, A®, B!, B2, C,Da E
a x-kazein alely A, B, C, D a E. Dal§imi daleZitymi
mléénymi proteiny jsou syrovatkové a-laktalbumin
(LA) s alelami A, B a C, B-laktoglobulin (LG) s alela-
mi A, B, C, D, E, F, G a W, sérovy albumin a imuno-
globuliny.

Prinzenberg etal (1996)a Erhardt (1996)
popisuji pro x-kazein nové alely F a G nalezené u po-
pulaci skotu plemen ayrshire a pincgavské, Zakha-
rov et al. (1996) uvadéji nové alely G a H u jaka,
zubra a buvola. RovnéZz alely C a E byly detekoviny
pomérné neddvno (Seibert etal, 1987; Erhardt,
1989). Baranyi etal. (1992) detekovali u madarské-
ho Sedého skotu novou alelu X na B-laktoglobulinovém
lokusu. ProtoZe varianty se liSi né€kolika substitucemi
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v sekvenci aminokyselin, pfedpoklada se, Ze k odliSeni
alel v rdmci jednoho systému doSlo jednoduchymi bo-
dovymi mutacemi. Vztahy mezi alelami uvniti systému
patii ke kodominantnimu typu dédi¢nosti.

Monteagudo etal. (1992) fadi x-kazein do syn-
tenni skupiny U 15. Mezi lokusy ko6dujicimi kazeiny
existuje genetickd vazba: o4-CN, B-CN, o,-CN
a k-CN jsou lokalizovdny na chromozomu 6 ve frag-
mentu dlouhém priblizné 200 kb (Feretti et al., 1990;
Threadgill, Womack, 1990).

Detekce alel a genotypti

V prvnich pracich, které popisuji rozliSeni riznych
variant proteini, byla pouZivina metoda piimé detekce
elektroforézou na gelu. Odli$na primarni struktura jed-
notlivych variant vede ke vzniku odli¥ného elektrické-
ho naboje. Rozdily tohoto naboje zptsobi po zapojeni
jednosmérného proudu v elektroforetickém zafizeni
riznou rychlost migrace molekul proteini v gelu. Po
obarveni je mozZné vidét jednotlivé frakce jako pasy
v ruzné vzdalenosti od startu. Na zakladé takto zji¥té-
nych fenotypt jsou ureny genotypy sledovanych
zvirat.

S rozvojem molekuldrnégenetickych metod se zaca-
ly pouZivat pfimé analyzy genotypu z DNA. Tyto me-
tody umoZiiuji zjistit variantu genu pro mlé&né proteiny
i u samci Casti populace a u mladych, dosud nelaktuji-
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cich plemenic. Analyzovani DNA se ziskdva nejen
z krve, ale také ze spermatu nebo srsti zvifat (napf.
Schlee, Rottman, 1992a) nebo stéru nosni sliz-
nice (Schellander et al., 1992). Pro izolaci DNA
se pouZivaji napf. metody publikované autory Kawa-
saki (1990), Wang et al. (1994), Gemmel,
Akiyama (1996) aj.

Dvé zékladni metody genotypizace jsou: kombinace
polymerazové fetézové reakce (PCR) a polymorfismu
délky restrikénich fragmenti (RFLP) a alelové speci-
ficka polymerazova fetézova reakce (ASPCR). Princip
prvni metody spoéivd v amplifikaci urcitého dseku
DNA, ve kterém leZi ¢ast genu sledovaného proteinu,
pomoci dvou primerti (metoda PCR). Tato ¢ast probiha
v termélnim cykleru, kde se v nékolika cyklech opaku-
je sled optimalnich teplot pro jednotlivé kroky ampli-
fikace. Po amplifikaci nésleduje rozstépeni jedné ze
dvou pfitomnych variant PCR produktu specifickou re-
striktdzou, jejiZz cilovd sekvence je shodnd s mistem,
kde doslo k substituci, ktera odliSuje dvé varianty sle-
dovaného proteinu (metoda RFLP). Vysledek se zji$tu-
je pomoci elektroforézy na agar6zovém gelu s ethidium
bromidem.

