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ROZDIELY V STRUKTURE MEDZI BIELYMI
A CERVENYMI SVALMI VTAKOV

STRUCTURAL DIFFERENCES BETWEEN WHITE
AND RED MUSCLES OF BIRDS

V. Uhrin

Research Institute of Animal Production, Nitra, Slovak Republic

Venované k 70. narodeninam prof. ing. Jana Plesnika, DrSc.
Dedicated to the 70th birthday of Prof. Ing. Jan Plesnik, DrSc.

ABSTRACT: Histochemical parameters of white breast muscles of turkeys and chickens and of red breast muscles of goose
and pigeons as well as of red leg muscles of these species were analyzed and compared in our work. Muscle fiber types were
determined in m. pectoralis major (MPM) and in m. semimembranosus (MSM) based on the reaction on succinate dehydro-
genase (SDH) and on histochemical reaction to the myoglobin content, glycogen was determined by PAS reaction and lipids
were stained by using oil-red O and Sudan III-IV. We confirmed the significantly higher frequency of white fibers in MPM
of turkey and chicken (97% and 95%, respectively) when compared with corresponding muscles of goose and pigeon (47%
and 18%, respectively). We found that so called red muscles represented by MSM also contain relatively high percentage of
the white fibers, as high as 70% in the turkey and 71% in the chicken, 59% in the goose and 61 % in the pigeon (Fig. 1).
Average thickness of muscle fibers in turkeys and chickens is high, ranging from 78.5 to 95.4 um, while in the muscles of
goose and pigeon it is about 31.5 and 58.8 pum, respectively (Tab. I). Higher occurrence of myoglobin in red fibers was
confirmed by histochemical methods. The distribution of glycogen obtained by histochemistry fluctuates, probably as a result
of its depletion during the slaughtering of the animals. Intensity of this reaction, contrary to the myoglobin, is also different
in the muscle fibers of the same type. The size of the lipid cells is about the same in different muscles of the same species
and also in all investigated animal species, with the exception of the pigeon. In MPM it ranges from 33.8 to 41.5 pum, in
MSM from 32.8 to 45.3 um, while in the pigeon their size is 30.0 or 28.1 um (Tab. II). The lipid droplets are histochemically
well provable in goose red muscles. We also determined the approximate numbers of capillaries surrounding the single fibers
on the slices stained by hematoxylin eosine and Masson trichrom. The number of capillaries surrounding the red fibers is
higher by 46% when compared with the number of capillaries surrounding the white fibers. The differences in the occurrence
of muscle fiber types of investigated birds influence qualitative parameters of meat. In our work we discuss these differences,
especially in relation to the anaerobic metabolism of white fibers and the oxidative metabolism of red fibers and their influence
on the meat quality.

bird muscles; muscle fiber types; white and red muscles

ABSTRAKT: Porovndvali sme histochemické charakteristiky bielych prsnych svalov morky a kury a &ervenych prsnych
svalov husi a holuba a ervenych stehnovych svalov tychto druhov vtikov. Potvrdili sme vyrazne vy33f podiel bielych vldken
v m. pectoralis major (MPM) morky a kury v porovnan{ s tym istym svalom husi a holuba. Zistili sme, Ze aj takzvané Cervené
stehnové svaly obsahujii vysoky podiel bielych vldken, ako to dokazuji vysledky vySetreni m. semimembranosus (MSM).
Histochemicky sme potvrdili vy3§iu pritomnost myoglobfnu v &ervenych vldknach. Obraz histochemicky dokézatefného
glykogénu je velmi pestry a zrejme je ovplyvneny depléciou pri usmrcovani zvierat. Intenzita reakcie, na rozdiel od myoglo-
binu, sa v jednotlivych vldknach aj toho istého typu 1i§i. Rozdiely vo velkosti tukovych buniek nie si medzi svalmi, ani medzi
jednotlivymi druhmi, okrem holuba, vyznamné. Kvapky lipidov si histochemicky dobre dok4zatelné v &ervenych vldknach
husi. Cervené vldkna opriada 0 46 % viac krvnych vldsoénic ako vldkna biele. Rozdiely v zastipenf jednotlivych typov
svalovych vldken ovplyviiujii kvalitativne ukazovatele misa uvedenych druhov vtikov.

svaly vtdkov; typy svalovych vldken; biele a Cervené svaly
UvVoD biochemickymi, metabolickymi a fyziologickymi vlast-
nostami. Je pochopitelné, Ze sa li$ia aj §truktdrou a his-

Kostrové svaly cicavcov i vtakov si stavané z réz- tochemickymi charakteristikami. Podrobne sme ich po-
nych typov svalovych vldken. Jednotlivé typy sa Ii§ia  pisali v predchddzajicej prdci (Uhrin, 1985). V tej
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istej prici sme popfsali aj Struktdru a histochemicki
charakteristiku niektorych svalov vrabca domového,
havrana &ierneho, holuba domdceho, prepelice japon-
skej, baZanta oby&ajného a perli¢ky domdcej. V daliej
praci (Uhrin, Kuli§kovd, 1984) sme charak-
terizovali svaly kacky, husi, kury zndskového a brojle-
rového typu a morky. Z vysledkov vidno, Ze medzi
tymi istymi svalmi réznych druhov existuji v Struktire
a histochemickych vlastnostiach velké rozdiely. Tykaji
sa predovsetkym prsnych a stehnovych svalov, ale aj sva-
lov prs roznych druhov. Lietacie svaly morky a kury
predstavuji typické biele svaly, lietacie svaly kacky,
husi, holuba, baZanta si zmie$ané, obsahuji vyznam-
nejsi podiel intermedidrnych a Cervenych vldken.

Vzhladom na uvedené rozdiely sme sa k tymto pré-
cam vrétili, aby sme na zdklade histologickej analyzy
poukdzali na rozne predpoklady kvality misa hospo-
dérsky vyznamnej hydiny.

MATERIAL A METODA

PouZili sme vzorky velkého prsného svalu (m. pec-
toralis major — MPM) a polosfachového svalu (m.
semimembranosus — MSM) moriek Ivagal vo veku
22 tyzdiiov, dospelych sliepok Slovgal, husi Ivagees vo
veku 10 tyZdiiov a dospelych holubov. V kaZdej skupi-
ne sme mali 10 zvierat (5 kohiitov a 5 sliepok), okrem
holubov, ktorych bolo pit. Vzorky svalov sme odobrali
hned po usmrteni zvierat a fixovali v 10% formole.
Dalsie vzorky sme zmrazili v kvapalnom dusiku. Fixo-
vané vzorky sme zaliali do parafinu a narezali na sdn-
‘kovom mikrotéme, zmrazené vzorky sme narezali na
zmrazovacom mikrotéme. Farbili sme ich hematoxyli-
nom eozinom (HE) a Massonovym modrym trichré-
mom; pre dokaz glykogénu sme pouZili PAS reakciu,
lipidy sa farbili olejovou ¢ervenou O a suddnom III-IV.
Pre d6kaz myoglobinu sme pouZili modifikovani me-
t6du (Uhrin etal., 1988). Typy svalovych vliken sme
urovali na zdklade reakcie na sukcindtdehydrogendzu
(SDH). Prepardty sme vyhodnocovali subjektivne.
Z objektivnych hodnét sme zisfovali zastdpenie typov

svalovych vldken, ich hribku a priemerni hribku, re-
lativny podiel a plochu jednotlivych typov vldken
a velkost tukovych buniek. Orientadny po&et krvnych
vldso¢nic v bielych (MPM) a &ervenych (MST) sva-
loch sme porovndvali na priecnych rezoch ofarbenych
HE a Massonovym trichrémom. Podrobnejsi popis me-
téd je uvedeny v predchddzajicich pracach (Uhrin,
Kuli¥kovd, 1984; Uhrin, 1985).

VYSLEDKY

Z vysledkov price vyplyva, Ze vietky analyzované
svaly st stavané z troch typov svalovych vldken — bie-
lych (aW), intermedidrnych (aR) a &ervenych (BR).
Ich charakteristika je vSeobecne zndma a popisali sme
ju v predchddzajicich pracach. Chceme v¥ak poukdazal
na rozdiely medzi sledovanymi druhmi. Ako vidno
z kvantitativneho hodnotenia (tab. I a obr. 1), velky
prsny sval morky a kura sa vyrazne 1i8i od toho istého
svalu husi a holuba (obr. 2 a 3). Zatial' ¢o u prvych
dvoch druhov ide o typicky biely sval, u husi a holuba
st to svaly ¢ervené. Obsahuji vysoky podiel éervenych
svalovych vldken (obr. 3) s vy$§im obsahom myoglo-
binu (obr. 4). V poloblanitom svale si medzidruhové
rozdiely menSie. Vo vicobecnosti si svaly stehien vta-
kov oznacované ako Cervené, aby sa zvyraznil rozdiel
medzi nimi a bielymi prsnymi svalmi. Napriek tomu,
aj v tychto svaloch tvoria biele vldkna vysoky podiel
(obr. 1 a §).

1. Hribka svalovych vliken v pm — Thickness of muscle fibers in pm

Druh! o M. ,:;';z:ali: M. semitendinosus
Xts; Xt
Morka? 10 954 %21 80,3+ 1,6
Kura® 10 88,5+ 1,8 785+ 1,8
Hus* 10 58,8+ 1,0 4,1+ 15
Holub® 5 31,5+ 0,5 46,7+ 0,9

lspecies. 2turkey, 3chicken, 4goose, spigeon
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A 1. Zastipenie jednotlivych typov sva-
lovych vliken v MPM a MSM; 1 -
S | morka, 2 - kura, 3 - hus, 4 - holub -

J Occurrence of muscle fiber types in
MPM and MSM; | - turkey, 2 -
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hick 3 - goose, 4 — pigeon
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2. Priedny prierez MPM morky; W — biele vidkna, BR — ervené
vlikna, SDH, tsecka = 100 pm — Cross-section of MPM of turkey;
oW — white fibers, PR — red fibers, staining on SDH, abscissa =
100 pm

Hribka svalovych vldken (tab. I) u morky a kury
dosahuje vysoké hodnoty, kym u husi a holuba s vlak-
na tenSie. V. MPM je priemernd hribka ovplyvnend
hribkou bielych vldken, kym ervené vldkna husi a ho-
luba st velmi tenké (obr. 3).

Distribiiciu myoglobinu vidime na obr. 4. Vo vy-
znamne vy$8ej miere sa lokalizuje v ¢ervenych a inter-
medidrnych vldknach.

Obraz PAS reakcie je velmi pestry a vo vsetkych
svaloch je v podstate rovnaky. Nezhoduje sa v plnom
rozsahu s literdrnymi idajmi a naSimi predstavami. In-
tenzivnu reakciu vidime napr. v niektorych ¢ervenych
vlaknach, ale hned' v susednych, tieZ ervenych, doslo
k deplécii glykogénu. V niektorych bielych vldknach,
kde by sme ocakdvali najintenzivnejsiu reakciu, je in-
termedidrna, alebo slaba (obr. 6). Lipidy st distribuo-
vané v podobe tukovych buniek medzi tercidrnymi a se-
kunddrnymi svalovymi snopcami. Ojedinele, v MSM
husi, sa vyskytuji aj medzi primarnymi snopcami. Ich
priemernd velkost je uvedend v tab. II. Lokalizéciu
kvapiek lipidov znazorfiuje obr. 7. Tieto kvapky sa lo-
kalizuji takmer vyhradne v &ervenych a intermedidr-
nych vldknach.

Podet vldsoénic vo vztahu k poctu vldken povaZuje-
me, vzhladom na pouZiti metodiku, za orientainy.
Okolo bielych svalovych vldken MPM sme zistili na
jedno vldkno priemerne 1,15 + 0,06 vldso¢nic, okolo
¢ervenych vldken 1,68 * 0,12 vlasoénic, ¢o predstavuje
rozdiel 46 % v prospech Cervenych vldken.

ZIVOCISNA VYROBA, 40, 1995 (8): 337-342

3. Priedny prierez MPM husi; W - biele vlikna, BR-&ervené
vldkna, SDH, tsecka = 100 pm - Cross-section of MPM of goose;
oW — white fibers, BR — red fibers, staining on SDH, abscissa =
100 pm

4. Distribiicia myoglobinu v jednotlivych typoch svalovych vldken
husi v MPM (3ipky); myoglobin, dsecka = 100 pm — Distribution of
myoglobin in different muscle fiber types of goose in MPM (ar-
rows); staining on myoglobin, abscissa = 100 pm
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11. Velkost tukovych buniek v pum - Size of the lipid droplets in pum

Sl P M. ’,’:Z:;{',’:"m M. semitendinosus
x5 x5
Morka® 10 378+2,1 429+19
Kura® 10 415+ 1,8 453+24
Hus? 10 33,8%15 32,8+3,1
Holub® 5 30,0+ 23 28,1 2,0

i 19 B 4 s
'spccncs. turkey, “chicken, “goose, “pigeon

6. Intenzita PAS reakcie v jednotlivych typoch svalovych vldiken
holuba v MPM; PAS, tse¢ka = 100 pm — Intensity of PAS reaction
in muscle fiber types of pigeon in MPM; PAS, abscissa = 100 pm
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5. Svalové vldkna MSM kury; oW - biele vldkna,
BR - Cervené vlikna, SDH, usecka = 100 pm —
Muscle fibers of chicken in MSM; aW - white fi-
bers, BR - red fibers, staining on SDH, abscissa =
100 pm

DISKUSIA

Kvalitu misa a jeho biologicki hodnotu podmieiiuje
predovietkym jeho chemické zloZenie a zastiipenie,
resp. podiel jednotlivych stavebnych zloZiek svalu.
Bielkoviny vo svalovine prs morky koliSu okolo 23 aZ
24 %, lipidy okolo 1 %, vo svalovine stehna dosahuji
bielkoviny 21 az 22 % a lipidy 1,5 aZ2 % (Ko¢iovd
etal, 1982; Horvdthovd etal, 1991). Prsné svaly
kury obsahuji 22 aZz 23 % bielkovin a 0,7 aZ 1,2 %
lipidov a svaly stehien 21 aZ 22,5 % bielkovin a okolo
1,2 aZ 1,4 % lipidov (Horvdthovd et al., 1990).
Prsné svaly husi obsahuji menej bielkovin (okolo 21 %)
a viac lipidov (priemerne 2,5 %), kym svaly stehna obsa-
huju priblizne 21 az 22,5 % bielkovin a okolo 2,8 % li-
pidov (Koé&iovd et al., 1979). Tieto tdaje sa vztahujd
na svaly bez koZe.

Podiel bielkovin vo svaloch ovplyviiuji typy svalo-
vych vldken. Biele svalové vlikna obsahuji viac biel-
kovin ako vldkna Cervené. Popri bielkovindch sa v nich
nachddza aj viac glykogénu; menej ho je vo vldknach
intermedidrnych a najmenej v &ervenych (Volles-
stad et al., 1984). Sivisi to s metabolizmom - biele
vldkna st na zdklade svojho enzymatického vybavenia
schopné prevazne anaerébneho metabolizmu, pri kto-
rom sa energia uvolnuje degradiciou glukézy na kyse-
linu pyrohroznovii, ktord sa v anaerébnych podmien-
kach meni na kyselinu mlie¢nu. Ale pocas inkubécie in
vitro, alebo post mortem, ¢o je vyznamné pre kvalitu
misa, sa hladina glykogénu v bielych vldknach rychlo
zniZuje. Potvrdzuji to price, v ktorych sa konstatuje,
Ze hodnoty glykogénu v bielych a Eervenych svaloch ku-
ry klesaji prvych 105 minit rovnako a potom je pokles
v bielych vldknach vyrazne intenzivnejsi. V désledku to-
ho sa tvori viac laktdtu a viac sa znizuje pH (Uhrin,
1990 a, b). Tito skutonost demonstrujeme na mikro-
fotografii, kde sme dokumentovali pritomnost glykogé-
nu pomocou PAS reakcie (obr. 6). Tieto vysledky si

ZIVOCISNA VYROBA, 40, 1995 (8): 337-342



v silade s ddajmi, ktoré popisuji Armstrong
a Taylor (1982). Naopak, u holuba, kde je v MPM
vyssi podiel cervenych vldken, je priebeh glykolyzy
v tomto svale a v zmie$anych stehnovych svaloch
v podstate rovnaky.

Cervené svalové vldkna obsahujd viac kvapiek lipi-
dov i viac myoglobinu. Ich enzymatické vybavenie za-
bezpecuje oxidaény metabolizmus uhlohydratov a lipi-
dov, ale aj aktivita enzymov aminokyselinového
metabolizmu je v nich vysokd (Beatty et al., 1963).

8. Rozdelenie vldsotnic okolo svalovych vidken (Sipky oznacuji
vldso¢nice); HE, usecka = 100 pm — Disribution of capillaries sur-
rounding muscle fibers (arrows indicate capillaries); HE, abscissa =
100 um

ZIVOCISNA VYROBA, 40, 1995 (8): 337-342

7. Vyskyt kvapiek lipidov v ervenych vldknach
MPM husi; oW - biele vlikna, BR - Cervené
vldkna, dsecka = 100 pm — Occurrence of lipid
droplets in red muscle fibres in MPM of goose:
oW - white fibers, BR - red fibers, abscissa =
100 pm

P

Tieto vldkna si zvIast dobre vybavené pre aerébnu fos-
foryldciu takych latok, ako si pyruvit, volné mastné
kyseliny a ketoldtky. Maji vysoky obsah enzymov dy-
chacieho retazca a cytochrémov. Koneénym zdrojom
energie pre dlhotrvajici svalovy vykon si preto lipidy,
lebo rezervy uhFohydrétov si v nich nedostato¢né. Za-
roveii st tieto vldkna podstatne lepSie zdsobované aj
kyslikom. Preto obsahuji nielen viac intraceluldarnych
kvapiek, ale aj viac lipidov extraceluldrnych.

LepSie zabezpecenie cervenych vldken kyslikom
podmiefiuje hustejSia siet vldso&nic, ktord ich opriada.
Potvrdzuji to udaje niektorych autorov (Gray et al.,
1983), ako aj naSe vysledky. IntenzivnejSie zdsobova-
nie krvou tzko sidvisi s obsahom myoglobinu. Funkcia
myoglobinu spoéiva v zabezpedovani transportu kysli-
ka z krvnych kapildr, resp. tkanivového moku do sar-
koplazmy a k mitochondridm. Preto je jeho hladina
v ¢ervenych vldknach s oxidativnym metabolizmom
vys§ia ako vo vldknach glykolytickych Jansson,
Sylvén, 1983; Swatland, 1985; Uhrin, 1988b).
Jeho mnoZstvo ovplyviiuje aj vek (Beyer, Fatto-
re, 1984). Uhrin (1988a) zistil na jednej strane v bie-
lych svaloch moriek v ranom veku trojndsobne niZSie
hodnoty ako vo svaloch ¢ervenych a na druhej strane
vo svaloch dospelych jedincov hodnoty v porovnani
s mladymi zvieratami Stvorndsobne vysSie. Ked k to-
mu pristdpi vyznamne lepSie vyvinutd kapildrna siet,
vytvéraji sa v &ervenych vldknach lepSie podmienky
pre vytrvalostné kontrakcie. Z organoleptického hla-
diska je myoglobin vyznamny aj ako farbivo misa.

Biele svalové vldkna maji schopnost rychle sa kon-
trahovaf. Energia potrebnd k regenerdcii ich ATP po-
chddza prevazne z glykolyzy. Tieto vldkna nie sui
schopné aer6bnou fosforyldciou rychlo vytvidral ATP,
lebo im chyba dostatoéné enzymatické vybavenie pre
tento typ metabolizmu, najmé ked sval pracuje rychlo.
Preto sa vo svale vytvdra zdsoba makroenergického
fosfatu vo forme kreatinfosfitu. Uhrin a Liptaj
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(1990) konstatuju, Ze biely MPM sliepok 15 min post
mortem obsahuje 1,6krét viac kreatinfosfdtu ako zmie-
Sané svaly stehna. Naproti tomu MPM holuba uZ
15 min post mortem obsahuje velmi mélo kreatinfosfa-
tu a ATP, ale velké mnoZstvo anorganického fosforu.
Autori konstatuju, Ze biele svaly maji viac energetic-
kych rezerv v podobe kreatinfosfitu ako svaly Cervené.
Tieto energetické rezervy mdZu priaznivo ovplyvnit zrenie
misa. Na druhej strane intenzivnejsia glykolyza pri usmr-
covanf a tesne po zabit{ znamen4 nielen stratu energetic-
kych rezerv, ale aj tvorbu laktétu a prudsi pokles pH.

Nie zanedbateInym faktorom z hFfadiska kvality
misa je hriibka svalovych vldken. Cim si vldkna hrub-
Sie, tym je sval tuh$i. Konzistenciu v3ak ovplyviiuje aj
mnoZstvo viziva, najma kolagénovych vldken. Vizivo
nielen vytvéra obaly svalovych vldken, ale aj sprevadza
cievy a vldso&nice medzi snopcami, resp. vytvédra
septd, ktoré vnikajui aj do primédrnych snopcov, medzi
svalové vldkna. Kvantitativne sa v§ak mnoZstvo viziva
histologickymi metédami objektivne nedd zistif.
V tomto sme odkézani na biochemické analyzy kvanti-
ty vizivovych bielkovin.

Z uvedenych ddajov vidno velmi tesné spojenie me-
dzi Struktirou svalu a predpokladmi kvality mésa. In-
tenzivne ¥Fachtenie, najmé brojlerovych typov, ktoré
pri morkdch a kurdch dosiahlo vysoky stupeii, sa pre-
javuje aj v tom, Ze sa v tele zvierat zvySuje podiel bie-
lych svalovych vldken. Tento trend predstavuje ur€ité
nebezpedie zhorSovania kvality misa, resp. vzniku po-
rich ¢innosti svalov aZ degenerdciu svalovych vldken,
ako sa to uZ sporadicky prejavuje.

Vyvoj lietacieho svalstva méd dve Specifikd. Toto
svalstvo sa v porovnani so stchnovym svalstvom v em-
bryondlnom obdobf vyvija oneskorene, ale po vyliah-
nutf rastie rychlejsie. Svaly prs vtdkov, ktoré nelietaju,
st stavané prevaZne z bielych vldken, kym svaly letcov
pozostdvaji prevazne aZ tplne z vldken Cervenych.
Stehnové svaly, ktoré st vSeobecne u hydiny oznaco-
vané ako Cervené miso, zvySovanim sa podielu bielych
vldken postupne charakter ¢erveného misa strécaju.
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VPLYV HMOTNOSTI SLEPACICH VAJEC
NA EMBRYONALNU UMRTNOST A VYSLEDKY LIAHNUTIA

THE EFFECT OF HEN EGG WEIGHT ON EMBRYONIC MORTALITY
AND RESULTS OF HATCHING

M. Halaj

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

ABSTRACT: The effect of hen egg weight in the VEDETTE hybrid was evaluated with respect to the course and results of
hatching; the interrelationships were also assessed. In the laying period (in the 28th, 40th and 52nd week of age) a trial
involved hatching eggs (n = 1 120 eggs) of various weight divided into groups (20 groups, 56 eggs per group) and it was
aimed at determination of embryonic mortality until day 14, between days 14 and 18 and during hatching, as well as of
hatchability of set and fertilized eggs. The fertility rate of eggs was found to be in a negative relationship to egg weight
(r = -0.236%). The relationship between egg weight and embryonic mortality until day 14 r = 0.464™**, mortality between
days 14 and 18 r = -0.154 and during hatching r = 0.456™**. The relationship of hatchability of eggs set into an incubator
to their weight were described by the coefficient r = 0.544™** and those of hatchability of fertilized eggs to their weight by
the coefficient r = —0.463***,

hens; hatching eggs; egg weight; relations; embryonic mortality; hatchability

ABSTRAKT: Hodnotili sme vplyv hmotnosti slepagich vajec hybrida VEDETTE na priebeh a vysledky liahnutia, ako aj
vztahy medzi nimi. U ndsadovych vajec (n = 1 120 ks) sme v zna¥kovom obdobf (v 28., 40. a 52. tyZdni veku) sledovali
skupiny vajec (20 skupin) o roznej hmotnosti (56 ks v skupine) a zisfovali embryondlnu dmrtnost do 14. dfia, medzi 14. az
18. dfiom a pri liahnut{, ako aj liahnivost z vloZenych a oplodnenych vajec. Zistili sme, Ze oplodnenost vajec je v negativnom
vzlahu s hmotnosfou vajec (r = -0,236). Vzfah medzi hmotnosfou vajec a embryondlnou mortalitou do 14. diia bol
r = 0,464™*, mortalitou medzi 14. a 18. diiom r = -0,154 a pri liahnuti r = 0,456***. Vzfahy liahnivosti vajec vloZenych do

liahne k ich hmotnosti boli = 0,544 a liahnivosti z oplodnenych vajec k ich hmotnosti r = —0,463™**,

sliepky; nasadové vajce; hmotnost vajec; vztahy; embryondlna mortalita; liahnivost

UvoD

Hmotnost vajec je podmienend radom faktorov,
z ktorych vek sliepok vyrazne ovplyviiuje ich velkost.
PodFa CSN 46 6409 je pri ndsadovych vajciach hmot-
nostné rozpitie od 50 do 70 g. Existuje zdvislost hmot-
nosti vajec a z nich vyliahnutych kurdiat — Novy
a kol. (1981) uvadzaji K= 0,47, €o je zhodné s tidajmi
autorov Merritt a Gowe (1962). Dizka liahnutia
je tieZ podmienend hmotnostou vajec, ako uvadzaji
Smith a Bohren (1975).Christensen (1983)
zistil linedrnu zdvislost medzi hmotnostou vajec a do-
bou liahnutia. Vajcia o malej hmotnosti sa liahnu lepsie
ako vajcia taZie, t.j. pri vajciach od mladsich sliepok,
znéSajicich mengie vajcia, je vyS¥ia liahnivost ako pri
vajciach od star$ich sliepok, ¢o komentuji Bahren
et al. (1951).

