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BIOCHEMICKE UKAZATELE KREVNI PLAZMY KRUT
V PRUBEHU VYKRMU

BIOCHEMICAL INDICATORS OF BLOOD PLASMA OF TURKEYS
DURING FATTENING

P. Suchy', E. Strakova!, J. Illek!, D. Klecker?

lVeterinary and Pharmaceutic University, Brno, Czech Republic
2Mendel Agricultural and Forestry University, Brno, Czech Republic

ABSTRACT: The paper reports on the study of some biochemical indicators of turkeys during their fattening period. A total
of 50 clinically healthy turkeys of hybrid combination XK were examined, namely on days 35 and 94 of age of both stags
and female turkeys and on day 108 of age of stags only as they were fattened to higher weight. Tabs. I to IV show the results
of some biochemical indicators including statistical data. The conclusions drawn in this paper suggest that some of the
observed indicators exhibit variations related to both age and sex. Highly significant (P < 0.01) increases in the average values
of biochemical indicators during fattening period were observed in the concentrations of total plasma protein in stags
(29.50-38.55 g/1) as well as in female turkeys (38.02-42.42 g/1), in the concentration of plasma calcium in stags (2.47-3.40 mmol/l)
and female turkeys (2.75-3.43 mmol/l) and in the concentration of plasma magnesium in stags (0.69-0.89 mmol/l) and in
female turkeys (0.72-0.88 mmol/l) until the 94th day of fattening. An enormous increase in average values was demonstrated
in the concentration of plasma zinc in stags from 24.12 to 44.0 pmol/l (P < 0.01) and in female turkeys from 34.50 to 41.80 pmol/l
(P < 0.05). With the growing age of of turkey-poults, the average concentration of plasma glucose in stags was found to
decrease from 17.57 to 17.19 mmol/l until the 94th day of fattening, followed by an increase to 17.90 mmol/l (on day 108
of fattening) while there was a significant decrease from 18.06 to 16.36 mmol/l (P < 0.05) in female turkeys. Among the
mineral elements, there was a highly significant (P < 0.01) decrease in the concentration of plasma phosphorus in stags from
2.29 to 2.00 mmol/l and in female turkeys from 2.44 to 2.02 mmol/l (94th day of fattening); the same applies to the average
concentration of plasma potassium both in stags (from 4.50 to 3.52 mmol/l) and in female turkeys (from 4.02 to 3.43 mmol/l).
With the growing age the average concentration of plasma copper was falling — from 3.98 to 3.06 pmol/l in stags and from
3.69 to 2.69 pmol/l in female turkeys (P < 0.01). During fattening, the average concentration of plasma sodium also varied
in stags (142.0; 145.5; 140.6 mmol/l); this indicator showed an insignificant decrease from 145.0 to 143.5 mmol/l in female
turkeys. A statistically significant relation was demonstrated in the concentration of plasma protein between the stags and
female turkeys (P < 0.01) during fattening period, as well as in the concentrations of plasma calcium (P < 0.01), potassium
(P <0.01) and zinc (P < 0.01) on the 35th day of fattening. The concentrations of all biochemical indicators (except potassium)
were reported to be higher in female turkeys than in stags. There was a significant difference in the concentration of plasma
glucose (P < 0.05) between stags and female turkeys on the 94th day of fattening.

turkey; fattening; biochemical indicators of blood

ABSTRAKT: Préce shrnuje vysledky biochemickych vySeteni souboru 50 klinicky zdravych kriit hybridn{ kombinace XK
v pritb&hu vykrmu. Z4véry price poukazuji na skutenost, Ze s vékem vykrmovanych kriit vzristd hladina plazmatické
bflkoviny u krocanti z 29,5 na 38,55 g/l (P < 0,01), u kriit z 38,02 na 42,42 g/l (P < 0,01) a kles4 hladina plazmatické glukézy
u kriit z 18,06 na 16,36 mmol/l (P < 0,05) a u krocanii ze 17,57 na 17,19 mmol/l a 108. den vykrmu na 17,90 mmol/l (P < 0,05).
Z ukazateld minerdlnfho metabolismu se s ve€kem krifat zvy3ujf hladiny plazmatického vépnfku u krocani z 2,47 na 3,40 mmol/l
(P <0,01) au krit z 2,75 na 3,43 mmol/l a hladiny plazmatického hofé&fku u krocani z 0,69 na 0,89 mmol/l (P < 0,01) a u kriit
z 0,72 na 0,88 mmol/l (P < 0,01). Enormni zvySenf bylo pozorovano u hladiny plazmatického zinku — u krocanil z 24,12 na
44,00 pmol/l (P < 0,01) a u krit z 34,50 na 41,80 pmol/l (P < 0,05). V krevni plazmé klesala prikazn& s vékem hladina
plazmatického fosforu u krocanit z 2,29 na 2,00 mmol/l (P < 0,01) a u kit z 2,44 na 2,02 mmol/l (P < 0,01) a hladina
plazmatického drasliku u krocand z 4,50 na 3,52 mmol/l (P < 0,01) a u kriit z 4,02 na 3,43 mmol/l (P < 0,01). Hladina
plazmatické mé&di klesala nepriikazn& u krocant (z 3,98 na 3,06 pmol/l) a pritkazné u kriit (z 3,69 na 2,68 umol/l). Kolisan{
bylo b&hem vykrmu prokéz4no u hladiny plazmatického sodfku u krocanli — primérmé hladiny se pohybovaly v rozmezf{ od
140,6 do 145,5 mmol/l. U kriit byl zji§t&n neprikazny pokles plazmatického sodiku ze 145,0 na 143,5 mmol/l.

krita; vykrm; biochemické ukazatele krve
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Uvop

Price se zabyvd studiem vybranych biochemickych
ukazatelll u vykrmovych kriit a snaZi se svymi poznat-
ky prispét k rozsifen{ znalosti o hodnotéch zdkladnich
biochemickych ukazateli vykrmovych krit, které do-
posud v dostupné literatufe postrdddme.

Metabolickym profilem driibeZe se komplexné& zaby-
vali Suchy et al. (1988, 1989). Kromé hematologic-
kych ukazateli uvadéji i fadu biochemickych ukazatell
krevni plazmy, pfedevifm u kohoutd, napf. hladiny cel-
kové plazmatické bilkoviny (30,86-38,89 g/l), glukézy
(13,71-14,56 mmol/l), cholesterolu (3,75-12,94 mmol/l),
vépniku (2,69-3,06 mmol/l), fosforu (1,13-1,86 mmol/l),
hoi¢iku (0,88-1,18 mmol/l), sodiku (142-145 mmol/l),
drasliku (4,84-5,27 mmol/l), zinku (22,43-29,40 umol/l)
a médi (2,68-3,35 pmol/l). U brojlert se biochemicky-
mi ukazateli zabyvali TokoSovd a Pleva (1988).
Uviadéji hodnoty tykajici se pfedev§im minerélnich 14-
tek krevnf plazmy. U hus{ sledovali dynamiku bioche-
mickych ukazateld krevni plazmy Bouika et al.
(1988). Vzdjemnymi vztahy mezi biochemickymi uka-
zateli, vyZivou, vékem a uZitkovosti se u driibeZe zaby-
vali Kredatus et al. (1993), Pisarski (1988),
Aletor (1989) a daldi. V dostupné nasi i zahraniéni
literatufe chybi komplexni biochemické studie krit ve
vykrmovém obdobf.

MATERIAL A METODA

Préce se zabyvi studiem vybranych biochemickych
ukazatell krve klinicky zdravych kriit hybridni kombi-
nace XK v priib&¢hu vykrmového obdobi.

B&hem vykrmu byly krity ustdjeny na podestylce
z tvrdych hoblovacek. Krmeny byly ad libitum kom-
pletnimi smésmi pro krity KR I aZ KR IV - od 1. do
35. dne vykrmu byla kritdm poddvdna smés
KR I v sypké formé, od 36. do 56. dne vykrmu smés
KR II v granulované formé, od 57. do 84. dne vykrmu
smés KR III v granulované formé a od 85. aZ do 108.
dne vykrmu smés KR IV.

Celkem bylo vy3etfeno 50 kriit. Krev byla odebiréna
punkci vena ulnaris do heparinizovanych zkumavek
mezi 8. a 9. hodinou rannf, a to v 35. a 94. dnu vykrmu
u krocanti a kriit a v 108. dnu vykrmu u krocanti, ktef{
byli vykrmovéni do vy38i hmotnosti. V krevni plazmé
kriit byly sledovény tyto ukazatele: z organickych subs-
tanc{ celkovd plazmatické bilkovina (CB) a plazmatic-
kd glukéza (Gl) fotometricky pomoci BIO-LA-Testi
(Lachema Brno), z anorganickych substanci hladiny
plazmatického vépniku (Ca), hoi¢iku (Mg), fosforu (P),
sodiku (Na), drasliku (K), zinku (Zn) a mé&di (Cu), kte-
ré byly stanoveny atomovou absorp&ni spektrofotomet-
rif pfistrojem Atomspek firmy HILGER. Statistické
zpracovéni vysledkd bylo provedeno metodou podle
autort Ven&ikov a Vendikov (1977). Byly
vypo&itany jednotlivé statistické ukazatele a pro posou-
zen{ prikaznosti rozdili mezi primérnymi hodnotami
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bylo pouZito Studentova testu s pravd&podobnosti
P <0,05aP<0,01.

VYSLEDKY

Priimémé hodnoty celkové plazmatické bilkoviny (CB)
se b&hem vykrmového obdobf kriit pohybovaly v roz-
mezf od 29,5 do 42,42 g/l (tab. I). V priib&hu vykrmu
byla zjiténa vysoce pritkaznd (P < 0,01) z4vislost, kdy
s v€kem krocanti i kriit se zvySovala i hladina CB v je-
jich krvi. Vysoce pritkazné rozdily (P < 0,01) byly za-
znamendny mezi pohlavimi, kdy u kriit byly pravideln&
diagnostikovany vyrazn& vy$si hladiny plazmatické bil-
koviny neZ u krocand, jak dokumentuje tab. I.

Naopak u plazmatické glukézy (Gl) byly v prib&hu
vykrmu zji§t€ny v krevni plazmé kriit pomérné vyrov-
nané hladiny (tab. I). Prim&rné hodnoty Gl se pohybovaly
od 16,36 do 18,06 mmol/l. S v€kem krit byl zazname-
nén pritkazny (P < 0,05) pokles prim&mé hladiny GI,
naopak u krocanii byl ve 108. dnu vykrmu zachycen
jejf priikazny (P < 0,05) vzrist na 17,90 mmol/l. V 94.
dnu vykrmu byla prokézéna (P < 0,05) rozdilnost pri-
mérnych hladin Gl mezi krocany (17,19 mmol/l) a kri-
tami (16,36 mmol/l).

Dynamika plazmatického védpniku vykazovala do
94. dne vykrmu vysoce prikazny (P < 0,01) vzrist
primérnych hodnot (tab. I). V 35. dnu vykrmu byl me-
zi primérnymi hodnotami Ca u krocanii a u krit zji§tén
vysoce prikazny (P < 0,01) rozdil.

Hladiny hoi¢iku v krevni plazmé& krocanti a kriit ko-
lisaly jen ve velmi tzkém rozmezi 0,69-0,89 mmol/l
(tab. I). Nejnizsi (P < 0,01) primérné hodnoty Mg byly
zjistény u krocand (0,69 mmol/l) i kriit (0,72 mmol/l)
v 35. dnu vykrmu. V 94, dnu se v krevnf plazmé u kro-
cant (0,89 mmol/l) a kriit (0,88 mmol/l) vysoce pri-
kazn& (P < 0,01) zvygila hladina Mg a u krocanli né-
sledn& nepriikazn& sniZila na 0,88 mmol/l. Mezi
primé&rnymi hladinami Mg u krocand a kriit v 35. a 94.
dnu vykrmu nebyly prokdzédny statisticky vyznamné
rozdily.

U primé&rnych hladin plazmatického fosforu byl do
94. dne vykrmu pozorovén vysoce vyznamny (P < 0,01)
pokles u krocant na 2,00 mmol/l a u kriit na 2,02 mmol/l
(tab. I). U krocanti se v dal§im obdobi (108. den vykr-
mu) vysoce pritkazn& (P < 0,01) zvy3ila prim&rné hla-
dina P na 2,30 mmol/l. Rozdil mezi primé&rnymi hladi-
nami P u krocanti a krit jak v 35., tak i v 94. dnu
vykrmu byl statisticky nepriikazny.

Pokud jde o dynamiku sodiku, s v&kem krocanti byl
zaznamendén vysoce prikazny (P < 0,01) vzriist v 94. dnu
vykrmu (145,5 mmol/l) a nésledny vysoce prikazny
(P < 0,01) pokles na primérnou hodnotu 140,6 mmol/l
(108. den vykrmu). U kriit byl zaznamenén nevyznam-
ny pokles ze 145,0 mmol/l na 143,5 mmol/l. Rozdil
mezi primérnymi hodnotami Na v krevni plazmé kro-
cant a krit byl nepriikazny (tab. I).

Priim&rné hladiny plazmatického drasliku se v pri-
b&hu vykrmu pohybovaly v rozmezf 3,43 aZ 4,50 mmol/I

ZIVOCISNA VYROBA, 40, 1995 (9): 385-389



I. Hodnoty celkové plazmatické bilkoviny, glukézy, vépniku, fosforu, hol‘E(ku sodfku, drasliku, zinku a m&di u kn'u v obdob( vykrmu véetné

statistického vyhodnocenf ~ The values of total plasmn (CB) (Gl), calci hosphorus, mag| P
zinc and copper in turkeys during fa luding P
Ukazatel' | V&k? | Pohlavi® n x 5i 55 v krocarils + : 5
krityS krocani krity®
45, den krocani® 10 29,50 0914 0,289 3,10
krity$ 10 38,02 3,091 0,978 8,13 8,354*
CB 5202 | 39777
gh 53 A krocani 10 37,15 4,559 1,442 12,27
kriity 10 42,42 1,636 0,517 3,86 3,440"
0,768
108. den krocani 10 38,55 3,520 1,113 9,13
35. den krocani 10 17,57 1,370 0,433 7,80
kriity 10 18,06 1,628 0,515 9,01 0,728
Gl 0,834 2,7714*
mmol/l 94. den krocani 10 17,19 0,445 0,141 2,59
kriity 10 16,36 1,051 0,332 6,43 2,301*
2,459*
108. den krocani 10 17,90 0,795 0,252 4,44
35. den krocani 10 2 47 0,138 0,043 5.57
kriity 10 2 7S 0,092 0,029 3,35 5,399**
Ca 12,19"* 6,029
mmol/l 4. den krocani 10 3,40 0,199 0,063 5,88
kriity 10 3,43 0,346 0,109 10,09 0,238
4,580
108. den krocani 10 3,04 0,148 0,047 4,87
35. den krocani 10 0,69 0,054 0,017 7.84
kriity 10 0,72 0,036 0,012 5,06 1,442
Mg 8,567 | 7,689™
mmol/l 94. den krocani 10 0,89 0,050 0,016 5,66
kriity 10 0,88 0,053 0,017 6,01 0,428
0,500
108. den krocani 10 0,88 0,037 0,012 4,20
krocani 10 2,29 0,169 0,053 7,37
35. den
kriity 10 2,44 0,172 0,054 7,07 1,982
P ' 3,726"* | 6,905
mmol/l 94, den krocani 10 2,00 0,180 0,057 8,99
krity 10 2,02 0,089 0,028 4,42 0,315
4,624**
108. den krocani 10 2,30 0,097 0,031 4,22
35. den krocani 10 142,0 2,121 0,671 1,49
krity 10 145,0 5,788 1,830 3,99 1,539
Na 3,325" 0,668
mmol/l 94. den krocani 10 145,5 2,563 0,811 1,76
kriity 10 143,5 4,106 1,298 2,86 1,307
3,372
108. den krocani 10 140,6 3,815 1,206 2,71
krocani 10 4,50 0,339 0,107 7.53
35. den !
kriity 10 4,02 0,319 0,101 7,94 3,262
K 5,984 4318"
mmol/l 94. den krocani 10 3,52 0,392 0,124 11,13
kriity 10 3,43 0,291 0,092 8,48 0,583
0,548
108. den krocani 10 3,60 0,245 0,077 6,80
ZIVOCISNA VYROBA, 40, 1995 (9): 385-389 387



Pokracovidni tab. I — Continuation of Tab. I

14
Ukazatel' Vek? Pohlavi® n x o 5 v 55
L S mkf—g$6 *| krocani® kriity®
5546 krocani 10 24,12 5,378 1,701 22,30
kriity 10 34,50 8,124 2,569 23,55 3,369
Zn 5,651 2,512%
pmol/l 04 den krocani 10 37,67 5,344 1,690 14,19
’ kriity 10 41,80 4,298 1,359 10,28 1,904
2,979**
108. den krocani 10 44,00 4,073 1,288 9,26
krocani 10 3,98 1,531 0,484 38,46
35. den
kriity 10 3,69 0,410 0,130 11,11 0,579
Cu 0,126 5,536
pmol/l krocani 10 3,88 1,992 0,630 51,33
94. den
kriity 10 2,68 0,406 0,128 15,14 1,867
1,238
108. den krocani 10 3,06 0,644 0,204 21,06

* P £0,05 (2,1009); ** P < 0,01 (2,8784)

lindicator, 2age. 3sex, 4day, sstags, Sfemale turkeys

(tab. I). Jednoznaéné nejvyssi primérné hodnoty K by-
ly zaznamendny v 35. dnu vykrmu, a to jak u krocant
(4,50 mmol/l), tak i u krit (4,02 mmol/l). Rozdil mezi
hodnotami zji¥t€nymi u krocani a krit byl vysoce pri-
kazny (P < 0,01). V 94. dnu vykrmu byl prokdzin vy-
soce vyznamny (P < 0,01) pokles K u krocani
(3,52 mmol/l) i krit (3,43 mmol/l). V tomto obdobi
nebyl mezi pohlavimi zji§tén prikazny rozdil pramér-
nych hodnot. Ve 108. dnu vykrmu byl u krocani za-
znamendn neprikazny pokles K na 3,60 mmol/I.

V prib&hu vykrmu byly pozorovany v krevni plaz-
mé& vykrmovanych kriit neustdle se zvySujici hladiny
zinku (tab. I). NejniZ8{ hodnota (24,12 pmol/l) byla
prokédzéna u krocanii ve 35. dnu vykrmu. Statisticky
vysoce prikazné zvyseni hladiny Zn bylo zaznamendno
v 94. dnu vykrmu u krocanil, kdy primérnd hodnota
dosahovala 37,67 pmol/l (P < 0,01). Obdobné i ve 108.
dnu vykrmu bylo zji¥t&no vysoce pritkazné zvy3enf hla-
diny Zn na 44,00 pmol/l (P < 0,01). Obdobné zvySeni
priumérné hladiny Zn jako u krocani bylo prokédzéno
i u krit — v 35. dnu vykrmu dosahovala primérnd hod-
nota Zn 34,50 umol/l a v 94. dnu 41,80 pmol/l (P < 0,05).
Rozdfl mezi krocany a kritami v 35. dnu byl vysoce
prikazny (P < 0,01).

Primérné hodnoty plazmatické médi se b&hem vy-
krmu pohybovaly v rozmez{ 2,68 aZ 3,98 pmol/l. V 35. dnu
vykrmu byla zji§t€na primérnd hodnota u krocani
3,98 pmol/l a u krit 3,69 umol/l. Mezi priméry nebyly
shleddny statisticky vyznamné rozdily. V 94. dnu vy-
krmu byl u krocanii zaznamenén nepriikazny pokles na
3,88 umol/l a u kriit vysoce pritkazny pokles (P < 0,01)
na 2,68 umol/l. Mezi primémymi hladinami Cu u kro-
canl a kriit nebyl v tomto obdobi vykrmu prokdzan

388

statisticky vyznamny rozdil. Ve 108. dnu vykrmu byl
u krocanti zaznamendn nevyznamny pokles hladiny Cu
na 3,06 pmol/I (tab. I).

DISKUSE

DosaZené vysledky biochemickych ukazateld krve
vykrmovych krit poukazuji na skutenost, Ze u n&kte-
rych dochézi ke zméndm souvisejicim s vékem i pohla-
vim krit.

Z organickych substanci byly pozorovany vyznamné
zmény pfedev§im u celkové plazmatické bilkoviny, kdy
v pritb&hu vykrmu byl zjidt&n vysoce pritkazny (P < 0,01)
vzriust pramémych hodnot jak u krocant (29,50-38,55 g/l),
tak u krit (38,02; 42,42 g/l) s vysoce pritkaznymi roz-
dily (P < 0,01) mezi krocany a kritami. PfibliZzné stejné
hodnoty celkové plazmatické bilkoviny v krevni plaz-
mé krit zjistili Petr et al. (1991), a sice 33,76 aZ
41,05 g/l. Naopak u plazmatické glukézy byly v pribg-
hu vykrmu zji§tény pomérné& vyrovnané primérné hla-
diny jak u krocanu (17,57; 17,19; 17,90 mmol/l), tak
u krit (18,06; 16,36 mmol/l). Ndmi zji§téné hodnoty
plazmatické glukézy odpovidaji hladindm glukézy
u kiepelky japonské v priibéhu odchovu a snésky, kte-
ré uvadéji Strakovd et al. (1994). Pfi vyhodnocen{
minerdlnfho metabolismu kostitvornych prvki jsme do-
spéli k zdvéru, Ze u vépniku, jehoZ primérné hodnoty
kolisaly v rozmezi od 2,47 mmol/l do 3,43 mmol/l,
nastalo v prib&hu vykrmu vysoce priikazné (P < 0,01)
zvyseni jeho hladiny u krocani i krit. Obdobné i u pri-
mérnych hladin plazmatického hoi¢iku byl zjiitén sta-
tisticky vysoce pritkazny (P < 0,01) vzrist v zdvislosti
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na véku vykrmovanych krit. Nebyly vSak zazname-
ndny vyznamné rozdily mezi primérnymi hladinami
hot&iku mezi krocany a kriitami. Naopak priim&rné hla-
diny plazmatického fosforu (2,00-2,44 mmol/l) b&hem
vykrmu krocani i kriit vysoce prikazng klesaly. Nami
uvaddéné vysledky se pfiblizn& shoduji s hodnotami
kostitvorngch prvki, ke kterym dospéli Petr et al.
(1991) u vépniku (2,61-3,41 mmol/l), hotéiku (0,70-
0,89 mmol/l) a fosforu (2,01-2,36 mmol/l) v krevni
plazmé krit. Vysledky dosaZené u plazmatického sodi-
ku a drasliku se blfZ{ hodnotdm, které uvadé&ji Bou§-
ka et al. (1988) v krevni plazmé husi. Z mikroelemen-
tl byla sledovéna hladina zinku a m&di. Priim&rné hladiny
plazmatického zinku vysoce priikazné (P < 0,01) vzris-
taly u krocanu (24,12; 37,67; 44,00 pmol/l) i krut
(34,50; 41,80 umol/1), coZ koresponduje s vysledky, kte-
ré uvadéji TokoSovd a Pleva (1988) v krevn{
plazmé brojlerti. Naopak hladiny mé&di v prib&hu vykr-
mu klesaly, a to jak u krocant (3,98; 3,88; 3,06 pmol/l),
tak i u krit (3,69; 2,68 umol/l). K obdobnym z4v&rim
dospéli Suchy et al. (1988, 1989), ktef{ uvadgjf u ple-
mennych kohoutti primémé hladiny plazmatické médi 2,68
aZz 3,35 pmol/l.

Z dosaZenych vysledkd vyplyv4, Ze u sledovanych
biochemickych ukazateld intermedidlniho metabolismu
existuji velmi blizké vztahy mezi jednotlivymi druhy
dribeZe.
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Z VEDECKEHO ZIVOTA

Prof. Dr. ing. Jozef Laurindik, CSc. — 80-ro¢ny

Zivotnd cestu ako by
mu predurtila skutoZnost, Ze
sa narodil v'najstar3ej valas-
skej obci na Orave v Kiia-
Zej, 9. 9. 1915. Po 3tidiu
na vysokych $kolach v Bme,
Zéhrebe a Viedni a po devit-
mesacnej stdzi v Nemecku,
zameranej na chov oviec,
zadal pracovat v Stitnom
ov¢iarsko-vindrskom dsta~
ve (S0VU) v Martine.
Koncom roku 1944 sa stal
jeho spridvcom. V roku
1948 presiel s dstavom do
Spisskej Novej Vsi a po zli¢enf SOVU s Vyskumnym dsta-
vom Zivo&finej vyroby (VUZV) v roku 1951 pokracoval
v prici na Viglasi. V rokoch 1952-1954 bol riaditefom
VUZV. Z jeho podnetu sa ovéiarsko-vinirske oddelenie
prestahovalo z Viglasa do Trenéina. Tu pracoval ako vedici
oddelenia do roku 1960, kedy vznikol celostitny Vyskumny
stav ovéiarsky (VUO). Stal sa jeho riaditefom a v tejto
funkcii bol do roku 1973, kedy sa stal vedicim oddelenia
plemenitby a genetiky. V roku 1980 odiSiel do dochodku.

