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CROSSBREEDING EFFECTS OF DAIRY PERFORMANCE
TRAITS IN CROSSING OF SLOVAKIAN PIED
WITH HOLSTEIN CATTLE

EFEKTY KRIZENIA UKAZOVATELOV MLIEKOVEJ UZITKOVOSTI
V PROCESE KRIZENIA SLOVENSKEHO STRAKATEHO DOBYTKA
S HOLSTAIJNSKYM PLEMENOM

J. Chrenek', J. Wolf, D. Peskovitova', J. Huba'

'Research Institute of Animal Production, Nitra, Slovak Republic
2Research Institute of Animal Production, Praha-Uh¥inéves, Czech Republic

ABSTRACT: Dairy performance traits (milk yield, milk fat yield and milk protein yield) of the first three lactations: of
12 purebred and crossbred genetic groups were analyzed. The genetic groups arose from crossing Slovakian Pied cattle (S)
with Holstein cattle (H). The crossbreeding parameters were estimated for four submodels of the HILL-Model including
maternal effects and for the DICKERSON-Model. The results were similar for all traits. The additive (direct) genetic effect
was most important in all lactations. In the DICKERSON-Model, the heterosis effect was largest for all traits in the first
lactation, ranging from 6 to 7% of the mid-parent value for milk yield and milk protein yield and 3% for milk fat yield. The
estimates of the recombination loss were always negative and also reached their highest values (more than 10% of the
mid-parent value) in the first lactation. In the HILL-Model, the epistatic effects were more important than the dominance
effect. Comparing different types of epistatic effects the results showed that there was no reason to favour additive x additive
effects at the expense of additive x dominance and dominance x dominance effects. The use of non-additive genetic effects
in the genetic evaluation of cattle is recommended.

cattle; crossbreeding; epistatic effects; maternal effects; Slovakian Pied; Holstein

ABSTRAKT: V prici si analyzované ukazovatele mliekovej GZitkovosti (produkcia mlieka, tuku a bielkovin) na prvych
troch laktaciach. Subor obsahoval 12 genetickych skupin krav plemien slovenské strakaté (S) a hol$tajnské (H) a ich kriZeniek.
Pre odhad efektov kriZenia boli pouZité 4 submodely podla Hilla s materndlnymi efektami a Dickersonov model. Vysledky
boli podobné pre vietky sledované ukazovatele. NajddleZitej$im genetickym efektom vo v3etkych lakticidch bol aditivny
(priamy) geneticky efekt. Najvi¢si heterozny efekt (6-7 % priemeru rodi¢ovskych populdcii pre produkciu mlieka a 3 % pre
produkciu tuku a bielkovin) bol zisteny na prvej lakticii. Odhady rekombinaénej straty boli negativne a dosiahli najvic3ie
hodnoty (viac ako 10 % priemeru rodi¢ovskych populacii) tieZ na prvej laktacii. V modelu Hilla boli epistatické efekty
dbleZitejSie neZ dominantny efekt. Vysledky porovnania réznych druhov epistatickych efektov ukézali, Ze nie je dévod
uprednostiioval aditivny x aditivny efekt oproti aditivnemu x dominantnému alebo dominantnému x dominantnému efektu.
Na ziklade vysledkov sa odporii¢a zohladnenie neaditivnych genetickych efektov v genetickom hodnoteni.

hovidzi dobytok; kriZenie; epistatické efekty; materndlne efekty; slovenské strakaté; hol3tajnské

INTRODUCTION

To increase milk yield, upgrading indigenous cattle
breeds to Holstein has been carried out in Slovakia and
many other countries for several decades. Holstein
bulls have been used for creating a subpopulation of
the Slovakian Pied breed with a higher milk yield. Dur-
ing this process of upgrading several genetic groups
have been formed (Chrenek et al., 1996). This made
it possible to estimate crossbreeding parameters which
were of great importance for modern cattle breeding
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programmes (Van der Werf, De Boer, 1990;
Brotherstone, Hill, 1994).

The aim of the present paper was to estimate cross-
breeding effects for milk yield, milk fat yield and milk
protein yield for the mentioned subpopulation of the
Slovakian Pied cattle. Points of interest were:

(i) the impact of dominance (heterosis), epistatic and
maternal effects on milk yield and its components,

(ii) a comparison of different types of epistatic effects,
and

(iii) a comparison of the results for different lactations.
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MATERIAL AND METHODS

Dairy performance traits (milk yield, milk fat yield
and milk protein yield) of the first three lactations of
12 purebred and crossbred genetic groups were ana-
lyzed. The genetic groups arose from upgrading
Slovakian Pied cattle (S) with Holstein cattle (H). Ge-
netic groups including the numbers of animals with
recorded milk yields in the first three lactations are
given in Table I. The cows were kept at 31 farms and

The crossbreeding parameters were estimated. for
four submodels of the HILL-Model (Hill, 1982)
which was extended by additive maternal effects and
maternal dominance and for the DICKERSON-Model
(Dickerson, 1973). In a general form, the HILL-
-Model can be written for any genetic group as follows
(Wolf etal., 1995):

C=m+ (0 —0p) a+ (8= 8), —8yp) d+ (0t — )  aa +
+(0y = @) (Byp— 8y — 8y) ad + (85— 8, — 8,)" dd +

the data referred to calvings from 1985 to 1991. + (oM = oy M+ (31 - 8, - 88y @M (1
The genetic group means and their standard errors where: G - least squares mean of the given genetic group G
are summarized in Tables II and III. They were calcu- m  — general mean (“genetic background*, reference
lated using a linear model with the fixed effects of value for remaining genetic effects)
herd, year of calving, genetic group and linear and a - additive genetic effect
quadrfxtlc regression on age at ﬁr.st calving for .ﬁrst Za - :ﬁ:t:vzf:z?;ﬁ::eimcmﬁon
lactation. The model for later lactations was essentially L dnteaetioh addidvity x oIANANGS
the same, only regression on age at first calving was 33 = dominance:x dominance: inieraction
replaced by the effect of parity (Huba, 1995). a™ - additive maternal effect
I. Number of animals in individual genetic groups
Genetic group Sire population Dam popul Hainbes o suheehs
Ist lactation 2nd lactation 3rd lactation
S 1 146 843 560
H 2 496 1721 1 080
F, H S 282 242 186
B, H F, 1 056 815 558
B, x F, B, F, 1144 822 549
B,, H B, 1818 1399 920
By H By, 982 706 408
Bz H By 254 168 83
F, F, F, 285 247 154
(B,F)) x (B,F)) B,x F, B,xF, 441 214 142
B,x B, B, B, 679 548 337
By X By By, By, 264 212 128
S — Slovakian Pied, H — Holstein
IL. Least squares means for milk yield, fat yield and protein yield in first three lactations
Milk yield (kg) Fat yield (kg) Protein yield (kg)
Genétic group Ist 2nd 3rd Ist 2nd 3rd 1st 2nd 3rd
lactation | lactation | 1 i 1 i 1 i 1 i 1 i lactation | lactation
S 3 486.6 4 086.8 42920 144.8 168.6 178.1 1183 138.2 145.2
45110 5064.1 5516.0 178.7 203.1 220.8 145.8 164.8 176.8
F, 42208 4726.6 49173 165.7 186.6 193.7 140.3 157.7 162.2
B, 43393 4903.0 52022 169.0 196.5 210.5 141.5 162.5 169.4
B, x Fy 40559 4 676.0 49493 160.4 189.8 200.9 135.4 158.1 167.1
B, 44155 4.923.0 51975 171.5 195.3 209.3 143.8 161.1 169.0
By 44840 | 50657 | 54658 175.6 201.9 220.1 144.1 163.7 175.7
By 4 675.9 5209.2 5538.8 183.1 210.5 221.9 149.4 165.7 174.6
F, 4 060.4 4599.1 49134 163.7 193.8 205.9 135.1 154.9 162.5
(B,F)) x (B,F)) 38444 4564.8 47436 1513 182.9 197.0 125.1 149.5 157.1
B, x B, 42152 46722 4915.1 168.5 1923 204.4 140.5 155.5 164.0
By x By, 42579 | 46595 | 48596 168.6 185.9 195.2 141.8 153.6 163.1
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I11. Standard errors of means for milk yield, fat yield and protein yield in first three lactations

Milk yield (kg) Fat yield (kg) Protein yield (kg)

O 2nd | 3dd st ~2nd 3 st ~ 2nd 3
S 2437 31.61 41.62 1.08 1.39 1.87 0.90 1.08 1.46

23.32 29.88 4275 0.94 1.25 1.82 0.75 0.97 1.41
F, 53.65 64.94 89.52 2.19 2.53 379 2.26 2.38 347
B, 31.09 39.80 51.30 1.24 1.78 2.39 1.08 1.49 1.74
B, x F, 25.98 35.96 47.26 1.13 1.65 232 1.04 1.33 1.70
By, 24.59 30.45 40.59 0.9.6 1.31 1.97 0.85 1.03 1.39
By 3297 46.37 65.77 1.26 2.02 2.87 1.12 1.46 2.13
B 74.30 108.32 147.11 2.85 4.80 6.37 247 3.36 4.50
F; 42.48 57.68 80.29 1.97 2.96 3.94 1.52 235 273
(B,F)) x (B,F)) 36.24 63.99 92.18 1.52 2.89 4.54 1.31 220 3.23
B, x B; 30.60 41.01 57.67 1.40 2.22 3.16 1.17 1.38 1.99
By x Bﬁ 48.47 60.02 89.69 2.15 278 4.14 1.75 2.19 349

@™ - maternal dominance

o; — proportion of genes in G from the ith source popu-
lation (i = 1, 2)
8,-j — probability that at a randomly chosen locus of a ran-

domly chosen individual of G one allele is from the
ith source population and the other allele is from the
Jj-th source population (i, j= 1,2 and i < j)

a‘,f' — proportion of genes in the dam population of G from
the i-th source population (i = 1, 2)

53’ — probability that at a randomly chosen locus of a ran-
domly chosen individual of the dam population of G
one allele is from the i-th source population and the
other allele is from the j-th source population (i, j =
I,2and i <))

The general form of the DICKERSON-Model not
including maternal effects can be written as (Wolf et
al., 1995):

G=mp+ (0 —0p) g+ 81+ (4,05 - 85) r ?2)

where: mp- general mean
g - direct genetic effect (breed difference)
h - effect of heterosis
r - recombination loss

The other symbols have the same meaning as in (1).