Pocas liahnutia slepacich vajec dochddza k zmendm
na ich hmotnosti, vplyvom rastu zdrodku ¢i plodu, od-
parovanim vody p6érmi Skrupiny, vznikajicej ako splo-
dina Ci sprievodny jav metabolickych procesov vyvija-
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juceho sa plodu. Tieto zmeny obS$irne popisuji Bell,
Freeman (1971) a Smith, Bohren (1975).
Zmeny st rozdielne v jednotlivych Stadidch vyvoja zi-
rodku a vyrazne podmienené bioklimatickymi pomer-
mi v liahni, ako aj hmotnostou vajec.

Matematicky model vypodtu strdt na hmotnosti va-
jec v priebehu liahnutia v zdvislosti od ich hmotnosti
uvadzaji Phillips et al. (1992).

V préci uvddzame vysledky vplyvu rozdielnej hmot-
nosti slepacich vajec na oplodnenost, liahnivost a em-
bryonélnu mortalitu a vzfahy medzi hmotnosfou vajec
a uvedenymi ukazovatefmi.

MATERIAL A METODA

Nésadové vajcia sme liahli od reprodukéného kfdla
vykrmového hybrida VEDETTE z dennej znaSky vo
veku 28, 40 a 52 tyZdiiov, aby sme zachytili hmotnost-
né rozpitie vajec pouZivané v prevadzkovych pod-
mienkach rozmnoZovacieho chovu.
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I. Charakteristika ukazovatefov liahnutia slepa&ich vajec o réznej hmotnosti a vzfahy medzi nimi — The indicators of hatchability of hen

eggs of various weight and the interrelationships

Embryondlna mortalita* (%) Liahnivost ® (%)
l- H 22 (\ru A 3

vatet do14.dta® | do18.da® | priliahnu? | ZOPiodoepich | -z viokenich
x 60,41 93,11 2,52 431 6.91 85,24 81,28
o 51,76- 82,70 1,80 1,80 1,80 64,80— 62,50—
Xmax 68,08 98,20 7,10 8,90 21,40 96,00 91,10

5 4,96 451 2,03 3,08 4,81 6,56 482

v 14,96 496 82,62 73,61 71,64 7,94 7,80
o O -0,236* 0,464+ 0,154 0,456"* 0,463 0,544
Regresnd rovnical? | y=10642— | y=-931+ | y=0995- y=-2052+ | y=12360- | y= 1245 -
y=a+bx ~0221x +0,196x ~0,094x + 0,455x ~0,634x ~0,713x

*P < 0,05 ** P<0,01,*""P<0,001 -P>005

lindicator, 2weight, ernility rate, ‘embryonic mortality, Suntil day 14, Suntil day 18, 7during hatching, “halchabijily, “from fertilized eges,

Yfrom set eggs, Ycorrelation coefficient, '*regression equation

Vajcia sme individudlne oznacili a zvéZili na vdhach
P-200 s presnostou 0,01 g. V tychto ndsaddch sme vaj-
cia rozdelili do 20 hmotnostnych skupifn od 50 do 68 g
s krokom pribliZzne 1 g. V kaZdej skupine v uvedenom
hmotnostnom rozpiti bolo 56 vajec vloZenych do liah-
ne. Celkove sme sledovali 1 120 vajec. Liahnutie sme
robili na Katedre hydinarstva a malych hospodérskych
zvierat AF VSP v Nitre v liahni typu BIOS MIDI o ka-
pacite 560 kusov slepalich vajec. Pofas liahnutia sme
dodrZiavali technologicky postup uréeny vyrobcom.

Biologickud kontrolu liahnutia sme robili prehliadka-
mi vajec na 7., 14. a 18. defi inkubdcie, kedy sme vajcia
preloZili do doliahne na doliahiiové liesky s mrieZkami
pre individudlne liahnutie. Z4roveii sme v tychto obdo-
biach individuélne véZili vajcia v liahni po&as inkub4-
cie. V doliahni pri individudlnom liahnut{ sme sledova-
li priebeh liahnutia, kfuvania a vyliahnutie kuriat.

Vysledky sme spracovali na persondlnom poéitaci
podrla programu Vypoctového strediska v Nitre.

VYSLEDKY A DISKUSIA

Hodnotime vysledky z liahnutia 1 120 n4sadovych
vajec hybrida VEDETTE z troch tsekov znédSkovej
krivky, ktoré boli v troch ndsaddch rozdelené (podfa
hmotnosti od 50 do 68 g) do 20 skupfn podfa hmotnosti
s diferenciou pribliZzne 1 g. Biologicki hodnotu nésa-
dovych vajec charakterizuje ich oplodnenost, liahnivost
a embryondlna aktivita, ako aj $tandardnost vyliahnu-
tych kur&iat. Zdkladni charakteristiku ukazovatefov
liahnutia vajec poskytuje tab. I a obr. 1 a 2. Vzfahy
medzi hmotnosfou vajec a ukazovatefmi liahnutia sd
uvedené v tab. L.

Hmotnost ndsadovych vajec bola v priemere 60,41 +
4,82 g pri 14,96% variabilite. Oplodnenost vajec celého

- siiboru bola 85,85 + 0,99 % pri variabilite 1,18 %. Zis-
tili sme negativny vzfah medzi hmotnostou vajca a ich
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oplodnenostou r = —0,236*. Embryonélna dmrtnost do
14. dia inkubdcie bola 2,50 * 0,94 % s variabilitou
38,77 % a korelaénym koeficientom r = —0,464***, Do
18. diia predstavoval dhyn plodov 4,63 * 0,47 % pri
variabilite 10,30 %. Vzfah medzi hmotnosfou vajec
a mortalitou od 14. do 18. diia vykazuje nepreukazni
negativnu zdvislost r = -0,154.

Pri liahnut{ sme zaznamenali najvy3Siu dmrtnost
plodov 6,91 + 4,81 pri variabilite 31,98 %. Zistili sme
preukazni pozitivnu z4vislost ihynu od hmotnosti va-
jec r = 0,456™*%,

Liahnivost z vajec vloZenych do liahne bola v ce-
lom siibore 81,28 * 4,82 pri variabilite 7,80 %, priCom
sme zistili negativnu zdvislost r = —0,544***, Liahni-
vost oplodnenych vajec bola 85,24 + 6,59 % s variabi-
litou 7,94 %. Zistili sme negativny vzfah hmotnosti va-
jec k liahnivosti z oplodnenych vajec r = —0,463***,

Zo ziskanych vysledkov mdZeme dedukovat, Ze
hmotnost vajec sliepok sa meni s vekom sliepok, a to
jej ndrastom, ale stibeZne sa menia aj podiely &asti vaj-
ca — bielka, Zitka a ¥krupiny. Ako uvidzaji Burley
a Vadehra (1989), zvySuje sa podiel bielka a $kru-
piny, ¢o ovplyviiuje priebeh liahnutia. Existuje tieZ po-
zitfvny vzfah medzi hmotnosfou vajca a dobou jeho
tvorby (Lillie, 1952), &o ukazuje negativny vzfah
s oplodnenostou. To znamend, Ze pri dlh3ej dobe tvor-
by vajca sa vyvoj zdrodku dostane dalej ako do $tadia
gastruly, vplyvom telovej teploty sa za¢ina vyvoj zdro-
doénych listov. Potom po znesen{ vajca a jeho zdrodku
sa zdrodok dostane do latentného stavu a zvySuje sa
skord embryonélna tmrtnost, ako uv4ddzajd Robin-
son etal. (1991). Neskor¥ia embryondlna imrtnost sa
s vekom plodu zvySuje a dosahuje vrcholov na 18. deii
inkubdcie a pri liahnuti (4,3 %, resp. 6,9 %), ¢o zodpo-
vedd vysledkom autorov Smith a Bohren (1975).
Tieto poznatky potvrdzujii i nami vypod&itané korelatné
koeficienty pre liahnivost z nasadenych vajec (r =
-0,544™*) a oplodnenych vajec (r = —0,463**%),
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DYNAMICS OF GLUCOSE, FRUCTOSE AND SUCROSE
CONCENTRATION CHANGES DURING THE INITIAL
STAGES OF FORAGES ENSILING

DYNAMIKA ZMEN OBSAHU GLUKOZY, FRUKTOZY A SACHAROZY
BEHEM POCATECNICH FAZI SILAZOVANI PICNIN

J. Spic¢ka
University of South Bohemia, Faculty of Agriculture, Ceské Budéjovice, Czech Republic

ABSTRACT: Changes during the initial 5-10 days of fermentation of the concentrations of fermentable carbohydrates were
monitored in 12 trials with forages of Italian ryegrass, cocksfoot, oats and red clover. Both fresh and wilted forages were
ensiled in laboratory mini-silos. Carbohydrates were extracted from the forage with boiling ethanol and determined by gas
liquid chromatography as silylethers. Sucrose levels decreased very rapidly to zero during the initial 24-48 hours after
ensilage. The rate of sucrose disappearance decreased with increasing dry matter contents up to about 350 g/kg. Glucose and
fructose were utilized more slowly than sucrose. However, glucose disappeared considerably more rapidly than fructose.
Changes in the concentrations of fructose were affected by fructans hydrolyse. Nevertheless, the lowest rate of fructose
disappearance was observed in red clover, a species which contained no fructans. Therefore, in order to obtain a reliable
prediction of the course of ensiling it is useful to measure the concentrations of the individual fermentable carbohydrates
rather than the total carbohydrate concentrations.

ensiling; dynamic; glucose; fructose; sucrose

ABSTRAKT: Ve 12 laboratornich pokusech bylo sledovdno odbourivanf glukézy, frukt6zy a sacharézy v prvnich fézich
sildZovan{. Jednotlivé sacharidy byly stanoveny metodou plynové chromatografie. Vysledky ukazujf, Ze dynamika sacharidi
pri sildZzovéni je znacné sloZzitéjsi, nez se obecné soudilo. Sachar6za je Stépena velmi rychle a prakticky dplné jiZ v prib&hu
prvnich 24 aZ 48 hodin. Rychlost jejiho 3t€penf je zdvisl4 zejména na obsahu sudiny sildZované hmoty. Pii susiné pod 35 %
rychlost §tépenf roste, pfi vyssich hodnotdch suSiny se jiZ prakticky neméni. Glukéza a frukt6za jsou $t€peny pomaleji. Pfitom
Stépeni glukézy je podstatné rychlejsi nez fruktézy. Zmény v obsahu frukt6zy jsou ovliviioviny $tépenim fruktozanili, poma-
lej3i St€penf fruktézy se v3ak projevuje i u jetele, ve kterém fruktozany obsaZeny nejsou. Pro predpovéd sildZovatelnosti je
tedy nutné, kromé& celkového obsahu sacharidli, uvaZovat i jejich sloZenf.

sildiZovéni; dynamika; glukéza; frukt6za; sachar6za

INTRODUCTION

The concentration of water-soluble carbohydrates
(WSC) in forages has been commonly accepted as an
important criterion of the ensilability of forage. How-
ever, few reports deal with the individual saccharides
which comprise the WSC group: glucose, fructose, su-
crose and fructans McDonald etal., 1991). Several
authors have been interested in hemicelluloses, pectins
and starch, but these polysaccharides are not compo-
nents of WSC. The fate of saccharides released by the
hydrolysis of hemicelluloses (pentosans) is not clear,
they are partially fermented to sugar alcohols (alditols)
(Seyfarth etal, 1977; Morrison, Chamber-
lain, 1987; Chamberlain, 1989).

Fructans are a component of WSC when determined
under usual conditions. Their slower fermentation when

ZIVOCISNA VYROBA, 40, 1995 (8): 347-352

compared with simple saccharides was referred to by
McDonald et al. (1968), Bousset et al. (1972),
Kleeberg etal. (1976) and Lundén Petters-
son, Lindgren (1990).

The aim of this work was to study the disappearance
of the individual carbohydrates during the initial stage
of ensiling.

MATERIALS AND METHODS

Changes in the concentrations of saccharides were
studied in ten model laboratory trials. Forages of com-
monly ensiled species: Italian ryegrass (Lolium multi-
florum Lam.), cocksfoot (Dactylis glomerata L.), oats
(Avena sativa L.) and red clover (Trifolium pratense
L.), from both first and second cuts, were ensiled either
fresh or after wilting of various length. The ensiled
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forages were selected conformably to the presumed
content of saccharides only. Therefore the other pa-
rameters of forages are not presented. Glass jars with
volumes of 30 and 100 ml were employed as the
minisilos. The forages were chopped into pieces about
1-2 cm in length and filled with tight compaction into
the jars. The degree of forage compression (Y) was
calculated from the equation (1) given by Pitt (1983):

3. Vy
" m,.(3-DM)
Vn — volume of silo
mr — weight of forage ensiled and DM is the content of dry
matter. Values are given in Tab. I

Silos were immediately hermetically sealed and stored
in darkness at the laboratory temperature of 20 +2 °C.
Carbohydrate concentrations were determined in the
ensiled forage and at several intervals during the first
ten days of fermentation. Duplicate silos were opened
at each case.

Glucose, fructose and sucrose concentrations were

(¢Y)

where:

The DM was determinated by drying at 105 °C for
4 hours.

The statistical methods used in this work were taken
from Hebédk and Hustopecky (1990).

RESULTS AND DISCUSSION

The composition of the forages used is given in Tab. I.
The degree of forage compression was high and con-
centration of oxygen enclosed in a silo was low. The
effect of oxygen losses of saccharides by respiration
were negligible. The maximal theoretical losses of sac-
charides by respiration are less than 1% relative owing
to the high degree of forage compression.

It may be seen from the trials that the rates of glu-
cose, fructose and sucrose disappearance differ signifi-
cantly (Tab. II and Figs. 1 and 2). Differences between
the individual trials were produced surely by the fer-
mentation influencing parameters. In spite of this, some

‘common trends may be observed.

determined by a modification of the method of Hart- 7.0

man (1981). About 5g sample was extracted for one

hour in boiling ethanol (96% v/v) and, after filtration 6.0 -

and cooling, the extract volume was adjusted to 100 ml.

Ten ml aliquots of each extract were evaporated to o 5.0

dryness at 60 °C in a rotary vacuum evaporator. Total 5

solids were dissolved in 1 ml of dimethylformamide § 40T

(with 2 mg phenyl-B-D-glucopyranoside as the internal g

standard). The saccharides were converted to dimethyl- 5 $:0

silylethers by incubation for 15 minutes at laboratory 8 201

temperature with 5 ml of hexamethyldisilazane using ’

0.2 ml of trifluoroacetic acid as the catalyst. For the gas 1.0

chromatographic determination a column 2 500 mm x

3 mm packed with 3% OV 210 on Chromaton N-Super 0.0 " ; " ’

was used, with a programmed temperature gradient of

150-240 °C and FID detection using Chrom 5 appara- ¢ = o n =0 v

tus (Laboratorni pfistroje, Prague). Coefficient of varia- Time (h)

tion for determination of the saccharides was bellow | cp, of the of sugars in experiment A3

5% (P = 0.05) (unpublished data). [ glucose, MM fructose, A sucrose

1. Composition of ensiled crops

Ekibdiat Spadiee DM (g/kg) Concentration of saccharides (g/kg FM) it Compression
glucose fructose sucrose (ml/ml)

L1 Lolium multiflorum 151 1.84 1.57 2.09 53 0.1
L2 Lolium multiflorum 182 3.65 3.05 4.26 57 0.1
L3 Lolium multiflorum 322 3.52 3.33 7.30 17.8 0.5
L4 Lolium multiflorum 481 435 8.44 11.38 19.8 0.8
Al Avena sativa 119 8.42 4.07 2.04 1.8 0.6
A2 Avena sativa 131 8.57 247 10.08 55 0.6
A3 Avena sativa 208 5.50 2.58 6.34 0.9 0.1
D1 Dactylis glomerata 171 6.12 5.10 448 1.9 0.1
D2 " Dacrylis glomerata 406 3.65 3.29 6.80 9.7 08
Tl Trifolium pratense 129 7.12 4.40 1.45 - 0.1
T2 Trifolium pratense 222 3.58 2.03 3.19 - 0.2
T3 Trifolium pratense 252 12.32 8.60 6.08 - 0.7
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II. Changes of the concentration of sugars during the initial fermentation
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E;lg;,ti- Time (h) Concentration of sugars (g/kg FM) Experi- | e ® Concentration of sugars (g/kg FM)
fructose glucose sucrose gent fructose “glucose sucrose
L1 0.0 1.57 1.84 2.09 D2 0.0 3.29 3.65 6.80
1.5 2.00 1.80 1.96 3.5 3.67 3.29 3.51
6.5 2.10 2.57 1.03 23.0 5.04 1.88 1.00
23.5 4.07 3.25 0.96 47.0 3.50 1.31 0.26
28.0 3.55 295 0.83 118.0 0.76 0.31 0.00
47.0 4.60 0.93 0.21 Tl 0.0 4.40 7.12 1.45
73.0 4.85 1.80 0.00 19.5 427 3.63 0.15
L2 0.0 3.05 3.65 4.26 455 4.05 278 0.06
35 2.82 251 2.20 68.5 3.03 227 0.21
220 3.67 1.69 0.38 188.5 2.83 0.80 0.14
48.0 435 1.01 0.00 T2 0.0 2.03 3.58 3.19
143.0 4.64 0.40 0.00 45 2.90 2.87 1.34
L3 0.0 333 3.52 7.30 7.0 292 2.94 1.56
3.0 7.18 5.99 5.53 24.0 255 2.50 0.60
6.0 7.03 6.17 471 27.0 2.36 247 0.17
9.0 6.81 6.10 4.00 96.0 1.42 1.04 0.00
25.0 11.37 5.66 1.09 120.0 0.00 0.00 0.00
48.0 10.27 493 0.56 T3 0.0 8.60 12.32 6.08
71.0 7.35 278 0.52 24.0 8.74 10.56 0.36
192.0 218 0.50 0.37 48.0 8.01 5.86 0.15
L4 0.0 8.44 435 11.38 72.0 5.12 4.82 0.00
6.5 17.04 7.51 4.22 96.0 2.09 1.20 0.00
9.0 20.95 8.91 4.79
26.0 20.46 10.15 2.27
:zg Z:;: :::; :?: Sucrose disappeared most quickly in all the trials.
’ § ’ ’ Its concentrations decreased to a zero level during the
1950 3908 1518 137 initial 24—48 hours. Rapidity and some variance, as
Al 0.0 4.07 8.42 2.04 compared with the monosaccharides disappearance, in-
240 3.15 3.04 0.44 dicate a different course of changes. Sucrose is pro-
48.0 3.45 1.85 0.03 bably hydrolyzed namely by plant enzymes and any
72.0 2.89 0.92 0.00 contributions by any bacterial enzymes are small. The
96.0 342 037 0.00 plant enzymes wpuld be releas.ed gradually as cell. lysis
7o 00 T e P prqceedfad. anc.i its concentrations would be Yanable.
Bt e i o This opinion is §upgorted by ?o‘wer sucrose disappea-
rance observed in silos containing forage at a lower
480 6.77 635 0:44 compression where only a limited portion of the cells
720 6.69 3.59 0.14 would have been mechanically damaged. Quantitative
96.0 7.68 271 0.00 rates of sucrose disappearance were, therefore, not con-
A3 0.0 2.58 5.50 6.34 sistent with a simple model of enzyme kinetics (Michae-
19.5 3.78 333 0.54 lis-Mentens equation).
45.0 5.06 203 0.00 Both glucose and fructose disapp.eared.slowly when
80 486 Tk o5 c.ompared to sucrose. Spme el'e\fa.tlons in concentra-
tions were observed during the initial hours of fermen-
2 0l 0:90 049 tation, mainly in fructose. The dynamics of changes is
2115 3.86 075 0.00 very different both among the monosaccharides and
D1 0.0 5.10 6.12 4.48 among the individual trials. These observations there-
4.0 5.50 6.33 1.63 fore disagree with the accepted opinion that both
47.0 6.40 332 0.00 monosaccharides participate equally in the fermenta-
3.0 4.59 277 0.00 tion, though some reports showed differences
168.0 228 0.26 0.00 (McDotTa]d et al., 1968; LI:ln-dén Petten:s-
son, Lindgren, 1990). An indirect confirmation
e 03 i e of the different rates of disappearance of glucose and
2580 .64 918 9:00 fructose may be found in the work of Meiering et
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4.0 4

30 ¢

Concentration (g/kg)

20

1.0 1

Time (h)

2. Changes of the concentrations of sugars in experiment T1
[ glucose, M fructose, A sucrose

al. (1988). The authors compared experimental concen-
trations and values calculated from a mathematical
model of fermentation and found differences which
could be explained just by the results presented here.

The changes in fructose concentrations may be af-
fected extensively by fructan breakdown. It may be
predicted in species containing high levels of fructans,
such as ryegrasses.

During experimental work it was apparent that the
sequence of experimental points could be described by
the following equation (2):

de A c
dt B 1/B-c @
where: ¢ - concentration of saccharides

A and B - coefficients
de/de - rate of change

The equation was derived by regression analysis of
experimental data. This equation seems to be the best
form of the processes description.

Effects of DM concentrations in the ensiled forage
on the rate of sucrose disappearance may be seen in
Fig. 3. The rate of conversion decreases extensively as
DM increases. The course of changes was described-by

I Coefficients of eq 2 and correlation coefficient (R) for
sucrose “
3 Water Coefficients
Experiment activity ” = =
L1 0.995 0.010 0.566 0.924
L3 0.986 0.027 0.117 0.898
L4 0.972 0.013 0.125 0.995
D2 0.979 0.047 0.151 0.999
T2 0.989 0.046 0.337 0915

Significance level P < 0.05
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.Rel. concentration (-)

Time (h)

3. Relative changes of the concentrations of sucrose
[ experiment L2, mm experiment L4, A experiment D2

equation (2). Results of regression analysis are given
in Tab. III. Only results for trials with a sufficient num-
ber of experimental points were used. High values for
correlation coefficients confirm the precision of equa-
tion (2). Differences between the values of the constant
A were not statistically significant and effects of DM
were therefore characterized by the constant B, Water
activity (a,,) was found to be a more accurate criterion
than DM. Values for a,, were calculated using the equa-
tion (3) (Greenhill, 1964):

o = 1_b.DM
ol 1-DM

3

where: b - constant depending on the crop (it was assumed to be
0.04 for clover and 0.03 for grasse - Leibensper-
ger, Pitt, 1987)

Relationships between the rate of sucrose disappear-
ance given as the constant B and a,, can be seen in
Fig. 4. The values of coefficient B increased up to DM
concentrations of 300-350 g/kg.

At higher DM levels the values of coefficient B re-
mained nearly constant.

It was not so simple to form a quantitative descrip-
tion of glucose and fructose conversions, since both
monosaccharides were also formed from sucrose and
fructans. Considering that the rate of sucrose disappear-
ance in contrast to glucose and fructose, respectively,
is much higher, the changes of total concentration of
monosaccharides (the sum of glucose or fructose con-
centration and half of the sucrose concentration) were
compared. The influence of gradual disappearance of
sucrose was neglected. Relative (in relation to the ini-
tial level) changes of total concentrations of glucose
and fructose are given in Figs. 5 and 6, respectively.
Considerable difference between the forage plants may
be seen. Whilst the course of glucose disappearance
was similar in all the trials, great differences were evi-
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4. Effect of water activity (a,) on coefficient B of equation 2 for
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Time (h)

6. Relative ch of the
B experiment A3, [ experiment T1, A experiment L3, % experi-
ment D2

ations of gl
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dent in fructose conversion. Elevated concentrations of
fructose were observed in several trials, but not in red
clover.

Changes in glucose concentrations in all trials could
be expressed by equation (2), whilst for fructose it was
applicable only in some of the trials. Equation (2) can-
not be used to describe the changes in concentrations
of fructose owing to an increase in concentrations of
this sugar in the initial stage of fermentation. Results
of regression analysis are given in Tabs. IV and V. The
results for the forages containing no fructan or very low
concentrations of it are shown in Tab. V. Equation (2)
cannot be used for trial T3. The reasons for it are not
clear but the influence of the lower forage compression
is possible. Comparing the values for the constants A
and B where possible showed significantly higher rates
of conversion for glucose than for fructose. In contrast
to sucrose, no significant relationship was found be-
tween the rate of the monosaccharides disappearance
and either DM or a,, for any monosaccharide.