Pracovni &innost jubilanta bola bohat4. S ohfadom na né-
plii SOVU pracoval na tiseku kontroly tZitkovosti oviec, kto-
ri dstav viedol. V Slachtitelskej praci sa zameral u meriniek
na zvy3enie produkcie viny hrubSieho sortimentu a na utvé-
ranie mésovych foriem tela. Dobré vysledky sa dosahovali
najmé v stddach Horiiany, Zlatn4, Holi¢ a MneSice, kde sa
pouZitim baranov nemeckych vykrmovych meriniek z dovte-
dajSieho typu Cesanky vytvdral misovo-vinovy typ sloven-
skej merinky. Produkcia baranov z tychto a postupne z dal-
§ich stdd v kontrole uZitkovosti ovplyvnila pozitivne
\iZitkovost u meriniek v krajinskom chove. U cigéjok vynikli
stdda v Krupine, Vigladi a Senohrade, kde za pouZitia bara-
nov hampshire sa pod jeho vedenim vysFachtil uZitkove;jsi
typ cigdjky z hfadiska produkcie vIny i Zivej hmotnosti. Va-
lasky v tom &ase mali hrubd vinu a ich Zivd hmotnost bola
nizka. Ziadala sa aj vy$sia produkcia mlieka, o sa dosiahlo
priliatfim vychodofrfzskej krvi, hlavne v Klenovci. Vyberom
sa zlepSovali stdda v Deminovej, Studenci a Oravskom Pod-
zdmku. Postupne sa tak aj u valaSiek zlepSovala kvalita viny
a zvy$ovala sa Zivd hmotnost i produkcia mlieka. Kontrola
uzitkovosti sa viedla na tstave do roku 1952, kedy prevzal
tito &innost Indpektordt pre plemenitbu hospodérskych zvie-
rat. MoZno konstatoval, Ze ako vedici kolektivu odviedol
prof. Laurincik za toto obdobie kus zisluZnej préce pri zvela-
dovani chovu oviec na Slovensku.

S0VU viak zacal aj s rieSenfm vyskumnych dloh, a to od
roku 1950, kedy jubilant zaloZil pokusy s krizenim valaSiek
na hospodérstve STachtitelskej stanice v Levo&skych Likach,
kde sa pouZili barany plemien karakul a cheviot, pokracoval
v Bijacovciach, Jablofiove a na hospodérstve VUZV vo Vig-
fasi — Héjnikovej. Tu sa zacalo pracovat s dal$fm plemenom —
texelom a v irfom rozsahu sa vyuZilo vo vala$skych stddach
v Liptove a na Spisi. Menil sa tak charakter stavby rina,
oslabila sa viak odolnost. Dosiahla sa vina sortimentu D-DE
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a na dvojnisobok sa zvySila jej produkcia. V daliej etape
pokracoval prof. Laurincik s kolektivom v $fachten{ valasiek
za pouZitia kombinovaného kriZenia, a to s anglickymi ple-
menami lincoln a leicester. Pokusy sa robili v experimentél-
nom stdde VUO na hospodarstve v Trendianskej Teplej, od-
kial sa plemenny materidl postupne dostdval trojstupiiovou
metédou zosFachfovania cez plemenné chovy v Liptove a na
Spidi aZ do krajinského chovu, Vy3Tachtil sa takto novy typ
valasky, ktory bol 20. 12. 1982 Kolégiom ministra polnohos-
poddrstva a vyZivy uznany v zmysle zdkona SNR &. 110/72 Zb.
ako nové plemeno — zo3fachten4 valaska.

Prof. Laurin¢ik pracoval so svojimi spolupracovnikmi aj
na rieSen{ viacerych teoretickych otdzok plemenérskej préce
a dedi¢nosti v chove oviec, najmid s ohfadom na 3Tachtenie
meriniek a valaSiek. Tieto prdce si zndme u nds i v zahrani-
¢i, kde sa stretli s pozitivnym ohlasom na konferenciéch,
symp6zidch i na kongresoch Eurépskeho zootechnického
zdruZenia (EAAP), kde reprezentoval svoj odbor ako ¢len
komisie chovu oviec. Ako expert pdsobil aj v Rade odborni-
kov chovu oviec pri polnohospodérskej komisii RVHP.

Od roku 1960, kedy bol zriadeny VUO v Trenéine, vyvi-
nul nem4lo usilia aj pri jeho organizovani. Cinnost dstavu sa
rozéfrila na celi CSSR, stal sa gestorskym pracoviskom za
chov oviec, vindrstvo a salasnictvo. Cinnost jubilanta viak
prekrocila rdmec Ustavu. Zapdjal sa do organizovania odbor-
nych a vedeckych spoloénosti. Bol predsedom sekcie Zivo-
¢iSnej vyroby Vedeckej spolocnosti zootechnikov a veteri-
nirnych lekdrov, v CSAZV bol podpredsedom odboru
Zivocisnej vyroby i komisie pre chov oviec, predsedom Zivo-
¢iSneho odboru Slovenskej polnohospodarskej akadémie
(SPA), ¢lenom redak¢nej rady Casopisov N4S chov a Zivodis-
nd vyroba, zodpovednym redaktorom asopisu Chov oviec, ¢le-
nom Ustrednej a oblastnej vyberovej komisie na Slovensku,
¢lenom viacerych vedeckych rdd vyskumnych ustavov a fa-
kilt vysokych $k8l a mimoriadnym profesorom Vysokej $ko-
ly polnohospodérskej v Nitre. Spolupdsobil aj pri organizo-
vani odbornych a vedeckych podujati, konferencii, seminarov,
symp6zif a prednd3ok, kde v prednesenych referdtoch uplat-
fioval svoje odborné poznatky. Vysledky svojich prac publi-
koval u nds aj v zahrani¢i. Uverejnil samostatne alebo v spo-
lupréci 86 vedeckych pric, 279 odbornych ¢&ldnkov a 18
kniZnych publikécif a vyrieSil 19 vyskumnych tloh ukonée-
nych zdvereSnymi spravami.

Za jeho prdcu sa mu dostalo aj spolofenského uznania
formou vyznamenani, diplomov, plakiet a medaili od
CSAZV, SPA, SAV, VP Nitra, VSZ Brno, MPVZ, GR PP,
Zvizu drobnochovatefov. Prof. Laurin¢ik nebol typom kabi-
netného vedca, ale aktfvne pracoval na $ir§om poli, preto bol
zndmy nielen v okruhu pracovnikov vyskumu doma i v za-
hraniéf, ale aj v chovatelskej verejnosti.

Z prileZitosti jeho vyznamného Zivotného jubilea ho poz-
dravujd byval{ spolupracovnici Vyskumného ustavu ovéiar-
skeho v Tren¢fne, Vyskumného dstavu Zivo&iSnej vyroby
v Nitre, Vysokej $koly polnohospodarskej v Nitre i chovate-
lia zdruZenf vo Zvize chovatefov oviec a kdz a praji mu
dobré zdravie do dalsich rokov Zivota.

Ad multos annos!
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HISTOLOGICKA STAVBA MLIECNYCH ZLIAZ
KRALIKOV V STADIU LAKTACIE

HISTOLOGICAL STRUCTURE OF MAMMARY GLANDS DURING
LACTATION IN THE RABBITS

S. Hluchy', V. Uhrin?, P. Cupka'

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

ABSTRACT: In this work, the microscopic structure of mammary glands of rabbits during lactation was investigated. Five
New Zealand’s White rabbits were used as experimental animals. We conducted anatomical dissections of the udders after
killing the animals and removing samples of tissue for processing by histological and histochemical methods. Subjective and
quantitative morphometric methods were used for the evaluation of the samples. The glandular parenchyma is the most
substantial component of the mammary glands during lactation. The relative volume of glandular parenchyma was 66.33 + 14.32%.
The relative volume of epithelial secretory cells was 20.54 £ 11.23% and alveolar lumen was 45.75 + 16.42% from the relative
volume of the glandular parenchyma. The connective tissue consists of collagenous and thin tissue. Total connective tissue
accounts for 32.98 + 13.58% during lactation. Collagenous tissue forms 7.20 + 8.02% and thin tissue forms 25.78 + 11.74%.
The adipose tissue represents 0.69 + 1.78%., The alveolar differentiation was found and also quantified. The average dimen-
sions, amount of alveoli and the relative ratio of the alveolus wall (epithelium) to the alveolus cavity (lumen), and height of
epithelial cells, including nucleocytoplasmic ratio, were investigated as well. The average dimensions of alveoli fluctuated
from 53.53 pm to 152.96 um. One cm® of the mammary gland tissue consisted of 603,860.27 + 451,430.27 alveoli. Corre-
lations between single structural parts of mammary glands were calculated.

rabbit; mammary gland; lactation; histological structure; quantitative morphometric methods; correlations

ABSTRAKT: Prica sa zaober4 popisom mikroskopickej stavby mlieénych Zliaz kréli¢fc v §tddiu laktdcie. Morfometrickymi
met6édami sa zistilo, Ze Zfaznaty parenchym zaberd 66,33 + 14,32 %, z ¢oho epitelové sekre¢né bunky alveol tvoria 20,54 + 11,23 %
a limen alveol 45,75 * 16,42 %. Vizivova stréma tvori v tomto obdobi 32,98 + 13,58 %, z ¢oho je kolagénové vizivo 7,20
8,02 % a riedke vizivo 25,78 + 11,74 %. Tukové tkanivo tvori 0,69 * 1,78 %. Bola pozorovan4 a kvantifikovan4 alveoldrna
diferenciécia, priemern4 velkost a poZetnost alveol, relatfvny objem stien (epitel) a dutin (Idmen) jednotliv§ch typov alveol,
vyska epitelovych buniek a nukleocytoplazmaticky pomer. Velkost alveol kolfsala od 53,53 pm do 152,96 pm. Priemernd
pocetnost alveol je 603 860,27 + 451 430,27 v 1 cm® tkaniva mlieénych Zliaz. Pomocou korelacnych koeficientov boli
upresnené vzdjomné vztahy medzi jednotlivymi stavebnymi zloZkami mliednych Zliaz.

kréli¢ica; mlie¢na Zfaza; laktécia; histologick4 stavba; kvantitatfvne morfometrické met6dy; koreladné vzfahy

16)70))] losti od ich lokalizdcie sa zaoberali Hluchy et al.
(1995).
Udaje tykajice sa stavby mlie¢nych Zliaz zvierat,
ktorych mlieko neshiZi k vyZive Tudi, ale len k vyZive
ml4dat, sd zriedkavé. VadSina pric sa zaoberd mlie¥- MATERIAL A METODA

nymi Zfazami hovidzieho dobytka a laboratérnych

zvierat. Pre §tddium $truktiry mlieénych Zliaz kréli¢ic sme

Histologicki stavbu mlieénych Zliaz krdv v Stddiu
lakt4cie popisali Fleming et al. (1986) a Uhrin
(1981a, b), kéz Mettler et al. (1984), oviec
Akers a Thompson (1987), mySi Reid
a Chandler (1973), netopiera Jimenez et al.
(1984) a kengury Stewart (1984). Histologickou
stavbou laktujiicich mlie¢nych Zliaz kréli¢ic v zdvis-
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pouZili pif samic plemena novozélandsky biely vo ve-
ku 24 mesiacov. VSetky samice boli v $tadiu laktécie
(Styri tyZdne po okotenf). Po ich usmrteni sme vypre-
parovali jednotlivé vemienka. Vzorky pre histologické
a histochemické analyzy sme odoberali zo Zlaznatého
parenchymu hrudnikovych, brusnych a lonovych vemie-
nok pravej polovice tela kréli¢ic. Vzorky o velkosti asi
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1 cm? sme zmrazili v kvapalnom dusiku a narezali na
zmrazovacom mikrotéme CRYO-CUT. Rezy hrubé 10
az 15 um sme farbili prehladnym farbenim hematoxy-
lin-eozinom a olejovou Cerveriou O na dokaz neutrdl-
nych lipidov (Vacek, 1974). Preparaty sme hodnotili
subjektivne a kvantitativne. Morfometrické ddaje sme
ziskali podla metodiky, ktord vypracovali Uhrin a Ku-
lisek (1979) a pomocou TV-kamery so systémom
TELEMIC. Zistovali sme relativny objem Zlaznatého
parenchymu, viziva, tukového tkaniva, resp. Zlaznaté-
ho epitelu, limenu a kolagénového a riedkeho viziva.
Dalej sme zisfovali priemernti velkost jednotlivych ty-
pov alveol, ich po&etnost, relativny objem ich staveb-
nych zloZiek a vySku epitelovych buniek. V prici uvi-
dzame priemerné hodnoty ziskané zo vSetkych Zliaz
bez ohladu na ich lokalizdciu. Zo zfskanych ddajov sme
vypoditali zdkladné Statistické ukazovatele a korelaéné
koeficienty.

VYSLEDKY

Zlaznaty parenchym vemienok kralika pozostdva
pocas laktdcie z velkého mnoZstva lalo¢ikov ovdlneho
tvaru, pricom kratSia os dosahuje priemerne 547,35 +
216,04 um (v = 39,47 %) a dlhSia os 1 051 + 318,01 um
(v = 30,26 %). Oddeluji ich uzke pruhy kolagénového
(interlobularneho) viziva, ktoré dosahuju $irku 47,53 +
43,20 um (v = 90,90 %). Toto viizivo je tvorené me-
dzibunkovou hmotou, kolagénovymi vliknami a bun-
kami viziva a v podobe pdsikov Sirokych 4,74 + 2,75 um
(v = 58,06 %) prechddza do vniitra lalo¢ikov ako riedke
(intralobuldrne) vizivo. Vo vniitri lalé¢ikov ohranicuje
tubuloalveoldrne Struktiry. Kolagénové a riedke vizivo
spolu s tukovym tkanivom tvoria vizivovi strému mlie¢-
nych Zliaz, ktord sa na stavbe mliecnych Zliaz krali¢ice
podiela 33,67 %. Relativny objem tukového tkaniva je

v tomto obdobi len 0,69 * 1,78 %, pricom sa bud’ vobec
nevyskytuje, alebo sa vyskytuje len v podobe malych
skupin tukovych buniek, pripadne jednotlivych buniek
o priemernej velkosti 61,74 + 15,58 um (v = 25,23 %)
(obr. 1). Najvys§iu variabilitu vykazuje tukové tkanivo
(v = 258,14 %) a kolagénové vizivo (v = 111,39 %),
o je zapriCinené tym, Ze prdve tieto dve stavebné zloZ-
ky st v interakcii so Zlaznatym parenchymom.

Vzdjomné vztahy medzi Zlaznatym parenchymom
(epitel a limen), vizivom (kolagénové a riedke) a tu-
kovym tkanivom vyjadrujui koreladné koeficienty uve-
dené v tab. I a II.

Pocas lakticie dochddza k mohutnému vyvoju Zlaz-
natého parenchymu, ktory v tomto obdobi zabera 66,33
+ 14,32 % a je tvoreny alveolami a vyvodmi. Bez
ohladu na velkost alveol a hribku ich stien sa celkovo
v obdobi laktdcie nachddza v mlie¢nych Zlazach krili-
ka 20,54 + 11,23 % epitelu, pri¢om limen zaberd 45,79
+ 16,42 %. Z celkového mnoZstva 32,98 + 13,58 %
viiziva pripadd na kolagénové 7,20 + 8,02 % a na ried-
ke 25,78 + 11,74 %. Tukové tkanivo tvori 0,69 +
1,78 %.

Alveoly si ovidlneho, mierne elipsovitého tvaru.
KaZdd alveola je obklopend bazdlnou membrénou a vy-
stiefaji ju epitelové sekreéné bunky. Myoepitelové
bunky sa bez histochemickych metéd daji taZsie sledo-
vaf a ani svetlé bunky sa svetelnym mikroskopom ne-
dajui detailne pozorovat. Priemernd velkost alveol je
97,91 + 2526 pm (v = 25,80 %), pri¢om ich velkost
koliSe od 53,53 um do 152,96 pm. Z toho vyplyva, Ze
sa v Zlaznatom parenchyme nachddzaji alveoly malé
(asi 60-70 pum), stredné (do 100 pum) a velké (viac ako
100 pm). Alveoly jedného lal6¢ika su pribliZne rovna-
ko velké, ale alveoly dvoch susednych lal6¢ikov nemu-
sia byl rovnakej velkosti. Znamend to, Ze si v inom
sekre¢nom Stddiu tvorby mlieka. Velkost alveol je
ovplyiiovand akumuldciou sekrétu vo vniitri limenu,

1. Tkanivo mlieénych Zliaz
krili¢ice so zretefnou
alveoldrnou diferencidciou;
I - medzilalokové (ko-
lagénové) viizivo, 2 -
vnitrolalé¢ikové (riedke)
viizivo, 3 — tukové tkanivo,
4 - epitel alveoly, 5 -
Iimen alveoly vyplneny
sekrétom, 6 - velkd
alveola, 7 — prechodnd
alveola, 8 — mald alveola
(HE, 72x) - Tissue of
mammary glands of a rab-
bit with pronounced alveo-
lar differentiation; 1 — in-
terlobular (collagenous) tis-
sue, 2 — intralobular (thin)
tissue, 3 — adipose tissue, 4 —
alveolus epithelium, 5 - al-
veolus lumen filled with se-
cretion, 6 — large alveolus,
7 - medium alveolus, 8 —
small alveolus (HE, 72x)
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I. Korelaéné koeficienty vzfahu p hymu (Par), viiziva (Viiz) a tukového tkaniva (Tuk) vo vemienkach kralika v 3tddiu laktdcie —
Correl of p hyma (Par), ive tissue (Viz) and adipose tissue (Tuk) in rabbit mammary glands in lactation period
Par Viiz Tuk

Par 1,00000 -0,97086 -0,28434

Viz 1,00000 0,18567

Tuk 1,00000
II. Korelané koeficienty vzfahu epitelu (Epi), ld (Lu), kolagénového viiziva (Kol), riedkeho viiziva (Rv) a tukového viiziva (Tuk) —
Correlations of epithelium (Epi), lumen (Lu), collagenous tissue (Kol), thin tissue (Rv) and adipose tissue (Tuk)

Epi Lu Kol Rv Tuk

Epi 1,00000 1-0,51696 1-0,41899 0,10892 1-0,18639

Lu 1,00000 -0,18830 1-0,72934 1-0,12050

Kol 1,00000 1-0,09455 0,19619

Rv 1,00000 0,08069

Tuk 1,00000

ktory roztldca stenu alveol, ndsledkom ¢oho sa zvicSuje
limen, ale zérovef sa aj splo¥tujd epitelové bunky tvo-
riace steny alveol. To vietko sved¢i o kontinudlnej
tvorbe a vylucovanf zloZiek mlieka sekre¢nymi bunka-
mi (obr. 1).

Zistili sme, Ze v 1 cm? mlie¢nych Zliaz kréli¢ice sa
nachéddza priemerne 603 860,27 + 451 430,27 alveol
v =74,76 %).

Pocas laktdcie je velkost alveol vo velmi silnom
negativnom korelaénom vzfahu (-0,79855) k po&etnos-
ti alveol, z ¢oho vyplyva, Ze zvidcSovanie priemernej
velkosti alveol je sprevddzané zmenSovanim ich poctu
(v urditej jednotke objemu).

Z celkového mnoZstva alveol je 11,34 % malych,
35,17 % prechodnych a 53,49 % velkych. Malé alveo-
ly st charakteristické tym, Ze ich steny sid hrubsie a 1d-
men mensi, ¢o je spdsobené tym, Ze ich limen nie je
edte vyplneny sekrétom a ich epitelové bunky si cylin-
drického tvaru. Vyska tychto epitelovych buniek je
13,67 % 3,53 pum (v = 25,88 %). Relativny objem epi-
telu malych alveol je 61,61 % a limenu 38,39 %. Malé
alveoly predstavuji funkéne zaliatok sekre¢ného cyk-
lu. Alveoly strednej velkosti predstavuji prechodny
sekreény typ. Ich steny sd tenSie a limen vicsi, o
spdsobuje hromadenie sekrétu v limene. Vy3ka ich bu-
niek dosahuje 10,32 + 2,61 pm (v = 25,25 %). Relativ-
ny objem epitelu prechodnych alveol &inf 48,76 % a ld-
menu 51,24 % z ich celkového objemu. Velké alveoly
majud tenkd stenu a velky ldmen. Relativny objem ich
epitelu dosahuje 21,62 % a limenu 78,39 %. Si napl-
nené intralumindlnym sekrétom, ktory ich roztldca
a spbsobuje sploStenie buniek, ktoré dosahuji vysku
len 7,19 + 1,39 um (v = 19,33 %). Sekre¢né epitelové
bunky maji pyramfdovity tvar. Svojou mierne rozsire-
nou zédkladiiou nasadaji na bazdlnu membrénu, pricom
smeruji pozdiZznou osou kolmo k povrchu alveoly. Ich
priemern4 vy¥ka je 10,48 £ 3,77 um (v = 35,94 %). Na
povrchu ich pokryva vyraznd cytoplazmatickd membra-
na. Jadrd sa nachddzaji bud v strede buniek, alebo pri
bazdlnom péle. Sd okrihle, v niektorych pripadoch
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ovilne. Ohraniéuje ich dobre rozliSitelnd jadrovd mem-
brdna. Nukleoplazmu pocas lakticie tvoria jemnovldk-
nité zhluky a granuly heterochromatinu, ktoré sa na-
chddzaj pri jadrovej membréane a v blizkosti jadierka.
V cytoplazme cylindrickych buniek malych alveol sa
nachddzali malé tukové kvapocky, ktoré boli vo vdcSom
mnoZstve difiizne rozptylené. V bunkdch prechodnych
typov alveol sa nachddzalo menej tukovych kvapiek,
ale boli vicSie. Spravidla sa velké tukové kvapdocky
nachddzali v blizkosti apikdlnych pélov buniek a apo-
krinnou sekréciou boli vylu¢ované do limenu. Hroma-
denie intraceluldrneho sekrétu a jeho vylu€ovanie tiez
ovplyviiuje tvar a relatfvny objem sekreénych buniek.
Intralumindlny sekrét sa javi ako amorfny s vynimkou
tukovych kvapdciek, ktoré sii ohrani¢ené cytoplazma-
tickou membrénou ziskanou pri procese sekrécie.

Pocas laktdcie prebiehaji v cytoplazme syntetické
procesy. V jadre sa uskutoCiiuje transkripcia a v dosledku
toho sa meni pomer cytoplazmy a jadier. Hodnoty obje-
mu jadier dosahovali 10,96 aZ 36,76 %, zatial ¢o hod-
noty objemu cytoplazmy kolfsali medzi 89,04 aZ 63,24 %.
To znamend, Ze nukleocytoplazmaticky pomer sa po-
hybuje od 1 : 1,72 do 1 : 8,12. Priemerne sme zistili
nukleocytoplazmaticky pomer 1 : 4,92, ¢o znamen4, Ze
pomer jadier k cytoplazme &inf 16,89 % : 83,11 %.

Limen medzilalokovych vyvodov ustiacich do ZFa-
zovych mlieénych cisterien dosahoval 331,11 + 61,81 pm
(v = 18,67 %). Tieto vyvody boli vystlané jednovrstvo-
vym cylindrickym epitelom, ktorého bunky sa tieZ po-
dielajd na sekrécii zloZiek mlieka. Epitel nasadal baz4l-
nou membrdnou na spojivovd vrstvu tvoreni
kolagénovym vizivom, ktord oddefovala a zédroveii
spdjala vyvod s okolitymi lalé¢ikmi Zlaznatého paren-
chymu.

ZPazové mliedne cisterny predstavuji nepravidelné
dutiny dosahujice vy¥ku 926 * 333,92 pm (v = 36,06 %)
a §irku 133,33 pm (obr. 2). Sd vystlané jednovrstvo-
vym kubickym alebo cylindrickym epitelom, ktory si
iastodne zachovéva sekrednd &innost. Podobne ako
u vyvodov, tieZ nasad4 na spojivovi kolagénovi vizi-
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vovii vrstvu (obr. 3). Mlie¢ne cisterny prechddzaji cec-
kom ako ceckové mlie¢ne cisterny. V cecku sa naché-
dzaji v podobe pozdiznych valcov dlhych 3 a7 4 mm.
Na prienych rezoch ceckom (obr.4) vidime, Ze spra-
vidla st umiestnené tak, Ze jedna sa nachddza pribliZzne
v strede a ostatné okolo nej po strandch. Ich stenu tvor{
jednovrstvovy kubicky epitel nasadajiici na bazdlnu mem-
branu slizniénej vrstvi¢ky, ktord vybieha do limenu
cisterny v podobe nepravidelnych rias. Stenu ceckovych
cisterien tvorf kolagénové vizivo a hladkosvalové bun-
ky. Ceckové kandliky st pokracovanim vyvodnych ciest.
St pomerne krétke — dosahuji dizku asi 1 mm. Ich
stena pozostdva z viacvrstvového epitelu, ktory moZe
rohovatiet. Epitel nasadd na bazdlnu membrénu spoji-
vového, kolagénového viziva, ktoré v podobe Sirsej
vrstvy oddeluje jednotlivé ceckové kandliky. V tejto
vrstve prechodu ceckovej cisterny do ceckového kand-
lika vytvarajui snopce hladkosvalovych buniek zvierac.

