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CITLIVOST EKONOMICKYCH VAH NA ZMENY
PODMINEK V CHOVU SKOTU

SENSITIVITY ANALYSIS OF ECONOMIC WEIGHTS TO CHANGES
IN CIRCUMSTANCES OF CATTLE BREEDING

M. Wolfova, J. Wolf

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

ABSTRACT: The influence of the average level of traits and product and production-factor prices on the economic weights
of daily gain of bulls (DGB), milk production in Ist lactation (MP1L), calving interval (CI) and length of production life of
cows (LPLC) were studied. The economic weights were calculated for several models and for two situations — with and
without milk quota. The program EW (Wolfovd, Wolf, 1996a, b) was used for the calculations. The economic weights
were expressed in crowns per genetic standard deviation (K&/c,). The levels of the economic parameters (milk and beef prices™
or production costs) were decreased and increased by the factor 1.5. Seven models were used for DGB. They differ in (i) the
definition of the trait (models 6 and 7 do not take into account the correlated increase in daily gain (DG) of other cattle
categories, models 2 and 5 include the correlated increase in DG of calves and heifers, and model 1 also of cows), (ii) the
evaluation method for fattening bulls (models 1, 2, 3 and 6 assume constant slaughter age, models 4,'s and 7 constant slaughter
weight), (iii) the breeding strategy for heifers (models 1, 3 and 4 assume constant breeding age, models 2 and 5 constant
breeding weight). For investigating the influence of changes in the trait DGB itself only models 6 and 7 were used. Two
models for LPLC were calculated. Model 1 assumes that all heifers are mated and selected in 1st lactation for milk production.
Model 2 assumes that heifers not needed for replacement are slaughtered before mating. For the CI only one model was used.
The economic weights of all traits were calculated for all models at all parameter levels for both situations — with and without
milk quota, but only substantial results are represented in the figures. The base level of the most important input parameters
is given in Tab. I and the economic weights for this level as well as the genetic standard deviations of the traits are summarized
in Tab. II. The influence of the trait levels on economic weights are expressed in Figs. 1 to 4. The level of DGB has only
a small influence on the economic weights of the investigated traits except the trait DGB itself in model 7 (Fig. 1). The same
holds for CI (Fig. 4). An increase in LPLC decreases the economic weight of this trait, especially in model 1; the other traits
are influenced very little (Fig. 3). Changing MPIL influences the economic weights of all traits except DGB and MPIL
without quota. The reaction of economic weights to changes in economic parameters is shown in Tabs. III to V and Figs. 5
and 6. The milk price is the most important factor for the economic value of milk production in the situation without quota,
with quota the production-factor prices are most essential. CI is influenced mainly by beef prices. The effect of variations in
product prices and costs on the economic weights of LPLC (Tab. V) and DGB (Fig. S and 6) strongly depends on the model
used in the calculation. The economic weight of DG in models 5 and 7 is nearly insensitive to changes in economic parameters,
whereas models | and 3 show the highest sensitivity. It is evident from Tabs. III to V and Figs. 5 and 6 that the underestimation
of economic parameters influences the economic weights more than their overestimation, which corresponds with the findings
of Amer (1995). On the basis of the sensitivity analysis some recommendations for the Czech cattle breeders are given.

cattle; economic weights; sensitivity analysis

ABSTRAKT: Byl analyzovan vliv zmény primérné urovné vlastnosti a cen produkt a nikladi na ekonomické vihy pfirtst-
ku byki ve vykrmu, dojivosti v 1. laktaci, délky mezidobi a doby uZitku krav. Vypocty byly provedeny programem EW podle
riznych modeli pro situaci bez omezeni produkce mléka a pii zavedeni kvét. Z analyzy vyplyvaji tyto zévéry: Rozhodujicim
faktorem ovliviiujicim relativni ekonomicky vyznam vlastnosti je zavedeni kvot pro mnoZstvi mléka. Z ekonomickych para-
metri je pro ekonomickou vahu dojivosti rozhodujici v situaci bez kvoty cena mléka, v situaci s kvotou naklady produkcee,
pro ekonomickou vihu mezidobi pak v obou pfipadech cena masa. U ekonomickych vah doby uZitku krav a pfiristku je vliv
ckonomickych parametrii velmi rozdilny v zévislosti na pouZitych modelech. Vyznamny vliv na relace ekonomickych vah
maji pouze velmi vysoké odchylky skute¢nych cen a nakladii od cen a nakladii predpoklidanych, vy3§i vliv mé pfitom
podhodnoceni téchto parametrii neZ jejich nadhodnoceni. Uroveii uréité vlastnosti ovliviiuje pfedev§im ekonomické vahy
vlastnosti samé; na ekonomické vihy jinych vlastnosti ma jen maly nebo Zadny vliv, a to v zdvislosti na pouZitych modelech.

skot; ekonomické vahy; senzitivni analyza
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UvoD

Jednim ze zdkladnich ukazateld pro hodnoceni
3lechtitelskych programi je jejich ekonomicka efektiv-
nost. Pro vypocet efektivnosti seleknich opatieni je
mimo jiné nutnd i znalost ekonomické hodnoty vSech
vlastnosti, které se maji selekci zlepSovat. Tyto ekono-
mické hodnoty jsou oznaovany jako ekonomické vahy
a vyjadiuji penéZity zisk ze zvySeni genetické drovné
vlastnosti zvifat v celé populaci. Ekonomické vahy
vlastnosti v $lechtitelskych cilich nejsou souborem pfi-
rozené danych konstant. Jsou to proménné zavisejici
piedevsim na vybéru a definici vlastnosti a provoznich
a ekonomickych podminkach chovu Slechténé popula-
ce a na jejich interakcich. Efektivnost selek&nich prog-
ramu i ekonomické Gspé&$nost podniki, v nichZ se se-
lekéni opatfeni realizuji, zavisi tedy ve velké mife na
spravném odhadu trovné téchto faktorl a vlivu odchy-
lek tohoto odhadu od skutenosti na ekonomické vahy
vlastnosti. VétSina praci zabyvajicich se vypoctem eko-
nomickych vah je proto doplnéna o analyzu citlivosti
ekonomickych vah na zmény vnéjsich okolnosti vyroby
a jejich dusledkd na ekonomicky prinos selekce. Stu-
dovany jsou predevsim vlivy limitované produkce mlé-
ka nebo masa (Gibson, 1989) a vlivy tGrovné vlast-
nosti, kvality krmiva a drovné nakladi a cen produkce
(Groen, 1990; Mack, 1995). AvSak i systém chovu
a jeho organizace ovliviiuji ekonomické vahy, a to pie-
dev§im v interakci s Grovni vlastnosti a trznimi pod-
minkami (McArthur, 1987). Systém chovu, ktery je
optimdlni pro danou droveii vlastnosti, se muZe pfi
zméné této urovné ukazat jako suboptimélni (Dek-
kers, 1991).

Wolfova a Wolf (1996a, b) vypracovali pro-
gram pro stanoveni ekonomickych vah u skotu v CR.
Vypodet Ize provést podle riznych modell, odrazeji-
cich rizné systémy chovu a razné definice vlastnosti.
Jednim z kritérii pro rozhodnuti, ktery model zvolit pro
danou konkrétni situaci, muZe byt citlivost ekonomic-
kych vah v jednotlivych modelech na zmény faktora,
které ovliviiuji efektivnost chovu skotu. Cilem této pra-
ce je analyzovat vliv téchto faktort na vysi ekonomic-
kych vah vlastnosti skotu a upozornit na interakce mezi
trovni jednotlivych faktord a zvolenym modelem vy-
poctu pro jednotlivé vlastnosti.

\

MATERIAL A METODA

Ekonomické vahy vlastnosti skotu pro tuto analyzu
byly pocitany programem EW (Wolfova, Wolf,
1996a, b). Vychozi (srovnavaci) hodnoty ekonomic-
kych vah v3ech vlastnosti ve vSech modelech byly vy-
pocteny za pouZiti biologickych, ekonomickych a pro-
voznich parametra pro Cesky strakaty skot, které byly
stanoveny na zdkladé kratkodobé progndzy vyvoje
v chovu skotu v CR (viz vypodtovou variantu 2 —
Wolfova et al., 1994). NejduleZitési z téchto para-
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metru, jejichZ droven byla v analyze ménéna, jsou shr-
nuty v tab. I. Uplny seznam vstupnich parametrii vy-
chozi situace uvadéji Wolfova et al. (1995). Pro
sledovani vlivu zmén parametrd na ekonomické vahy
riznych vlastnosti byly pouZity relativni ekonomické
vahy, které udavaji penéZitou hodnotu zvySeni Grovné
vlastnosti pfi selekci o jednu genetickou smérodatnou
odchylku (c,) a umoZiiuji tak prvni hrubé posouzeni
a srovnani vyznamu jednotlivych vlastnosti pro selekci
(4. sloupec tab. II).

Byly sledoviny reakce ekonomickych vah, vypocte-
nych podle riznych modelt programu EW, na zmény:
— v pramérné trovni dennich pfirtstki ve vykrmu by-

ki (rozmezi 0,8-1,4 kg/den), v urovni dojivosti na

1. laktaci (rozmezi 3 500-7 000 kg), doby uzitku krav

(3,8-5,8 laktaci) a délky mezidobi (320-460 dnu);
— v drovni cen produkti a veSkerych nakladi; postup-

né byly sniZeny a zvy$eny ceny mléka a masa a ves-

keré néaklady vstupujici do vypoctu o faktor 1,5, coz
odpovidéa cca 30% sniZeni a 50% zvySeni puvodni
trovné cen.

Pro demonstraci vlivu zmén parametri na ekono-
mické véhy byla z kazdého komplexu vlastnosti (mléc-
na a masna uZitkovost, reprodukce a zdravi) zvolena
jedna vlastnost:

— prumérny denni piirastek ve vykrmu bykd (modely
1az7)
— dojivost za jednu laktaci s konstantnim obsahem tu-

ku a bilkovin (modely | a 3)

— doba uZitku krav (modely 1 a 2)
— délka mezidobi (jeden model).

Modely pro vypocet ekonomickych vah primérnych
dennich pfirastka byka (PRB) se lisi:

a) v definici vlastnosti — v modelech 6 a 7 ekonomicka
vaha zvySeni PRB nezahrnuje korelované zvyseni
prirastkd u ostatnich kategorii skotu, v modelech 2
az 5 je zahrnuto korelované zvySeni prirastka telat
a jalovic a v modelu 1 i krav;

b) ve zpusobu vykrmu bykd — modely 1, 2, 3 a 6 pied-
pokladaji vykrm byku do konstantniho véku, mode-
ly 4, 5 a 7 do konstantni hmotnosti;

¢) v dobé pfipousténi jalovic — v modelech 1, 3 a 4 se
predpoklada pripousténi jalovic v konstantnim véku,
v modelech 2 a 5 v konstantni hmotnosti.

Modely pro vypocet ekonomickych vah doby uZitku
krav se li8i strategii vyfazovéni jalovic nepotiebnych
k obnové stada. Model 1 predpoklada pripousténi vSech
chovu schopnych jalovic a jejich vyfazeni v 1. laktaci
podle dojivosti, model 2 predpoklada vykrm nadbytec-
nych jalovic.

U dojivosti zahrnuje model 1 situaci bez omezeni
produkce mléka, model 3 limitovanou produkci (zave-
deni kvoty pro mnoZstvi mléka). Zavedeni kvoty ovliv-
fiuje i ekonomické viahy mezidobi a doby uZitku krav,
proto je u kazdého modelu té€chto vlastnosti rozliSen
vypocet pro situaci bez kvoty a s kvotou.

Vliv zmény vySe uvedenych parametrt byl sledovén
ve vSech kombinacich vlastnosti a modelud, pii kvoté
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I. Vychozi iiroveii nékterych vstupnich parametri — Base level of some input parameters

Parametr! Hodnota?
Dojivost v 1. laktaci® 5 100 kg

Priristek byki ve vykrmu® 1,33 kg/den'”
Doba uZitku krav® 4 laktace'®
Délka mezidobi® 380 dnat'”

Cena mléka (3,36 % bilkovin, 4,18 % tuku)’ 6,12 K&/kg
Cena jate&né hmotnosti byku® g 56 Ké/kg

Cena jate¢né hmotnosti krav® 42 Kt/kg

Cena energie v jadrném krmivu pro byky'? 0,42 K&/MJ NE
Cena energie v jadrném krmivu pro kravy'' 0,55 K&/MJ NE
Cena energie v objemném krmivu'2 0,35 K&/MJ NE
Fixni niklady na byky'? 7,30 K&/den
Fixni néklady na kravy'* 25 K&/den
Variabilni pracovni naklady na piristek byku'’ 1,70 K&/kg
Variabilni pracovni niklady na mléko'® 0,66 Ké/kg

'pummeter. 2purm‘netcr value, *milk production in Ist lactation, 4duily gain of bulls in fattening period, slength of production life of cows,
calvinginterval, 7price of milk (3.36% protein and 4.18% fat), "~ price of bull and cow carcasses, resp., 1t 'price of energy in concentrates
for bulls and cows, resp., < price of energy in roughage, 13145 xed costs for bulls and cows, resp., 15- 16y ariable labor cost for gain in bulls

and for milk, resp., '7kg/dny. Blactations, "’days. K& = Czech currency unit

II. Absolutni (v K¢& na jednotku) a relativni (v K¢ na genetickou smérod odchylku) ek ické viahy vybranych vlastnosti v jednotlivych
modelech pro vychozi situaci — Absolute (in K& per unit) and relative (in K& per genetic standard deviation) economic weights for selected
traits in different models for the base situation

3 Ekonomicka viha®
Vlastnost (jednotka)' Smérodzlt(n :";Jdchylkn absolutni® felativiis
(Ké&/jednotku) (K¢/o,)
Dojivost v 1. laktaci (kg)®
— bez kvéty” (model 1) 350 3,13 1 095,5
- s kvétou® (model 3) 2,54 889,0
Délka mezidobi (dny)’
— bez kvoty 7,04 -8,74 -61,5
— s kvétou -9,36 -65.9
Doba uZitku krav (laktace)'"
— bez kvéty — model | 636,6 4024
— model 2 0,632 30,4 19,2
— s kvotou - model 1 486,9 307,5
— model 2 10,4 -6,6
Prirtistek byku (g/den)'!
— model | 0,73 40,2
— model 2 4,07 2239
- model 3 55 1,75 96,3
— model 4 0,74 41,3
— model § 3,06 168,3
— model 6 2,48 136,4
- model 7 1,50 82,5

"trait (unit), %s.tnndurd deviation, >economic weight, ‘absolutg (in K&unit), *relative, *milk production in Ist lactation, "without quota, *with
quota, ‘_'cialving interval (days), lIe:ngl.h of production life of cows (lactations), Ildaily gain of bulls (g/day)

pro produkci mléka i bez kvoty. Pro vétsi piehlednost  ho parametru neovlivni ekonomické vahy nebo u nichZ
vysledki zobrazenych v grafech jsou vSak vynechiny je vliv obdobny jako u ekonomické vahy v grafu zob-
vlastnosti a/nebo modely, u kterych zména sledované-  razené.
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VYSLEDKY
Vliv dirovné vlastnosti na ekonomické vahy

Vliv pramérné trovné piiristki byku ve vykrmu
(PRB) na ekonomické véhy sledovanych vlastnosti za-
chycuje obr. 1. Nejvyraznéjsi je vliv urovné PRB na
ekonomickou vahu téZe vlastnosti v modelu 7; se zvy-
$enim drovné PRB z 0,8 na 1,4 kg/den klesla ekono-
micka viha PRB z 371 na 69 K&/,. V modelu 6 je
zména minimdlni — ze 135 na 136 K¢&/c,,. Nevyrazné se
také zvySuje vyznam mezidobi (zvySuje se absolutni
hodnota jeho ekonomické vahy) a doby uZitku krav
(DUK) v modelu 1, a to obdobné& v situaci bez kvéty
i s kvétou pro mnoZstvi mléka. Na ekonomickou vahu
DUK v modelu 2 mé iroveii PRB vliv pouze pfi kvo6té
pro mnoZstvi mléka. V této situaci se troveii PRB pro-
jevi i v ekonomické vaze dojivosti (model 3), kterd
s rostoucimi pfiristky mirné klesa.

Uroveii dojivosti ma vliv na ekonomické vahy re-
produké&nich vlastnosti v situaci s kvétou i bez kvéty, na
ekonomickou vahu dojivosti pouze v situaci s kvétou
a ekonomické vahy PRB neovliviiuje (obr. 2). Vliv do-
jivosti na ekonomicky vyznam DUK v modelu | zévisi
na modelu u dojivosti. V situaci bez kvéty se ekono-
mickéd vaha DUK s rostouci dojivosti zvySuje, v situaci
s kvétou sniZuje. Ekonomicka vdha DUK v modelu 2
a ekonomicka vdaha mezidobi (DME) klesaji, a to ob-
dobné v situaci bez kvéty (obr. 2) i s kvétou.

Uroveii DUK ovliviiuje ekonomické véhy viech
vlastnosti ve vSech modelech v situaci s kvotou i bez
kvéty (obr. 3). Zmény jsou vSak nepatrné, s vyjimkou
ekonomické vahy DUK, kterd s prodluZzovanim DUK
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12001

10001

ekonomicka vaha
o
s

-200 T T T T T T T T
31 36 41 46 51 56 61 66 71
dojivost (tis. kg)
—&— mezidobi —&— doba uzitku m1 —#— doba uzitku m1Q

—+— doba uzitku m2 —*— dojivost m3 Q

2. Zavislost ekonomickych vah vlastnosti (v K&/6,) na trovni do-
jivosti v . laktaci; ml aZ m3 - pouZity model, Q - kvéta pro
Zstvi mléka - Ei ic weights (in K&/o,) as functions of milk
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I. Zivislost ekonomickych vah vlastnosti (v K¢&/o,) na drovni
pramérnych dennich pfiristkd byku ve vykrmu; m1 aZz m7 — pouZity
model, Q - kvéta pro mnoZstvi mléka — Economic weights (in
K¢/a,) as functions of average daily gain of bulls in fattening period;
ml to m7 - model | to model 7, Q — milk quota

For Figs. | to 4: pfiristek = weight gain, doba uZitku = production
life, mezidobi = calving interval, dojivost = milk production

siln€ klesd v obou modelech jak s kvétou pro mléko,
tak bez ni. Ekonomickd vaha dojivosti v situaci bez
kvoty stoupa do trovné 4,8 laktaci a pak kles4, v situa-
ci s kvétou je ziejma stoupajici tendence..Rovnéz eko-

ekonomicka vaha

400

200

R e N

. 3
—t

200 T r : - -
3,8 4.2 46 5 54 58

doba uzitku krav (podet laktaci)

—»— plirlstek m6  —&— mezidobi

—+— doba uzitku m2 —#— dojivost m1

—&— doba uzitku m1
—*— dojivostm3 Q

3. Zavislost ekonomickych vah vlastnosti (v K&/o,) na dob& uZitku
krav; ml aZ m6 - pouzity model, Q - kvéta pro mnoZstvi mléka —
Ec ic weights (in K&/o,) as functions of the length of produc-

production in Ist lactation; m1 to m3 - model 1 to model 3, Q -
milk quota
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tion life of cows; ml to m6 — model | to model 6, Q — milk quota
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nomické vahy PRB a DME s prodluZovanim DUK ne-
patrné stoupaji.

ProdluZovdni DME sniZuje ekonomické vahy viech
vlastnosti ve viech modelech. Obr. 4 zachycuje situaci

bez kvéty. V situaci s kvétou je pokles ekonomickych
vah vlastnosti obdobny.

Vliv drovné cen produktii a nakladi

Vliv zmén cen masa a mléka a celkovych nakladi
na ekonomické véhy dojivosti, mezidobi a doby uZitku
krav v situaci s kvétou i bez ni je zfejmy z tab. IIl az V.,

Ekonomicka vaha dojivosti je v situaci bez kvoty
(model 1) vzdy vyS8i neZ pii zavedeni kvét produkce
(model 3), s vyjimkou piipadu, kdy je pfi vysokych
nakladech nebo nizkych cendch mléka celkovy ekono-
micky vysledek chovu skotu ziporny. Pfi zavedeni
kvot je ekonomicka vaha dojivosti ovlivnéna i cenou
masa, protoZe pfi zvySeni dojivosti dojde k poklesu
pocétu dojnic a tim i stavi ostatniho jate¢ného skotu.
Rozhodujicim faktorem pro vysi ekonomickych vah
dojivosti bez kvéty jsou ceny mléka, s kvotou pak vyse
ndkladu (tab. III).

Jedté vyraznéjsi vliv maji zmény vSech ekonomic-
kych parametrii na ekonomickou vihu mezidobi (tab.
IV). Rozhodujici jsou pfitom ceny masa, protoZe pfi
prodluZovani mezidobi se sniZuje pocet telat na kravu
a rok. Pfi srovnavéni hodnot uvedenych v tab. IV je
nutné si uvédomit, Ze vyssi zaporné Cislo znamen4 vys-
§i ekonomickou hodnotu mezidobi, protoZe vypocet se
provadi pro zvySeni drovné mezidobi, coZ znameni
zhorSeni vlastnosti. Kladna hodnota v tab. IV, pfi zvy-
Seni nakladi, se objevuje proto, Ze pfi vysokych nikla-

III. Zavislost ekonomické vihy dojivosti na zménich cen produkti a ndkladi v situaci pro produkci mléka bez kvéty a s kvotou — Influences
of changes in product prices and costs on the economic weight of milk production with and without milk quota

o ittt Vstupy? Ekonomické viha v K&/o,2
sniZeni cen o 30 %* vychozi ceny’ zvydeni cen o 50 %°
. 7 ceny masa’ 1 094 1 094
(r:idtvlég ceny miéka'? 563 1094 1 892
veskeré niklady'! 1261 844
ceny masa 1 060 630
S kvotou®
(model 3) ceny mléka 719 888 1 141
veskeré ndklady 589 1337

'milk production, 2inpuls, 3economic weights in K&/o,, *decrease in prices by 30%, Sbase prices, Sincrease in prices by 50%, "without milk

4
quota, Hwith milk quota, “beef prices, milk prices, i

all production costs

V. Zavislost ekonomické vihy mezidobi na zménich cen produktu a nikladu v situaci pro produkci mléka bez kvéty a s kvotou — Influences
of changes in product prices and costs on the economic weight of calving interval with and without milk quota

Ekonomicki viha v K&/o,?

Produkce mléka' Vstupy?
sniZeni cen o 30 %* vychozi ceny® zvyseni cen o S0 %°®

ceny masa’ -7,07 -143,18

Bez kvéty’ ceny mléka'® ~19.91 61,51 -12391
veskeré niklady'! -137,05 +4,34
ceny masa -7,85 -152,97

S kvétou® ceny mléka ~16,56 -65,90 ~139,90
veskeré ndklady -151,31 -153,65

For 1-11 see Tab. III
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V. Zévislost ekonomické vihy doby uZitku krav na zméndch cen produktu a nikladt v situaci pro produkei mléka bez kvoty a s kvotou —
Influences of changes in product prices and costs on the economic weight of the length of production life of cows with and without milk

quota

o :1%::"(“ Vstupy? s : Ekonomickzi \i;’\hu VSKEIO',," s .
sniZeni cen 0 30 % vychozi ceny’ zvydeni cen o 50 %

ceny masa’ 353,90 475,12

bez kvéty’ ceny mléka'" 326,85 402,39 515,70

| veskeré naklady!' 392,29 417,55

ceny masa 338,28 261,23

s kvétou® ceny mléka 398,90 307,47 170,30

veskeré niklady 82,70 644,59

ceny masa 60,97 43,44

bez kvéty ceny mléka 234,28 19,20 -303,41

2 veskeré naklady —244,04 414,07

ceny masa 56,72 -101,64

s kvétou ceny mléka 253,89 -6,63 -397,41

veskeré naklady -328,28 475,85

For 1-11 see Tab. IIT

dech je chov skotu jako celek ztratovy a sniZeni poétu
telat pfi prodlouZeni mezidobi vlastné tuto ztratu sni-
Zuje.