Druhé metoda vyuZiva faktu, Ze dva oligomery li$ici
se bazi na 3’konci nemohou pracovat jako primery. Taq
polymeraza pracuje s poru§enym primerem vyrazné hi-
fe neZ se spravnym. Pro kaZdou analyzovanou bodovou
mutaci je nutné vZdy provést dva PCR testy s jednim
specifickym a druhym obecnym primerem. Dva alelové
specifické primery odpovidajici na 3’ konci nukleoti-
dové sekvenci jedné nebo druhé alely se pouZiji ve
dvou PCR spolu s jednim obecnym primerem. Ampli-
fikace probéhne jen za pfitomnosti alely obsahujici
stejnou sekvenci nukleotidl, jako ma specificky pri-
mer. Dal$i par primerd amplifikuje pfi vSech provadé-
nych analyzéach dalsi fragment jako vnitini kontrolu
(Schlee etal., 1992). Vysledky se opét zjistuji elek-
troforeticky bud na agar6zovém gelu s ethidium bromi-
dem, nebo na polyakrylamidovém gelu.

Pfi urovani variant x-CN je pouZiviana metoda
PCR/RFLP. K rozliSeni alel A a B je pouZivana re-
striktaza Hind III nebo Hinfl. Pro rozlieni alel A a E
je PCR produkt nositeli alely A Stépen enzymem
Haelll. K odliSeni alely C od alel A, B a E je PCR
produkt $t€pen Mae II restriktazou, kterd ma restrikcni
misto u variant A, B a E, ale u varianty C chybi.
Schlee, Rottmann (1992a) a PeSek et al.
(1996) pouzili primery 5’CACGTCACCCACACC-
CATTTATC3’ a 5’TAATTAGCCCATTTCGCCT-
TCTCTGT 3’, teplotu pfi annealingu 56 °C, délka frak-
ce alely A byla 379 bp, alely B 223+156. Citek a
Antes (1996) pouzili k amplifikaci primery
S’ATCATTTATGCCATTCCACCAAAG 3’ a 5’GCC-
CATTTCGCCTTCTCTGTAACAGA 3’, teplotu pfi
annealingu 55 °C, délka frakce alely A byla 351 bp,
alely B 219+132. Lien a Rogne (1993) pfi iden-
tifikaci alel A, B a E amplifikovali s primery
5’CCATCTACGGTAGTTTAGATG 3’ a S’GAAATC-
CCTACCATCAATACC 3’ pfi 62 °C fragment 271 bp,
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Velmala et al. (1993) pfi identifikaci téchZe alel
pouZzili primery 57 CATTTATGGCCATTCCACCAA-
AG 3’ a 57 CATTTATGGCCATTCCACCAAAG 3’,
pii 60 °C byl amplifikovan fragment 337 bp. Sekvence
primerti pro identifikaci alely C uvadéji Schlee,
Rottmann (1992b). Chung etal. (1995)a Suli-
mova et al. (1992) referuji o pouZiti restriktaz
HindIIl, Rsal, Taql a PstI pfi genotypizaci alel A a B.
Urceni pohlavi a genotypu pro k-kazein u embryi po-
moci jedné PCR a néisledné digesce Pstl provedli
Schellander et al. (1993).

Pracovné naro¢néjsi, avSak detailné&jsi analyzou neZ
PCR/RFLP nebo ASPCR je sekvenovani, které umoz-
fiuje odhalit vSechny bodové mutace studovaného tse-
ku DNA. Schild etal. (1994) zjistili pfi sekvenovani
cca 1 kb dlouhého tiseku 5’flanking oblasti k-kazeino-
vého genu, ktery zahrnoval exon I celkem 15 variant
DNA, nékteré polymorfismy byly lokalizoviny v po-
tencidlnich regulacnich mistech.