DISKUSIA

Mikroskopickd stavba mlie¢nych Zliaz krélikov pri-
pomina mikroskopickd stavbu mlie¢nych Zliaz inych
druhov zvierat ale kvantitativne zastiipenie stavebnych
zloZiek sa moZe 1i8if. Aj my sme zistili, Ze v ase lak-
tdcie dochddza k mohutnému vyvoju Zfaznatého paren-
chymu, ked' zaber4 u krilika 66,33 %, priCom vo vemien-
kach je prevladajicou zloZzkou. Tento tdaj je vyssi, ako
zistili Akers a Keys (1985) u oviec. Podobne ako
zistili Fleming et al. (1986), u krdv aj u krélikov sa
sklad4 z lobuloalveoldrnych $truktir ohrani¢enych ma-
lym mnoZstvom viziva. Udaje o velkosti lalogikov
#Taznatého parenchymu mdZeme porovnat s idajmi au-
torov Suchdnek, Kli¢nik (1973) a Hampl
(1978) o velkosti lald¢ikov 0,5 azZ 1 mm. Podet alveol
v jednom lal6¢iku sme na rozdiel od tychto autorov
nezistovali.
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Stavbou a tvarom sa alveoly krdlika neodliSuji od
alveol inych druhov, ako ich popisali Reid a Chan-
dler (1973) u my%i, Helminen a Ericsson
(1968) u potkana, Jimenez et al. (1984) u netopie-
ra, Uhrin (1981b) u kravy, Mettler et al. (1984)
u kozy, Schams et al. (1984) u ovce a jalovice,
Pulley (1973) usuky a Stewart (1984) u kengu-
ry. Hoci sa stavbou a tvarom neodli$ujd, zistili sme
v ZPaznatom parenchyme alveoldrnu diferencidciu, tak
ako ju popisuji Emerman, Vogel (1986), Kli-
ka etal. (1988)a Uhrin (1981b). Zistili sme vyskyt
troch typov alveol v Zlaznatom parenchyme krélika.
Malé alveoly krélika dosahovali priemernd velkost
53,53 pum, ¢o kore$ponduje so zistenim autora Uhrin
(1981b), Ze malé alveoly u kravy dosahuji 54 um. Vel-
kost prechodnych alveol viak bola u krélikov okolo 90
az 100 pm, zatial' ¢o u kravy 67 pm. Velké alveoly kra-
lika dosahovali velkost aZ 153 um oproti velkosti alveol
kravy 117 pm.

Na fakt, Ze pocas laktécie dochddza k zvicSovaniu
poctu alveol a k zmene ich velkosti, upozornili Su-
chdnek, Kliénik (1973), Uhrin (1981a)
a Stewart (1984). Podas laktdcie sa v 1 cm? #Pazna-
tého parenchymu krélika nachddza 603 860 alveol.
Z porovnania s idajom 800 000 alveol v 1 cm’, ktory
zistil u krdv Uhrin (1981a), vyplyva, Ze v Zlaznatom
parenchyme krélika sa nachddza sice menej alveol, ale
vicSich. V limene alveol sme zistili intralumindlny
sekrét, ¢o uvddzaji aj Uhrin (1981a) a Fleming
et al. (1986). TieZ sme pozorovali v siilade so zistenim
autorov Mettler et al. (1984) rozny stupeii roztlica-
nia alveol vplyvom intralumindlneho sekrétu a jeho
vplyv na vysku epitelovych buniek tak, ako to popfsali
viaceri autori Jimenez et al,, 1984; Klika et al.,
1988). Podobne ako Helminen a Ericsson
(1968), aj my sme zistili v apikdlnej oblasti buniek hro-
madenie hlavne kvapiek lipidov a apokrinny typ sekré-

2. Zrazové  cisterny
mlie¢nej Zlazy krélidice; 1
- limen Zfazovej cisterny,
2 - jednovrstvovy kubicky
aZ cylindricky epitel, 3 —
lalokové vyvody, 4 -
medzilalokové (ko-
lagénové) vizivo, 5 -
lalé&iky Zlaznatého
parenchymu (HE, 183x) —
Glandular sinuses of rab-
bit’s mammary glands; 1 -
lumen of glandular sinus, 2
— simple cuboidal to cylin-
drical epithelium, 3 - lobu-
lar ducts, 4 — interlobular
(collagenous) tissue, 5 —
glandular  parenchyma
lobules (HE, 183x)
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cie. Jadrd sa neliSili od popisu jadier, ktoré pozorovali
Akers, Keys (1985)a Uhrin (1981b) u kravy.
K zmendm nukleocytoplazmatického pomeru modzZeme
uviest, Ze v epitelovych bunkdch prebieha syntéza
DNA (Bolander, 1986), ktord u krélika dosahuje
maximum na 10. defl gravidity a dalSie dva vrcholy na
20. den gravidity a 1. defi laktdcie (Zwierzchow-
ski et al., 1984). Tito skuto&nost popisujd aj Riss
et al. (1984), ktori zistili, Ze v neskor$ich $tadiach lak-
tdcie sa pomer DNA k mnoZstvu proteinu relativne zni-
Zuje, o znamend, Ze objem cytoplazmy sa zvicSuje
alebo sekre¢né bunky s postupom laktacie rastd.
Relativny objem epitelu vo vemienkach krélicice je
podobny objemu, aky zistii Uhrin (1981a) u krdv.
Objem limenu je priblizne o 10 % vyssi ako u krdv.
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3. Detail steny Zlazovej
cisterny mlie¢nej Zlazy
krdligice; 1 — medzilaloko-
vé (kolagénové) vizivo,
2 - jednovrstvovy cylin-
dricky epitel s viditefnou
apokrinnou sekréciou tuk-
ovych kvapéok, 3 -
limen Z#lazovej cisterny,
4 - tukové kvapdocky
obalené cytoplazmatickou
membrédnou (HE, 465x) -
Detail of glandular sinus
wall of rabbit’'s mammary
glands; 1 - interlobular
(collagenous) tissue, 2 —
simple cylindrical epithe-
lium with pronounced
apocrine secretion of lipid
droplets, 3 — glandular si-
nus lumen, 4 - lipid drop-
lets enveloped by cyto-
plasmatic membrane (HE,
465x)

4. Prie¢ny rez ceckom
v tirovni ceckovych cister-
ien; 1 — jednovrstvovy ku-
bicky epitel, 2 — limen
ceckovej cisterny, 3 -
slizni¢nd vrstvicka, 4 - ko-
lagénové vizivo (HE,
465x) — Cross section of
teat at the level of teat si-
nuses; | — simple cuboidal
epithelium, 2 - teat sinus
lumen, 3 — mucous mem-
brane, 4 — collagenous tis-
sue (HE, 465x)

Maézeme preto konstatovat, Ze alveoly krélikov pocas
laktdcie sa s alveolami kravy zhodujd, ¢o sa tyka obje-
mu epitelu, ale lifia sa objemom limenu. Akers
a Thompson (1987) popisuji u oviec ovela vyssie
hodnoty objemu epitelu a limenu mlie¢nych Zliaz
v porovnani s kralikom. Tieto rozdiely mézu byt
spdsobené okrem merania v roznych §tddiach sekre¢né-
ho cyklu aj odli¥nymi histologickymi alebo morfomet-
rickymi metédami, pripadne mdZu sdvisiet s medzidru-
hovymi rozdielmi v stavbe alveol a v tvorbe mlieka.
Udaje o mnoZstve vizivovej strémy sa odliSujd
u mnohych autorov (Uhrin, 1981a; Fleming et
al.,, 1986; Akers, Thompson, 1987). Aj my sme
zistili vysoku variabilitu pomeru medzi Zfaznatym pa-
renchymom a vizivom. Zlozky vizivovej strémy — ko-
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lagénové vizivo a tukové tkanivo sa nachddzaji vo ve-
mienkach krélika pocas laktdcie len v malom mnoZ-
stve, pretoZe na ich ukor sa rozrastd Zfaznaty paren-
chym. Tento proces za¢ina uZ v obdobi gravidity a u
kréli¢ice ho popfsali Karakoz et al. (1971). Oproti
tomu sme zistili, Ze mnoZstvo riedkeho viziva je
v tomto obdobi vysoké. U zvierat v laktdcii sa na ven-
trilnej ploche trupu nenachddza tukové vrstva, ¢o na-
svedéuje tomu, Ze na miestach rozrastajiceho sa Zfaz-
natého parenchymu sa vstrebal tuk z tukovych buniek
a pravdepodobne sa pouZil pre syntézu mlie¢neho tuku.
Zistili sme, Ze v tomto obdobi sa tukové tkanivo vo
vemienkach nachddzalo len vo forme ojedinelych ma-
Iych buniek a zaberalo u kréli¢ic 0,69 %. Mechanizmy
zmen$ovania mnoZstva véziva pocas lakticie si rozlic-
né. Zatial ¢o kolagénové vizivo sa nevstrebdva a jeho
relativny objem sa zmenSuje v dosledku kompresie,
ktord spdsobuji rozdirujice sa alveoly, pri tukovom
tkanive sa uplatiiuje lokdlny a systémovy efekt. Vz4-
jomny kontakt alveol a tukovych buniek sposobuje od-
&erpdvanie tuku z tukovych buniek epitelovymi bunka-
mi alveol pre produkciu mlieneho tuku. Nasledkom
toho prichddza k zmenSovaniu tukovych buniek, ale na
druhej strane tdto vzdjomnd interakcia vedie k diferen-
cidcii a prolifer4cii epitelu alveol, ¢o je v siilade s idaj-
mi autorov Elias etal. (1973), Berger a Daniel
(1983) a dalsich.

Z korelaénych koeficientov (tab. I a II) logicky vy-
plyvajii vzdjomné vztahy medzi jednotlivymi stavebny-
mi zloZkami mlie&nych Zliaz podas laktdcie. Za zmien-
Kku stoji skuto&nost, Ze aj ked celkovy rast relativneho
objemu epitelu pocas laktécie je sprevddzany zniZenim
relativneho objemu kolagénového a tieZ tukového vizi-
va, zistili sme nérast relatfvneho objemu riedkeho vizi-
va. Tento fakt nie je zvlaStny, ak si uvedomime, Ze
riedke vizivo sa podiefa na stavbe lald¢ikov Zfaznatého
parenchymu, ktoré sa po¢as laktdcie mohutne rozrasta-
jd. Toto zistenie nekore$ponduje s idajom autora Dell-
mann (1971), ktory uvddza ndrast riedkeho viziva
v mlie¢nych Zlazdch po skoncenf lakticie.
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EFFECTS OF ENSILED WET TOMATO POMACE ON MILK
PRODUCTION, MILK COMPOSITION AND BLOOD
COMPONENTS OF DAIRY COWS

VLIV SILAZOVANYCH VLHCENYCH RAJCATOVYCH VYLISKU
NA PRODUKCI MLEKA, SLOZENI MLEKA A SLOZKY KRVE DOJNIC

N. G. Belibasakis', P. Ambatzidis®, D. Tsirgogianni’

VAristotelian University, Faculty of Veterinary Medicine, Thessaloniki, Greece
2Aristotelian University, Faculty of Agriculture, Thessaloniki, Greece
3General Hospital ,,Agios Pavlos*“, Thessaloniki, Greece

ABSTRACT: Twenty multiparous Friesian cows, 80 to 130 days postpartum, were allotted to two groups of 10 cows,
according to calving date, lactation number, and daily milk production, and assigned randomly to one of two diets in a
crossover design experiment. The control diet was 53% maize silage (dry basis) and contained ground maize, soya bean meal
and wheat bran in proportions to ensure that the dietary dry matter contained 16% crude protein, 11.5 MJ metabolizable
energy/kg DM and 15% crude fibre. The treatment diet contained ensiled wet tomato pomace at 13% (dry basis) replacing
maize silage and soya bean meal. The two diets contained similar quantities of crude protein, metabolizable energy, and crude
fibre. The diets were offered individually, in tie-stalls, as total mixed rations in two equal proportions for ad libitum intakes.
The cows were allowed exercise in an open lot without shade. Dry matter, metabolizable energy and crude protein intakes,
actual milk production, milk composition and body condition score were not affected by the diet. In contrast, supplementation
with ensiled wet tomato pomace decreased 4% fat-corrected milk production (22.2 vs. 20.2 kg/day; P < 0.05). No differences
were observed in blood plasma concentrations of glucose, total protein, urea, triglycerides, cholesterol, phospholipids, Na, K,
Ca, P, and Mg.

tomato pomace; dairy cows; milk production; milk composition; blood components

ABSTRAKT: Dvacet multiparnich dojnic friského plemene 80 aZ 130 dni po porodu bylo podle doby teleni, pofadi laktace
a dennf produkce mléka rozdéleno do dvou skupin po deseti zvifatech a v pokuse s kifZovym uspoidddnim jim byla poddvéna
jedna ze dvou diet. Kontroln{ dietu tvofilo 53 % kukufi¢né sildZe (v pfepoctu na suSinu) a déle obsahovala mletou kukufici,
sGjovy Srot a pSenicné otruby v poméru, ktery zajiStoval v susiné krmné ddvky 16 % dusiku, 11,5 MJ metabolizovatelné
energie na kg suSiny a 15 % vlikniny. Pokusnd dieta obsahovala sildZované vlh¢ené rajcatové vylisky ve vysi 13 %
(v pfepoctu na susinu) ndhradou za kukufi¢nou sil&Z a séjovy Srot. Obé diety mély podobny obsah dusiku, metabolizovatelné
energie a vldkniny. Krmné dévky, rozdélené na dvé stejné &asti, byly dojnicim ve vaznych stdnich poddvény individudlng,
s pifjmem krmiva ad libitum. Dojnice mély moZnost pohybu v otevieném vybéhu bez zastinéni. SloZeni diety neovlivnilo
pifjem suiny, metabolizovatelné energie a dusiku, skute¢nou produkci mléka, sloZeni mléka ani bodové hodnoceni télesné
kondice. Naproti tomu podévén{ sildZovanych vlh&enych rajéatovych vyliskid sniZilo produkci mléka se 4% korigovanym
obsahem tuku (22,2 proti 20,2 kg/den — P < 0,05). V krevn{ plazmé dojnic nebyly zji§tény rozdily v koncentraci glukézy,
celkovych bilkovin, mocoviny, triglyceridd, cholesterolu, fosfolipidi, Na, K, Ca, P a Mg.

rajéatové vylisky; dojnice; produkce mléka; sloZeni mléka; sloZky krve

INTRODUCTION

Tomato pomace is a by-product of milling tomatoes,
containing the skins, seeds and a small quantity of
pulp. Tomato pomace is available in wet and dry form.
Increases in energy costs have led to large amounts of
tomato pomace marketed in wet form. The nutritional
value of these by-products in dry or fresh form was
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investigated in dairy cows (Belibasakis, 1990),
in fattening cattle (Ammerman et al., 1963;
Jayal, Johri, 1976), in lambs (Ibrahem, Al-
wash, 1983; Gasa et al;, 1989), in goats (Jayal,
Johri, 1976), in rabbit (Drouliscos, 1976), in
laying hen (Abou-Akkada et al,, 1975) and in
quail diets (Florou-Paneri, 1989).

Preservation of wet tomato pomace through ensiling
was demonstrated (Horszczaruck, 1976; Bar-
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tocci et al., 1980), but data are not available on pal-
atability and production of animals.

The objectives of this experiment were to evaluate
the effects of ensiling wet tomato pomace (EWTP) on
milk production, milk composition, dry matter intake
(DMI), body condition score, blood plasma metabo-
lites, and some mineral elements of lactating cows.

MATERIALS AND METHODS

Experimental Animals and Diets

Twenty multiparous Friesian cows, 80 to 130 days
postpartum, weighing approximately 600 kg at the be-
ginning of the experiment, were allotted according to
calving date, lactation number, and daily milk produc-
tion into two groups of 10 cows each and assigned
randomly to one of two diets in a crossover design
(Cochran, Cox, 1957). The control diet (Tab. I)
was 53% maize silage (dry basis) and contained ground
maize, soya bean meal and wheat bran in proportions
to ensure that the dietary dry matter (DM) contained
16% crude protein (CP), 11.5 MJ metabolizable energy
(ME)/kg DM and 15% crude fibre (CF). The EWTP
was 13% in treatment diet replacing maize silage and
soya bean meal. The diets contained similar quantities
of CP, ME and CF (Tab. I). The wet tomato pomace
was ensiled on a concrete floor. An additive containing
formic acid (85%) was applied to the material at a rate
of 2.5 1 per tonne as it was stored and fermented for 30 days
before feeding. The chemical composition of diets, and
wet tomato pomace (fresh and ensiled), is shown in
Tab. I. The cows remained on trial for 11 weeks. The
first three weeks were the adjustment period; the fol-
lowing eight weeks included two experimental periods

I. Chemical composition and ingredients of diets

of four weeks each. The two diets were offered indi-
vidually, in tie-stalls, as total mixed rations (TMR) in
two equal proportions at 9:00 and 20:00 h in amounts
to achieve ad libitum intakes, and the animals watered
freely. Feed refusals were removed, when the cows left
the tie-stalls, for intake estimation.

The cows were allowed exercise in an open lot with-
out shade from 11:00 to 16:30 h and 22:0 to 5:30 h.
The cows were milked twice daily at 06:00 and
17:00 h.

Body condition score of cows was measured on
a system with 1 to 5 scale on the first and last day of
each experimental period (Lowman et al., 1976).

Sample Collection and Analyses

Milk production was recorded for all cows at each
milking during the last two weeks of each experimental
period. Milk samples were taken at each milking during
the last three days of each period and analyzed for total
solids (TS), fat, solids not fat (SNF), crude protein
(CP), and lactose using a milk analyzer (Milco Scan
104 A/s, N. Foss Electric, Hillerod, Denmark).

Samples of feed, that were included in diets, were
taken weekly and were analysed for DM, CP and CF
according to the Association of Official Analytical
Chemists (1975).

Blood samples were drawn from the coccygeal vein
into heparinized tubes on the last day of each experi-
mental period at about 4 h postfeeding and centrifuged.
Plasma was stored at —20 °C until analysis for glucose,
total protein (TP), urea, triglycerides (TG), cholesterol,
sodium (Na), potassium (K), calcium (Ca), phosphorus
(P) and magnesium (Mg), using an automated clinical
chemistry analyzer validated for bovine samples (Du-
Pont Dimension 380, Wilmington, DE).

Diets 1
FWTP EWTP?
control l
% of DM

Chemical analysis® ;

Dry matter 43.6 43.0 153 245

Crude protein 15.8 15.6 223 19.8

Crude fibre 15.2 15.5 30.9 29.5

ME* (MJ/kg) 1.7 114 8.9
Ingredients

Maize silage 53 38

Ground maize 15 20

Wheat bran 12 14

Soya bean meal 17 12

Ensiled wet tomato pomace - 13

Mineral-vitamin mix® 3

'FWTP = fresh wet tomato pomace
2EWTP = ensiled wet tomato pomace
3dry matter basis except dry matter
“metabolizabl energy

d according to the National Research Council (1988)

Singredients (g/kg as fed): Ca — 220, P — 110, Na — 60, Mg — 10, Zn — 6, Mn — 3, Fe — 2, Cu - 0.1, I - 0.1, Co — 0.01, Se - 0.01, vitamin

A - 1,000,000 IU, vitamin D - 200,000 IU, vitamin E - 1,500 IU
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Statistical Analysis

Milk production and composition, DM, ME and CP
intakes, body condition score, and blood plasma com-
ponents data were tested by analysis of variance with
two factors using the Minitab Statistical Package
(Ryan et al., 1985). The model contained effects of
cow, period, and diet. Effects were considered to be
significant at P < 0.05.

RESULTS AND DISCUSSION

Feed Intake

Mean daily DM, ME and CP intakes (Tab. II) were
not affected by addition of EWTP to diet for lactating
cows. Similar results were found in a previous study by
the addition of dried tomato pomace to diets for lactat-
ing cows (Belibasakis, 1990). Jayal and Jo-
hri (1976) reported that daily feed DMI was not af-
fected when dried tomato pomace was included at low
dietary levels (120 g/lkg DM) to diet for goats, but
decreased when the level of supplementation was in-
creased to 390 g/kg DM diet. Fondevila et al.
(1994) reported that DMI was not affected by the ad-
dition 200 g dried tomato pomace/kg DM diet for
growing lambs.

Milk Production and Composition

Mean daily actual milk production and 4% fat-cor-
rected milk (Tab. IT) were lower 0.7 and 2.0 kg/day,
respectively, for the cows fed the diet with EWTP than
for control cows; the difference in actual milk produc-
tion was not significant, but in fat-corrected milk it was
significant (P < 0.05). Milk fat content and production

(Tab. II) were lower by 0.16 percentage units and
60 g/day, respectively, when EWTP was added to diet.
The decrease in 4% fat-corrected milk was mostly the
result of the fat content decrease. Milk protein content
and production, milk lactose, TS, and SNF contents
(Tab. II) were not affected by diet. Similar results of
milk production and composition were found in one of
my previous studies from the addition of dried tomato
pomace to diets for lactating cows (Belibasakis,
1990).

Body Condition Score

Body condition score of cows (Tab. II) was not af-
fected by addition of EWTP to the diet of lactating
COwsS.

Blood Plasma Components

Blood plasma concentrations of glucose, TP, urea,
TG, cholesterol, phospholipids, Na, K, Ca, P, and Mg
(Tab. III) were not affected with EWTP added to the
diet of lactating cows. In a previous study was found
that blood plasma concentrations of glucose, urea, TG
and cholesterol were unaffected by the addition of dried
tomato pomace to diet for dairy cows (Beli-
basakis, 1990).

CONCLUSION

The addition of EWTP at 13% of the DM of the total
diet for lactating cows, replacing maize silage and soya
bean meal, significantly decreased 4% fat-corrected
milk. In contrast, DM, ME and CP intakes, actual milk
production, milk composition, and blood plasma com-

II. Average dry matter intake, milk production and composition on the two diets

Diets Level of
control treatment D significance
Dry matter intake (kg/day) 17.2 17.0 0.31 NS
Metabolizable energy intake (MJ/day) 201.2 193.8 3.98 NS
Crude protein intake (kg/day) 217 2.7 0.64 NS
Milk production (kg/day)
Actual milk yield 224 217 1.38 NS
4% FCM! yield 222 20.2 0.92 .
Fat yield 0.88 0.82 0.15 NS
Protein yield 0.73 0.72 0.11 NS
Milk composition (%)
Total solids 12.57 12.55 0.32 NS
Fat 3.92 3.76 0.19 NS
SNF? 8.65 8.79 0.11 NS
Protein 3.28 333 0.08 NS
Lactose 4.68 4.76 0.06 NS
Bady condition score 3.11 3.16 0.18 NS

'FCM = fat-corrected milk
2SNF = solids not fat
* P < 0.05; NS - not significant
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I11. Blood plasma metabolites and electrolytes concentrations

Diets
fiem — SED gmiicans
Metabolites
Glucose (mg per 100 ml) 62.2 59.8 4.35 NS
Total protein (g per 100 ml) 85 83 0.49 NS
Urea (mg per 100 ml) 22.1 21.8 277 NS
Triglycerides (mg per 100 ml) 20.6 19.8 1.23 NS
Cholesterol (mg per 100 ml) 138.7 141.6 8.24 NS
Phospholipids (mg per 100 ml) 150.6 168.7 9.54 NS
Electrolytes
Sodium (mg per 100 mI) 323.5 326.8 1.85 NS
Potassium (mg per 100 ml) 17.2 18.1 0.87 NS
Calcium (mg per 100 ml) 9.4 9.3 0.29 NS
Phosphorus (mg per 100 ml) 59 6.2 0.43 NS
Magnesium (mg per 100 ml) 24 2.6 0.05 NS

NS — not significant

ponents of dairy cows were not significantly affected
by treatment.

Acknowledgments

The authors thank the Laboratory of Dairy Technol-
ogy, Faculty of Agriculture, University of Thessalo-
niki, for the milk analyses in this study.

REFERENCES

ABOU-AKKADA, A. R. - KALIL, A. - KOSBA, M. A. -
KHALIFAH, M. M.: The effect of feeding residues from
tomato canning industry on the performances of laying hens.
Alexandria J. Agric. Res., 23, 1975: 9-14.

AMMERMAN, C. B. - ARRINGTON, L. R. - LOGGINS, P.
E. - McCALL, J. T. - DAVIS, G. K.: Nutritive value of dried
tomato pulp for ruminants. Agric. Fd Chem., 11, 1963: 347-349.
BARTOCCI, S. - PACE, V., - VERMA, M.: Chemical com-
position and nutritive value of industrial tomato by-product
concentrate. Annali Inst. Sper. Zootec., 31, 1980: 99-107.
BELIBASAKIS, N. G.: The effect of dried tomato pomace
on milk yield and its composition, and on some blood plasma
biochemical components in the cow. WId Rev. Anim. Prod.,
25, 1990: 39-42.