The four submodels of (1) containing 2, 3, 5 and 4
genetic parameters, respectively, were (see Tables IV-VI):
— Submodel 1: additive model,

Submodel 2: additive-dominance model,
— Submodel 3: model with additive and epistatic effects,
Submodel 4: model with additive and maternal effects.

For estimating the crossbreeding effects, twelve ge-
netic group means (y|, ¥3, ..., y12) and their standard
errors (Syy, Syp, ..., Syjz) were available. A maximum
of 12 crossbreeding effects could be estimated. The
method of weighted least squares was used for parame-
ter estimation. The significance of the estimates was
tested at P = 0.05. In matrix notation, the system of
12 equations can be written as-follows:

y=Xb+e 3)

where: y - (12 x 1) - vector of the generation means

CZECH J. ANIM. SCI., 43, 1998: 337-342

X -(12 x m) — matrix of coefficients for crossbreeding
effects, m being the number of crossbreeding effects
to be estimated

b - (mx 1) - vector of crossbreeding effects

e - (12 x 1) - vector of residual effects

The estimate of the vector of crossbreeding effects
calculated by weighted least squares is then:

b=cevinTxevly

where: V

(C)]

- diagonal matrix with the squares of the standard er-
rors of genetic group means on the diagonal

v _inverse of V

X’ - transpose of X'

The variance-covariance matrix of the estimates of
crossbreeding effects is:

var(b) = (XVx)™! )

The goodness of fit of the individual models was
tested by the xz-test. The calculations were carried out
using the program CBE (Wolf, 1996, 1997).

RESULTS

The estimates of crossbreeding effects for milk
yield, milk fat yield and milk protein yield are pre-
sented in Tables IV, V and VI, respectively. Sub-
model 1 of the HILL-Model is a purely additive one,
Submodel 2 is an additive-dominance model, Sub-
model 3 contains additive and epistatic effects and Sub-
model 4 is a model with additive and maternal effects.
The DICKERSON-Model was calculated with het-
erosis and recombination effects.

The results were similar for all three traits. The es-
timate for m, the reference value for the remaining
crossbreeding effects, is the estimate for the F, mean
in the HILL-Model. The F, mean calculated from the
experimental data (Table II) was for all four models and
all traits by up to 5% higher than the estimate of m. The
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1V. Esti of breeding effects for milk yield (kg) in first
three lactations (Ist row — Ist lactation, 2nd row - 2nd lactation, 3rd
row — 3rd lactation)

V. Estimates of crossbreeding effects for milk fat yield (kg) in first
three lactations (1st row - Ist lactation, 2nd row — 2nd lactation, 3rd
row — 3rd lactation)

Effect Submodels of the Hill-Model Dickerson- et Submodels of the Hill-Model Dickerson-
#1 #2 #3 #a -Model #1 #2 #3 #4 -Model
m(mp) |3988° | 3989" | 3864" | 3941 4016" m(mp) | 159.6" | 1585" | 1551 | 1582" | 161.9"
4565° | 4576° | 4521° | 4525° 4576 1853" | 1855" | 188.7° | 185.2° | 185.4°
4830° | 4807° | 4815° | 4796" 4882" 19757 | 1964 | 201.0" | 197.9° 198.7°
a(g) -521" | -s21" | -872" | -802° -528" a(g) -168" | 167" | -242" | 230" | -169"
478" | 478" | 607" | -712° —485" -164" | -164" | -62 | -18.1° | -165"
567" | -569° | —450" | -734" -580° 201" | 202" | -39 | -178° | -203"
d (h) 2 255" d (h) 23" 43"
22 207" 0.4 22
48 101 =22 -32
aa () -150° -489" aa () -23 -18.2"
-137° -360" -L1 38
-35 -437" 47 238
ad -349" ad -70
-116 10.9
154 17.2°
dd 301° dd 93*
197" —117
120 6.4
a 284° Il 6.2"
237° 1.8
165" 24
™ -41 a 25"
-21 05
—41 0.2
$2 n21*| n21*| s49'| 720 62.1° r? 105" | 1025 [ 73.1° | 866" 63.3"
52.9° 521" | 447'| 357 36.2" 443" | 441" | 388" | 428" 432°
589" | 569" 447°| 532° 44.6" 375" | 354" | 308" | 370 35.2°
df 10 9 7 8 8 df 10 9 7 8 8
*P<0.05 *P<0.05

value of m increased from the first to the third lactation,
reflecting the increase of milk yield, milk fat yield and
milk protein yield. In the DICKERSON-Model, m, can
be interpreted as the midparent value.

The additive (direct genetic) effect a (g) was nearly
always significant for all traits and all lactations, its
absolute values being in the order of up to 20% of m.
Its negative values indicated that milk yield and the
yields of milk constituents were higher in the Holsteins
than in the Slovakian Pieds its value being similar in
all lactations except for Submodel 3 where the absolute

values of the additive effect decreased with increasing

lactation number.

In the HILL-Model, the dominance effect was of
minor importance, its value never exceeded 2% of the
value of m. In some cases its value was negative. The
epistatic effects were more important than the domi-
nance effect. In the first lactation, all three epistatic
effects were significant for milk yield and milk protein
yield, but only the dominance x dominance effect was
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significant for milk fat yield. In the second and third
lactations, the number of significant epistatic effects
was lower than in the first lactation (see Tables IV-VI).

In the DICKERSON-Model the heterosis effect was
largest in the first lactation for all traits with values
between 6 and 7% of the mid-parent for milk yield and
milk protein yield, and 3% for milk fat yield. The es-
timates of the recombination loss were always negative
and reached their highest values (more than 10% of the
mid-parent value) in the first lactation.

For milk yield, the additive maternal effect was sig-
nificant in all three lactations. For milk fat yield this
was true only in the first lactation, and in milk protein
yield in the first two lactations. The effect of maternal
dominance was significant in the first lactation for milk
yield and milk fat yield. The absolute value of maternal
dominance was considerably smaller than the value of
the additive maternal effect.

None of the four models gave a good fit (all xz-va-
lues were significant). The models fitted worst in the

CZECH J. ANIM. SCIL, 43, 1998: 337-342



VL. Estimates of crossbreeding effects for milk protein yield (kg) in
first three lactations (1st row — Ist lactation, 2nd row — 2nd lactation,
3rd row — 3rd lactation)

Effect Submodels of the Hill-Model Dicl th
#1 #2 #3 #4 -Model
m(mp) | 1322° | 1326"| 1290"| 131.07| 1324
1520° | 1532 1525"| 1510 1512°
160.2° | 160.4°| 1622°| 159.8°| 160.4°
a(g) -140° | -141"| -253"| -224°| -141®
-128" | -128"| -152"| 205" -129°
-148" | -148"| 92 | -178"| -149°
d (h) 0.8 9.3"
24" 8.6
03 33
aa () -5.6" -135"
-6.5" -8.2"
-26 -5.2
ad -11.4"
-20
63
dd 9.0°
54
13
aM 8.5
8.0
31
™ -0.7
0.5
0.2
x? 927" | 915" | 7977 69.7 67.0°
456" | 385" | 374" 248 322"
247" | 246" 209" 229" 233"
df 10 9 7 8 8
*P<0.05

first lactation, the fit being better for the second and
third lactations (lower xz-values)‘

DISCUSSION

The results presented in Tables IV-VI showed that
none of the models fitted well. This fact could be ex-
plained by several reasons. The first one was that linear
models were used because they can be easily handled.
However, there is no reason to assume that nature pre-
fers linear models as well. As genes act through bio-
chemical reactions and other biological processes, non-
-linearity should be the rule and the question is to what
extent this non-linearity can be approximated by linear
models. Furthermore, the model for the estimation of
genetic group means did not contain genotype-environ-
ment interactions, which might be of importance as
well. Another reason can be that other linear models
for crossbreeding effects might suit better. As these
models can be often transformed to each other (Wolf

CZECH J. ANIM. SCI., 43, 1998: 337-342

et al., 1995), this reason does not seem very likely. In
the literature, results of goodness-of-fit tests of the
models are published only rarely. When analysing
a crossbreeding experiment between Holstein and
Guzeréa breeds in Brazil, Madalena et al. (1991)
found that two models for crossbreeding effects
(a model with heterosis effects and a model with het-
erosis and additive x additive effects) fitted well for
farms with a low management level and did not give
a good fit for farms with a high management level.