Different rates of the fermentation of the mono- and
disaccharides during the first days of ensilage may have
an important role in forage preservation. Values of total
WSC would seem to be therefore less suitable than the
individual mono- and disaccharides for the prediction
of forage ensilability. This idea may be supported by
using a mathematical model of fermentation (Leiben-
sperger, Pitt, 1987). This model uses the total
contents of WSC as one of parameters. In contrast to
actual results, the predicted ensilability was too good
when using the total WSC content in this model (un-
published data). The prediction of ensilability would be
probably more exact when considering the different in-
fluence of the respective monosaccharides on fermen-
tation. Nevertheless, probably fructans cause great dif-
ferences between the theoretical prediction and the actual
results of ensiling. The dynamics in fructans changes will
be published separately.

Different courses of the saccharides fermentation
should be considered in addition as fermentable sugars

IV. Coefficients of equation 2 and correlation coefficient (R) for
glucose

Epadiiant Coefficients
A B R
L1 0.002 0.371 0.967
L2 0.014 0.199 0.969
L3 0.003 0.190 0.996
L4 0.001 0.115 0.999
Al 0.023 0.095 0.961
A2 0.008 0.085 0.994
A3 0.011 0.141 0919
DI 0.012 0.086 0.956
D2 0.008 0.275 0.988
T1 0.006 0.154 0.999
T2 0.002 0.266 0.994
Significance level P < 0.02
351



V. Coefficients of eq 2 and correlation coefficient (R) for
fructose
) Coefficients
Experiment
A B R

Al 0.0230 0.160 0.995

A3 0.0001 0.179 0.999

D1 0.0043 0.099 0.997

Tl 0.0002 0.237 0.997

T2 0.0004 0.319 0.935

Significance level P < 0.05

sources for lactic acid bacteria. Moreover, forage plant
breeders should prefer glucose and sucrose to fructose
and fructans and especially to WSC values in breeding.
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VLIV ODBERU KRVE NA PLAZMATICKE
KATECHOLAMINY U PRASAT RUZNE HMOTNOSTI

THE EFFECT OF BLOOD COLLECTION ON PLASMA
CATECHOLAMINES IN PIGS OF DIFFERENT WEIGHT

M. Matuska

Hospital with Polyclinic, Clinical Biochemistry Department, Trnava, Slovak Republic

ABSTRACT: The effect of blood collection via puncture was studied in relation to concentrations of plasma catecholamines
in male castrates of the Slovak White Pork breed at the average weight of animals 20 kg (n = 5), 40 kg (n = 5) and 100 kg
(n = 10-11), i.e. at the age of 2, 4 and 8 months, resp., which were kept in optimum conditions of individual housing in an
experimental pigstie and in conditions of group housing on a large farm ((»n = 23 for each weight category). Plasma
catecholamines were determined in blood collected with cannula from the vena jugularis externa (experimental pigstie) and
in blood taken via puncture of the same vein (large farm). Cannulation of pigs followed the method described by Fajnor
et al. (1989). The different plasma catecholamines were determined by a radioenzymatic assay (CATECHOLA kit from an
institute in Prague). While in the group housing trial the vein puncture was a single blood collection, in the individual housing
trial blood collections followed this pattern: collection 5 min before trial, collection at the end of the 1st minute since fixation
beginning, collection at time of puncture (time 0), and collections at 1st, 3rd, 5th, 10th and 15th minute after vein puncture.
All pigs were fixated with a sling tied on the upper jaw according to Jilek, this aid being regularly used in veterinary practice.
Fixation lasted 3 minutes puncture with a syringe was done at the end of the 3rd minute. Fixation and puncture provoked a
stress reaction in individually housed pigs of all weight categories that is of various intensity for noradrenaline in relation to
age (Fig. 1). The most intensive and the longest reaction of noradrenaline concentration was observed in 40kg pigs. In the
case of adrenaline its concentration seems to increase with growing age (weight) (Fig. 1). Dopamine was determined only in
100kg pigs because its concentrations in 20kg and 40kg pigs are below detection limit. The same load in the group housing
pigs provokes a still stronger stress reaction in all weight categories, particularly in young pigs, in comparison with the
individually housed pigs (Fig. 2). So called ,large farm stress* (due to inopportune microclimate) was the reason of these
stronger reactions. In 20kg pigs so called ,,adaption” stress may be added involving particularly all activities associated with
creation of social hierarchy. In 100kg pigs a decrease in adrenaline concentration (P < 0.05) was recorded in comparison
with individual housing. This fact demonstrates a certain psychic load of an individually housed animal since pigs are
gregarious animals. This proves the same finding concerning free corticosteroid concentrations reported on in previous studies.
Dopamine was determined in all pigs on the large farm, higher concentrations being recorded in young pigs (P < 0.05). The
results demonstrate that blood collection via puncture provokes, in pigs and particularly in young pigs, a relatively short but
strong sympatoadrenal reaction that is obvious mainly in pigs on the large farm.

pig; weight (age); plasma; catecholamines; fixation; puncture; housing

ABSTRAKT: Studovali jsme vliv odb&ru krve punkcf na hladiny noradrenalinu, adrenalinu a dopaminu u saméfch kastratl
plemene slovenské bflé masné o primé&mé hmotnosti 20 kg (n = 5), 40 kg (n = 5) a 100 kg (n = 10-11), tj. ve v&ku dvou,
&tyf a osmi mésicl, v individudlnim ustdjeni pokusné stdje za optimélnich podminek a ve skupinovém ustéjeni velkochovu
(n = 23). Krétkodob4 (3 min) fixace s punkc{ vyvolala u individudlng ustdjenych prasat viech sledovanych hmotnostnich
kategorif stresovou odpovéd, kterd byla u noradrenalinu riizn& intenzivn{ v zdvislosti na v€ku. Nejsiln&j3f a nejdel3f odpovéd
noradrenalinu jsme pozorovali u 40kg prasat. V pifpadé adrenalinu se zd4, Ze jeho hladina s vékem (hmotnost{) stoup4.
Dopamin byl stanovitelny jen u 100kg prasat. Stejnd z4t&% aplikovand ve skupinovém ustdjen{ vyvolala u prasat viech
hmotnostnich kategorif, hlavné viak u prasat mladych, jeité siln&j3f stresovou odpovéd neZ u prasat ustdjenych individudlng.
Dopamin byl stanoven ve viech hmotnostnich kategoriich. U 100kg prasat ustdjenych skupinové jsme ve srovnéni s indivi-
duélng ustdjenymi prasaty pozorovali pokles (P < 0,05) hladiny adrenalinu. Tento nélez sv&dE&f o urlité psychické z4t€Zi
individuélng ustdjeného jedince. Zfskané vysledky dokazujf, Ze odbér krve punkci vyvoldvéd u prasat, a to hlavné u prasat
mladych, pomémé krétkou, ale silnou sympatoadrenélni odpovéd, zfejmou hlavné u prasat ve velkochovu.

prase; hmotnost (v&k); plazma; katecholaminy; fixace; punkce; ustdjen{
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Odbér krve punkci, pfi kterém je nutné prase fixo-
vat, je &astym veterindrnim zdkrokem. Otdzkou, jaky
vliv m4 tato fixace s punkci na hladinu plazmatickych
katecholamind, a tedy do jaké miry vyvoldvé stresovou
odpovéd, se zabyvali Zich a Mat&jka (1986),
Althen et al. (1977) a Wojcik et al. (1977). Ve
svych studiich v8ak nezkoumali dynamiku téchto kate-
cholamindl v prib&hu této zité€Ze. TaktéZ nezkoumali
vliv této z4téZe u prasat rizného véku a u prasat usté-
jenych individudlng a skupinové.

MATERIAL A METODA

Pokus byl vykonédn jednak na permanentn& kanylo-
vanych a jednak na nekanylovanych saméich kastrétech
plemene slovenské bilé masné o hmotnosti 20 + 3 kg,
40 + 3 kg a 100 5 kg, které odpovidd v€k dva, Ctyfi
a osm mésici. Pokus byl v pfipadé kanylovanych prasat
(n =5 u 20kg a 40kg prasat, n = 10-11 u 100kg prasat)
uskute&n&n v pokusné stdji za vieobecné optimélnich
podminek, v pifpadé nekanylovanych prasat ve skupi-
novém ustéjenf velkochovu (n = 23 v kaZdé hmotnostni
kategorii). Do pokusu s individudlnim ustdjenim byla
vybréna prasata bez piibuzenského vztahu, do pokusu
se skupinovym ustdjenfm byla vybrdna ndhodng.

Dievéné kotce pokusné stdje mély rozméry 1,8 x 1,7 m
(tj. 3,06 m? na jedno prase). Zdkladem stdjovych pros-
tori ve velkochovu byla velkokapacitni odchovna pro
2 000 kusi prasat v dvojpodlaZnich klecich typu AGRA.
Vykrmové haly byly rovnéZ tyzpu AGRA. Na jedno pra-
se v haldch pfipadalo 0,63 m“. V obdobi pokusi (er-
ven aZ srpen) byl chov denné testovan na mikroklima-
tické parametry (teplota a relativn{ vlhkost kontinuélng,
proud&n{ vzduchu, obsah CO, a NH; jednordzovg).

Fixace v3ech prasat v individudlnim a skupinovém
ustdjeni byla provedena za horni Celist zvifete smyckou
podle Jilka a trvala 3 minuty. Na zacdtku tfeti minuty
byla provedena punkce veny jugularis externa. Doba
po napichnut{ Zfly jehlou trvala 45 aZ 60 sekund. Po
odbéru krve punkci bylo prase ze smyc¢ky ihned uvol-
néno. Zatfmco odbé&r punkci ve velkochovu pfedstavo-
val jediny odb&r krve, v individudlnim ustdjeni byly
odbéry krve realizovdny kanylou mimo kotce podle to-
hoto schématu:

- klidovy odbé&r (5 minut pfed pokusem)

— odbér na konci 1. minuty od zacétku fixace

— odbér na konci 3. minuty od zac¢atku fixace, tj. v Case
punkce (&as 0)

— odbéry v 1., 3., 5., 10. a 15. minuté po punkci.

Pokusy byly v obou typech ustdjeni vykondny vidy
mezi 8. aZ 12. hodinou na la¢no. Kanylace individudlng
ustdjenych prasat byla vykondna metodou podle modi-
fikace autori Fajnor et al. (1989).

Jednotlivé plazmatické katecholaminy byly stano-
veny REA kitem CATECHOLA (GVVVR Praha), za-
loZeném na radioenzymatické metod&. OSetfeni krve
a uskladnéni plazmy byla uskuteénéna podle ndvodu ze
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soupravy. Stanoveni katecholaminii byla provedena nej-
pozdé&ji do dvou tydnil po odb&ru krve. Vysledky po-
kusu sledovdni dynamiky hladin plazmatickych kate-
cholaminii byly statisticky vyhodnoceny dvoufaktorovou
analyzou varianci. Srovnéni hmotnostnich kategorif sku-
pinového ustdjeni velkochovu s individudlnim ustdje-
nfm pokusné stdje bylo vykondno z-testem.

VYSLEDKY

V priib&hu pokusu fixace s punkcf jsme zaznamenali
u individuélng ustdjenych prasat ve srovnéni s klidovy-
mi hodnotami vzestup noradrenalinu ve viech sledo-
vanych hmotnostnich kategoriich (20 kg — P < 0,01;
40 kg - P £0,01; 100 kg - P < 0,001). RovnéZ v hla-
dindch adrenalinu (obr. 1) jsme zaznamenali vzestup
u viech sledovanych hmotnostnich kategorii (20 kg —
P £0,01; 40 kg — P < 0,05; 100 kg — P < 0,001).

Stresovd odpovéd u prasat viech zkoumanych hmot-
nostnich kategorii kon&i do 15. minuty po ukon&enf
z4t&Ze. Nejrychlej3f pokles noradrenalinu a adrenalinu
na klidové hodnoty jsme pozorovali u 100kg prasat,
a to v tfeti minuté. U 20kg prasat jsme pozorovali zvy-
Sené (P < 0,05) hladiny noradrenalinu je$t€ v 15. mi-
nuté. Koncentrace dopaminu u 20kg a 40kg prasat ust4-
jenych v pokusné stdji nebyly stanovitelné. U 100kg
prasat jsme stanovili nizké koncentrace jen v ase pun-
kee (0,4 + 0,03 pmol/ml).

Ve skupinovém ustdjeni velkochovu jsme u 100kg
prasat ve srovnéni se 40kg prasaty zaznamenali pokles
(P < 0,05) hladiny noradrenalinu a adrenalinu (obr. 2).
U adrenalinu a dopaminu nebyl mezi jejich hladina-
mi u 20kg a 40kg prasat statisticky vyznamny rozdil.
U 100kg prasat jsme pozorovali pokles (P < 0,05) hla-
diny dopaminu ve srovnéni s 20kg a 40kg prasaty.

U 20kg prasat ustdjenych skupinové& jsme pozorovali
vzestup (P < 0,001) hladiny noradrenalinu ve srovnén{
s 20kg prasaty ustdjenymi individudlné (obr. 2). U 20kg
a 40kg prasat jsme zaznamenali vzestup (P < 0,05)
hladiny adrenalinu ve skupinovém ustdjeni ve srovnan{
s individudlnfm ustdjenfm, aviak u 100kg prasat usté-
jenych skupinové jsme pozorovali ve srovnénf se 100kg
prasaty ustdjenymi individudlné pokles (P < 0,05) hladi-
ny adrenalinu (obr. 2). Hladiny dopaminu u prasat ve
skupinovém ustdjen{ byly ve srovnéni s prasaty z indi-
vidudlniho ustdjeni jasné detekovény a stanoveny
(u 20kg prasat P < 0,001, u 40kg prasat P < 0,001).

Pokud jde o teplotu ovzdu§i mastale ve velkochovu,
byla prasata ustdjena 55 % casu ze sledovaného obdobi
v 26né& optima, a pokud jde o relativni vihkost, piedsta-
vovalo optimum 34 % &asu. Obsah CO, a NH; se na-
chézel pod hranici povolené maximdln{ koncentrace.

DISKUSE

Kréitkodob4 fixace, zakon&end punkci veny jugularis
externa, vyvolala ve vech sledovanych hmotnostnich
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1. Vliv odbéru krve z vena jugularis externa na dynamiku hladin
plazmatickych katecholamini (@—@® noradrenalin, A- - -A adrena-
lin) u 20kg, 40kg a 100kg kanylovangch prasat (x + SEM); n = 5§
u 20kg a 40 kg prasat, n = 10-11 u 100kg prasat; * P 0,05, " P <
0,01, *** P < 0,001 — The effect of blood collection from the vena
Jugularis externa on the dynamics of plasma catecholamine concen-
trations (@—@ drenaline, A- - -A adrenaline) in 20kg, 40kg
and 100kg cannulated pigs (x + SEM); n = 5 in 20kg and 40 kg
pigs, n = 10-11 in 100kg pigs; x-axis — minutes, y-axis — plasma
catecholamines (pmol/ml); * P < 0.05, ** P < 0.01, *** P < 0.001

kategorifch prasat ustdjenych individudlné stresovou
odpovéd, projevujfcf se zvySenim plazmatickych kate-
cholaminil v riizném rozsahu v z4vislosti na v&ku pra-
sat. Nejvy$si miry vzestupu a nejvysSich koncentraci
(x = 18,8 + 5,4 pmol/ml) v &ase punkce dosahoval no-
radrenalin u 40kg prasat. K podobnym vysledkiim do-
spélii Malo a Roth (1986) u 15kg, 55kg a 95kg
prasat. V piipad€ adrenalinu jsme u prasat viech hmot-
nostnich kategorif pozorovali v ¢ase punkce pfibliZné
stejné vysoké hladiny s tendenci vzestupu u 100kg pra-
sat.

Bylo zji$t€no, Ze noradrenalin vice koreluje s fyzic-
kou aktivitou, zatimco adrenalin vice koreluje s psy-
chickou aktivitou (Kvétiiansky et al., 1978; Fi-
biger et al., 1984; Sanchez et al.,, 1989). Tento
nélez jsme mohli pozorovat také v nas{ praci. Jak uva-
d&ji Sova et al. (1981), nejvyssi fyzickou aktivitou
oplyvajf mlad4 zvffata. Proto jsme nejvy3$f vzestup

ZIVOCISNA VYROBA, 40, 1995 (8): 353-356

26 [ individuéin{

24 ustéjent

22 B skupinové
ustéjeni

20 .

18 NA

c*

=,
plazmatické katecholaminy [ pmol.ml =]

o N » O

20 kg

40 kg 100 kg

2. Vliv odbéru krve z vena jugularis externa na hladinu plazma-
tického noradrenalinu (NA), ad linu (AD) a dop (DA)
u 20kg, 40kg a 100kg prasat ustdjengch individudIn& v pokusné stédji
a ve skuping velkochovu (x + SEM); n = 5 v individualnim ust4jent,
n = 23 ve skupinovém ustdjenf; * P < 0,05, *** P < 0,001 -
srovndno v rdmci h { skupiny s individudlni djenim, a —
srovndno s 20kg prasaty, b, ¢ — srovndno se 40kg prasaty, d, e -
srovnéno s 20kg a 40 kg prasaty v témZe ustdjeni — The effect of
blood collection from the vena jugularis externa on the concentra-
tions of pl drenaline (NA), adrenaline (AD), and dopamine
(DA) in 20kg, 40kg and 100kg pigs individually housed in an ex-
perimental pigstie and in a group on a large farm (x + SEM); n =S5
for individual housing, n = 23 for group housing; y-axis — plasma
catecholamines (pmol/ml); ) P <0,05, P <0,001 - comparison
within the weight group with individual housing, a — comparison
with 20kg pigs, b, ¢ -~ comparison with 40kg pigs, d, e ~ comparison
with 20kg and 40kg pigs in the same housing conditions

hladiny noradrenalinu pozorovali u 40kg prasat a nej-
déle trvajici fyzickou aktivitu, vyvijenou ve snaze uvol-
nit se ze smycky, u 20kg prasat.

Nejvy$§i vzestup noradrenalinu jsme zaznamenali
v prvé minuté po punkci a po uvolnéni prasete ze
smy&ky u 20kg a 40kg prasat. Tento vzestup byl zpi-
soben tim, Ze 20kg a 40kg prasata bezprostiedné po
uvolnéni ze smycky zaCala b&hat, zatimco 100kg pra-
sata ziistdvala po uvolnéni ze smy¢ky viceméng klidn4.
V pfipadé adrenalinu jsme nejvy33i vzestup sledovali
u viech hmotnostnich kategorifch v prib&hu punkce.
Vyrazny vzestup hladin plazmatickych katecholamini
v prubéhu punkce prasat riiznych plemen pozorovali
i dalsf autofi (Althen et al, 1977; Wojcik etal,
1977; Zich, Maté&jka, 1986).

Pfi srovnédni skupinového ustdjeni s individudlnim
ustdjenim jsme pozorovali zvySeni noradrenalinu hlav-
né u 20kg prasat a zvySeni adrenalinu u 20kg a 40kg
prasat. Pravdépodobnou pfi¢inou téchto zvysenf je tzv.
»-adapta¢ni* stres ve spolupiisobeni ,stresu z velkocho-
vu“. ,,Adaptaéni* stres, zahrnujici hlavng stres z vytv4-
fenf socidln{ hierarchie, je provdzen zna¢nou fyzickou
i psychickou aktivitou pfedevsim u podiizenych a méné
dominantnich jedinci (Fitko et al.,, 1975). U 40kg
prasat je socidlni hierarchie v podstaté ustdlena, takZe
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pfi¢inou vzestupu noradrenalinu u 40kg a 100kg prasat
a adrenalinu u 40kg prasat je ,stres z velkochovu®.
Zaznamendno bylo pfedeviim nevhodné mikroklima.
Uplatnit se viak mohly i jiné nesledované parametry
jako hluk, pradnost apod. U 100kg prasat ve skupino-
vém ustdjeni ve srovnini s prasaty v individudlnim
ustdjenf jsme zaznamenali pokles adrenalinu. Zd4 se, Ze
tento nélez sv&d&i o urdité psychické zatZi individudlng
ustdjeného jedince, protoZe prase je stidové zvife (Sova
et al., 1981). Timto ndlezem podporujeme stejné zjisténi
autort Dantzer et al. (1980) a Barnett et al.
(1984), kteti k nému dospéli stanovenim volnych plaz-
matickych kortikosteroidi.

V nas¥{ préci jsme prasata neselektovali na jednotlivé
genotypy, protoZe vyskyt halotan-pozitivnich prasat je
u plemene slovenské bilé masné jen 6,47 % (Bulla
et al., 1980). Bylo vSak dokdzano, Ze prasata citlivd na
stres, tj. halotan-pozitivn{ prasata, reaguji na zitéZz vy-
volanou manipulac{ pfi odbéru krve vyrazné vys§im
vzestupem plazmatickych katecholaminii neZ prasata
odoln4 vidi stresu, tj. halotan-negativni (Zich, Ma-
t&jka, 1986). Mnohem vy$3f hladiny plazmatickych
katecholamin@ byly nalezeny u halotan-pozitivnich pra-
sat po aplikaci sukcinylcholinjodidu (spousté&e maligni
hypertermie) neZ u halotan-negativnich prasat (Iaizzo,
Wedel, 1994). Z uvedenych idaji je vidét, Ze varia-
bilita vysledkd je ovlivn&na genotypem zvifat a jeji
mira bude zéviset na procentudlnim zastoupeni jednot-
livych genotypli ve zkoumaném plemeni. Napt. Vil-
le et al. (1993) nalezli pfi manipulaci se selaty geno-
typu nn vzestup srdeénf frekvence o0 42,9 %, u selat NN
0 14,8 % a u selat Nn o 0,61 %. Tuto skuteCnost je
tudiZ nutné brét v dvahu pfi posuzovanf{ variability vy-
sledkil u studif bez selekce na genotypy, hlavné u ple-
men s vy33{ frekvenci halotan-pozitivnich jedinci.
Vzhledem k malému procentudlnimu vyskytu halotan-
-pozitivnich prasat v plemeni, které jsme pouZili v na-
Sem pokusu, nepfedpokldddme jejich vyrazny vliv na
naSe vysledky.

Z vysledki vyplyva, Ze odbér krve punkci vyvolava
u prasat, a to hlavné u prasat mladych, pomérné krat-
kou, ale silnou sympatoadrendlni odpovéd,, ziejmou hlav-
né u prasat ve velkochovu.
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ROZDIELY V EXCITABILITE CNS A V HABITUACII
PLEMIEN OSIPANYCH HAMPSHIRE, LANDRAS,
DUROK A BIELE USCACHTILE

DIFFERENCES IN CNS EXCITABILITY AND IN HABITUATION
OF PIGS OF HAMPSHIRE, LANDRACE, DUROC AND LARGE
WHITE BREEDS

M. Novacky', I. Liday?

lFaculty of Science of Comenius University, Bratislava, Slovak Republic
2University of Agriculture, Nitra, Slovak Republic

ABSTRACT: Individual excitability of CNS and habituation process in the new environment of an experimental chamber
(320 x 420 cm) were studied in 93 pigs of the Hampshire, Landrace, Duroc and Large White breeds. The behavior of the
pigs was recorded in 30-minute morning and afternoon habituation tests at the age of three and six months at the live weight
of 37 kg and 85 kg. The records involved: 1. locomotor activity (shown as grid-crossings, grids being drawn on the floor of
the experimental chamber), 2. voice signals and 3. elimination activities (defecation and urination). The results revealed
differences between the breeds in CNS excitability and in the rate of habituation in the breeds under observation. Habituation
process was represented for all breeds (Figs. 1 and 2). During the four tests (morning and afternoon ones at the age of three
and six months) locomotor activity, voice signals and elimination activities decrease in all breeds. Voice signals in the
Hampshire breed were an exception. Hampshire breed has the highest frequency of activities related to excitability while
Large White breed has the lowest (Tab. I). Age differences in locomotor activity were significant (Fig. 1, Tabs. I to IIT) but
they were not found in the case of voice signals. As for differences between the sexes, the highest average values in locomotor
activity were determined in the sows of Landrace breed (515 frequencies), the lowest values applied to the boars of Large
White breed (265 frequencies). The frequency of voice signals in boars and sows is higher in all breeds than that of locomotor
activity. Hampshire sows had the highest average values of the frequency of voice signals (1 740 f). It was also shown that
the frequency of voice signals in sows was higher than that of boars (Fig. 2, Tabs. II and V). The evaluation of defecation
indicator did not reveal any significant differences between the breeds. Some highly excitable individuals however had the
high frequency of elimination activities (113 defecations). This is in agreement with the results reported by Hediger
(1965), Meyer-Holzapfel (1960) and Veselovsky (1974) concerning the effect of stress in the animals in zoolo-
gical gardens and in the open nature on the increased frequency of defecation activities. Our results suggest the potential use
of habituation test for selection of breeds with optimum behavioral characteristics for large herds and for the process of pig
breeding aimed at improvement of carcass value. Habituation test checked in our study can be used to determine the level of
pig excitability. We recommend to use mean and low excitation values.

pig habituation; CNS excitability; Hampshire; Landrace; Duroc; Large White; between-the-breed differences

ABSTRAKT: U 93 o$fpanych plemien hampshire, landras, durok a biele uslachtilé sme sledovali individudlnu excitabilitu
CNS a habituaény proces v orientaéno-patracom sprdvani v novom prostredi pokusnej komory (320 x 420 c¢m). V priebehu
Styroch 30mindtovych testov (v dopoludiiajSom a odpoludiiajSom) sme vo veku zvierat 90 dnf (37 kg) a 180 dni (85 kg)
zaznamend4vali motoricku aktivitu, hlasové prejavy a elimina¢né aktivity (defekdciu a urinéciu) jednotlivych zvierat sledova-
nych plemien. Vysledky poukézali na medziplemenné rozdiely v excitabilite CNS a v rychlosti habituicie. NajvysSiu excita-
bilitu vo v3etkych sledovanych indikatoroch sprdvania malo plemeno hampshire, najniZ§iu plemen4 biele usfachtilé a durok.

habitudcia ofpanych; excitabilita CNS; hampshire; landras; durok; biele uslachtilé; plemenné rozdiely

UvoD guji v siilade s ich vrodenymi vlastnostami. Vo farmo-
vych velkochovoch sa vyskytuji rézne nesocidlne pre-

Snaha o zisfovanie roznych negatfvnych vplyvov, kto-  javy, konfliktové situécie, agresivita, kaudofagia a ka-

ré pdsobia na hospodédrske zvieratd, sdstredila pozor- nibalizmus (Beilharz, Cox, 1967; L6hr, 1967,
nost autorov na stresové situicie, na ktoré jedince rea- ' Averdunk, 1968; Ewbank et al.,, 1976; Bob-
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&ek etal, 1986; Poltdrsky, Bulla, 1986; Pol-
tarsky, 1989). Preto sa skiimaji moZnosti zistovania
optimélnych individudlnych excitaénych vlastnostf je-
dincov, ktoré by sa uplatiiovali vo farmovych pod-
mienkach (Novacky, Martinek, 1982; Wood-
-Gush, Vestergaard, 1991; Tarocco, 1992;
Novacky, Liday, 1992).