Vliv ekonomickych parametri na ekonomickou va-
hu doby uzitku krav (DUK) je vyrazné ovlivnén volbou
modell i kvotaci produkce mléka (tab. V). V modelu 1
ovliviiuji nejvyrazné&ji ekonomickou vahu DUK v situ-
aci bez kvoty ceny mléka a v situaci s kvotou naklady.
V modelu 2 jsou rozhodujicim faktorem naklady vy-
roby.

Obr. 5 a 6 zachycuji vliv zmén v cenich masa
a v nakladech na ekonomickou vahu prirastku byku
(PRB) v interakci s pouZitym modelem vypo&tu. Nej-
méné citlivd na zmény ekonomickych parametri je
ekonomicka vaha PRB v modelech 5 a 7 (vykrm do
konstantni hmotnosti) a pfi zménach nékladu také
v modelu 6 (bez zahrnuti ostatnich kategorii skotu).
Nejcitlivéjsi je ekonomickda vaha PRB v modelech
1 a 3, které pocitaji s korelovanym zvySenim hmotnos-
ti jalovic a krav. Pfi vysokych ndkladech nebo nizkych
cendch masa nevyrovnd vy3§i piijem za jate¢na zvitata
zvySeni nakladu na krmiva pro rust a zachovnou davku
a ekonomicka vaha PRB je v tomto pfipadé zaporna.

DISKUSE
Zmény v tdrovni vlastnosti

Uroveil vlastnosti zvifat ovliviiuje nejvice ekono-
mickou védhu vlastnosti samé, méné pak ekonomické
véhy ostatnich vlastnosti.

Uroveii dojivosti nemé vliv na ekonomické vahy
vlastnosti masné uZitkovosti a v situaci bez kvéty ani
na ekonomické vihy dojivosti, coZ koresponduje s vy-
sledky autori Munoz-Luna et al. (1988).
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Bobner (1994) naproti tomu uvadi pokles ekonomic-
ké vahy dojivosti se zvySovanim urovné dojivosti, coZ
vysvétluje zvySenym podilem jadrného krmiva, vyssi
cenou jalovic na obnovu stada a zvy$enymi naklady na
zvérolékare a inseminace. V naSem modelu jsou inse-
minacni ndklady zohlednény pfi vypoctu ekonomic-
kych vah mezidobi a zvySeni dojivosti je kryto pouze
jadrnymi krmivy, a to jak pfi niZ§i, tak pfi vyssi uZit-
kovosti. Je viak pravdou, Ze jina skladba jadrného kr-
miva pii vy$§i uZitkovosti miZe zvySit cenu energie
v jadrném krmivu. Toto zvy$eni ceny je moZné zohled-
nit zménou odpovidajicich vstupnich parametra. S na-
ristem dojivosti se nepatrné zvySuje ekonomicka viha
doby uzitku krav a zvySuje se ztrata pii prodluZovani
mezidobi, coz odpovida vysledkim, které uvadi
Bobner (1994) nebo Boichard (1990). Vysledky
analyzy v situaci s limitovanou produkci mléka jsou
shodné s vysledky autort Bekman, Van Aren-
donk (1993)a Groen (1989, 1990).

Uroveii doby uZitku krav (DUK) ovliviiuje ekono-
mické vahy vSech vlastnosti. S prodluZovanim DUK
klesa silné ekonomicka vaha této vlastnosti. Obdobny
vysledek ziskal ve své analyze Bobner (1994). Pri
nizké DUK je vysoky podil dojnic na prvych laktacich,
kdy neni dosahovana maximalni uZitkovost. ZvySenim
DUK se zvysuje podil krav na vysSich laktacich s ma-
ximalni drovni dojivosti. Po dosaZeni optimalni vékové
struktury stdda s maximalni ro¢ni uZitkovosti prinasi
sice dalsi prodlouzeni DUK uspory nakladi na obnovu
stdda, primérna dojivost stada se v3ak jiZ sniZuje, ¢imz
klesa celkovy pfinos prodlouzeni DUK.

Uroveii délky mezidobi (DME) ovliviiuje rovnéz
ekonomické véhy v3ech vlastnesti. Se stoupajici DME
klesa ekonomicka viaha sledovanych vlastnosti. V lite-
ratufe je nékdy misto DME uZivdna pro hodnoceni re-
produkce krav délka servis periody (SP) nebo podil
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5. Zavislost ekonomické vihy pfiristku byku ve vykrmu (v K&/o,)
v riznych modelech na cendch masa — Economic weight of daily
gain of bulls (in K&/o,) as a function of beef prices for different
models

ceny masa = meat prices, vychozi ceny masa = base meat prices

zabfezavani krav. Kazdé prodlouZeni SP nebo zhorSeni
zabfezavani prodluZuje zdroveii DME. Analyzy citli-
vosti ekonomickych vah téchto vlastnosti na zmény
primérné trovné jsou proto u viech tii vlastnosti srov-
natelné. Strandberg a Oltenacu (1989) uvadé-
ji témér linedrni pokles ekonomické vahy SP s prodlu-
Zovanim pramérné drovné této vlastnosti. Také
ekonomickd védha podilu zabiezlych krav je nejvyssi pii
nejnizsi urovni zabfezdvani (Boichard, 1990).
Holman et al. (1984) uvadéji jako optimalni DME
13 mésica (395 dnua). ZvySovani i snizovani DME nad
a pod toto optimum pfinasi pokles zisku, tj. ekonomic-
ka viha DME do 13 mésica DME stoupa a nad 13
mésict klesd. Ekonomicka viha je vSak zde definovana
pouze jako rozdil trzeb za mléko a ndkladi na krmiva,
a je proto kladna. Pfi zahrnuti ztrat v disledku mensiho
poctu telat narozenych za rok pfi prodlouzeni DME je
ekonomickd vidha DME zaporna a s rastem pramérné
DME klesé (obr. 4). Rovnéz Zeddies (1994) uvadi
pokles ekonomické viahy mezidobi pii zvySovani Grov-
né DME v rozmezi 335 az 455 dni. Pouze pfi nizké
cené telat a nezahrnuti pracovnich nakladu je optimalni
DME 12 aZ 13 mésici a zména DME v obou smérech
prinasi ztratu.

Vliv primérné trovné pfiristkd bykd (PRB) na eko-
nomické vahy ostatnich vlastnosti piisobi pres strukturu
stada, tj. pres pocCty jateCnych zvifat. Jestlize pii zvy-
Sovéni drovné vlastnosti dochdzi ke zvy$eni poétu ja-
te¢nych zvitat, zvySuje se ekonomicka vaha téchto
vlastnosti s vyS$8i drovni piirdstki (DUK model 1),
a naopak dochazi-li k sniZovani stavil jate¢ného skotu,
ekonomicka vaha klesa (dojivost model 3, DME) —
obr. 1. Vliv drovné PRB na ekonomickou vihu vlast-
nosti samé silné zavisi na modelu. Munoz-Luna et
al. (1988) uvadgji vzrust ekonomické vdhy PRB pfi
zvySovani Grovné PRB a konstantnim véku pfi porazce,
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ndklady = costs, vychozi niklady = base costs

coZz odpovida naSim vysledkim v modelu 6 (obr. I).
Bekman a Van Arendonk (1993) naproti to-
mu udévaji pokles ekonomické vihy PRB se zvySova-
nim drovné této vlastnosti. Tito autofi v8ak pocitaji
s porazkou byki v konstantni hmotnosti. Jejich vysled-
ky tedy rovnéZ odpovidaji na$im tddajim v modelu 7
(obr. 1).

Zmény ekonomickych podminek chovu

Velka pozornost je v literatufe vénovana vlivu re-
strikce produkce mléka, tuku, masa aj. na ekonomické
vahy vlastnosti mlécné a masné uZitkovosti (Gibson,
1989; Groen, 1989; Harris, Freeman, 1993).
VSichni tito autofi se shoduji v tom, Ze zavedeni limitu
produkce mé vzdy velmi vyrazny vliv na ekonomické
vahy vlastnosti, ke kterym se restrikce vztahuje. Limit
produkce mléka sniZuje ekonomickou vahu vlastnosti
mlécné uzitkovosti (mléka, tuku, bilkovin), limit pro-
dukce masa ekonomickou véhu vlastnosti masné uZit-
kovosti, pokud dochézi pfi zvySeni Grovné vlastnosti
k zvySeni jatecné hmotnosti zvifat. Stejné vysledky by-
ly zjiStény i v na$i analyze vlivu zavedeni kvéty pro
produkci mléka (tab. III). SniZuje se v8ak i ekonomicka
viha DUK a DME, protoZe pfi zvy$ovani Grovné téch-
to vlastnosti roste prumérna ro¢ni produkce mléka.
Harris a Freeman (1993) naopak uvadéji zvyse-
ni ekonomické vihy DUK pfi zavedeni kvét pro mléko
nebo mléény tuk. Divodem je to, Ze tito autofi zapoci-
tavaji do ekonomické vihy roc¢ni selekéni zisk z dané-
ho selekéniho programu. ProdlouZeni DU sniZuje ob-
ménu stida mladymi jalovicemi s geneticky vy3§i
urovni dojivosti a sniZuje tim selekéni zisk. V naSem
modelu se s timto selekénim ziskem nepocitd, zahrnuje
se viak selek¢ni zisk ze selekce ve stidé (zamérnd se-
lekce prvotelek), ktery se se zvySovanim DUK zvySuje,
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coZ ma za nasledek vyssi pramérnou rocni dojivost, kterd
neni pii zavedeni kvoty Zadouci (DUK model 1 — tab. V).

Zmény cen mléka neovliviiuji ekonomické vihy
vlastnosti masné uZitkovosti, zatimco ceny masa nema-
ji vliv na ekonomické vahy mlécné uzitkovosti pouze
v situaci bez kvoty pro produkci mléka (tab. III). Pri
omezené produkci vstupuje do vypoétu ekonomickych
vah dojivosti i zisk z jatenych zvirat. Lze tedy souhla-
sit s nazorem autora Groen (1989), Ze zavedeni li-
mitd produkce zvySuje citlivost ekonomickych vah na
zmény ekonomickych parametria. Ekonomicka viha
DUK v modelu 1 je vice ovlivnéna zménami cen pro-
dukce nez zménami veskerych nakladu (tab. V). V mo-
delu 2, kdy ma DUK pro puvodni cenovou situaci
vzhledem k modelu 1 téméf nulovou ekonomickou va-
hu (tj. vykrm nadbyteénych jalovic je mén& vyhodny
nez selekce jalovic v 1. laktaci), se situace zméni pfi
poklesu nebo néristu cen produkti i nakladi. Pri sni-
Zeni cen masa nebo mléka, nebo pfi zvySeni nakladi
do té miry, Ze zisk z celkového obratu stada je zaporny,
zvysi se vyrazné ekonomickd vdha DUK v modelu 2.
RovnéZ ekonomickad vdha DME, ktera je pfi ziskovém
chovu skotu zaporna, se pfi ztratovém hospodareni mé-
ni v kladnou a ekonomicka vaha dojivosti v modelu 3
(systém kvot) prevysi ekonomickou vahu dojivosti
v modelu 1 (bez kvét) — tab. III a IV. Tyto hodnoty
ekonomickych vah DUK v modelu 2, dojivosti v mo-
delu 3 a DME vsak jsou nesmyslné a nepouZzitelné pro
$lechténi. Ekonomické véhy vlastnosti, do jejichZ vy-
poctu vstupuje celkovy zisk ze stada, lze tedy smyslu-
plné pocitat pouze pii kladném ekonomickém vysledku
chovu skotu.

Zpusob vypoctu ekonomickych vah, reprezentovany
riznymi modely, ovliviiuje tedy i pusobeni dalSich fak-
tor na tyto vdhy. Podrobnéji byly interakce modelt
a ekonomickych parametri zkoumany u ekonomické
vahy PRB (obr. 5 a 6). Ponévadz relativni podil trzeb
a nakladi na ekonomické viaze PRB je v jednotlivych
modelech rizny, reaguji ekonomické vihy PRB v kaz-
dém modelu jinak na zmény cen masa i na zmény na-
kladi. Bekman a Van Arendonk (1993) uva-
déji narust ekonomické vahy PRB se zvySovanim
nédkladd. Jejich metoda vypoctu odpovidd naSemu mo-
delu 7, ve kterém ekonomicka vdaha PRB se zvySova-
nim naklad rovnéz stoupa (obr. 6).

VyuZiti vysledki analyzy pro konkrétni vypocet
ekonomickych vah pouzitim programu EW

Ekonomické vihy neboli ekonomicky vyznam celé-
ho souboru vlastnosti zvirat pro selek¢ni ucely lze sta-
novit pouze za piedpokladu, Ze chov skotu jako celek
neni ztratovy.

V dusledku dlouhého genera¢niho intervalu skotu je
potfeba odhadnout alespofi rimcové budouci ekono-
mické podminky. Nejdulezitéjsi je pfitom predvidat za-
vedeni regulacnich opatfeni statu (zavedeni kvét pro-
dukce). V EU je systém kvotace mléka zaveden uz
dlouho, o jeho u¢innosti a smysluplnosti se vSak stéle
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vedou diskuse a neni zcela vylouceno, Ze bude pfikro-
¢eno k jeho zruSeni. Za této situace lze zatim doporucit
vypocet ekonomickych vah vlastnosti mlééné uZitko-
vosti podle modeli bez kvéty.

Na zakladé nasi analyzy i vysledku z literatury lze
souhlasit s nizorem vétSiny autord, Ze pouze velmi vy-
soké odchylky skute€nych cen a ndkladi od cen pied-
pokladanych maji prikazny vliv na vysi ekonomickych
vah. Jak uvadi Groen (1990), neni nutné se obavat
sniZzeni u¢innosti selekce podle ekonomickych seleké-
nich indext, pohybuji-li se chyby v odhadu budouci
trovné ekonomickych parametri v rozsahu do 20 %.
Podle autora Amer (1995) je pfitom lépe parametry
a ekonomické vahy nadhodnotit neZ podhodnotit. Stej-
nomérny narast cen produktid i nakladd pfi zachovani
jejich vzajemnych relaci pak nema Zadny vliv na rela-
tivni ekonomické vahy.

Vyznamny vliv na ekonomické vahy ma systém cho-
vu — napf. zpisob vykrmu, strategie pfipafovani a vy-
fazovani jalovic a krav apod. Je proto nutné optimali-
zovat obrat stida a systém chovu tak, aby za
pfedpokladanych ekonomickych podminek pfinéasel
chov skotu maximalni zisk. Za podminek pouZitych
v této studii je napf. vhodné pouZit pro vypocet ekono-
mickych vah doby uZitku krav model 1, tj. pfi snizova-
ni nucené brakace krav zvysit selekci podle dojivosti.
Vybér modelu u pfirtstku byku zavisi na nékolika
okolnostech. Za predpokladu dal§iho sniZovani stavu
krav a tim i produkce hovéziho masa miZe byt Zadouci
vykrm do vysS§ich porazkovych hmotnosti. Pro stano-
veni ekonomického pfinosu zvySeni pfiristki je pak
nejvhodnéjsi model 3 (vykrm do konstantniho véku),
ve kterém je ekonomickd viha také milo zavisla na
prumérné drovni prirastku. Pfi vét§im rozsifeni chovu
masného skotu bude nutné pro zajisténi konku-
renceschopnosti masa byku dojnych a kombinovanych
plemen provadét vykrm do optimalni jatecné hmotnosti
a pii dosahovani vySSich prirastka zkracovat dobu vy-
krmu. V tomto pfipadé bude vhodnéjsi pouZit pro vy-
pocet ekonomické vahy prirastku model 4, nebo, pri
soucasném intenzivnim odchovu jalovic, i model 5.
Model 6 (pro prvni situaci) a 7 (pro druhou situaci) lze
pouZit pouze tehdy, hodnoti-li se pfirstky (nebo hmot-
nost) sam¢i a samiéi populace skotu jako samostatné
vlastnosti a jsou pro obé pohlavi zafazeny do §lechti-
telskych cila. Pfi pouziti modelti 4 a 7 je nutné spravné
odhadnout budouci primérnou droven pfirtstkid v po-
pulaci, ponévadZ tyto modely jsou na tento parametr
velmi citlivé.
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Z VEDECKEHO ZIVOTA

SEDMDESAT LET ZVELEBOVACICH AKCI V CHOVU

PRASAT

U piileZitosti sedmdesati let zavedeni kontroly uZit-
kovosti probéhl 30. fijna 1996 v Ceskych Bud&jovicich
odborny seminai' ,,Vykonny genofond, kvalifikovany
management, dobry zdravotni stav a cilevédoma vyZiva
v chovu prasat*. Usporadala ho katedra specialni zoo-
techniky JihoCeské univerzity ve spoluprici s Domem
techniky a Svazem chovateld prasat v Cechich a na
Moravé a dal§imi organizacemi.

Celkem 175 tucastnika ze vSech sfér, které maji
vztah k chovu prasat, bylo seznimeno s nidvrhem na
dotaéni tituly, s postupem praci na novele zdkona
o plemenitbé hospodafskych zvifat a s principy zakona
o krmivech a se zménami souvisejicimi s jeho zavede-
nim.

Jednim z bloka seminafe bylo hodnoceni zdravotni
situace v chovu prasat, ktera neni pfizniva. Nékteré ne-
dostatky, jako nedodrZovani turnusl, $patnd asanace
stdji, Setfeni na veterinarni péci, neporadek v oznaco-
vani zvifat apod., vedou k postupnému zhorSovani
zdravotniho stavu prasat s dopadem na uZitkovost
v uZitkovych chovech.

Chovatelé prasat byli seznameni také se zvySenym
vyskytem parazitarnich onemocnéni a prevenci proti
nim.

Se zdjmem vyslechli Gastnici seminafe pfednasky
nasich pfednich odbornikii o dspé&Sné aplikaci metod
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molekularni genetiky v naSich chovech a modernizaci
Slechtitelskych programi, moderni poznatky o hodno-
ceni jate¢né hodnoty vcetné doporuceni vhodnych
kombinaci finalnich hybridt na regiondlni Grovni. Ten-
to blok doplnila kompletni pfednaska zastupce bavor-
ského svazu chovateli prasat o chovatelskych postu-
pech v SRN, véetné vybudované vertikdly pro vyrobu
vepiového masa a zkuSenosti s objektivni klasifikaci.

Nejvétsi pozornost vénovalo shromazdéni aktualnim
otizkam reprodukce prasat zaméfenym zejména na
chyby, kterych se sou¢asna praxe dopousti s piihlédnu-
tim k laktaci prasnic, odstavu selat, dlouhovékosti pras-
nic, obratu stada a dopadim do ekonomiky.

Chovatelé, plemendri, veterinafi, vyzkumni pracov-
nici a studenti si pfipomnéli vyvoj chovu prasat a mi-
moradné usili, které nasi pfedchadci vénovali zvelebo-
vacim akcim v chovu prasat, od pfihonu bagount na
naSe izemi aZ po moderni selekéni programy zaloZené
na vyuZiti genetiky pro produkci finalnich hybridd.

Jednani znovu prokazalo, Ze chov prasat ma v nasi
republice dlouhodobé a mimofriddné bohaté tradice.
V prubéhu fady generaci vyrostli z nafich zemé&dg&lct
velmi dobfi a ve svété uznavani chovatelé. Jejich chovy
vynikaly a budi pozornost nejen koncentraci a intenzi-
tou vyroby, ale pfedevSim vyspélosti plemenarské
préce.

Prof. Ing. Vdclav Matousek, DrSc.
JihocCeskd Univerzita, Zemédélskd fakulta, Ceské Budéjovice
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VLIV EVAPORACNIHO OCHLAZOVANI

NA TERMOREGULACNI FUNKCE JALOVIC
DLOUHODOBE USTAJENYCH V RUZNYCH TEPLOTNICH
A VLHKOSTNICH PODMINKACH PROSTREDI

EFFECT OF EVAPORATIVE COOLING PROCEDURE
ON THE THERMOREGULATION FUNCTIONS OF HEIFERS RAISED
IN DIFFERENT TEMPERATURE AND HUMIDITY CONDITIONS

Z. Novy', I. Knizkov4®, M. Cerny', P. Kunc?, F. Jilek', S. Barldkov4'

'Czech University of Agriculture, Faculty of Agronomy, Praha, Czech Republic
2Re‘search Institute of Animal Production, Praha-Uh¥inéves, Czech Republic

ABSTRACT: The aim of this experiment was to verify the effect of evaporative cooling procedure (ECP) at the temperatures
above 25 °C on the organism of heifers reared in three different temperature and humidity conditions of environment and to
determinate how long one minute of ECP has a positive response of the thermoregulation functions of heifers. Three groups
of heifers (crossbreds of Czech Pied cattle with Holstein-Friesian) were observed. First group was housed at the temperatures
above 27 °C and had been accustomed to an ECP for the period of one month. Second group was kept under the same
temperature conditions with no ECP. Third group was stanchioned at the temperatures around 14 °C and were transferred to
the barn with the temperature above 27 °C one hour before measurement. Changes of respiration rate and volume, oxygen
consumption, production and flow of heat, pulmonary ventilation before, during and after ECP were measured in all the
heifers. Heifers exposed and accustomed to ECP for a long time when housed at temperatures above 27 °C responded
positively during and after ECP in all the observed respiratory functions and heat production. The ratio of the heat flow by
respiration to the total heat flow decreased, the heat loss was mostly by passive flow through the mist particles. One minute
of sprinkling positively affected thermoregulative functions of an organism for 20-25 minutes. In heifers reared at the high
temperatures without ECP the response was positive — to the first sprinkling — in all observed functions just for a short period.
Heifers long-term reared at the air temperatures about 14 °C and suddenly transferred to the environment with the temperatures
above 27 °C reacted to ECP by turning on chemical thermoregulation. The sudden changes of air temperatures and humidity
caused heat stress in heifers, which is percetible from the sudden changes of the observed physiological functions. It can be
claimed that ECP is profitable to perform regularly during the whole summer period in a mild zone also in young cattle of
milk or combined breeds because ECP positively stimulates physiological functions of an organism, which is in relation with
the welfare of animals, health condition and production of animals.

heifers; thermoregulatory functions; high temperature; water evaporative cooling

ABSTRAKT: Cilem price bylo ovéfit vliv evaporaéniho ochlazovini pfi teplotich vzduchu nad 25 °C na organismus jalovic
dlouhodobé chovanych ve tfech riznych teplotnich a vlhkostnich podminkéach prostiedi a zjistit, po jaky nasledny Casovy
tsek ovliviiuje pozitivné jedna minuta evaporacniho ochlazovini termoregulaéni funkce jalovic. Byly sledovany tfi skupiny
jalovic-kiiZenek Eeského strakatého skotu s hol3tynskym skotem. Prvni skupina byla ustdjena pfi teplotich nad 27 °C a mésic
navykdna na evaporacni ochlazovani. Druha skupina byla chovina pfi stejnych teplotnich podminkéch, ale bez ochlazovani.
Treti skupina byla ustajena pfi teplotach okolo 14 °C a hodinu pfed méfenim pfevedena do stdje s teplotou vzduchu nad
27 °C. U jalovic byly sledovany pied evaporaénim ochlazovanim, v jeho pribéhu a po ném zmény frekvence a hloubky
dechu, ventilace plic, spotieba kysliku, produkce a vydej tepla. Jalovice dlouhodobé piizpisobené pravidelnému evaporanimu
ochlazovani pfi teplotich nad 27 °C reagovaly pozitivné na roseni v prib&hu méfeni ve vSech sledovanych respiraénich
funkcich a v produkei tepla (pokles frekvence dechu o 11,2 dechi/min, zvy$eni hloubky dechu aZ o 8,11 ml/kg/dech a pokles
ventilace plic-aZ o 47 ml/kg/min; P < 0,05). Pomér vydeje tepla dychanim k celkovému vydeji tepla poklesl, teplo bylo
odvadéno ve vétsi mife pasivnim vydejem pfes mlZné &astice. U t&€chto jalovic jedna minuta roseni ovliviiovala kladng
termoregulaéni funkce organismu po dobu 20 az 25 minut. U jalovic chovanych pfi vysokych teplotich vzduchu bez evapo-
raéniho ochlazovéni byla reakce na prvni roseni kladna ve viech sledovanych funkcich, ale po velmi kratkou dobu. V priméru
se po 10 minutdch hodnoty vrétily na droveii pfed ochlazenim. Pokles frekvence dechu &inil 6,5 dechii/min, hloubka dechu
se zvySila 0 0,91 ml/kg/dech. Tyto hodnoty byly statisticky nevyznamné (P > 0,05). Jalovice dlouhodob& chované pfi teplotéch
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vzduchu v ramci termoneutrdlni zény a pfevedené do prostiedi s teplotami nad 27 °C reagovaly na evaporacni ochlazeni
ndhlym zapojenim chemické termoregulace. Nahlé zmény teploty a vlhkosti vzduchu u jalovic vyvolaly tepelnéstresovou
reakci, ktera je patrnd z nahlych zmén sledovanych fyziologickych funkci. Po celkovém vyhodnoceni pokusu lze konstatovat,
%e evapora¢ni ochlazovani je vyhodné aplikovat pravidelné v pribéhu celého letniho obdobi v mirném pasmu i u mladého
skotu dojnych nebo kombinovanych plemen, nebof pozitivné stimuluje fyziologické funkce organismu, které jsou ve vztahu
k celkové pohodg zvifat, k zdravotnimu stavu a k produkci zvifat.

jalovice; termoregulaéni funkce; vysoké teploty vzduchu; evaporaéni ochlazovani

UvVoD

Tepelny stres vieobecn& sniZuje produkci mléka
a pfijem krmiva a naruSuje zdravotni stav chovanych
zvifat (Shearer, 1991). Rada autort rovn&Z uvadi, z¢
pii nartstu teploty vzduchu nad 25 °C dochazi ke zvy-
Seni frekvence tepu, rektdlni teploty, ventilace plic
a frekvence dechu pfi sou¢asném poklesu hloubky de-
chu a produkce tepla (Bukvaj, 1986; Terada et
al.,, 1988; Schrama, 1995; Chikamune, Shi-
mizu, 1983).