Heterosis estimates in the order of magnitude of 5%
were observed for milk yield and its constituents for
a great diversity of crossbreeding data sets in cattle in
different countries (Robison et al.,, 1981; McAl-
lister, 1986; Ericson etal, 1988; Pedersen,
Christensen, 1989; Ahlborn-Breier, Ho-
henboken, 1990; Madgwick, Goddard,
1989; Panicke, Freyer, 1991; Touchberry,
1992; Grosshans etal, 1994; Brotherstone,
Hill, 1994). McAllister et al. (1994) found that
heterosis for lifetime economic performance may reach
values of 20% and more. .

Comparing different types of epistatic effects in
Submodel 3 of the HILL-Model, it became obvious that
there was no reason to favour additive x additive ef-
fects at the expense of additive x dominance and domi-
nance x dominance effects. On the other hand, high
correlations between parameter estimates were ob-
tained. The correlation between the additive effect and
the additive x dominance effect was 0.99 for all calcu-
lations, and the correlations between the additive x ad-
ditive effect and the dominance x dominance effect
ranged from —0.76 to —0.88. This meant that from the
practical point of view, a model with only one epistatic
effect might be sufficient. In that case it should be ascer-
tained which of the epistatic effects yields the best fit.
According to our experience a model with dominance x
dominance effects or with additive x dominance effects
may fit better than a model with additive x additive ef-
fects. There is no reason to presume that the model with
additive x additive effects is the best one.

Significant epistatic effects were found by Eric-
son etal. (1988), Madgwick, Goddard (1989),
Pedersen, Christensen (1989), Gross-
hans etal (1994) and by Brotherstone, Hill
(1994), whereas McAllister (1986) stated that no
indication was found that maternal heterosis or recom-
bination effects were significant. Ericson et al.
(1988) investigated only six genetic groups and for the
given data structure it was impossible to differentiate
between maternal heterosis and recombination loss.
Therefore the estimate of the recombination loss can
also be interpreted as maternal heterosis.

In most papers only one kind of epistatic effects was
estimated. Grosshans et al. (1994), having avail-
able more than 70 genetic groups, applied different ge-
netic models to the data. They found that different
kinds of epistatic effects might be important for milk
yield and its constituents.
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Significant additive (direct) maternal effects on milk
yield and/or milk constituents were observed by Ro-
bison etal. (1981), Ericson etal. (1988), Ahl-
born-Breier, Hohenboken (1990) and
Madgwick, Goddard (1989). The conclusion
on the impact of maternal effects on dairy performance
traits was rendered even more difficult by the fact that
the estimates of the maternal effects were strongly cor-
related with the estimates of the additive effects. In
Submodel 4 of the HILL-Model (Tables IV-VI) these
correlations were around —0.95. When comparing Sub-
model 1 and Submodel 4 it became obvious that for all
three traits the estimates of the additive effects from
Submodel 1 approximated the sum of the estimates of
‘the additive effects and the estimates of the maternal
effects from Submodel 4.

Van der Werf and De Boer (1990) studied
the impact of heterosis and recombination loss on the
estimation of additive genetic parameters for data from
crossbred populations. They concluded that already
low levels of heterosis and recombination loss affect
estimators of additive genetic variance. Predictions of
breeding values and estimation of breed difference
were considerably biased with additive models. It is
therefore necessary to estimate non-additive genetic ef-
fects in actual populations to access the problem of bias
in genetic evaluations. According to Brother-
stone and Hill (1994) both heterosis and recombi-
nation loss are accounted for in the bull and cow animal
model evaluation for production in the United King-
dom. It was concluded that non-additive genetic effects
should be taken into account in cattle breeding in the
Slovak Republic as well.
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VLIV PODAVANI RUZNYCH FOREM ZINKU NA VYVOJ
GONAD U PLEMENNYCH KOHOUTU"

EFFECT OF APPLICATIONS OF VARIOUS FORMS OF ZINC
ON GONAD DEVELOPMENT IN BREEDING COCKS

P. Suchy, E. Strakovi, J. Illek, M. Simon

Veterinary and Pharmaceutic University, Brno, Czech Republic

ABSTRACT: The effect of continual peroral application of zinc in various forms (two inorganic and two organic ones) on
gonad development in breeding cocks was studied in the period of their sexual maturation; the results of this study are
summarized in the present paper. A trial involved 250 cocks in total at the age of 10 weeks. The cocks were divided by
random sampling into 5 groups of 50 cocks each. All cocks received the same complete feed mixture but the control group
(K) received 30.4 mg Zn per kg of feed, which corresponded to a natural Zn content in feed. Zn content was supplemented
to the value 100 mg/kg feed in experimental groups: P; — ZnSO,, P, — ZnO, P; — MINVITAL-Zn, P, — BIOPLEX-Zn. An
experimental period was from 10th to 25th weeks of cock age. Ten cocks were randomly sampled from each group in this
period, at weeks 10, 15, 20 and 25 of age; the cocks were weighed, their gonads were exempted surgically after slaughter,
their weight, length and width were determined. The experimental results showed different effects of various forms of zinc
on gonad development in breeding cocks during their sexual maturation. The various forms of zinc did not significantly
influence live weight of breeding cocks in the experimental period, when average live weight increased from 1,049 g to
2,573 g in K group, from 1,081 g to 2,732 g in P, from 1,110 g to 2,652 g in P,, from 1,054 g to 2,595 g in P; and from
1,030 g to 2,716 g in P4. The effect of the various forms of zinc was evident mainly from the 20th week of age, when the
average weight of gonads was substantially (except P,) and highly significantly (P < 0.01) different in experimental groups
if compared with the control. Average weights of the left (right) gonad at the 20th week of cock age: K 7.430 g (6.100 g),
P, 9.800 g (8.070 g), P, 11.350 g (10.510 g), P3 12.320 g (10.960 g) and P, 12.820 g (11.590 g). Similar data were acquired
at the 25th week of cock age: K 12.790 g (12.260 g), P, 13.440 g (11.390 g), P, 13.860 g (12.800 g), P; 15.260 g (13.400 g)
and P, 16.370 g (14.900 g). Tab. I shows the results of gonad development during sexual maturation. Similar conclusions
were drawn from the study of gonad size, i.e. gonad length (Tab. II) and width (Tab. III). It is possible to state from the
results of this trial that the lowest effect on gonad development was determined in ZnSOy, higher effect in ZnO while the
organic forms MINVITAL-Zn and BIOPLEX-Zn had unambiguously positive effects.

nutrition; zinc; cock; gonads

ABSTRAKT: Price shrnuje vysledky studia vlivu kontinudlniho perordlniho podévéni zinku v riznych forméch (2 anorga-
nické a 2 organické) na vyvoj gonad plemennych kohoutt v obdobi pohlavniho dospivani. Do pokusu bylo zafazeno celkem
250 kohoutli ve v&ku 10 tydnid. Z téchto kohoutll bylo vytvofeno ndhodnym vybérem 5 skupin po 50 kohoutech. V3ichni
kohouti byli krmeni stejnou kompletni krmnou smési s tim rozdilem, Ze u skupiny kontrolni (K) byl obsah Zn 30,4 mg.kg’I
smési a reprezentoval pfirozeng piitomny Zn v krmivu. U pokusnych skupin byl obsah Zn doplnén na hodnotu 100 mg.kg‘l
smési, a to u skupiny P, - ZnSOy, P, — ZnO, P; - MINVITAL-Zn, P4 - BIOPLEX-Zn. Pokusné obdobi probihalo od 10. do
25. tydne v&ku kohoutil. V prib&hu tohoto obdobi bylo z kazdé skupiny v 10., 15., 20. a 25. tydnu v&ku nidhodnym vybérem
vybrano 10 kohoutu, ktefi byli zvaZeni, po poraZeni jim byly vypitvany gonady a byla stanovena jejich hmotnost, délka
a §itka. Vysledky sledovini jsou uvedeny v tab. I aZ IIl. Z vysledki Ize vyvodit zavér, Ze do 15. tydne v&€ku nebyl zaznamendn
prukazny rozdil v hmotnosti ani velikosti gonidd. Od 20. tydne v&ku nastalo vyrazné vysoce prikazné (P < 0,01) zvySeni
prumémné hmotnosti gonad u skupin P,, Py a P, ve srovnéni s kontrolou (K). Nejmensi vliv na rozvoj gonad mél ZnSO,,
vyrazngjsi vliv ZnO a jednozna&né pozitivni vliv mély organické formy MINVITAL-Zn a BIOPLEX-Zn.

vyZiva; zinek; kohout; gonady

* Price vznikla jako sougast vyzkumné price ,,Vliv minerdlni vyZivy na metabolismus, rozvoj gondd a spermiogenezi u samcii driibeZe®, fefené
v rimei projektu vyzkumu a vyvoje €. 6373/96 Ministerstva zem&délstvi CR.
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V poslednich letech se zvySend pozornost vénuje
zinku jako esencidlnimu stopovému prvku. Pfedmétem
studia je zejména hledani optimdlnich fyziologickych
déavek a forem Zn a jsou zkoumény dusledky jeho ne-
dostatku, pfipadné jeho nadbytku v potravinich nebo
krmivech, z pohledu racionalni vyZivy a zdravi ¢lové-
ka a zvifete.