V histérii zdujmu o sprdvanie hospodérskych zvierat
dominuje préca autora Try on (1929), ktory pouk4zal
na to, e emocionalita, draZdivost a odolnost vodi stre-
su maji dediény zdklad. Z tychto dovodov je stle ak-
tudlne spoznévat individudlne excita&né vlastnosti zvie-
rat. Niektoré doterajSie prdce zamerané na vekové
a sexudlne rozdiely v draZdivosti zvierat poukédzali na
uritd moZnost predikcie excitadnych vlastnosti o¥fpa-
nych Novacky, Liday, 1994a, b). Tieto vysled-
ky ovplyvnili aj na% d'alsi zdujem o spozndvanie rozdielov
v excitabilite a habituacnej rychlosti niektorych plemien
offpanych, ktoré sa vyuZivaji vo farmovych chovoch,
alebo v hybridizaénom procese.

MATERIAL A METODA

V opakovanom 30mintitovom habituaénom teste sme
v pokusnej komore (320 x 420 cm) sledovali 93 oSipa-
nych plemien hampshire (bravce n = 11, prasnice n = 11),
landras (bravce n = 16, prasnice n = 16), durok (bravce
n =11, prasnice n = 11) a biele uslachtilé (bravce n = 8,
prasnice n = 8). Na podlahe pokusnej komory bolo
vyznaenych 12 Stvorcov, ktoré ulahfovali zazname-
ndvanie motorickej aktivity. Sprdvanie zvierat sme za-
znamenévali v dopoludiiajSom a odpoludiiajSom habi-
tuadnom teste vo veku troch (37 kg) a Siestich (85 kg)
mesiacov. Ziskali sme tak materidly dlhodobého preru-
Sovaného habituadného procesu zo Styroch 30mintto-
vych testov. Sledovanie motorickej aktivity, hlasovych
prejavov a eliminaénych aktivit sme zaznamenali v mi-
nitovych rezoch na kymografe (Metra Blansko) po-
mocou tlagidlovej registranej aparatiry (vo frekvencii
a v &ase). Pri spracovanf vysledkov sme pouZili Spear-
manovu poradovi koreldciu a t-test.

VYSLEDKY A DISKUSIA

Vysledky umoZiiuji hodnotif sprdvanie o$ipanych
plemien hampshire, landras, durok a biele uslachtilé
v novom prostred{ pokusnej komory na zdklade kvan-
titatfvneho z4dznamu sledovanych indikdtorov sprdva-
nia. U v¥etkych sledovanych zvierat sme ziskali infor-
midcie: 1) o excitabilite sledovanych plemien o3fpanych,
ktord sa urCuje na zdklade kvantitativneho vyskytu za-
znamendvanych indikétorov spravania v jednotlivych tes-
toch; 2) o rychlosti habituaéného procesu zvierat na nové
prostredie, vyjadreného postupnym zniZovanim vysky-
tu sledovanych indik4torov individudlneho vrodeného
sprdvania: motorickej aktivity, hlasovych prejavov a eli-
minaénej aktivity (defekdcie a urindcie).

Mozno kon3tatovat, Ze u vietkych sledovanych ple-
mien offpanych sme zaznamenali v motorickej aktivite
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a hlasovych prejavoch v novom prostredi pokusnej ko-
mory habitua&ny proces. V priebehu jednotlivych Sty-
roch habitua&nych testov (dvoch vo veku troch mesia-
cov a dvoch vo veku $iestich mesiacov) klesd vyskyt
motorickej aktivity, hlasovych prejavov a eliminaénej
aktivity u vSetkych plemien (obr. 1 a 2). Vynimkou je
madlo vyrazné zniZovanie frekvencie vyskytu hlasovych
prejavov u plemien hampshire a biele usfachtilé. V tej-
to sdvislosti preto méZeme tento jav hodnotit ako dis-
habitudciu.

Sumdrne hodnoty sledovanych indikdtorov sprdva-
nia jednotlivych plemien poskytuji obraz aj o excitad-
nych rozdieloch medzi plemenami, ktoré si vyjadrené
mnoZstvom vietkych reakcii. Z tohto hladiska mé naj-
vy$§i vyskyt aktivit plemeno hampshire a najniZsi ple-
mena biele uslachtilé a durok (tab. I).

Vekové rozdiely

Medziplemenné rozdiely v excitabilite CNS a v ha-
bituadnom procese ofipanych mo¥no hodnotit aj z hfa-
diska vekovych rozdielov porovndvanim vyskytu su-
mérnych hodn6t motorickej aktivity a hlasovych prejavov
v dopoludiiaj§om a odpoludiiajSom teste vo veku troch
a §iestich mesiacov (tab. II). ﬁalcj uvddzame v tab. III
vysledky sledovania rozdielov medzi plemenami v ex-
citabilite a habituaénom procese v celkovych sumich
motorickej aktivity a hlasovych prejavov v dopoludiiaj-
§ich a odpoludiiajsich testoch vo veku troch a Siestich
mesiacov, ako aj rozdiely medzi prvym a druhym tes-
tovacim obdobim, tzn. vo veku troch a $iestich mesia-
cov. Z 24 korelaénych koeficientov mé signifikantné
hodnoty osem, z toho pit koeficientov m4 hodnoty vy-
soko signifikantné (P < 0,01). Najvy$8ie rozdiely medzi
plemenami poskytuje porovnanie dopoludiiajsich a od-
poludiiaj$ich testov vo veku troch a Siestich mesiacov
v indikdtoroch motorickych aktivit, vekové rozdiely me-
dzi plemenami sii teda preukazné (obr. 1 a 2, tab. I aZ
III). V hlasovych prejavoch sa viak nepotvrdili roz-
diely medzi dopoludiiaj$fm a odpoludiiajsfm testom vo
veku troch a $iestich mesiacov.

1. VZeobecnd aktivita vyjadrend sumdrnymi hodnotami indikdtorov
sprivania: prechodom 3tvorcov, hlasovymi prejavmi a elimindciou
v dopoludiiajsich a odpoludiiajsich testoch vo veku 3 a 6 mesiacov
u bravcoy a prasnic; plemenné a sexudlne rozdiely — General activi-
ties expressed as aggregate values of behavioral indicators: grid-
-crossings, voice signals and elimination in morning and afternoon
tests at the age of 3 and 6 months in boars and sows; breed and
sexual differences

Plemeno' n Bravce* | Prasnice’ ?:sﬁ:;
Hampshire 22 21 437 25 389 46 826
Landras 32 17 291 20 059 37 350
Durok 23 9 791 14 354 24 145
Biele udfachtilé? 16 9 943 10 746 20 689
Sp()lll3 z 58 462 70 548 129 010

'breed, 2Large White, *total, *boars, Ssows
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Okrem toho na§ materidl poskytuje moznost hodnotit
vekové rozdiely medzi sledovanymi plemenami aj pomo-
cou regresnych korela¢nych koeficientov, ktorymi hodno-
time stabilitu sledovanych indikdtorov vzdjomnym porov-
ndvanim 1) motorickej aktivity s vyskytom hlasovych
prejavov, 2) motoricke;j aktivity s vyskytom eliminaénych
aktivit a 3) hlasovych prejavov s vyskytom elimindcie.
Ide o porovnanie stability zaznamendvanych ukazovate-
Tov v dopoludiiajsich a odpoludiiajich testoch vo veku
troch mesiacov. Stabilitu tychto troch indikatorov sme
vyhodnotili zo zdkladnych hodn6t pomocou regresného
koeficientu r. NaSe vysledky dokazuji, Ze u desiatich
korelagnych koeficientov sme ziskali hodnoty P < 0,01,
u Siestich P < 0,02 a u troch P < 0,05 (tab. IV). Ostatné
korelaéné koeficienty neboli preukazné.

Sexudlne rozdiely

Vysledkovy materidl mdZeme hodnotif aj z hladis-
ka sexudlnych rozdielov v excitabilite a habituécii ple-

100
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mien o3fpanych (tab. V). Najvys§ie priemerné hodnoty
v motorickej aktivite mali prasnice plemena landras
(515 frekvencii), najniZSie bravce plemena biele uslach-
tilé (265 frekvencii). V porovnani s motorickou aktivi-
tou je vyskyt hlasovych prejavov u bravcov a prasnic
celkove vyS§f u vSetkych sledovanych plemien. Najvys-
Sie priemerné hodnoty vo vyskyte hlasovych prejavov
dosahovali prasnice (1 740 frekvencii) a bravce (1 546
frekvencif) plemena hampshire. Ukézalo sa, Ze vyskyt
hlasovych prejavov je u prasnic kazdého plemena vyssf
neZ u bravcov (obr. 2, tab. IT a V).

Pri hodnoteni eliminaénych aktivit (defekdcie a uri-
ndcie) sme zaznamenali len nepreukazné plemenné roz-
diely, ale pri hodnoten{ individudlnych rozdielov niek-
torych vysokoexcitabilnych jedincov boli elimina¢né
aktivity vyznamnou premennou. V tejto sivislosti
pripominame prdcu autora Hul (1936) na labora-
térnych potkanoch (Rattus norvegicus), ktory hladinu
individudlnej emocionality urfoval prdve na zdklade
frekvencie defekdcie. V naSej praci sme eliminaéné ak-

3Imes. A

I mes. B

6 mes. A

1. Prehfad distribicie motoric-
kej aktivity (prechod $tvor-
cov), hlasovych prejavov (HP)
a elimindcie v dopoludiiaj§om
(A) a odpoludiiaj¥om (B) teste
vo veku 3 a 6 mesiacov v prie-
mernych hodnotdch; ple-
menné a vekové rozdiely;
MA = motorick4 aktivita — An
overview of the distribution of
locomotor activity (grid-cross-
ings), voice signals (HP) and
elimination in a morning (A)
and afternoon (B) test at the
age of 3 and 6 months, ex-
pressed as average values;
breed and age differences;
MA = locomotor activity;
x-axis — number

6 mes. 8

O 1111 -

BU

elimindcia = elimination
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II. Plemenné a vekové rozdiely v distribicii sledovanych aktivit: prechodu 3tvorcov, hlasovych prejavov a elimindcie; sumdrne hodnoty
z dopoludiiajsich a odpoludiiajsich testov vo veku 3 a 6 mesiacov — Breed and age differences in the distribution of the investigated activities:
grid-crossings, voice signals and elimination; aggregate values from morning and afternoon tests at the age of 3 and 6 months

i Motorick4 aktivita® Hlasové prejavy* Elimindcia’
Plemeno n -
3 mesiace® | 6 mesiacov’ | 3 mesi 6 mesiacov 3 mesi 6 v
Hampshire 22 465 400 1710 1576 33 22
Landras 32 342 491 1055 5821 26 27
Durok 23 426 281 655 621 54 41
Biele usTachtilé? 16 389 247 999 812 35 29
'breed, 2Large White, *locomotor activity, *voice signals, *elimination, %3 hs, 76 months

III. Analyza rozdielov v sumdrnych hodnotich prechodu Stvorcov a hlasovych prejavov v dopoludﬁnj§fch (A) a odpoludiiaj$ich (B) testoch
a vekové rozdiely medzi testami vo veku troch (I) a Siestich (II) mesiacov vyjadrené r-testom — Analysis of differences in aggregate values
of grid-crossings and voice signals in morning (A) and afternoon (B) tests, and age differences between the tests at the age of three (I) and

six (I) months, as expressed by -test

I Il 1 1l 1:11 1:11
Plemeno n (m] (] Hp Hp m] Hp
A:B A:B A:B A:B AB : AB AB : AB
Hampshire 22 2,0857" 0,3349 0,8257 1,7908 1,0571 0,5432
Landras 32 3,1872** 2,3261** 1,7342 0,8164 1,4430 2,6607*
Durok 23 1,5272 3,5868*" 0,4669 1,1191 3,1583" 0,3842
Biele uiTachtilé 16 2,3958"* 1,4127 0,1284 1,0602 3,4360""" 0,9686

*P<0,02 ™ P<00l
O = prechod 3tvorcov, Hp = hlasové prejavy
O = grid-crossings, Hp = voice signals

IV. Krétkodobd stabilita medzi indikdtormi sprdvania: prechodom 3tvorcov (OJ), hlasovymi prejavmi (Hp) a eliminagnou aktivitou (El)
z hladiska ich regresnych koeficientov u jednotlivych plemien v dopoludiiajSom (A) a odpoludiiajSom (B) teste v prvom (I) a.druhom (II)
testovacom obdobf — Short-term stability between behavioral indicators: gird-crossings (CJ), voice signals (Hp) and elimination activity (El),
as expressed by their regression coefficients for the particular breed in a morning (A) and afternoon (B) test in the first (I) and second (II)

test period :
Plasiiécio Tedt . O: Hp O:El Hp : El
A B A+B A B A+B A B A+B
. I 22 |+0,408 |+0,772"**[+0,697"**(+0,170  [+0,323  [+0,119 +0,199 | -0,016 | +0,076
Hampshire i o e
1l 22 [40,511% 40,7827 (40,7127 (40,212 [+0,311  |+0,111 +0,147 | +0,019 | +0,093
I 32 |+0,4797 (40,648 (40,6147 (40,122 [+0,311  |+0,111 40,079 | +0,117 | +0,121
Landras ++ 4+ Sand
I 32 |+0467™ |+0,781*** (40,685 (40,137  [+0,217  [+0,119 40,013 | -0,027 | +0,146
1 23 +0,298  |+0,494" [+0,309 [+0,070  [+0,560% (+0,243 -0,124 | +0,437 | +0,109
Durok S o o
Il 15 |+0,284 [+0,638" [+0,475" [+0,559""*|+0,474 |+0,643 -0,070 | +0,397 | +0,214
Biele I 16 |+0,234 |+0,146 |+0,182 |+0,310 [-0,119  [+0,201 +0,140 | -0,509 | +0,321
ulTachtilé 1 16 [+0,625' |+0,256 [+0,435 |+0,122 [+0,644** |+0472 | +0.450 | +0,124 | +0,308

*P<0,05 *P<002 "™ P<00l

tivity zaznamendévali vZdy u zvierat s pomerne nizkou
vSeobecnou motorickou aktivitou. Zvieratd, ktoré su
menej pohyblivé, prejavuji v pokusnej komore vo svo-
jich behaviordlnych prejavoch zmrazenie, spravaji sa
anxieticky, a prdve u tychto zvierat bolo moZné pozo-
rovat defeka&ni aktivitu, ktord je charakteristickou fy-
ziologickou reakciou gastrointestindlneho traktu na
zataZovi situdciu. Tento typ spravania popfsali u niek-
torych Zivo&i¥nych druhov v zoologickych zdhraddch
Hediger (1965) a Meyer-Holzapfelovd (1960)
a vo vorInej prirode u slonov africkych (Loxodonta af-
ricana) v prirodnych rezervicidch aj Veselovsky
(1974).
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Hoci plemeno hampshire v motorickej aktivite
a hlasovych prejavoch vysoko prevySuje ostatné sledo-
vané plemend (tab. I), v eliminacnej aktivite nedosahu-
je najvysSie hodnoty. Najvyssie priemerné frekvencie
malo plemeno durok, ktoré viak vo ‘vietkych testoch
preukazovalo v motorickej aktivite a hlasovych preja-
voch najniZ8ie hodnoty (obr. 1). V tejto sivislosti je aj
z metodického hladiska zaujimavé sledovat existenciu
individudlnych, tzv. maximdlnych hodnét ur€itého je-
dinca v niektorej zo sledovanych aktivit, v naSom pripade
v defekaénej aktivite, ktoré dosiahol napriklad bravec
plemena hampshire (. 134 /611/55), a to: vo vSetkych
Styroch testoch sumérne 113 defekécif, priCom prasnica
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500 2. Prehfad distribiicie motorickej aktivity (prechod
Stvorcov) a hlasovych prejavov v dopoludiiajSom
400 (A) a odpoludiiajSom (B) teste vo veku 3 a 6
300 mesiacov v priemernych hodnotdch; plemenné a
sexudlne rozdiely; MA = motorickd aktivita,
200 HP = hlasové prejavy; brav. = bravce, pras. =
prasnice — An overview of the distribution of
100 locomotor activity (grid-crossings) and voice
0 signals in a morning (A) and afternoon (B) test
at the age of 3 and 6 months, expressed as
average values; breed and sexual differences;
500 MA = locomotor activity, HP = voice signals;
400 brav. = boars, pras. = sows
300
200
100
0
500
400
300
200
100
0
500 1
400
300
200
T
b [l
0

hampshire landrase durok BU

S MA brav. @ MA pras. [ HP brav. A HP pras.

V. Priememné hodnoty vyskytu aktivit prechodu ¥tvorcov a hlasovych prejavov u jednotlivych plemien o¥fpangch v sumdrnych hodnotéch vo
veku 3 a 6 mesiacov; plemenné a sexudlne rozdiely — Average values of the frequency of grid-crossings and voice signals for the particular
breeds of pigs, shown as aggregate values at the age of 3 and 6 months; breed and sexual differences :

Testy vo _vekuj

Testy vo _vekljj

Testy vo veku

Plemeno! Pohlavie? n 3a6 v 3a6 3 a 6 mesiaco
O- Hp — 0O + Hp
Hampshire 11 438 1 546
Landras ek 16 318 778 spolu’
Durok - 11 329 506
Biele udTachtilé? 8 265 873 5055
Z 1350 3705
Hampshire Sl 421 . 1740 spolu’
Landras P 16 515 859
Durok 12 378 769 5991
Biele uifachtilé? 8 3711 938
Z 1685

0O = prechod 3tvorcov, Hp = hlasové prejavy

0O = grid-crossings, Hp = voice signals

'breed, 2Lm'ge White, *sex, “boars, Ssows, Stests at the age of 3 and 6 months
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tohto plemena (&. 135/611/59) mala 96 defekdcii.
V obidvoch pripadoch ilo o zvieratd s najvy$$im do-
siahnutym skére v celkovej excitabilite CNS. Tak bra-
vec &. 134/611/55 produkoval v prechode 3tvorcov 808
frekvencii sumérne a v hlasovych prejavoch 3 189 fre-
kvencii. U prasnice & 135/611/59 sme v motorickej ak-
tivite zaznamenali 1 020 frekvencii v prechode $tvor-
cov a 2 996 frekvencii v hlasovych prejavoch. (Rodné
&fslo tychto zvierat prezrddza, Ze poch4dzaji od jednej
matky.)

“Tieto idaje potvrdzuji existenciu maximélnych a mi-
nimélnycﬁ hodnét u jedincov v sledovanych skupindch
zvierat v motorickej aktivite a hlasovych prejavoch. Této
hodnota mé%e byt aj podkladom pre ur&ovanie individu-
dlnych a plemennych rozdielov v excitabilite zvierat.

ZAVER

Vysledky dokazuji existenciu plemennych rozdie-
lov v excitabilite a habitu4cii ofpanych. Z hfadiska ex-
citability CNS malo najvy3Sie hodnoty plemeno hamp-
shire, najniZ8ie durok a biele usTachtilé. Zistilo sa, Ze
motorick4 aktivita a hlasové prejavy si preukazné in-
dik4tory vrodeného sprdvania. MoZno ich odpord&at pre
G&ely zisfovania individudlnych excitaénych vlastnosti
hospodérskych zvierat, o bezprostredne stvis{ so spré-
vanim zvierat vo velkochovoch a pravdepodobne aj s ich
jatoénymi hodnotami.
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INFLUENCE OF SMALL HYDROELECTRIC POWER
STATIONS ON FISH COMMUNITIES IN STREAMS

VLIV MALYCH VODNICH ELEKTRAREN NA RYBI SPOLECENSTVA
VODNICH TOKU

S. Lusk, K. Halacka, V. Luskova

Institute of Landscape Ecology, Academy of Sciences of the Czech Republic, Brno,
Czech Republic

ABSTRACT: The influence of two small hydroelectric power stations (SHPS) on the fish community inhabiting the stream
below the diversion profile was studied in the Oslava River. The river section between the diversion profile and the outflow
from the SHPS was affected by distinct profile reduction in water discharge. Compared to those in sections with non-reduced
discharge, a decrease in species richness, species diversity, abundance (by more that 15%) and, above all, biomass (by over
65%) were observed in the affected section. The reduction affected chiefly larger-size fish (a significant decrease in individual
weights). Typical rheophilous species, such as Salmo trutta m. fario, Thymallus thymallus, Chondrostoma nasus and Barbus
barbus markedly decreased in numbers or vanished from that section. The occurrence of Gobio gobio and Noemacheilus
barbatulus increased. Near the SHPS in river km 21.15, a large part of the river bottom (64%) was bared, the rest was covered
with a water column mostly less than 20 cm deep and the stream velocity was minimum. Marked oscillations in water
temperature in that section were due to sunshine, shading and supplementary tributaries.

small hydroelectric power stations; fish community; devastation of stream

ABSTRAKT: Na fece Oslavé (povodi Dunaje) byl posuzovén vliv dvou malych vodnich elektréren (ddle MVE) s derivatnim
ndhonem na rybf osfdlenf a n&které dal3f charakteristiky vodniho toku. Mlyn Skfipina — vzdouvaci objekt v f. km 21,15, odbér
vody postihuje dsek toku feky v délce 650 m, jedna Francisova turbina o vykonu 12 kW, max. hitnost 900 I/s; MVE je
provozovéna bez povolenf, v obdobi nedostateénych pritoki ,$pickuje; vyzkum rybfho osfdlenf proveden dne 1. 9. 1994,
zmény teploty vody zji¥fovény dne 2. 8. 1994. Mlyn Hlouskiv — vzdouvacf objekt v f. km 37,11, odbér vody postihuje dsek
toku v délce 970 m, dv& Francisovy turbiny o vykonu 40 mW, hlitnost 1,6 m’/s; zkuSebni provoz od roku 1994, prozatimnf
min. priitok (pfes vzdouvaci objekt) stanoven na 0,630 m/s; vyzkum rybiho osidlen{ proveden ve dnech 29. 7. 1993
a27. 7. 1994. V dobé& vyzkumii v roce 1994 bylo u obou MVE zji§téno nedodrZovén{ minimélnfch priitokl pfes vzdouvaci
objekty, takZe pod nimi v f{&nfm koryt& protékala voda na drovni desftek litril za sekundu. Zjistili jsme tam sniZenf celkové
abundance rybfho osfdlenf o vice neZ 15 % a celkové biomasy o vice neZ 65 %. V toku pod vzdouvacimi objekty poklesla
po&etnost a vymizeli pfedevifm v&t3f jedinci viech druhi a jedinci reofild vSech velikosti (Salmo trutta m. fario, Thymallus
thymallus, Chondrostoma nasus, Barbus barbus). K vyraznému zvy3en{ abundance i biomasy do3lo u Gobio gobio a Noema-
cheilus barbatulus. V Gseku pod vzdouvacim stupndm MVE mlynu Skifpina byla znaéné &dst (64 % z piivodni plochy
7 600 m?) plochy dna bez vody. Zbyvajici plocha byla pokryta sloupcem vody pfevdZné o vySce 3 aZ 19 cm s nepatrnym
proud&nfm. V témZe tseku jsme zjistili vyrazné zmény teploty vody, a to vlivem slunegniho svitu, zastinénf a dotagnich
piitokd.

mald vodnf{ elektrdrna; rybf spolefenstvo; devastace vodnfho toku

INTRODUCTION

In this country, small hydroelectric power stations
have a century long history. In 1930, 11 785 hydrotech-
nical sources were registered in the territory of the
Czech Republic, but most of them served for mecha-
nical drive and only 1 164 produced electricity
(PaZout, 1990). After 1950, when a unified electrical
network was created and the whole territory was electri-
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fied, most of the small hydroelectric power stations
were abolished. In 1979, 240 small hydroelectric power
stations were in operation. Only recently, in connection
with returning the facilities of the small hydroelectric
power stations to their rightful owners and with the
renewal of enterprising activities, the operation of the
small hydroelectric stations has been renewed and new
ones are being constructed. At present (1994) about
1 200 small hydroelectric power stations are in opera-
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tion, and interests in additional several thousands of
profiles are registered. The term ,,small hydroelectric
power station (SHPS) pertains to a plant producing
less than 10 MW; most of the plants now in operation
produce less than 100 kW each.