Ve svété jsou stile hledany vhodné a nenaro¢né me-
tody eliminace negativnich uinkd vysokych teplot
vzduchu na organismus zvitat, zejména dojnic. Jako
nejlepsi metoda této eliminace se podle dosavadnich
vyzkumi ukazuje evaporaéni ochlazovani zvifat (Chi -
kamune, Schimizu, 1983). i

Pozitivni ucinek evaporacniho ochlazovini na zmé-
nu rektdlni teploty a respiraénich funkci u dojnic po-
psal Basset (1986). K podobnym zavérim dospéli
Terada et al. (1988) pfi sledovani frekvence dechu,
rektalni teploty, tepové frekvence a povrchové teploty
kiZe u voli holStynského plemene. Pozitivné pusobi
evapora¢ni ochlazovéni pfi vysokych teplotich prostie-
di rovnéZ na pokles rektélni teploty u telat (Okamo-
to et al., 1983) a na zmény povrchové teploty téla
jalovic (KniZkova et al,, 1995). Celkové pozitivni
efekt evaporaéniho ochlazovéni na organismus skotu
popsal Dolej§ (1995).

Mezi zékladni fyziologické funkce charakterizujici
termoregulacni reakci organismu naleZi respiracni
funkce — spotieba kysliku, frekvence dechu, hloubka
dechu, ventilace plic, produkce a vydej tepla z organis-
mu. Na zakladé komplexniho vyhodnoceni zmén téchto
funkci v prib&hu a po roseni zvifat lze usuzovat na
celkovou efektivnost této eliminaéni metody.

Cilem prace bylo ovéfit pisobeni evaporacniho
ochlazovéani na funkéni a asovou dynamiku zmén
spotieby kysliku, produkce tepla, vydeje tepla dycha-
nim, frekvence dechu, hloubky dechu a ventilace plic
u jalovic dlouhodobé chovanych v ruznych teplotnich
a vlhkostnich podminkach okolniho prostiedi.

MATERIAL A METODA
Vliv evapora¢niho ochlazovani byl sledovan u 12

jalovic-kiiZenek Ceského strakatého skotu s holdtyn-
skym skotem, rozdélenych po Ctyfech zviratech do tfi
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skupin. KaZda skupina byla ustdjena samostatné ve vol-
nych stlanych kotcich a v rozdilnych mikroklimatic-
kych podminkach.

1. skupina

Skupina sestdvala z jalovic o primérné télesné
hmotnosti 214 * 18 kg a prumérného véku 263 +
10 dnt, byla ustdjena v experimentélni stdji s fizenym
klimatem, které je upravovéno s vyuZitim klimatiza&ni-
ho zafizeni od firmy CLIMACO, pfi teplotach vzduchu
nad 27 °C. Jalovice byly v prub&hu jednoho mésice
predchézejiciho vlastnimu méfeni pfivykdny pravidel-
nému evapora¢nimu ochlazovéni, pfi kterém byly rose-
ny v 30minutovych intervalech po dobu jedné minuty.
V prubéhu vlastniho pokusu byla teplota vzduchu ve
staji 31 + 3 °C, proudéni vzduchu do 0,5 m.s~' arela-
tivni vlhkost vzduchu se pohybovala mezi 65 a 74 %.

I1. skupina

Tato skupina byla vytvofena z jalovic o primérné
hmotnosti 235 + 10 kg a primérném véku 262 + 6 dni
a ustdjena rovnéZ v ,teplé sekci® klimatizované stéje
pii teplotich nad 27 °C. Na rozdil od prvni skupiny
vSak zvifata nebyla navykéana na evaporacni ochlazova-
ni. Méfeni probihalo pfi teploté vzduchu 31,4 + 0,4 °C,
proudéni vzduchu bylo do 0,5 m.s~ a relativni vihkosti
vzduchu 68 az 79 %.

II1. skupina

Jalovice tieti skupiny, ve véku 262 = 7 dnu a o pri-
mérné hmotnosti 235 * 10 kg, byly ustdjeny pfi teplo-
tach okolo 14 °C. Hodinu pfed méfenim a evaporanim
ochlazenim byla sledovani zvifata pfevedena do ,teplé
sekce® klimatizované staje s teplotou vzduchu 31,7 +
0,3 °C, proudénim vzduchu do 0,5 m.s™ a s relativni
vlhkosti vzduchu 62 aZ 68 %.

Ochlazovaci zafizeni sestdvalo z nosného rdmu,
vodniho filtru, fidici jednotky s infradidlem a teplomé-
rem a skldp&ciho ramene s tryskami. Zafizeni bylo
umisténo piiblizné 1 m nad télem zvifete tak, aby byla
ochlazovéina nejteplejsi partie na téle jalovic — zad
s bo¢nimi partiemi.

Pro jalovice v3ech tii skupin byla zpracovana jed-
notnd krmné ddvka pro pfedpoklddanou uZitkovost
700 g primérného denniho piirtstku na kus. Krmna
davka byla sestavena z luéniho sena, kukufi¢né silaze
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a z jadrné smési COT. Pokusnd zvifata byla krmena
dvakrét denné.

U v3ech pokusnych zvirat byly pred sprchovanim po
dobu 5 minut méfeny vybrané termoregulacni funkce,
poté byla zvifata 1 minutu ochlazovdna a méfena. Na-
sledujicich 24 minut byly opét snimany zmény termo-
reguladnich funkci. Pfi méfeni byla zvifata fixovana.
Zmény respiracnich funkci (frekvence a hloubka de-
chu, ventilace plic a spotfeba kysliku) byly snimény
ergospirometrem OXYCON-4 (Mijnhardt) s vyuZitim
maskové metody. Principem maskové metody je pouzi-
ti specialné upravené masky, ktera je nasazena na ob-
licejovou &ast hlavy a utésnéna tak, aby dochézelo
k vyméné& plynt pouze mezi dstni a nosni dutinou a ha-
dici, ktera spojuje masku s méficim pfistrojem. Hodno-
ceni zadanych funkci provadél pfistroj automaticky
v minutovych intervalech. Vestavény mikroprocesor
provadél prepocet naméfenych hodnot na teplotu 0 °C
a atmosféricky tlak 101,3 kPa. Zaroven byly sledovany
mikroklimatické ukazatele prostiedi. Teplota vzduchu
a relativni vlhkost vzduchu byly zji§tovany kontinudl-
né v prub&hu celého obdobi sledovéni tfikrat za den
teplotnim a vlhkostnim ¢idlem umisténym ve stéji, od-
kud se hodnoty prenasely do pocitace. V dob& méreni
respiracnich funkci byly teplota vzduchu a relativni
vlhkost méfeny jesté digitalnim teplomérem v Zivotni
z6né zvirat.

Produkce tepla byla vypocitana ze spotieby kysliku
podle vzorce:

PQ=5p0,.EE.60/m [Kikg'h™']

kde: SpO2 - spotieba kysliku v Lmin~
EE - energeticky ekvivalent odecteny z Oxyconu 4
m — hmotnost zvifat v kg

Vydej tepla dychanim byl vypocitan podle vzorce:

WQD = WQDn + WODv  [Kl.kg™'.h™")

kde: WQDn - vydej tepla nahfivanim vdechovaného vzduchu
WQODv - vydej tepla vyparem do vdechovaného vzduchu

WQDn = (38-1).1,2853.VP.60)/1000.m

kde: 1 - teplota vdechovaného vzduchu
VP - ventilace plic v Lmin™"
m - Zivd hmotnost zvifete v kg

WQDv = (36,8 - g) . 2,257 . 1,25 . VP . 60) / 1 000 . m

kde: g — skutetné mnoZstvi vodnich par v g v 1 kg vdechovaného
vzduchu pfi dané teploté a absolutni vlhkosti

Naméfené hodnoty byly zpracovany zakladnimi sta-
tistickymi metodami: aritmetickym primérem a sméro-
datnou odchylkou, pro vyhodnoceni statistickych roz-
dilad bylo pouZito Studentova r-testu (program
STATGRAPHICS).

VYSLEDKY A DISKUSE
Frekvence dechu — FD (tab. I az III, obr. 1)

Pfed mlZenim byla FD zvySena u vSech t¥i skupin
jalovic. V prub&hu mlZeni a do jedné minuty po skon-

Ceni ochlazovani do§lo u vSech tii skupin k vyraznému
poklesu FD. MuZeme konstatovat, Ze u vSech 12 sledo-

50.0

dech . min-1

6.-10. 11.-15.

16. - 20. 21.-25. 26. - 30.

minuty méfeni

[il, skupina BII. skupina OIll. skupina

1. Primérné hodnoty frekvence dechu u sledovanych skupin jalovic — The average breathing rate in the observed groups of heifers in the

measuring time

For Figs. I to 7: solid column - Ist. group adapted to evaporative cooling, hatched column - IInd group adapted to high temperature, grey
column — I1ird group adapted to temperature 14 °C; dech.min™' = breathing rate per minute, minuty méfeni = minutes of measuring
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vanych jalovic evaporaéni ochlazovéani ptsobilo kladné
na zménu FD. Nejvyraznéj§i pokles po ochlazeni
(11,2 dcch.min") byl zaznamenan u I. skupiny, kterd
byla na roseni navykdna. Tento pokles byl statisticky
vyznamny (P < 0,05). FD se u této skupiny pohybovala
od 29,3 (8. minuta) do 46,7 dech.min™ (1. minuta).
U II. a III. skupiny byl evaporaéni i¢inek mnohem niz-
3i a statisticky neprukazny. U II. skupiny se FD pohy-

9,00

bovala v rozmezi 34,5 (pfi roseni) az 42,0 (19. minuta),
pokles po roseni ¢inil 6,5 dech.min™!. UL alL skupiny
byla FD primérné dvakrat vysSi, neZ je uvadéno pro
mlady skot v termoneutrilni zoné, ale nedosahla hod-
noty 63 dech.min™' naméfené u bycku pfii teploté
21,4 °C (Bukvaj, 1986). U III. skupiny se FD v pra-
béhu méfeni pohybovala od 21,5 (14. minuta) do
30,3 dech.min™! (1. minuta). Je zajimavé, Ze u zvifat

ml. kg-1. dech-1

1.-6. 6.-10. 11.-15

16.-20. 21.-25.

26. - 30.

minuty méfeni

M. skupina BII. skupina OIIl. skupina

2. Praim&rné hodnoty hloubky dechu u sledovanych skupin jalovic — The average depth of breathing in the observed groups of heifers in the

measuring time

250
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@
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ml . kg-1. min-1

o
o
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1.-5. 6.-10.

11.-15

16. - 20. 21.-25. 26. - 30.

minuty méfeni

[II skupina BII. skupina Olll. skupina

3. Primérné hodnoty ventilace plic u sledovanych skupin jalovic — The average pulmonary ventilation in the observed groups of heifers in

the measuring time
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prevedenych pied méfenim do prostiedi s TV 27 °C se
udrZely hodnoty FD daleko niZ§i neZ u zvirat pfizptso-
benych této TV. Tento zavér odporuje hodnotam, které
zjistil Bukvaj (1986). Kostin et al. (1983) vsak
uvadgji, Ze u mladych zvifat neni vyrazny vliv TV na
ED, tato zévislost se zvySuje s vékem. Pokles u téchto
jalovic ¢inil po roseni 5,5 dech.min™!,

Byly potvrzeny zavéry, které uvadéji Terada et
al. (1990), ze evaporacni ochlazovani snizuje FD pri

6,00

vysokych TV. Tito autofi rovnéZ zjistili, Ze nejlepSich
vysledki pfi evaporaénim ochlazovani lze dosédhnout

jeho kombinaci s proudénim vzduchu 3 m.sh.

Hloubka dechu — HD (tab. I aZ III, obr. 2)

Pfi sledovani HD jsme dospéli k obdobnym zavé-
ram jako u FD. V prabéhu evaporac¢niho ochlazovani
a po jeho skonceni HD u I. skupiny stoupala az do

5,00

8

Lot
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ml. kg-1. min-1
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1,00

0,00
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fl: skupina BlII. skupina DIII. skupina

4. Primé&rné hodnoty spotieby kysliku u sledovanych skupin jalovic — The average oxygen consumption in the observed groups of heifers

in the measuring time

8,00

7.00

k. kg-1. h-1
>
8

o
[=]
o

g
[=]
=]

1,00

0,00

11.-15

16. - 20.

26. - 30.

minuty méfeni

III skupina BII. skupina Ol skupina—l

5. Prim&mé hodnoty produkce tepla u sledovanych skupin jalovic - The average heat production in the observed groups of heifers in the

measuring time
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2. minuty po roseni, kdy dosahla nejvysSi hodnoty
8,11 ml.kg"'.dech", poté zacala pomalu klesat a od
14. minuty méfeni aZ do konce méfeni ziistdvala mirné
zvySend. NejniZ&i hodnota byla zaznamenana ve 4. mi-
nuté¢ — 6,33 mI.kg_'.dech'l, pokles po ochlazeni Cinil
1,53 ml.kg '.dech™ . Nariist po roseni viak nebyl sta-
tisticky prukazny. U II. skupiny, ustijené pfi vysokych
teplotich a nenavykané na roseni, v prubéhu mlZeni

stoupla HD 0 0,91 ml.kg™'.dech™, ale jiz po skongeni
ochlazovani do$lo k poklesu HD a po 10. minuté se
hodnoty vratily na droveii pfed ochlazovanim. Hodnoty
HD se pfi méfeni pohybovaly od 5,12 (30. minuta) do
5,98 ml.kg !.dech™ (2. minuta). U jalovic IIL skupiny,
odchovéavanych pii TV okolo 14 °C a hodinu pied
ochlazovanim pfevedenych do klimatizované staje

gy

s TV 27 °C, byly zmény v HD po roseni nejvyrazné;si

kJ . kg-1. h-1

11.-15

16. - 20.

minuty méfeni

M. skupina BII. skupina O1Il. skupina

6. Primérné hodnoty vydeje tepla dychanim u sledovanych skupin jalovic — The average values of heat output by breathing in the observed

groups in the measuring time
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7. Praimérné hodnoty vydeje tepla dychdnim u sledovanych skupin jalovic (v procentech z celkové produkce tepla) — The average values of
heat output by breathing in the observed groups in the measuring time (in % from total heat production)
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a statisticky prikazné (P < 0,05). V pribéhu celého
méfeni se hodnoty HD pohybovaly od 6,12 (1. minuta)
do 9,19 ml.kg'l.dech'l (7. minuta a 1. minuta po rose-
ni). Hodnoty HD po ochlazeni zistaly na trovni vyssi
neZ pred rosenim.

Bukvaj (1986) uvadi, Ze s narustajici teplotou
klesa hloubka dechu. RovnéZ v naSem pokusu byla HD
pied rosenim (TV nad 27 °C) niZ8i u v3ech tii skupin,
ale hodnoty 4,7 ml.kg'l .dech'l, uvéadéné timto autorem
pro mlady skot pii TV 21,4 °C, nedosihla.

Nejdelsi uc¢inek mélo roseni na HD u jalovic ne-
zadaptovanych k vysokym TV. RovnéZ jalovice
zadaptované k evapora¢nimu ochlazovéni velmi dob-
fe reagovaly na roseni, a to dlouhodobym prohloube-
nim dechu.

. Prvni skupina — Ist group

Ventilace plic — VP (tab. I az III, obr. 3)

VP je sumarizacni funkci FD a HD. U I. a II. sku-
piny po ochlazeni do§lo k poklesu VP. U II. skupiny
jednu minutu nasledujici po ochlazeni poklesla VP
030 ml.kg‘l.min'l a u L skupiny po néristu v prib&hu
ochlazovani nastal pokles po ochlazeni az o 47 ml.kg'l.
.min", ktery byl statisticky prikazny (P < 0,05). Poté
hodnoty VP pozvolné narustaly aZ na urovefi pred ro-
senim, kterou si jalovice I. skupiny udrZely aZ do konce
méfeni. U II. skupiny byl vysledovdn po 16. minuté
méfeni mirny pokles VP. U III. skupiny se v prub&hu
ochlazovani VP prudce zvysila o 61 ml.kg'l.min'l, ale
ihned po roseni poklesla na piivodni droveii a do konce
méfeni poklesla i mirné pod ni. U I. skupiny se VP

. Frekvence | Ventilace Ventilace Hloubka Hloubka Spotieba Produkce | Vydej tepla | Vydej tepla
"‘:é‘r‘_:;:‘l dechu? plic? plic? dechu? dechu? kysliku® tepla® dychanim’ | dychanim’
dech/min I/min ml/kg/min I/dech ml/kg/dech | ml/kg/min kl/kg/h kJ/kg/h %o
| 46,7 67,8 311 1,46 6,71 5,82 7,36 1,12 153
2 42,8 58,2 268 1,36 6,31 5,67 7,34 0,96 13,1
3 61,1 282 1,39 6,48 6,12 7,81 1,01 13,2
4 553 255 1,36 6,33 6,80 0,92 133
5 55,9 259 1,40 6,53 7,78 12,3
493 1,63 7,61 11,2
8 29,3 47,4 220 1,74 8,11 5,90 7,53 8 10,8
9 34,5 50,5 236 1,54 7,15 5,55 7,20 0,85 11,9
10 34,5 50,3 236 1,55 7,21 5,48 7,05 0,85 12,1
11 34,8 46,8 218 1,42 6,60 4,94 6,27 0,78 12,4
12 35,8 514 240 1,48 6,88 5,84 7.45 0,86 11,6
13 3.5 57,4 267 1,54 7,20 591 7.81 0,95 12,3
14 39,8 54,4 254 1,38 6,45 5,38 7,03 0,91 13,1
15 36,5 51,4 239 1,47 6,85 5,19 6,78 0,86 12,7
16 38,8 52,2 243 1,37 6,38 5,30 6,75 0,87 12,9
17 375 54,8 255 1,49 6,94 5.81 7,44 0,91 12,4
18 40,8 56,4 262 1,38 6,48 5,65 7,20 0,94 13,0
19 35,8 50,5 235 1,41 6,60 5,36 6,97 0,84 12,1
20 37,5 49,4 230 1,33 6,20 5.21 6,59 0.82 12,5
21 358 53,5 248 1,57 7,24 5,82 7.44 0,89 11,9
22 35,8 53,0 246 1,50 6,95 5,26 6,86 0,88 12,7
23 36,3 534 247 1,53 7,10 5,28 6,98 0,88 12,7
24 34,5 53,8 250 1,59 7,39 5,69 7,29 0,90 12,3
25 36,0 49,0 228 1,41 6,54 5,18 6.59 0,94 12,8
26 383 54,9 255 1,52 7,04 5,60 7.32 0,94 12,8
27 36,5 55,1 256 1,56 7,29 5,49 7.18 0,93 129
28 40,0 57,7 268 1,50 7,02 5,48 747 0,98 13,8
29 37,5 52,9 244 1,41 6,56 4,92 6,35 0,89 14,1
30 33,5 49,5 228 1,50 6,97 4,84 6,16 0,83 13,5
'mi of , *breathi g rate, o pul y ventilation, 4deplh of breath, soxygen consumption, “heat production, "heat output by
respiration
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pohybovala od 228 (30. minuta) do 288 (3. minuta)
ml.kg™".min~!, u IL skupiny od 211 (1. minuta) do 243
(4. a 5. minuta), ale u III. skupiny pouze od 167 (12.
minuta) do 242 (6. minuta roseni). Hodnoty VP se po-
hybovaly ve fyziologickém rozmezi 220,5 £ 77,4
mlLkg™".min~!, které stanovil Bukvaj (1986).

Shodné s vysledky FD reagovaly nejlépe na evapo-
racni ochlazovani zménou VP jalovice zadaptované na
pravidelné evapora&ni ochlazovéani. Nejmensi G¢inek
mélo roseni na jalovice odchovavané v termoneutralni
z6né (II1. skupina).

Cerny (1983) konstatuje, Ze &im vy33i je odolnost
vadi teplu, tim méné se pfi tepelném zatiZeni zvySuje
objem VP. Nas pokus tento zavér nepotvrdil, nebot nej-
niZ8i hodnoty VP byly naméfeny pfi vysokych TV u ja-
lovic pfizpasobenych TV okolo 14 °C, tedy nezadapto-
vanych k vysokym TV. Pokud vSak porovnime

11. Druha skupina — IInd group

hodnoty VP a vydeje tepla dychanim, miZeme konsta-
tovat, Ze dojnice pfizplisobené vyssim TV daleko vice
vyuZzivaji vydeje tepla dychanim neZ dojnice nezadap-
tované, ¢emuz by odpovidaly i vy$S$i hodnoty VP,

Spotieba kysliku - SPO, (tab. I aZ III, obr. 4)

U L skupiny dosdhla SPO, hodnot od 4,84 (30.
minuta) do 6,15 ml.kg".min"l (5. minuta), pokles
SPO, nastal jiZ v prib&hu roseni, ale zejména po skon-
¢eni ochlazovani. Celkovy pokles do 5. minuty po
ochlazeni ¢inil 1,21 ml.kg™ .min~' a byl statisticky
prikazny (P < 0,05). Poté nastal narist SPO, aZ na
vychozi troven pred rosenim. Vétsi rozdily byly zjis-
tény u jalovic II. skuPiny, kde pfi roseni nastal narust

o 0,34 ml.kg'l.min' . Po ochlazeni poklesla SPO,

) Frekvence | Ventilace Ventilace Hloubka Hloubka Spotieba Produkce | Vydej tepla | Vydej tepla
m"‘;‘e‘:i“' dechu? plic? plic? dechu* dechu? kysliku® tepla® dychanim’ | dychdnim’

dech/min 1/min ml/kg/min I/dech ml/kg/dech | ml/kg/min kJ/kg/h ki/kg/h %

1 38,5 49,6 211 1,30 5,54 5,46 6,68 0,75 11,2

2 38,8 53,3 227 1,38 5,88 5,98 7,43 0,80 10,9

3 39,3 55,2 236 1,42 6,02 593 7,52 0,83 11,1

4 56,8 243 1,47 6,29 5,65 731 0,86 11,8

5 57,1 12,2

6,08

5,58 0,86

o,

For 1-7 see Tab. I
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00,74 ml.kg_l.min_'. ale hned ve 2. minuté nastal jeji
narust. Pravidelné minutové zmény SPO, nasledné pie-
trvavaly aZ do konce méfeni. NejvétSi zmény v SPO,
byly zaznamendny u III. skupiny. JiZ pred zapocetim
roseni byla SPO, u jalovic této skupiny niZ8i neZ u os-
tatnich skupin, primérné se jeji hodnoty pohybovaly od
4,70 (13. minuta) do 6,53 ml.kg™'.min"' (6. minuta —
roseni). V prubéhu roseni nastal nadmérny narust aZz
0:145: ml.kg".min'l. ale do 4. minuty po ochlazeni na-
stal stejné rychly pokles az o 1,58 ml.kg”'.min“l. Vel-
mi nizké hodnoty SPO, se nasledné udrZely aZ do kon-
ce méfeni. U jalovic nenavyklych na vysoké TV
nastala po nédhlé zmén& TV a RV vyrazna stresova re-
akce pfi zapojeni chemické termoregulace, kterd u ja-
lovic pfizplsobenych evaporaénimu ochlazovéni za-
znamenéna nebyla. U II. a III. skupiny byl pokles po
ochlazeni statisticky nepritkazny (P < 0,05).