COCHRAN, W. G. - COX, G. M.: Experimental Designs.
2nd ed. New York, NY, John Wiley and Sons 1957.
DROULISCOS, N. J.: Nutritional evaluation of the protein of
dried tomato pomace in the rat. Brit. J. Nutr., 36, 1976: 449-456.

FLOROU-PANERI, P.: The use of industrial processed to-
mato wastes for quail feeding. [Ph. D. Thesis.] Thessaloniki,
Greece, 1989. — Aristotelian University of Thessaloniki,
Faculty of Veterinary Medicine.

FONDEVILA, M. - GUADA, J. A. - GASA, J. - CAS-
TRILLO, C.: Tomato pomace as a protein supplement for
growing lambs. Small Rumin. Res., /3, 1994: 117-125.
GASA, J. - CASTRILLO, C. - BAUCELLS, M. D. -
GUADA, J. A.: By-products from the canning industry as
feedstuff for ruminants: Digestibility and its prediction from
chemical composition and laboratory bioassays. Anim. Feed
Sci. Technol., 25, 1989: 67-77.

HORSZCZARUCK, F.: Ruminant Nutrition in the Near East.
Roma, F.A.O. 1976.

IBRAHEM, H. M. - ALWASH, A. H.: The effect of different
ratios of tomato pomace and alfalfa hay in the ration on the
digestion and performances of Awassi lambs. Wid Rev.
Anim. Prod., 19, 1983: 31-35.

JAYAL, N. M. - JOHR]I, S. B.: Agro-industrial by-products
as livestock feeds. Dried and ground tomato pomace with
concentrates for ruminants. Indian Vet. J., 53, 1976: 793-798.
LOWMAN, B. G. - SCOTT, A. N. - SOMERRILL, S. H.:
Condition scoring of cattle. Bull. No 6. East of Scotland Coll.
Agric., Edinburgh, Scotland, 1976.

RYAN, B. F. — JOINER, B. L. - RYAN, T. A.: Minitab:
Handbook. 2nd ed. Boston, MA, Duxbury Press 1985.
AOAC: Official Methods of Analysis. 12th ed. Association
of Official Analytical Chemists. Washington, DC, 1975.
NRC: Nutrient Requirements of Dairy Cattle. 6th rev. ed.
Nat. Res. Counc., Nat. Acad. Sci. Washington, DC, 1988.

Received for publication April 4, 1995

Contact Address:

Prof. N. G. Belibasakis, Aristotelian University, Faculty of Veterinary Medicine, Thessaloniki 54006, Greece,

tel.: 031/92 08 36

402

ZIVOCISNA VYROBA, 40, 1995 (9): 399-402



THE EFFECT OF MICROBIAL PHYTASE
SUPPLEMENTATION IN FEED MIXTURE

ON PHOSPHORUS AND CALCIUM UTILIZATION
IN GROWING PIGS

VLIV PRIDAVKU MIKROBIALNf FYTAZY DO KRMNE SMESI
NA VYUZITI FOSFORU A VAPNIKU U ROSTOUCICH PRASAT

K. Simeéek, P. Zobaé, I. Kumprecht

Research Institute of Animal Nutrition, Pohorelice, Czech Republic

ABSTRACT: The effect of microbial phytase in feed mixture on apparent digestibility and phosphorus and calcium retention
was investigated in seven pigs (3 x 7) at the live weight 35-57 kg in three balance periods. Simple feed mixture — soybean
meal and barley — was given at a dose of 3.5% of live weight. The mixture did not contain any source of mineral phosphorus.
The experimental impacts O — without phytase supplementation, N — microbial phytase N supplementation 494 PU/kg of mixture
and A — microbial phytase A supplementation 508 PU/kg of mixture served for the assessment of microbial phytase supple-
mentation effect and for comparison of the two types of phytase. Apparent digestibility of phosphorus and calcium was
significantly higher (P < 0.05) in pigs with phytase supplementation N and A compared with pigs O. The relative increase
of apparent P digestibility amounted to 26% in N phytase and to 20% in A phytase compared with O. In the same way,
P and Ca retention rates were influenced significantly (P < 0.05) in pigs A and N compared with pigs O. An increase in mean
daily P retention amounted to 0.95 and 0.56 g in pigs N and A, respectively, compared with pigs O. P content in faeces was
also positively affected as a result of phytase application.

microbial phytase; pig; P and Ca digestibility and retention; faeces

ABSTRAKT: Ve tiech bilanénich obdobich na sedmi vepfich (3 x 7) o Zivé hmotnosti 35 aZ 57 kg byl sledovén vliv piidavkil
mikrobidlni fytdzy do krmné smé&si na bilanénf stravitelnost a retenci fosforu a vépniku. Jednoduchd krmnd smés — s6jovy
extrahovany $rot a jeSmen — byla zkrmovéna v ddvce 3,5% ze Zivé hmotnosti. Smés neobsahovala mineréln{ fosfor. Pokusné
zésahy (O — bez pridavki fytdzy, N — pridavek mikrobidlni fytdzy N 494 PU/kg smési, A — pridavek mikrobidlni fytdzy A 508 PU/kg
smési) slouZily ke stanovenf{ vlivu pifdavku mikrobidln{ fytdzy a ke srovndni dvou typl fytdzy. Bilanéni stravitelnost fosforu
a vépniku byla priikazné vy3si (P < 0,05) u vepit s pifdavky fytdzy N a A proti vepfiim O. Relativni zvy3eni bilan&ni
stravitelnosti fosforu &inilo 25 % u fytdzy N a 20 % u fytdzy A proti pokusnému zdsahu O. Stejné pritkazné (P < 0,05) byla
ovlivnéna vyse retence fosforu a vdpniku u vepii A a N proti vepiim O. ZvySeni primérné denni retence fosforu Cinilo
u vepiit N 0,95 g a u vepil A 0,56 g ve srovndni s vepfi O. Velmi piiznivé byl ovlivnén i obsah P ve vykalech pfi aplikaci
fytédz.

mikrobidlnf fytdza; prase; stravitelnost a retence P a Ca; vykaly

INTRODUCTION Lantzsch (1989) presents the percentual propor-

tion of phytate and non-phytate phosphorus in some
Phosphorus retained in plants in the form of feeds:

phytases (myoinositolhexaphosphate) is available just

partly (20-30%) to pigs and poultry. So bound unavail- Phytate P Non-phytate P
able phosphorus passes with animal faeces into the Maize 75 25
soil where adversely affects the environment in its Wheat 73 27
released form. : ) Barley 65 35

Feed mixtures for pigs and poultry are composed Peas 57 43
mostly of ingredients of plant origin. Though these Soybean meal 56 44
feeds (cereals, seeds, extracted groats, mill feeds, etc.) Rapeseed meal 67 33
provide a considerable proportion of phosphorus, this -
nutrient is poorly available due to its binding in an Phosphorus availability from particular feeds in re-
organic complex called phytates. lation to the availability of sodium phosphate (100%)

ZIVOCISNA VYROBA, 40, 1995 (9): 403-406 403



is presented by Cromwell (1990) as 12, 31, 50 and
35% in maize, barley, wheat and soybean meal.

Hydrolytic spliting of phytate by the enzyme
phytase results in phosphate ions release. Finding of
suitable strains of microorganisms led to the production
of the enzyme phytases, which digests phytates in the
alimentary tract of animals and expressively enhances
phosphorus utilization from feeds and reduces its ex-
cretion in faeces. Enzymatic phytase preparations are
already offered in the market. These are e.g. Natuphos
(NL) or Allzyme-Phytase (USA).

The efficiency of phytase of microbial origin as a sup-
plement in feed mixtures was proved in many experi-
ments. Simons et al., (1990) presented an increase
of phosphorus availability in pigs by 24% as a result of
phytase application. A very favourable effect of micro-
bial phytase on phosphorus digestibility and retention
was reported in many other experiments (Cromwell
et al.,, 1993; Schulz et al, 1992; Young et al,
1993).

The interactions between phosphorus and its utiliza-
tion, and calcium and zinc were investigated (Poin-
tillart, 1991; Lei et al., 1993).

The application of phytase of microbial origin in
feed mixtures for pigs is important not only for reduc-
tion of phosphorus excretion but also for reduced ex-
ploitation of sources of mineral phosphorus for satura-
tion of requirements of animals.

MATERIAL AND METHODS

A metabolism experiment was conducted on eight
pigs. Three feeding impacts were investigated in three
balance periods.

Average initial weight of pigs amounted to 35.5 kg
and final one to 56.8 kg.

Daily feed ration was assessed at an amount corre-
sponding to 3.5% of live weight of pigs and was given
twice a day in the form of a dense paste.

The composition of simple feed mixture based on
barley and soybean meal is presented in Tab. I. No
source of mineral phosphorus was used in the mixture.

The employed preparations of the enzyme phytase
of microbial origin have already been introduced in the
market in the world. Three feeding impacts were inves-
tigated:

O - without any supplement of preparations.

N - 0.01 kg of preparation of the enzyme phytase (N)
per 100 kg of feeding mixture. The activity of
phytase amounted to 4 944.54 PU/g.

A — 0.1 kg of preparation of the enzyme phytase (A)
per 100 kg of feeding mixture. The activity of
phytase amounted to 508.57 PU/g.

Each balance period lasted for 14 days, and faeces
and urine were quantitatively collected for 5 days. All
faeces and 10% proportion of urine were stored in deep-
-freeze at —18 °C. After the balance was finished and
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facces thawed, they were homogenised, sampled and
lyophilised. Urine was analysed in a liquid form. Cal-
cium and phosphorus were assessed in samples of fae-
ces and urine for the purposes of the experiment.

The results of experiment were evaluated by the
analysis of variance.

RESULTS AND DISCUSSION

The results of metabolism experiment are presented
in Tab. II and show the changes in apparent digestibil-
ity of phosphorus and calcium and also changes in the
retention of both elements caused by supplementation
of the enzyme phytase A and N compared with the
values found in pigs without supplements (O).

The average values for all impacts were counted
from seven cases (one pig was discarded already in the
first balance period due to the prolapse of anus).

The apparent digestibility of phosphorus was
significantly increased by phytase N and A addition
(P < 0.05), nevertheless phytase N was significantly
more effective than phytase A (P < 0.05). A relative
increase in phosphorus digestibility amounted to 25%
and 20% in feeding impacts N and A respectively com-
pared with apparent digestibility of phosphorus in pigs
O — without addition of the enzyme phytase. At the same
time, apparent digestibility of calcium was also affected
after the addition of enzymes N and A which was signifi-
cantly higher (P < 0.05) compared with pigs O.

Higher apparent digestibility of phosphorus and cal-
cium also resulted in daily retention of both elements
which was significantly higher (P < 0.05) in pigs with
phytase N and A compared with pigs O. Daily phos-
phorus retention was higher by 55% and 33% in pigs
fed with supplements of phytase N and A, respectively,

I. Feed mixture formulation used in the metabolism experiment

%
Barley 78
Soybean meal 18
Wheat starch 23
MD I’ 0.2
DB PI** 0.5
Feed salt 0.4
Powder lime 0.6

100.0
g in dry matter
Protein 222.0
Fat 15.8
Fibre 66.8
Ash 424
Ca 4.47
P 3.83
Dry matter 87.73

=y i
microelement mixture
L L . o
vitamin mixture
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. Apparent digestibility and calcium and phosphorus retention in pigs

PR Phytase supplements
0 N A
Apparent digestibility (%)
Ca x 40.87" 67.78 62.72"
5 5.90 438 2.79
P x 41.01* 51.57° 49.02"
5 2.00 1.99 1.90
Daily retention (g)
Ca x 212" 4.01™ 3.48%
55 0.62 0.61 0.21
P x 1.72% 267 228"
55 0.13 0.19 0.20

ubo_ average values in the lines are significantly different (P < 0.05)

III. Dry matter and phosphorus content in facces of experimental pigs

Daily in faeces (g) (o] N A
Dry matter excreted x 225.5 2232 249.4
5 239 16.9 203
Phosphorus excreted x 2.794" 2.077° 2.440%°
& 0.235 0.145 0.165
Phosphorus content in dry matter of faeces (%) 12.39 9.31 9.78

b average values are significantly different (P < 0.05)

which is absolutely by 0.95 and 0.56 g per day more re-
spectively compared with pigs with feeding impact O.

The data concerning phosphorus content in faeces
under the impact of feeding supplementations are pre-
sented in Tab. III. These values are the mean from three
balances and are re-counted per day. It has appeared
that the amount of daily excreted dry matter of faeces
was not significantly different between the feeding im-
pacts but it was higher in feeding impact A compared
with O and N. Significant differences (P < 0.05) be-
tween feeding impacts O and N were found in the amount
of phosphorus excreted. Feeding impact with phytase
A did not differ significantly from impacts O and N.
Phosphorus content in dry matter of excreta was sig-
nificantly lower in application of phytase N and A than
without phytase supplementation O.

When comparing the effect of phytase N and A, it
is evident that phytase N was more efficient though the
ingestion of phytase expressed in PU units was almost
the same or slightly higher in phytase A. The efficiency
of employed phytases in PU units as well as the assess-
ment of the effect of temperature and pH on their ac-
tivity was assessed in vitro in experiments of Zoba¢
et al. (1994).

The favourable effect of microbial phytase supple-
mentation was proved quite unambiguously as evident
from Tab. II. The increase in digestibility and phospho-
rus utilization from feed mixture corresponds to obser-
vations of other authors (Schulz etal., 1992; Nisi,
1990). In the case of calcium, the effect of phytase
addition was also favourable. Pallauf et al. (1992)
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explain the favourable effect of phytase on calcium
utilization due to the destruction of phytic acid com-
plex followed by releasing of Ca ions and due to an
enhanced level of phosphorus utilization for minerali-
zation which evokes increased calcium requirement and
uptake.

Compared with the above mentioned authors, no inor-
ganic source of phosphorus was employed in our inves-
tigations as a positive control and the activity of
phytase introduced with feeds was not assessed either.
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REPKOVE VYLISKY VE VYKRMU
BROJLEROVYCH KURAT

RAPESEED CAKE IN DIETS OF BROILER CHICKS

J. Vymola, A. Kodes, J. Obadalek

Czech University of Agriculture, Faculty of Agronomy, Praha, Czech Republic

ABSTRACT: A trial was conducted to test the use of rapeseed 00 cake in a mash for broilers as a replacement of soybean
meal. Three amounts of rapeseed cake were tested — 5%, 10% and 15% (R 5, R 10, R 15), corresponding to 1.3, 2.6, 3.9 mmol/l,
resp., dietary glucosinolates. Control mash R 0 did not contain any rapeseed. Tab. I shows mash formulations; feed mash
BRI was given to all groups. Each group comprised 250 chicks of ROSS hybrid in four replications. First, the broilers received
loose feed mash BR1 until the 14th day of age, then granular feed mash BR2 until 42nd day of age. The mashes were
administered ad libitum. The chicks were kept in boxes on deep litter. Tab. II shows the results obtained in the trial. As for
the growth indicator, better results were recorded continually in the groups with 5% and 10% of rapeseed cake than in the
control, the group receiving 15% rapeseed had the same parameters as the control. The groups R 5 and R 10 had the best
results of feed conversion. Experimental treatments did not influence dressing percentage, and there were no differences in
sensory evaluation of meat — breast muscle. The use of 5% and/or 10% of rapeseed cake is economically advantageous. The
amounts of 5 to 10% rapeseed cake can be recommended on the basis of this research and it is possible to conclude that the
glucosinolate concentration lower than 4 mmol/kg does not cause any growth depression nor does it decrease feed conversion.

fowl; fattening of broiler chicks; rapeseed 00; cake; glucosinolates

ABSTRAKT: 1 000 brojlerovych kutat hybrida ROSS bylo krmeno jednotnou smési BR1 do véku 14 dnti a &tyfmi krmnymi
smésmi BR2 do véku 42 dnli. Ve smésich bylo zafazeno S %, 10 % nebo 15% fepkovych vyliskii ndhradou za extrahovanou
s6ju. Smési s 5 %, resp. 10 % fepkovych vyliskd vykazaly u kurat statisticky pritkazné lep3i intenzitu ristu, skupina s 15 %
fepky méla stejné vysledky jako kontrola. V ukazatelich dhynu, spotfeby krmiva, jate¢né vyté€Znosti a senzorického hodnoceni
prsnf svaloviny nebyly shleddny vyznamné rozdily. PouZitf fepky se ukazuje jako ekonomicky vyhodné a do hladiny 4 mmol

glukosinol4td na kg krmné smési nepfindsi u brojlerovych kufat depresi riistu a konverze krmiva.

driibez; vykrm brojlerovych kurat; fepka 00; vylisky; glukosinoldty

UvVOoD

Repka olejnd (Brasica napus) poskytuje pro vyZivu
driibeZe &tyfi produkty , a to fepkové semeno (20 %
NL, 42 % tuku), fepkovy extrahovany Srot (35 % NL,
2 % tuku), fepkové vylisky (30 % NL, 10 % tuku)
a fepkovy olej (33 MJ MEy).

PiestoZe jde o tuzemskou plodinu, jejiz péstovani
mé u nés dlouholetou tradici, nejsou zatim u nds jeji
produkty, na rozdil od jinych zemd, pfili§ oblibeny. Pfi-
¢inou je bezesporu obava z pfitomnosti antinutri¢nich
latek obsaZenych v fepce — glukosinoldtl a sinapinu.

Aplikacf fepky ve vyZivé brojlerovych kufat se po
léta zabyvala velkd fada zahrani¢nich i naSich autord.
Citujeme pouze nékolik praci, ve kterych jiZ novéjsi
odriidy dvounulovych fepek ddvaji pfedpoklad srovna-
telnosti vysledki a kde byl aplikovén bud fepkovy ex-
trahovany $rot, nebo fepkové vylisky.

Thomke et al. (1981), ktefi testovali 7,5 %
a 15 % RES s nfzkou hladinou glukosinol4ti v krmné
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smési, neshledali vyznamné rozdily v ristu, ani v kon-
verzi krmiva.

Splitek a Marek (1986) zafadili 2 aZ 4 %
RES 00 odriidy TANDEM do smési BR1 (1. aZ 3. ty-
den véku) a 5 az 10 % RES do smé&si BR2. U brojleri:
krmenych sm&mi s RES dosahli statisticky v§znamng
hor3ich vysledkid v ukazateli riistu oproti kontrole.

Skfivan a Tumovd (1987) ve tfech bilané-
nich a jednom ristovém pokusu sledovali moZnost nd-
hrady extrahované séji fepkovym extrahovanym S$ro-
tem. Hladina glukosinolatd ¢inila 36 mmol/kg $rotu.
Dospéli k zdvéru, Ze do smési BR1 lze zafadit aZ 12 %
extrahované fepky a do smési BR2 9 % fepky néhra-
dou za extrahovanou séju.

Zeman et al. (1990) doporuuji hladinu RES ve
smési BR1 (1. aZ 3. tyden v€ku) 2 % a ve smési BR2
(4. aZ 7. tyden v&ku) 5 %. Kracht et al. (1995) pub-
likovali vysledky ve vykrmu brojlert pfi aplikaci fep-
kovych vyliskl a ve vztahu k hlading glukosinol4td
v krmné smé&si. V pokusu do 42. dne v&ku zjistili sta-
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tisticky vyznamné lep3i rist brojler pfi hladiné€ 5 %
fepkovych vyliskd, resp. 0,7 mmol/kg, pfi hlading do
15 %, resp. 2,1 mmol/kg byly rozdily nepriikazné. Kon-
verze krmiva byla srovnatelnd. V pokusu s brojlery do
35. dne v&ku zaznamenali vy$¥{ nebo stejnou intenzitu
riistu aZ% do podilu 25 % fepky, resp. 5,7 mmol/kg.

Kadlec etal. (1995) zafadili v prvnim pokusu 5 %,
resp. 11 % fepkovych vyliskii (RV) do smési pro broj-
lery ve druhé fazi vykrmu. U skupin s fepkou dosahli
horgich vysledkd v ukazateli riistu neZ u kontrolni sku-
piny. Ve druhém pokusu aplikovali 5 %, resp. 7,3 %
RV rovn&Z ve sm&si BR2. Tentokr4t dosshli u skupiny
se 7,3 % RV lepsich vysledki nez u kontrolnf skupiny,
zatimco skupina s 5 % RV byla srovnateln4 s kontro-
lou.

V nafem pokusu byl obsah fepkovych vyliskll rov-
n&% vztaZen k hlading glukosinol4td v krmné smési.

MATERIAL A METODA

Byly ov&fovany fepkové vylisky (RV) sm&si dvou-
nulovych odrid CERES, FALCON a LIRAJET s obsa-
hem glukosinol4ti 26 mmol/kg extrahovaného ¥rotu.
Ve vykrmové testovaci hale Zkolniho statku CZU Praha
v Suchdole bylo zastaveno 4 x 250 brojlerovych kufat

hybrida ROSS. Do véku 14 dnf byla kufata krmena
jednotn¥ starterovou sm&sf{ BR1 s obsahem 5 % RV.
Od 15. do 42. dne byly zkrmovany &tyfi smési BR2
s odstupfiovanym obsahem RV (tab. I). Uvnitt skupiny
byla kufata rozmisténa do &tyf podskupin tak, aby byl
pokud moZno vylouden vliv prostfedi, a ustdjena v bo-
xech na hluboké podestylce po cca 62, resp. 63 kusech
s tubusovymi krmitky a napdjeckami. Zdstav kufat na
1 m? &nil 15 ks, svételny reZim byl stanoven na 24 hodin
denné. Kufata byla individuélng vaZena v 1., 15. a 42. dni
pokusu. Smés BR1 byla zkrmoviéna sypkd, smés BR2
v granulich o priméru 3 mm. (Krmiva byla vyrobena
ve vyrobné krmnych smési ZZN a.s. Piibram v Mil{-
né&.) Byla sledovéna spotfeba krmiva, thyny a jatec-
néd vytéZnost a bylo provedeno komisiondln{ senzoric-
ké hodnoceni masa. DosaZené vysledky jsou uvedeny
v tab. IL

Statistické hodnocenf riistu bylo provedeno metodou
analyzy rozptylu a ndsledné rozdily primérii mezi sku-
pinami byly testovdny Scheffeho testem.

Senzorickym komisiondlnim hodnocenim kvality ma-
sa (test podle pofadi) nebyly zji§t€ny rozdily mezi sku-
pinami. Procento jate¢né vyté€Znosti bylo stanoveno ja-
ko podil jate¢n& opracovaného trupu s driibky a Zivé
hmotnosti pfed pordZkou.

1. Zastoupeni komponenti a kalkulace obsahu Zivin ve smésich — Feed mash formulation and calculation of nutrient contents in mashes

Krmné smési'®
Komponent (%) BRI BR2 BR2 BR2 BR2
RS RO RS R 10 R 15
- Penice’ 40,2 41,4 37,7 32,4 28,0
Kukufice? 20,0 23,0 25,0 28,0 30,0
Repkové vylisky® 5,0 - 5,0 10,0 15,0
S6jovy extrahovany 3rot? 43 18,0 23,5 20,0 17,5 15,0
Masokostni moudka’ 7.0 6,0 6,0 6,0 6,1
Rybi mou&ka® 4,0 - - - -
Repka — olej’ 4,0 5.0 5.0 5.0 5.0
Premix lyzinu® 0,6 0,2 0,2 0,2 =
Premix metionu’ 0,3 04 0,3 0,2 02
Dikalciumfosfét'® 0,1 = = - S
Vipenec kemny!! 0,3 - 0,3 0,2 0,2
TK DB BRI 0,5A 0.5 - - - =
TK DB BR2 0,5A e 0.5 0,5 0,5 0,5
100 100 100 100 100
NL'"2 g 229 202 200 202 204
Lyzin'? g 12,6 11,4 11,1 11,1 10,7
Metionin'4 g 59 5.4 53 51 5.2
SAK g 9,7 9,2 9,1 9,2 9.4
Vlgknina'? g 33,0 31,0 34,6 38,6 426
ME MJ 12,45 12,76 12,75 12,77 12,78
Ca 11,8 6.7 7,6 7,0 73
P celk. g 79 5.4 5.6 5.8 6,0
Na 1,7 1,7 1.6 1.6 1,6

'wheat, 2corn, 3mpeseed cake, ‘soybenn meal, meat-bone meal, *fish meal, 7mpeseed - oil, “lysine premix, methionine premix, Wdicalcium
, 2crude protein, 13lysim:. Ymethionine, '*fiber, '*feed mashes

N

Ufodder li
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1I. Souhrnné vysledky pokusu — Summarized results of the trial

Skupina! RO RS R 10 R 15
Hladina glukosinoltd? mmol/kg 0 1,3 2,6 3.9
Hmotnost kufat® 1. den* g 41 41 41 41
15. den g 337 346" 338" 342°
42. den g 1856" 2 042° 1 964" 1 860"
s 262,21 266,35 270,27 246,58
v 14,12 13,04 13,78 13,26
Konverze krmiva® 42. den kg 2,01 192 1,93 2,01
Uhyn z po&dte&niho stavu® % 1,6 3,6 32 3,6
Jateénd vyt&znost’ % 76,1 77,9 77,4 76,2
Ndklady na krmiva na | kg %. h.*? K& 12,84 12,05 12,10 12,43

Priimé&ry skupin ozna&ené rliznymi pismeny se li$f statisticky vyznamné& (P < 0,05) podle Scheffeho testu — The group averages denoted with
different letters are statistically significantly different (P < 0.05) according to Sheffe’s test

lgmup, 2glucosinolm«: concentration, “chick weight, 4day 1, *feed conversion, “monality within the stock, 7drcssing percentage, “expcnse

on feeds per 1 kg live weight

VYSLEDKY A DISKUSE

Jak vyplyvi z tab. II, bylo dosaZeno pritkazné vys-
Sich priristki u skupin R 5 a R 10, coZ u skupiny s 5 %
fepky koresponduje s vysledky, které uvadéji
Kracht et al. (1995), a ¢asteéné i s vysledky pokusu
autord Kadlec et al. (1995). Lze souhlasit se zdvéry
autord Skfivan a Timov4d (1987) a s jejich do-
poruéenim o zafazeni fepky ve druhé fazi vykrmu broj-
lerd. Doporuceni, které publikovali Zeman et al.
(1990), je vztaZeno ke starSim odriiddm fepky. Nase
vysledky nekoresponduji s vysledky pokusu autorl
Splitek a Marek (1986), ktefi pouZili fepku
TANDEM, a jen z&asti koresponduji s ddaji, které uva-
déji Thomke et al. (1981).