At present, with the hydrographic network in this
country showing heavy and complex devastation com-
pared to that in the past, the negative impact of SHPS
on stream ecology is much more marked and extensive
than in the past. That is also why the conflict between
the interests of nature conservationists and SHPS own-
ers is still more distinct. The first concrete data on the
negative impact of SHPS on streams and especially on
their fish communities have been published only re-
cently (Lusk, Halacka, 1994a, b; Skdcel,
Muzik, 1992; MuZik, 1994; Hartvich, 1993,
1994). However, the available data are insufficient and
an urgent need is felt of more extensive data on the
impact of the SHPS in order to determine limits that
would minimize the negative influence of these plants on
streams.

MATERIALS AND METHODS

We investigated the impact of SHPS on the fish
community in the stream of the Oslava River. The river
drains the eastern slopes of the central part of the Cesko-
moravskd vrchovina Highlands. The drainage area is
867 km? in total area and the river, 99.6 km long, is
a left tributary to the Jihlava River, emptying into it at
Oslavany. The annual mean discharge at the mouth is
3.33 m%/s. We have evaluated the impact of two SHPS
on the fish community and the environment of the
stream.

SHPS Mlyn Skiipina: diversion profile in river km
21.15, water is brought to the turbine by a derivation
race and flows out by an outflow run emptying into the
river in km 20.5. The water diversion affects a Francis
turbine with an output of 12 kW, maximum absorption
capacity 900 I/s. During periods of insufficient water
discharge the SHPS retains water and operates the tur-
bine at periodically repeated intervals of several hours.
The SHPS has been in operation since 1930. At present
its operation has not yet been legalized, and the mini-
mum discharge below the weir has been suggested to
be 0.33 m%s.

SHPS Hlouskiv mlyn: diversion profile in river
km 37.11, derivation race 970 m long, outflow in river
km 36.14. The river section markedly affected by water
diversion for the needs of the SHPS is 350 m long, as
another diversion weir in river km 35.68 retains water
1.0 km upstream. The SHPS operates two Francis tur-
bines (output 22 kW and 18 kW) with total absorption
capacity 1.6 m3/s. The SHPS has been in temporary
operation since 1994. The minimum discharge below the
weir has been suggested at the Q33 level, i.e. 0.620 ms,
requiring a fall over the crown of the weir 20 mm deep.

The condition of the fish community was studied
using an electrofishing gear (pulsating DC, 170-220 V,
1.2-1.4 A) in two fishing runs. The fish captured were
grouped by species, counted and their total weight de-
termined. The final number of fish in the sampled
section was determined according to Seber and
LeCren (1967). Below the diversion profile in river
km 21.15, variation in water temperature was studied
in the course of afternoon hours on 2 August, 1994.

RESULTS
SHPS Mlyn SkFipina

On 1 September, 1994, practically all water dis-
charge in the diversion profile was run to the turbine.
Only 15 I/s water fell over the weir which, together
with seepage water, amounted to 25 I/s total discharge
in the stream below the diversion profile. In the stream
section between the diversion profile and the outflow
from the SHPS, flow-offs in river kms 21.0 (+15 U/s)
and 20.55 (+20 I/s) increased the discharge to 60 1/s.
By all visible signs, this situation had already lasted for
several weeks long. Streaming quite negligibly, the
water (at most 50 mm deep) covered only 36% of the
active river bed (100% river bed area = 7 600 mz).

Below the weir, electrofishing was used to sample
a section 1 120 m? in area, with water 3-35 cm deep,
water discharge 25 I/s. The estimated fish stock is in
Tab. I (A). A control section was fished in river
km 19.9 below the outflow from the SHPS, 1 540 m?
in area, with water 20-125 cm deep, water discharge
350 1/s. The estimated fish stock is in Tab. I (B). The
section with low discharge and shallow water showed
lower abundance (84.28%) and especially biomass
(13.14%) of fish, compared to the control section —
Tab. I (A and B). The section below the weir, with
minimum water discharge, was mainly populated by
small fish, predominantly juvenile, whose individual
weight averaged 1.06 g, compared to 6.81 g in the
control section. The species composition was much the
same in both sections sampled, except that brown trout
and grayling were absent from the affected section.
Also, this section showed lower species diversity (1.58)
than the control one (2.155).

On 2 August 1994, variation in water temperature
was studied in the section below the weir. That day was
warm, sunny, with water temperature 30-35 °C, meas-
ured between 14:00 and 16:00 hours. Fig. 1 shows the
variation in water temperature in the river bed below
the weir, with water discharge markedly decreased. The
values obtained indicate that besides the supply tribu-
taries (flow-offs in river kms 21.00 and 20.55), the
dynamics of water temperature was governed by
whether the stream section was shaded or sunlit. In the
derivation race, which was quite shaded throughout its
length of 650 m, the water temperature even decreased
from 25.4 to 24.4 °C. The maximum water temperature
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L. Influence of the operation of the small hydroelectric power stations in the Oslava River on fish communities. SHPS Mlyn Skiipina: A -
the stream section below the weir with almost non-discharge (30 I/s), B — the stream section below the outflow from the SHPS (600 I/s);
SHPS Mlyn Hlousek: C — the stream section below the weir: C-1 the SHPR out of operation (1993); C-2 the SHPS in operation (1994). All

data are converted to 1 ha

SHPS Skiipina SHPS Hlousek

Species A B Cl1 C2

n kg n kg n kg n kg
Salmo trutta m. fario - - 139 31.94 806 58.98 178 7.14
Thymallus thymallus - - 159 29.43 104 13.64 - -
Rutilus rutilus 143 1.79 552 29.95 1141 38.11 743 11.59
Leuciscus leuciscus 271 223 647 46.75 388 16.37 403 8.33
Leuciscus cephalus 1528 20.79 1291 106.26 1141 78.69 933 35.21
Aspius aspius - - - - 9 8.10 - -
Tinca tinca - - 19 3.90 17 2.98 - -
Chondrostoma nasus 27 0.89 117 46.77 352 62.15 37 2.47
Gobio gobio 1898 12.98 988 29.05 1 061 18.50 1756 32.68
Barbus barbus 74 1.28 466 46.75 86 20.98 25 3.09
Alburnoides bipunctatus 214 1.14 996 7.05 1 069 10.27 649 6.05
Rhodeus sericeus 80 0.40 185 1.05 - - - -
Noemacheilus barbatulus 640 4.29 234 1.46 153 1.42 600 5.14
Anguilla anguilla 18 5.80 29 15.63 - - -. -
Perca fluviatilis 7 0.45 - - - - - -
Total 4902 52.04 5816 395.98 6 331 330.17 5323 111.71

in the section measured attained 28 °C. The water tem-
perature was measured in places with greatest discern-
ible streaming. In places where the water did not stream
we measured water temperature 33-35 °C.

SHPS Hlouskiiv mlyn

The impact of water diversion for the SHPS is esti-
mated on the basis of the condition of the fish stock in
one and the same section below the weir in river
km 37.11 in two consecutive years. On 29 July, 1993,
the SHPS was still out of operation and all water was
falling over the weir (630 I/s). Next year the SHPS was
already in operation and on 27 July 1994 only about
40-50 I/s was falling over the weir, the rest being di-
verted to the plant. In both years the same section of
the Oslava River was electrofished. The results of the
two fishings are in Tab. I (C1 and C2). The total abun-
dance of the fish community decreased to 84.08%, its
biomass dropped dramatically to 33.83% of the 1993
value. In 1994 a smaller number of species diversity
was also lower (1.817 compared to 2.053).

The marked decrease in the value compared, above
all, in biomass, observed in both localities under study,
indicates that decreased water discharge prevents the
occurrence of bigger fish. At the same time, closer
analysis reveals that the most marked decrease has been
observed in rheophilous species (Salmo trutta m. fario,
Thymallus thymallus, also Chondrostoma nasus and
Barbus barbus). A considerably lower decrease in
biomass and abundance have been noted in species
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showing wider ecological tolerance, such as Leuciscus
leuciscus, L. cephalus and Rutillus rutilus. A marked
increase in biomass and abundance has been observed
in Gobio gobio and Noemacheilus barbatulus in the
sections with decreased water discharge (Tab. I).

DISCUSSION

Small hydroelectric power stations are generally
considered to be ecologically ,harmless®. In his book
on SHPS, PaZout (1990) writes (the following is
a verbatim translation into English): ,,Concerning ecol-
ogy ... no problems arise in this field in regard of the
construction and operating of SHPS on running waters
— rivers and brooks“. However, the data published so
far testify to negative influence of the SHPS on both
fishes (Lusk, Halacdka, 1994b; Muzik, 1994)
and other components of aquatic biota (Kubicek,
1988). The construction of SHPS, connected with the
construction of weirs, should be licensed in exceptional
cases only, as it often completes fragmentation of
streams with its negative impact on ichthyocoenoses,
similar to that of bigger dams (L us k, 1995). The con-
struction of new SHPS should be connected with pro-
viding functional fish ladders in the weir.

The negative impact of SHPS on fish communities
in streams is most marked in the case of small streams
(with annual mean water discharge up to 3-5 m%/s),
particularly if the water is diverted through a derivation
race. In our earlier paper (Lusk, Halacdka, 1994a),
we have presented concrete data on the decrease in fish
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1. Variation in water temperature in the stream of the Oslava river below the weir in river km 21.15 on 2nd August 1994, measured between

14:00 and 16:00 hours; A — water temperature below the weir, B —

ditto, in the derivation race. The variation in water discharge in the

stream is shown diagrammatically. Sections without sunlight: hatched — 100%, dotted — 50%, empty, no shade, full sunlight

abundance and biomass in a stream section between the
diversion profile and the outflow from the SHPS back
into the stream. In the trout stream Tichd Orlice and
Moravice, we recorded abundance dropping to 27 and
62% and biomass to 30 and 12%, respectively, com-
pared to those in sections not affected by water diver-
sion for the operation of SHPS. The essential part of
this drop fell on the brown trout population.

In period of water discharge lower than the mini-
mum absorption capacity of the turbine, most SHPS
(conditions permitting) will switch to a pulsating ope-
rational mode. As a result, periodical short-time
changes in water discharge will occur in the stream
below the SHPS, varying between zero or negligible
minimum up to those equalling the absorption capacity
of the turbine. In relation to fish, such enormous short-
-time changes in water discharge exert a marked stress
and destabilize the stream biocoenosis. We have ob-
served stress responses of fish to high water discharge
volumes, reflected in certain hematological indices and
enzyme activities in fish blood (Luskovid et al.,
1995a, b). Stream sections below the outflow from the
SHPS, affected in this way, are highly instable aquatic
habitats, above all, as regards the stream and depth of
water, being the basic factors affecting fish communi-
ties, their species diversity and quantitative parameters
(Bain etal., 1988).

In the case of SHPS operating with a derivation
race, even the maintaining of a minimum discharge
over the weir results, in the stream section between the
weir and the outflow, in markedly decreased space
(water surface, depth, stream, bed morphology) re-
quired for fish production. Such a section cannot ac-
commodate a corresponding fish community and a part
of the stream bed is often bared, as also indicated by
our own investigations. The presence and operation of
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a SHPS results in decreased fish production in stream
section affected in this way. Estimating the impact of
SHPS on trout streams in France, Demars (1985)
found that their operation distinctly impaired the
growth of brown trout as well as the conditions afford-
ing their natural reproduction. Cases in which not even
the obligatory minimum water discharge is maintained
below the diversion profile are not absolutely accept-
-able. In general, the influence of a SHPS upon the
stream ecosystem is invariably negative. The licensed
operational mode of such plants should tend to mini-
mize ecological damage, and in certain cases (espe-
cially in protected landscape areas and National Parks)
the construction of SHPS should not be permitted at all.
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Z VEDECKEHO ZIVOTA

K Zivotnému jubileu prof. ing. Jdna Labudu, DrSc.

V minulych diioch si na$a odbornd verejnost, ale aj
$irokd polnohospodérska vyrobnd prax pripomenula
80. narodeniny zakladatefa modernej vyZivy zvierat na
Slovensku, prof. ing. Jdna Labudu, DrSc.

Podstatni &asf svojho pracovne aktivneho Zivota
posobil v jednom z najkrajSich povolani. UCitel sice
nikdy nebyval bohaty na hmotné statky, aspoii nie zo
svojej profesie, ale uditeIskd prdca mu umoZiiuje preZit
o to bohat¥f a zmyslu pln3f Zivot. Co krajSie a z4sluz-
nejSie mdZe byt, ako formovat &loveka, ddval mu Zi-
votni néplii, smerovanie a $ancu pre uplatnenie.

Ucitel preto preZiva vo svojich Ziakoch a potom aj
v tradovanom vedom{ dalich Studentskych generdcif
i svoj Zivot fyzicky. Obrazne povedané, uditel Zije, do-
kial je v povedom{ pokolenf $tudentov. Nie viak kaZ-
dému je dopriaty takyto osud. Aj tu plati, Ze nie vetci
povolanf sd aj aj vyvolen{. Prof. Labuda bol povolany
aj vyvoleny.

Patri medzi tych, ktorf robili v povojnovych rokoch
prvé priekopnicke kroky v oblasti bilancovania potreby
a vyroby polnohospodarskych produktov. Pracoval na
Poverenictve vyZivy a potom na Poverenictve obchodu,
bol prednostom Zivo&f¥neho odboru a predsedom Slo-
venskej krmovinérskej komisie, kde sa vyznamne pricinil
o budovanie prvych vyrobnf kimnych zmes{ a vykrmn{
offpanych a dobytka, o bol v naSich podmienkach no-
vy, kvalitatfvne progresivny trend. UZ v tom &ase bol
publikagne velmi aktfvny a jeho odborné &ldnky, reld-
cie v rozhlase a viaceré doporucenia pre pestovanie ku-
kurice, cukrovej repy a dal§ich plodin ku kfmnym ce-
lom si mnoh{ pracovnici praxe so zdujmom osvojovali
a vyuzfvali.

Po prechode na Vysoki $kolu polnohospodérsku
v Nitre v roku 1952 u mohol skibit svoje skisenosti
z riadenia vyrobnej praxe s predpokladmi v pedagogickej
a vedeckej préci. Bolo to vefmi aktfvne obdobie v jeho
Zivote. PoInohospoddrske vysoké ¥kolstvo na Sloven-
sku sa len rodilo, bolo ho treba prakticky od zdkladov
budovat a zdrovefi pripravovat mladi slovenski odbor-

ni inteligenciu na riesenie ndro¢nych a v mnohom do-
vtedy nepoznanych problémov. Prof. Labuda pdsobil
dlhé roky ako aktivny vedecko-pedagogicky pracovnik
a akademicky funkciondr na vysokej $kole a postupne
materidlne a persondlne budoval katedru vyZivy
a kfmenia zvierat, na ktorej Cele stdl takmer 30 rokov
a ktoré okrem vychovy $tudentov a aSpirantov vytvéra-
la podmienky aj pre vedecki tvorbu a v§robné pora-
denstvo. Vyzna¢nou a v§znamnou &rtou pdsobenia
prof. Labudu bolo, Ze vedecko-vyskumni &innost za-
meriaval na riefenie aktudlnych problémov praxe pri
vysokej ndrognosti na jej metodickd a teoreticki tiro-
veil. To sa odrdZalo aj v jeho pedagogickej aktivite.

Viac ako 20 knfh a velky po&et odborngch &ldnkov
a predné3ok vytvorili zdklady vysokej irovne odbornej
vychovy a vyznamne poznaéili pozitivny vyvoj rieSe-
nia vyroby krmfv a v§Zivy zvierat na Slovensku. Dobré
pracovné kontakty s vyskumnymi inStitticiami u néds
i v zahrani¢f, najmi v Polsku, Franciizsku, svajéiarsku.
Nemecku, Madarsku, ale aj v dal$ich krajindch umoz-
nili prof. Labudovi a jeho spolupracovnfkom transfor-
movat najnoviie svetové poznatky nielen do vychovné-
ho procesu, ale aj do vedecko-vyskumnej, riadiacej
a vyrobnej sféry.

Profesor Labuda poloZil zdklady modernej vyZivy
zvierat na Slovensku ako vedeckej discipliny, ktor4 zfs-
kala aj v medzindrodnom meradle pozitivne uznanie.
Vychoval genericiu, ktord dostojne rozvfja jeho pricu
aj v dne$nych podmienkach. Jeho publikécie a doporu-
Cenia su stdle aktudlne a tvoria zéklady, na ktorych
moZno stavaf a dalej rozvijaf oblast vyZivy a kfmenia
hospodérskych zvierat.

VéZeny pén profesor, dovolte mi, aby som Vdm
v mene Vasich priatefov, Ziakov a spolupracovnikov
pri tejto prileZitosti srdedne zablahoZelal a vyjadril na-
$u dctu, vdaku a uznanie V43¥mu doterajSiemu z4sluz-
nému, bohatému a uZitoénému Zivotnému dielu.
Uprimne V4m Zeldm dobré zdravie, spokojnost a vela
$tastnych pocitov v daldich rokoch Vasho Zivota.

Prof. ing. Jdan Plesnik, DrSc.
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OBJEKTIVIZACIA KLASIFIKACIE JATOCNYCH
OSIPANYCH V SLOVENSKE]J REPUBLIKE

OBJECTIVE APPROACH TO SLAUGHTER PIG CLASSIFICATION
IN THE SLOVAK REPUBLIC

L. Laginl, E. Benczovél, J. Chudil, M. Pavlic®

1University of Agriculture, Faculty of Agronomy, Nitra, Slovak Republic
2Research Institute of Animal Production, Nitra, Slovak Republic

ABSTRACT: The proportion of lean cuts was determined using detailed carcass analysis and separating lean cuts with a
knife in a set of 120 pigs divided into four groups according to the breed and/or cross combination (1. White Pork x Duroc
x Yorkshire, 2. Landrace x Hampshire x synthetic line, 3. Landrace x Duroc x Yorkshire, 4. White Pork). The pigs were
fattened in current husbandry conditions, receiving commercial feed mashes until the live weight of about 110 kg. The average
proportion of lean cuts in the set evaluated was 52.69 per cent out of the weight of sides of pork, with the values ranging
from 38.11 to 68.29%. The portion of valuable lean cuts (ham, loin, spare rib, shoulder) was 49.86% ranging from 39.54 to
61.43% (Tab. I). Various spots for measuring backfat thickness and lean meat that may be usable for the calculation of lean
cut percentage were also tested. High correlations were found out between the portion of lean cuts and backfat thickness
above the middle point of the musculus gluteus medius (MGM) — r = -0.847, and backfat thickness measured laterally between
the 3rd-4th last but one thoracic vertebra — r = —0.736 (Tab. II). Accuracy of determining the lean cut percentage was also
tested for the use of regression equation applied in Germany, regression equation conceived by the manufacturer of classifi-
cation instruments UNI-FOM-89 and our own regression equation constructed from the parameters of an experimental set of
120 pigs (Tabs. IV and V). It was found out that for a qualified estimate of the lean cut portion in pig carcasses spots of
measuring backfat and meat thickness should be determined like this:
a) basic spot of measuring - 6 to 8 cm laterally from the line of the median section at the level of the 3rd—4th last but one
thoracic vertebra;
b) substitute spot of measuring above the middle point of MGM.
The portion of lean cuts in pig carcasses should be calculated in this way:
a) for the basic spot of measuring where an instrument is to be used the calculation will employ the regression equation of
this form: % of meat = 54.456 — 0.75027 . S + 0.21181 . F, where S = backfat thickness in mm, F = flesh thickness in mm;
b) for the substitute spot of measuring above the middle point of MGM in the section line measure by hand and calculate
the portion of lean meat by means of this equation: % of meat = 68.2928 — 0.8263 . S, where S = backfat thickness above
the middle point of MGM in mm.

slaughter pigs; carcass value; classification; lean cuts; regression equations

ABSTRAKT: Experimentalny sibor tvorilo 120 jatoénych oSipanych Styroch iZitkovych typov (plemien, resp. hybridov)
z beZnych chovatelskych podmienok, o Zivej hmotnosti priblizne 110 kg. Podiel chudej svaloviny sa stanovil detailnou
rozrébkou jatoZnych tiel uréenfm mnoZstva chudého misa oddelitefného noZom. Priemerny podiel chudej svaloviny v hod-
notenom siibore bol 52,69 % s rozpitim hodnot 38,11 aZ 68,29 %. Testovali sa miesta merania hribky slaniny a svaloviny,
potencidlne vhodné na vypocet podielu chudej svaloviny. Vysoké koreldcie k podielu chudého misa dosiahla hribka slaniny
nad stredom musculus gluteus medius (r = -0,847) a hnibka slaniny medzi 3.-4. predposlednym hrudnym stavcom bocne (r =
—0,736). Zistili sa preukazné rozdiely v meranych znakoch i v podiele chudej svaloviny u réznych Zitkovych typov. Pomocou
viacerych regresnych rovnic bola overend presnost odhadu podielu chudého misa.

jatoéné oSipané; jato¢nd hodnota; klasifikdcia; chudé svalovina; regresné rovnice

UvoD nejSie uplatiiovanie objektivnych met6d klasifikdcie
a ocefiovania zdkladnych surovin, ktoré si doleZitym

Zavddzanie principov trhového mechanizmu v agro-  predpokladom vyroby kvalitngch findlnych vyrobkov.
potravindrskom vyrobnom komplexe vyZaduje vyraz- V oblasti vyroby a spracovania misa sa ukazuje ako
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velmi aktudlna potreba zavedenia objektivnejSich me-
téd klasifikdcie zameranych na posidenie podielu chu-
dej svaloviny v jato&nych teldch zvierat, pripadne tieZ
zohTadiiujicich kritéria kvality maisa.

Stcasny systém speiiaZovania vykrmovych, jato¢ne
zrelych o$ipanych v mise v Slovenskej republike vyuZiva
pre ich zatriedenie hodnoty hmotnosti jatone opracova-
ného tela a hribky slaniny meranej nad poslednym hrud-
nym stavcom bez koZe.

Kopecky (1984) uvidza, Ze hriibka slaniny nad
stredom musculus gluteus medius (MGM-stred) v kri-
Zovej oblasti charakterizuje podiel cennych masitych
casti objektivnejsie ako hriibka slaniny merand na tirov-
ni posledného rebra.

Kiichenmeister a Ender (1985) potvrdzuji
tento poznatok a uvédzaji korelaény koeficient pre vzfah
medzi hnibkou slaniny nad MGM-stred a podielom cen-
nych misitych Casti r = -0,68.

Demo a Poltdrsky (1994) zistili koreldciu
medzi hriibkou slaniny nad poslednym hrudnym stav-
com a podielom cennych misitych ¢asti u Eistokrvnych
o$fpanych v rozpitf r = 0,61 az -0,71.

Vo vécsine zdpadoeur6pskych krajin je v sicasnosti
pri triedeni jatonych oSipanych uplatiiovany klasifi-
kacny systém EUROP, pri¢om kritériom zatriedenia je
podiel chudej svaloviny v jato¢nom tele.

Stanovenie podielu chudej svaloviny sa robi ako kva-
lifikovany odhad — vypocet pomocou regresnej rovnice
na zdklade hribky slaniny a svaloviny na definovanom
mieste v oblasti chrbta, resp. kriZov. Boli vyvinuté rézne
typy klasifikadnych zariadenf (FOM, SKG II, Ultra-FOM,
CSB a i.), pri€om ich pouZivanie v beZnej praxi jednot-
livych krajin je r6zne.