Metoda PCR/RFLP je déle pouZivéna pii rozliSeni
alel A a B u B-LG genu. Schlee a Rottmann
(1992c¢) pouzili pro $tépeni restriktazu Haelll. Ampli-
fikaci vznikl fragment o 256 bp, ktery byl §tépen na
tseky 166+99 bp u genotypu AA, 99+92+72 bp u BB
a 166+99+92+72 bp u heterozygoti AB. Fragmenty
majici podobnou délku jsou vSak té€Zko rozli§itelné
elektroforézou na 4% agar6zovém gelu, a proto autofi
doporucuji pouzit metodu ASPCR, kterad pii genotypi-
zaci B-LG genu poskytuje lépe rozligitelné vysledky.
Dile tito autofi popisuji rozliSeni alel A, A%, BacC
B-CN genu metodou ASPCR. Metodu PCR/RFLP po-
uzili rovnéz Chung et al. (1994) a Rodellar et
al. (1992).

Metoda ASPCR je vyuZivana v pfipadech, kdy alely
nelze jinak rozlisit. Pfikladem je gen pro o,;- CN. Jeho
dvé alely B a C se lisi substituci na 192. aminokyseli-
nové pozici, nelze je vSak rozli§it pomoci RFLP.
Schlee a Rottmann (1992d) dokézali rozlisit
tyto dvé alely pomoci specifickych primert. Primer
AS1 (5’GGCTCTGAGAACAGTGA3’) byl pouZit
jako specificky pro alelu B a primer AS2
(5’GGCTCTGAGAACAGTGG3’) jako specificky pro
alelu C. Jako obecny primer poslouZil AS3
(5’CCATTTCAGAAAATTGTAGTATAGGAC3’).
Amplifikace probéhla ve 25 cyklech pfi teplotich:
92 °C - 60s, 60 °C-60s, 72 °C —60s. David
a Deutch (1992) genotypizovali o.g;-kazein alelové
specifickou PCR a x-kazein metodou PCR/RFLP. Am-
plifikaty k analyze byly ziskdvédny v jedné polymeréizo-
vé fetézové reakcei.

Pro genotypizaci B-kazeinu aplikovali Schlee
a Rottmann (1992c) alelové specifickou PCR a
Pinder et al. (1991) hybridizaci s alelové specific-
kym nukleotidem na membréang. Tuto metodu doporu-
Cuji jako rychlejsi a citlivéjsi neZ tradi¢ni RFLP ana-
lyzy.

Na o-laktalbuminovém lokusu se alely A a B lisi
aminokyselinou na 10. pozici — u alely B je zde arginin,
u alely A glutamin (Schlee, Rottmann, 1992c).
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ProtoZe se viak alela A u béznych evropskych plemen
skotu nevyskytuje, analyzovali genotyp feckého stepni-
ho skotu, egyptského buvola, egyptskych baladi, ban-
tenga, dahomey a zebu. Z 28 zvifat byla pouze dvé he-
terozygotnimi nositeli alely A. i

Frekvence alel og;-kazeinu, B-kazeinu, k-kazeinu
a B-laktoglobulinu u riznych plemen skotu

Pii sledovani polymorfnich systémi mlécnych bil-
kovin u riznych plemen skotu jsou zji$tovany rozdilné
frekvence alel (tab. I). Tato variabilita se projevuje ze-
jména mezi nejcastéji zjistovanymi variantami jednoho
proteinu.

U o -CN byla nejcastéji zjiSténa alela B s frekvenci
0,80-0,97, pricemz vyraznéjsi rozdil mezi plemeny ne-
ni patrny. Vyskyt alely A uvadéji napi. Ortner etal.
(1995), Tong et al. (1993).

U B-CN je nejdast&ji se vyskytujici alelou A% (0,23-
0,75) a Al (0,10-0,78). Vysoké frekvence alely A'
zjistili Panicke (1996) u némeckého Cernostrakaté-
ho a Cernostrakatého mlé&ného plemene a Pinder et
al. (1991) u holstynsko-friského plemene, naproti tomu
u kombinovanych plemen alpského puvodu — simen-
ského, hnédého, madarského strakatého a madarského
Sedého — uvadéji Ortner etal. (1995)a Baranyi
et al. (1993) niz§i vyskyt. Frekvence alel A3, B
a C jsou velmi nizké, hodnota 0,16 pro hnédy skot
predstavuje vyjimku.