V pokusu bylo dosaZeno u kufat velmi dobré kon-
verze krmiva, kterd odpovidala vysledkim v ukazateli
rlistu kufat. Stejng tak jatedn4 vyt&€Znost odpovidala do-
saZenym parametrim hmotnosti kufat. Ekonomické hod-
noceni odpovidalo relacim cen komponentii ve II. po-
loleti 1994 u ZZN Pribram a z hlediska absolutni vyse
nemusi korespondovat s jinimi‘visledky. Prokdzalo
viak oprdvné&nost zafazeni fepkovych vyliski do krm-
nych smési pro vykrm kufat pfi zndmé hladiné gluko-
sinol4tl a ekonomicky vyhodné cené ve srovnéni s ex-
trahovanou séjou. RovnéZ se ukdzalo jako vhodné
zafazeni fepkového oleje. Zastoupeni fepkovych vylis-
ki nemélo podstatny vliv na zdravotni stav a dhyny
kufat, a stejné tak jatecnd vytéZnost a senzorické vlast-
nosti prsni svaloviny nebyly zafazenim fepky ovlivné-
ny. Se zvySovanim podilu fepky dochdzi ke sniZovéni
ceny krmné smési, a na zdkladé ekonomického hodno-
cenf lze tedy doporucit aplikaci 5 % fepkovych vyliski

v prvni fazi a 5 aZ 10 % ve druhé, resp. tieti fazi vykr-
mu brojlerd.

V prepodtu na koncentraci glukosinoldti v krmné
smési lze konstatovat, Ze jejich obsah do 4 mmol na kg
krmné smési BR2 nezplisobuje depresi, ani nezhorSuje
konverzi krmiva pfi vykrmu kufecich brojlert.
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EFFECTS OF DIFFERENT ENZYME PREPARATIONS
ON GROWTH RATE AND FEED EFFICIENCY

IN BROILERS FED ON MASH OR PELLETED
BARLEY-CONTAINING DIETS

VLIV RUZNYCH ENZYMOVYCH PREPARATU NA RUST
A KONVERZI KRMIVA U BROJLERU KRMENYCH SYPKYMI
NEBO GRANULOVANYMI SMESMI S PODILEM JECMENE

C. Kaoma, J. Bliha, J. Heger, L. Skarkova

Czech University of Agriculture, Institute of Tropical and Subtropical Agriculture, Praha,
Czech Republic

ABSTRACT: The efficacy of four different enzyme preparations containing both beta-glucanase and arabinoxylanase acti-
vities was studied in two experiments on chicks fed on barley-containing diets given as mash or as pellets. In Expt. 1, starter
and finisher mash diets were used, containing 15% and 18% barley, respectively. The inclusion of all enzymes resulted in
improvements in body weight gain as compared with the control group, the differences being significant in most cases. Feed
efficiency was also improved with all enzyme supplements. The improvements were greater in the starter period (1-21 days)
than in the finisher period (21-42 days). In Expt. 2, pelleted diets of the same composition as in Expt. 1 were used. Weight
gains were significantly increased and feed efficiency improved in all enzyme-treated groups. Similarly like in Expt. 1, the
effect of enzymes was more evident in the starter period than in the finisher period. There was no close relationship between
beta-glucanase or xylanase activity as determined in vitro and the biological efficacy of enzyme preparations.

broilers; barley-containing diets; enzyme preparations; beta-glucanase and xylanase activities; weight gain; feed efficiency

ABSTRAKT: Ve dvou pokusech na brojlerech krmenych smésmi obsahujicimi jeémen byla srovnévéna d&innost &tyF riznych
enzymovych prepardti obsahujicich beta-glukanézovou a arabinoxylandzovou aktivitu. Krmné smési byly zkrmovény v sypké
a granulované formé&. V prvnim pokusu byly pouZity sypké smési BR1 a BR2, obsahujici 15 %, resp. 18 % je¢mene. U vSech
pokusnych skupin, kterym byly poddviny enzymy, byly zji§tény ve srovnén{ s kontrolou vy33f piiristky. Ve vét3ing piipadi
byly rozdily statisticky vyznamné. Konverze krmiva se s dopliiky viech enzymii také zlepsila. Uginnost enzymii byla vy$sf
v prvnf f4zi vykrmu (od 1. do 21. dne v€ku kufat) neZ v druhé fazi vykrmu (od 21. do 42. dne véku). V druhém pokusu byly
pouZity granulované smési stejného sloZeni. Piriistky hmotnosti se vyznamné zvySily a konverze krmiva se zlepsila u vSech
pokusnych skupin. Podobné jako v prvnim pokusu byly d¢inky enzymi v&t§i v prvni fizi vykrmu. Nebyla nalezena Z4dnd
bliZs{ souvislost mezi aktivitou beta-glukandzy nebo xylandzy stanovenou in vitro a biologickymi G¢inky enzymd.

brojlefi; diety obsahujici je¢men; enzymové preparity; aktivita beta-glukandzy a xylanazy; pfiriistek; konverze krmiva

INTRODUCTION

The use of barley in poultry diets has been limited
because of its inconsistent nutritional value, contribution
to wet and sticky excreta and depressed animal per-
formance (Campbell et al,, 1986). The problems
observed with barley have frequently been attributed to
the high fibre content but more recently to the presence
of non-starch polysaccharides (NSP) such as mixed
linked beta-D-glucans and arabinoxylans (W hite et
al., 1981; Broz, Volker, 1990). The NSP are not
digestible in poultry and act as antinutritive factors in-
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creasing the viscosity of intestinal digesta and impair-
ing the utilization of other nutrients. There is an increa-
sing experimental evidence that specific enzyme prepa-
rations, used as feed additives, can improve the
nutritive value of barley, reducing the intestinal visco-
sity (White et al.,, 1981), making the nutrients avail-
able to the digestive enzymes (Hesselman, Aman,
1986) and increasing the metabolizable energy of bar-
ley-based diets (Rotter et al., 1990).

These beneficial effects were observed mostly in diets
fed as mash. Recently, Brufau etal. (1991) obtained
a significant response to enzyme supplementation in
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chicks fed on pelleted diets. On the other hand, condi-
tioning at 75 °C for 30 s reduced beta-glucanase activ-
ity of a commercial enzyme product compared with
a mash control diet to 66% of the initial activity, indi-
cating that partial enzyme inactivation occurs at pellet-
ing Inborr, Bedford, 1994).

The effect of enzyme additions on chick perform-
ance seems to be age-dependent. Classen et al.
(1988) found no significant differences in growth rate
and feed conversion in enzyme-treated and control
chicks during the finisher period. Stevens et al.
(1988) and Zoba¢ et al. (1992) observed a diminish-
ing response of broiler chicks to enzyme supplements
with increasing age.

The purpose of this study was to evaluate the effects
of different enzyme preparations on growth:rate and
feed efficiency in broilers fed on a mash or pelleted
barley-containing diet.

MATERIALS AND METHODS

Animals and diets

Two experiments were conducted in an environmen-
tally controlled rearing facility of the University poultry
house equipped with electric heaters, artificial light and
forced ventilation. In both experiments, a total of 450
day-old sexed male broilers (Ross) were used. They
were randomly allocated to 10 pens with 45 birds in

each. There were two replicates per treatment. The pens
were each 5 m? in size and were covered with deep
litter of wood shavings. The experiments lasted 42 days.
Feed and water were available ad libitum throughout
the experiments.

Basal starter and finisher diets were prepared to con-
tain 15% and 18% barley, respectively. The composition
of the basal diets and their calculated nutrient contents
are given in Tab. L. To the basal diets (B), four different
enzyme preparations were added via premix thus form-
ing Diets El, E2, E3 and E4. The enzymes used in
Diets El through E3 were commercial preparations
containing both beta-glucanase and arabinoxylanase
activities. Some other enzymes were also present such
as amylases, lipases and proteases. The enzyme prepa-
rations were added to the diets at concentrations recom-
mended by the manufacturers, i.e. 500, 350 and 1000
ppm for Diets E1, E2 and E3, respectively. The enzyme
used in Diet 4 was a developmental product with pre-
dominant beta-glucanase and arabinoxylanase activity
and its dietary concentration was 100 ppm.

The composition of diets used in Expts. 1 and 2 was
the same even though the ingredients were not of the
same batch. In Expt. 1, the diets were given as mash
while the diets used in Expt. 2 were steam pelleted
(75 °C) through a 2mm matrix using a commercial pel-
let press. The two experiments were conducted at dif-
ferent times.

Feed and chicks were weighed on Day 21 when the
chicks were changed to the finisher diet, and at the end
of experiment on Day 42. Weight gain, feed consump-

1. Composition of the basal diets and calculated nutrient (%)

Ingredients L
starter finisher

Wheat 60 59.8
Barley 15 18.5
Soybean meal 14.5 12.6
Fish meal 4 2
Meat and bone meal 5 6
Mineral and vitamin premix' 1.5 1.1
Calculated contents:
Crude protein 20.5 19.2
Metabolizable energy (MJ/kg) 11.6 11.9
Crude fibre 3.1 3.1
Crude fat 27 2.7
Calcium 0.7 0.6
Phosphorus 0.7 0.6
Methionine + cystine 0.9 0.8
Lysine 1.3 1.1

'Supplied per kg of feed:

Starter period: vitamin A - 8 000 IU, D; - 8 000 IU, E - 15 mg, K3 - 2 mg, B, - 1.5 mg, B, - 3 mg, B¢~ 2 mg, B, - 0.02 mg, niacin -
15 mg, pantothenic acid — 5 mg, choline ~ 200 mg, Co - 0.33 mg, Cu ~ 7 mg, Fe - 34 mg, J - 0.28 mg, Mn - 72 mg, Zn - 49 mg, Se -

0.15 mg, DL-methionine — 1 800 mg, avoparcin — 15 mg

Finisher period: vitamin A - 1 000 IU, D; - 2 000 IU, E - 15 mg, K, - 32 mg, B, - 2 mg, B, - 4 mg, B¢ - 4 mg, B, - 0.02 mg, niacin -
2 mg, pantothenic acid — 10 mg, choline — 25 mg, Co — 0.33 mg, Cu — 7 mg, Fe - 34 mg, J - 0.28 mg, Mn - 72 mg, Zn - 49 mg, Se - 0.15 mg,

DL-methionine — 2 100 mg, avoparcin — 15 mg
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tion and feed efficiency (feed/gain) were calculated for
each period and for the overall experiment.

Determination of enzymatic activity

The enzyme preparations were analysed for beta-
glucanase and xylanase activities. Enzyme extracts
were prepared by dissolving 10 g of the assayed en-
zymes in 100 ml distilled water in a 500ml flask. After
stirring for 30 minutes, the solution was centrifuged at
6000 g for 20 minutes and the supernatant was properly
diluted with sodium acetate buffer (0.05M, pH 5.3).
For beta-glucanase determination, the diluted enzyme
solution was incubated with beta-glucan isolated from
barley (Sigma Chemical Co.) in the sodium acetate
buffer for 15 minutes at 30 °C. Xylan isolated from oat
spelts (Sigma Chemical Co.) dissolved in the same
buffer was used as substrate for xylanase determination.
The reaction mixture was incubated for 5 minutes at
50 °C.

The amount of reducing sugars released during in-
cubation was measured using the dinitrosalicylic
method as described by Miller (1959). The enzyme
activity was expressed in units, one unit being the
amount of enzyme which liberates 1 pmol of reducing
sugars in one minute under the conditions described
above. For beta-glucanase and xylanase activity, reduc-
ing sugars were expressed as glucose and xylose equiva-
lents, respectively.

Statistical evaluation

Weight gains were calculated as group means and
feed efficiency values as cumulative group feed intakes
divided by group weight gains. Data on weight gains
were subjected to analysis of variance and significant
differences between treatment means were determined
using Duncan’s multiple range test.

RESULTS

Beta-glucanase and xylanase activities of the en-
zyme preparations used are presented in Tab. II. The
highest activity of both beta-glucanase and xylanase
was recorded for the developmental product E4, which
contained no carrier. As for the commercial enzymes,
the lowest beta-glucanase and xylanase levels were
found in the preparation E1. A considerable xylanase
activity was observed in E2 enzyme, suggesting its po-
tential use in wheat-based diets.

The results of Expt. 1 are presented in Tab. III. The
addition of enzyme preparations had a beneficial effect
on the performance of chicks. As compared with the
control group, growth rate of the enzyme-treated chicks
was significantly higher (P < 0.01) both in the starter
and finisher periods, the only exception being Diet E2
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I1. Beta-glucanase and xylanase activities of enzyme preparations in
Diets E1, E2, E3 and E4

Enzyme preparation Activity of enzymes (U/g)
in Diets beta-gl xyl

El 231.7 281.5
E2 509.9 22499
E3 663.3 8525
E4 10 699.6 26 297.5

in the finisher period which showed an insignificant
increase in weight gain. The degree of improvement for
the whole experimental period ranged between 4.4%
(Diet E2) and 11.6% (Diet E3). On average, the effect
of enzyme addition was more evident during the starter
period (improvement by 7.7-14.0%) than in the finisher
period (improvement by 1.7-10.8%).

As compared with the control group, feed efficiency
of all enzyme-treated chicks improved in both starter
and finisher periods. Improvement for the whole ex-
perimental period ranged between 4% (Diet E1) and
13% (Diet E4). In the starter period, the degree of im-
provement ranged between 3% (Diet El) and 17%
(Diet E3) and in the finisher period between 5% (Diet
El) and 15% (Diet E4).

The results of Expt. 2 are given in Tab. IV. The
addition of enzymes to diets given as pellets had
a beneficial effect on the performance of chicks. As
compared with the control group, weight gains were
significantly higher (P < 0.01) in all experimental
groups both for starter and finisher periods, the im-
provement ranging from 8.9% (Diet E3) to 15.2% (Diet
E2). The effect of enzyme supplementation was slightly
better in the starter period (improvement by 9.9-16.4%)
than in the finisher period (improvement by 8.3-14.8%).
Feed efficiency was improved in all treatment groups
in both periods. The degree of improvement was simi-
lar to that of weight gain.

DISCUSSION

The results of the present study clearly show that the
enzyme supplementation of barley-containing diets re-
sults in better growth rate and improved feed-to-gain
ratio. This response concurs with earlier reports on
positive effects of cell wall degrading enzymes on
broiler performance (Broz, Frigg, 1986; Camp-
bell et al,, 1986; Elwinger, Saterby, 1987)
and supports the use of an appropriate enzyme prepa-
ration in broiler diets containing barley. The improve-
ment in performance is usually attributed to beta-glu-
canase found in crude enzyme products. However,
since a significant xylanase activity was found in all
preparations tested, it seems probable that this enzyme
also played an important role. The experimental diets
contained about 60% wheat, which is known to be rich
in arabinoxylans. Moreover, although beta-glucans are
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111. Effects of different enzyme preparations on growth rate and feed efficiency in broilers fed on mash barley containing diets (Expt. 1)

Parameter Dicty

B El E2 E3 E4
Weight gain (g)
Day 1-21 3375 363.5 378.7° 384.9° 367.4"
Day 21-42 972.6* 1019.9" 989.5° 1077.3° 1069.1¢
Day 1-42 1310.1° 1383.4° 1368.2° 1462.2° 1 436.5°
Feed consumption (g)
Day 1-21 690 719 681 670 690
Day 21-42 2 341 2 350 2229 2389 2242
Day 1-42 3031 3 069 2910 3 059 2932
Feed efficiency (g feed/g weight gain)
Day 1-21 2,04 198 1.80 1.74 1.88
Day 21-42 2.41 2.30 2.25 222 2.10
Day 1-42 231 222 213 2.09 2.04

35 _ means within the same row not sharing a common superscript differ significantly (P < 0.01)

IV. Effects of different enzyme preparations on growth rate and feed efficiency in broilers fed on pelleted barley containing diets (Expt. 2)

Parameter o
B El E2 E3 E4

Weight gain (g)

Day 1-21 365.5" 412.4° 425.3° 4019 407.2
Day 21-42 11143 1231.2° 1279.1° 12108" 1207.1°
Day 1-42 1 479.8" 1 643.5° 1 704.4° 1612.8" 16143"
Feed consumption (g)

Day 1-21 764 738 786 788 753
Day 21-42 2574 2 499 2 681 2749 2 500
Day 1-42 3338 3241 3 469 3 541 3 250
Feed efficiency (g feed/g weight gain)

Day 1-21 2.09 1.79 1.85 1.96 1.85
‘Day 21-42 231 2,03 2.10 227 2.07
Day 1-42 2.25 197 2.03 2.19 2,01

abed

the principal components of barley endosperm cell
walls, pentosans are also present in significant amounts
in barley (Forrest, Wainwright, 1977).

The magnitude of the response to enzyme addition
did not correlate with the beta-glucanase or xylanase
activities. Similar results were reported by Rotter et
al. (1990). A possible explanation of these findings is
that there is no direct relationship between the ability
of an enzyme to liberate reducing sugars from a beta-
-glucan or xylan solution in vitro and its effect on di-
gesta viscosity in vivo (Poulsen, 1994). It is also
possible that enzymes other than beta-glucanase and
xylanase may be present in the raw enzyme product,
assisting in the cell wall disruption and release of nu-
trients which may be absorbed more efficiently.

The positive effects of enzyme supplements on broi-
ler performance extended over the whole growing pe-
riod, in contrast to the results reported by Camp-
bell et al. (1984), Classen et al. (1988) and
Salih et al. (1991), who did not find any significant
effect of enzyme additions from three or four weeks of
age. On the other hand, the present results agree with
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those of Zoba¢ et al. (1992) and Francesch et
al. (1994), who observed an improvement in broiler
performance also in the finisher period even though the
response was slightly less than in the early stage of
growth. Brufau et al. (1991), using pelleted diets,
reported greater improvement in the finisher period as
compared with the starter period. The reason behind
these contrasting results cannot be elaborated with cer-
tainty. It seems that the type of the response depends
both on the kind and the activity of the enzyme(s) and
the prevalent NSP present in the diet. The decline in
the beneficial effects of supplemental enzymes with
age has been attributed to changes in the microbial
enzyme profile in the small intestine that permits li-
mited degradation of antinutritive components in the
birds (Pettersson, Aman, 1989).

The improvements in performance of chicks fed on
enzyme supplemented pelleted diets as compared with
the unsupplemented pelleted diet is rather surprising.
The results suggest that, inspite of higher temperature
and pressure during pelleting, the activity of the en-
zymes was not significantly affected. The studies deal-
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ing with thermal stability of NSP-degrading enzymes
are controversial. It has been reported that conditioning
at 75 °C for 30 s reduced beta-glucanase activity of a com-
mercial enzyme product compared with a control diet
to 66% of the initial activity, indicating that partial
enzyme inactivation occurs at pelleting dnborr, Bed-
ford, 1994). On the other hand, Broz and Volker
(1990) did not observe any significant effect of pelleting
on the enzyme stability. Gradient etal. (1993) reported
that the stability of enzymes is not endangered to
a greater extent if a critical temperature of around 75 °C
is not exceeded. It seems that the thermostability of the
enzymes is variable depending on the source and tech-
nology of production (Chesson, 1987).

The temperature treatment during pelleting may solu-
bilize starch and also reduce endogenous enzymatic ac-
tivity which may have led to a delayed degradation of
soluble arabinoxylans and beta-glucans, and consequently
to a slower and lesser reduction in digesta viscosity
(Hesselman et al.,, 1982). The addition of exoge-
nous enzymes may reduce the viscosity, thus improving
the overall performance of chicks fed on pelleted diets.
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HODNOTY pHi MASA HYBRIDNICH PRASAT
S HETEROZYGOTNIMI GENOTYPY LOKUSU HAL

pH; VALUES OF MEAT OF HYBRID PIGS WITH HETEROZYGOUS
GENOTYPES OF HAL LOCUS

J. Kuciel], i [ Dvof'ékl, F. Ne§por', M. Nebolal, J. Hart’

'Mendel University of Agriculture and Forestry, Brno, Czech Republic
2JHYB L. Jakubovicky Dvar, K¥iZanov, Czech Republic

ABSTRACT: Locus HAL genotypes were determined in the parental generation of boars and sows by DNA-test. The boars
and sows came from the elite stock of the breeds Landrace (L) and Large White (LW). In their castrated offspring (barrows)
tested at a pig progeny testing station meat quality was established on the basis of pH, value determined 45 minutes after
slaughter, at the weight of 91 to 108 kg and at the age of 150 to 200 days. pH, values were measured on the right side of
pork, behind the last rib in the musculus longissimus lumborum et thoracis with a stab electrode. Locus HAL genotype was
also determined in all offspring. Among these individuals, 20 hybrid pigs of two types of reciprocal crossing of maternal and
paternal breeds L x LW and LW x L with heterozygous genotypes were chosen. The first group (n = 10) comprised the
offspring after seven sows of L breed and one boar of LW breed. The second group (n = 10) involved the offspring after
five sows of LW breed and one boar of L breed. pH, values were assessed for the whole set on the basis of the limit value
pH; > 6.00 for normal meat and pH, < 6.00 for PSE meat. The acquired data were also processed using the limit value for
PSE meat pH, < 5.80 and pH, < 5.60. A similar method was used to analyze the pH, values in both sets of reciprocal crossing
(L x LW and LW x L). Meat quality was evaluated on the basis of various limits of pH, for the whole set of hybrid pigs
with heterozygous genotypes of HAL locus (Tab. I). First, the limit values pH; < 6.00 were used to discriminate PSE meat
and normal meat. The set of 20 pigs of both types of hybrids of reciprocal crossing of the breeds L x LW and LW x L
comprised 45% of animals with normal meat and 55% of pigs with PSE meat. Further evaluation worked with the limit value
pH, < 5.80. The percentage shifted to 60% pigs with normal meat and 40% pigs with PSE meat. For the last evaluation of
the whole set, pH; < 5.60 was used as the limit value. The share of individuals with normal meat increased to 75% while the
remaining 25% had PSE meat. The crossbreds L x LW showed the percentages of 40% and 60% animals with normal and
PSE meat, respectively, at pH; < 6.00 (Tab. II). The percentages for the limit value pH,; < 5.80 were identical. At the value
pH, < 5.60, the shares of pigs shifted to 60% of animals with normal meat and 40% with PSE meat. The crossbreds of the
breeds LW x L showed different percentages of animals with normal meat and PSE meat for the same limit values (Tab. III),
i.e. 50% and 50%, 80% and 20%, 90% and 10%, respectively.