III. Tieti skupina — IlIrd group

Produkce tepla — PQ (tab. I az III, obr. 5)

Prabéh PQ je z divodu odvozeni shodny s pribé-
hem SPO,. Z obr. 5 bylo opét vysledovano, Ze pouze
jalovice dlouhodobé& pfizplsobené pravidelnému eva-
poraénimu ochlazovani pfi vysokych TV (I. skupina)
snizuji PQ jiZ v prub&hu ochlazovani — pohybovala se
v rozmezi od 6,16 do 7,72 kJ.kg".h"l, pokles do 6. mi-
nuty po ochlazeni &inil 1,51 kJ.kg’l.h’l. Jalovice IL
skupiny reagovaly na ochlazovéni zvySenou PQ o 0,44
kIkg™'.h™!, kterou viak po opétném narastu TV ve
stdji velmi rychle sniZily. U jalovic pfizpusobenych TV
okolo 14 °C (III. skupina) se hodnoty PQ pohybovaly
od 5,74 do 8,08 kl.kg"".h". Po pfevodu do , teplé sek-
ce* klimatizované staje nastal vyrazny pokles PQ. Pfi
evaporacnim ochlazoviani se jalovice velmi rychle pfi-
zpusobily niz§im TV, a to vy$§i PQ, kterou umozZnila

3 Frekvence Ventilace Ventilace Hloubka Hloubka Spotieba Produkce | Vydej tepla | Vydej tepla
Minuta dechu? plic? plic? dechu? dechu* kysliku® tepla® dychanim’ | dychdnim’
dech/min 1/min ml/kg/min I/dech ml/kg/dech | ml/kg/min kJ/kg/h kJ/kg/h %
1 30,3 44,0 182 1,48 6,12 5,07 6,10 0,68 11,2
27,0 46,9 192 1,72 7,11 517 6,29 0,72 11,4
26,5 45,1 186 1,70 7,04 5,04 6,12 0,70 11,4
26,8 447 184 1,67 6,92 4,99 6,11 0,69 11:3
27,5"?«'\ 43,7 0 ISLW 1,64 6,79 4,98 6,09 0,68 11,1
7 22,0 50,7 207 2,23 9,19 5,56 7,05 0,78 11,1
8 22,8 443 181 1,91 7.87 518 6,39 0,68 10,6
9 24,0 435 180 1,83 7,57 5,14 6,31 0,68 10,8
10 22,5 42,1 174 1,86 7,71 4,95 6,09 0,65 10,7
11 21,3 4.4 184 2,09 8,66 512 6,37 0,69 10,9
12 21,8 40,5 167 1,86 N7 4,60 5,74 0,63 11,0
13 21,8 41,0 169 1,88 1,77 4,70 5,80 0,64 10,9
14 21,5 41,2 171 1,93 7,99 4,88 6,01 0,64 10,7
15 23,5 45,8 189 1,95 8,10 5,02 6,41 0,71 11,0
16 223 433 179 1,93 8,01 4,84 6,05 0,67 11,1
17 22,5 41,2 171 1,83 7,60 4,75 5,89 0,64 10,9
18 225 42,3 175 1,88 71,78 4,86 6,02 0,66 10,8
19 23,0 42,4 175 1,85 7,67 481 5.95 0,66 11,1
20 23,5 433 178 1,86 1,72 4,90 6,06 0,67 10,9
21 24,5 455 188 1,87 7,74 5,10 6,32 0,71 11,2
22 22,5 439 182 1,96 8,21 4,97 6,24 0,68 11,1
23 22,8 44,0 182 1,94 8,04 5,07 6,33 0,68 10,8
24 23,0 423 175 1.85 7,72 4,89 6,08 0,66 10,8
25 22,8 42,8 177 1,89 7.85 4,83 6,01 0,67 11,1
26 22,8 42,6 176 1,89 7,84 4,82 5.98 0,66 11,1
27 23,0 453 186 1,93 7,99 4,98 6,28 0,70 11,0
28 23,5 42,1 173 1,79 7,42 4,78 5,93 0,65 11,0
29 243 43,5 179 1,80 7,48 4,78 5,95 0,67 1,4
30 23,0 45,0 186 1,96 8,15 537 6,67 0,70 10,5
For 1-7 see Tab. I
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1. chemicka termoregulace. Nérast &inil 1,99 kJ.kg™ .h7%,
Po skonceni ochlazovani TV ve stéji opét vzrostla. Ja-
lovice se této zmé&né pfizpusobily poklesem PQ s vy-
uzitim IL. chemické termoregulace. Tyto ndhlé zmény
vyvolaly u jalovic nezadaptovanych k evaporacnimu
ochlazovani a k vysokym TV tepelny stres.

V nékterych pfipadech Foklesla PQ u jalovic pod
hodnotu 9,65 * 3,03 kJ.kg™ 7!, kterou naméil u jalo-
vic v termoneutralni z6né Bukvaj (1996). Tento po-
kles byl vyvolan TV ve stéji nad 27 °C.

Vydej tepla dychdnim — VQD (tab. I az III, obr. 6 a 7)

Vydej tepla dychdnim téméf kopiruje pribéh zmén
v produkci tepla, jak je patrné z porovnani obr. 5 a 6.
Zajimavé je sledovani zmén poméru VQD k celkové
PQ v procentech (obr. 7). Zatimco u I. skupiny se po
ochlazeni pomér sniZil o 1,8 % a vychozi hodnoty do-
sahl az ke konci méfeni, u II. skupiny nastal mirny
pokles o0 1,3 % a opétny nédhly narust. Jalovice III. sku-
piny dosahovaly téméf stejného procentuilniho poméru
v prub&hu celého méfeni, pokles po ochlazeni €inil
0,7 %. Z téchto vysledki miZeme usuzovat na vy-
znamny efekt evaporaéniho ochlazovani pouze u jalo-
vic dlouhodobé adaptovanych k pravidelnému roseni,
kde se evaporace podili na odvodu piebytedného tepla
z povrchu téla jalovic. Z vysledkd rovnéz vyplyva, Ze
jedna minuta evapora¢niho ochlazovéni u I. skupiny ja-
lovic ovliviiovala kladné vydej tepla z organismu po
dobu 20 az 25 minut nésledujicich po roseni.

Z celkového vydeje tepla ma nejvétsi vyznam vydej
tepla dychanim, jehoZ podil se u skotu zvySuje s narus-
tem okolni teploty vzduchu (Bukvaj, 1986). V tomto
pokusu do$lo pfi evapora¢nim ochlazovéni ke zméné
poméru vydeje tepla aktivniho (dychéni) k pasivnimu
(kondukce, konvekce a radiace). Poklesem FD se sniZil
podil aktivniho vydeje tepla a zvysil podil vydeje pa-
sivniho.

Pokus na zékladé zmén termoregulaénich funkci po-
tvrdil zavéry autora Her etal. (1988), Wolfenson
(1988), Basset (1986), Terada et al. (1988),
Okamoto etal (1986)a KniZzkova etal. (1995)
o pozitivnim pusobeni evaporacniho ochlazovéni na
organismus skotu.

Na zdkladé celkového vyhodnoceni pokusu lze kon-
statovat, Ze evaporacni ochlazovani je vyhodné apliko-
vat pravidelné v pribéhu celého letniho obdobi v mirném
pasmu i u mladych zvifat dojnych nebo kombinova-
nych plemen, nebot pozitivné stimuluje fyziologické

funkce organismu a jeho zdravotni stav, coZ se nasled-
né projevi v celkové pohodé€ zvifat a v udrZeni, event.
ve zvySeni produkce. DuleZité je zji$téni, Ze jedna mi-
nuta roseni ovliviiuje kladné termoregulaéni funkce
mladého skotu v pribéhu nasledujicich 20 az 25 minut.
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THE EFFECT OF MANNAN-OLIGOSACCHARIDES
IN FEED MIXTURES ON THE PERFORMANCE
OF CHICKEN BROILERS

UCINEK OLIGOSACHARIDU MANNANU V KRMNYCH SMESICH
NA UZITKOVOST KURECICH BROJLERU

I. Kumprecht, P. Zoba¢

Research Institute of Animal Nutrition, Pohorelice, Czech Republic

ABSTRACT: The effect of different concentrations of mannan-oligosaccharides (0 g, 50 g, 100 g, 150 g, 200 g, 250 g and
300 g in form of BIO-MOS preparation per 100 kg feed) applied in starters BR1 and production mixtures BR2 was examined
in a comparative feeding and metabolic trial on sexed broiler chickens of ROSS hybrid in relation to chicken growth, feed
intake per 1 kg weight gain and nutrient digestibility (N x 6.25, fat, fiber, nitrogen-free extract). Mannan-oligosaccharides
had highly significant positive effects (P < 0.01) on chicken weight starting from the concentration of 50 g BIO-MOS per
100 kg feed at the 21st day of age. The weight of chickens receiving the concentration of 150 g BIO-MOS per 100 kg feed
was higher by 17.2% in this period in comparison with the control (P < 0.01). Live weight was highest in groups (a3) to (ag)
at the 42nd day of age (doses of 150 to 300 g of BIO-MOS preparation per 100 kg feed). Different concentrations of BIO-MOS
preparation had significantly positive effects (P < 0.05) on the consumption of BR1 and BR2 mixtures in all groups while
the lowest consumption of BR1 mixture was observed in group (a4) — 200 g BIO-MOS per 100 kg feed (—11.1%). The lowest
total feed consumption (—4.30%) was recorded in chickens of group a; that received BIO-MOS preparation applied in feed
mixtures at a dose of 150 g per 100 kg. There was no significant difference between the groups as, a,, as, ag. The coefficients
of fat, nitrogen-free extract and crude protein (N x 6.25) digestibility did not change as a result of different concentrations
of mannan-oligosaccharides. The coefficient of fiber digestibility was higher by 61.5-147.7% against the control in the groups
of chickens that received different doses of BIO-MOS preparation. There was a significant difference between the group a,
and group a, (P < 0.05). A conclusion can be drawn from the results obtained that the BIO-MOS preparation concentration
of 50 g per 100 kg feed was effective starting from this dose, the upper boundary of effectiveness is defined by inflection
points of second-degree polynomials calculated for BRI and BR2 mixtures. The values of inflection points show that the
effective upper boundary of BIO-MOS preparation dosing is at the concentration of 200 g per 100 kg.

BIO-MOS; mannan-oligosaccharides; chicken broilers; growth; feed consumption; nutrient digestibility

ABSTRAKT: Experimentalnim zamérem bylo stanoveni neju¢innéjsi koncentrace oligosacharidi mannani ve formé prepa-
ritu BIO-MOS (vyrobce ALLTECH, inc., USA) v krmnych smésich pro brojlerovd kufata BR1 a BR2. K dosaZeni tohoto
cile byl uspoidddn krmny srovndvaci pokus se sexovanymi kufecimi brojlery hybrida ROSS, dodanymi firmou Lihné& kufat
MACH, Litomy3l, CR. Do pokusu bylo zatazeno celkem 560 jednodennich kufat, ktera byla umisténa odd&len& podle pohlavi
po deseti kusech v klecich pokusné haly VUVZ Pohotelice. Od 1. do 21. dne v&ku pfijimala kufata smés BRI a od 22. do
42. dne smés BR2. Pokus byl uspofadan jako dvoufaktoridlni s opakovanim podle vzorce fa7 x fb2 x (40), pficemz fa
piedstavoval odstupfiované hladiny preparatu BIO-MOS a fb pohlavi. Stravitelnost Zivin byla sledovana v bilanénim pokusu
od 22. do 42. dne vé€ku kufat. Pokusnd kufata byla umisténa v bilanénich klecich po 6 kusech. Celkem bylo pouZito
12 bilan¢nich kleci. Bilan¢ni pokus byl formulovan jako jednofaktoridlni podle vzorce faé x (2). V pokusu byla sledovana
stravitelnost N-latek (N x 6,25), tuku, vlakniny a BNLV. Vysoce priikazné pozitivni (P < 0,01) vliv na hmotnost kufat byl
zaznamendn jiZ pii hladin€ 50 g prepardtu BIO-MOS na 100 kg smési BRI (a;). Primérnd hmotnost kufat v tomto obdobi
byla 0 13,9 % vy33i neZ u kontroly (ag). Pfi hlading 150 g preparitu BIO-MOS na 100 kg smési (a3) byla primérnd hmotnost
0 17,2 % vyssi nez u kontroly (ag). Vy3§i hladiny preparitu BIO-MOS jiZ hmotnost kufat nezvySovaly nebo jen nepritkazng.
Mezi skupinami a;, ag nebyl zaznamenin prikazny rozdil. Tento. trend byl zaznamenin ve vSech sledovanych obdobich.
V 42. dni véku byla zaznamenéna vy33i primérnd hmotnost u viech skupin kufat, jimz byly aplikovany odstupfiované hladiny
preparitu BIO-MOS. Nejvétsi zvySeni primérné hmotnosti (o 4,4 aZ 5,1 %) bylo dosaZeno u skupin a3, as. PouZité odstup-
fiované hladiny preparatu BIO-MOS ovlivnily statisticky vyznamné (P < 0,05) pozitivné také spotfebu smési BR1 a celkovou
spotfebu smési na | kg pfirustku. JiZ pii koncentraci 50 g preparatu BIO-MOS na 100 kg smési BR1 doslo ke sniZeni spotieby
0 6,6 %, nejniZ8i primérnou spotiebu smési BRI vykazovala kufata skupiny (a,), jimZ bylo aplikovano 200 g preparitu
BIO-MOS na 100 kg smési (11,1 %). Mezi skupinami a,, a3, a4, as, ag nebyl zjit€n v tomto obdobi pritkazny rozdil
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a spotfeba smési byla v priméru o 10 % niZ3i oproti kontrole (ay). Celkova spotfeba smési byla rovnéZ po aplikaci preparétu
BIO-MOS pritkazné (P < 0,05) niZ8i nez u kontroly (ap). NiZ8i celkovou spotfebu smési (—4,30 %) vykazovala kufata skupiny
a3, jimZ byl ve smésich aplikovin preparit BIO-MOS v mnoZstvi 150 g na 100 kg. U skupin ay, as, ag byla celkova spotieba
smési niZsi o 3,5 az 4,4 %. Koeficienty stravitelnosti tuku a BNLV nebyly statisticky vyznamné ovlivnény odstupiiovanymi
hladinami oligosacharidii mannanii. Rozdily mezi skupinami se pohybovaly v mezich pfirozené variability. Obdobné vysledky
byly dosaZeny v pfipadé sledovini stravitelnosti N-latek. Koeficient stravitelnosti vldkniny byl vyrazn& zvySeny u skupin
kufat, jimZ byly aplikovany odstupiiované hladiny preparitu BIO-MOS. Tato stravitelnost byla zvy3ena o 61,5 az 147,7 %
oproti kontrole. DosaZena stravitelnost vlakniny u skupiny a4 byla pritkazné (P < 0,05) vy35i oproti skupiné kontrolni. Na
zakladé ziskanych vysledku lze fici, Ze se d¢innost prepardtu BIO-MOS projevila jiZ pfi koncentraci 50 g na 100 kg smési,
pfi¢emZ horni hranici G¢innosti vymezuji inflexni body polynomii druhého stupné vypoctené pro smési BR1 a BR2. Z hodnot
inflexnich bodi 1ze usuzovat, Ze (¢inna horni hranice davkovani preparatu BIO-MOS se pohybuje na hlading 200 g na 100 kg.

BIO-MOS; oligosacharidy mannanii; kufeci brojlefi; rist; spotfeba smési; stravitelnost Zivin

INTRODUCTION

Saccharides on the basis of fructose, mannose and
galactose have been studied with regard to their effects
on physiological, immunological and microbiological
indicators 'in animals and humans. These saccharides
also iinvolve extracts from the cellular membrane of
selected strains of Saccharomyces cerevisae, which
consists of mannans, glucans and proteins in addition
to chitin (Lyons, Bourne, 1995). Material form-
ing the cellular membrane is very resistant to the acidic
medium of digestive tract. Mannan-oligosaccharides
largely suppress the growth of microorganisms of the
Salmonella genus and bacteria of E. coli in the intesti-
nal tract, on the other hand they support the growth of
bacteria of the genus Lactobacillus and Enterococcus
(Newman, 1994; Spring et al., 1996). Biological
preparations with selected strains of Saccharomyces
cerevisae as an active ingredient are part of probiotics
that have protective effects controlling intestinal dis-
eases, and at the same time they have stimulative im-
pacts on animal growth (Fuller, 1992; Kum-
precht et al.,, 1994; Kumprecht, Zobac,
1996). BIO-MOS manufactured by the company
ALLTECH, inc., USA, is the best known preparation
with mannan-oligosaccharides as an active ingredient.
A selected strain of the yeast Saccharomyces cerevisae
is used for the manufacture of this preparation. The
preparation is intended to be used as a feed supplement
for monogastric animals for selective inhibition of
pathogenic microorganisms and strengthening the im-
munity system in animals. Literary data on the effects
of mannan-oligosaccharides in poultry are rather
scarce. Trials conducted by Savage and Za-
krzewska (1996) focused on examining the effect
of BIO-MOS preparation application to turkey broilers
suggested that mannan-oligosaccharides could have
positive impacts on poultry performance. Special atten-
tion in that paper was paid to evaluation of their im-
pacts on growth, feed conversion and digestibility of
basic nutrients that are commercially important for pro-
duction systems in poultry.

The objective of this paper was to establish whether
mannan-oligosaccharides would have stimulative ef-
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fects on chicken growth and feed conversion, and to
determine the optimum concentration of BIO-MOS
preparation for application to starter mixtures (BR1)
and feed mixtures for chicken broiler production
(BR2).

MATERIAL AND METHODS

The experimentation objective was to determine the
most effective concentration of mannan-oligosaccha-
rides in form of BIO-MOS preparation (manufactured
by ALLTECH, inc., USA) applied in feed mixtures for
broiler chickens BR1 and BR2. A comparative feeding
trial was conducted for this purpose on sexed chicken
broilers of ROSS hybrid, supplied by the company
Lihné kufat MACH, Litomysl. The trial involved 560
straight-run chickens in total that were housed in cages
with ten birds in each, males and females separately, in
an experimental house of the Research Institute of Ani-
mal Nutrition at Pohofelice. The chickens received
BR1 feed mixture from the Ist to the 21st day of age,
and BR2 feed mixture from the 22nd to 42nd the day
of age. Tab. I shows the formulation of BR1 and BR2
mixtures. The experimental design was a two-factor
trial with replication according to the formula fa7 x fb2
x (40), while fa was different concentrations of BIO-
-MOS preparation and fb represented the sex. The ex-
perimental design is shown in Tab. IIL.

A metabolic trial was conducted to study nutrient
digestibility from the 22nd to the 42nd day of chicken
age. Twelve metabolic cages in total were used. The
metabolic trial was designed as a one-factor trial ac-
cording to the formula fa6 x (2). Digestibility of crude
protein (N x 6.25), fat, fiber and nitrogen-free extract
was examined in the trial. Chemical analyses of feeds
and droppings were done pursuant to the methodology
of the standard CSN 46 7007 (1973).

Ambient temperatures and atmospheric relative hu-
midity in the experimental house were adjusted by the
standard for chicken broiler fattening, lighting was con-
tinuous, water and feed intake ad libitum. Chicken
weight and feed consumption were recorded by bird
weighing in weekly intervals. The results were pro-
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I. Formulation and nutrient content of starters BR1 and basic feed
rations for broiler production

Feed rations

Ingredient BR 1 BR 2

per cent content
Fish meal : 3 1
Meat-bone meal 2 2
Ethanol feeding yeast 1 1
Soybean meal 25 25
Corn 45 53
Wheat 19 13
DBiovitan BR1 — Super 1 -
YBiovitan BR2 — Super - 1
Meineral feed supplement 2-SP 4 4
In total 100 100
Dry matter 88 87
Crude protein (N x 6.25) 22 18,6
Fat 3.7 32
Fiber 238 27
Ash 6.1 44
Nitrogen free extract 53.4 58.1
Organic matter 81.9 82.6
Metabolizable energy in MJ/kg 11.8 12.1

UBiovitan BR1 — Super

Vitamin A 1 500 000 i.u., vitamin Dy 350 000 i.u., vitamin E
5 000 mg, vitamin K; 300 mg, vitamin B, 300 mg, vitamin B,
600 mg, vitamin B 450 mg, vitamin B, 2.5 mg, niacin 3 000 mg,
calcium pantothenate 1 250 mg, biotin 7.5 mg, folic acid 100 mg,
choline 30 000 mg, DL-methionine 200 000 mg, L-lysine HCI
200 000 mg, methichlorpindol 10,000 mg + methyl benzoate 835 mg
? Biovitan BR2 — Super

Vitamin A 1 200 000 i.u., vitamin D3 250 000 i.u., vitamin E
3 000 mg, vitamin K, 250 mg, vitamin B, 250 mg, vitamin B,
500 mg, vitamin B4 300 mg, vitamin B, 2 mg, niacin 2 500 mg,
calcium pantothenate 1 000 mg, choline 20 000 mg, DL-methionine
180,000 mg, L-lysine HCI 185,000 mg

R kg of mineral feed supplement MKP 2 SP contains: mineral
supplement MD II - 10%, feeding calcite 29%, dicalcium phosphate
39%, wheat meal 17%, feeding salt 5%

I kg of mineral supplement MD 2 contains: ferrosulfate 140 000 mg,
copper sulfate 14,000 mg, zinc oxide 25,000 mg, manganese oxide
29 500 mg, potassium iodide 150 mg, cobalt sulfate 150 mg, Mag-
novit (70% MgO) 379 000 mg, sodium selenate 100 mg, Siloxid
5 500 mg, feeding wheat meal ad 1 kg

cessed by analysis of variance (Snedecor, Co-
chran, 1969).

RESULTS

Tab. III shows the effect of different concentrations
of mannan-oligosaccharides in feed mixtures BR1 and
BR2 on chicken live weight. A highly significantly
positive (P < 0.01) effect on chicken weight was ob-
served starting from the concentration of 50 g BIO-
-MOS preparation per 100 kg BR1 mixture (a;). Aver-
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II. Layout of the trial

f a - different concentrations of BIO-MOS preparation
a,— BR1 and BR2 mixtures + 0 g BIO-MOS per 100 kg
a, — BRI and BR2 mixtures + 50 g BIO-MOS per 100 kg
a, - BR1 and BR2 mixtures + 100 g BIO-MOS per 100 kg
a; — BR1 and BR2 mixtures + 150 g BIO-MOS per 100 kg
a, — BR1 and BR2 mixtures + 200 g BIO-MOS per 100 kg
a5 — BRI and BR2 mixtures + 250 g BIO-MOS per 100 kg
ag— BR1 and BR2 mixtures + 300 g BIO-MOS per 100 kg

f b-sex

b, — cockerels

b, - pullets

age chicken weight in this period was by 13.9% higher
than in the control (ag). The concentration of 150 g
BIO-MOS preparation per 100 kg feed (a3) resulted in
average live weight higher by 17.2% against the control
(ap). Higher concentrations of BIO-MOS preparation
did not increase chicken weight any more or only in-
significantly. There was no significant difference be-
tween the groups as, ag. This trend was observed in all
periods of observation. Higher average weight was re-
corded at the 42nd day of age in all groups of chickens
that received different concentrations of BIO-MOS
preparation. The highest increase in average live
weight (by 4.4-5.1%) was achieved in groups as, as.