Presnost odhadu cennych misitych asti v nasich pod-
mienkach pomocou zariadeni FOM a SKG II vyhodno-
coval Sitdr (1988). Pre klasifikaéné zariadenie FOM
uvéddza koreldciu k hodnotdm zistenym rozrdbkou r =
0,62 a pre SKG II r = 0,83. Vysledky dosiahnuté ma-
nudlnou metédou merania (ZP) hodnotil ako relativne
presné.

Kovafticek et al. (1992) vyhodnotili podiel sva-
loviny u st¢asnych typov jatoénych ofipanych v Ces-
kej republike a uvddzaji priemerny podiel misa
v jatoénych teldch 50,95 % stanoveny metédou ZP
a 51,27 % podra vysledkov ziskanych pristrojom FOM.

Pulkrdbek et al. (1993) zistili v sibore 207 o3{-
panych rozliénych plemien koreldciu medzi podielom
misa zistenym rozrdbkou a hodnotami stanovenymi
pristrojom FOM r = 0,74.

MATERIAL A METODA

Experimentdlne osipané o celkovom pocte 120 ku-
sov tvorili $tyri diel¢ie skupiny tychto plemien, resp.
hybridov:

— biele mdsové x duroc x yorkshire (n = 29)
— landras x hampshire x syntetickd linia (n = 23)
— landras x durok x yorkshire (n = 27)
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— biele mésové (n = 41).

Zvieratd boli vykrmované v beZnych prevadzkovych
podmienkach pri pouZiti priemyselne vyrabanych kifm-
nych zmesi pre odchov a vykrm oSipanych do Zivej
hmotnosti priblizne 110 kg.

Po dosiahnuti{ jato&nej zrelosti boli jato¢né teld opra-
cované a boli zistené ich hmotnosti. Pred rozrdbkou
Favych jato&nych polovic boli posuvnym meradlom zme-
rané hribky slaniny a svaloviny na stredovom delia-
com reze v miestach, ktoré si potencidlne vhodné na
stanovenie podielu chudej svaloviny:

— stred musculus gluteus medius

— kranidlny okraj musculus gluteus medius

— rozhranie 3. a 4. bedrového stavca

— troveii posledného hrudného stavca.

— rozhranie 3. a 4. predposledného hrudného stavca

Pocas rozrdbky jatoénych polovic bola zmerand
hriibka slaniny a svaloviny bo¢ne 6 aZ 8 cm od stredo-
vého deliaceho rezu v miestach, ktoré si vyuZivané
viacerymi sticasnymi pristrojmi na klasifikdciu jatoc-
nych oSipanych. Merania boli vykonané:

— na trovni 3.—4. predposledného hrudného stavca

— na drovni posledného hrudného stavca

— na drovni 3.-4. bedrového stavca.

Rozribka jato¢nych polovic bola vykonand v siilade
s technickou normou STN 57 6540 — BravCové miso
pre vysek. Dalej sa vykonala detailn4 rozrébka jednot-
livych &asti so zameranim na stanovenie podielu chude;j
svaloviny oddelitefnej noZom.

Vysledky merani, ako aj vysledky rozrdbok boli spra-
cované matematicko-Statisticky a boli vypocitané kore-
lacie jednotlivych znakov k podielu chudej svaloviny
v jato&nych teldch a ich $tatistickd vyznamnost. Pre naj-
vyznamnejSie korelované znaky boli odvodené regres-
né rovnice pre vypocet podielu chudej svaloviny.

Na parametroch skimaného siboru bola vyhod-
notend presnost odhadu podielu chudej svaloviny pri
vyuZiti:

— regresnej rovnice platnej v Nemecku s vyuZitim mier
hribok slaniny a svaloviny 6 aZ 8 cm bo&ne od stre-
dovej linie deliaceho rezu v drovni rozhrania 3. a 4.
predposledného hrudného stavca, ktoré sa vyuZivaji
pri viacerych typoch klasifikaénych zariaden{

— regresnej rovnice navrhnutej vyrobcom klasifikagné-
ho zariadenia UNI-FOM-89 meranim hribky slaniny
a svaloviny 7 cm bo¢ne od stredového deliaceho rezu
medzi 2. a 3. predposlednym hrudnym stavcom

— regresnej rovnice nami odvodenej na zdklade para-
metrov nami skimaného siboru 120 o$ipanych, kde
sa ako vhodné ukdzalo meranie hribky slaniny na
stredovom deliacom reze nad stredom musculus glu-
teus medius (MGM-stred).

VYSLEDKY A DISKUSIA
V tab. I sii uvedené vysledky merani a zdkladné Sta-

tistické charakteristiky celého skimaného siboru. Prie-
merny podiel chudej svaloviny v jato&nych teldch bol
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1. Priemerné hodnoty podielu chudého miisa a vybrangch telesnych mier za cely siibor (n = 120) — Average values of the proportion of lean

cuts and some body measures for the whole set of pigs (n = 120)

Ukazovatel x 55 v Min. Max.
Podiel chudého miisa' (%) 52,69 0,6070 12,64 38,11 68,29
Podiel CMC? (%) 49,86 0,3946 8,67 39,54 61,43
MGM stred — svalovina® (mm) 79,53 0,8924 12,29 41,00 95,00
MGM stred - slanina? (mm) 18,88 0,6231 36,15 7,00 40,00
MGM kranidlny okraj — svalovina® (mm) 69,40 0,6387 10,08 50,00 85,00
MGM kraniflny okraj — slanina’ (mm) 26,81 0,6743 217,55 12,00 48,00
3.4, predposledny hrudny stavec bo&ne — svalovina’ (mm) 54,92 0,7376 14,71 41,00 76,00
3.-4. predposledny hrudny stavec bo¢ne — slanina®  (mm) 18,82 0,6010 34,98 8,00 43,00

lpropcmion of lean cuts, 2prv.)portion of valuable lean cuts, "MGM middle point — flesh, “MGM middle point — backfat, SMGM cranial margin —
flesh, "MGM cranial margin — backfat, 73rd—4th last but one thoracic vertebra laterally — flesh, #3rd—4th last but one thoracic vertebra

laterally — backfat

52,69 % pri znaénom rozpiti hodnét od 38,11 do
68,29 %. Podiel CMC bol v priemere 49,86 % pri roz-
pati hodndt 39,54 aZ 61,43 %.

Pulkrédbek et al. (1993) zistili priemerny podiel
chudého misa v jatoénych teldch plemien a hybridov
chovanych v Ceskej republike v rozpitf 43,47 a%
48,43 %.

Zistilo sa, Ze priemerné hribky slaniny v oblasti
MGM-stred a bo&ne na rozhrani 3.—4. predposledného
hrudného stavca si velmi blizke hodnote 18,88 mm,
resp. 18,82 mm, z &oho vyplyva, Ze ich vyuZitelnost
pre odhad podielu chudej svaloviny je pribliZne rovna-
kd. VyuZitefnost hribky slaniny v oblasti MGM-stred
potvrdzuje zdvery autorov Kiichenmeister a En-
der (1985).

NajvyznamnejSie koreldcie medzi podielom chudej
svaloviny a vybranymi potencidlne vyuZitePnymi hrib-
kami slaniny a svaloviny sd uvedené v tab. IL

Vysoké hodnoty a 3tatistickd preukaznost korelag-
nych koeficientov medzi hribkami slaniny na defino-
vanych miestach a podielom chudej svaloviny umoz-
fiuje vyuZitie tychto mier na priblizny vypocet podielu
chudej svaloviny jatoénych polovic pomocou vhod-
nych regresnych rovnic. Medzi hriibkou svaloviny
meranou bo¢ne na rozhrani 3.-4. predposledného
hrudného stavca, ako aj na kranidlnom okraji muscu-
lus gluteus medius v kriZovej oblasti a podielom sva-

loviny boli korelaéné koeficienty niZSie. Bran-
scheid etal. (1987) uvddzaji pre vztah medzi hrib-
kou slaniny meranou bo¢ne na drovni 3.—4. predpos-
ledného hrudného stavca a podielom chudej svaloviny
korelaény koeficient r = —0,846 a pre hribku svaloviny
r=0,739.

Na skidmanom stbore 120 jatocnych o$ipanych bol
vykonany prepolet a ndsledne vyhodnotend presnost
takéhoto kvalifikovaného odhadu podielu chudého misa
pomocou tejto regresnej rovnice:

% misa = 54,456 - 0,75027 . S + 0,21181 . F

kde: § - hribka slaniny 7 cm bo&ne od deliaceho rezu na drovni
3.-4. predposledného hrudného stavca

F - hrnibka svaloviny 7 cm boé&ne od deliaceho rezu na drovni
3.—4. predposledného hrudného stavca

Korelaény koeficient medzi vypocitanymi a rozrab-
kou stanovenymi hodnotami podielu chudej svaloviny
dosiahol hodnotu r = 0,791.

Zistilo sa, Ze tito rovnicu moZno vyuZit na vypocet
podielu chudej svaloviny aj z mier zisfovanych na stre-
dovom deliacom reze, pricom ako najvhodnejsie sa pre-
javili hriibka slaniny a hribka svaloviny nad stredom
musculus gluteus medius.

Korelaény koeficient medzi takto vypo&itanym po-
dielom chudej svaloviny a hodnotami stanovenymi roz-
rabkami jato¢nych tiel dosiahol hodnotu r = 0,844.

II. Vzfahy medzi podielom chudej svaloviny a vybrangmi hribkami slaniny a svaloviny (n = 120) — Relations between the proportion of

lean cuts and some thicknesses of backfat and flesh (n = 120)

Vzfah medzi' r s, P
Percento chudej svaloviny?:

— slanina — MGM stred® -0,847 0,0489 ++
— slanina - MGM kranidlny okraj* -0,749 0,0610 ++
— slanina — 3.-4. predposledny hrudny stavec bo&ne® -0,736 0,0623 ++
— svalovina 3.—4. predposledny hrudny stavec boéne$ 0,538 0,0776 ++
— svalovina — MGM kranidlny okraj’ 0,322 0,0872 ++

++ P<0,01

Irelation between, 2lean cut percentage, 3packfat - MGM middle point, “backfat - MGM cranial margin, Sthoracic vertebra laterally, ®last

but one thoracic vertebra laterally, "flesh - MGM cranial margin
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III. Rozdiely medzi vypod&itanymi a rozrdbkou stanovenymi hodnotami podielu chudého misa podla skupin — Differences between the
calculated values of lean cut proportion and those determined by slaughter analysis according to the groups of pigs

Skupina?
Rovnica' 1. 2. T 3. 4. Cernly.—.siigglJ
n=29 n=23 n=27 n=41
Rozdiel v percentdch v porovnani s rozrdbkou? (+)
% miisa® = 54,456 — 0,7527 . S + 0,21181 . F -5,85 +0,63 -1,17 +1,39 -1,08
% misa = 81,8909 + 0,2006 . F - 14,1911 .In § -5,69 +2,17 -0,46 +1,61 -0,51
% miisa = 68,2928 - 0,8263 . § -2,60 +1,98 -1,34 +1,63 0,00

'cquation. 2group, 3whole set, “difference in per cent in comparison with slaughter analysis, Smeat percentage

Dalej bola overen4 presnost vysledkov, ktoré by sa
ziskali vyuZitim klasifikaéného zariadenia UNI-FOM-89
s regresnou rovnicou navrhnutou vyrobcom v tvare:

% misa = 81,8904 — 14,1911 . In § + 0,2006 . F

kde: In - prirodzeny logaritmus
S - hribka slaniny merand 7 cm bo¢ne od stredového de-
liaceho rezu medzi 2.-3. predposlednym hrudnym
stavcom
F - hribka svaloviny merand 7 cm boé¢ne od stredového de-
liaceho rezu medzi 2.-3. predposlednym hrudnym
stavcom

Korelaény koeficient medzi podielom chudej svalo-
viny vypocitanym pomocou uvedenej rovnice a hodno-
tami zistenymi rozrdbkou dosiahol hodnotu r = 0,781.

Z parametrov hodnoteného siboru bola odvodend
regresnd rovnica na vypocet podielu chudej svaloviny
v jato¢nych teldch oSipanych v tvare:

% misa = 68,2928 - 0,8263 . §
kde: S — hrdbka slaniny nad stredom musculus gluteus (MGM-stred)

Korelaény koeficient medzi podielom chudej svalo-
viny zistenym vypoctom podrla uvedenej rovnice a vy-
sledkami stanovenymi rozridbkou dosiahol hodnotu r =
0,847.

DalSie zjednoduenie prevddzkového vyuZitia tejto
met6dy moZno dosiahnut vypoéitanim hraniénych hod-
n6t hribok slaniny nad stredom MGM, ktoré pre nasu
populdciu zodpovedaji hraniénym hodnotdm podielu
chudej svaloviny pre jednotlivé akostné triedy v klasi-
fika¢nom systéme EUROP. Z parametrov vyhodnoco-
vaného 120¢lenného siboru vyplyvaji tieto hodnoty:

Trieda Podiel chudej svaloviny Hriibka slaniny nad
(%) stredom MGM (mm)
E 55 a viac pod 17
U 50-54,9 17,0-21,0
R 45-49.9 21,1-26,0
[} 40449 26,1-30,0
P pod 40 nad 30

Porovnanim vysledkov podielu chudej svaloviny zis-
tenych detailnou rozrdbkou a vypoétom podFa overova-
nych regresnych rovnic sa zistilo, Ze jednotlivé skupi-
ny, reprezentujice ur€ité uZitkové typy, sa v priemerne;j
chybe odhadu znacne odliSujd.
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Zistené rozdiely ukazuju, Ze na dostato¢nd presnost
odhadu podielu chudej svaloviny pomocou regresnych
rovnic na zdklade urcitého vysoko korelovaného znaku
je nevyhnutnd jednotnost dZitkového typu chovanej po-
pulécie o¥fpanych. V opa¢nom pripade mdZe byt chyba
takéhoto odhadu u zvierat odli$ujicich sa v type od prie-
meru populdcie, pre ktori je stanovend dand regresnd
rovnica, prili§ vysokd, ¢o znemoZiiuje plo$né uplatne-
nie takejto rovnice v prevddzkovej praxi.

Z analyzy siGcasného stavu problematiky, ako aj
z vysledkov doteraj$iecho vyskumu v podmienkach Slo-
venska moZno urobif zdver, e je potrebné novelizoval
normu STN 46 6160 Jato¢né ofipané. Pri jej vypraco-
vdvani moZno odporudit tieto vychodiskd a zdsady:

1. Prevziaf systém triedenia jato&nych o3ipanych
v mise — EUROP.

2. Pre kvalifikovany odhad podielu chudej svaloviny
v jato&nych teldch stanovif miesta merania hribok
slaniny a svaloviny takto:

a) zdkladné miesto merania — boéne 6 aZ 8 cm od
linie stredového deliaceho rezu na idrovni 3.-4.
predposledného hrudného stavca;

b) ndhradné miesto merania — nad stredom musculus
gluteus medius.

3. Vypocet podielu chudej svaloviny v jatoénych te-
lach vykonat:

a) pri zdkladnom mieste merania, kde sa predpokla-
dd meranie pomocou pristroja, urobit vypodet po-
mocou regresnej rovnice v tvare:

% miisa = 54,456 - 0,75027 . 5§ + 0,21181 . F

kde: S - hribka slaniny v mm
F - hribka svaloviny v mm
b) pri doplnkovom mieste merania nad stredom
musculus gluteus medius v linii deliaceho rezu
vykonat meranie manuédlne a podiel chudého
misa vypocital pomocou rovnice:

% misa = 68,2928 - 0,8263 . §
kde: § — hnibka slaniny nad MGM-stred v mm

Zo zndmych regresnych vztahov medzi hribkou sla-
niny nad stredom MGM a podielom chudej svaloviny
v jatoénom tele moZno stanovit hrani&né hriibky slani-
ny, pri dosiahnut{ ktorych zvieratd danej populdcie ma-
ju podiel chudej svaloviny v rdmci rozpiti jednotlivych
akostnych tried.
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Nejcerstvéjsi informace o ¢asopiseckych élancich
poskytuje automatizovany systém

Current Contents

na disketach

Ustfedni zemédélska a lesnicka knihovna odebira éasopis ,Current Contents“ fadu
»Agriculture, Biology and Environmental Sciences“ a fadu ,Life Sciences“ na diske-
tach. Rada ,Agriculture, Biology and Environmental Sciences* je od roku 1994 k dispozici
i s abstrakty. Obé tyto fady vychazeji 52krat roéné a zahrnuji vSechny vyznamné &asopisy
a pokradovaci sborniky z uvedenych obor(.

Ulozeni informaci z Current Contents na disketdch umozriuje nejrozmanitéjsi referenéni
sluzby z prakticky nejéerstvéjsich literarnich prament, nebot baze dat je doplfiovdna kazdy
tyden a neprodlené expedovana odbératelim. V systému si Ize nejen prohlizet jednotliva
¢éisla Current Contents, ale po presném nadefinovani sledovaného profilu je mozné adresné
vyhledavat informace, tisknout je nebo kopirovat na disketu s moznosti dal§iho zpracovani
na vlastnim podcitadi. Systém umozniuje i tisk Zddanek o separat apod. Kumulované vyhle-
davani v Sesti Eislech Current Contents najednou velice urychluje reSerSni praci.

PFistup k informacim Current Contents je umozZnén dvojim zplisobem:

1) Zakazkovy pristup — po vypInéni pfisluSného zakazkového listu (objednavky) je vhodny
predevsim pro mimoprazské zajemce. .
Finanéni podminky: — pouziti PC — 15 K& za kazdou zapodatou pulhodinu
— odbornéa obsluha —= 10 K& za 10 minut prace
- vytisténi reSerSe — 1 K¢ za 1 stranu A4
— zadanky o separat — 1 Ké za 1 kus
— postovné + rezijni poplatek 15 %

2) ,,Self-service” — samoobsluzna préce na osobnim poéitadi v UZLK.
Finanéni podminky jsou obdobné. Vzhledem k tomu, Ze si uZivatel zpracovava resersi
sam, je to maximalné Gsporné. (Do kalkulace cen nezapodéitdvame cenu programu a da-
tabaze Current Contents.)

V pripadé Vaseho zajmu o tyto sluzby se obrafte na adresu:

Ustredni zemédélska a lesnicka knihovna
Dr. BartoSova

Slezska 7

120 56 Praha 2

Tel.: 02/25 75 41, |. 520, fax: 02/25 70 90

Na této adrese obdrzite blizi informace a ziskate formulére pro objednavku zakazkové
sluzby. V pfipadé ,self-servisu“ je vhodné se predem telefonicky objednat. V pfipadé zajmu
je mozné si objednat i priibézné sledovani profilu (cena se podle sloZitosti zadani pohybuje
Ctvrtletné kolem 100 az 150 Kg¢).




INFORMACE - STUDIE — SDELENI

VYUZITf MARKERU PRI SELEKCI HOSPODARSKYCH
ZVIRAT
A WAY OF USING MARKERS FOR FARM ANIMAL SELECTION

J. Pribyl

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

ABSTRACT: Methodical principles have been summarized that are used as a basis of marker-assisted selection (MAS).
Advance of laboratory techniques applied in molecular genetics brings about still better conditions for marker use for farm
animal selection. MAS is an addition to current selection programs. A new selection tool — a marker — is included in the
programs through this selection method. Selection is governed by a complex index involving the effect of polygenes and the
effect of markers conferred from sire and dam. While determining the effect of markers which have a linkage with QTL
(quantitative trait loci) it is necessary to separate the effects of other polygenes. Within-the-family variations are used for this
purpose. Analysis employs the methods of regression, segregation analysis, maximum likelihood and GIBBS. A BLUP
method can be used for breeding value estimation, which at the same time eliminates the effect of the environment and by
which the breeding value is estimated on the basis of polygenes and breeding value of the investigated loci, being robust
enough even for this case. MAS can be employed particularly in MOET schemes, linked up with extensive test herds. It
brings about an increase in the genetic gain by 2 to 30%.

MAS; marker; QTL; methods of selection; breeding value estimate; BLUP; effect of selection

ABSTRAKT: Byly shrnuty metodické principy, na jejichZ zdkladé probihd selekce s podporou markerti (MAS). Rozvoj
laboratornich metod molekuldrni genetiky vytvéii stdle lepsi predpoklady pro uplatnéni marker v selekci hospodaiskych
zvitat. MAS je dodatkem ke stdvajicim selekénim programiim. Jejim prostfednictvim je do programu zahrnuto nové selek&nf
hledisko — marker. Selekce probfh4 podle komplexniho indexu, zahrnujiciho efekt polygeni a efekt markerl pfedanych od
otce a matky. Pfi stanoveni efektu markerd, které jsou ve vazbé s QTL (lokusy pro kvantitativni vlastnosti), je tfeba oddélit
plsobeni ostatnich polygend. K tomu se vyuZivé variace uvnitf rodin. Analyza se prov4di metodami na b4zi regrese, segre-
gaénf analyzy, maximéln{ v&rohodnosti a GIBBS. Pfi odhadu plemenné hodnoty Ize pouZit metodu BLUP, kterd soufasné
eliminuje vliv prostfedi, odhaduje plemennou hodnotu na zékladé polygenid a plemenné hodnoty sledovanych lokusi a je
i pro tento pfipad dostate¢né robustni. MAS je vyuZitelnd predevs§im v MOET schématech s ndvaznosti na rozsdhlé testovaci
chovy. Prinds{ zvySeni genetického zisku o 2 az 30 %.

MAS; marker; QTL; metody selekce; odhad plemenné hodnoty; BLUP; efekt selekce

Uvod decké poznatky a pracovni techniky pomérné rychle
zastardvaji a jsou nahrazovany novéjs$imi a dokonalej-
§fmi.

Dostupnost a uplatnéni poznatk molekuldrni gene-

tiky pfi Slechténi hospodéiskych zvitat doklddd Gel-

Bouflivy rozvoj molekuldrni genetiky, pfedev§im
rozvoj laboratornich technik, které vyuZivd, vytvaii std-
le lepsi pfedpoklady pro jeji uplatnéni pfi praktickém

Slechténf hospod4fskych zvifat. Uzce souvisf s mapo-

vadnfm gend. Otdzkami molekuldrni genetiky se zaby-

vaji skupiny pracovnikii na celém svété a poznatky
jsou soustiedény v databizich struktur DNA, z nichZ
jsou nejznaméjsi ,DNA DATA BANK*“ (Japonsko),
»EMBL DATA LIBRARY*“ (Némecko) a ,,GEN-
BANK" (USA). Vzhledem k tomu, Ze je tato disciplina
relativné mlad4d a rychle se rozvijejici, jednotlivé vé-
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dermann (1993) na piikladu mlé&né uZitkovosti sko-
tu. Cely bovinni genom m4é rozsah pfibliZzn& 30 M
(Morganii). Produkce mléénych bilkovin je z 95 % ko-
dovédna pouze Sesti lokusy, z nichZ Ctyfi jsou uvnitf
jednoho tseku chromozomu. Cetnosti alel jsou zndmy
pro mnoho plemen a provadi se haplotypovani.

Vztah lokust na jednotlivych chromozomech k uka-
zatelim mlé&né uZitkovosti analyzovala fada autord,
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napf. Georges et al. (1994). Vztah ke slozkdm
mlé&nych bilkovin a dal$im vlastnostem sledovali napf.
Dvoidk etal (1994)a Pazdera et al. (1994).

Co se od molekulirni genetiky oekava

Od molekuldrni genetiky se olekdva fada pfinosi,
které souviseji s jednozna&nou identifikaci jedincd,
s otdzkou odolnosti a zdravi a se zvySenim efektu se-
lekce.

Ocekdvini lze na idrovni dne$niho pozndnf shrnout
do né&kolika bodi:

1. Tvorba transgennich jedinci

— pro tvorbu specifickych bilkovin (protilitek) vy-

uZitelnych v lékafstvi

— néhrada letdlnich alel — pfimy vliv na zdravi je-

dince

2. Detekce genii n4chylnosti k nemocem a genetickym
defektim

3. Fingerprinting - rozezndvéni jedinct

4. Sexace — jiZ u ranych stadif zdarodkd na zékladé dse-
ku DNA

5. Identifikace chromozomu pieneseného od rodice —
vysvétlenf &4sti rozptylu zplisobeného jednoduchym
mendelistickym $t€penfm

6. ZvySenf vybérového rozdilu — vlivem sniZeni kore-
lace mezi pfibuznymi jedinci

7. Zvyseni presnosti selekce

8. Juvenilni indikdtory vlastnosti — zkrdceni genera¢ni-
ho intervalu

Body 5 aZ 8 majf pfimy dopad do selekce na uZit-
kové vlastnosti, z toho body 5 aZ 7 jsou vyuZitelné pfi
selekci uvnitf rodiny.

Diilezité predély ve vyuZiti poznatki molekulirni
genetiky ve Slechténi

VyuZiti poznatkd molekuldrni genetiky ve §lechtén{
hospodafskych zvifat ma velmi kratkou historii a sou-
visf tzce s rozvojem kvantitativni genetiky pfedev§im
v poslednim desetiletf.