HAL (RYR) genotypes; pigs; pH, value; hybrids; Landrace and Large White breeds

ABSTRAKT: Hodnoty pH, jsme sledovali v musculus longissimus lumborum et thoracis u 20 kastrovanych saméich jedinci
s heterozygotnimi genotypy lokusu HAL zji§t&nymi DNA-testem. Jednalo se o hybridnf potomky reciprokého kifZenf plemen
bflé uslechtilé (BU) a landrase (L), testované na stanici vykrmnosti a jatené hodnoty a poraZené v primémé hmotnosti 100 kg.
Na zéklad& riizné hrani¢ni hodnoty pH; masa jsme hodnotili v souborech hybridi procentuélni zastoupenf jedincl s masem
normélnfm a masem PSE. KfiZenci L x BU (n = 10) pfi hodnot& pH, < 6,00 mé&li zastoupeni 40 % a 60 % jedincti s norm4lnim
a PSE masem. Pfi meznf hodnot& pH; 5,80 bylo zastoupenf stejné. Pfi hodnot& pH, < 5,60 se zménilo zastoupenf jedincti na
60 % s normélnfm a 40 % s PSE masem. KffZenci plemen BU x L (n = 10) pfi pouZitf stejnych hranic pH; méli odli$né
zastoupeni jedinci s masem normélnim a PSE, tj. 50 % a 50 %, 80 % a 20 %, 90 % a 10 %.

prasata; hybridi; pH, masa; heterozygotn{ genotypy; lokus HAL

UvoD kvality masa (PSE, tj. svétlé, m&€kké a vodnaté maso)
je vézén na genotyp halotanové vnimavosti fizeny lo-

Genetick4 variabilita podmifiujici kvalitu masa pra- kusem HAL (Webb et al., 1985), ktery byl pozdé&ji
sat je pfedm&tem vyzkumu a $lecht&nf jiZ mnoho let. identifikovdn na drovni DNA jako gen RYR 1 (Fujii
Na jedné stran& je obecné zndmo, Ze vyskyt sniZené et al.,, 1991). Na druhé strané obvykld kritéria kvality
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masa prasat (pH;, barva, ztrdta tekutin) se vyznacuji
nepfili§ velkou aditivni genetickou varianci a nizkymi
hodnotami koeficientl dédivosti (Le Roy etal., 1990).
Navic se hodnota t&chto kritérif 1i¥{ u jednotlivych autord.

Pro pH; namé&fené v musculus longissimus dorsi
(MLD) 45 minut po poraZeni navrhuje Latka (1990)
meznf hodnoty pH,; < 5,60 k identifikaci PSE masa, pro
maso inklinujici k PSE pH,; = 5,65 aZ 5,80 a pro nor-
madlni maso pH, 2 5,85; v musculus semimebraneus pro
PSE maso pH, < 5,80, pro maso inklinujici k PSE
pH, = 5,85 aZ 6,00 a pro normélnf maso pH; = 6,05.
Stupka et al. (1993) stanovili u souboru 294 jate¢-
nych prasat riizného plemenného pilivodu mezni hodno-
ty pH; ze vzorki stfelné biopsie MLD Zivych zvitat.
Pro maso PSE pouZili hrani¢nf hodnoty pH; < 5,80, pro
maso inklinujici k PSE pH, = 5,85 aZ 6,00 a za normdl-
ni povaZovali maso s hodnotou pH; 2 6,05. Demo et
al. (1993) ur¢ili hladinu referenénich hodnot na zdkladé
svych vysledki z pfedeslych pokusii a ddaji z litera-
tury takto: s pH, < 5,7 maso se syndromem PSE
a s pH; 2 5,8 maso bez syndromu PSE.

Pfedmétem vyzkumu je také vztah jednotlivych ge-
notypti lokusu HAL a vyskytu PSE masa. Eikelen-
boom et al. (1980) zjistili u plemene ddnsk4 landrase,
e kvalita masa heterozygotnich genotypl N/n je bliZs{
kvalit® masa homozygotnich genotypi N/N. Webb et
al. (1982) popisuji, Ze heterozygotni genotypy halota-
nového genu maji kladny vliv na vyté€Znost libového
masa, ale maly nebo Zadny vliv na vyskyt svétlého,
mé&kkého a vodnatého masa. Siler et al. (1985) na-
znadujf, Ze zvitata halotan negativni (N/N a N/n) maji
podstatné niZsi vyskyt PSE masa (21,9 % a 23,9 %)
neZ zvifata halotan pozitivnf (n/n) s vyskytem 73,8 %
vadného masa. Vztah genotypi k zmasilosti prasat
a také k vyskytu PSE masa podle téchto autorti hovoii
jednozna&n& pro produkci findlnich hybridd heterozy-
gotniho genotypového zaloZent.

Sellier (1987) upozoriiuje, Ze heterozygotn{ ge-
notypy N/n maji u riznych plemen proménlivou hod-
notu kvality masa pohybujici se od masa normdlniho,
pfes intermedidrni aZ k PSE masu. Lundstrom et
al. (1989)a Murray etal. (1989) hovoii u heterozy-
gotnich genotypti o intermididrn{ kvalit€ masa ve srov-
néni s kvalitou masa vyskytujfci se u obou homozygot-
nich genotypt. Naopak kvalitu masa bliZ§{ genotypim
n/n u hybridnich prasat popisujf Sather etal. (1991).

Webb (1993) uvadi procentudlni zastoupeni PSE
masa u riznych genotypili prasat plemene britskd lan-
drase takto: N/N = 6 %, N/n = 16 %, n/n = 51 %.
Hardge a Scholz (1994) stanovili genotypy lo-
kusu HAL DNA-testem u 485 prasnicek Sesti riiznych
plemen a jejich hybridd. Zjistili, Ze promé&nlivost hod-
noty pH; byla z vice neZ 40 % ovlivnéna genotypem.
Primérné hodnoty pH; (MLD) jednotlivych genotypt
byly: N/N = 6,14 £ 0,04, N/n = 5,78 + 0,04 a n/n =
5,58 £ 0,08. Cheah et al. (1995) klasifikovali maso
s pH; < 6,00 jako PSE (MLD) a maso s pH; > 6,00
jako maso normdlni. Na zdklad& péti sledovanych uka-
zatelli ze vzorki MLD hodnocenych post mortem zjis-
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tili u plemene britskd landrase, Ze jedinci heterozygot-
niho genotypu vykazovali v deseti pfipadech (55,5 %)
PSE maso (pH; = 5,62 £ 0,04) a v osmi pifpadech
(44,4 %) maso normélnf (pH = 6,13 % 0,03). Hybridnf{
jedinci plemen landrase a large white s heterozygotni-
mi genotypy vykazovali na zdkladé bioptatd (MLD) ve
43,3 % maso normilni a v 56,7 % maso PSE.
Zamérem nas{ préce bylo analyzovat hodnoty pH, zjis-
t&né za 45 minut po poraZen{ prasat v musculus longissimus
lumborum et thoracis u hybridnich prasat s heterozygot-
nimi genotypy lokusu HAL a vysledky srovnat s tidaji
jinych autorl ziskanymi na zdkladé rozdilnych kritérif.

MATERIAL A METODA

V rodiovské generaci kancii a prasnic jsme ur€ili
genotypy lokusu HAL na zdkladé DNA-testu (Nebo-
la et al., 1994). Kanci a prasnice pochdzeli ze Slechti-
telského chovu plemen landrase (L) a bilé uSlechtilé
(BU). U jejich kastrovanych potomki (vepiiki), testo-
vanych na stanici vykrmnosti a jate¢né hodnoty, jsme
zjistovali kvalitu masa na zékladé hodnoty pH; urfené
45 minut po pordZce, v hmotnosti 91 aZ 108 kg, ve
véku 150 aZ 200 dni. Hodnoty pH; jsme méfili na
pravé jate¢né plilce za poslednim Zebrem vpichovou
elektrodou v musculus longissimus lumborum et thora-
cis pH-metrem typu GRYF 208.

U v8ech potomki jsme rovnéz uréili genotyp lokusu
HAL. Z t&chto jedinci jsme vybrali 20 hybridnich pra-
sat dvou typi reciprokého k¥iZeni matefskych a otcov-
skych plemen L x BU a BU x L s heterozygotnimi
genotypy. V prvni skupiné (n = 10) byli potomci sedmi
prasnic plemene L a jednoho kance plemene BU, ve
druhé skupiné (n = 10) byli potomci péti prasnic ple-
mene BU a jednoho kance plemene L. V rdmci kazdé-
ho typu kiiZenf{ se jednalo o skupiny polosourozenci ze
strany otce.

U celého souboru jsme vyhodnotili hodnoty pH; na
zdklad€ meznf hranice pH; > 6,00 pro normélni maso
a pH; < 6,00 pro maso PSE, jak uvddéji Cheah etal.
(1995). Ziskané \daje byly rovnéZ vyhodnoceny s po-
uZitim hrani¢nf hodnoty pro PSE maso pH; < 5,80
(Stupka etal, 1993) a pH,; < 5,60 (Latka, 1990).
Podobnym zplisobem jsme analyzovali hodnoty pH,;
u obou soubort reciprokych kfiZencii (L x BU a BU x
L). Rozdily primé&rnych hodnot skupin normdlniho
a PSE masa jsme porovndvali r-testem (Snedecor,
Cochran, 1968). Zastoupeni jedincli v souboru bylo
vyhodnoceno v procentech.

VYSLEDKY A DISKUSE

U celého souboru hybridnich prasat s heterozygotni-
mi genotypy lokusu HAL jsem provedli vyhodnocenf
kvality masa na zdklad& riznych hranic pH, (tab. I).
Nejdffve jsme pouZili meznf hodnoty pH; < 6,00 pro
rozliSeni masa PSE a normélniho (Cheah et al.,
1995). V souboru 20 jedinct dvou typl hybridi reci-
prokého kifZenf plemen L x BU a BU x L jsme zjistili

ZIVOCISNA VYROBA, 40, 1995 (9): 417-420



zastoupeni 45 % zvifat s masem normdlnim a 55 %
s masem PSE. Rozdil mezi skupinami v hodnoté pH;
= 0,52 byl vysoce pritkazny pfi P = 0,01.

V dal$im hodnoceni jsme pouZili hrani¢ni hodnotu
pH;<5,80 (Stupka etal., 1993). Zastoupenf se zmé-
nilo na 60 % jedincii s masem normélnim a 40 %
s masem PSE. Rozdil mezi skupinami v pH; = 0,51 byl
vysoce prikazny. Jak uvddi Latka (1990), jsou do
skupiny jedincl s normdlnim masem zahrnovéna i zvi-
fata inklinujici k vzniku PSE masa.

V poslednim hodnoceni celého souboru jsme jako
mezni hodnotu pouZili pH, < 5,60, jak navrhuje Lat-
ka (1990). Zastoupen({ jedincii s normédlnim masem se
posunulo na 75 % a zbyvajicich 25 % bylo s masem
PSE. Rozdil mezi skupinami v pH; = 0,57 byl vysoce
pritkazny.

U jednotlivych typu reciprokého kiiZeni jsme pouZi-
li stejné hraniéni hodnoty. Hybridi L x BU (tab. II)
vykdzali pfi pH, < 6,00 zastoupeni 40 % jedincl s nor-
malnfm masem a 60 % s masem PSE. Rozdil v hodno-
t¢ pH; = 0,61 mezi skupinami byl vysoce priikazny.
Zastoupeni prasat s masem normalnim a PSE bylo stej-
né i pfi meznf hodnoté pH, < 5,80. Procentudlni pomér
zvitat se zménil pfi hrani¢ni hodnoté pH; < 5,60 na
60 % zvitat s masem normdlnim a 40 % s masem PSE.
Rozdil mezi skupinami pH; = 0,55 byl vysoce pri-
kazny.

Ve druhém typu kiiZeni hybridni potomci plemen
BU x L vykdzali jiné vysledky (tab. III). Pii mezni
hodnot® pH; < 6,00 bylo zastoupeni 50 % jedincii
s normdlnim masem a 50 % s masem PSE. Rozdil
v pH; = 0,41 mezi skupinami byl vysoce priikazny.
Pouziti hraniéni hodnoty pH; < 5,80 ukdzalo 80 % je-
dincdt s normdlnim masem a 20 % jedinci s masem
PSE. Rozdil mezi skupinami v hodnoté pH, = 0,45 byl
prikazny pfi P = 0,05. SniZeni hrani¢ni hodnoty na
pH; < 5,60 posunulo zastoupeni na 90 % jedinci s nor-
malnim masem a 10 % s masem PSE. Rozdil mezi sku-
pinami mezi pH; = 0,51 byl prikazny.

Nagse zjisténi o rozdilném zastoupeni jedinci (obr. 1)
s heterozygotnimi genotypy s masem normdlnim a ma-
sem PSE souhlasi se zji§ténim autora Latka (1990)
o hors{ kvalit¢ masa u dvouplemennych hybridi typu
L x BU (6,45 % masa PSE a 27,42 % masa inklinuji-
ciho k PSE) neZ u hybridd BU x L, ktefi vykazovali
pouze 1,69 % jedincti s masem PSE a 16,52 % jedinct
inklinujicich k PSE. V uvedené analyze vSak nebyly
sledovdny genotypy lokusu HAL. Dvofdk et al.
(1993) zjistili pfi stejném typu kifZeni u heterozygot-
nich genotypii 16,7 % jedinc s PSE masem.

Rozdilné vysledky hodnot pH; u heterozygotnich
genotypl lokusu HAL a v disledku toho rozdilnd kva-
lita masa u dvou typt reciprokého kiiZeni plemen BU
a L mohou byt ovlivn&ny genotypy dalsich lokusi.

1. Hodnota pH, heterozygotnich genotypi v celém souboru hybridnich prasat (n = 20) — pH, value of heterozygous genotypes in the whole

set of hybrid pigs (n = 20)

J Hrani¢ni hodnoty pH, masa*
v | PSE=pH< 600 | zastoupent® |__PSE=pH <580 | zastoupeni | PSE=pHS 560 | zastoupent
xtr. s v (%) xt1.5 v (%) b A v (%)
Normélnf? | 6,22 + 0,09 1,89 45 6,16 + 0,10 1,00 60 6,08 £ 0,12 3,56 75
PSE 5,70 £ 0,15 3,65 55 5,60+ 0,13 2,79 40 5,51%0,12 1,74 25
Rozdfl® 0,52" pro P = 0,01 0,51 pro P = 0,01 0,57 pro P = 0,01

"meat quality, Znormal, *difference, "le limit values of meat, 5percenmgcs

II. Hodnoty pH, heterozygotnich genotypd u hybridnich prasat L x BU (n = 10) — pH, values of heterozygous genotypes in hybrid pigs L x

LW (n = 10)
. Hrani¢ni hodnoty pH, masa*
ﬁ::::m PSE = pH < 6,00 zastoupeni® PSE = pH < 5,80 zastoupeni PSE = pH £ 5,60 zastoupeni
xtt. s v (%) xtb.5 v (%) Xt 85 v (%)
Normilni? | 6,18 + 0,24 2,43 40 6,18 £ 0,24 2,43 40 6,03 £ 0,26 4,14 60
PSE 5,57 £0,18 2,80 60 5,57 £0,18 2,80 60 548 £0,15 5,09 40
Rozdil® 0,61"" pro P = 0,01 0,61" pro P = 0,01 0,55"" pro P = 0,01

For 1-5 see Tab. I

I11. Hodnoty pH, heterozygotnich genotypii u hybridnich prasat BU x L (n = 10) — pH, values of heterozygous genotypes in hybrid pigs LW

xL (n=10)
) Hraniénf hodnoty pH, masa*
f,‘;::“:’a PSE = pH < 6,00 zastoupent’ PSE = pH < 5,80 zastoupent PSE=pH < 5,60 zastoupent
xtt.s; v (%) Xt s v (%) xtt.5; v (%)
Normélnf? | 6,26 + 0,10 1,26 50 6,15+ 0,15 2,87 80 6,11 £0,16 3,30 90
PSE 5,85+ 0,19 2,66 50 5,70 + 0,43 2,48 20 5,60 + 0,00 0,00 10
Rozdfl? 0,41** pro P = 0,01 0,45" pro P = 0,05 0,51° pro P = 0,05

For 1-5 see Tab. 1
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INFORMACE — STUDIE — SDELENI

STRUKTURNA A FUNKCNA CHARAKTERISTIKA
KOSTROVEHO SVALU VO VZTAHU KU KVALITE MASA
OSIPANYCH

STRUCTURAL AND FUNCTIONAL CHARACTERISTICS OF THE
SKELETAL MUSCLE RELATED TO THE MEAT QUALITY OF PIGS

R. Lahuc¢ky, V. Uhrin
Research Institute of Animal Production, Nitra, Slovak Republic

ABSTRACT: The aim of our work was to evaluate, based on our results and based on the results of literature data, the
possibilities of structural and biochemical analyses and to estimate the validity of these analyses in relation to the meat quality
of pigs. In order to keep increasing the quality and quality of pig meat, we recommend the following: It is recommended to
continue doing analyses characterizing structural and functional properties of the skeletal muscle. This also includes animals
with the mutations in the gene coding for RYR. From the results of the structural analysis follows that during the selection
process for meat and carcass quality the following structural parameters — diameter and skeletal fibres types — can be
successfully applied. This type of analysis can be done on live animals by using biopsies. In the case of crossbreeding,
morphometrical analysis can be applied and the results can be evaluated from the aspect of coefficient of heredity of muscle
fibre diameter (0.38-0.65) and also from the aspect of coefficient of heredity of muscle fibre types (0.22-0.34). This should
prevent further suppressing of the quality of biological potential and of pig gene pool. From the results of metabolic studies
of the skeletal muscle ante mortem and post mortem follows that it is possible to test the speed of glycogenolysis, glycolysis
(glycolytic potential), pH value as well as the level of the energetic metabolism (creatine phosphate, adenosine triphosphate,
R-value, WHC) in the samples taken by biopsies and to predict the meat quality post mortem. In these analyses it is, however,
necessary to take into account the factors that might influence the relations between the parameters of muscle metabolism
ante mortem and post mortem, that is mainly the frequency of occurrence of pigs sensitive to halothane or the presence of
mutation in the gene coding for RYR, genetic origin (breed, hybrid), extent of the stress before and during pig slaughtering,
muscle type (white, red muscle), different temperature of muscle sample on the surface of muscle or inside the muscle,
variability of methodical approaches of biochemical and biophysical parameters estimation of the muscle.

muscle; pig muscles; analysis of muscle structure; biochemical muscle analysis

ABSTRAKT: Hodnotili sme mozZnosti truktirnych a biochemickych analyz a ich vypovedaciu hodnotu vo vztahu ku kvalite
misa oSipanych. MdzZeme konstatovat, Ze aj pri dalsich $lachtitelskych zdmeroch zvySovania kvality misa osfpanych, a to
u zvierat s mutéciou, ako aj bez mutécie génu pre RYR, bude prospesné vykondvat analyzy, ktoré charakterizuju Struktirne
a funké&né vlastnosti kostrového svalu. Z doterajsich vysledkov v oblasti analyzy Struktiry vyplyva, Ze pri selekcii o$fpanych
na odolnost vodi zdfaZiam a na zvy$ovanie kvality a kvantity midsa moZno dspe¥ne vyuZit 3truktirne ukazovatele — hribku
a typy svalovych vldken. Tieto ukazovatele moZno zisfovat uZ u Zivych o¥fpanych vo vzorkéch ziskavanych biopsiou, pri
medziplemennych kriZeniach vyuZival morfometrické analyzy a hodnotit vysledky z aspektu koeficientu dedivosti hribky
svalovych vldken (0,38-0,65) a koeficientu dedivosti typov vliken (0,22-0,34) tak, aby pri zlepSovan{ kvality a zvySovani
kvantity misa nedochddzalo k dal§iemu zhorSovaniu biologického potencidlu a k zhorSovaniu genofondu o3ipanych. Pritom
viak treba pouZival jednotné metodické postupy, aby vysledky vsetkych analyz boli porovnatelné. Z doterajSich vysledkov
$tddia metabolizmu kostrového svalu o3ipanej ante mortem a post mortem vyplyva, Ze je moZné testovat rychlost glykoge-
nolyzy, glykolyzy (glykoliticky potencidl, hodnota pH), ako aj drovefi energetického metabolizmu (kreatinfosfét, adenozin-
trifosfét, hodnota R, WHC) vo vzorke svalu odobraného biopsiou a tak predpovedat kvalitu misa post mortem. Je potrebné
viak mat na zreteli faktory, ktoré mdZu ovplyvnit Groveii vztahov medzi ukazovatelmi metabolizmu svalu ante mortem a post
mortem, medzi ktoré patria hlavne frekvencia vyskytu offpanych citlivjch na halotan, resp. pritomnost mutécie v géne pre
RYR, geneticky povod (plemeno, hybrid), stupeii zéfaZe pred a v priebehu odpordZania o¥fpanych, typ heterogenity svalu
(biely, Cerveny sval), rozdielnu teplotu tkaniva vzorky svalu, resp. vo vnitri svalu a rozdielnost metodickych postupov
stanovenia biofyzikédlnych a biochemickych ukazovatefov.

sval; svaly offpanych; analyzy Struktiry svalov; biochemické analyzy svalov
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Uvop

V priebehu poslednych desafroéi bolo publikova-
nych vela v§skumnych prdc zameranych na zistovanie
kvality misa o$fpanych, najmi vo vzfahu k stresovému
syndrému (PSS). Medzi naj¢astejSie Studované ukazo-
vatele kostrového svalstva oSipanych, v stvislosti s ko-
ne¢nou kvalitou misa, patrili a nad’alej patria aj Struk-
tirne a funk&né charakteristiky.

V st&asnosti si dostupné pocetné histochemické
a biochemické metédy, ktoré shiZia k stanoveniu kon-
traktilnych a metabolickych vlastnosti svalovych vl4-
ken. Pri experimentoch a posudzovani{ vzfahov medzi
sledovanymi ukazovatefmi v8ak komplikuje, v pripade
histochemickych analyz, pouZitie rozdielnych metodic-
kych postupov a réznych klasifikdcii svalovych vldken
a v pripade pouZitia biochemickych stanoveni rézne
kritérid pouZité pri experimentoch.

V prispevku sa chceme venovat niektorym otdzkam
histochemického, biofyzikdlneho a biochemického
hodnotenia kostrového svalu oSipanych vo vzfahu ku
kvalite misa.

STRUKTURNE ANALYZY

V porovndvacich pokusoch Styroch plemien (poland
china, landrase, yorkshire a chester white) a dvoch sva-
lov (m. gluteus medius — GM a m. rectus femoris — RF)
uz Merkel (1971) zistil, Ze medziplemenné rozdiely
vo vyskyte ,bielych vldken* s anaer6bnym typom me-
tabolizmu neboli vyznamné, zatial ¢o pomer zastiipenia
yintermedidrnych a ,,&ervenych* vldken bol ovela vy3-
§f u plemena yorkshire v porovnani s ostatnymi pleme-
nami. Je potrebné poznamenat, Ze histochemické met6-
dy, ktoré sa poufZili pri stanoveni typu vldken, neboli
z hladiska metodologického exaktne rovnaké, ¢o vied-
lo potom k ur¢itej konfiizii medzi plemenom a met6-
dou identifikdcie svalového vldkna. Pinkas et al.
(1985) zistili, Ze m. longissimus dorsi (LD), m. semi-
membranosus (SM) a RF u plemena large white (LW)
obsahujui ovefa viac rychlo sa zmra¥tujdcich glykoly-
ticko-oxidaénych (fast twich — glycolytic oxidative —
aR) vldken ako podobné svaly plemena landrase bel-
gického typu (BL) a pietrain, o sa v podstate zhoduje
s vysledkami, ktoré uvddza Merkel (1971). Pin-
kas et al. (1985) potvrdili, Ze o¥ipané pietrain a BL
maji vyznamne vy$¥{ obsah rychlo sa zmra3tujicich
(fast twich — glycolytic — «W) vldken v porovnanf s ple-
menom LW v tych istych svaloch, ¢o indikuje niZsiu
oxidativnu (aer6bnu) kapacitu svalov oSipanych piet-
rain a BL. Na druhej strane je viak potrebné poznamenat,
Ze ked sa pouZijui iné histochemické indikdtory (obsah
myoglobfnu a aktivita citrtsyntetidzy — CS), ako zistili
Monin etal. (1986), Sellier etal. (1988), rozdiely
medzi plemenami pietrain a LW nie si tak zjavné.

Vysoky vyskyt citlivosti na halotan u plemien piet-
rain a BL méZe hrat dlohu pri medziplemennych roz-
dieloch v distribiicii typov svalovych vldken. V rdmci
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tej istej populdcie svaly zvierat pozitivne reagujicich
na halotan (H*) maji tendenciu vyskytu menSieho per-
centa oR a PR vldkien a vi&Sieho percenta vldkien oW
v porovnani s ich vyskytom vo svaloch H™ zvierat, kto-
ré na halotan nereaguji (Pinkas et al., 1985). Tieto
diferencie podmieriuji niZSiu oxidaéni kapacitu svalu
H* zvierat v porovnani s H™ zvieratami. Pokiaf sa brali
do dvahy iné ukazovatele, ako napr. hladina pigmentu
(Monin, Sellier, 1985; Pinkas et al.,, 1985),
alebo aktivita citrdt syntetdzy (CS) (Monin et al,
1986; Sellier et al., 1988), bol efekt halotanového
fenotypu na distribiciu typov svalovych vldkien men3i.

PretoZe sa pri charakteristike typov svalovych vla-
ken pouZiva mnoZstvo réznych symbolov, uvddzame
v tab. I ich stru¢ny prehlad.