The applied different concentrations of BIO-MOS
preparation also had statistically significant (P < 0.05)
positive impacts on BR1 mixture consumption and total
feed consumption per 1 kg weight gain (Tab. IV). The
BIO-MOS preparation concentration as low as 50 g per
100 kg BRI mixture decreased consumption by 6.6%
while the lowest average consumption of BR1 mixture
was observed in the chickens of group (a,) that re-
ceived 200 g of BIO-MOS preparation per 100 kg feed
(~11.1%). There was not any significant difference be-
tween the groups a,, a3, a4, as, ag in this period, and
feed consumption was lower on average by 10% in
comparison with the control (ag). Total feed consump-
tion was also significantly (P < 0.05) lower than in the
control (ap) as a result of BIO-MOS preparation appli-
cation. Lower total feed consumption (-4.30%) was re-
corded in chickens of group as that received BIO-MOS
preparation at a dose of 150 g per 100 kg. The groups
a4, as, ag had total feed consumption lower by 3.5-
4.4%.

Tab. V shows the results indicating the effect of dif-
ferent concentrations of mannan-oligosaccharides on
digestibility of basic nutrients. The coefficients of fat
and nitrogen free extract digestibility were not statisti-
cally significantly affected by different concentrations
of mannan oligosaccharides. The differences between
the groups were within the boundaries of natural va-
riability. Similar results were obtained by examination
of crude protein digestibility where significant differ-
ences were observed between the groups (a;) and (as).
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I11. The effect of application of different concentrations of mannan-oligosaccharides on chicken weight

e Unit Different concentrations of mannans Sex y e
Gl a ) ) 3y as % by by

Number of chickens no. 77 76 76 79 78 77 79 270 272 542
Live weight at Istday | g 49 49 48 48 48 49 48 49 48 49
Live weight at 14th day | g 296 | 333"B | 324"AB| 3348 | 33)AB | 340% | 3378 | 3358 | 32/B 328
S.D. g +42 +42 450 +40 +44 +43 +47 +50 +42 e
Index % 100.00 112.50| 109.46| 112.84| 111.82| 11486| 113.85| 100.00| 9582 -
Live weight at 2Ist day | g 541 | 616® | 601 | 634 | 633® | 636® | 636® | 629% | 599 614
S.D. g +79 +87 495 +76 +79 +78 +79 +93 +79 =
Index % 100.00| 113.86( 111.09| 117.19| 117.01| 117.56| 117.56| 100.00| 9523| -
Live weight at 28th day | g 8914 | 952AB| 936"B | 971 | 055°B | ogs® | o98s® | og4h | 923 953
S.D. g £122 | £128 [ +147 | £112 [ #123 | £131 | 110 [+136 | 113 g
Index % 100.00| 106.85| 105.05| 108.98| 107.18| 110.55| 11055 100.00| 9380 -
Live weight at 35th day | g 1347" |1415"% | 138142 [1431"2 |1 412'% |1 443 [1432"2 |1467* [1351® | 1409
S.D. g #173 [ £192 | 216 | £152 [#173 | 183 | £153 [£192 | 146 -
Index % 100.00| 105.05| 103.25| 106.24| 104.83| 107.13| 106.31| 10000 9209 -
Live weight at 42nd day | g  [1809 |1889 [1858 |[1893 [1888 [1901 [188 [1966° [1783% | 1875
S.D. g 4235 | +272 | 4274 | 184 | +226 |+264 | 195 |+257 | 179 =
Index % 100.00| 104.42| 102.71| 104.64| 10437| 105.09| 10426| 100.00| 90.69| -

Legend: see Tab. Il

Capital letters denote highly significant differences at (P < 0.01)
Small letters denote significant differences at (P < 0.05)

Figures denote significant differences at (P < 0.1).

The coefficient of fiber digestibility largely increased
in the groups of chickens that received different con-
centrations of BIO-MOS preparation. This digestibility
was higher by 61.48-147.67% against the control. Fi-
ber digestibility recorded in group (a;) was signifi-
cantly higher than in the control group (P < 0.05).
The relation between chicken weight at the 21st and
42nd day of age and different concentrations of BIO-
-MOS preparation in feed mixtures BR1 and BR2 was

used to calculate the most effective concentration of
preparation by the method of parabolic regression. The
relation between the consumption of feed mixtures
BR1 and BR2 and different concentrations of BIO-
-MOS preparation was employed analogically. Tab. VI
shows the equations of second-degree polynomials
with inflection points, correlation indexes and determi-
nation indexes. Evaluating chicken live weight in rela-
tion to the applied concentrations of BIO-MOS prepa-
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5‘ IV. The effect of application of different concentrations of mannan-oligosaccharides on feed consumption

é todicator Unit Different concentrations of Sex Kvidage

z 3 a 3 2 2y as ag by by

< Number of groups no. 8 8 8 8 8 8 8 28 28 56

;‘ BRI consumption from Ist to 14th day kg 1.548" 1.440° 1.385% 1.433% 1.350° 1.373% 1.378% 1.408 1.422 1.415

g S.D. kg +0.048 +0.000 +0.048 +0.063 +0.098 +0.051 +0.026 +0.091 +0.072 -

= Index % 100.00 93.02 89.47 92.57 87.21 88.70 89.02 100.00 100.99 -

’: BR1 consumption from Ist to 21st day kg 1.668" 1.558" 1.505% 1.525% 1.483° 1.503% 1.493¢ 1.531 1.535 1.533

§ S.D. kg +0.035 +0.014 +0.043 +0.037 +0.047 +0.031 +0.021 +0.078 +0.059 -

g Index %o 100.00 93.41 90.23 91.43 88.91 90.11 89.51 100.00 100.26 -

= BR2 consumption from 22nd to 28th day | kg 1.928° 2.096° 2,035 2,080 2.110° 2,000 2.086% 2,038 2,058

-!.:; S.D. kg +0.071 +0.054 +0.127 +0.091 +0.083 +0.043 +0.096 +0.093 +0.108 -

™ Index %o 100.00 108.71 105.55 107.88 109.44 103.73 108.20 100.00 100.98 -
BR2 consumption from 22nd to 35th day kg 2.083 2.130 2.096 2.093 2.085 2.095 2.131 20724 2.1318 2.102
S.D. kg +0.095 +0.073 +0.068 +0.075 +0.082 +0.036 +0.055 +0.076 +0.048 -
Index % 100.00 102.26 100.62 100.48 100.10 100.58 102.30 100.00 102.85 -
BR2 consumption from 22nd to 42nd day | kg 2.268 2.243 2.238 2218 2.250 2.239 2244 2.199% 2.286° 2,243
S.D. kg +0.031 +0.100 +0.092 +0.092 +0.077 +0.082 +0.065 +0.066 +0.061 -
Index %o 100.00 98.90 98.68 97.80 99.21 98.72 98.94 100.00 103.96 -
Total consumption from 1st to 28th day kg 1.869 1.905 1.849 1.859 1.869 1.831 1.860 1.860 1.866 1.863
S.D. kg +0.044 +0.038 +0.070 +0.049 +0.047 +0.033 +0.050 +0.055 +0.046 -
Index % 100.00 101.93 98.93 99.46 100.00 97.97 99.52 100.00 100.32 -
Total consumption from lst to 35th day | kg 1.979° 1.955% 1915 1.905% 1.893° 1.914% 1.919% 1.912° 1.939" 1.926
S.D. kg +0.062 +0.042 +0.041 +0.050 +0.052 +0.028 +0.030 +0.060 +0.036 -
Index % 100.00 98.79 96.77 96.26 95.65 96.72 96.97 100.00 101.41 -
Total consumption from Ist to 42nd day | kg 2.164* 2.109% 2.091% 2.071° 2.089° 2.089" 2.069° 20714 2.1248 2,097

- 8.D. kg +0.022 +0.074 +0.063 +0.071 +0.057 +0.059 +0.033 +0.059 +0.052 -

Index % 100.00 97.46 96.63 95.70 96.53 96.53 95.61 100.00 102.56 -

Legend: see Tab. Il
Capital letters denote highly significant differences at (P < 0.01)
Small letters denote significant differences at (P < 0.05)
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V. The effect of different concentrations of mannan-oligosaccharides on digestibility of basic nutrients in chicken broilers

. " Different concentrations of bligosaccharides
Indicator Unit
i A a a a3 ay as
Number of determinations no. 6 6 6 6 6 6
Coefficient of N x 6.25 digestibility 48.32 48.77 47.64 46.56a 50.94 49.42°
S.D. Do +1.00 +1.84 +2.09 +2.27 +3.29 +1.60
Index % 100.00 100.93 98.59 96.36 105.42 102.28
Coefficient of fat digestibility P 74.59 76.66 71.89 72.94 7492 72.28
S.D. % +3.14 +3.29 +5.23 +2.37 +341 +3.34
Index % 100.00 102.78 96.38 97.79 100.44 96.90
Coefficient of fiber digestibility % 6.23" 10.06" 13.33% 13.64% 15.43" 11.42ab
S.D. Jo +3.80 +3.85 +3.17 +2.32 +3.93 +4.08
Index %o 100.00 161.48 213.96 218.94 247.67 183.31
Coefficient of nitrogen-free extract digestibility %o 79.12 79.38 78.60 79.45 79.25 79.22
S.D. % +1.36 +0.89 *1.45 +0.76 +0.66 +1.02
Index % 100.00 100.33 99.34 100.42 100.16 100.13
Legend: a,- BRI and BR2 mixtures + 0 g BIO-MOS per 100 kg
a, — BR1 and BR2 mixtures + 50 g BIO-MOS per 100 kg
a, - BRI and BR2 mixtures + 100 g BIO-MOS per 100 kg
a;— BRI and BR2 mixtures + 150 g BIO-MOS per 100 kg
ay— BR1 and BR2 mixtures + 200 g BIO-MOS per 100 kg
as — BR1 and BR2 mixtures + 250 g BIO-MOS per 100 kg
Small letters denote significant differences at (P < 0.05)
ration the inflection point was obtained for preparation DISCUSSION

concentration of 226 g per 100 kg BRI mixture, at the
42nd day of age the inflection point was calculated for
preparation concentration of 214 g per 100 kg mixture
BR2. The inflection points of second-degree polyno-
mials of the relation between feed consumption at the
21st and 42nd day and different concentrations of BIO-
-MOS preparation corresponded to 217 g per 100 kg of
feed mixture BR1 and 222 g per 100 kg of feed mixture
BR2.

As suggested by the results, mannan-oligosaccha-
rides can affect significantly positively both the growth
of chicken broilers and feed consumption per 1 kg
weight gain. This information is in agreement with the
finding that mannan-oligosaccharides influence the
proportions of separate microorganisms in the intestinal
tract as reported by Newman (1994) and Spring
et al. (1996). It is commonly known that the higher

24

2. The effect of application of
different concentrations of BIO-

122

-MOS preparation on feed con-
sumption in kg per 1 kg weight
gain in chickens; y-axis - feed
consumption in kg, x-axis —
BIO-MOS preparation concen-
tration in g per 100 kg

8 BR1, I BR2, 3 Ist to 42nd
day
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VI. Polynomial regression of the effect of BIO-MOS preparation concentration on the weight and feed consumption in chickens at 21st and

42nd day of age

x-extreme = 225.9

Indicator 21st day (BR1) 42nd day (BR2)
y = 554.59 + 0.759x — 0.001681x2 y = 1 824.38 + 0.682 x - 0.001595x2
$ § correlation index = 0.914 correlation index = 0.833
Live weight

determination index = 83.52

determination index = 69.31

x-extreme = 213.8

Feed consumption correlation index = 0.943

x-extreme = 216.5

y = 1.65 - 0.002x + 0.000004x2

determination index = 89.02

y = 2.15 — 0.0008x + 0.000002x*
correlation index = 0.912
determination index = 83.15

x-extreme = 221.9

16

14 13,64

3. The effect of different concen-
trations of BIO-MOS preparation
on fiber digestibility in chicken

13,33

broilers; y-axis — coefficient of
fiber digestibility in %, x-axis —
BIO-MOS preparation concen-

12

tration in g per 100 kg

3 coefficient of digestibility

(%)

colonization of intestinal tract by lactacidogenic mi-
croflora is accompanied by higher weight gains and
lower feed consumption. The data on growth and feed
consumption are also in agreement with our previous
observations focused on application of the yeasts Sac-
charomyces cerevisae var. elipsoideus and Streptococ-
cus faecium C-68 in the nutrition of chicken broilers
(Kumprecht et al,, 1994; Kumprecht, Zo-
bac, 1996). A significant increase in fiber digestibility
in the groups of broilers that received different concen-
trations of BIO-MOS preparation can be considered as
important information. This increased fiber digestibil-
ity can be one of the important factors that improve
feed conversion as a result of mannan-oligosaccharide
use in poultry nutrition.

REFERENCES

FULLER, R.: Probiotics. The Scientific Basis. London,
Chapman and Hall 1992. 398 p.

ZIVOCISNA VYROBA, 42, 1997 (3): 117-124

KUMPRECHT, 1. - ZOBAC, P.: Continuous application of
probiotics based on Saccharomyces cerevisae var. elipsoi-
deus and Bacillus C.I.P. 5832 in the nutrition of chicken
broilers. Zivo&. Vyr., 41, 1996: 311-316.

KUMPRECHT, 1. - ZOBAC, P. - GASNAREK, Z. - RO-
BOSOVA, E.: The effect of continuous application of pro-
biotics preparation based on Saccharomyces cerevisae var.
elipsoideus and Streptococcus faecium C-68 (SF 68) on chic-
ken broilers yield. Zivo&. Vyr., 39, 1994: 491-503.
LYONS, T. P. - BOURNE, S.: Principles of the effect of
probiotics on the basis of yeasts and mannans. In: Proc. Int.
Conf. Probiotics in the Nutrition of Animals, Pohofelice,
Czech Republic, May 1995: 13-22.

NEWMAN, K.: Mannan-oligosaccharides: Natural polymers
with significant impact on the gastrointestinal microflora and
the immune system. North American Biosciences Center, Ni-
cholasville, Kentucky, USA, 1994: 167-174.

SAVAGE, T. F. - ZAKRZEWSKA, E. I.: The use of man-
nans (BIO-MOS) in turkey nutrition. Biotechnology in Feed-
stuff Industry, X. European Lecture Tour, Brno, 1996: 31-34
(in Czech).

123



SNEDECOR,G.W. - COCHRAN, W C.: Statistical Methods.
6th ed. Ames, The Towa State University 1969.

SPRING, P. - DAWSON, K. A. - WENK, C. - NEWMAN,
K. E.: Effect of BIO-MOS on exclusion of Salmonella and
E. coli in broiler chicks. Poster presented at the 12th Annual

Symp. on Biotechn. in the Feed Industry, Nicholasville, Ken-
tucky, April 1996: 1-3.

State Standard CSN 46 7007. Nutritive Value of Feeds. Pra-
ha, UNM 1973.

Received for publication on October 3, 1996

Contact Address:

RNDr. Ivan Kumprecht, CSc., Vyzkumny ustav vyZivy zvifat, 691 23 Pohotelice, Ceska republika, tel.: 0626/93 15 41,

fax: 0626/93 13 66

124

ZIVOCISNA VYROBA, 42, 1997 (3): 117-124



AVAILABILITY OF PHOSPHORUS FROM MAIN DIETARY
SOURCES IN COMMON CARP, CYPRINUS CARPIO L.

DOSTUPNOST FOSFORU Z HLAVNICH DIETETICKYCH ZDROJU
U KAPRA, CYPRINUS CARPIO L.

M. A. Shcherbina, E. A. Gamygin, I. A. Salkova

Scientific and Technical Center ,,Aquafeed”, Rybnoe, Dmitrov Region, Moscow Province,
Russia

ABSTRACT: Analysis of our own experimental results and literary references allows us to generalize data on availability
of phosphorus from different dietary sources in the common carp, which was proved to range in the wide limits (0-99%).
Apparent digestibility of phosphorus from oil cakes and oil meals (8 kinds were tested) averaged 32%, ranging from 21 to
39% for hemp cake and peanut oil meal, respectively. Availability of phosphorus from 9 kinds of grains ranged from 11 to
63%, from the products of grain reprocessing — from 11 to 57%, and from 6 kinds of fodder yeast — from 62 to 99%, the
minimal value being for hydrolyzed yeast. This index for 2 kinds of beans amounted to 40%. A half of total phosphorus
could be absorbed by the common carp from milk powder and egg powder, and 26% — from Daphnia magna. Availability
of phosphorus from fish meal (12 kinds were tested) was affected by the kind of raw material and by technology of its
preparing to vary in the wide limits: 10-33% for white fish meal, 18-26% for brown fish meal, and 17-61% for fish meal
from mesopelagic fishes. In some cases the common carp was not able to absorb phosphorus from fish meal, which could be
accompanied with excretion of endogenous phosphorus. The meal prepared from squid scraps remaining after fillet production
was shown to be one of the best sources of readily available (85%) phosphorus.

Cyprinus carpio; feeding; availability of phosphorus; dietary sources

ABSTRAKT: Na zikladé analyzy naich experimentilnich vysledki a vysledki uverejnénych v literatuie 1ze zobecnit tidaje
o dostupnosti fosforu z riznych dietetickych zdroji u kapra; byla prokdzana jeji znaénd variabilita. Zdanliva stravitelnost
fosforu z vyliskl a extrahovaného $rotu (testovali jsme 8 druhii) dosahovala v priméru 32 % v rozpéti od 21 do 39 % od
konopnych vyliskii po podzemnicovy extrahovany $rot. Dostupnost fosforu z deviti druhti obilnin kolisala od 11 do 63 % —
z produkti opétovného zpracovini obilnin byla od 11 do 57 % a ze Sesti druhi krmnych kvasnic od 62 do 99 %, pfi¢emZ
nejniz8i hodnotu jsme zaznamenali u hydrolyzovanych kvasnic. U dvou druhii bobu dosahoval tento ukazatel 40 %. Ze
sufeného mléka a suSenych vajec dokazali kapfi absorbovat 50 % celkového fosforu a z Daphnia magna 26 %. Dostupnost
fosforu z rybi moudky (testovali jsme 12 druhil) byla ovlivnéna druhem suroviny a technologii jejiho zpracovéni, a to se
zna¢nou variabilita: 10-33 % u moucky z bilych ryb, 18-26 % u mou&ky z tmavych ryb a 17-61 % u rybi mou¢ky z mezo-
pelagickych ryb. V nékterych pfipadech kapfi nedokézali fosfor z rybi moucky absorbovat, coZz mohlo byt doprovazeno
vylucovanim endogenniho fosforu. Ukéazalo se, Ze jednim z nejlepich zdroji snadno dostupného fosforu (85 %) je moucka
vyrobena z odpadu olihn& pfi vyrobé filé.

Cyprinus carpio; krmeni; dostupnost fosforu; dietetické zdroje

INTRODUCTION

Although phosphorus has been recognized as an im-
portant nutrient in fish, there are little data about its
availability from different ingredients of artificial diets
that hinders optimization of dietary mineral composi-
tion. As a result, the nutritive value of artificial foods
can be often declined.

The values of utilization of phosphorus from a few
ingredients of the common carp artificial diets were
presented in works by Ogino, Takeda (1976) and
Ogino et al. (1979). Particularly, the utilization of
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phosphorus from fish meal was found to be 10-33%.
Yone and Toshima (1979) revealed that, on some
occasions, the common carp could not absorb phospho-
rus from fish meal. This fact was supposed by the
authors to be due to the solubility of skeletal phos-
phates being limited in the alkaline medium of the com-
mon carp digestive tract and to hardly soluble complex
compounds forming during digestion. Availability of
phosphorus from different grains, beans, oil cakes, and
oil meals investigated in our earlier works (Shcher-
bina, 1973) was proved to be significantly lower than
utilization of the dry matter of those food sources. A
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similar pattern was found when studying availability of
phosphorus from different artificial diets. Nevertheless,
such information is very limited to be a good ground
for formulation of artificial diets for the common carp.

Thus it seems useful to generalize our and literary
data about supply and availability of phosphorus from
different food sources. It would clarify, to a degree, the
capacity of different dietary ingredients to satisfy the
common carp requirements in this element and provide
information about its quantities brought into the reser-
voir with the fish feces.

MATERIAL AND METHODS

The experiments were coincidentally carried out
during 1975-1995 while the nutritive value of main
dietary sources was tested for the common carp. Influ-
ence of hydrobarothermic treatment (extrusion) on the
nutritive value of these sources was examined in some
cases. Different kinds of grains, beans, oil cakes, oil
meals, fodder yeasts, and sources of animal origin were
used as materials for investigations. As to animal
sources, great attention was paid to technology of fish
meal preparing in connection with its phosphorus avail-
ability. In addition, a number of practical artificial diets
for one-year-old and two-years-old common carp were
tested.

Different dietary ingredients were separately fed to
fish as a pelleted monodiet. Each experiment involved
two time periods: a preliminary one (12-15 days), dur-
ing which fishes were acclimated to the diet, and the
main one (30 days), during which the availability of
phosphorus was tested. The experiments were per-
formed using special aquaria equipped for fish nutri-
tional physiology studying (Shcherbina, 1983).

Availability of phosphorus was evaluated in terms
of apparent digestibility by indicator method, using
chromium oxide as a marker (Shcherbina, 1964):

Pex - (Cry03)¢

Pf' (CrZOS)cx ‘

~ coefficient of apparent digestibility of phos-

phorus (%)
Prand Pex — concentration of phosphorus in food and ex-
crements, respectively (%)

The Fiske and Subbarow’s method modified by

Nikulina was used to evaluate the concentrations of
phosphorus (Nikulina, 1965).

P,y=100- 100

where:  Pag

RESULTS AND DISCUSSION

Ability of the common carp to absorb phosphorus
from phytogenous dietary ingredients was found to
vary in the wide limits (11-63%, Tabs. I and II). Ap-
proximately 35% on the average (21-39%) of phospho-
rus consumed with oil cakes and oil meals is available
for the common carp. This low level is due to the fact
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the seeds of numerous oil plants contain phytates.
Availability of phosphorus from phytates in the com-
mon carp was reported by Ogino et al. (1979) to be
8-38%. Phytase is'required to split phytates but this
enzyme is absent in the digestive tract of the common
carp (Lall, 1978). The fact that availability of phos-
phorus is affected by phytates was recently confirmed
(Hossain, Jauncey, 1993). A similar reason is
responsible for low availability of phosphorus from
some kinds of ground grains (wheat — 11%, oat — 26%,
see Tab. II) and all kinds of brans. Availability of phos-
phorus from wheat ground grain determined in our ear-
lier experiments (11%) is in contrast both with our
recent results and with the data obtained by Ogino
and Takeda (1976) (45 and 57%, respectively). The
reason of these differences is probably due to different
genetic characteristics of the samples tested. The alter-
native reason is that Japanese scientists tested extruded
wheat meal. It is well known that hydrothermic and,
especially, hydrobarothermic treatment sometimes
causes the phytates to split thus transforming their
phosphorus into the form which is more readily avail-
able to animals (Peisker, 1990). Availability of
phosphorus from corn, rice, and millet ground grains
ranges from 54 to 63% and that from beans accounts
for 40%.

Yeasts of the genera Candida and Torula have phos-
phorus in an easily available form (80-99%, Tab. III),
the estimations of different authors being rather similar.
Of all yeasts tested, phosphorus from hydrolyzed yeast
is most hardly absorbed by fish, which appears to be
due to the fact that the cell membranes of this yeast are
not supple and do not readily yield to disintegration.

The experiments with fish meal carried out both by
us and by Japanese scientists revealed that, in most
cases, availability of phosphorus ranged from 10 to
30% (Tab. IV). Many investigators have agreed that
low availability of phosphorus from fish meal is due to
the most part of its phosphorus (70-85%) being in-
cluded in a mineral bone component, hydroxy apatite
[Ca;n(PO,4)s(OH),], which is hardly soluble in the al-
kaline medium of the common carp digestive tract. Un-
der certain digestive conditions, phosphorus of organic
compounds is in turn able to react with cations to build
up hardly splitting complex compounds (Yone,
Toshima, 1979). That this is the case is confirmed
by Yone and Toshima’s data, according to which avail-
ability of phosphorus from one of the white fish meal
samples was 0%.