Zéasady vyuZiti genetickych lokust pfi selekci roz-
pracoval Smith (1967).

Pouziti MAS (marker assisted selection) pro praktic-
kou selekci mladych bykt do inseminace navrhl Sol-
ler (1978).

Fernando a Grossman (1989) kvantifikova-
li vztah mezi QTL (quantitative trait loci) podminény
markery.

Weller et al. (1990) navrhli tzv. ,,GRANDSIRE
DESIGN* u dojného skotu, ktery umoZiiuje ekonomic-
ky dostupnou organizaci testace vhodnych genotypi.

Od roku 1991 se podaly hromadné objevovat publi-
kace s metodickymi postupy odhadu plemenné hodnoty
(BLUP) se zahrnutim markert a vysledky simula&nich
experimentt selekce u jednotlivych druhl hospodéi-
skych zvifat.
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Podstata MAS

Vétsina uZitkovych vlastnosti je polygenné zaloZe-
na. Pfi béZnych selekCnich programech je predpovéd
genctick)"c.h rozdild mezi jedinci (odhad plemenné hod-
noty) zaloZena na fenotypu. Prostfednictvim MAS je
do selekce zahrnuta i informace o markeru. Jednd se
o zaClenéni dal$iho selekéniho hlediska k jiZ zndmé
hodnotg fenotypu. Vztah markeru k uZitkové vlastnosti
lze vyjadfit schématem 1.

r (rekombinace ') (korelace %) 5
MARKER — QL osrAmT m@
4
plisobeni na uZitkovost

¢+ &=

v

B =

!qﬁll =q¢

1. Podstata MAS (selekce s podporou markerd) — The essence of
MAS (marker-assisted selection)

lrecombin:xtion, zlinkngc, 3correlmion, effect on performance,

Sother polygenes, 6large number

il

marker — je rozp Iny laboratorni ou (na jeho misté mo-
hou byt také ,flanking markers", kterych je vice, nebo tisek DNA —
fingerprinting band*)

QTL - je objeven prostfednictvim vazby k markeru (v n&kterych
pfipadech miZe byt také sdm rozpoznatelnym markerem). Je snazs{
nalézt marker neZ gen vlastnosti. Pfedpoklddaji se minimdlng& dvé
alely u lokusu, ale jejich skutedny po&et nenf zndm

marker — can be discriminated by laboratory instruments (,,flanking
markers* — larger bers or DNA - or ,finger-printing
band“ can be seen in its position)

QTL - is discovered by means of linkage to the marker (in some
cases it can also be a discrinable marker itself). It is easier to find
a marker than a trait gene. The presence of at least two alleles in
locus is supposed, but their actual number is not known

Jak vyplyvé ze schématu, je uZitkovd vlastnost je-
dince ovlivnéna jak skupinou polygent, tak QTL.
Z celkové genetické proménlivosti je ¢ast vysvétlena
QTL (0’3) a zbyvajici ¢ist polygeny (0’3). Koeficient
dédivosti pak vyplyvd z obecného vztahu. V tomto pii-
padé se mluvi o tzv. smi¥ené d&di¢nosti, nebof na adi-
tivnf genetickou proménlivost piisobi spole¢né polyge-
ny, kterych je obycejné velky pocet, a QTL. Pomoci
markeru, ktery je rozpoznatelny laboratorni technikou,
je provadéna selekce na QTL, s kterym je ve vazbé.
Tato vazba v8ak neni pevnd, ale v zdvislosti na rekom-
binaénim poméru (r) se méni — sniZuje. V ojedinélych
piipadech miiZe byt pfimo QTL pomoci laboratorn{
techniky rozpoznatelny a sdm se stdvd markerem. Uci-
nek jednotlivych alel QTL miZe byt bud maly, nebo
velky. V zdvislosti na velikosti tohoto u¢inku je potom
pomoci markeru vysvé&tlena riizn& velkd &dst genetické
proménlivosti (0’%), ¢imZ je i pfeduréena tic¢innost MAS
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selekce. Jak vyplyvd z vySe uvedeného, fenotypovy
rozptyl uZitkové vlastnosti je 2, z toho aditivni gene-
ticky rozptyl &inf o2, Cést aditivntho rozptylu pisobens
QTL je 03 a Cést plisobend ostatnimi polygeny 0‘3 Jak
uvadéji Van Arendonk et al. (1994b), ¢ini gene-
ticky rozptyl uvnitf markeru

(1-2n)?%. o2 m

Piisobi-li na uZitkovou vlastnost vice QTL, potom
Gdst 0%, zpilisobend mendelistickym $tépenim, pfipada-
jici na jeden QTL &ini maximdalné

62/ [(Nyg=1) . Nl (@)

kde: Num — po&et markerdi na chromozomu
N - potet chromozomil

Z uvedeného vyplyva, Ze velikost rozptylu vysvétle-
nd jednim markerem klesd s poctem markeri (Meu-
wissen, Van Arendonk, 1992).

Polygeny a QTL jsou vzdjemné& korelovdny. V di-
sledku selekce na QTL se ménf rozptyl uZitkovosti zpi-
sobeny QTL, rozptyl uZitkovosti zpiisobeny polygeny
a kovariance QTL s polygeny. Jednotlivé sloZky se
v3ak ménf v rizném poméru v zdvislosti na sile kore-
lace. Rozptyly se sniZuji a kovariance se méni v zdpor-
ném sméru. Selekce pomoci markeru na QTL vnasi
negativn{ kovarianci do vztahu QTL a ostatnich poly-
gent, ¢imZ se sniZuje odezva na selekci u polygent.

Kroky MAS

Celkovy postup souvisejici se selekci pomoci mar-
kerl Ize rozdé&lit do n&kolika krokd

1. Vyhledéani markerd

2. Stanoveni mapy, z niZ vyplyva sila vazby markeri
a QTL

3. Uréenf podilu rozptylu vysvétleného QTL

4. Identifikace jedinci se Zadouci alelou a pouZiti vzta-
hu marker x QTL ve $lechténi.

Vztah marker x QTL a mapovini

Prvé vyzkumy mapovéni genti byly provddény jiZ
v roce 1923 (Sax, 1923). Na zdkladé laboratornich
zjiSténi vyskytu alel u jednotlivych jedinct jsou stano-
vovany mapy a je uréovdn vztah ke QTL a podil vy-
svétleného rozptylu. V nejbéZnéjsich pfipadech neni
zndma konkrétni posloupnost bazi na fetézci DNA
a vztah ke QTL je vyjadfovan na zdklad€ pravdépodob-
nostnfch poétd matematickou cestou (je zndm marker,
ale neni zndm QTL).

Mapovini, spojené s uréenim vztahu marker x QTL,
souvisi s rekombinacemi. Vazbu je moZné stanovit za
pfedpokladu, Ze je narufena rovnoviha vazeb mezi lo-
kusy (Zhang, Smith, 1993), éehoZ je dosaZeno
zdmérnym kiiZenim a tvorbou generaci F2 nebo gene-
rac{ zp&tného kifZenf, nejlépe na zdkladé inbrednich
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linif. VyuZiva se také dialelniho kiiZeni (Rocha etal.,
1992).

Podminkou mapovén{ a uréenf vazby je, Ze pfenédse-
né markery jsou zjistitelné a je moZné je stopovat ve
sledu generact, a dile, Ze jsou dostate¢né polymorfni.

Pfi mapovdni jsou uréoviny vztahy mezi:

— markery navzdjem

— marker x QTL

— marker x nékolik QTL (chromozom segment substi-
tution effect)

U generaci nasledujicich po kfiZeni se nerovnovéha
vazeb vytrici — dochdzi postupné k rovnovéze, ¢imZ se
sniZuje moZnost uréeni vazby. SniZen{ nerovnovihy
odpovida pfibliZzné vztahu

D.(1-n" 3)

kde: D - podéteéni hladina nerovnovihy
n - pocet generaci
r - rekombina&ni Eetnost

Pfi praktickém §lechténi hospodéiskych zvitat je za-
mérné kiiZeni a pouZivani kiiZencti pro produkci nd-
slednych generaci plemennych zvifat jen omezen& vy-
uZitelné a naopak je zdjem vyuZivat vnitroplemennych
genetickych rozdilt u stdvajicich populaci k jejich pri-
b&2nému zuilechfovani. Slechténou populaci (plemeno,
linii) lze roz¢lenit na skupiny zvitat podle vzdjemné
pfibuznosti — rodiny v §ir§im slova smyslu. Rozptyl
mezi takovymito rodinami byva genetickym efektem
nevdzanym na marker a ddle miiZe byt ovlivnén spolec-
nym efektem prostiedi.

Z téchto diivodii 1ze informace o vazb& mezi lokusy
zji¥fovat pouze na zéklad® rozptylu uvnitf rodin ply-
nouciho z mendelistického $tépeni (rozptylu ocisténého
od rozptylu mezi rodinami). Dile je tfeba vzit v dvahu,
Ze efekt marker x QTL %e lisi podle rodin.

Pro zjistén{ vazby marker x QTL je nutny z vySe
uvedenych diivodii pomérné rozsahly pokus s evidenci
o uZitkovostech. Van Arendonk etal. (1994b) do-
porucuji u dojného skotu pro efektivni analyzu 200 000
uzitkovosti dcer.

Vyznamnost poétu sledovanych pfipadi dokumen-
tuji na simula¢nich propoétech Meuwissen
a Van Arendonk (1992) — tab. I. Poéty pfipadi
jsou pro stanoveni podilu vysvétleného rozptylu diile-
Zit€jSi neZ sila vazby, vyjadfend vzddlenosti QTL
k markeru (v cM) na chromozomu.

I. Podil vnitrorodinového rozptylu vysvétleného markery pochézeji-
cimi od dédil (Meuwissen, Van Arendonk, 1992) — The
share of intrafamily variance explained by markers inherited from
grandsires (Meuwissen, Van Arendonk, 1992)

Vzdilenost QTL k sou- Pocet vnuéek na d&da®
sednfmu markeru' (cM) 100 500 1000
5 0,042 0,105 0,133
25 0,041 0,100 0,130
50 0,041 0,101 0,123
'QTL distance to neighboring marker, of granddaug
per grandsire
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Vysledky stanoveni vztahu marker x QTL zdvis{ ze-

jména na:

— rekombina¢nim poméru

- pgétu jedinct s informaci o markeru a uZitkovostech
-h

~ &etnosti alel QTL

— velikosti ucinku alel.

Praktické provddéni jak experimentii, tak b&Zného
$lecht&ni zdvis{ na finan&ni dostupnosti, tj. pfedevsim
na cené laboratornich rozbordl. Za tcelem zlevnéni je
mozZné:

— z1Zit sledovén{ jen na nékteré markery
— organizovat pokus tak, aby se minimalizovaly nékla-
dy na laboratofe.

Otédzkou organizace pokusu se zabyvali Weller et
al. (1990) a navrhli pro dojny skot tzv. ,GRANDSIRE
DESIGN*, pomoci kterého se minimalizuji ndklady na
laboratofe. V pldnu pokusu vychézi od dédi, kteff mus{
byt heterozygoti ve sledovaném lokusu markeru. Jejich
synové v inseminaci jsou haplotypovéni a je u nich
zjisténa pfenesend alela. To znamend, Ze potomstvo
kazdého déda je rozdéleno na podskupiny podle pfene-
sené alely. KaZdy syn je vyhodnocen na zdkladé kon-
troly d&di&nosti, tj. podle svych dcer. Rozdily mezi pri-
mérnymi plemennymi hodnotami skupin uvnitf déda
jsou zpisobeny markerem.

g8 —8 =D
(d&dové') (synové)) (dcery’)
heterozygoti zji¥t¥na zndm4
ve sledovaném zd&dens uZitkovost’
lokusu® alela od déda’

2. Pldn pokusu pro dojny skot (Weller et al.,, 1990) — Scheme of
a trial on dairy cattle (Weller etal., 1990)

. . 3 . .
'grandsnres. zhetemzygotcs in locus observed, *sons, *determination
of inherited allele from grandsire, 5d ghters, “indentified perform-

ance

Praktické pouZiti tohoto postupu uvidéji Geor-
ges et al. (1994), ktefi analyzovali genetickou pro-
ménlivost mlé&né uZitkovosti $pickovych stdd holstyn-
ského skotu. Podty pffpadi pokusu uvadi schéma 3.
K vyhodnoceni byl pouZit program ANIMAP, ktery
pracuje na principech metody ML (maximdln{ vérohod-
nosti) s doplnénfm o LODSCORE (log;y poméru véro-
hodnosti). Program slouZi pro analyzu vazby a mapo-
véni. Na zdkladé vysledki bylo zjist€no, Ze lokusy na
péti chromozomech (1, 6, 9, 10, 20) maji vysokou pri-
kaznost vztahu k ukazatelim mlé&né uZitkovosti (Lod-
score = 3).

Pokus jiného druhu, ktery neni souddsti b&Zného
Slechténi, ale slouZi pouze k objasnéni genetickych
souvislostf, uvddéji Van Arendonk etal. (1994a),
ktef{ se zabyvali lokusem s velkym tG¢inkem pro vnit-
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1 518 bykd v KD*—— 104 523 dcer

14 otcovskych
s uZitkovostf’

rodin (d¥dd)’

data; USDA-SIRES’
DAUGTHER
YIELD
otestovdno 181 pfedem zndmych
mikrosatelitnich markerd, nisledn&
sledovéno 159 v rozmezf 1 635 cM*

3. Analyza dojné populace (Georges et al., 1994) — Analysis of
dairy population (Georges etal., 1994)

'14 sire families (grandsires), 21 518 bulls with progeny test,
%104 523 daughters with performance, *181 in advance known mi-
crosatellite markers tested, followed of 159 markers in use within
the range | 635 cM

KffZenf 5 kontrastnfch

plemen’ vietn&

3 generacf

pivodu

1384 jedincd
F, generace v hodnocenf®
831 jedinc s uXitkovost’

4. Plén pokusu u prasat (Van Arendonk et al,, 1994a) -
Scheme of a trial on pigs (Van Arendonk et al, 1994a)

'crossing of 5 contrast breeds, °F, generation of 831 individuals with
performance, “including 3 generations of the origin of 1 384 indi-
viduals evaluated

rosvalovy tuk u prasat (schéma 4), s vyuZitim informa-
ci dplnych sourozenci. Vyhodnoceni provedli pomoc{
metody BLUP, ve které vzali v ivahu jak vliv polyge-
ni, tak markeru a ddle pfibuzenské vztahy pies nékolik
generaci piedkd.

Metody vyhodnocovini vazby a efektu alel

Matematické metody pouZivané k vyhodnoceni va-
zeb mezi lokusy a vazeb ke QTL a vlivu na uZitkovost
musi soub&Zné zohlednit plsobeni nékolika faktorti.
Vyuzivd se nékolik postupi, ale obecné viechny vedou
k feSeni soustavy rovnic. Jednd se o tyto postupy:

1. Mnohondsobné regrese (nebo obecné regresni ana-
lyzy uZitkovosti k aleldm markeru)

2. Sekvenénf testovaci postupy (jsou zaloZené na princi-
pu sekvenéniho vélefiovani markerti do ndsobné regre-
se. Postup je zastaven, kdyZ posledni zafazeny marker
nevykazuje v§znamny efekt) Nicholas, 1984)

3. Iterativnf ,revdZend regrese” (obdoba 2)

4, Metoda maximadlni vérohodnosti (ML — Lander,
Botstein, 1989, nebo napf. DFREML, kterd
umoZiiuje zohlednéni spoleéného efektu prostiedi —
fada autort)

5. Bayesovskd analyza (pracuje s podminénymi rozdé-
lenimi etnosti)

6. Gibbs-markovské procesy — kombinace ,,segregaéni
analyzy“ a ,linkage analyzy“. Princip metody vyuZi-
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vd MONTE CARLO simulace. Ndhodny vzorek
kaZdého nezndmého parametru, napf. genotyp, poly-
genni efekt, r, cﬁ, QTL efekt, genové frekvence, je
vytvofen na zdklad® ndhodnych &isel pfi podming-
nych distribucich za danych hodnot ostatnich para-
metrdl. Retézec »GIBBS SAMPLING* zaéind libo-

volnym souborem odhadu v¥ech parametri a v

néslednych iteraénich cyklech ,,GS* jsou nové hod-

noty pro kaZzdy parametr voleny na zdkladé ndhod-
nych d&isel z podminénych distribuci (Guo,

Thomson, 1992).

Metody 1 aZ 3 odhadujf efekt markeru jako funkci
rekombinaéni Cetnosti r a efektu alely.

Metody 4 aZ 6 jsou vyuZitelné pro mapovéni umis-
ténf QTL a odhadujf soub&zné efekt alel, alelové frek-
vence a r.

Metoda 6 navic umoZiiuje zpracovavat velké soubo-
ry ddaji a komplikované genetické modely (Van
Arendonk et al., 1994b).

Odhad plemenné hodnoty

Utinek Z4doucf alely plemenika ozna&fme (podle
pfistupu autori Meuwissen a Van Arendok,
1992) schematicky (v).

Pfi ndhodném pfipafovani na matky je ze strany ma-
tek odekdvédn primérny ddinek 1/2 v.

Je-li od otce pfeddn chromozom s Zidouci alelou,
potom primérnd genetickd hodnota potomkii v daném
lokusu pro uZitkovou vlastnost je

12(v+1/2v)=3/4v

a odchylka od priméru rodiny &inf 1/4 v.
Je-li od otce pfeddn chromozom s neZddouci alelou,
primé&rn4 hodnota potomki je

17200+12v)=1/4v

a odchylka od priméru rodiny &ini —1/4 v.

Rozdil mezi témito skupinami uvnitf jedné rodiny
mé hodnotu 1/2 v.

Z uvedenych udaji vyplyvd, Ze mezi plemennymi
hodnotami pfibuznych jedinct jsou rozdily a v disled-
ku evidence markerl klesd hodnota korelace.

V piipadé, Ze je sledovéno vice lokusi, Ize pro cel-
kovou plemennou hodnotu pouZit selekéni index

I=Zp;.v; @

kde: pi — zji¥t&né odchylky pro lokus i (+1/4; —1/4)
v; = G¢inky Z4doucf alely na lokusu i

Pri vétsim poctu alel se dostdvame do faktoridlniho
poctu jednotlivych moZnosti.

Pfi odhadu plemenné hodnoty je tfeba vzit v dvahu
informace o pifibuznych. DileZité je oddéleni vlivu
QTL od vlivu ostatnich polygent, k &emuZ se vyuZivd
struktura vice generaci (schéma 5 a 6.). Pfi ddajich
o tplnych sourozencich maji pfibuzenské vztahy struk-
turu podle schématu 5. Otec ma genetickou strukturu
AB, matka genetickou strukturu CD. Potomci ze vzé-
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OTEC' MATKA’

AB cD
KANDIDAT OSTATN{ SOUROZENCT*
AC AC, AD, BC, BD

5. Struktura pffbuzenskych vztahii pfi sledovéni dvou generacf (Van
Arendonk et al, 1994a) — Structure of kinship relations during
observation of two generations (Van Arendonk et al., 1994a)

Lsire, 2candidate, *dam, “other sibs

DED'
AB
POLOSOUROZENCT OTEC’ MATKA"
AZ,BZ AZ Al ‘_cz
KANDIDAT
AZ

6. Schéma piibuzenskych vztahii pfi sledovdn{ tff generaci (Van
Arendonk et al, 1994a) — Scheme of kinships relations during
observation of three generations (Van Arendonk et al., 1994a)

!grandsire, Zhalfsibs, *sire, *dam, *candidate

jemného pfipafovéni jsou genetické kombinace AC ne-
bo AD, BC, BD. Existuji tedy &tyfi moZnosti. Je-li
kandiddt selekce genetické konstrukce AC, pak 1/4 je-
ho sourozencli mé s nim stejny genotyp. Uvnitf rodiny
je 50 % aditivni genetické proménlivosti v porovndni
s proménlivosti v celé populaci.

Dal§i mozZnosti je sledovani genetickych zdvislosti
ze strany otce (polosourozencii). Vlivem pfipafovéni se
do schématu dostala libovolnd gameta Z, kterd nenf
pfedmétem sledovani. Gameticky efekt otce je predpo-
vidén na zdklad€ hodnoty jeho polosourozenct (sché-
ma 6). Pfi jejich dostate¢ném poctu je moZné dosdh-
nout vysoké piesnosti odhadu gametického efektu.

V praktickych podminkéch je plemennd hodnota od-
hadovdna metodou BLUP. Tato metoda je povaZovéna
za dostate¢né robustni i pro pfipad odhadu plemenné
hodnoty véetn& markerd (Van Arendonk et al
1994a):

XX XZ Xw Bl [xY
ZX ZZ+A .o, ZW Jul=|ZY| 5
WX WZ ww+cl.o| Y] |WY

kde: X, Z, W - matice pldnu pokusi (inciden&ni matice) pro sys-

ické efekty prostfedi, polygennf efekt a QTL
efekt

A — matice pfibuznosti mezi jedinci

o, - pomér rozptyld 03/0.2,

G — gametickd matice piib i pfi dané rekombi
markeru ke QTL (matice G zohledfiuje rekombi-
nace)
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11. Pfesnost odhadu plemenné hodnoty pro QTL pfi pouZiti vlastnich sourozenci (Van Arendonk etal., 1994a) — Accuracy of breeding
value estimate for QTL while using true sibs (Van Arendonk et al,, 1994a)

Pocet sourozenci se stejnou alelou markeru®’

f h 1 2 5 10 100
0,50 0,43 0,52 0,61 0,65 0,70

0,25 0,10 0,50 0,61 0,74 0,80 0,89
0,02 0,55 0,68 0,81 0,88 0,97

0,50 0,30 0,39 0,51 0,58 0,69

0,10 0,10 0,33 0,44 0,59 0,69 0,87
0,02 0,37 0,48 0,65 0,76 0,95

¥ celkovy polet sourozenci je Ctyfikrdt vESi podle schématu sourozencii (schéma 5) — total number of sibs is four times higher according
to a sibship scheme (scheme 5)

"number of sibs with the same marker allele

gv ~ pomér rozptyli 6./c, — kombinované matice piibuznosti
, u,v — odhadované vektory trovnf systematickych efekti  _ _ bie Taditon Amy Kateiii
prostfedi, plemennych hodnot na zdklad& polygent P,RAM t 32531‘ CT ]edmcEx hs x(ljczn i “,Ef ; 5 i
ol biodioty: pio QL fesnost odhadu plemenné ho noty pro QTL zdvisf na
Y — vektor namé&fenych uZitkovosti — rekombinacich (r)
— podilu rozptylu vysvétleného QTL (f)
— po¢tu hodnocenych jedincti (n).
V tab. II jsou uvedeny pfesnosti v zdvislosti na uve-
PH, =0+ V] +; (6) denych parametrech, zji§téné na zdkladé simulagnich
kde: v} - dil&f plemenn4 hodnota pro QTL od otce propottii u prasat.
v{" = dil&f plemenn4 hodnota pro QTL od matky
u; — plemennd hodnota jedince na zdkladé€ polygenii
Pro pfedpovéd efektu QTL je nutné do vypoctu za-  Pfinos MAS v selekénich programech
hrnout n&kolik generaci. V fadé pfipadl nemus{ byt pro

Celkov4 plemennd hodnota jedince pro vlastnost (i)
vyplyvé z indexu

viechny jedince zndm marker. V takovych piipadech Efekt MAS byl ovéfovan fadou studif zaloZenych na
se provadi dpravy matice pifibuznosti a lze pouZit po-  simulagnich propoctech. Pfinos této metody je uvaZo-
stupy, které zjednodusi systém rovnic, napf.: vén jako dodateéné zvySeni efektu selekce oproti b&z-
ROK' DED* DCERY a)’ POTOMCIb)  VNUCT
(nukleus) (nukleus)
| RO ‘narozenf*
Lsasodinoas selekce |
D e Al e et b narozenf'...... nnrolzeni‘
T R e T selekce’—l
4 pdd ML g e T zathtek laktace® . . ............... narolzenl‘
Slmindy svsses it ss s D Ty e selekce’
6 l ---------- informace’----------eeo o

7. Zapojeni MAS do $lechténi dojného skotu (Meuwissen, Van Arendonk, 1992) - MAS introduction into the breeding process
of dairy cattle (Meuwissen, Van Arendonk, 1992)

!year, 2grandsire, *daughters, *progeny, *grand Sborn, "selection, *onset of lactation, *information

X) vyhodnocena uZitkovost a zji§t€ny informace o vazb& marker x QTL — assessment of performance and determination of information on
marker x QTL linkage

a) dcery v polnim testu kontroly d&di¢nosti — daugt in a field progeny test

b) dcery a synové v nukleu s vysokou genetickou hodnotou — daughters and sons in the nucleus with high genetic value
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nym selekénim programiim. Zvyseni genetického zisku
je odhadovdno od +2 % (Ruane, Colleau, 1994)
aZz do +30 % (Kashi et al,, 1990). Vysledky jsou
poplatné praktické splnitelnosti pfedpokladi, které by-
ly vzaty v dvahu v simulaénich modelech. Obecné Ize
fici, Ze simulacni studie z dfivéjSich let uddvaji vyssi
hodnoty ocekdvaného efektu selekce neZ studie novéjsi.