Vzhledem k prokazatelnému pozitivnimu vlivu ale-
ly B na syfitelnost mléka je nejvice udaju k dispozici
pro x-CN. U kombinovanych plemen je frekvence ale-
ly B pomérné vysokd — Citek, Antes (1996) zjis-
tili u Eeské Cervinky 0,48, Rehout et al. (1992) rov-
néZ u Cervinky 0,54, Macha (1992) u ceského
strakatého skotu 0,47, u slovenského strakatého 0,48,
u jerseyského 0,48 a 0,89, Ortner et al. (1995)
u hnédého skotu 0,59, Vasicek et al. (1995) u si-
menského 0,56, Sabour et al. (1993) u jerseyského
0,92.Ghuravel etal. (1996) uvadéji frekvence alely
B u hnédého karpatského skotu 0,36, u $edého ukrajin-
ského 0,50 a u Cerveného gorbatovského 0,47-0,57.

U holStynsko-friského skotu a u populaci, které jsou
pod silnym vlivem tohoto vysoce produktivniho pleme-
ne, jsou vétSinou autord uvadény nizké frekvence ale-
ly B-od 0,31 Macha, 1992), 0,13 (Panicke et
al., 1996), 0,14 a 0,11 (Sabour et al., 1993) az po
0,10 (Ghuravel etal., 1996). Citek et al. (1997)
zjistili u ceského strakatého skotu frekvenci alely B
0,414 a u Cernostrakatého skotu 0,220. Rozdil byl sta-
tisticky vyznamny na hlading 0,01, stejné jako rozdil
ve frekvencich genotypu BB. Litwinczuk (1991)
a Kaminski, Figiel (1993) uvadéji pro zming-
nou otazku vcelku vystizny zavér, Ze u analyzované
populace polského Cernostrakatého skotu klesala fre-
kvence alely B se stoupajicim podilem hol§tynsko-fris-
kého plemene. Frekvence alel C a E byly velmi nizké.
Zarazaga etal. (1996) uvadéji u autochtonniho $pa-
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nélského plemene menorquina frekvenci alely C 0,13.
Nebola a Dvoidk (1994) zjistili alelu E u 4 ze
40 analyzovanych krav. Chrenek et al. (1996) uva-
dé&ji u slovenského pincgavského plemene frekvenci
0,0164, u slovenského strakatého 0,0077 a u holstyn-
ského 0,0169, Lien a Rogne (1993) u populace
skotu v Norsku 0,05. Zakharov etal. (1996) uvadé-
ji pro alelu G x-CN u jaka a zubra frekvenci 0,52
a 0,78 a pro alelu F u jakutského skotu 0,07.

U posledniho ze sledovanych polymorfnich protei-
ni — B-LG - byla u vé&tSiny populaci v pfevaze alela B,
pon&kud niZi frekvenci vykazovala alela A (Rehout
et al., 1992; Panicke et al, 1996; Fahr, Len-
gerken, 1996; Vagi et al, 1996). Ostatni alely
(D, X) se vyskytovaly vzéacné s frekvencemi okolo
0,02. Hanu§ a Beber (1995) uvadéji u plemen
Ceské strakaté a Cernostrakaté niZinné frekvence alely
C048a0,62, Trakovnicka et al. (1996) u jedné
ze Ctyf sledovanych populaci 0,093.

Prakticky vyznam

Detekci genotypi na polymorfnich lokusech pro
mlé¢né proteiny lze vyuZit k populaénégenetickym stu-
diim, jako je posouzeni homogenity, resp. heterogenity
populace, sledovani vyvoje plemene, mapovani aj.

Polymorfismu mléénych bilkovin skotu je vSak
v poslednich 30 letech vénovana velka pozornost ze-
jména z divodu moZného vztahu mezi variantami
mléénych proteind a uZitkovosti. Nejvice jsou sledovi-
ny varianty B-LG, B-CN a k-CN. Doposud byla vétSina
analyz provadéna k védeckym dceliim, jen menS$i ¢ast
pro pouZiti v praktickém chovu (Schlee, 1993).