V $tddiach, ktoré urobili Essén-Gustavsson
a Fjelkner-Modig (1985), pouZili na detekciu
typov svalovych vldken v LD a GM ofarbenie myofib-
rilirnej ATP-4zy. Nezistili vyznamné rozdiely medzi
plemenami hampshire, yorkshire a landrase v percentu-
dlnom obsahu typov vldkien I, II A a II B. Typy vla-
kien I, IT A a II B dobre kore¥ponduji s typom BR, oR
aoW (Kiessling, Hanson, 1983). Monin et
al. (1986) hodnotili kontraktilny typ svalu podFa izoen-
zymovej skladby myozinu a oxidacnej kapacity pomo-
cou aktivity CS. Konstatovali, Ze LD plemena hamp-
shire sa zd4 byt ,menej“ kontraktilny a ,&erven3i“
(alebo viac oxidatfvny) metabolicky typ ako LD pleme-
na LW, ako aj ten isty sval o§ipanych H™ plemena piet-
rain. Vy3Siu aktivitu CS v LD a GM plemena hamp-
shire, v porovnani s plemenom yorkshire zistili tieZ
Essén-Gustavsson a Fjelkner-Modig
(1985). Medziplemenné rozdiely v Struktire svalov
sme Studovali aj my. Porovndvali sme LD, RF, SM
a m. triceps brachii (TB) piatich plemien (biele méasové
— BM, biele usFachtilé — BU, landrase nemeckého typu
— LN, durok — DU a LB) a ich kriZencov. Z hladiska
vyskytu vldken s vy$Sou oxidaénou kapacitou (vldken
BR a oR) sa javili ako najpriaznivejSie plemend DU
a BU, kym svaly plemien LN a najméd LB obsahovali
vyrazne vy33i podiel rychlo sa zmra¥tujicich vldken
oW (Uhrin et al., 1986a, b).

Porovnania medzi plemenami poukdzali aj na to, Ze
hribka a metabolicky profil svalovych vldkien mo6Zu
vyznamne ovplyviioval parametre kvality masa. Treba
si ale uvedomit skuto&nost, Ze v rastdcich svaloch sa
tieto ukazovatele menia — zvySuje sa hribka vldken
a do ur¢itého veku sa menia aj typy svalovych vldken.
Swatland (1977) upozornil, Ze v zdvislosti od veku
a Zivej hmotnosti o$fpanych sa v LD menia typy sva-
lovych vldkien, a to v smere postupného zniZovania
vldkien s aer6bnym metabolizmom (na zdklade ATP-
-dzovej aktivity, ATP") a zvySovania anaerébnych sva-
lovych vldkien (ATPY). V BF sa adaptaéné zmeny vo
fyziologickej aktivite svalu prejavovali tak, Ze rychle
(ATP*) vldkna réstli pozitivne alometricky, kym poma-
1€ (ATP") vldkna réstli alometricky negativne. Konver-
ziu oxidagnych ¢ervenych vldken na rychle glykolytic-
ké biele vldkna po narodeni potvrdili Salomon et
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1. Charakteristika typov svalovych vldken — Characterization of muscle fibre types

Charakteristika'

Cervené? intermedidrne? biele?
Rychlost kontrakcie® pomals® rychla’ rychla’
Unavitelnost® velmi odolné’ odolné!? mélo odolné!!
Farba'? tmav4!? tmavé'? biela'*
Obsah myoglobfnu'S vysoky'6 intermedidrny'7 nizky'®
Kapildrna sief!? bohatd?” bohat42® riedka?!
Mitochondrie?? vela malych? vela velkych? mélo malych®®
ATP-4zov4 aktivita2® nizka'8 vysok4'® vysoka!$
Citlivos{ ATP-dzy na pH preinkub.?’ nizka'® vysoka'® vysoka!6
Metabolizmus?® prevazne oxidatfvny®® anaerébny i oxidativny>? prevazne anaerbny?!
Symbolika®? I, G, BR, SO, ST 1IA, B, oR, FOG, FTH II, [IB, A, aW, FG, FT

!characteristics, Zred, Jintermediate, “white, 5speed of contraction, %slow, "fast, 8e.xh:xuslibilily, ‘)very
Zcolour, *dark, "“white, lsmyoglobin content, mhigh. Yintermediate, '*low, '%apillnry networ
small, 2*many large, »few small, 26ATP-ase activity, “sensitivity of ATP-ase to pH preincubation,

30,

anaerobic oxidative, 3lmoslly anaerobic, 32symbols

al. (1983) a aj my (Kuli§kovd, Uhrin, 1986).
Zistili sme, Ze vo vSetkych analyzovanych svaloch
(LD, RF, SM aj TB) dochddza k uvedenej konverzii,
ktord je vyznamnd a konci po veku 100 dni.

Opakované odbery vzoriek svalu z tych istych zvie-
rat (landras) v rozdielnom veku (70-220 dni) ukézali,
Ze osfpané, u ktorych post mortem vznikd PSE miso,
mali asi o 10 % hrubS$ie svalové vldkna v porovnani
s normélnymi o$fpanymi (Wegner, Ender, 1990).
Zvicsovanie priemeru svalovych vldkien a svalové hy-
pertrofia sa ddva do stvislosti s vyskytom vys$8ieho
podielu o3fpanych citlivych na zdfaz, o.¢om svedia
vysoko vyznamné rozdiely medzi priemerom cerve-
nych, intermedidrnych a bielych svalovych vldkien
u o¥fpanych H* v porovnanf so zdravymi o¥fpanymi.
O3fpané citlivé na zafaZ (pozitivne na halotan) maji
popri vicsich rozdieloch medzi typmi vldken aj celko-
vo hrubSie svalové vldkna (Salomon et al., 1986;
Fiedler, 1988; Essén-Gustavsson et al.,
1992; Fewson et al,, 1993). V silade s tymito vy-
sledkami sa konStatuje, Ze frekvencia vyskytu oSipa-
nych citlivych na halotan sa zniZovala so zniZovanim
hribky vldken a naopak, zvySovala sa s jej narastanim
(Wicke et al., 1991). Treba uviest, Ze sme na tito
skutoénost upozornili uZ v nasich skor$ich pricach, ked
sme konstatovali, Ze zvieratd postihnuté syndrémom
malignej hypertermie maji hrubsie svalové vldkna, a to
predov§etkym pomalé Eervené PR vldkna (Uhrin et
al., 1985).

Zaujimavé si nélezy tzv. obrich svalovych vldkien
(giant fiber) vo svaloch s vlastnostiami PSE misa
(Klosowska, Klosowski, 1985; Solomon
et al., 1990). Takéto vldkna vo svaloch s vlastnostami
PSE misa po odporazeni o$ipanych sa ¢asto ddvali do
stvislosti s deficienciou vitaminu E (Jensen et al.,
1988), s ndslednou peroxiddciou, tvorbou volnych ra-
dikdlov, s po§kodenim membrén, poruchou homeosts-
zy vépnika v bunke a s oxidativnou kapacitou a obsa-
hom lipidov vo vldknach typuI Jensen etal., 1988).
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Aj ked sa nezistil v§znamny rozdiel v zastiipeni jednot-
livych typov svalovych vldkien medzi ofpanymi H*
a H™, vyznamny rozdiel v podiele ,,obrich* svalovych
vldkien konStatuji Essén-Gustavsson et al.
(1992) a Fewson et al. (1993). My sme takéto vldk-
na pozorovali aj vo svaloch ofipanych H™ (Uhrin et
al., 1985). Dnes sa prikldiiame k ndzoru, Ze tieto vldkna
vznikaji postmortdlne pretrhnutim vldkna v dosledku
superkontrakcie. A prdve takdto superkontrakcia sa
&astejie vyskytuje pri zvieratich H*.

Zo $tddif o histochemickych a biochemickych vlast-
nostiach svalovych vldkien (typ vldkna, hriibka vldkna,
relativna plocha uréitého typu vldken, oxidativna a gly-
kolytickd kapacita, obsah glykogénu a lipidov) vyply-
nulo, Ze sd to ddlezité faktory, ktoré mdZu vyznamne
ovplyviiovat kvalitu misa post mortem. Selekcia na
zvySenu produkciu svaloviny (chudé miso) a na vyssie
proporciondlne zastipenie svalovych vldkien II B mala
za nésledok zhor$eni kapilarizdciu, zniZeni distribiciu
kyslika a substritov ako aj staZeni elimindciu produk-
tov metabolizmu vo svale (Essén-Gustavsson,
1992).

Plemend s vysokym podielom misitych &asti a tieZ
so zvySenou sekréciou somatotropinu (pietrain) sa vy-
znacuji urcitymi morfometrickymi charakteristikami
kostrového svalu (hribka svalovych vldkien), na o po-
ukazuji aj vysoko vyznamné koreladné vzfahy medzi
podielom cennych misitych Castf a hribkou svalovych
vldkien (Fiedler, 1988; Fewson etal., 1993). Vy-
sledky potvrdzuji existenciu pozitivnych vzfahov medzi
zvySovanim podielu misitych Casti a vy$Sou hypertro-
fiou kostrového svalu. ZvicSenie priemeru svalovych
vldkien pri svalovej hypertrofii ma vSak za ndsledok
zhorSenie difizie medzi kapildrami a svalovymi vlak-
nami, pricom zastipenie kapildr v takychto svaloch je
relativne niZSie (Essén-Gustavsson et al,, 1992),
%o modZe mat priamy vplyv na troveii glykogenolyzy
a glykolyzy a tendenciu k anaer6bnemu metabolizmu
(Wicke et al., 1991). Antagonizmus medzi paramet-

423



rami kvality midsa a morfolégiou kostrového svalu
(svalovych vl4kien) sa tak potvrdzuje vo viacerych pré-
cach(Wegner, Ender, 1988; Wicke etal., 1991).
Z analyz vnitroplemennych koreladnych vzfahov
medzi ukazovatefmi kvality misa a morfometrickymi
ukazovatelmi svalu vyplyva, Ze sii na niZ3ej drovni ako
pri medziplemennom hodnoteni (Fewson et al.,
1993). So zvySovanim hypertrofie svalov sa antagoniz-
mus medzi podielom misa a kvalitou misa zvyraziiuje,
¢&fm sa $lachtitelsky efekt zniZuje. Preto pri vniitrople-
mennej selekcii, aj vzhfadom na zna¢né pracovné né-
klady, maji morfologické ukazovatele svalu iba ohra-
ni¢ené vyuZzitie. Skor sa ukazuje vhodnej$ia nepriama
selekcia na kritérid kvality misa, ako aj odolnosti na
z4faZz (Fewson et al., 1993). Ale o moZnosti vyuZitia
$truktirnych charakteristik svalu (hribka a typ svalo-
vych vldkien) pri selekcii na kvalitu médsa uvaZuji aj
dal3f autori (Lengerken et al.,, 1994). Bude to ak-
tudlne najmé u populdcii oSfpanych po elimindcii mu-
ticie génu pre RYR. Z vysledkov tychto autorov vy-
plyva, Ze najmi podet a hribka &ervenych svalovych
vldkien sd prognosticky doéleZité, najmd vzhladom na
vyznamné koreladné vzfahy s ukazovatelmi kvality
misa (pHys, farba, strata odkvapom). Z vysledkov, kto-
ré uviedli Fiedler a Diell (1992), dalej vyplyva,
Ze koeficienty dedivosti pre hribku svalovych vldkien
(h* = 0,38-0,65) sii vySie ako ich hodnoty pre typ
svalovych vldkien (h2 = 0,22-0,34). Pocet svalovych
vldkien na jednotku plochy sa so zvySovanim percen-
tudlneho podielu miésa zniZuje, priCom sa hribka vla-
kien silne zvySuje (Lengerken etal., 1994). Z uve-
denych ddajov vyplyva zaujimavy problém o vzfahu
wnepriamej* hyperplazie (zvySovanie po¢tu svalovych
. vldkien na jednotku plochy) a zvySovania podielu
misa, pretoZe hyperplazia a hypertrofia si v tomto pri-
pade kontraktivne. Samotny vyskyt vysokého podielu
glykolytickych svalovych vldken, sic¢asne s ich va¢§im
priemerom, nemusf vZdy viest k vzniku misa s PSE
vlastnostami, aj ked’ sa u nich vyskytuje tendencia
k anaer6bnemu metabolizmu. Lengerken et al.
°(1994) navrhuji Struktdrne ukazovatele svalu (priemer
a typ svalovych vldkien) vyuZit v selekcii na odolnost
o3fpanych na zdfaZ a kvalitu mésa ich stanovenim vo
vzorkédch svalu (odobranych biopsiou) uZ na Zivych
o¥fpanych. Ako bolo uZ uvedené, vyskyt vysokého
podielu glykolytickych svalovych vldkien si¢asne s ich
vi¢Sou hribkou vedie k tendencii anaerébneho typu
metabolizmu kostrového svalu, ale nemusi byt e3te pri-
¢inou vzniku pozmenenej kvality misa (PSE).

BIOCHEMICKE ANALYZY

Paralelne s morfologickymi 3tddiami kostrového
svalu silneli snahy o $tidium metabolizmu kostrového
svalu ante mortem a post mortem, ako aj §tidium me-
chanizmov na subbunkovej a molekuldrnej trovni, kto-
ré mdZu ovplyviiovaf akcelerdciu metabolizmu a vznik
pozmenenej kvality mésa oSfpanej.
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Uz v précach, v ktorych sa vychddzalo z predpokla-
du, Ze kvalita misa je vysledkom glykolytickych po-
chodov pred odporazenim, v jeho priebehu a po fiom,
sa popisala zdvislost medzi zvySenou koncentraciou nie-
ktorych substritov glykolyzy (glukéza-6-fosfat, G-6-P
laktdt), rychlostou glykolyzy a vznikom pozmenenej
kvality médsa (Briskey, Wisner-Pedersen,
1961; Charpentier, 1968; Kastenschmidt et
al.,, 1968; Bickhardt et al., 1972). Postupne silnela
snaha, na zdklade analyz obsahu substritov glykolyzy
(hlavne G-6-P a laktitu) vo vzorke kostrového svalu
odobraného biopsiou (chirurgicky, ihlov4, ,,Koflerové
klie¥te*), predpovedat rychlost glykolyzy (metaboliz-
mu) a kvalitu mésa. Okrem priamych chirurgickych
technik to boli spociatku hlavne ihlovd biopsia
(Hirsch et al.,, 1960; Bickhardt et al.,, 1972;
Bulla et al.,, 1979) a technika ,,Koflerovych kliesti*,
ktoré v experimentdlnych pricach ziskali SirSie pouZi-
tie (Walstra et al.,, 1971; Schmidt et al.,, 1972;
Sybesma et al, 1972; Wax et al., 1975). 0daje
v literatiire o obsahu substrétov glykolyzy (G-6-P, laktit),
ako aj hodndt korelécie s ukazovatefmi kvality misa sa
viak rOznia aj pri pouZitf tej istej techniky, podmienok
odberu a spracovania vzorky svalu (Schmidt et al.,
1972, 1974; Sybesma, Van der Wal, 1974,
Wax et al, 1975; Sybesma, Eikelenboom,
1978 a i.). Pre definovanie tirovne glykogenolyzy
a glykolyzy navrhol Charpentier (1968) sumu ob-
sahu glykogénu (Gly), glukézo-6-fosfitu (G-6-P), glu-
kézy (Glu) a kyseliny mlie¢nej (Lac) vo vzorkédch sva-
lu ako ukazovatel, ktory charakterizuje obsah v3etkych
zlicenin premieiiajticich sa na kyselinu mlie¢nu, vytvo-
reni glykogenolyzou a glykolyzou. Této suma, ktorad
zodpovedad glycidovej zdsobe, tvorf glykolyticky poten-
cidl (GP) svalu v momente odberu, ktory je vyjadreny
vzorcom

GP = (Lac) + 2[(Gly) + (G-6-P) + (Glu)]

Monin etal. (1985)a Sellier (1988) uvadzaji
vy$Siu hladinu GP v bielom svale (fast white) plemien
hampshire a penshire (kancia linia s 50 % plemena
hampshire) v porovnani s plemenami LW, LB a pietrain
(tab. II). V fervenom svale (m. masseter) viak tieto
rozdiely nezistili.

Autori ddvaji tieto zistenia do suvislosti s niZ§fm
poklesom (rozsah poklesu) pH za 24 h (kone¢né pH)
v bielom svale u plemena hampshire a jeho kriZencov
a miaso oznacili ako ,kyslé méso* alebo ,,hampshirsky
typ mdsa“. Naveau (1986) zistil u tohto typu o$ipa-
nych niZsiu technologickd vytaZnost a gén za to zod-
povedny dostal oznadenie RN~ (vyhodnd alela je m*).
Mechanizmus, ktorym gén RN~ ovplyviiuje kvalitu
misa, nie je uplne zndmy, ale si ddkazy, Ze primérne
icinky sdvisia so zvy$enym obsahom glykogénu v bie-
lych svalovych vldknach (Le Roy et al., 1989). Ob-
sah glykogénu tizko kore$ponduje s hodnotou glykoly-
tického potenciélu a zniZenim obsahu bielkovin v mise
(aj hodnotou extrahovatefnych bielkovin) a tieto hod-
noty je moZné zistit vo vzorke kostrového svalu odob-
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11. Glykolyticky potencidl (GP) u niektorych plemien oSipanych v ¢ase odpordZania — Glycolytic potential (GP) of some pig breeds at the

time of slaughtering

Autogl Moni?l,gsss)ellier Mo(r1[i927;t al. Salglsisc)r

Sval? LD LD SM SM
Large white 136 177 147 98
Belgickd landrase 160 142 98
Pietrain 160 159 151 110
Hampshire 229

Penshire 267 249

'authors, 2

LD = m. longissimus dorsi, SM = m.

raného biopsiou (Talmant etal., 1989; Lahucky
et al., 1994).

Ani pri pouZiti rychlej techniky odberu vzorky kos-
trového svalu (strelnd biopsia) ante mortem (Scho -
berlein, 1976; Hennebach, Lengerken,
1980; Lahuc¢ky et al,, 1980) nie je moZné urobif
jednoznaéné zavery o rozdieloch v obsahu substritov
glykolyzy (LD) u o$ipanych s rozdielnou citlivostou na
zétaZ (rozdielnou citlivostou na halotan, réznym podie-
lom vyskytu mdsa PSE) vo svale intra vitam. Neda sa
vylicit vplyv techniky odberu svalu (chirurgickd tech-
nika, Koflerové klieste, ihlovd biopsia, strelnd biopsia)
ako aj spOsob (rychlost) spracovania vzorky (Henne-
bach, Lengerken, 1980; Lahudky et al.,
1980; Lindner, 1991). Podobné tivahy vyplyvaji aj
z vysledkov, ktoré uviedli Verburg etal. (1986). Za
pouzitia techniky ihlovej biopsie a analyzy svalu po-
mocou izotachoforézy zistili sice rozdiely substritov
glykolyzy u oSipanych s rozdielnou citlivostou na ha-
lotan, ale u kostrového svalu Tudi (¢erveny sval?) citli-
vych na MH a normdlnych tieto rozdiely nepotvrdili.

V literatire sa popisuje vplyv techniky odberu (ih-
lové biopsia) na zvySenie aktivity glykogénofosforyla-
zy a v m. quadriceps femoris u fudi (zmrazenie 10 s po
odbere v tekutom dusiku) az o 66 % (Ren, Hult-
mann, 1988). Zaujimavé je zistenie vysSej aktivity
tohto enzymu vo vzorke LD odobranej strelnou bio-
psiou a zmrazenej v kvapalnom dusiku, hoci vyznam-
ny vztah medzi obsahom G-6-P a laktdtom sa nezistil
(Lindner, 1991). Ako moznd pri¢ina zvy$enia akti-
vity glykogénfosforyldzy a sa uvddza efekt samotnej
techniky biopsie a aktivdcie kaskddy enzymovej reak-
cie fosforyldzy-kindzy, fosforyldcie glykogénfosforyld-
zy b na glykogénfosforyldzy a (Meinke et al., 1986).
Zostdva vSak otdzka, ¢i Cas odberu (strelnd biopsia)
a ¢as do spracovania (zmrazenie v kvapalnom dusiku)
su dostatocné pre takéto zvySenie aktivity glykogénfos-
forylazy a vzhladom na to, Ze vo svale odobranom
hned po odporazeni sa tak vysoké hodnoty uZ nezistili
(Lindner, 1991).

Udaje o aktivite glykogénfosforyldzy a sa davaji
tieZ nepriamo do sivislosti s d'al§imi zisteniami v LD
o¥ipanych citlivych na zdtaZ:

— v Case odpordZania zvySend koncentricia ¢ AMP
(Ono etal., 1976, 1977; Rogdalkis etal., 1979;
Miiller et al., 1985)
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— 15 min p.m. vyznamné zvySenie obsahu Ca?* i6nov,
endogénneho calmodulinu a voInych mastnych kyse-
lin a zvySeni aktivitu fosfolipizy A, (Cheah etal.,
1984, 1986).

Zaujimavé si neddvno publikované tdaje o kRico-
vych tlohdch enzymov glykogénfosforyldzy a pyruvit-
kindzy pri glykogénolyze a glykolyze v sivislosti so
vznikom misa s vlastnostami PSE (Schwigele et
al., 1994). Podra uvedenych autorov pri¢iny pre rychlu
glykogenolyzu a glykolyzu mdZu byt tieZ v kinetickych
a Struktirnych vlastnostiach tychto klicovych enzy-
mov. Zmenu zloZenia izoenzymovej skladby pyruvat-
kindzy a posun aktivity vplyvom fosforylatného me-
chanizmu na kysld stranu ddvajd do sivislosti so
skuto&nostou, Ze glykolyza mdZe pokradovat aj pri niz-
kych hodnotich pH (kondicia PSE misa). Otdzkou
vSak zostdva, ¢o podmienuje zmenu izoformy a kine-
tickych vlastnosti a zvySenu aktivitu v kyslej oblasti.

Z doterajSich poznatkov o metabolickych pocho-
doch pri vzniku malignej hypertermie a pozmenenej
kvality masa (PSE) vyplyva, Ze primédrny defekt v kon-
trolnom systéme homeostdzy védpnika v sarkoplazme
spociva v abnormalitdch uvolfiovania vépnika zo sar-
koplazmatického retikula (SR), ako primdrnej priciny
vzniku MH a misa s vlastnostami PSE. Viapnikovy
uvolfiovaci kandl SR je vlastne bielkovina, ktord viaZe
alkaloid ryanodin, preto je Casto oznaCovany ako rya-
nodinovy receptor (RYR). Fujii et al. (1991) identi-
fikovali bodovi mutédciu v géne pre ryanodinovy re-
ceptor (RYR 1) kostrového svalu u o$ipanych (a tiez
u Casti populdcie udf citlivych na halotan). Tdto mutd-
cia (C-T pri nukleotide 1843) ma za ndsledok substiti-
ciu argininu (615) za cystein a bola spodiatku potvrde-
nd u viac ako 450 pozitivnych zvierat zo Siestich
plemien o$ipanych nichylnych na PSS. Vysledky po-
stupne ukdzali, Ze mutdcia T (alela 7) je synonymnd
s alelou n v lokuse HAL a pritomnost alely C odpove-
d4 alele N. Tieto poznatky dali moZnost vzniku mole-
kuldrnej genetickej metdde testicie genotypu v lokuse
HAL (RYR), oznacovanej ako DNA-test pre detekciu
MH (Houde, Pommer, 1993). Test DNA tak mdZe
identifikovat ofpané heterozygétne na MH, ¢o je zvI4st
vyznamné v porovnani s halotanovym testom.

Ako bolo uvedené skor, metéda rychlej biopsie
(strelnd, pruZinovd) umoZiiuje odobrat dostato&né
mnoZstvo vzorky svalu in vivo pre metabolicky test

425



II1. Kvalita miisa ante mortem (biopsia) a post mortem u troch genotypov o3fpanych (NN, Nn, nn) — Meat quahty ante mortem (biopsy) and
post mortem in three pig genotypes (NN, Nn, nn) (Cheah et al., 1994)

Osfpané! }'lodnoty biopsie? : Hodnoty post mortem® Strata odkvapom* (%)
WHC (fluid) pH (fluid) pH, FOP
“NN (n=11) 0,37 £ 0,01 6,62 % 0,03 6,40 £ 0,1 325+ 1,6 47%08
Nn (n = 10) 0,49 + 0,03 6,19+ 0,11 594%0,18 - 7,5+£08
nn (n=13) 0,61 % 0,02 5,84 £ 0,04 5,66 £ 0,10 74,1 £5,1 113+1,4

lpigs. 2yalues ante mortem, >values post mortem, ‘drip loss

(inkubécia, teplota, &as), s ciefom charakterizovat po-
tenciondlnu kapacitu energetického metabolizmu, gly-
kogenolyzy a glykol§zy kostrového svalu (najéastejSie
glykolytického typu LD oSipanych s rozdielnou citli-
vosfou na z4faZ, citlivost na halotan, rozdielneho geno-
typu — DNA-test). Pre charakterizovanie rychlosti gly-
kogenolyzy a glykolyzy sa najlastejSie vyuZivaji
hodnoty glykogénu, G-6-P, glukézy, laktitu, pH a gly-
kolytického potencidlu (Hennebach, Lenger-
ken, 1980; Lahucky et al., 1980, 1982; Kové¢
et al.,, 1981; Monin et al,, 1986; Fischer, 1988;
Lindner, 1991; Cheah et al., 1993, 1994; Len-
gerken et al., 1994). Uroveil (kapacitu) energetické-
ho metabolizmu je moZné stanovit na zdklade obsahu
makroergickych fosfitov (kreatinfosfat, adenozintrifos-
fat), ale tieZ rychlo meratelnym ukazovatefom, ktory
charakterizuje stupeii odbirania adenozintrifosfitu na
inozfnmonofosfat (hodnota R) (Lahuéky et al.,
1982; Lengerken et al, 1994). S vyhodou je moz-
né pouZit aj $pecidlne analytické techniky, ako je nuk-
ledrna magnetickd rezonan¢n4 spektroskopia (Renou
et al., 1985; Miri etal, 1989; Uhrin, Liptaj,
1990a, b; Lahudky et al., 1993) alebo izotachoforé-
zy (Lahu&ky etal., 1995).