S uplatnénim MAS se po¢itd pfedev§im v ndvaznos-
ti na ,,nukleové* (Slechtitelské) chovy v MOET selek-
¢&nich programech, ve kterych lze provadét nakladngjst
sledovan{ a analyzy. Priklad zapojeni MAS do $lechté-
ni je uveden na schématu 7. Tak jak je b&Zné v MOET
selekénich programech, jsou jedinci do plemenitby za-
pojovéni v nizkém véku. Ze schématu dile vyplyvai, Ze
dochézi ke zpoZdéni mezi zjisténim informaci o mar-
kerech a jejich vyuZitim pfi selekci.

V uvedeném piipadé se jednd o zpoZdéni jedné ge-
nerace. Dal$fm diileZitym momentem je vyuZiti infor-
maci o dcerdch mimo nukleus, nebof samotny nukleus
neni schopen poskytnout dostatecny pocet informaci,
nutnych k objasnéni vztahu marker QTL a odhad ple-
menné hodnoty.

Uveden{ autofi provadéli simulaci selekéniho pro-
gramu dojného skotu (rozsah nuklea uvazovali 512 ple-
menic, tj. dvojndsobek ro&n& testovanych byki, celou
navazujici populaci 1 mil. plemenic, na byka v KD by-
lo vyhodnoceno 100 uZitkovosti dcer; Pocet otci
v nukleu byl 8 a pocet matek 64, pocet vybranych zlep-
Sovateld pro pouZiti v populaci 30). Porovndvali tradig-
nf selekénf program s otevienym MOET a uzavienym
MOET selekénim programem. Oproti selekénimu prog-
ramu bez MAS pfinesla tato technika zvySeni genetic-
kého zisku o 7,7 aZ 25,8 % v zdvislosti na podilu vy-
svétleného rozptylu a druhu selekéniho programu.
Nejvyssiho efektu MAS bylo dosaZeno v uzavieném
MOET programu, ale ziroveii v tomto piipadé byla
nejvyssi rizika pravdivosti pfedpovédi. Zarazenim mar-
keru stoupd presnost odhadu souhrnné plemenné hod-
noty a riziko predpovédi se sniZuje.

Dalsi simulaci $lechténi na zdkladé nukleovych se-
lekénich programi provddéli Van Arendonk et
al. (1994a). Studovali vliv poctu alel v lokusu (2 az 16)
a selekéni program sledovali po 12 generaci. Zjistili
zvySeni Dg (genetického zisku) o 2 aZ 20 % vlivem
MAS. Efekt stoupal s poctem alel v lokusu, nejvyssi
byl v pocdtecnich generacich a postupné se vytricel,
coZ pravdépodobné souvisi s mirou rovnovédzného sta-
vu rekombinaci.

Van der Beek a Van Arendonk (1994),
kteff studovali selek&ni program u driibeZe, se podobné
jako pfedchozi autori zaméfili na vlastnost vdzanou na
pohlavi, v tomto piipadé sndSku. Ocekdvany efekt
MAS &inil 5 %. VyuZiti této techniky u dribeZe nardZi
na problém velikosti populace. Velikosti $lechtitel-
skych chovii nebyvaji dostatecné pro stanoveni vazby
a vysvétleného rozptylu a dalsi pribuznf jedinci mimo
Slechtitelsky chov nebyvaji obvykle evidovani v kon-
trole uZitkovosti.
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Zavér MAS

Na zdkladé soudasnych poznatkl o vyuZitelnosti
MAS pfi Slechténi hospodarskych zvitat Ize ucinit né-
sledujici zavéry:

1. MAS je vhodné vyuZit v MOET selekénich prog-
ramech.

2. Je dodatkem ke stdvajicimu procesu $lechténi (ni-
koliv jeho ndhradou).

3. Je poutzitelnd pro piedselekci u mladych jedinch
(juvenilni indikdtory vlastnosti).

4. Je zaloZena na vnitrorodinové promé&nlivosti. Ale-
licky efekt miZe byt rozdilny podle rodin, a i v ro-
din€ se méni v zdvislosti na rekombinacich.

5. Za&lenéni markert do selekce je zahrnutim dalfho

selekéniho hlediska, zvySuje piesnost odhadu sou-

hrnné plemenné hodnoty a sniZuje riziko pfedpové-
di Dg.
. S podtem generaci se efekt MAS vytréci.
7. Optimdlni strategie vyuZiti MAS zdvisi na
— stupni dominance
— rozdilech mezi homozygoty v uZitkovosti
— rozmnoZovaci schopnosti (podle Zivo¢iného
druhu)

— rekombina¢nf etnosti

— pfesnosti stanoveni 0'3 (souvisf s po¢tem hodno-
cenych pfipadi).

8. Vlivem chybného haplotypovani nedochdzi k vy-
znamnému zvySen{ rizika (chybné haplotypovéni
nesniZuje efekt $lechténi; efekt ziistdvd na drovni
stdvajiciho tradiéniho selekéniho programu).

9. MAS vné3i negativni kovarianci mezi QTL a poly-
geny, &fmZ se sniZuje odezva na selekci u polyge-
ni.

10. MAS neovliviiuje koeficient piibuzenské plemenit-
by neutrdlnich lokt, ale zvy¥uje ho u QTL, a to
obzvlasté pfi nizké dédivosti.

11. MAS, podobné jako kaZd4 selekce, sniZuje pro-
ménlivost, a to jak QTL, tak polygend.

(=)}
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Z VEDECKEHO ZIVOTA

46. VYROCNI ZASEDANI EAAP

Evropské sdruZeni pro Zivo€isnou vyrobu — EAAP - po-
f4d4 své 46. vyrodni zaseddn{ ve dnech 4. aZ 7. z&ff 1995
v Praze. Poprvé za dobu existence EAAP se toto v§znamné
mezindrodni setkdni odbornikli v Zivo&i¥né produkci kond
v Ceské republice.

Organizaci kongresu byl Ministerstvem zeméd&lstvi po- .

véfen Vyzkumny dstav Zivocisné vyroby v Praze-Uhiinévsi

a osobné feditel ustavu doc. ing. F. Urban, DrSc., ktery se

automaticky stdvé pfedsedou organizaniho vyboru, zaloZe-

ného v predstihu jiZ v roce 1993.

Na nédvrh koordinétora organizacnfho vyboru byla pfijata
celd fada nezbytnych opatfeni, v¢etné jejich smluvniho zajis-
téni. Jde zejména o uzavieni dohody s rektorem Ceské zemg-
délské univerzity Praha o vlastnfm kondn{ kongresu v areélu
univerzity v Praze-Suchdole a jeho smluvn{ zajiStén{ s firma-
mi GUARANT a UNICO-AGRIC. Detailné jiZ byly rozpra-
covény jednotlivé sméry vlastniho uspofddani, k nimz patf{
zejména:

— vyznaceni konferen¢nich mistnosti pro zasedédni viech
sedmi studijnich komis{ v&etn& technického vybaveni,

— vyznaCeni vSech ostatnich mistnost{ pro predsednictvo
EAAP, sekretaridt EAAP, organiza¢ni vybor, sekretaridty
studijnich komisf a tisk,

- mista a organizaéni uspofddani registrace dcastnikd,
jidelny, restaurace, mista s ob&erstvenim atd.

V3ie je pfipravovdno samoziejmé se vif dislednosti a se
snahou maximdlné zajistit nejen dokonalou orientaci, ale ze-
jména spokojeny pobyt viech delegéti z &lenskych zemf,
USA, Kanady a také Austrélie, Nového Zélandu a Koreje.

Vlastnf program jednéni viech sedmi studijnich komisf je
uveden v pfiloZené tabulce.

Rizenim sekce v genetické komisi byl povéfen doc. ing.
J. Pribyl, DrSc., z VSZV . Stejn& potéSujici je skuteEnost, Ze
k vystoupeni v sekcich bylo vypsano témér 20 Ceskych a slo-
venskych autoril a pro prezentaci posterdt bylo odsouhlaseno
témér 80 Ceskych a slovenskych praci. Organizaéni vybor
blahopieje viem naSim autoriim k tomuto vyznamnému od-
bornému ocenénf a vé&if v lisp&§nou reprezentaci &eské a slo-
venské zootechnické védy nejen po odborné, ale i po formal-
ni strdnce. Na rozdil od pfedchazejicich vyro¢nich zasedéani
se letos pokousime o permanentni expozici viech posterl
v budové zvané ,Rotunda®“. Za zminku stojf, Ze prednasek
a posterll bylo pfihl4Seno a pfijato vice neZ 700.

Soué4stf kongresu jsou i obvyklé spole€enské akce:

— slavnostni zahdjeni kongresu je pfipravovédno v praZzském
Rudolfinu na pondélf 4. z4af{ 1995 veder,

— prételské setkédni delegitli bude usporddéno v hotelu In-
ternacional po prohlfdce a demonstraci lokilnich plemen
hospodéfskych zvifat a shlédnuti predstaveni KfiZikovy fon-
tny,

— zdvérednd spolednd vedefe bude uspofddéna na Zofing.
Pro doprovodné osoby je pfipraven samostatny program

zahrnujfcf kromé& prohlfdky PraZského hradu a prochézky po

pamétihodnostech historické a moderni Prahy také vylety do

Karlovych Varl a na zdmek Konopi3t&.

V postkonferenénfm programu budou iéastnfkiim kongre-
su nabfdnuty jednodenni vylety do severnich Cech (Kame-
nicky Senov, Novy Bor, muzeum &eskych gran4tii v Turnové
a biZutérie v Jablonci), do jiZnich Cech (Ceské Budégjovice,

Cesky Krumlov, zdmek Hlubok4), do vychodnich Cech

(hfeb&in Kladruby nad Labem a hipologické muzeum ve Sla-

tifianech) a dvoudenni vylet na Moravu (Mendelovo muzeum

v Brné, zdmek Lednice, mésto Telc).

V3echna dosavadni piipravnd jednéni byla priib&Znég sle-
dovéna sekretariftem EAAP v Rimé.

Vlastni kongres je doplnén celou fadou dalSich odbornych
jedn4ni. Uteln& se pritom vyuzivé také jedineéné kaZdoroén&
opakované piileZitosti, kdy se setkdvaji pfedni evropsti zoo-
technici spolu s odbornymi pracovniky pofidajfcich zemd,
aby si vyménili své zkuSenosti a vécné jednali i o dal§ich
sférdch svého odborného zdjmu:

— Satelitn{ sympozium vénované genovym manipulacfm
a transgenezi u zvitat, porddané ve VUZV v Nitie 1. z4fi
1995 se zajiSténou dopravou wcastnikii kongresu z Prahy
do Nitry a zpét (odpovédnym organizdtorem je prof. J.
Bulla, DrSc., predni védecky pracovnik VSP a VUZV
v Nitfe).

— Spolecné zasedini EAAP a FAO k problematice
genovych zdrojii zvffat (odpovédnymi pracovniky jsou
Dr. L. Olivier za EAAP a Dr. K. Hammond za FAO).
Jednim z bodii programu je informace ze viech Elenskych
zemi, predloZena ustavenymi Néirodnimi koordinaénimi
pracovisti — v naSem piipadé je to prof. J. Véchal, DrSc.

— Semindf vénovany genovym zdrojim zvifat a jejich
konzervaci v zemich stfedni a vychodni Evropy (2. zafi
1996 odpoledne, odpovédni pracovnici prof. Bodo
z Budapesti a prof. Mdcha z Mendelovy zemé&délské
a lesnické univerzity v Brng).

— Zaseddni Interbull ve dnech 7. a 8. zdffi 1995
v Prithonicich (odpovédni pracovnici Dr. Philipson ze
Svédska a doc. Urban, DrSc., feditel VUZV v Praze-
-Uhfin&vsi).

— Semindf Interbul/ICAR/VUZYV pro vybrané pracovniky
ze stfedni a vychodni Evropy k problematice kontroly
uzitkovosti a urCovani plemenné hodnoty zvifat (od-
povédni pracovnici Dr. Averdunk z Bavorska a doc. Ur-
ban, DrSc., z VUZV).

— Dile je pripraveno na 7. a 8. zafi 1995 pracovni zasedani
univerzitnich odbornikli k problematice vyuky a pfipravy
zootechnikll v podminkich politickych a ekonomickych
zmén probihajicich v zemich stfedni a vychodni Evropy
(odpovédny pracovnik doc. Majzlik z C¢ZU Praha).

— Pred zahdjenfm a po skoncenf kongresu usporddd VUZV
ve spoluprédci s Univerzitou Guelph (Kanada) 14denni
kursy (Linedrnf modely — prof. Schaeffer a Ekonomika
Slechténi — prof. Gibson) pro mladé védecké pracovniky
pfevédzné ze zemf stfednf a vychodnf Evropy).

Vlastni 46. vyro¢ni zaseddni bude uzavirat ve Ctvrtek
7. z4fi Generdlni zaseddni EAAP za udasti delegitl viech
€lenskych zemf, pfedsednictva EAAP a hostli — pfedstaviteld
dalsich mezindrodnich organizaci. Toto jedndni bude simul-
tdnné& prekldddno do angliétiny, francouzstiny, néméiny a le-
tos poprvé i do rustiny. VSechna ostatni jednani kongresu se
budou odehrivat v anglictinég.

Organiza¢nf vybor pevné véif v dsp&ch viech zminénych
akef, které bezpochyby pfispéji ke zvySeni prestiZe Ceské
zootechniky, jakoZ i celého naSeho zemédé&lstvi v mezindrod-
nim méfitku.

Prof. ing. Jan Vdchal, DrSc., koordindtor organizacniho vyboru EAAP — 1995
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Program studijnich komisf 46. vyroéniho zaseddnf EAAP (4. aZ 7. z4ff 1995)

Study Monday, 4 S b Monday, 4 Tuesday, 5 September Study Wednesday, 6 S t Wednesday, 6 S ‘Thursday, 7 September
Commissions 08.30- 12.00 14.00-17.30 08.30- 12.00 Commissions 08.30- 12.00 14.00-17.30 08.00 - 10.00
Session I Session II Session I1I Session IV Session V Session VI
Genetics (G) New developments in Optimization of Breedi with Genetics (G) (G+N)
::ﬁmlﬁnl mn:tic id of multitrait obj Modification of milk Business meeting Ideas box
parameters and their Free communications short vs. long term responses, systematic composition by genetic Free communications Free communications
application migration of genesand utilization and nutritional means
of genetic resources
Chairman: H. Simianer (D) 1. Pribyl (CzR) M. Toro (E) Chairman: F. Grosclaude (F) L. Dempfle (D) & A. Hofer (CH) L. Fésis (H)
Animal (N+C) Animal (N+G)
Nutrition (N) M health and Utilization of fibrous and (N+5) Nutrition (N) Modification of milk i Busin
feeding issues in the dry non fibrous carbohydrates Use of low quality roughages in small composition by genetic Frec communications usiness meating
period and carly lactation by monogastrics ruminant production und nutritional means
of the dairy cow "
Chairman: J. Oldham (UK) . Jongbled (NL) F. Guessous (M) Chairman: G. Grosclaude (F) N. Todorov (BG) J.L. Tisserand (F)
Animal (M+C+S) Animal (M+P) v
M: Brucellosis in Cattle, Management strategics to Livestock building: air quality: M Free i Feeding and digestive Business meeting
and Health (M) Sheep and Goat uid structural change Animal and human health aspects and Health (M) disorders in pigs
in livestock systems
Chairman: B. Garin-Bastuji (F) K. Meyn (D) J. Hartung (D) Chairman: P. Susmel (I) F. Madec (F) P. Rafai (H)
Cattle (C+N) Cattle Breeding objectives in dual Busin
Pr © health and M.mifnln:‘uf.’ _— Production (C) Lamenex: caltlc purpose cattle ous mocting
feeding issues in the dry aid structural change Free communications
period and early lactation in livestock systems 3
of the dairy cow ”
Chairman: J. Oldham (UK) K. Meyn (D) Ch. Seijrsen (DK) Chairman: 0. Distl (D) . E.Villa (1) C. Thomas (UK)
Sheep and Goat New reproduction (§+M+C) Sheep and Goat pulating lamb growth to i
Production (S) | technologics in genetic Management strategics to (8.+.M) Production (S) o regulate the supply of lamb to market Dykas s,
3 ¢ Use of low quality roughages in
improvement of small aid structural change in - small ruminant production
ruminants livestock systems s
Chairman: W. Haresign (UK) K. Meyn (D) F. Guessous (M) Chairman: D. Croston (UK) AR Mantecédn (E) D. Croston (UK)
Pig Quantitative approaches Genetic x environmental i (P+M)
: 2 DS 3 Fi nicati Pij roduction i = LD
Production (P) of pig growth interactions in pig species freconmuiations Pr'“mn ®) :::‘m:mo;:' Fe:gm; and digestive Business meeting
isorders in pigs
Chairman 3 A. Aumaitre (F)
Invited speaker: A Danfaer (DK) J.W.M. Merks (NL) A. Aumaitre (F) Chalua: MiEtienaa (F) FiMadeo/(F) L. Hetényi (SR)
Horse Nutrition of the h Traini it o A Horse Breeding plans Free communications Business meeting
Production (H) utrition o orse raining of the horse Horse in Czech Rep Production (H) P
Chairman: F. Habe (SL) E. Barrey (F) Chairman: B. Langlois (F) M. Silvestrelli (1) B. Langlois (F)
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Casopis uveicjiiuje pivodni védecké prace, kritkd sdélenf
a vybérové i prehledné referity, tzn. price, jejichZ podkladem
je studium literatury a které shrnuji nejnovéjsi poznatky v da-
né oblasti. Price jsou uvefejiioviny v cesting, slovenstiné nebo
angli¢tiné. Rukopisy musi byt doplnény krditkym a rozsifenym
souhrnem (véetné klicovych slov).

Autor je pIné odpovédny za plivodnost price a za jeji véc-
nou i formdlni spravnost. K prici musfi byt pfiloZeno prohli-
Seni autora o tom, Ze price nehyla publikovéna jinde.

O uveiejnéni price rozhoduje redakéni rada Casopisu, a to
se zietelem k lektorskym posudkiim, védeckému vyznamu
a piinosu a kvalité prdce.

Rozsah védeckych praci nema presdhnout 15 stran psanych
na stroji véetné tabulek, obrdzki a grafi. V préci je nutné po-
uzivat jednotky odpovidajici soustavé mérovych jednotek SI
(CSN 01 1300).

Vlastni diprava rukopisu md odpovidat stitni normé CSN
88 0220 (format A4, 30 fadek na stranku, 60 thozi na fadku,
mezi fadky dvojité mezery), k rukopisu je vhodné prilozit dis-
ketu s praci pofizenou na PC v nékierém textovém editoru,
nejlépe v T602. Tabulky, grafy a fotografie se dodédvaji zvl
nepodlepuji se. Na viechny piilohy musi byt odkazy v textu.

Pokud autor pouzivd v prici zkratek jakéhokoliv druhu, je
nutné, aby byly alesponi jednou vysvétleny (vypsdny), aby se
piedeslo omylim. V nédzvu price a v souhrnu je vhodné zkra-
tek nepouZivat.

Nazev price (titul) nema piesdhnout 85 thozi. Jsou vylou-
¢eny podtitulky ¢link.

Kritky souhrn (Abstrakt) je informa¢nim vybérem obsa-
hu a zdvéru ¢lanku, nikoliv v8ak jeho pouhym popisem. Musi
vyjddfit viechno podstatné, co je obsaZzeno ve védecké prici,
a md obsahovat zdkladni ciseln¢ tdaje vcetné statistickych
hodnot. Musi obsahovat kli¢ovi slova. Nemd prekro¢it rozsah
170 slov. Je tfeba, aby byl napsin celymi vétami. nikoliv hes-
lovité. Je uverejiovin a mél by byt dodidn ve stejném jazyce
jako védecka price.

Rozsireny souhrn (Abstract) je uveiejiiovan v angli¢ting,
mély by v ném byt v rozsahu cca 1-2 strojopisnych stran ko-
mentoviny vysledky prace a uvedeny odkazy na tabulky a ob-
ridzky, popf. na nejdilezit¢jsi literdrni citace. Je vhodné jej
(véetné ndzvu price a klicovych slov) dodat v anglicting, popr.
v ¢esting ¢i slovenstiné jako podklad pro preklad do anglictiny.

Uvod md obsahovat hlavni divody, pro¢ byla préce realizovi-
na a velmi stru¢nou formou md byt popsin stav studované otdzky.

Literarni pfehled md byt krdtky. je ticha uvddét pouze
citace majici Gzky vztah k problému.

Metoda sc popisuje pouze tehdy, je-li ptivodni, jinak posta-
Cuje citovat autora metody a uvidét jen pripadné odchylky. Ve
stejné kapitole se popisuje také pokusny materidl.

Vysledky — pfi jejich popisu se k vyjadieni kvantitativnich
hodnot ddvi piednost grafiim pred tabulkami. V tabulkich je
tieba shrnout statistické hodnoceni namérenych hodnot. Tato
¢dst by neméla obsahovat teoretické zivéry ani dedukce, ale
pouze faktické nalezy.

Diskuse obsahuje zhodnoceni price, diskutuje se 0o moz-
nych nedostatcich a price se konfrontuje s vysledky difve
publikovanymi (pozaduje se citovat jen ty autory, jejichZ price
maji k publikované prdci blizsi vztah). Je piipustné spojeni
v jednu kapitolu spolu s vysledky.

Literatura musf odpovidat stitni normé¢ CSN 01 0197. Ci-
tace se fadi abecedné podle jména prvnich autorG. Odkazy na
literaturu v textu uvddéji jméno autora a rok vyddni. Do se-
znamu se zafadi jen price citované v textu. Na price v sezna-
mu literatury musi byt odkaz v textu.

Na zvldstnim listé uvadi autor pIné jméno (i spoluautoril),
akademické, védecké a pedagogické tituly a podrobnou adresu
pracovisté s PSC, Gislo telefonu a faxu, popf. e-mail.

INSTRUCTIONS FOR AUTHORS

Original scientific papers. short communications, and selec-
tively reviews, that means papers based on the study of tech-
nical literature and reviewing recent knowledge in the given
field, are published in this journal. Published papers are in
Czech, Slovak or English. Each manuscript must contain
a short and a longer summary (including the key words).

The author is fully responsible for the originality of his
paper, for its subject and formal correctness. The author shall
make a written declaration that his paper has not been publish-
cd in any other information source.

The board of editors of this journal will decide on paper
publication, with respect to expert opinions, scientific impor-
tance, contribution and quality of the paper.

The paper extent shall not exceed 15 typescript pages, in-
cluding tables, figures and graphs.

Manuscript layout shall correspond to the State Standard
CSN 88 0220 (quarto, 30 lines per page, 60 strokes per line,
double-spaced typescript). A PC diskette should be provided
with the paper, written in an editor program, preferably T602.
Tables, figures and photos shall be enclosed separately. The
text must contain references to all these annexes.

The title of the paper shall not exceed 85 strokes. Subtitles
of the papers are not allowed either.

Abstract is an information selection of the contents and
conclusions of the paper, it is not a mere description of the
paper. It must present all substantial information contained in
the paper. It shall not exceed 170 words. It shall be written in
full sentences, not in form of keynotes, and comprise base
numerical data including statistical data. It must contain key
words. It should be submitted in English and if possible also
in Czech or Slovak.

Introduction has to present the main reasons why the study
was conducted, and the circumstances of the studied problems
should be described in a very brief form.

Review of literature should be a short section, containing
only literary citations with close relation to the treated pro-
blem.

Only original method shall be described, in other cases it is
sufficient enough to cite the author of the used method and to
mention modifications of this method. This section shall also
contain a description of experimental material.

In the section Results figures and graphs should be used
rather than tables for presentation of quantitative values. A sta-
tistical analysis of recorded values should be summarized in
tables. This section should not contain either theoretical con-
clusions or deductions, but only factual data should be presen-
ted here.

Discussion contains an evaluation of the study, potential
shortcomings are discussed, and the results of the study are
confronted with previously published results (only those authors
whose studies are in closer relation with the published paper
should be cited). The sections Results and Discussion may be
presented as one section only.

The citations are arranged alphabetically according to the
surname of the first author. References in the text to these
citations comprise the author’s name and year of publication.
Only the papers cited in the text of the study shall be included
in the list of references. All citations shall be referred to in the
text of the paper.

If any abbreviation is used in the paper, it is necessary to
mention its full form at least once to avoid misunderstanding.
The abbreviations should not be used in the title of the paper
nor in the summary.

The author shall give his full name (and the names of other
collaborators), academic, scientific and pedagogic titles, full
address of his workplace and postal code, telefon and lax num-
ber or e-mail.
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