Na jeho velky biologicky vyznam lze usuzovat jiZ
z toho, Ze Zn je soucasti zhruba 300 enzymu, které
dominantnim zplisobem zajidtuji biochemické funkce
v intermediarnim metabolismu. Z jeho zakladnich bio-
logickych funkci 1ze jmenovat vliv na rist a reproduk-
ci, integritu kiZe a epidermélnich Wtvard, hojeni ran
a regeneraci tkdni, vyvoj gonad, jater, kosti, dale zasa-
huje do metabolismu nukleovych kyselin, proteini, sa-
charidu, lipidu apod.

Klinicky se karence Zn ¢asto manifestuje sniZenim
ristové intenzity, piedeviim u mladat, jak ve svych po-
kusech na opicich dokladaji Polberger et al.
(1996). Obdobné vysledky u déti dokumentuji Ninh
et al. (1996) a Prasad (1996). Tyto negativni proje-
vy souvisi s disharmonii intermediarniho metabolismu,
zejména tim, Ze dochazi k narueni hormonalni inte-
grity organismu. Dokladem jsou price autori Kralik
et al. (1996), ktefi prokazali, Ze karence Zn vedla ke
sniZeni koncentrace trijodthyroninu (T-3) a volného
thyroxinu.

Karence Zn mé negativni vliv i na syntézu pohlav-
nich steroidnich hormonu. V této souvislosti je nutné
uvést praci autort Om a Chung (1996), ktefi pii
studiu vlivu nedostatku Zn na metabolismus androgent
dospéli k poznéni, Ze krysy krmené dietou s nedosta-
tkem Zn mély vyznamné niZ8i hladinu testosteronu
v krevnim séru, coZ je jedna z rozhodujicich pficin
v patogenezi reproduk&nich disfunkei samci.

V této souvislosti Ize chapat i praci autora Under-
wood (1966), ktery jako jeden z projevi deficience
Zn uvadi zpomaleni vyvoje varlat u by¢ka. -

Zmény pozorované na varlatech nejsou pouze cha-
rakteru morfologického, ale, jak uvadéji i Vander-
lei et al. (1995), manifestuji se i histologickymi zmé-
nami varlat. Autofi ve své experimentalni praci dospéli
k zavéru, Ze nedostatek dietniho Zn vyvolal zmény na
varlatech majici charakter atrofie semennych kanalki
a degenerace zarode¢ného epitelu, coZ se negativné od-
razilo ve spermiogenezi.

Na obdobné projevy karence Zn nutriéni povahy upo-
zorfuji 1 dalsi autofi, ktefi pozorovali fadu patologickych
projevti souvisejicich s manifestaci karence Zn.

MATERIAL A METODA

Cilem prace bylo ovéfit vliv kontinualniho peroral-
niho podavani riznych forem zinku v krmivu na vyvoj
gondd plemennych kohoutd v pribéhu pohlavniho do-

spivani.
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Do pokusu bylo zafazeno 250 kohoutl otcovské li-
nie RIR 05, ktefi byli nakoupeni od firmy INTEGRA,
a. s., Zabtice, ve v&ku 9 tydni. Kohouti byli ustijeni
v kotcich po 50 jedincich na hluboké podestylce v po-
kusné staji Ustavu vyZivy, dietetiky a hygieny vegeta-
bilii VFU Brno.

Krmeni bylo zaji§téno pomoci tubusovych plasto-
vych krmitek a napajeni zavésnymi napajeCkami pro
dribeZ typ PLASSON MK II dodanymi firmou Pro
Import Plus, s. 1. 0.

V pokusné staji byl zajiStén jednotny tepelny rezim
15-18 °C a jednotny svételny reZim podle véku kohou-
ta 10-20. tyden — 8 hodin svétla, 20. tyden — 9 hodin,
21. tyden — 9,5 hodin, 22. tyden — 10 hodin, 23. tyden —
10,5 hodin, 24. tyden — 11 hodin, 25. tyden — 11,5 hodin.

Vlastni pokusné obdobi probihalo od 10. do 25. tyd-
ne véku kohoutli: Bylo zvoleno z toho diivodu, Ze je
charakteristické pohlavnim dospivanim kohoutd. Ko-
houti byli ndhodnym vybérem rozdéleni do 5 skupin po
50 kohoutech, a to na skupinu kontrolni (K) a 4 skupi-
ny pokusné (P;_,). Primérna hmotnost kohouti ve sku-
piné byla: K- 1049 g, P, -1 081 g, P, - 1110 g,
P3; - 1054 g, Py — 1 030 g. Mezi primérnymi hodno-
tami Zivé hmotnosti u jednotlivych skupin kohoutil ne-
byly zjiStény prikazné rozdily.

Kontrolni i pokusni kohouti byli krmeni ad libitum
kompletni krmnou smési, kterou pro pokus vyrobila
firma BIOSTA, s. r. o., Blugina. Zivinové sloZeni této
smési stanovené na zdkladé vlastnich rozboru bylo
(pfepocitdno na 1 kg.smési 100% suSiny): N-latky
185,3 g, tuk 29,1 g, vldknina 36,7 g, BNLV 693,0 g,
organickd hmota 944,1 g, popel 55,9 g, ME 12,48 MJ,
Ca 113 g, P 6,9 g, Mg 1,9 g. Kompletni krmna smés
obsahovala 30,4 mg/kg pfirozen& pfitomného Zn a byla
podavana ad libitum kohoutim kontrolni skupiny. Stej-
na krmna smés byla podavéna i kohoutim pokusnych
skupin (P,_4) s tim rozdilem, Ze hladina Zn byla dopl-
néna na 100 mg/kg smési, a to u skupiny P, — ZnSOy,
u skupiny P, — ZnO, u skupiny P; piipravkem MINVI-
TAL-Zn (BIOCEL) a u skupiny P, pfipravkem BIO-
PLEX (Alltech). Pokusné skupiny tedy dostavaly stej-
nou dévku Zn, ale v riznych forméch (2 anorganické
a 2 organické). Na zakladé vlastnich rozboru v odebra-
nych vzorcich krmiva nepfekrocila hladina Zn u pokus-
nych skupin 100 + 10 mg/kg smési.

V prubéhu pokusného obdobi bylo v 10., 15., 20.
a 25. tydnu véku ndhodnym vyb&rem vybrano vidy
10 kohouti z kazdé skupiny, u kterych byla zjisténa
Ziva hmotnost a po zabiti vypitvany gonady a stanove-
na jejich hmotnost, §itka a délka. Vysledky byly zpra-
covany matematicko-statistickymi metodami.

VYSLEDKY
Vysledky experimentu prokazaly, Ze rizné formy
zinku poddvaného v krmivu mohou mit u plemennych

kohoutii v obdobi pohlavniho dospivéni i rizny vliv na
rozvoj jejich gonad.
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I. Zmény prim&rné hmotnosti gonid v prib&hu pohlavniho dospivini u plemennych kohoutti u jednotlivych skupin (Sk) — Changes in average
gonad weight during sexual maturation in breeding cocks of the particular groups (Sk)

Hmotnost gondd? (g)
((y-‘:jil;) 1 Sk n leva® prava®
X 1y x Sot 1
K 10 0,4327 0,173 0,3354 0,154
P, 10 0,4032 0,244 0311 0,3084 0,211 0,325
10 P, 10 0,3330 0,203 1,181 0,234 0,099 1,747
P, 10 0,2502 0,099 2,868 * 0,2031 0,063 2,499 *
P, 10 0,3530 0,102 1,252 0,2714 0,094 1113
K 10 3,030 1,032 3,2478 1,999
P, 10 3,580 1,074 1,167 2,0918 1,262 1,546
15 P, 10 3,590 1,342 1,047 2,9606 1,297 0,381
P, 10 4,060 2,120 1,382 2,5569 1,999 0,773
P, 10 3,570 0,612 1,425 2,3012 1,303 1,254
K 10 7,430 3,418 6,100 2,558
P, 10 9,800 2,927 1,665 8,070 2,654 1,690
20. P, 10 11,350 1,450 3,337 ** 10,510 1,602 4,621 **
P, 10 12,320 2,788 3,506 ** 10,960 2,598 4,216 **
P, 10 12,820 2,358 4,103 ** 11,590 2,538 4,816 **
K 10 12,790 1,078 12,260 1,353
P, 10 13,440 1,512 1,107 11,390 1,572 1,326
25. P, 10 13,860 1,917 1,538 12,800 1,918 0,728
P, 10 15,260 1,986 3,456 ** 13,400 1,813 1,593
P, 10 16,370 0,995 711 * 14,900 1,935 3,535 **

* P <0,05 (t; 2 2,1009), ** P < 0,01 (1, 2 2,8784)

Pro tab. I aZ III: K - kontrola, P, — ZnSOy, P, - ZnO, P; - MINVITAL-Zn, P, - BIOPLEX-Zn, X — aritmeticky primér, $,.) — smérodatni

odchylka, 1, - testovi hodnota

For Tabs. 1 to III: K - control, P; - ZnSOy, P, - ZnO, P; - MINVITAL-Zn, P; - BIOPLEX-Zn, X - arithmetical mean, s,_, — standard

deviation, 7, — test value

'age (weeks), *gonad weight, “left, *right

Jednotlivé formy zinku neovlivnily vyvoj Zivé hmot-
nosti kohouti v obdobi pohlavniho dospivani. Prumér-
né Ziva hmotnost kohouti pfi zahajeni pokusu, tj. v 10.
tydnu véku, byla podle pofadi skupin (K, P, Py, Py
aP;) 1049 g, 1081 g 1110g, 1054 ¢gal 030g,
v 15. tydnu v€ku 1 781 g, 1 851 g, 1 751 g, 1 826 ¢
a 1870 g, ve 20. tydnu véku 2 365 g, 2279 g, 2 384 g,
2461 ga2 274 g ave 25, tydnu véku 2 573 g, 2732 g,
2652 g, 2595 ga2 716 g. Mezi pramérnymi hodno-
tami Zivé hmotnosti v 10., 15., 20. a 25. tydnu v&ku
kohoutii nebyly zjiStény statisticky prukazné rozdily.