B-LG gen: Panicke et al. (1996) uvadgji, ze ge-
notyp AA ma pozitivni, statisticky vyznamny vliv na
obsah bilkovin v mléce a zlepSuje vyznamn& pomér
proteini k tuku. Produkce mléka, tuku a bilkovin a ob-
sah tuku nebyly vyznamné ovlinény. Dale uvadi, Ze
alela A B-LG spolu s alelami A? B-CN genu a B x-CN
genu aditivné zvySuji pomér proteini k tuku. Hill
(1993) uvadi, Ze vzorky mléka od krav s genotypem
AA pro B-LG gen obsahovaly o 28 % vice syrovitko-
vych proteini a 0 11 % méné tuku neZ vzorky s geno-
typem BB v tomto genu. Naproti tomu Mao et al.
(1992) uvadéji, Ze alela B byla signifikantn& spojena se
zvy$enim obsahu tuku; genotyp na kazeinovych loku-
sech tucnost neovlivnil. Fahr a Lengerken
(1996) uvadéji mezi genotypy jen nizké diference
v uzitkovosti.

B-CN gen: Panicke etal. (1996) zjistili u jedné
ze dvou sledovanych populaci pozitivni vliv genotypu
A%A? na produkci mléka a pozitivni vliv genotypu
A'A! na obsah tuku, Fahr a Lengerken (1996)
rovnéZ u Cernostrakatého skotu uvadéji statisticky vy-
znamné pfiznivy vliv genotypu AZA% na produkci mlé-
ka, tuku a bilkovin v kilogramech. Schlee a Rott-
mann (1992c) uvadéji, Ze alela A? zv?'Eujc produkci
mléka, proteini a tuku vice neZ alela A".
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L. Frekvence alel og,-, B- a x-kazeinu a B-laktoglobulinu u rdznych pl

skotu - Freq

of alleles of ag,-, B- and x-casein and B-lactoglobulin in different cattle breeds

il Gen/alela? ag,-CN B-CN k-CN B-LG
plemeno? A B (o A Al A? A3 B c A B [o E A B C D X
1 eska Eervinka® 096 | 004 | 079 0,21 046 | 0,54 043 | 0,57,
% simenské’ 0,87 0,13 022 | 069 | 0002 | 008 [ 001 070 | 029 | 0,02 046 | 0,52 0,02
braunvieh® 0,001 | 093 0,07 0,11 0,71 0,16 | 0,01 040 | 059 [ o001 042 | 0,58
némecké Cernostrakaté’ 0,96 | 0,04 0,78 | 0,20 0,02 0,74 | 0,17 0,09 | 050 | 050
3 Eernostrakaté® 097 | 0,03 0,53 041 | 0,004 [ 0,05 070 | 0,29 002 | 036 | 064
hol3tynsko-friske? 098 | 003 0,43 0,55 | 0,004 [ 0,02 0,83 0,13 005 | 039 | 061
4 madarské strakaté'? 089 | 0,11 0,21 0,72 0,06 | 0,01 0,75 022 | 0,03 0,47 0,50 0,03
madarské Sedé'! 0,82 0,18 0,23 0,75 0,02 0,64 0,36 0,20 0,75 0,05
5 norsky skot'? 0,90 0,10 0,40 0,49 0,10 0,84 0,11 0,05
g eské strakaté!3 092 | 008 | 098 0,01 0,01 065 | 035 0,52 0,48
&ernostrakaté nizinné!4 0,97 0,03 0,96 0,04 0,72 0,02 0,38 0,62
" holstynsko-friské? 0,97 0,03
jerseyské!s 0,78 0,22
Cernostrakaté® | 0,52 0,42 0,01 0,05 0,74 0,26 0,41 0,59
8 ernostrakaté 2 052 | 042 | 0,01 0,05 072 | 028 0,41 0,59
ernostrakaté 3 046 | 049 | 002 | 003 073 | 0,17 039 | 061
Cernostrakaté 4 0,41 0,53 0,01 0,05 0,77 0,23 0,44 0,56
9 hol§tynsko-friské’ 0,61 029 | 0,05 0,05 0,80 | 0,20
10 &eska &ervinka® 052 | 048
11 Ceské strakaté!? 0,67 0,32 0,02 0,53 0,47
i@ Ceské strakaté!'? 0,51 0,42 0,07
Zernostrakaté® 076 | 0,22 0,02
hol3tynsko-friské® 0,93 0,07 082 | 0,18 042 | 0,58
asturské niZinné!'6 0,96 0,04 0,62 0,38 0,52 0,48
13 plavé galicke!? 0,89 0.1 053 | 047 055 | 045
pyrenejské!' 0,89 0,11 0,53 0,47 0,61 0,39
limousine!? 0,95 0,05 028 | 072 085 | 0,5