Pre charakterizovanie stupfia integrity bunkovych
membrén kostrového svalu je okrem kreatinkindzového
testu (zdfaZovy test, stanovenie kreatinkindzy v krvi)
(Bickhardt, Richter, 1980) moZné vyuZit test
schopnosti viazaf vodu (WHC) z bioptétu svalu (Cheh
et al., 1993, 1994) (tab. III).
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Z VEDECKEHO ZIVOTA

INTERNATIONAL CONFERENCE ,,PROBIOTICS IN THE NUTRITION OF ANIMALS

The international conference ,,Probiotics in the Nut-
rition of Animals“ was held in the congress hall of the
Research Institute of Animal Nutrition (RIAN) at Po-
horelice on 30 May 1995. The aim of the conference
was to get acquainted the agricultural public at large
with the new knowledge and experience about the ap-
plication of stabilized microorganisms in the nutrition
and their impact on the utility and health condition of
animals. Contributions were presented to 163 partici-
pants from the Czech Republic and 25 participants
from abroad (France, Pakistan, Poland, Austria, Ger-
many, Slovakia, Switzerland, Great Britain and USA).
Financial support was obtained from many Czech and
foreign sponsors — producers of probiotics and biofac-
tor supplementations, and two agricultural cooperati-
ves: ALLTECH Ltd. (Czech Republic — USA); AR-
CO - FARMER Ltd. (Czech Republic — Italy);
BIOFAKTORY Prague Ltd. (Czech Republic), BIO-
FERM Ltd. (Czech Republic — Switzerland); BIOVE-
TA Ltd. Ivanovice na Hané (Czech Republic); MACH
chicken hatchery Litomys$]l (Czech Republic); MEDI-
PHARM Ltd. (Czech Republic — Sweden); MIKROP
Cebin Co. (Czech Republic); PIONEER SAATEN,
Ltd. (Czech Republic — Germany); PRODETA Ltd.
(France); TEKRO Prague Ltd. (Czech Republic) and
UNIVIT Olomouc Ltd. (Czech Republic).

On 31 May 1995, the participants and sponsors visi-
ted the agricultural cooperative farm Lysice where they
were introduced into the results of the activity of local
agriculturists who show continuously very good re-
sults. In the afternoon, conference participants visited
the Lysice castle and in its comfortable milieu listened
to the concert of renaissance music.

On the ocassion of the conference, the proceedings
were issued in collaboration with KARENT Ltd. Poho-
felice, which are available in restricted amount in the
Research Institute of Animal Nutrition (RIAN) Poho-
felice.

Following contributions were presented at the con-
ference:

KUMPRECHT, L. - ZOBAC, P. - PAROVA, J. (RIAN
Pohoftelice, Czech Republic): Utilization of probiotics
in the nutrition of monogastric animals

The authors presented in their contribution all available
microorganisms creating the effective item of probi-
otics preparations, principles and conditions which are
to be kept in processing and offering of new probiotics,
principles of impacts of various kinds of probiotics and
practical results in investigations of effects of applica-
tion of selected kinds of probiotics in the nutrition of
monogastric animals.
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LYONS, T. P. - BOURNE, S. (Alltech Ltd., USA -
Great Britain): Principles of the effect of probiotics
on the basis of yeasts and mannans

Active yeast, the extracts of yeast cell wall and oli-
gosaccharids create the effective item of new kinds of
probiotics. These probiotics enhance the immune re-
sponse of animals against the invasion of pathogenic
microorganisms and they also enable to vault over the
negative impacts of toxins in feeds. Active yeasts are
the source of large amount of specifically etfective sub-
stances and they can be also utilized as carriers of mi-
neral substances in organic form with high biological
value.

ROBERTON, J. L. - DUBOIS, L. - NGUYEN, T. H.
(Prodeta and Sagal Vannes, France): Application of
the probiotics Paciflor to the sow/piglet concept
Within the framework of EURECA program, the new
probiotics preparation PACIFLOR was developed, the
active item of which is created by bacterium Bacillus
C.I.P. 5832. The above mentioned preparation is suit-
able for all animal species. The most convincing results
of the application of this preparation were obtained in
the nutrition of sows, piglets and pigs. Parameters of
utility and health condition of fattened piglets were
affected positively. The authors ellaborated the pro-
gram of complex utilization of Paciflor preparation in
pig nutrition.

SISAK, F. - LANY, P. - CERNIK, J. - LOJEK, A.
(Research Institute of Veterinary Medicine Brno and
Biophysical Institute, Academy of Science Brno, Czech
Republic): Efficacy testing of probiotics to control
Salmonella contamination in chickens

The authors presented their results of the application of
three kinds of probiotics (LACTIFERM, LBC and
PROBIOS) to chickens ISA BROWN experimentally
infected per os by NALR strains of Salmonella enteri-
tidis 4216 (PT8) and Salmonella typhimurium 1137 at
the age of one week. The highest protective effect was
found in probiotics preparation Probios. The authors
stated that probiotics concept is an alternative method
for complex procedure in prevention and reduction of
Salmonella in poultry farming.

LEIBETSEDER, J. (Institute of Nutrition, University
of Veterinary Medicine Wien, Austria): LBC addition
in cattle fattening

The author described in detail the importance of lac-
tacidogenous microflora in the digestive tract of calves
and mature cattle. In his experiments, he proved the
stimulating effect of bacteria Streptococcus (Entero-
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coccus) faecium C-68 during the first six months of
young bulls fattening up to the weight of 300 kg.

HEJLICEK, K. - SOUKUPOVA, A. (VEDIA Strako-
nice, Czech Republic): The experiences with applica-
tion of probiotics Lactiferm for prevention and sup-
pression of infections caused by Clostridium
perfringens in pigs and poultry

Bacterium Streptococcus (Enterococcus) faecium M-74
applied into sow feed mixtures reduced significantly
the occurrence of Clostridium perfringens in faeces.
Lower numbers of scours were registered in piglets,
and provided they appeared, their onset was retarded
by one week. The expressive decrease of gut diseases
was registered also in broiler chickens after the appli-
cation of bacteria Streptococcus faecium M-74, and iso-
lated occurrence in culture was retarded by 7-10 days.

KOUDELA, K. (Czech University of Agriculture Pra-
gue, Czech Republic): Physiological influences of the
experimental application of probiotics MEDI-
PHARM in pullets, laying hens, Japanese quails and
baby pigs

The author summarized results of long-term study of
effects of probiotics preparations and premixes (Lacti-
ferm, Lactiferm paste and Ecovit), the main effective
item of which is created by bacteria Streptococcus (En-
terococcus) faecium M-T74. The above mentioned
preparations affected positively physiological, nutri-
tional, zootechnical and economic determinants both in
poultry and piglets.

RADA, V. - RYCHLY, L. - VORISEK, K. (Czech
University of Agriculture Prague, Czech Republic):
The impact of Lactobacillus salivarius application to
one-day-old chickens on microflora of alimentary
tract

The authors tested 11 strains of lactobacilli isolated
from the chicken gastrointestinal tract for their growth
characteristics, resistence against bile and acids, and
adherence to the crop epithelial cells. Five strains were
tested for their ability to survive in the gut. The strain
Lactobacillus salivarius 51 R showed the highest resis-
tence and significantly reduced the numbers of entero-
cocci and coliforms in chicken crop.

SVOZIL, B. (RIAN Pohoftelice, Czech Republic): The
effect of application of probiotics preparations on
zootechnical and selected clinico-biochemical para-
meters in ruminants

The author summarized his results of long-term study
of effects of five strains of lactacidogenous bacteria
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applied to calves and lambs during the period of colos-
tral and milk nutrition, three strains of Saccharomyces
cerevisae applied in nutrition of lambs and wethers and
the effect of mannans application in the nutrition of
calves. The author came to the conclusion that probi-
otics both on the basis of lactacidogenous bacteria and
yeast and mannans are well-founded in ruminants nu-
trition during the period of milk nutrition and signifi-
cantly affect zootechnical and biochemical parameters.

JAMBOR, V. - KLEIDUS, B. (RIAN Pohofelice,
Czech Republic): The application of lactic acid bac-
teria to affect fermentation process in silages
Biological inoculants and enzymes are employed for
the improvement of parameters of fermentation process
in silages. They are safe from the viewpoint of hygienic
unexceptionability. The numbers of lactic bacteria in
epiphytic microflora and the quality of fermentation
process decide about the strategy of the application of
inoculation for forage preservation.

Posters:

ADAMEK, Z. - HAMACKOVA, J. - KOURIL, J. -
VACHTA, R. - STIBRANYIOVA, I. (Research Insti-
tute of Fish Culture and Hydrobiology Vodiiany, Czech
Republic): Effects of Ascogen probiotics application
in fish feeding

The application of Ascogen preparation in the feeding
of rainbow trout (Oncorhynchus mykiss) resulted in
higher individual weight gain and increased specific
growth rate. Positive effect of this preparation was reg-
istered also in intensive culture of wels (Silurus glanis)
and in goldfish (Carassius auratus) growth.

VOTAVA, J. - SVOZIL, B. (AGROLAB Ltd. Poho-
felice and RIAN Pohofelice, Czech Republic): Simul-
taneous bacteria and yeast application to chickens
Using the radioactive labelled microorganisms 3 H, the
authors assessed the adherent ability of bacteria Strep-
tococcus faecium C-68 after shock and continuous ap--
plication into particular parts of gastrointestinal tract of
broilers. This ability was proved also in the application
of Saccharomyces cerevisae + Streptococcus faecium
C-68 combination.

RADOS, J. -HAPLOVA, M. (BIOVETA Ivanovice na
Hané, Czech Republic)

The authors published their results of in vitro testing of
inhibitory properties of six bacteria species utilized in
probiotics production on bacteria of the genus Salmo-
nella.

Dr. Ivan Kumprecht, Dr. Petr Zoba¢
conference conveners
Research Institute of Animal Nutrition, Pohorelice
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XI. MEZINARODNI SYMPOZIUM ,,AKTUALNI PROBLEMY GENETIKY
DRUBEZE“ (CURRENT PROBLEMS OF AVIAN GENETICS)

Ve dnech 29. kvétna aZz 2. ervna 1995 se jiZ po
jedendcté uskute&nilo mezindrodni sympozium AVIA-
GEN vénované soudasnym problémim v genetice
a Slechténi dribeZe. Na rozdil od minulych let, kdy se
sympozia konala pravideln& na tizemi Slovenska, bylo
v leto$nim roce hostujici zemi Polsko.

Sympozium probé&hlo v Balicich nedaleko Krakova
pod patronaci Polské odbocky WPSA, Vyzkumného
dstavu ZivoCi$né vyroby a Zemédélské univerzity
v Krakové, Polské spolecnosti pro ZivociSnou vyrobu
ve Varavé a krakovské odbocky Polské genetické spo-
lenosti a za finanénfho pfispéni fady dribeZéiskych
firem. Na jejich pozvani pfijelo do Balic pfes 70 od-
bornikl z 18 stétd, ktefi piednesli 17 souhrnnych refe-
rath a vystavili pfes 50 posterd.

Odbornd ¢ast setkdni byla zahdjena 30. kvétna do-
poledne po slavnostnim uvitdn{ G&astnikd predstaviteli
hostitelskych organizaci. Prvni tematicky blok, ktery
uved] S. Wezyk (Polsko) — programovy piedseda letos-
niho sympozia, byl vénovany oblasti molekuldrni gene-
tiky a biotechnologiim. V dvodni pfedndsce G. Bul-
field (Velkd Britdnie) informoval o vysledcich
mezindrodniho vyzkumného projektu, jehoZ cilem je
zmapoviéni kufeciho genomu a identifikace lokusi
kvantitativnich znakd (QTL - quantitative traits loci).
Z prednésky vyplynulo, Ze od roku 1992, kdy byl pro-
jekt finan¢né podpoten, se podafilo pomoci dvou refe-
ren¢nich populaci zmapovat jiZ pfes 500 molekuldrnich
markerd a lze ofekévat, Ze v brzké dob& vstoupi pro-
jekt do druhé féze, tj. fize identifikace QTL. Pro tuto
etapu vyzkumu jsou vytypoviny vhodné populace, je-
jichZ F, kiiZenci segreguji v fad€ produkcnich vlast-
nosti a molekuldrnich markert.

Druhd piednd$ka dopoledniho programu byla orien-
tovdna na problematiku tvorby zdrode¢nych kufecich
chimér (germ line chimaeric chicks). M. Naito (Japon-
sko) sezndmil dcastniky s vysledky pocetného kolektivu
pracovnikt pfi tvorb& chimér pomoci pfimého pfenosu
primordiélnich zdrode¢nych bunék, s nimZ dosahuji aZ
95% 1ispésnosti. Jak naznacila pfedndska jednoho z je-
ho spolupracovnikli T. Kuwany (Japonsko) a T. Rogul-
ské (Polsko), miiZe jejich nebyvaly tspéch souviset
s existenci chemotaktického faktoru, ktery podporuje
migraci primordidlnich zdrode&nych bunék do vyvijeji-
cich se gondd .

Posledni pfedndSka tohoto tematického bloku, kte-
rou piednesla M. Tixier-Boichardovd (Francie), byla
vénovand meziliniové a vnitroliniové variabilité v sek-
vencich DNA retrovirdlniho plivodu, konkrétné ALVE
typu, v genomu kufat a vyzkumu jejich moZného piiso-
beni na né&které produkéni vlastnosti slepic.
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Odpoledni piedndsky byly zaméfeny na soucasnou
strategii Slechténi u masného a nosného typu slepic (G.
Seeman a D. K. Flock, SRN), kriit (J. Benkov4, SR -
J. Jankowski, Polsko), hus (R. Rouvier, Francie) a ka-
chen (J. M. Ksiazkiewicz, Polsko) a kvalitu jejich ko-
merénich produkti. Specidlni pozornost byla v tomto
sméru vénovdna mezidruhové a meziplemenné variabi-
lit¥ v obsahu cholesterolu ve vaje¢ném Zloutku (J.
Baumgartner, SR).

Z referdth vyplynulo, Ze u nosného typu slepic zi-
stdvd hlavni pozornost Slechtiteli zamé&fena na ukaza-
tele, které se bezprostredné podileji na poctu ,,prodeje-
schopnych* vajec na zastavenou slepici (ranost snasky,
perzistence snd$ky a hmotnosti vajec apod.), a na uka-
zatele souvisejici s efektivnim vyuZitim pfijatého krmi-
va (spotieba krmiva na kg vajecné hmoty, rezidudlni
spotieba krmiva). Pozornost je vénovdna pochopitelné
i dal¥fm ukazatelim reprodukce, stejné tak jako Zivot-
nosti nosnic, a to zejména z hlediska jejich schopnosti
adaptace na odli$né podminky chovu a rezistence
k riznym stresovym faktorim prostfedi.

U masného typu slepic se Slechtitelé potykaji naddle
s negativnimi disledky dlouhodobé selekce na vy3sf
Zivou hmotnost, pfedev§im s nizkymi reprodukénimi
schopnostmi rodi¢ovskych jedincl. Pro jejich zlepSenf
se stdle vyuZivd zejména restringovanych krmnych re-
Zimu, véetné oddéleného odchovu podle pohlavi, které
zmirfiuje fyziologické stresy zpisobené kompetici
v piistupu ke krmivu. Z pohledu welfare se zd4d vSak
i toto feSeni do budoucnosti nevyhovujici. Z celosvéto-
vého hlediska lze za hlavni selekéni cil pro zvySeni
masné uZitkovosti brojlerii povaZovat zvySeni kvality
jate¢ného trupu (zvySeni podilu prsni svaloviny, pokles
podilu tuku) a zlepSenf utilizace krmiva, které umoZzn{
ekonomi¢téjsi vykrm a lepsf vyuZiti brojlerového masa
zpracovatelskym primyslem. Nicméné pro oblasti tro-
pického a subtropického pdsu, kde se ocekdva vyrazny
ndrlst populace v piiStich desetiletich, bude primadrnim
komerénim zdjmem, a tim i primédrnfm $lechtitelskym
cilem, pfedev§im dobrd Zivotnost kufat, zdvisld na
schopnosti adaptace k teplotné extrémnim klimatickym
podminkam.

U kriit, kachen a hus, jejichZ komeréni uplatnéni ne-
mad tak Siroké rozpéti jako u brojlerovych kurat, je za
potencidlni zdroj ekonomického zefektivnéni chovu
povaZovéno pfedevSim zvySen{ reprodukénich ukazate-
1a, konkrétné zvySeni poctu vajec a poctu potomki na
chovnou matku béhem sndskového cyklu. Z pohledu
masné produkce lIze u krit i nadéle ogekédvat hlavni se-
lekéni tlak ve sméru vysSi rychlosti ristu, kterd vede
k Zddoucimu zkracovani doby vykrmu, u kachen a hus
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naopak ve sméru lep¥{ kvality jatenych produkti a vy-
uZiti krmiva, tj. ve sméru vy$8i zmasilosti a niZ§{ tuc-
nosti jate¢né opracovanych trupi.

Druhy den dopoledne pokracovalo odborné zasedéni
pfedndskou M. Gerkenové (SRN) upozoriiujici na roz-
dily v pohybové aktivité kufat nosného a masného typu
(genetika chovani) a pfedndskami J. Gavory (Kanada)
a A. Cahanera (Izrael) vénovanymi potencidlnimu
uplatnéni genetickych metod pfi zvySovéani odolnosti
viéi pfirozenym patogeniim u komeréni driibeZe (gene-
tika rezistence viici infekénim nemocem).

J. Gavora se ve svém piispévku zaméfil na poten-
cidlni moZnosti metod genové manipulace, které by
podle soucasnych znalostf mohly vyrazné pfispét k na-
vozen{ imunity pfedev§im v téch pfipadech, kde pfiro-
zend imunita neexistuje a nelze tedy vyuZit klasickych
selekénim metod. Imunita organismu vici ur€itému vi-
rovému onemocnéni nemusi byt totiZ pouze funkci

imunitniho systému, ale miZe byt také zprostiedkovang

navozena spontdnnim ¢i umélym zabudovéanim &4sti vi-
rové DNA do genomu organismu. Odolnost vii¢i pato-
genu vznikd ddajné tim, Ze produkt transgenu blokuje
receptory daného viru na buiikdch hostitele.

Z pohledu soudasnych problémii s infek&nimi cho-
robami v komerénich chovech, kdy ztrity zpisobené
infekef tvofi 20 % celkového produkéniho potenciélu,
byla bezpochyby atraktivni predndSka A. Cahanera,
ktery referoval o vysledcich selekénich experimenti
uskutednénych u brojlerového typu kufat v priib&hu
posledniho desetileti v Izraeli. Vybérem kufat podle
nizké &i vysoké tvorby protilatek po imunizaci inakti-
vovanou formou E. coli se podafilo vytvofit divergent-
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nf linie, které se vyznamné& nelii pouze tvorbou proti-
latek, ale i ostatnimi obrannymi reakcemi imunitniho
systému vi{i¢i tomuto patogenu a tvorbou protilatek vii-
¢i dal$im cizorodym antigeniim.

Odpoledne byly na programu sympozia referity P.
Horsta (SRN) Metody pro odhad interakci genotyp x
prostredi a vyznam tohoto fenomenu pri selekci dritbe-
Ze pro nepriznivé podminky prostiedi, P. D. Lewise
(Velk4 Britanie) Genetické diference v pohlavni aktivi-
té slepic vyvolané zménou svételného reZimu, E. Decuy-
pere (Belgie) Interakce genotyp x prostredi ve spojitosti
s ascites syndromem u brojleri a W. Hartmanna
(SRN) Interakce genotyp x prostredi: poznatky z testi
uZitkovosti v kontrolnich stanicich driibeZe. Jak vyply-
vé z jejich ndzvi, byly pro zdvéreéné predndsky sym-
pozia spole¢nym jmenovatelem problémy spojené s od-
lisnou citlivosti genotypd k negativnim faktorim
prostiedi. Existence interakci mezi genotypy a faktory
prostiedi a jejich nezanedbatelny vyznam pii komer¢-
nim Slecht&ni driibeZe byl patrny i z pfednd$ek minulé-
ho dne. Jak uvedl napf. D. K. Flock, vyuZivajf §lechti-
telé nosného typu slepic pro posileni Zivotnosti stile
vice testl v provoznich podminkdch, kde je na rozdil
od ,idedlnich* podminek ve $lechtitelskych a kontrol-
nich stanicich vystavena driibeZ fadé stresovych fakto-
ri (vysokd hustota osazenf, nevyvédZené sloZeni krm-
nych smési, nedostate¢nd ochrana proti infekci apod.).
Prdvé tyto suboptimélni podminky umoZiiuji fenotypo-
vé rozliSeni jedinct z hlediska Zivotnosti, resp. z hle-
diska jejich adaptace ke stresu, a tim vytvafi zdkladni
pfedpoklady pro selekénf préci.

RNDr. L. Hydnkovd, CSc.
Vyzkumny dstav Zivocisné vyroby,
104 00 Praha 10-Uh¥inéves
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POKYNY PRO AUTORY

Casopis uvefejiiuje plvodni védecké prace, kritkd sdéleni
a vybérove i piehledné referdty, tzn. price, jejichZ podkladem
jé studium literatury a které shrnuji nejnovEjsi poznatky v da-
né oblasti. Price jsou uvefejioviny v ¢esting, slovenstiné nebo
angli¢tiné. Rukopisy musi byt doplnény kratkym a roz8ifenym
souhrnem (vCetné klicovych slov).

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

O uveicjnéni price rozhoduje redakéni rada casopisu, a to
se zietelem k lektorskym posudkiim, védeckému vyznamu
a prinosu a kvalité price.

Rozsah védeckych praci nemd piesdhnout 15 stran psanych
na stroji véetné tabulek, obrizki a graf@i. V préci je nutné po-
uzivat jednotky odpovidajici soustavé mérovych jednotek Sl
(CSN 01 1300).

Vlastni dprava rukopisu md odpovidat stdtni normé CSN
88 0220 (formidt A4, 30 fdidek na strinku, 60 dhozi na fidku,
mezi fadky dvojité mezery), k rukopisu je vhodné priloZit dis-
ketu s praci pofizenou na PC v nékterém textovém editoru,
nejlépe v T602. Tabulky, graly a fotografie se dodavaji zvIdst,
nepodlepuji se. Na vSechny prilohy musi byt odkazy v textu.

Pokud autor pouzivi v prici zkratek jakéhokoliv druhu, je
nutné, aby byly alespon jednou vysvétleny (vypsiny), aby se
predeslo omyltim. V ndzvu price a v souhrnu je vhodné zkra-
tek nepouzivat.

Nizev price (titul) nemd piesdhnout 85 hozi. Jsou vylou-
Ceny podtitulky clanki.

Kritky souhrn (Abstrakt) je informac¢nim vybérem obsa-
hu a zdvéru ¢lanku, nikoliv vSak jeho pouhym popisem. Musi
vyjddiit v8echno podstatné, co je obsazeno ve védecké prici.
a md obsahovat zdkladni ¢iselné tddaje véetné statistickych
hodnot. Musi obsahovat kli¢ovi slova. Nemd prekrocit rozsah
170 slov. Je tieba, aby byl napsdn celymi vétami. nikoliv hes-
lovité. Je uvefejnovin a mél by byt doddn ve stejném jazyce
jako vedeckd prace.

Rozsifeny souhrn (Abstract) je uveiejiovin v angli¢ting,
mély by v ném byt v rozsahu cca 1-2 strojopisnych stran ko-
mentoviny vysledky price a uvedeny odkazy na tabulky a ob-
rizky, popf. na nejdilezitéjsi literdrni citace. Je vhodné jej
(véetné ndzvu price a klicovych slov) dodat v anglicting, popr.
v Cesting Ci slovenstiné jako podklad pro preklad do anglictiny.

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

Literarni prehled md byt krdtky, je tfeba uviddét pouze
citace majici dzky vztah k problému.

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

Vysledky — pfi jejich popisu se k vyjidieni kvantitativnich
hodnot diva prednost grafim pred tabulkami. V tabulkich je
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