As it follows from the data presented in Tab. IV,
availability of phosphorus is also affected by the spe-
cies of fish and by technology used for fish meal prepa-
ration. We tested both pressure-drying technology that
is most commonly used and some of its modifications
providing more complete removal of fat from highly
fattened small mesopelagic fish, such as capelin, an-
chovy, and lanternfish. To this aim, non-ionogenous
surface-active agents (NISAA) and natrium car-
boxymethyl cellulose (NCMC) were added during the
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1. Average availability of phosphorus from oil cakes and oil meals in the common carp

Source Availability (%) Reference

Hemp cake 21 Shcherbina (1973)
Mustard cake 30 Shcherbina (1973)
Castor cake 36 Shcherbina (1973)
Sunflower oil meal 29 Shcherbina (1973)
Soybean oil meal 38 Shcherbina (1973)
Peanut oil meal 39 Shcherbina (1973)

Flax oil meal 34 Shcherbina etal. (1985)
Rapeseed oil meal 27 unpublished data of 1991

1. Average availability of phosphorus from phytogenous dietary ingredients in the common carp

Source Availability (%) l Reference

Grains and products of their reprocessing
Wheat 11; 45° Shcherbina (1973)
Wheat 57 Ogino and Takeda (1976)
Qats 26 Shcherbina (1973)
Rye 39 Shcherbina (1973)
Sorghum 44 Shcherbina etal. (1986)
Barley 45 Shcherbina (1973)
Corn 54 Shcherbina etal. (1987)
Rice 60 Shcherbina etal. (1986)
Millet 63 Shcherbina etal. (1985)
Wheat bran '
Rice bran 25 N.A.S. (1983)
Rye bran 29 Trophimova and Shcherbina (1982)
Wheat germs 57 N.A.S. (1983)

Beans

Pea 41 Shcherbina (1973)
Lupin 42 Shcherbina (1973)

§ Unpublished data of 1991-1993

III. Availability of phosphorus from different kinds of fodder yeasts in the common carp

Source Availability (%) Reference

Hydrolyzed yeast ’ 62 Trophimova (1984)
Alkanine yeast 85 Shcherbina et al. (1985)
Carbohydrate yeast 99 Ogino and Takeda (1976)
Brewer’s yeast 93 N.A.S. (1983)

Ethanol yeast 80 Shcherbina et al. (1985)
Microbial biomass ) Shcherbina et al. (1985)

raw materials boiling. Furthermore, extractive and
pressure-centrifugal technologies were used.

The data presented in Tab. IV demonstrate the influen-
ce of different technological approaches on the level of
phosphorus availability. For instance, when the pres-
sure-drying technology was combined with the addition
of NISAA, the availability of phosphorus from the
capelin fish meal increased by 30%. When NISAA was
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then added together with NCMC, the effect proved to
be even better: the availability of phosphorus from the
European anchovy fish meal increased up to 53%. At
the same time, the use of the extractive technology was
ineffective. Although, in comparison with the pressure-
-drying technology, extraction caused fat content to de-
crease in the sardinella fish meal (17.3 and 3.3%, re-
spectively), availability of phosphorus in this case
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IV. Availability of phosphorus from fish meal prepared with using different technological approaches

Technology Fish species Availability (%) Reference

White fish meal - 0 " | Yone and Toshima (1979)
Brown fish meal - 10-33 Ogino etal. (1979)

White fish meal - 18-26 Ogino etal (1979)

PD capelin, Mallotus villosus 17* Shcherbina etal. (1985)
PD + NISAA capelin, Mallotus villosus 22" Shcherbina et al. (1985)
PD + NISAA + NCMC European anchovy, Engraulis encrasicolus 53 unpublished data of 1988-1990
PD round sardinella, Surdinella aurata 61¢ Shcherbina etal. (1987)
Extractive round sardinella, Sardinella aurata 25¢ Shcherbina etal. (1987)
PD horse mackerel, Trachurus trachurus -30 unpublished data of 1988-1990
PD lanternfish, Myctophidae -22° unpublished data of 1988-1990
PC lanternfish, Myctophidae -13 unpublished data of 1988-1990

Abbreviations: PD - p drying technology; PC - p
NCMC - natrium carboxymethyl cellulose

centrifugal technology; NISAA -~ non-ionogenous surface-active agents;

Notes: The values superscribed with different letters significantly differ from the others (P < 0.05)
Negative values indicate that excretion of phosphorus exceeds absorption

V. Availability of phosphorus from sources of animal origin in the common carp

Source Availability (%) Reference

Casein 97 Ogino and Takeda (1976)
Squid meal 85 unpublished data of 1988

Milk powder 50 Shcherbina et al. (1985)
Egg powder 40 Shcherbina et al. (1985)
Krill meal 18 Shcherbina et al. (1985)
Daphnia magna 26 Pershina

Notes: Squid meal was prepared from scraps remaining after fillet production with the use of the pressure-drying technology; krill meal was

prepared using the pressure-drying technology

proved to be 2.4 times lower (61 and 25%, respec-
tively). This fact appeared to be due to the main part
of phospholipids being extracted alongside with
triglycerides. It is known that the organic phosphorus
of phospholipids is readily absorbed by animals.
Phosphorus absorption was found to be absent as
well as excretion of endogenous phosphorus was re-
vealed when the common carp was fed the fish meal
prepared from lanternfish and horse mackerel by the
pressure-drying technology. This phenomenon which
was repeatedly observed earlier (Shcherbina,
1973; 1984) indicates that the digestive system in fish
can perform corrective function. An analogous case ap-
peared to be found by Yone and Toshima (1979)
when they reported that digestibility of phosphorus
from white fish meal accounted for 0%. The Yone and
Toshima’s result is not unexpected because white fish
meal is prepared from the bone scraps of cod, haddock,
flounder, pollack, etc. which contain much mineral
salts. Ogino et al. (1979) reported availability of
phosphorus from white fish meal to be higher (18 and
26%). These authors found that availability of phos-
phorus from brown fish meal, which is prepared from
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the non-standard whole fish carcasses of anchovies and
herrings, ranged from 10 to 33%.

The data on availability of phosphorus from other
sources of animal origin are presented in Tab. V. The
level of phosphorus in casein is rather low but its avail-
ability is close to the maximum extent (97%). Squid
meal is a valuable source of organic phosphorus. Being
bone free, squid meal does not contain hydroxy apatite
whereas including relatively much phosphorus in
a readily available form (85%). No more than a half of
total phosphorus contained in milk powder and egg
powder can be absorbed by the common carp. Avail-
ability of phosphorus from krill meal is as low as in
fish meal (18%) and that from Daphnia magna, one of
the natural food items for common carp, is just above
the latter (26%).

A high variation was observed in availability levels
of phosphorus from different commercial diets. This
indicates that not only different diets have different
composition but also the quality of the same dietary
ingredients also can vary.

In experiments with extruded foods we attempted to
determine the influence of hydrobarothermic treatment
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VI. Availability of phosphorus from practical artificial diets (the data of 1981-1993)

Diet" Availability (%)
K-111-1 317
SBS-RZh 25+5
KTN-86 50+ 4
VBC-RZh-81 53+ 10

* For information about composition of artificial diets, see Shcherbina et al. (1985)

on availability of phosphorus from different dietary
sources. In spite of extrusion causing the phytates to
split (Peisker, 1990), we did not obtain any clear
results. Hydrobarothermic treatment made availability
of phosphorus from wheat and barley grains and from
soybean oil meal decrease (in the case of wheat grain
the differences being significant). Availability of phos-
phorus from extruded corn, ethanol yeast, sunflower
and rapeseed oil meals, and wheat bran, in turn, proved
to be remarkable higher. The available part of phospho-
rus from fish meal prepared by the pressure-drying
technology transformed into wholly unavailable form
after extrusion. Excretion of endogenous phosphorus
with feces was observed when feeding the common
carp with extruded fish meal.

CONCLUSION

The data presented allow us to conclude that avail-
ability of phosphorus from different dietary ingredients
in the common carp varies within wide limits (0-99%)
depending on the chemical form of its compounds and
the technology of raw materials preparation. Apparent
digestibility of phosphorus evaluated by the indicator
method has shown to range from 11 to 63% in 9 kinds
of grains, from 21 to 39% in 8 kinds of oil cakes and
oil meals, from 62 to 99% in 6 kinds of fodder yeasts,
from 25 to 53% in different kinds of artificial diets, and
that from 2 kinds of beans to account for 40%. Avail-
ability of phosphorus from fish meal (12 kinds were
tested) is in the most part affected by the kind of raw
material and by technology of its preparing to vary in
the wide limits: 10-33% for white fish meal, 18-26%
for brown fish meal, and 17-61% for fish meal from
mesopelagic fishes.

The results obtained indicate that the values of phos-
phorus availability need to be taken into account in
formulating artificial diets for the common carp.
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DEPENDENCE OF NUTRITIVE VALUE OF LUCERNE
ON THE STAGE OF MATURITY

ZAVISLOST NUTRICNI HODNOTY VOJTESKY NA JEJI VEGETACNI
FAZI

T. Komprdal, J. Zelenka], B. Nedbilkova®

! Mendel University of Agriculture and Forestry, Faculty of Agronomy, Brno,
Czech Republic
% Fodder Crop Research Institute, Troubsko, Czech Republic

ABSTRACT: The nutritive value (crude protein /CP/ and organic matter /OM/ degradability estimated in situ in 3 steers,
protein digestible in the intestine /PDI/ and net energy of lactation /NEL/), and the stage of maturity (Mean Stage by Weight,
MSW) were determined in lucerne plants cut in five-day intervals in the spring and summer cuts in two consecutive years.
The rate of a decrease in CP degradability, OM degradability and NEL in dependence on MSW did not differ (P > 0.05)
between both years either in the spring cut or in the summer cut. Rate of a decrease in PDI differed between both years both
in the spring and in the summer cut. On the other hand, PDI decreased at the same rate in the spring cut as in the summer
cut both in the first and in the second year. The changes in CP degradability, OM degradability, and NEL (calculated over
both years) were more influenced by the MSW in the spring cut than in the summer cut: the slope of regression was —2.45
and -1.50, -5.51 and -4.26, —0.62 and -0.44, resp., P < 0.01. The changes in PDI were influenced equally in both cuts, the
slope was —4.38 and —4.01, resp. (R? = 73% and 74%, resp.), P < 0.01. The temperature accounted for 35-47%, the sunshine
for 18-22%, and the precipitation for 5-7% of the variability in the nutritive traits.

degradability; protein digestible in the intestine; lucerne; vegetative stage

ABSTRAKT: Nutri¢ni hodnota vojtésky sklizené v pétidennich intervalech v 1. a 2. se¢i ve dvou naslednych letech byla
zhodnocena, pokud jde o degradovatelnost dusikatych latek (NL) a organické hmoty (OH) a obsah ve stiev€ stravitelnych
NL (PDI) a nettoenergie laktace (NEL). Vegeta¢ni fize vojté§ky byly kvantifikovany pomoci systému primérné faze podle
hmotnosti lodyh (MSW). Jednotlivé naméfené hodnoty degradovatelnosti NL jsou pro obé sece a oba roky sledovani uvedeny
v tab. I. Rychlost poklesu degradovatelnosti NL, degradovatelnosti OH a obsahu NEL v zdvislosti na MSW byla stejna
(P > 0,05) v obou letech sledovani, a to pfi zhodnoceni jak 1., tak i 2. sefe. Rychlost poklesu PDI byla pro oba roky rizna
(P < 0,05) jak v 1., tak i ve 2. se¢i. Rychlost poklesu PDI v3ak byla stejnd (P > 0,05) pro obé sele, a to jak v 1., tak i ve
2. roce sledovani (tab. IT). Zmény v hodnoté degradovatelnosti NL, degradovatelnosti OH a obsahu PDI byly ovlivnény
vegetaéni fazi vojté€sky (MSW) v 1. seti vyrazné&ji neZ ve 2. sefi, jestliZe v§echny hodnoty naméfené pro danou se¢ v pritbéhu
1. i 2. roku sledovéni byly uvaZovany jako jeden soubor (tab. III). Hodnoty koeficientu linearniho ¢lenu linedrni regrese byly
pro 1., resp. 2. se¢ —2,45, resp. —1,50 (degradovatelnost NL); -5,51, resp. —4,26 (degradovatelnost OH); -0,62, resp. -0,44
(obsah NEL); ve viech pfipadech P < 0,01. Zmény v obsahu PDI byly ovlivnény vegeta¢ni fazi v obou secich stejné, sklon
regrese byl -4,38, resp. —4,01 pro 1. seg, resp. 2. se¢ (R* =173 %, resp. 74 %), P < 0,01.

degradovatelnost; PDI; NEL; vojtéska; vegetaCni faze

INTRODUCTION nutritive value of forage in a given vegetative stage in

the various (spring, summer) seasons.

The nutritive value of forage is influenced by
a vegetative stage in dependence on the season (Gi-
vens et al.,, 1993). The strictly defined vegetative
stage by the Mean Stage by Weight number (MSW —
Kalu, Fick, 1983) enables both more correct nutri-
tive value assessment of lucerne forage in the course of
vegetation in a given season, and comparison of the
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The objectives of this paper were as follows. To
evaluate the dependence of crude protein (CP) and or-
ganic matter (OM) degradability, protein digestible in
the intestine (PDI) and net energy of lactation (NEL)
contents of lucerne on its vegetative stage in the course
of two consecutive years, and also to compare the nu-
tritive value of the spring and summer cut of lucerne.
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MATERIAL AND METHODS

Plant material. Lucerne (Medicago sativa, L., cul-
tivar ,,Palava®) was sown in rows with a spacing of
12.5 cm. Plants were harvested in approximately five-
-day intervals during April and July (spring cut) or
during June and August (summer cut). The vegetative
stage of lucerne (Mean Stage by Weight, MSW) was
quantified according to Kalu and Fick (1983):
MSW =X §. D/W (S — number of the individual vege-
tative stage according to the morphological traits, D —
dry matter of the shoots in the stage S, W — total dry
matter of all shoots of a given sample).

The experimental plot was divided into two strips.
Sample collections of the spring cut continued in the
first strip to MSW number 7. In the second strip all
above-ground parts of the plants were removed when
they reached MSW number 4. The samples of the sum-
mer cut were then collected in this second strip. This
design was repeated in two consecutive years. The first
day of the summer cut vegetation was considered to be
Ist June in the first year and 15th June in the second
year (the first day of vegetation in the spring cut being
Ist April in both years). Altogether 15 (16) samplings
were carried out during the spring season and 10 sam-
plings during each summer season. In each cut 2.1 kg
of fresh matter for determinations of degradability of
crude protein (CP) and organic matter (OM) were col-
lected. Simultaneously, a 60cm segment of the same
row was cut for quantification of the stage of maturity.

Degradability measurements. Three steers (Czech
Pied breed) of average body weight of 580 kg fitted
with rumen cannulas (internal diameter 130 mm) were
used. The diet consisting of 6 kg of lucerne hay and
0.5 kg of barley meal was fed twice daily. Samples of
lucerne (6 g, ground to particle size of 1 mm) were
weighed in synthetic bags of 10 x 20 cm with pore size
of 56 um. CP and OM disappearances from the sample
at each vegetative stage were measured six times within
each of the six incubation intervals of 2, 4, 8, 16, 24,
and 48 hours. Sets of bags were attached to the indi-
vidual brass rings weighing 0.5 kg. They were inserted
into the rumen successively and removed all at once.
The bags were rinsed under running water for 1 minute,
washed in a water bath for 15 minutes, and dried at
65 °C. For incubation interval ¢ = 0 hours weight losses
were determined by washing nine bags in water at
40 °C for 15 minutes.

In all samples the content of dry matter (DM), ash
and CP was determined. The values of residual nitro-
gen were corrected on microbial contamination by ex-
trapolating the data of Mathers and Aitchison
(1981).

Degradability of CP and OM (P) was calculated ac-
cording to the model proposed by Orskov and
McDonald (1980): P =a + bc / (¢ + k). Constants
a (soluble fraction), b (insoluble degradable fraction)
and c (rate constant of degradation of fraction b) were
calculated from disappearances of CP or OM (p) from

132

the bag, assuming thatp =a + b (1 — gHt=T) T being
a lag time (Denham et al.,, 1989). Rumen fractional
outflow rate (k) was considered to be 3.5% per hour for
both CP and OM particles.

The PDI and NEL calculation. The content of pro-
tein digestible in the intestine was calculated using the
PDI system (Verité, Peyraud, 1988). For calcu-
lation of PDIME values, apparent digestibility of OM
in situ after 24 hours of incubation was used. The di-
gestibility of the rumen undegradable protein of lu-
cerne hay in the duodenum was considered to be 73.9%
(Frydrych, 1992). The net energy of lactation
(NEL) was estimated according to Vencl (1990):
NEL = ME (0.463 + 0.24 ME/GE); GE = 0.00588 CP +
0.01918 OM; ME = 0.00137 DCP + 0.01504 DOM;
NEL, gross energy /GE/, and metabolizable energy
/ME/ in MJ/kg DM; CP, OM, digestible CP /DCP/, and
digestible OM /DOM/ in g/kg DM. As an estimation of
the apparent digestibility of CP and OM for calculation
of DCP and DOM values, disappearance of CP and OM
in situ after 24 hours of incubation was used.

Determination of climatological parameters. The
average daily temperature (°C) was calculated from
three measurements at 7.00, 14.00 and 21.00 hours_.
The sunshine (hours.day'l) was determined by a helio-
graph, precipitation (mm.day™) by the ombrometer.

Statistical evaluation. The comparison of the linear
regressions was carried out using the equality test of
the regression coefficients of the linear term (t-crite-
rion) and the congruence test of the linear regressions
(F-criterion; Rod, Vondracek, 1973).

RESULTS

The measured values of crude protein effective de-
gradability in consecutive vegetative stages in the
spring and summer cuts within two years are shown in
Tab. L.

The dependences of nutritive traits (CP and OM de-
gradability, NEL and PDI contents) on the vegetative
stage (MSW) are compared in the framework of the
individual cuts and years in Tab. II. The rate of a de-
crease in CP degradability, OM degradability, and NEL
in the spring cut did not differ between both years
(P > 0.05). We found similar results also in the sum-
mer cut (t-column, Tab. II). The courses of CP degrad-
ability in the spring cut are even congruent in both
years, the courses of OM degradability are congruent
in both years in the summer cut (F-column, Tab. II).
However, in the case of PDI the course (rate of de-
crease) in both cuts in the first year differs from the
course in the second year (P < 0.05).

On the other hand, PDI showed in the spring cut the
same course as in the summer cut (P > 0.05) both in
the first year and in the second year (7-column, Tab. II).

The regressions of all traits on MSW in the individ-
ual cuts were calculated using measured values within
both years together (Tab. III).
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1. Crude protein effective degradability values measured in consecu-
tive vegetative stages in two cuts within two years

Year
Msw! . =
Cut
1 2 1 2
0.2 91.8%
0.4 87.5%f
89.67
0.5 89.6"
0.8 87.4%°"
0.9 91.7"¢ 89.5"
1.0 86.4"
1.1 86.9° 84.5"¢
14 90.6"
1.6 88.9%0
1.9 89.3% 85.6"
87.7‘]'0"
88.3‘]":'{
86.2‘:""‘:
20 85.3°
28 82.6"
2.9 84.14 83.9m¢
35 84.19¢
36 84.4"¢
38 84.3" 85.9"<¢ | g45°f
84.7"¢ 82.6¢
4.1 79.5
42 83.4" 815
4.6 81.0™¢
5.0 79.0°
5.1 76.3"
52 74.8"
53 76.3 76.0"¢
55 75.5
57 76.9
5.8 76.4° 75.5"
6.2 75.5" 76.3"¢
6.4 79.3"
6.8 76.2"
7.1 70.3°
73 7.7
71 82.4%4
78 72.0°
79 79.0"
8.0 76.4"

1) Mean Stage by Weight (Kalu, Fick, 1983); values rounded
to one decimal

a, b, ¢, d, e, f, g — means with unlike superscripts in columns are
significantly different (P < 0.01); Duncan’s F-test
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I1. Comparison of linear dependences of nutritive traits on the Mean
Stage by Weight number (Kalu, Fick, 1983) in two cuts within
two years

Trait Cut Year t F
spring 1x2 1.93* 1.36*
CP deg! summer 1x2 1.50% 6.32
spring X summer 1 391
spring X summer 2 0.50" 1.10%
spring Ix2 0.48" 4.15
OM deg? | Summer 1x2 | 084" | 2.00*
spring X summer 1 235
spring X summer 2 1.50° | 8.10
spring Ix2 3.66
PDP summer 1 %72 2.60
spring X summer 1 0.34* 438
spring X summer 2 0.84* | 435
spring 1x2 1.67" 357
NEL4 summer 1x2 0.67* 4.69
spring X summer 1 3.53
spring X summer 2 3.10

* The difference between the straight lines is insignificant (P > 0.05):
straight lines are parallel (t-column), and congruent (F-column)

For Tabs. I and III: 'crude protein degradability, 2 organic matter
degradability, Jpro(ein digestible in the intestine, *net energy of lac-
tation

11I. The dependences of nutritive traits on the Mean Stage by Weight
number (Kalu, Fick, 1983) in spring and summer cuts

P cocticiens | R
rait ut C n

intercept slope e
CP deg! spring 90.7 -2.45 84* 31
summer 87.5 -1.50 54* 20
OM deg? spring 86.8 -5.51 95* 31
summer 81.0 -4.26 88* 20
Pbi spring 100.2 -4.38 gk i 31
summer 99.5 -4.01 74% 20
NELS spring 8.6 -0.62 9s5* 31
summer 7.5 -0.44 86* 20

*P <00l

Based on the estimation of the coefficient of deter-
mination, the vegetative stage (MSW) accounted for
approximately the same per cent of changes in PDI in
the spring cut (R2 =73%, P < 0.01) and in the summer
cut (R2 =T74%, P < 0.01). However, all the other traits
were determined by the MSW number more conspicu-
ously in the spring cut than in the summer cut. This is
most evident in the case of CP degradability: R? was
84% and 54%, respectively (Tab. III).
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In addition, the influence of climatological parame-
ters on the tested nutritive traits has been determined
in our experiment. The average daily temperature ac-
counted for 35-47% of the changes in the tested nutri-
tive traits. The sunshine accounted for 18-22 %, and
the precipitation only for 3-7 % of the changes.

DISCUSSION

The differences in the rate of PDI changes between
the spring and the summer cut were not found in any
year. This is also the case of CP degradability and OM
degradability in the second year. This fact does not
correspond to the general trend of the faster maturation
of the summer cut compared with the spring one. Ac-
cording to Griffin et al. (1994) lucerne forage nu-
tritive quality (based among other things on degradabil-
ity measurements) declined less with increasing MSW
in summer than in spring cuttings.

But the increase of the MSW value (calculated over
both years) both in the spring cut and in the summer
cut (0.081 per day, R* = 93%, and 0.127 per day, R* =
94%, resp.) is in agreement with the data of Sander-
son and Wedin (1988): the linear term of the de-
pendence of MSW on the day of vegetation was 0.08
for the spring cut and 0.17 for the summer cut. Accord-
ing to these authors, the difference between spring and
summer cut is caused by a higher temperature in the
course of the summer cut. In our experiments the tem-
perature had the greatest influence on the nutritive
traits from all tested climatological parameters.

Amrane and Michalet-Doreau (1993) re-
port the decrease of CP degradability 0.3% per day
between the ,vegetative stage” (79%) and the end of
budding (70%) in the first cut of lucerne. In our experi-
ment it was 0.2% per day using corresponding values
based on MSW. According to Balde et al. (1993),
CP degradability decreased from 85% (early bud) to
80% (full bloom), dry matter (DM) degradability de-
creased from 73% to 62%. The corresponding values
in the present paper (MSW number 3-6) were 83% to
76% (CP degradability) and 70% to 54% (OM degrad-
ability), respectively. The differences between the re-
sults are caused (among other things) by different de-
finitions of the maturity stage. This underlines the
importance of the MSW system for the mutual com-
parison.