1€6—€26 (1) L661 ‘ZF ‘VHOIAA YNSIDOAIZ




1€6-€2S (11) L661 ‘T# ‘VHOIAA YNSIDOAIZ

LTS

Pokracovani Tab. I - Continuation of Tab. I

Autor! | SEn/alela? 0g,-CN B-CN K-CN B-LG

plemeno? B Al A? A3 A B C E A B c
&eské strakaté!? 053 | 047
slovenské strakaté?0 052 | 048

14 hol$tynsko-friské® 079 | 031
ayrshire?! 0,88 0,12
jerseyské!s (1) 0,52 0,48
jerseyské (2) 0,11 0,89

s finsky ayrshire?2 062 | 0,10 029 | 025 | 075
finské friské?3 0,85 0,14 0,01 0,56 0,44

16 polské cernostrakaté?* 0,76 0,24

17 hol3tynsko-friské® 0,82 0,18 0,00 0,00 0,41 0,59
hol3tynsko-friské? 0,79 0,21

18 Zernostrakaté® 078 | 022
simenské’ 0,44 0,56
pincgavské?’ 0,76 0,24
Geské strakaté 0,59 0,33 0,08

19 montbéliard?® 0,56 | 041 0,03
polské strakaté?’ 0,63 0,36 0,01

1- Rehout etal. (1992), 2~ Ortner etal. (1995), 3 - Panicke etal (1996), 4 - Baranyi etal. (1993), 5~ Lien, Rogne (1993), 6 - Hanu¥, Beber (1995), 7~ David, Deutch (1992),
8 — Fahr, Lengerken (1996), 9 — Pinder et al. (1991), 10 - Citek, Antes (1996), 11 - Havli&ek et al. (1996), 12 - Citek etal. (1997), 13 - Osta et al. (1994), 14 — Médcha (1992),
15- Velmala etal. (1993), 16 - Kaminski, Figiel (1993), 17 - Pazdera etal. (1995), 18 -Va¥i&ek etal. (1995), 19 - Nebola etal. (1996)

'source, 2gem:/allele, 3breed, *Czech Red cattle, *Simmental cattle, 6Bmunvich. "German Black-Pied cattle, ®Black-Pied cattle, “Holstein-Friesian cattle, loHungarian Pied cattle, "Hungarian Grey cattle,
l2Norw&:gian cattle, 3Czech Pied cattle, !“Black-Pied Lowland cattle, ls.lersey cattle, 'SAsturian Lowland cattle, "Galician Blond cattle, 18p y

cattle, "°Li

cattle, **Finnish Ayrshire cattle, BFinnish Friesian cattle, 2*Polish Black-Pied cattle, ZSl’inzgau cattle, 2Montbéliard cattle, 2’Polish Pied cattle

cattle, 2°Slovakian Pied cattle, 21Ayrshir!:




k-CN gen: Pozitivni vliv na vlastnosti mléka pfi vy-
robé& syri ma genotyp BB. Pe3ek et al. (1996) zjistili,
Ze u tohoto genotypu byla nejkrat$i doba syfeni a aZ
20krat niZ$i mnoZstvi syrovatkového prachu v syrovat-
ce neZ u genotypu AA. Tyto vysledky jsou v souladu
se zavéry praci autori Macha (1992), Putz et al.
(1991), Davoli et al. (1990) a Panicke et al.
(1996). Posledné jmenovani autofi zjistili u jedné ze
dvou populaci &ernostrakatého skotu statisticky vy-
znamné vysSi tu€nost mléka a obsah bilkovin u geno-
typu BB a AB ve srovnani s genotypem AA. Vliv ge-
notypu na produkci mléka, tuku a bilkovin byl
statisticky nevyznamny. U druhé populace zjistili vy-
znamny vliv na produkci bilkovin, zatimco produkce
mléka a obsah tuku a bilkovin genotypem ovlivnény
nebyly. Erhardt et al. (1996) sledovali vliv alely B
K-CN na syrafské vlastnosti mléka. Sledovana stada
rozdélili na dvé skupiny podle zastoupeni alely B
a utvorili sm&sné vzorky mléka. Vysledky ukazaly, Ze
u skupiny s vy$§im zastoupenim alely B byla 0 2,3 %
vy¥8i produkce syra, kterd byla zpisobena vyS$§im ob-
sahem tuku a bilkovin. Také syry z tohoto mléka obsa-
hovaly vy33i podil bilkovin.

Havlicek et al. (1996) se zaméfili na vliv geno-
typt x-CN a B-LG na technologické vlastnosti mléka.
Oproti ofekdvanému nejlepSimu vysledku u genotypu
BB/BB se v souhrnném hodnoceni ukazal jako nejlepsi
genotyp B-LG AB / x-CN AB. Nejhorsi vlastnosti pro
vyrobu syra vykazovalo mléko genotypu B-LG AA /
k-CN AA.Havlicéek (1996) zjistil u genotypu k-CN
BB spotiebu 3,73 litru mléka na vyrobu 1 kg smetano-
vého syra, u genotypu AB 4,33 litru. U genotypu AA
doslo pfi zpracovani syfeniny k rozpadu sraZeniny na
kaSovitou hmotu a pfi naliti ke znatnému tniku syro-
vého prachu do syroviatky. Pabst a Gravert
(1996) zjistili u mléka dojnic s x-CN genotypem BB
vyS$§i vytéZnost syra a niZ§i obsah syrového prachu
v syrovatce. Doba potfebnd k zasyfeni, senzorické
vlastnosti a proces zrani syra nebyly ovlivnény. Upo-
zoriuji, Ze v literatuie dosud nejsou udaje o vyznamu
mléka s genotypem BB pro dal§i mlékarenské produk-
ty. Fahr a Lengerken (1996) na rozdil od vyse
uvedenych autort zjistili u genotypu BB signifikantné
krat§i dobu syfeni neZ u genotypu AA; genotyp AB byl
intermedidrni. U genotypu BB byla také o cca 30 %
vy3$8i pevnost syfeniny a statisticky vyznamné vyssi
obsah bilkovin v syrovém mléce. Eenennaam
a Medrano (1991a) sledovali expresi k-kazeinové-
ho genu u heterozygotnich krav. Uvadéji, Ze alela B ma
droveii exprese vyssi, coZ podle nich podporuje prede-
§la zjisténi, Ze podil x-kazeinu v mléce ma vztah ke
genotypu v pofadi BB > AB > AA. Creanga et al.
(1996) zjistili vyznamné rozdily v celkovém obsahu
bilkovin a obsahu kazeini mezi homozygoty AA a BB.
Bartalos et al. (1996) zjiStovali vliv genotypu pro
k-CN, B-LG, o4;-CN a B-CN na vysku nadoje, obsah
tuku, bilkovin a nékterych minerdlnich litek a na fyzi-
kélni a technologické vlastnosti mléka.
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Vzhledem k opakované prokazanému vztahu mezi
genotypem, zejména pro k-CN a B-LG, a kvalitativni-
mi vlastnostmi mléka diskutuji néktefi autofi moZnost
vyuZiti tohoto vztahu ve $lechtitelskych programech.
Ng-Kwai-Hang et al. (1991) zvaZovali moZnost
zvySeni frekvence alely B v populaci holstynského
skotu. Putz etal. (1991) se zabyvali moZnosti selekce
syrafsky vyhodnych genotypli mléénych proteint
u strakatého skotu (Fleckvieh) v Bavorsku. Konstatovali,
Ze pokud neni mléko s lepsi syfitelnosti 1épe placeno,
neni selekce na tyto vlastnosti ekonomicky efektivni.
Tuto skuteCnost konstatujii Erhardt et al. (1996).