S vékem kohoutil a se vzristajici Zivou hmotnosti se
rozvijely i jejich gonady. V pribéhu pohlavniho dospi-
vani kohouti, tj. od 10. do 25. tydne véku byly pozo-
rovany enormni zmé&ny v hmotnosti i velikosti gonad.

Primérnd hmotnost gonad pfi zahajeni experimentu
se u jednotlivych skupin pohybovala v rozmezi od
0,2502 do 0,4327 g (levd) a od 0,2031 do 0,3354 g
(pravd) — tab. I. Mezi primérnymi hodnotami hmotnos-
ti levé i pravé gonady, vyjma u skupiny P3;, nebyly
* v 10. tydnu véku kohouti zji§tény priukazné rozdily
mezi skupinami. U skupiny P; byla primérnd hodnota
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u levé (0,2502 g) i pravé (0,2031 g) gonady prikazn&
(P < 0,05) niZ8i neZ u kontrolni skupiny — 0,4327 g
(leva) a 0,3354 g (prava).

Obdobné ani v 15. tydnu véku kohoutl nebyly pro-
kazany statisticky vyznamné rozdily mezi jednotlivymi
skupinami. V 15. tydnu véku kohoutl se pohybovaly
priumérné hodnoty hmotnosti gonad v rozmezi od 3,030
do 4,060 g u levé a od 2,0918 do 3,2478 g u pravé
gonddy. Vyrazné rozdily se objevily az ve 20. a 25,
tydnu v&€ku kohoutl. Ve srovnéni s kontrolni skupinou,
u které byla primérna hmotnost gonad 7,430 g (leva)
a 6,100 g (pravd), byly prokdziny vysoce prukazné
(P < 0,01) vys8i pramérné hodnoty u skupiny P,
(11,350 g — leva, 10,510 g — pravé) i u skupiny P,
(12,820 g — leva, 11,590 g — prava). Vysoce prukazné
rozdily (P < 0,01) byly prokézédny mezi primérnou
hmotnosti gonad i ve véku 25 tydni, a to u levé gona-
dy mezi kontrolou (12,790 g) a skupinou P (15,260 g)
a skupinou P4 (16,370 g) (tab. I).

Obdobné zmény jako u hmotnosti byly pozorovéany
i u délky gondad (tab. II). RovnéZ zde se primérné hod-
noty u jednotlivych skupin do 15. tydne véku liily ne-
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II. Zm&ny priamérné délky gondd v prub&hu pohlavniho dospivéni u plemennych kohoutl u jednotlivych skupin (Sk) — Changes in average
gonad length during sexual maturation in breeding cocks of the particular groups (Sk)

Délka gonﬁd2 (mm)
x Spif ty x Spo) ty

K 10 14,51 1,910 13,80 2,058

P, 10 15,63 4,043 0,792 13,83 4,288 0,019
10. P, 10 13,80 1,888 0,836 11,93 2,372 1,882

P, 10 13,66 1,464 1,116 12,48 1,524 1,629

P, 10 15,24 2,607 0,714 12,87 1,678 1,107

K 10 31,46 6,351 28,10 5,947

P, 10 25,20 6.912 2,108 * 22,14 5,507 2,325 *
5. P, 10 27,85 3,987 1,522 26,08 4,515 0,855

P, 10 27,08 7,253 1,436 23,79 6,570 1,538

P, 10 27,62 5,778 1,414 24,82 3,630 1,488

K 10 34,80 8,404 32,10 7,620

P, 10 35,80 5,903 0,307 33,10 6,691 0,325
20. P, 10 38,90 3,247 1,439 37,90 2,923 2,400 *

P, 10 38,40 4,402 1,200 38,45 2,767 2,647 *

Py 10 40,20 7,742 1,494 38,80 4,442 2,539 *

K 10 43,90 2,752 41,19 1,868

P, 10 . 43,05 1,870 0,808 40,99 2,725 0,191
25. P, 10 4529 3,432 0,999 41,44 2,372 0,261

P, 10 46,88 2,629 2,476 * 44,41 1,946 3,775 **

P, 10 4731 3,106 2,599 * 45,44 - 2,610 4,187 **

* P <0,05 (t; 2 2,1009), ** P < 0,01 (1; 2 2,8784)

'nge (weeks), 2gcnnd length, 3left, 4right

prikazné. V 10. tydnu véku kohoutl se primérné délka
gonad pohybovala v rozmezi 13,66-15,63 mm (leva),
11.93-13.83 mm (pravd), a v 15. tydnu 25,20-31,46 mm
(leva) a 22,14-28,10 mm (prava). Ve 20.tydnu véku
kohoutti se primérna délka postupné prodluZovala —
34,80 mm (K), 35,80 mm (P,), 38,90 mm (P,), 38,40 mm
(P3), 40,20 mm (P,) u levé a 32,10 mm (K), 33,10 mm
(Py), 37,90 mm (P,), 38,45 mm (P3) a 38,80 mm (P,)
u pravé gonady. Statisticky prikazny rozdil (P < 0,05)
byl zjistén pouze mezi skupinami K-P,, K-P; a K-P,
u pravé gonddy. Vé&tsi rozdil mezi délkovymi rozméry
gonad byl pozorovan zejména ve 25. tydnu véku, kdy
byl stanoven prikazny rozdil (P < 0,05) mezi prumér-
nou hodnotou u levé gonddy mezi skupinami K — P53
(43,90 mm - 46,88 mm) a K - P, (43.90 mm -
47.31 mm) a vysoce prukazny (P < 0,01) rozdil mezi
skupinami K - P (41,19 mm - 44,41 mm) a K - P4
(41,19 mm - 45,44 mm) u pravé gonady.

Se zménou délky korespondovaly v prubéhu pohlav-
niho dospivéni i zmé&ny Sitky gonad (tab. III). Opét do
15. tydne véku kohouti nebyly prokidzany vyznamné
zmény v §ifce gonad. Vyjimkou byl 10. tyden véku,

_kdy mezi skupinou P, (5,02 mm) a skupinou P,
(4,90 mm) byl rozdil ve srovnani s kontrolni skupinou
(6,09 mm) testovan jako prukazny (P < 0,05).
V 10. tydnu véku se primérné hodnoty $ifky gonad
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u jednotlivych skupin pohybovaly v rozmezi u levé od
4,90 do 6,09 mm, u pravé od 4,46 do 5,43 mm
a v 15. tydnu véku v rozmezi od 11,40 do 13,22 mm
u levé a od 10,68 do 12,87 mm u pravé gonady. Vy-
razné rozliSeni mezi skupinami nastalo opét ve 20. tyd-
nu véku kohoutl, kdy byla primérna $itka u levé go-
nady statisticky prikazné (P < 0,05) vétsi u skupiny Py
(21,10 m) a P, (21,70 mm) ve srovnini se skupinou
K (17,30 mm). Pronikavéjsi rozdily byly prokazény
u pravé gonady u skupin P, (20,70 mm), P; (21,02 mm)
a P4 (20,50 mm) ve srovnéni s kontrolou (15,20 mm).
Rozdily mezi primérem K a primérnymi hodnotami
skupin P,, P3 a P4 byly vysoce pritkazné (P < 0,01).
K podobnym zavérim jsme dospéli i ve 25. tydnu v&ku
kohout, kdy byl zaznamenéin prikazny rozdil (P <
0,05) mezi praimérnou hodnotou skupiny K (21,74 mm)
a skupinou P3 (23,43 mm) a skupinou P, (23,64 mm)
u levé gonady a dale vysoce prikazny (P < 0,01) rozdil
mezi skupinou K (21,00 mm) a skupinou P4 (27,72 mm).