Bosch et al. (1992) evaluated the changes of the
particular degradation constants in four consecutive
vegetative phases of the grasses. The soluble fraction
(a) decreased, undegradable fraction (100 — /a + b/)
increased and the degradation rate (c) -of the insoluble
degradable fraction (b) decreased. We found statisti-
cally significant decrease of the a-fraction only in OM
degradability in the spring cut (R? = 64%, P < 0.01).
The rate constant ¢ decreased significantly (P < 0.01)
only in the spring cut in CP degradability (R* = 51%)
or in OM degradability (R? = 42%). Only the decrease
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of the b-fraction was significant (P < 0.05) in all cases.
According to Balde etal. (1993), most of the depres-
sion in the CP or OM degradability of lucerne was
caused by the increase in the indigestible fraction; rate
of digestion was not affected.

Balde etal. (1993) also emphasize the knowledge
of OM fermentability when evaluating CP degradabil-
ity. It has been confirmed in our experiment. When
calculating PDI, energy (not protein) has been limiting
in all cases. The PDIA was nearly constant in the
course of MSW, so the PDIME determined the nutritive
value changes. The coefficient of determination of the
relationship between the OM disappearances after
24 hours of incubation (from these values PDIME was
calculated) and PDI was relatively high: R? = 81%
(P < 0.01).

CONCLUSIONS

Both the highly empirical in situ method and the
MSW system have their shortcomings. The poorer fit
of MSW number and CP degradability in the summer
cut (Tab. III) is likely due to the higher variability of
the dependent variable. The regression coefficient
(slope) is also reduced because this calculation merely
minimizes the least square fit. This makes it more dif-
ficult to determine the differences between cuts (see
Tab. II). As far as the MSW system is concerned,
Griffin et al. (1994) reported its limited suitability
within cultivars. Despite these facts the present study
confirmed the usefulness of the MSW system with test-
ing the nutritive value based on degradability measure-
ments.
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METANOGENEZA V BACHORE PREZUVAVCOV

METHANOGENESIS IN THE RUMEN OF RUMINANTS

P. Smigan, P. Polik, A. Majernik, M. Greksak

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

ABSTRACT: Examination of methanogens, which are present in the rumen of ruminants, has provided crucial discoveries
in microbiology and biochemistry of this group of microorganisms as well as basic information on interactions of methanogens
with other microorganisms of the complex ruminal ecosystem. This review article is focused on microbial interactions in the
rumen of ruminants in relation to methanogenesis, on problems related to the use of ionophores, antibiotics and other rumen
methanogenesis reducing substances. We tried to formulate a hypothesis as part of this review about the possible control of
methanogenesis in the rumen of ruminants through rumen pH modulation and sodium ion concentrations. The use of methods
of molecular biology for manipulation with rumen methanogens is contemplated in the terminal part of this article. A huge
potential discovered by studies of nonrumen methanogens opens a scope for application of this information to methanogenesis
processes in the gastrointestinal tract of ruminants.

rumen; methanogens in rumen of ruminants; microbial interactions of methanogens; modulation of CH4 production

ABSTRAKT: Stidium metanogénov, ktoré sa vyskytuji v bachore preZivavcov, prinieslo zdsadné objavy dotykajice sa
mikrobiolégie a biochémie tejto skupiny mikroorganizmov, ale aj principidlne zistenia sivisiace s interakciou metanogénov
s ostatnymi mikroorganizmami komplexného bachorového ekosystému. Clanok je zamerany na mikrobiélne interakcie v ba-
chore preZivavcov vo vztahu k metanogenéze, na problémy sivisiace s vyuZitim ionoférov, antibiotik a inych latok reduku-
jucich bachorovi metanogenézu. V ramci tohto prehladu sme sa pokusili o formuldciu hypotézy o moZnosti kontroly
metanogenézy v bachore preZivavcov prostrednictvom modulacie bachorového pH a koncentracie sodnych iénov. V zive-
renej Casti uvaZujeme o moZnosti vyuZitia metéd molekulovej biol6gie pri manipuldcii s bachorovymi metanogénmi. Obrov-
sky potencidl, ktory vznikol pri §tidiu nebachorovych metanogénov, otvira priestor pre vyuZitie tychto poznatkov aj v oblasti
metanogenézy v gastrointestindlnom trakte preZivavcov.

bachor; metanogény v bachore prezivavcov; mikrobidlne interakcie metanogénov; modulécia tvorby CHy

Pohlad mikrobiol6ga na preZivavce je kompletne
odlidny od pohladu fyzioléga, pripadne zootechnika.
Mikrobiol6g vidi prezivavca ako Zivy, samostatne sa
reprodukujici a stravitelny fermentor, ktory je schopny
produkovat miso a mlieko, vyuZivajic pomerne nena-
ro¢ny zdroj energie a uhlika — rastlinnd potravu. Na
transforméciu rastlinnej potravy na miso a mlieko vy-
uZiva preZivavec premenlivi populdciu anaerébnych
mikroorganizmov vo svojich predZalidkoch, ale najmi
v bachore. Tato mikrofléra sa zilastiiuje na premene
komplexnych polysacharidov z rastlinnej potravy na
prchavé mastné kyseliny (VFA) — kyselinu mravciu,
kyselinu octovi, kyselinu propiénovii a kyselinu mas-
lovi, ktoré tvoria hlavny zdroj energie preZivavcov
a si nasledne absorbované makroorganizmom cez ba-
chorovi stenu. Z bakteriologického hladiska je bachor
preZivavcov extrémne komplexny ekosystém, koloni-
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zovany populaciou réznych druhov anaerébov. Za vel-
kost a zloZenie tejto anaer6bnej populacie zodpovedaji
mnohé selektivne faktory, ako napriklad stupeii anae-
robiozy, oxidoredukény potencial, teplota a mnohé iné,
doposial eSte stale nespoznané vplyvy. Mimoriadne
dolezitym faktorom je z tohto hladiska zloZenie pri-
marnych energetickych substratov, ktorych kvalita bez-
prostredne sivisi s chemickym zloZenim potravy. Vy-
skum bachorovych mikroorganizmov vyznamne prispel
k na8mu porozumeniu tohto, z hladiska vyZivy nepo-
chybne mimoriadne ddleZitého mikrobidlneho ekosys-
tému a nasledne vyrazne ovplyvnil a aj ovplyviiuje
tvorbu optimélneho zloZenia kimnych davok pre preZi-
vavce. Z hladiska produkénej efektivnosti sa u prezi-
vavcov neustile uvaZuje, a robia sa v tom aj potetné
experimenty, o podmienkach, ktoré by viedli k reduk-
cii strat vo forme meténu, vznikajticeho pdsobenim me-
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tanogénov, tvoriacich obligdtnu sucast bachorového
mikrobidlneho ekosystému. Bolo preukizané, Ze mak-
roorganizmus preZivavcov strica vo forme metanu aZ
10 % energie uhlika prijatého z potravy, ¢im ale zéro-
veil vyrazne prispieva aj ku zvy$ovaniu koncentricie
metanu v atmosfére, kde metén je vyznamnou zloZkou
plynov, ktoré sa podielaji na globdlnom sklenikovom
efekte. Navy3e, metdn vyrazne ovplyviiuje fotochemic-
ké reakcie urcujice koncentracie ozonu a hydroxylo-
vych radikalov, ktoré podstatne prispievaji k chemic-
kym premendm v atmosfére (Crutzen, 1991). Je
preto nepochybne mimoriadne ddleZité porozumiet tym
procesom, v priebehu ktorych dochadza k tvorbe meta-
nu v bachore prezivavcov. V tomto prehlade sa zame-
riame hlavne na niektoré aspekty tvorby metanu v ba-
chore prezivavcov, ako aj na moZnosti redukcie jeho
tvorby vplyvom niektorych kimnych aditiv.

Mikrobidlne interakcie v gastrointestindlnom trakte
preZiivavcov vo vzfahu k metanogenéze

Metanogenéza v gastrointestinilnom trakte preZi-
vavcov, tak ako aj v inych anaerébnych prostrediach,
je jednym z najprominentnejSich biologickych proce-
sov na Zemi. Reprezentuje terminalny krok v anaeréb-

nej dekompozicii organickych latok. Z tohto-hladiska
nie je preto prekvapujiice, Ze pochopeniu tohto procesu
sa v poslednej dobe venuje stale viac pozornosti. Metan
spolu s oxidom uhli¢itym a prchavymi mastnymi kyse-
linami predstavuje koncovy produkt mikrobidlnej fer-
mentacie komplexnej rastlinnej potravy prebiehajice;j
v bachore preZivavcov. ZloZenie potravy mdZe vyraz-
ne varirovat, aviak vo v3eobecnosti moZno kon¥tato-
vat, Ze obsahuje najmé monosacharidy (glukézu, fruk-
tézu a xylézu), oligosacharidy (sacharézu, rafindzu, ale
aj iné) a polysacharidy (celul6zu, hemicelulézu, pektin,
pripadne Skrob). Predtym ako ddjde ku koncovej fermen-
tacii jednoduchych sacharidov na metan, oxid uhlicity
a prchavé mastné kyseliny, musi prebehnit degradacia
polysacharidov a oligosacharidov na monosacharidy,
ktoré predstavuji charakteristicky substrat pre fermen-
tativne mikroorganizmy. Z tohto dévodu musi anaeréb-
ne konzorcium mikroorganizmov, nachadzajice sa
v bachore preZivavca, obsahovat mikroorganizmy
schopné metabolizovat tieto latky. Vlastnd degradicia
polysacharidov prebieha v troch fizach: dezagregicia,
extraceluldrna hydrolyza a intracelularny metaboliz-
mus. Na tento proces nadvizuje odbiranie monosacha-
ridov aZ na urovei pyruvétu, prchavych mastnych ky-
selin, oxidu uhli¢itého a vodika (obr. 1), kde posledné

| Skrob | | Celuldza I | Pektin | I Hemiceluléza ]
Maltéza Celobidza K. pektinovi Xylobiéza
K. glllk{urénovi Xyloza
Glukéza Glukéza ==
Glukéza-1-P Xyléza-P 1. Biochemické reakcie vedice k tvorbe
l prchavych mastnych kyselin a metinu pocas
Y ' fermentdcie rastlinnej potravy bachorovymi
Glukéza-6-P Penl:lza-P mikroorganizmami. Baktérie zdi&astiujice sa
cyklus

+ Fruktéza-6-P 4—————

|
@ (Glykolyza)

|

K. pyrohroznovi

na jednotlivych reakcidch si o¢islované: |. Ru-
minobacter amylophilus, Streptococcus bovis,
2. Ruminococcus flavefaciens, Buacteroides
succinogenes, 3. Streptococcus bovis, Bac-
teroides ruminicola; 4. Ruminococcus flavefu-
ciens, Fibrobacter succinogenes, Butyrivibrio
fibrisolvens; 5. V3etky, ktoré metabolizuju
cukry; 6. Methanobacterium rumi, ium; 7.
Butyrivibrio fibrisolvens, 8. Megasphaera
elsdenii, Selenomonas ruminantium (upravené

»
K. mravéia 17> Co, PIECR
/\ | Acetyl Acetyl .
CO, @A H Cod CoA K. oxaloctovd
AT
Aceu;:celyl
CoA K. jantdrovd
Acetyl-P @ i
p-Hydroxybutyryl )
CoA Sukcinyl
CoA
® ! ®
Krotonyl CoA
< I Metylmalonyl
CoA
Metan K. octova K. maslovi
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» Propionyl j

CoA K. mlieéna

podla autora Yanagito, 1990) - Biochemi-
cal reactions resulting in the production of
volatile fatty acids and methane by rumen mi-
croorganisms during fermentation of vegetable
feed. Bacteria involved in the separate reac-
tions are attached numbers: 1. Ruminobacter
amylophilus, Streptococcus bovis; 2. Rumino-
coccus flavefuciens, Bacteroides succinogenes;
l 3. Streptococcus bovis, Bacteroides rumini-

cola; 4. Ruminococcus flavefaciens, Fibrobac-
ter succinogenes, Butyrivibrio fibrisolvens; 5.
All sugar-metabolizing bacteria; 6. Methano-
bacterium ruminantium; 7. Butyrivibrio fi-
brisolvens; 8. Megasphuera elsdenii, Seleno-
monas ruminantium (adapted according to
Yanagito, 1990)

Akrylyl
CoA

Propionyl
CoA

|®
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dve zliéeniny tvoria zdkladné substraty pre tvorbu me-
tanu prostrednictvom metanogénov, na rozdiel od
inych anaerébnych prostredi, kde hlavnym prekurzo-
rom pre tvorbu metdnu je octan (Yanagita, 1990).

Bachorové metanogény

Bachor bylinoZravych Zivocichov predstavuje podla
Hungateho realny mikrokozmos, ktory pozostiva
z baktérii, prvokov a hib. V 1 ml bachorovej tekutiny
sa nachadza okolo 10! baktérii, 10° prvokov a 10°
roznych hib (Hungate, 1975). Len mald frakciu
z bachorovych baktérii tvoria metanogény, ktoré si
schopné vyuZivat pre svoj rast oxid uhli¢ity a molekulovy
vodik, tvoreny nemetanogénnymi mikroorganizmami. Aj
ked v bachore prezivavcov bolo identifikovanych viac
druhov metanogénov, hlavnymi predstaviteImi tejto
skupiny st Methanobrevibacter ruminantium a Metha-
nobrevibacter smithii, ktoré pdvodne boli zaradené pod
spoloény nazov ako Methanobacterium ruminantium
(Balch etal., 1979). Obidva tieto druhy si si svojimi
morfologickymi a fyziologickymi vlastnostami velmi
podobné. Ich bunky tvoria kritke ovélne koky 0,5-
I um Siroké a 1-1.5 pm dlhé. Bunky sa Casto vyskytuji
v péaroch a v dlhych retazcoch, pripominajiic tak strep-
tokoky. Bunky nie si motilné a su silno Gramm-pozi-
tivne. Ich kolonie na pevnych pédach maju Zltkasté
sfarbenie. Ako hlavny energeticky substrat vyuZivaju
bud molekulovy vodik, alebo mravéan. VyuZivanie
mravéanu moéze byt vSak dost pomalé. Mravéan mdze
substituovat oxid uhli¢ity ako zdroj uhlika pre tvorbu
metdnu. Ukazalo sa, Ze mravcan sa najskor prostrednic-
tvom format hydrogénlydzového systému premiefia na
vodik a oxid uhli¢ity. Aménne iény sliZia u tychto
mikroorganizmov ako hlavny zdroj bunkového dusika
a sirniky si pravdepodobne hlavnym zdrojom bunkovej
siry. Zakladné rozdiely medzi nimi si hlavne fyziolo-
gické a nutri¢né. Bunky M. smithii m6Zu byt v labora-
tornych podmienkach kultivované v jednoduchych,
chemicky definovanych médiach, zatial ¢o pre rast bu-
niek M. ruminantium je esencialna pritomnost o-metyl-
butyratu, aminokyselin, octanu a koenzymu M. Izoto-
pové §tidium ukazalo, Ze bunky M. ruminantium kmei
M1 preferencne syntetizuje pocas rastu v komplexnom
médiu okolo 60 % svojho bunkového uhlika z octanu
v pritomnosti oxidu uhli¢itého a vodika. M. smithii ras-
tie optimédlne pri pH 6,9-7,4, zatial ¢o pre rast M. ru-
minantium je pH optimum 6,3-6,8. Obidva druhy ne-
rasti pri pH média vy$§om ako 8 a niZSom ako 6
(Balch etal, 1976; Bryant et al.,, 1971). Aj ked
prave tieto metanogény si z hladiska fyzioldgie bacho-
ra mimoriadne zaujimavé, poznatky o ich biochemic-
kych a bioenergetickych vlastnostiach st doposial vel-
mi kusé. Tato skutocnost vyplyva hlavne z toho, Ze
bachorové metanogény patria medzi metanogény s naj-
vicSou citlivostou voci kysliku. To predstavuje zrejme
aj pre dobre vybavené laboratdria, zaoberajice sa Sti-
diom metanogénov, ur¢ité technické problémy, a preto
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sa skor uprednostiiuje Stidium inych metanogénov,
ktorych citlivost ku kysliku nie je taka vysoka.

Bachorové metanogény, aj ked doposial s pomerne
mélo pre§tudovanou biochémiou, zohrali vo vyskume
metanogénov mimoriadne doleziti Glohu. Bryant et
al. (1971) demonstrovali, Ze M. ruminantium nerastie
v komplexnom médiu, pokial toto médium neobsahuje
bachorovi tekutinu. Neskor sa ukazalo, Ze latka, ktora
je pre rast tychto metanogénov absoliitne esencidlna, je
koenzym M (2-merkaptoetansulfénova kyselina)
(Taylor etal, 1974). AZ v priebehu dalSieho Stidia
metanogénov sa preukazalo, Ze tento koenzym ma
esencialnu funkciu v koncovom kroku metanogenézy
pri redukénej demetylacii metylovaného derivitu tejto
zli¢eniny. NajdoleZitejsi v8ak je fakt, Ze tento krok bez
vynimky prebieha u vSetkych doposial znaimych meta-
nogénov (Keltjens, 1984). U bunick M. ruminan-
tium, kde je tento koenzym rastovym faktorom, bolo
zistené, Ze jeho transport je sprostredkovany $pecific-
kym systémom, ktory je zavisly od metabolickej ener-
gie (Balch, Wolfe, 1978). Co sa tyka poZiadavky
na mineralne zliceniny u tychto metanogénov, bolo
zistené, Ze pridavky nikelnatych zligenin zvySuju ich
rastové vytazky (Diekert et al., 1981). Podobna za-
vislost bola tieZ preukdzana aj u mnohych inych meta-
nogénov. AZ neskor sa zistilo, Ze F43(, ktory tvori pros-
teticki skupinu metyl-CoM reduktazy, obsahuje vo
svojej molekule nikel (Rouviere, Wolfe, 1988).
Je prekvapujice, Ze bioenergetika bachorovych meta-
nogénov je doposial len minimdlne preskimand; po-
znatky st kusé a problém je v podstate otvoreny. Sau -
er et al. (1979) ukazali, Ze membrany izolované
z bezbunkového extraktu M. ruminantium syntetizuji
metan z vodika a oxidu uhli¢itého bez pridavku roz-
pustného bunkového supernatantu, ¢o naznacuje, Ze
u tychto buniek mdZe existovat alternativny mechaniz-
mus metanogenézy. Citlivost tychto mikroorganizmov
ku gramicidinu (ionoférovy peptid disipujici Na*, K*a
H* gradienty) Jarrell, Hami lton, 1985) nazna-
&uje, Ze tieto gradienty, podobne ako u inych metano-
génov, ale aj prokaryonov, maji esencidlnu funkciu pri
metanogenéze a syntéze bunkového ATP. Z tohto hla-
diska bude nepochybne zaujimavé preskimat hlavne
ich Na*-zavisla energetiku, nakolko sa ukazuje, Ze via-
ceré metanogény obsahuju ATP syntetazovy systém
pohariany elektrochemickym gradientom sodnych i6-
nov (Becher, Miiller, 1994; Smigz’lﬁ et al.,
1994, 1995). Takéto experimenty by mohli priniest no-
vé pohlady na energetiku bachorovych metanogénov,
¢o by mohlo byt prinosné nielen z teoretického, ale aj
z praktického hladiska, hlavne o sa tyka nutri¢nych
poziadavok preZivavcov na sodné idny.

Symbiéza metanogénov s prvokmi
Donedavna existovala predstava, Ze metanogény

v bachore preZivavcov, zicastiiujice sa redukcie oxidu
uhli¢itého vodikom na metén, Ziji volne, nenaviazané
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na iné §truktiry. V poslednom obdobi sa ale ukazuje,
7e tito predstava nie je sprdvna. Baktérie mbZu byt
vieobecne identifikované ako metanogény na zéklade
Specifickej fluorescencie koenzymov F3s a Fgp, ktoré
su charakteristické len pre metanogény. V laboratériu
profesora Vogelsa sa pomocou fluorescenénej mikro-
skopie podarilo zistit, Ze v bachore preZiivavcov je vel-
ka Cast metanogénov naviazana na bunkovy povrch ba-
chorovych prvokov, napr. Eudiplodinium maggii,
Eremoplastron bovis a pod. (Vogels et al., 1980).
Experimenty s fistulovanymi ovcami ukézali, Ze tato
asocidcia sa zniZuje po prijme potravy, ked zvieratd
predtym hladovali, a tieZ potom, ked bachor hladuji-
cich zvierat bol cez fistulu preplachovany molekulo-
vym vodikom. Na druhej strane asocidcia metanogénov
s prvokmi sa zvysila, ked po&as hladovania bol bachor
premyvany dusikom. Na zéklade tychto zaujimavych
zisteni sa predpokladalo, Ze prvoky uvolfiuji moleku-
lovy vodik (Stumm et al., 1982). Neskor bol tento
predpoklad potvrdeny. zisteniami, Ze niektoré prvoky
vlastnia organely — hydrogenozémy, ktoré st zodpo-
vedné za tvorbu molekulového vodika prostrednictvom
hydrogendzovej aktivity (Yarlett et al., 1983). Na
zéklade tychto experimentov sa usudzuje, Ze metanogé-
ny okrem toho, Ze kontroluji koncentraciu molekulo-
vého vodika generovaného metabolickymi aktivitami
viacerych bachorovych baktérii, kontroluju aj koncen-
traciu tohto plynu pochédzajiceho z aktivity hydroge-
nozémov prvokov. Tieto zistenia poukazuji na esen-
cidlnu funkciu metanogénov v bachore preZivavcov.
Predchéadzajuce experimentilne idaje naznacili, Ze me-
tanogény si v bachore preZivavcov zodpovedné za
udrZovanie nizkej koncentricie molekulového vodika.
Jeho parciélny tlak v bachore nepresahuje 10~ atmo-
sféry. UdrZovanie nizkej koncentricie molekulového
vodika v bachore je mimoriadne déleZité. Je totiZto
zname, Ze H,-produkujiice mikroorganizmy v bachore
vyuZivaji mechanizmus tvorby vodika na reoxidaciu
svojho cytoplazmatického nikotinamidadenindinukleo-
tidu (NAD%), koenzymu niektorych oxidoreduktiz.
Tento proces je ale z termodynamického hladiska moz-
ny len vtedy, ked parcialny tlak vodika je udrZiavany
na nizkej hodnote, ¢o sa dosahuje prave jeho rychlou
konzumdaciou metanogénmi, pripadne inymi konzu-
mentami. Zaroveii takyto systém umoziuje udrzZiavanie
chodu mnohych metabolickych procesov bakterialneho
konzorcia, podielajiceho sa na spracovani prijatych Zi-
vin (Prins, 1979). Zrejme toto je dovod, pre¢o mak-
roorganizmus prezivavcov je niteny platit daii vo for-
me straty az 10 % prijatého uhlika vo forme metanu.
Nepochybne dal$im vzruSujicim objavom v tejto ob-
lasti bolo zistenie, Ze niektoré bachorové prvoky obsa-
huji endosymbiotické metanogény. Tak v cytoplazme
prvokov (mimo traviacich vakuol), ktoré Ziji v bachore
oviec, napr. Dasytricha ruminantium a Entodinium
spp., boli identifikované baktérie. Tieto baktérie vyka-
zovali charakteristicki autofluorescenciu koenzymu
F470, €0, ako uZ bolo spomenuté, je Specifické pre me-
tanogény. Ukazuje sa, Ze pocet endosymbiotickych me-
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tanogénov je vyrazne vyS$8i ako polet metanogénov
asociovanych s povrchom prvokov (Finlay et al.,
1994). Tato skutoénost dobre zodpovedd mechanistic-
kej predstave, Ze metanogény sa zhromazduji Co naj-
bliZ8ie k zdroju vodika, v tomto pripade k hydrogeno-
z6émom prvokov, ktoré ho produkuji, ¢im mo6ze lahSie
dochadzat k medzidruhovému prenosu plynného vodi-
ka. Na druhej strane dodnes nie je dplne jasné, ako
daleko su tieto vySSie spominané procesy esencialne
pre makroorganizmus preZivavca. Ako jedna z ciest
zvy$enia produkcie preZivavcov bola totiZ navrhnuta
aj elimindcia prvokov z bachora (Williams, Co-
leman, 1991). Defaunicia by vSak zdroveii mohla
viest k redukcii metanogenézy. Informacie dotykajice
sa tohto problému su zatial velmi kusé, takZe bude
treba podstipit vyrazne viac experimentélnej prace na
to, aby sme dostali jednozna¢nejsiu odpoved.