Kromé vySe uvedenych autort se vztahem mezi ge-
ny pro mlé¢né proteiny a kvantitativnimi aspekty pro-
dukce mléka zabyvali napf. Velmala et al. (1995),
ktefi genotypizovali polymorfismus genu pro ¢ -CN
(alely B a C), B-CN (Al, A%), x-CN (A, B, E) a mik-
rosatelity v k-CN genu. Zji$tovali asociaci mezi deviti
ruznymi haplotypy a mléénou uZitkovosti (produkce
mléka a tuku, obsah tuku a bilkovin a dojitelnost), pfi-
¢emz piimy efekt nenalezli. U jedné ze sledovanych
rodin zjistili, Ze chromozomalni segment charakterizo-
vany jednim z haplotypt byl asociovén s vyssi produk-
ci mléka a nizsi tucnosti. U o -kazeinového lokusu je
alela C spojovina s vy$§im podilem proteina v mléce,
a zda se, Ze zlepSuje vlastnosti mléka pro vyrobu syra
(Graml etal., 1988). Panicke et al. (1996) zjistili
u jedné ze dvou sledovanych populaci statisticky vy-
znamné vysSi produkci tuku u genotypu BC ve srovna-
ni s genotypem BB; obsah tuku ovlivnén nebyl. U dru-
hé populace naopak uvadéji nevyznamné rozdily
v produkci tuku, vyznamné vysSi tucnost a nizsi doji-
vost u genotypu BB. Produkce a obsah bilkovin u obou
sledovanych skupin nebyly ovlivnény.

Bovenhuis et al. (1992) uvadéji, Ze x-CN gen,
nebo geny s nim tésné vazané, ma vliv na procento
bilkovin, gen pro B-LG, nebo geny s nim t&€sné vazané,
ovliviiuje procento tuku. Dale shledali vyznamny vliv
genotypu pro B-CN na produkci mléka, procento tuku
a produkci bilkovin a genotypu pro B-LG na produkci
mléka a proteinu. Podle nich neni zcela jasné, zda vliv
na produk¢ni parametry mléka ma pouze genotyp mléc-
nych proteint, nebo se na tomto ovlivnéni podili i jiné,
s nimi tésné vazané geny. Bovenhuis a Weller
(1994) popisuji vliv B-CN, k-CN a B-LG a s nimi vi-
zanych QTL na produkci mléka a mléénych sloZek.
Mao et al. (1992) uvadéji, Ze lokusy pro mlééné pro-
teiny byly zodpovédné za 0,94, 0,81, 1,08, 1,66
a 2,74 % variability pro produkci mléka, tuku a prote-
int a obsah tuku a proteini. Eenennaam a Med-
rano (1991b) nezjistili vyznamy vliv genotypu pro
0,5;-CN, B-CN a B-LG na mlé&nou uZitkovost.

Pies znacny pocet praci a rozsah studia vztahi mezi
geny pro mlé&né proteiny a vysi mlééné produkce ne-
Ize uvést jednoznacny zavér pro selekci. Zjisténé vzta-
hy mezi genotypy pro mlécné proteiny a kvantitativni-
mi ukazateli nejsou vét§inou opakovatelné, proto, jak
uvadi Havlidek (1996), zistivad vétdina autori na
urovni konstatovani zjiSténych statistickych rozbori.
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RovnéZ Ortner et al. (1995) shrnuji vysledky tak, Ze
nalezené zéivislosti mezi genotypem pro mlécné pro-
teiny (0,;-CN, B-CN, k-CN a B-LG) a uZitkovymi
vlastnostmi u krav byly pfili§ nizké na to, aby z nich
bylo moZné vyvodit zdvéry pro selekci. S timto zavé-
rem se shoduji i Ruotien et al. (1996).
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