DISKUSE
Ziskané vysledky potvrzuji vliv zinku na rozvoj go-

nad u plemennych kohoutii v pribéhu pohlavniho do-
spivani, které intenzivné probiha v obdobi od 10. do
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I11. Zmé&ny prim&mé 3itky gondd v prib&hu pohlavniho dospivéni u plemennych kohouti u jednotlivych skupin (Sk) — Changes in average
gonad width during sexual maturation in breeding cocks of the particular groups (Sk)

Sitka gonad? (mm)
(:y:’ii';)' oK " leva® prava
X Sp-1 1y X Sp-1 1,
K 10 6,09 0,926 5,25 1,268
P, 10 5,06 1,235 2,111 4,53 1,130 1,339.
10 P, 10 5,02 1,298 2,123 * 4,59 1,067 1,260
P, 10 4,90 1,006 2,752 % 4,46 0,542 1,810
P, 10 5,66 1,439 0,794 543 1,125 0,335
K 10 12,98 3,350 12,16 2,681
P, 10 11,40 2,282 1,232 11,13 3,075 0,797
15 P, 10 13,32 1,950 0,277 12,87 2,438 0,618
P, 10 11,84 4,005 0,690 11,06 4,054 0715
P, 10 11,22 2,373 1,356 10,68 3,419 1,076
K 10 17,30 3,860 15,20 3,824
P, 10 19,10 1,524 1,371 17,00 3,091 1,157
20 P, 10 20,50 3,308 1,990 20,70 3,917 3,177 *=
P, 10 21,10 3,784 2222 % 21,02 3,615 3,498 **
P, 10 21,70 3,658 2,616 * 20,50 3,199 3,361 **
K 10 21,74 2,218 21,00 1,905
P, 10 2337 2,452 1,558 20,71 1,511 0,377
25 P, 10 22,69 2,018 1,001 20,22 2,489 0,787
P, 10 2343 1,195 2,119 * 22,46 1,810 1,758
P, 10 23,64 1,177 2,391 * 27,72 1,684 8,364 **

* P 0,05 (1; 2 2,1009), ** P < 0,01 (¢, > 2,8784)

lage (weeks), 2gonad width, “left, *right

25. tydne jejich véku. Kromé rozvoje gonid je toto
obdobi charakterizovano i intenzivnim rustem. V ob-
dobi od 10. do 25. tydne véku se u kohoutt zvySila Ziva
hmotnost v priméru u jednotlivych skupin aZ na 2,5na-
sobek vychozi Zivé hmotnosti v 10. tydnu véku. Vy-
sledky neprokézaly vliv mnoZstvi ani podavanych fo-
rem Zn na ristovou intenzitu plemennych kohouti
v prub&hu pohlavniho dospivani. NiZ8i hladina Zn
(30,4 mg/kg smési) v krmivu u kontrolni skupiny ko-
houtti neovlivnila jejich ristovou intenzitu, jak by se
dalo predpokladat na zdkladé price autori Polber-
ger et al. (1996), ktefi u mladat opic pfi karenci Zn
prokaézali sniZenou riistovou intenzitu. Jejich krmné davka
viak byla mnohem vice deficitni na Zn neZ krmna smés
poddvana kontrolnim zvifatim v naSem pokusu.

PrestoZe v obdobi pohlavniho dospivani dochazi
k intenzivnimu rustu Zivé hmotnosti kohoutu, je tato
intenzita nesrovnatelné niZ¥i neZ intenzita ristu gonad
co do hmotnosti i velikosti (tab. I aZ III). Z uvedenych
vysledki je ziejmé, Ze toto obdobi je charakteristické
obrovskou riistovou intenzitou gonad — v ramci jednot-
livych skupin se do 25. tydne v&€ku hmotnost gonid
zvySila 30-65krat ve srovnani s vychozi hmotnosti
v 10. tydnu v&éku kohoutl. S vyvojem hmotnosti gonad
korespondovaly i zmény ve velikosti gonad, tj. v délce
a §ifce (tab. II a III).
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Vysledky ukazuji velky vyznam Zn pro vyvoj go-
nad. Tuto skutenost potvrzuji rozdilné vysledky mezi
kontrolni skupinou, které byla poddvadna smés s obsa-
hem Zn 30,4 mg/kg, a pokusnymi skupinami s obsa-
hem Zn 100 mg/kg smési. Tento pfidavek Zn se mani-
festoval od 20. tydne véku vys§i hmotnosti a velikosti
gonad u pokusnych skupin. Tyto vysledky kore-
sponduji i se zavéry autora Underwood (1966),
ktery jako jeden z projevil deficience Zn uvadi zpoma-
leni vyvoje varlat.

Za pfinosny vysledek lze pokladat zjisténi, Ze o pu-
sobeni Zn na rozvoj gonad rozhoduje nejen jeho abso-
lutni davka, ale i forma, v jaké je Zn podavéan. V naSem
experimentu se prokdzalo, Ze jednoznatné vhodnéjsi
jsou formy organické neZ anorganické. Z anorga-
nickych forem se jako vhodnéj$i ukéazala forma oxido-
va (ZnO) neZ siranova (ZnSQ,). Z organickych byla
o néco u¢inngjsi forma BIOPLEX-Zn neZ MINVITAL-
Zn. Zjisténa ruzna GCinnost testovanych pfipravkd na
rozvoj gondd pravdépodobné souvisi s jejich rozdilnou
stravitelnosti a vyuZitelnosti v organismu.

347



LITERATURA

KRALIK, A. - EDER, K. - KIRCHGESSNER, M.: Influence
of zinc and selenium deficiency on parameters relating to
thyroid hormone metabolism. Hormone Metab. Res., 28,
1996: 223-226.

NINH, N. — THISSEN, J. - COLLETTE, L. - GERARD, G.
- KHOI, H. - KETELSLEGERS, J.: Zinc supplementation
increases growth and circulating insulin-like growth factor
I (IGF-I) in growth-retarded Vietnamese children. Am. J.
Clin. Nutr., 1996: 514-519.

OM, A. - CHUNG, K.: Dietary zinc deficiency alters 5 al-
pha-reduction and aromatization of testosterone and andro-
gen and estrogen receptors in rat liver. J. Nutr., 126, 1996:
842-848.

POLBERGER, S. - FLETCHER, M. - GRAHAM, T. -
VRUWINK, K. - GERSHWIN, M. - LONNERDAL, B.:
Effect of infant formula zinc and iron level on zinc absorp-
tion, zinc status and immune function in infant rhesus mon-
keys. J. Pediat. Gastroenterol. Nutr., 22, 1996: 134-143.
PRASAD, A.: Zinc deficiency in women, infants and chil-
dren. J. Am. Coll. Nutr., 1996: 113-120.

UNDERWOOD, E. J.: The Mineral Nutrition of Livestock.
Abeerdeen, The Central Press Ltd. 1966. 237 s.
VANDERLEI, L. - ARRUDA, V. - REIS, N. - TAMBELI,
C.: Histologic alterations of the submandibular glands and
testicles induced by soy and zinc deficient diets. Arch. Lat.-
-Amer. Nutr., 45, 1995: 193-197.

Kontakini adresa:

Doc. MVDr. Ing. Pavel Suchy, CSc., Veterinarni a farmaceutické univerzita, Palackého 1-3, 612 42 Brno, Ceska republika,

tel.: 05/41 56 25 41, fax: 05/41 56 20 12

348

CZECH J. ANIM. SCI., 43, 1998: 343-348



DOBROVOLNY PRIJEM ZELENE PICE VYBRANYCH
DRUHU TRAV KONZERVOVANE ZAMRAZOVANIM
U SKOTU™

VOLUNTARY INTAKE OF FRESH FORAGE OF SELECTED GRASS
SPECIES CONSERVED BY FREEZING IN CATTLE

J. Pozdidek', A. Kohoutek>

! Research Institute for Cattle Breeding, Ltd., Rapotin, Czech Republic
2 Institute of Agricultural and Food Information, Praha, Research Station of Grassland
Ecosystems, Jevicko, Czech Republic

ABSTRACT: The voluntary intake (VI) of the following grass species was tested experimentally: Dactylis polygama var.
Tosca, Festuca arundinacea var. Kora, Dactylis glomerata var. Niva, Lolium perenne var. Mustang. The mentioned grasses
were grown at the Grassland Research Station Jevicko, harvested at ripeness stage, and preserved by freezing. The VI was
tested on heifers (liveweight: ca. 290 kg) at the Research Institute for Cattle Breeding Rapotin in 1997. Each grass sample
was fed to 4 animals. The VI was measured in the intervals 2 h, 4 h, and 6 h after feeding. Methodical procedure of freezing
was tested in practice (ca. 4 tons of each grass). The VI amounted to: 126.57, 117.12, 99.86, and 101.99 g dry matter/kg
livewcighto‘”. Such a high VI potential enables a high level of animal production from bulk feedstuffs. The substantial
proportion of daily VI comes to the interval to the first 4 h after feeding (78-86%).

voluntary intake; forage crop freezing; intake dynamics

ABSTRAKT: V pokuse byl testovan dobrovolny pfijem vybranych druhl trav: Dactylis polygama var. Tosca, Festuca
arundinacea var. Kora, Dactylis glomerata var. Niva, Lolium perenne var. Mustang. Tyto tridvy byly vyp&stoviny na VSTE
v Jevitku, sklizeny v picni zralosti a zakonzervovdny mraZenim. Testy pfijmu kaZdého druhu trivy byly provedeny na
jalovicich (n = 4) o primé&mé hmotnosti cca 290 kg ve VUCHS Rapotin v roce 1997 v jednom terminu. Byla vypracovéna
a prakticky pouZita metoda zamraZovéni velkoobjemovych vzorki trav (cca 4 tuny kaZdého druhu). Mezi zji$t€nymi hodno-
tami pfijmu sudiny trav jalovicemi (126,57 g, 117,12 g, 99,86 g a 101,99 g suliny/kg 210075 byly zjidtény statisticky
vyznamné (P < 0,05) aZ vysoce vyznamné (P < 0,01) rozdily. DosaZen4 iroveii spotieby a rozdily mezi hodnocenymi travami
potvrzuji vysoky potencialni pfijem suSiny sledovanych picnin a potiebu dal§iho studia problematiky. Zji§t€nymi Gdaji byla
doloZena troveii diferenciace intenzity pfijmu v prvnich dvou hodinich po nakrmeni.