Pouzitie kimnych aditiv na redukciu produkcie metdnu
v bachore prezdvavcov

Ako uZ bolo povedané, makroorganizmus preZivav-
ca straca vo forme metdnu pomerne velké mnoZstvo
energie. Tato skutocnost viedla viacerych pracovnikov
k pokusom zaviest do vyZivy preZivavcov inhibitory,
ktoré by umozZnili priaznivo ovplyviiovat energetické
premeny v bachore preZiivavcov. Latky, ktoré sa zacali
pre tieto cely pouZivat, bud priamo atakovali bacho-
rové metanogény, alebo zvySovali produkciu propiona-
tu, ktory predstavuje jeden z hlavnych substritov pre
rast. Napriek pochopitelnym namietkam voci vyuZiva-
niu cudzorodych latok v krmive pre preZivavce, bolo
v tomto smere vykonané vela experimentilnej prace.
Vysledky tejto ¢innosti viak nadalej zostavaju relativ-
ne rozporuplné. Tato rozporuplnost prameni hlavne
z roznosti metodického pristupu. Vyskumnici v tejto
oblasti totiZto pristupuji k rieSeniu uvedeného problé-
mu rézne. Si zndme pokusy na fistulovanych zviera-
tach, ¢o z hladiska pochopenia tohto problému je ne-
pochybne najplodnej$i, ale asi aj najdrahsi pristup. Su
zname aj pristupy, kde sa bachorové mikroorganizmy
Studuji v jednodavkovych, pripadne semikontinual-
nych zariadeniach. Avs$ak takto ziskané vysledky si len
malo relevantné. Vyvoj réznych kontinudlnych fermen-
taénych systémov pre §tidium bachorovych mikroorga-
nizmov moZe relativne verne odrazat skuto¢nost, a pre-
to aj vyuZitie takychto zariadeni s moZnostou striktnej
kontroly fermentaénych procesov mdZe v budicnosti
vyrazne obohatit naSe pomerne kusé poznatky v tomto
smere. PouZivanie inhibitorov metanogenézy, zaloZené
na vyuZiti chlérovanych analogov metanu, ale aj inych
skupin latok nebolo v tomto smere velmi slubné. Ich
vyuzivanie mnohokrat viedlo okrem inhibicie metano-
genézy aj k zniZeniu apetitu prezivavcov. Ako hlavny
problém sa vSak ukézala postupna adaptécia bachoro-
vej mikroflory k pouZitym inhibitorom (Davies et
al., 1982; Prins, 1978). K inému typu kimnych adi-
tiv, ktory pozitivne ovplyviiuje tvorbu propionitu
a zdanlivo nevykazuje efekt na bachorovi metanogené-
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zu, patri cyklické ionoférové antibiotikum monenzin.
Tiéto latka bola zavedena do praxe ako prométor rastu
prezivavcov (Stanier, Davies, 1981). Z ostat-
nych antibiotik, ktoré sa pre tieto Gcely vyuZivaju, treba
spomenit narasin, salinomycin, lysocellin, lasalocid,
tetronasin a avoparcin (W allace, 1992). Vietky tieto
latky vykazuji selektivnu toxicitu obzvlast vo&i G*
baktérizm. U monenzinu a niektorych inych latok je
viak obzvla¥t doleZitd ich schopnost zvySovat tvorbu
propionétu. Tento problém nebudeme dalej rozoberat,
nakolko uZ bol mnohonasobne popisany inde. Pokusi-
me sa viak o analyzu tohto problému z hladiska meta-
nogénov. Monenzin ako umely Na*/H*antiporter u
v pomerne malych mnoZstvach (30 nmol/mg suchej
hmotnosti) kompletne inhiboval tvorbu metdnu v bun-
kovych suspenzidch M. thermoautotrophicum a M. ar-
boriphilus (Perski et al., 1982). Jeho inhibi¢ny efekt
na metanogenézu bol pozorovany aj u inych metanogé-
nov. Je zaujimavé, Ze tento efekt bol preukédzany hlavne
pri nizkom pH = 6,0 a nizkej koncentricii Na* iénov.
Naopak, pri vy$8ej koncentrécii sodnych iénov (100 mM)
a pri pH 7,5 tento efekt pozorovany nebol. Zaujimavé
je tieZ zistenie, Ze monenzin pri nizkej koncentracii
sodnych i6nov stimuloval metanogenézu v pripade, Ze
externa koncentricia K¥ iénov bola vysokd (Perski
et al., 1982). Tieto experimentilne tudaje nie si dopo-
sial uspokojivo vysvetlené. Nie je vSak vylicené, Ze
stivisia s existenciou Na*-zévislej energetiky, ktora bo-
la u metanogénov popisand len nedivno (Becher,
Miiller, 1984; Smigai etal., 1994, 1995). Z tohto
hladiska je potrebné spomentt, %¢ Na-translokujica
ATP syntaza u M. thermoautotrophicum kmeii AH je
pravdepodobne induktivnym enzymom, a to v zavis-
losti od koncentracie sodnych iénov (Smigéi et al.,
1988). Této skutocnost by mohla byt perspektivne za-
ujimava aj z hladiska metanogénov, ktoré sa vyskytuji
v bachoroch prezivavcov a ktorych bioenergetika je
v podstate neznama. Vychadzajic ale z toho, Ze bacho-
rové metanogény patria medzi Methanobacteriaceae,
podobne ako M. thermoautotrophicum, u ktorého sodi-
kova energetika bola popisana, hypoteticky je mozZné
medzi nimi ur€ité paralely predpokladat. Nie je potom
vylicené, Ze aj bachorové metanogény moZu zévisiet
od sodikovej bioenergetiky. V takomto pripade je moZ-
né sa domnievat, Ze ich energetika by mohla byt mo-
dulovatelnd koncentriciou sodnych i6nov a externym
pH. Tieto zistenia by v budicnosti mohli prispiet k vy-
pracovaniu cielenej stratégie moduldcie metanogenézy
v bachore preZivavcov. Momentdlne vak robit nejaké
zévery v tomto smere je velmi predCasné. Kimnymi
aditivami, ktoré dalej nepochybne treba spomentit, st
tiez fermentacné extrakty Saccharomyces cerevisiae
a Aspergillus oryzae, ktoré sa vyuZivaji ako rastové
prométory u preZzivavcov (Williams, New-
bold, 1990). Ich a¢inok doposial nie je dokonale ob-
jasneny, ale ukézalo sa, Ze poet bachorovych mikro-
organizmov sa v ich pritomnosti vyznamne zvy3uje. Co
sa tyka uc¢inku tychto litok na bachorové metanogény,
doposial nie je o tom ni¢ zndme. Vieme len to, Ze rast
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niektorych metanogénov in vitro sa v pritomnosti kvas-
ni¢ného extraktu vyrazne zvySuje.

Moznosti vnasania novych alebo rekombinantnych
metanogénov do bachora preZiivavcov

Nové met6dy molekulovej biolégie a genetiky, vy-
uZivané na cielené pozmefiovanie vlastnosti mikrorga-
nizmov, sa dnes s vyhodou vyuZivaji v mnohych od-
vetviach biotechnolégie. Je len pochopitelné, Ze aj
mikrobiolégovia zaoberajici sa $tidiom bachorovych
mikroorganizmov, sa velmi rychlo po objaveni sa moz-
nosti cielene manipulovat s mikroorganizmami zacali
pokisat o vyuZitie tychto technik na vylepSenie bacho-
rového mikrobidlneho konzorcia, s perspektivou zvysit
ucinnost premeny prijatej potravy. MoZnosti v tomto
smere si nepochybne velké. Treba v§ak podotknut, Ze
tu momentélne existuje prili§ vela obmedzujicich fak-
torov, hlavne Co sa tyka stability manipulovanych mik-
roorganizmov vnesenych do mikrokozmu bachorového
konzorcia (Wallace, 1992). Z hladiska pracnosti
pripravy vhodnych mikroorganizmov s cielene pozme-
nenymi vlastnostami je tazké si predstavit, Ze by sa
v kratkej dobe podarilo tento komplexny problém pre-
konat. Co sa tyka moZnosti vyuZitia rekombinantnych
technik a odvodenych manipulécii s bachorovymi me-
tanogénmi, je tento problém momentélne absolitne
otvoreny. Aj klasicka genetika spojend s pripravou mu-
tantov, ktoré by mohli byt perspektivne vhodné pre
ucely vnesenia do bachorového konzorcia, je z hladi-
ska mikrobiolégie a genetiky metanogénov doposial
nedotknutd. Z uvedenych poznatkov je zrejmé, Ze aj
ked boli v §tadiu bachorovej metanogenézy dosiahnuté
zavazné zistenia, zostdvame stdle na poliatku porozu-
menia biochémie, bioenergetiky a genetiky bachorovych
metanogénov, ako aj zloZitosti vztahov medzi metano-
génmi a ostatnymi ¢lenmi bachorového mikrobialneho
konzorcia. Jedno sa zda byt jasné, Ze metanogény pri-
tomné v tomto konzorciu, okrem svojej pozitivnej
funkcie vo fyzioldgii travenia makroorganizmu, zéro-
vefi tym, Ze tvoria v globdlnom meritku obrovské kvan-
td metdnu (aZ 20 % celkového metidnu uvolneného do
atmosféry v dosledku biogénnej a nebiogénnej aktivi-
ty, ¢o predstavuje 80 aZ 100 Tg/rok), vyrazne prispie-
vaji k prehlbovaniu problému sklenikového efektu
a inym negativnym chemickym zmenam v atmosfére
Zeme (Ferry, 1993). RieSenie tohto rozporu nie je
a nebude jednoduché, a to aj napriek tomu, Ze bacho-
rové metanogény si uZ relativne dobre definované a Ze
pre ich dalie §tadium méme k dispozicii néstroje mole-
kulovej biolégie a mame aj predstavu o perspektivhom
smerovani vedeckej ¢innosti v poznavani funkcénej dcasti
metanogénov v tomto zloZitom konzorciu.
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Z VEDECKEHO ZIVOTA

70 let prof. Ing. Josefa Machy, DrSc.

V noru 1997 se do-
Zil v plném zdravi 70 let
prof. Ing. Josef Macha,
DrSc., emeritni profesor
MZLU v Brné€. Narodil
se 4. inora 1927 v obci
Hofejsice v PoSumavi.
Po absolvovani més-
tanské a rolnické Skoly
zacal jako kontrolni asis-
tent pracovat v tehdej-
§im Svazu chovatela.
V roce 1950 zacal studovat Vysokou Skolu zemédél-
skou a po jejim ukon&eni absolvoval v Ustavu chovu
skotu na VSZ v Brné védeckou aspiranturu.

Vyznamnym obdobim v jeho odborné ¢innosti bylo
pusobeni ve funkci feditele Statni plemenarské spravy.
Zde se plné projevily jeho organizacni schopnosti. Mi-
mo jiné stdl u zrodu Evropské spolecnosti pro chov
strakatého skotu.

Po péti letech se vratil na VSZ s cilem vybudovat
Ustav genetiky Zivodichi a zajistit vyuku predmétu
,genetika“ na zootechnickém oboru. S kolektivem nad-
Senych spolupracovnikd a studentd si nové vznikajici
pracovi$té postupné ziskdvalo uznani po strance odbor-
né i pedagogické. Organizaéni schopnosti v fizeni vé-
decko-vyzkumné prace uplatiioval na Skole ve funkci
prodékana.

V roce 1969 absolvoval pulro¢ni pobyt na Kralov-
ské zemédé€lské univerzit€ v Kodani, kde ziskal fadu
dalSich poznatki pro rozvijeni genetiky. Po navratu,
i pfes ruzné problémy tehdejsSiho obdobi, vyuZil své
zkuSenosti pii postgradudlni vyuce pracovniki pleme-
naiské sluzby a ve vyzkumu.

P
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Ve védecko-vyzkumné oblasti prof. Macha kom-
plexné zpracoval problematiku genetiky bilkovin mlé-
ka, které se staly selekénim znakem, vyznamné piispél
k vyuZivani biochemické genetiky v plemenéiské pra-
xi, zavedl u nés studium genetiky chovéni hospodai-
skych zvifat a vénoval se celé fadé genetickych a ple-
menéiskych problému, které jsou soustiedény ve vice
neZ 200 védeckych a odbornych sdélenich.

Zacatkem roku 1990 byl povéren vedenim katedry
obecné zootechniky a genetiky na VSZ v Brné a pustil
se s novym elanem do prace. Obhajil doktorskou diser-
tacni praci na téma ,,Geneticky polymorfismus bilkovin
mléka a moZnosti jeho vyuZiti* a nasledné byl jmeno-
véan profesorem.

Zivot viak utik4, a tak ve svych Sedesati péti letech
ukoncil ¢innost na Skole. Nepiestal viak déle pracovat.
Ve spoluprici s FAO vypracoval program na uchovani
pivodnich plemen hospodaiskych zvifat v Ceské re-
publice, spolupracuje s MZe a s plemenaiskymi orga-
nizacemi a vénuje se také uchovani genové rezervy —
kladrubského koné. Pusobi v komisich pro obhajoby
doktorskych praci, v habilitacnich komisich i pii jme-
novani profesorl genetiky na na$i i jinych univerzi-
tach. Je ¢lenem redakéni rady asopisu Zivoti$na vyro-
ba i dalSich redak&nich rad. Nezapomind ale ani na
plemenafskou &innost. Napf. v roce 1996 byla pod jeho
vedenim zpracovana publikace ,,Vyvoj plemenarské
price v Cechéch a na Moravé®. Znagny zajem projevu-
je o odborny rist mlad$ich kolegi, kterym ochotné radi
a pomdha, stejné tak jako mladym plemenaiim a cho-
vatelim.

Za vsechny byvalé studenty, aspiranty a spolupra-
covniky blahopiejeme panu prof. Machovi k vyznam-
nému Zivotnimu jubileu a do dalSich let mu piejeme
pevné zdravi a Zivotni optimismus.

Za kolektiv Ustavu genetiky MZLU v Bruné
prof. Ing. Josef DvoFdk, CSc.

143



Z VEDECKEHO ZIVOTA

K Zivotnimu jubileu prof. Dr. Ing. Ivo Kolare, CSc.

Dne 22. inora 1997
se doZil v plném zdravi
svych 70. narozenin
prof. Dr. Ing. Ivo Kolaf,
CSc., dlouholety vedou-
ci védecky pracovmtk
Vyzkumného ustavu pro
chov skotu v Rapoting,
uznavany odbornik
v oblasti vyZivy zvifat.

Je absolventem Vyso-
ké Skoly zemédélské v Brné, kde pod vedenim prof. Dr.
Ing. Stanislava Koudely, DrSc., jako asistent katedry
biotechnologie vyroby Zivoci$né se pfipravoval k rigo-
rozni zkouSce. Titul doktora technickych véd mu byl
udélen v roce 1953. Jeho disertace byla vyznamnym
pfinosem k poznani pivodu a zejména rustovych vlast-
nosti pfestického prasete a jeho hybridi s prasetem ple-
mene bilé uSlechtilé. V roce 1955 byl pfijat na studium
expertni aspirantury a jeji podminky splnil v roce
1959, kdy vSak z politickych diivodi musel odejit z vy-
soké Skoly. Obhajoba druhé disertace mu byla umoZzné-
na v roce 1962, kdy jiZ pracoval v Ceské akademii ze-
médélské — Vyzkumném ustavu pro chov skotu
v Rapoting. V roce 1968 byl povéfen vedenim oddéleni
vyZivy skotu, které vedl aZ do roku 1988, kdy byl pen-
zionovan. V roce 1990 byl jmenovan profesorem pro
obor vyZivy hospodéafskych zvifat a vyroby krmiv, a to
na navrh VSZ, dne$ni Mendelovy zem&délské a lesnic-
ké univerzity v Brné.

Vzhledem k jeho trvalé aktivité byl v témZe roce
opét prijat do ustavu jako naméstek reditele pro védu
a vyzkum a tuto funkci, ke spokojenosti nas vSech, vy-
konaval aZ do konce roku 1994, kdy jubilant sam po-
Zadal o odchod do dichodu. Pan profesor nadile zista-
vé v ustavu a jako externi pracovnik se podili na feSeni
tikolu zaméfeného na hospodafeni v marginalnich ob-
lastech.

Po celé obdobi své aktivni &innosti pracoval v Ces-
koslovenské akademii zemédélskych véd v riznych od-
bornych funkcich. V roce 1990 byl zvolen do prezidia
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obnovené CSAZV a nisledné CAZV. Byl povéfen
funkci pfedsedy odboru Zivo&i¥né vyroby. Do roku
1996 byl &lenem POK Grantové agentury CR. V sou-
Casnosti vykonava jesté funkci ¢lena redakéni rady vé-
deckého &asopisu Zivo&i¥na vyroba. Byl postupné oce-
nén tfemi prestiznimi cenami CSAZV a v roce 1969 se
svym pracovnim tymem obdrZel I. cenu akademie za
nejlepsi préaci v oboru Zivodi§né vyroby.

Vyznamna byla jeho koncepéni Einnost. Na zakladé
jeho navrhu byla v CR zfizena stfediska pro fizeni vy-
Zivy skotu se zemédélskymi oblastnimi laboratofemi,
ktera prokazala svoji Zivotnost a uplatnéni i v soucas-
nosti.

Za dobu svého pusobeni vypracoval 82 zavéreénych
zprav na feSeni vyzkumnych tkoll, z nich pfevazna
Cast se zabyvala otdzkami vyZivy dojnic v raznych fa-
zich mezidobi, Gpravou krmiv a jejich konzervaci, uZi-
tim riznych nutri¢nich aditiv apod. Nejuspé&snéjsi price
jsou z oboru pastvy jako systému vyZivy, coZ se pro-
mitlo i do jeho soucasnych aktivit, kdy jako spolupra-
covnik smluvni formou fe§i ve VIUCHS otizky hospo-
dafeni v- margindlnich oblastech a zejména moZzné
dopady rizné intenzity na ekologické ovlivnéni vyrob-
niho prostfedi.

Publikoval 91 pivodnich praci v domécim i zahra-
ni¢nim tisku, je spoluautorem 19 kniZnich publikaci
a byl, resp. je Zadanym referujicim na riznych konfe-
rencich a seminafich. Na Mendelové zemédélské a les-
nické univerzité prednasel posluchadim postgradudlni-
ho studia, vykonava funkci pfedsedy u zavérenych
stitnich zkousSek a je ¢lenem komise pro vybér pedago-
gickych pracovniku.

Z osobnich vlastnosti prof. Dr. Ing. Ivo Kolare,
CSc., je nutné vyzvednout prételské a oteviené jednani,
pracovitost, cilevédomost, ochotu vZdy poskytnout po-
moc a radu, schopnost konstruktivni komunikace pfii
feSeni vSech problému a v neposledni fadé& i jeho klad-
ny vztah k dstavu a k nasi vyzkumné Cinnosti.

Pfi prileZitosti vyznamného Zivotniho jubilea pieje-
me panu profesorovi predevsim pevné zdravi, optimis-
mus, radost ze Zivota, z rodiny a také z dalSi prace.

Ing. Josef Golda, CSc., Feditel spoleénosti
Vyzkumny ustav pro chov skotu, s. r. o., Rapotin
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POKYNY PRO AUTORY

Casopis uvefejiiuje puvodni védecké prace, kratki sdéleni
a vyb&rové i prehledné referity, tzn. préce, jejichZ podkladem
je studium literatury a které shrnuji nejnovéjsi poznatky v da-
né oblasti. Priace jsou uveiejiioviny v &edting, slovenstiné nebo
anglicting. Rukopisy musi byt dopInény kratkym a rozifenym
souhrnem (véetné klicovych slov).

Autor je pIné odpovédny za pivodnost price a za jeji véc-
nou i formdlni spravnost. K praci musi byt pfiloZzeno prohli-
Seni autora o tom, Ze price nebyla publikovina jinde.

O uvefejnéni price rozhoduje redak¢ni rada Casopisu. a to
se zietelem k lektorskym posudkim, védeckému vyznamu
a piinosu a kvalité prace.

Rozsah védeckych praci nemi presdhnout 15 stran psanych
na stroji véetné tabulek, obrazki a grafi. V prici je nutné po-
uZivat jednotky odpovidajici soustavé mérovych jednotek SI
(CSN 01 1300).

Vlastni tiprava rukopisu mi odpovidat statni normé CSN
88 0220 (formdt A4, 30 radek na stranku, 60 dhozi na fadku,
mezi fidky dvojité mezery), k rukopisu je vhodné pfilozZit dis-
ketu s praci pofizenou na PC v nékterém textovém editoru,
nejlépe v T602, a s grafickou dokumentaci. Tabulky, grafy
a fotografic se doddvaji zvIast, nepodlepuji se. Na viechny
pfilohy musi byt odkazy v textu.

Pokud autor pouzivi v prdci zkratek jakéhokoliv druhu, je
nutné, aby byly alespoii jednou vysvétleny (vypsiny), aby se
predeslo omylim. V nazvu price a v souhrnu je vhodné zkra-
tek nepouzivat.

Nizev price (titul) nema pfesahnout 85 Ghozi. Jsou vylou-
Ceny podtitulky ¢lanku.

Kritky souhrn (Abstrakt) je informacnim vybérem obsa-
hu a zavéru ¢lanku. nikoliv viak jeho pouhym popisem. Musi
vyjadfit vSechno podstatné, co je obsazeno ve védecké prici,
a ma obsahovat zikladni Ciselné udaje vcetné statistickych
hodnot. Musi obsahovat klicova slova. Nemd prekrocit rozsah
170 slov. Je ticba, aby byl napsdn celymi vétami, nikoliv hes-
lovité. Je uvefejiiovin a mél by byt doddn ve stejném jazyce
jako védecka price.

Rozsifeny souhrn (Abstract) je uvefejiiovdn v angli¢ting,
mély by v ném byt v rozsahu cca 1-2 strojopisnych stran ko-
mentovany vysledky price a uvedeny odkazy na tabulky a ob-
razky. popi. na nejduleZitéjsi literdrni citace. Je vhodné jej
(v€etné nazvu price a klicovych slov) dodat v angli¢tiné, popf.
v Cestiné ¢i slovenstiné jako podklad pro preklad do anglictiny.

Uvod mi obsahovat hlavni diivody, pro¢ byla price realizovi-
na a velmi struénou formou mé byt popsin stav studované otizky.

Literarni pFehled ma byt kritky, je tfeba uvadét pouze
citace majici tizky vztah k problému.

Metoda se popisuje pouze tehdy, je-li plivodni, jinak posta-
Cuje citovat autora metody a uvadét jen piipadné odchylky. Ve
stejné kapitole se popisuje také pokusny material.

Vysledky — pfi jejich popisu se k vyjadfeni kvantitativnich
hodnot ddvi piednost grafiim pred tabulkami. V tabulkich je
tieba shrnout statistické hodnoceni naméfenych hodnot. Tato
¢ast by neméla obsahovat teoretické zavéry ani dedukce, ale
pouze faktické ndlezy.

Diskuse obsahuje zhodnoceni price. diskutuje se o moiZ-
nych nedostatcich a price se konfrontuje s vysledky dfive
publikovanymi (poZaduje se citovat jen ty autory, jejichz price
maji k publikované prici bliZsi vztah). Je pfipustné spojeni
v jednu kapitolu spolu s vysledky.

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

Na zvlastnim listé uvadi autor pIné jméno (i spoluautoru),
akademické, védecké a pedagogické tituly a podrobnou adresu
pracoviité s PSC, ¢&islo 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-
ed 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,
and with graphical documentation. 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 (o
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 fax num-
ber or e-mail.
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