dobrovolny pfijem; zamraZovani picnin; dynamika piijmu

UvVOoD al., 1995 aj.). Pro vlastni vyuZiti krmiv, ktera jsou vy-

rdbéna z novych picnin, je tfeba zjiStovat ukazatele vy-

V soudasnych podminkach vyvoje zemédélské vyro-
by, resp. zemédélstvi jako celku, nabyvaji na vyznamu
ve vyZivé pfezvykavci objemn4 krmiva. Podobné jako
v okolnich statech je tfeba i u nas klast diraz na narust
podilu trav a travnich a legumin6zo-travnich smési na
celkové vyrobé krmiv a na jejich podil v krmné davce.
Informace o sortimentu a podminkéich péstovéani no-
vych odrid picnin, jak je prezentuji Turek et al.
(1993), Fojtik (1994, 1995), Houdek (1994,
1995) aj., jsou postupné dopliiovany o zku$enosti s je-
jich konzervaci Jambor et al, 1995; Cermak et

Zivné hodnoty. Tyto ukazatele je potfebné znit i z hle-
diska jejich variability ve vztahu k podminkam
péstovani a sklizné (Pozdifek, Jambor, 1996;
PozdiSek et al, 1997). Jesté sloZit&jsi neZ otazky
koncentrace Zivin je problematika dobrovolného pfijmu
pice (VI). V soucasné dobé neni VI pfi hodnoceni kva-
lity pice rutinn€ sledovan z divodi vysoké pracovni
a finan¢ni naroCnosti, tfebaZe se na zvySeni pfijmu Zi-
vin podili dobrovolny piijem cca 70 % (Crampton
et al., 1960), kdeZto zvySeni stravitelnosti pouze 30 %.
Vedle poZadavki na nutriéni hodnotu (koncentrace Zi-

* Experimentilni price byly provedeny s finanéni podporou Grantové agentury Ceské republiky (8. 503/95/1457 ,,Vyvoj expeditivnich metod

hodnoceni kvality travni biomasy").
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vin v sugin&) je nutné zohlediiovat i vhodnost jednotli-
vych druhii a odriid picnin z hlediska drovné VI. Na
vyznamné rozdily VI mezi krmivy pfi pfepotu na
100 kg Z.h. upozoriiuji Piatkowski, Voigt
(1990) a Gruber (1988). V zahranici je problemati-
ce pfijmu suliny v&novana znand pozornost (napf.
Mertens, 1994). Z domécich autori se otdzkami
pfijmu suSiny zabyvali v rdmci vyZivafskych pokusi
Kolaf (1990), Losmann, Zeman (1992)
a PozdiSek et al. (1997). Jednim z vyslednych
efektl sledovani VI je moZnost predikce piijmu suSiny.
Predikce zpravidla kalkuluje s Zivou hmotnosti a uZit-
kovosti zvifat, nezahrnuje v8ak pfijimatelnost ¢i plni-
vost (fill value) krmiv (Jarrige et al., 1989). N&ktefi
autofi (Sommer et al., 1994) berou v tvahu zavislost
pfijmu krmiv na obsahu NEL v susiné. Hodnoceni VI
zahrnuje jak variabilitu pivodu a charakteristiku krmi-
va, tak i variabilitu zvifete. Aby stanoveny VI byl od-
razem vlivu faktorii krmiva (chutnosti a obsahu Zivin),
je nutné testovani VI provadét na standardnim zvifeti
(napf. INRA - skot, ovce).

MATERIAL A METODA

Pro testovani byly vybrany tyto perspektivni picni
travni druhy: Dactylis polygama var. Tosca, Festuca
arundinacea var. Kora, Dactylis glomerata var. Niva
a Lolium perenne var. Mustang. Monokultury testova-
nych trav v druhém uZitkovém roce byly vypéstovany
v poloprovoznich pokusech na stanovisti Jevi¢ko (flu-
vizem glejova s neutrdlni pH) s jednotnou metodikou
oSetfovani (hnojeni NPK v davce 60 — 35 — 100 kg
¢&. Z./ha). Sklizeii byla provedena v roce 1997 na pocit-
ku metani trav prvni seCe pfimou sklizni fezackou
Claas Jaguar na délku fezanky 50-60 mm. Pfi sklizni
byly odebirdny vzorky pice pro stanoveni su$iny a che-
mické rozbory. Cerstva zelena pice byla plnéna do PE
pytla (22 aZ 26 kg pice trav do 1 pytle), které byly pak
hermeticky uzavieny. Takto naplnéné a uzaviené pytle
byly naskladany do kontejneru o rozmérech 1,0 x 1,2 x
0,9 m. Do kaZdého kontejneru bylo uloZeno 9 pytli. Do
dvou hodin po naplnéni byly vzorky dopraveny k za-
mraZeni do Mraziren DaSice a Solora Olomouc a za-
mrazeny v mrazicim tunelu s teplotou —40 °C. Od kaz-
dého testovaného travniho druhu byly pfipraveny 4 t.

ReZim pfipravy zamraZenych vzorku pfed zkrmova-
nim (rozmraZovéni) probihal po rozdruZeni v pfipravné
za b&Zné denni teploty (18-22 °C) v takovém Casovém
predstihu (cca 1218 h), aby pfi zkrmovani nebyla pice
zmrzla, ¢imZ se pfedchazelo dietetickym poruchdm
u pokusnych zvifat.

Testovéni pifjmu pice vybranych druhi trav probi-
halo ve VUCHS Rapotin. Pro testy bylo vybrano 16 ja-
lovic plemene Ceské strakaté, pripadné s nizkym geno-
vym podilem plemen RED a ayrshire. Jalovice ve véku
11 mésict o pramérné hmotnosti 290 kg (tab. II) byly
pfevedeny do pokusné staje a rozdéleny do skupin po
étyfech zvifatech. Pfed zaCatkem hlavniho obdobi
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a ihned po ukonéeni testu byla ve dvou po sobé nésle-
dujicich dnech zvifata zvdZena, a to ve stejnou denni
dobu (pfed rannim krmenim).

ZkouSena krmiva byla pfedkladana jako jediné ob-
jemné krmivo. Ke zvySeni jistoty udrZeni aktivity ru-
minélni Einnosti a sniZeni vyskytu priijmu bylo pouZito
minimalni mnoZstvi glycidové jadrné smési (400 g) na
krmny den. Pfi této davce nedochazi k projevu substi-
tuéniho efektu. Smés byla pfedkldddna na zacatku ran-
niho a odpoledniho krmeni v davce 0,2 kg. Krmiva
byla pfedkladana zvifatim dvakrat denné (rdno v 7 ho-
din a odpoledne ve 13 hodin).

Vlastnimu testu pfedchazelo ,,pfipravné obdobi*
v délce 14 dni, ve kterém byl proveden ndvyk zvifat
na testované picniny a postupné upiesnéno mnoZstvi
adlibitni davky krmiva, které bylo navaZovano jednot-
livym zvifatim v pribé&hu , testagniho obdobi*. Zbytky
byly védZeny vidy pred nasledujicim krmenim. Po od-
polednim krmeni (tj. rdno nésledujiciho dne) byly zbyt-
ky zvaZeny a vyhozeny. Ze zji§fovanych ddaju bylo
moZno sledovat celkovou spotfebu krmiva za den a po
jednotlivych krmenich.

Hlavni testacni obdobi trvalo 7 dni. V tomto obdobi
byla prostiednictvim dal$iho vaZeni zbytki zachycena
také dynamika pfijmu testovanych picnin. Zbytky byly
vazeny po rannim krmeni (v 7 hodin) v 9, 11 a 13
hodin a po odpolednim krmeni (cca ve 13.15 hodin) za
2, 4 a 6 hodin a dale pred rannim krmenim nasleduji-
ciho dne. Davky navaZovanych krmiv zaji§tovaly pii-
jem krmiva ad libitum.

SuSina testovanych krmiv byla stanovena od kaZdé-
ho krmiva kazdodenné odebiranymi vzorky rozmrzlého
krmiva. Pro provedeni rozbori weendeské analyzy ve
VUCHS Rapotin byly vzorky odebirdny obdobn& jako
ke stanoveni susiny.

Primarni ddaje o spotfebé testovanych krmiv byly
tabelovédny a byly vypo&teny statistické charakteristiky
véetné analyzy variance (model dvojného tfidéni s jed-
nim pozorovanim v podtfidé). Rozdily mezi priméry
byly testovany Tukeyovym testem.

VYSLEDKY A DISKUSE

Na zakladé praktického provedeni testi dobrovolné-
ho pfijmu sledovanych picnin jsou vedle vlastnich vy-
sledki z provedenych pokusi cenné i ziskané zku3e-
nosti metodického charakteru. Ziskéni dostate¢ného
mnoZstvi pice, ktera bude mit po dobu testd standardni
sloZeni a nebude ovlivnéna konzervaci, je jisté nesnad-
nym problémem. Cerstvé nafezani pice byla dopravena
k zamraZeni tak, Ze teplota hmoty se pohybovala na
drovni 28 °C. Po 24 hodinich byla teplota uprostied
méfenych pytld na drovni 0 °C. V dal§im dnu bylo
dosaZeno teploty —8 °C, kterd se v prib&hu dalsiho
zamraZovéni rychle sniZila na =20 °C a pfi této teploté
byly vzorky skladovéiny po dobu celého pokusu. Vedle
dostate¢ného kontaktu zamrazované hmoty s chladicim
médiem (vzduchem) byla vyznamnou podminkou vy-
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. Obsah organickych Zivin v suSing testovanych trav (g/kg suSiny) — The content of organic nutrients in dry matter of tested grass (g/kg)

Suing? Obsah Zivin® (g/kg susiny?)
Travni druh!

(g/ke) NL* tuk’ vldknina® BNLV’ popel® OH’
Dactylis polygama 154,5 1343 22,6 2514 498.8 92,9 907,1
Festuca arundinacea 143,0 1330 255 257,0 470,5 114,0 886,0
Dactrylis glomerata 155,6 117,0 214 268,5 4934 99,7 900,3
Lolium perenne 165,5 123,3 26,4 190,6 545,7 114,0 886,0

'gruss species, 2dry matter, *content of nutrients, *crude protein, Stat, *fiber, 7nitrogen-free extract, “ash, I)orgnnic matter

1. Dobrovolny pfijem testovanych trav (kg) v pivodni susing (n = 4) — Voluntary intake of grass species in original dry matter (n = 4)

Réno po krmeni! Odpoledne po krmeni? Celkem? hmzoit:?)sl“ N::,:z‘::g:(';ﬁ

2h | 4n [ 6n 2h | an | 6n [ 18n [ 240 | e | kegwom)
Dactylis polygama 154,5 (g/kg suiny)
AVG (kg) 22,52 25,58 27,06 15,66 23,34 27,45 30,65 57,71 2913 70,50
STD (kg) 0,22 0,12 0,20 0,93 0,76 1,23 0,12 0,30 13,0 2,40
\Y% (%) 1,0 0,5 0,7 6,0 3,2 4,5 0,4 0,5 4,5 34
Festuca arundinacea 143 (g/kg suiny)
AVG (kg) 23,44 26,31 27,20 16,44 23,68 28,71 31,00 58,20 293,5 70,87
STD (kg) 1,87 1,98 1,79 2,35 4,18 5,14 4,50 6,22 24,2 437
v (%) 8,0 75 6,6 14,3 17,6 17,9 14,5 10,7 83 6,2
Dactylis glomerata 155,6 (g/kg susiny)
AVG (kg) 13,99 17,71 20,21 10,11 17,10 22,29 24,08 44,29 2833 69,03
STD (kg) 1,32 0,10 0,77 2,37 2,16 1,10 0,68 1,29 12,0 2,20
v (%) 9,4 0,6 38 23,5 12,6 4.9 2,8 2,9 4,2 32
Lolium perenne 165,5 (g/kg susiny)
AVG (kg) 13,61 16,68 18,20 10,27 16,28 21,38 25,00 43,20 289,8 70,08
STD (kg) 2,23 2,71 2,48 2,41 2,90 3,17 2,55 4,87 41,93 .75
v (%) 16,4 16,3 13,7 23,5 17,8 14,8 10,2 1,3 14,5 Il

'am. intake after feed exposure (kg), *p.m. intake after feed exposure (kg), “total, *live weight (kg), *weight (kg W"7%)

hovujiciho pribéhu zamrazovani také kvalita uzavieni
hmoty v polyetylenovych pytlich.

Udaje o obsahu organickych Zivin testovanych trav
jsou uvedeny v tab. 1. Na zdkladé zjist€nych hodnot je
mozné konstatovat, Ze sloZeni trav bylo blizké hodno-
tam, které jsou INRA uvaZovany jako referenéni (Jar-
rige et al., 1989). Ponékud niZsi byl obsah vlakniny
u Lolium perenne var. Mustang.

Vlastni udaje o prijmu testovanych picnin jsou uve-
deny v tab. II, IIl a IV a na obr. 1 a 2. V tab. II jsou
kromé uddaji o spotiebé trav uvedeny také hodnoty
hmotnosti pokusnych jalovic. Z celkové spotieby za
24 hodin vyplyva, Ze dosahovand urovefi, zejména
u vzorkil Festuca arundinacea var. Kora a Dactylis po-
lygama var. Tosca, je na takové drovni, Ze téméf vy-
jadfuje moZné rezervy pii uplatiiovani posuzovanych
krmiv v krmnych davkéch skotu. Uroveii pfijmu zelené
pice u Festuca arundinacea var. Kora ve vysi 58,2 kg
na kus a den (tab. II) pfi Zivé hmotnosti cca 300 kg je
na takové vysi, Ze pii prfibliZzeni se témto hodnotim
v prubéhu odchovu jalovic by doslo k vyraznému
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ovlivnéni pfijmu u dospélych zvifat a zvySeni dosaho-
vané drovné vyZivy u vysokouZitkovych dojnic.

Vice reprezentativni a hlavné srovnatelné udaje
o spotieb& suiny sledovanych trav jsou prezentovany
v tab. III. DosaZena spotieba su$iny na kg metabolické
velikosti téla (W°'75). zejména u Dactylis polygama
var. Tosca a Festuca arundinacea var. Kora, je vysoka.
Vyjadieno v jednotce plnivosti CFU (Fill Unit for
Cattle, tj. jednotka plnivosti pro skot) podle autori
Jarrige et al. (1989), pohybuji se tyto hodnoty na
drovni 0,8. Také u dalSich dvou sledovanych trav se
tento parametr pohyboval na trovni pod 1 (0,93-0,95).
Pokud hodnotime rozdily mezi zjiSténymi hodnotami
prumérného pfijmu suSiny na kg woTs, pak muZeme
konstatovat, Ze rozdily mezi prvnimi dvéma travnimi
druhy (Dactylis polygama var. Tosca a Festuca arun-
dinacea var. Kora) a druhymi dvéma travami (Lolium
perenne var. Mustang a Dactylis glomerata var. Niva)
jsou statisticky vysoce priikazné (tab. III). Diference
mezi Dactylis polygama var. Tosca a Festuca arundi-
nacea var. Kora je tésné pod hranici statistické prukaz-
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I11. Pfijem suSiny testovanych trav (n = 4) — Intake of dry matter in frozen grasses (n = 4)

Rino po krmeni' Odpoledne po krmeni? Celkem?® Celkem? Celkem?
2h | 4h | 6h | 2n | 4n | 6h | 18h | 24 2h 24h
Dactylis polygama 1 000 (g/kg sudiny) g susiny/kg %.h. |g suSiny/kg WO
AVG (kg) 3,48 3,95 4,18 2,42 3,61 4,24 4,74 891 30,66 126,57
STD (kg) 0,03 0,02 0,03 0,14 0,12 0,19 0,02 0,05 1,25 3,70
v (%) 1,0 0,5 0,7 6,0 3,2 4,5 0,4 0,5 4,08 2,90
Festuca arundinacea 1 000 (g/kg suliny)
AVG (kg) 3,35 3,76 3,89 235 3,39 4,11 4,43 8,32 28,30 117,12
STD (kg) 0,27 0,28 0,26 0,34 0,60 0,73 0,64 0,89 0,93 5,69
v (%) 8,0 5 6,6 14,3 17,6 17,9 14,5 10,7 3,28 4,90
Dactylis glomerata 1 000 (g/kg suiny)
AVG (kg) 2,18 2,76 3,14 1,57 2,66 3,47 3,75 6,89 24,35 99,86
STD (kg) 0,20 0,02 0,12 0,37 0,34 0,17 0,11 0,20 0,89 2,89
A (%) 9,4 0,6 3,8 23,5 12,6 4,9 2,8 2,9 3,64 2,90
Lolium perenne 1 000 (g/kg suliny)
AVG (kg) 2,25 2,76 3,01 1,70 2,69 3,54 4,14 b 3 24,8] 101,99
STD (kg) 0,37 0,45 0,41 0,40 0,48 0,52 0,42 0,81 1,13 2,50
v (%) 16,4 16,3 13,7 23,5 17,8 14,8 10,2 11,3 4,54 2,50
For 1-3 see Tab. II
IV. Dynamika pfijmu sufiny ve sledovanych intervalech — The dynamism of dry matter intake in controlled intervals
Réno (a.m.) Odpoledne (p.m.) Celkem
0-2h 2-4h 4-6h 0-2h 24 h 4-6 h 6-0h 24 h
Dactylis polygama g sudiny/kg W *75/h
AVG 24,69 3,36 1,62 17,14 8,45 4,55 3,74 5,27
STD 0,85 0,17 0,09 0,48 1,31 1,45 0,12 0,15
v (%) 3,4 5,1 5.4 2,8 15,5 31,8 31 2,9
Festuca arundinacea g suSiny/kg W *75/h
AVG 23,66 2,87 0,91 16,52 7,22 5,03 3,46 4,88
STD 1,62 1,20 0,43 1,58 1,44 0,70 0,30 0,24
v (%) 6,9 41,9 47,2 9.5 20,0 14,0 8,7 4,9
Dactylis glomerata g susiny/kg W "75/h
AVG 16,24 3,41 2,99 12,28 7,59 4,80 2,97 4,11
STD 0,87 0,79 0,71 2,17 0,45 1,68 0,08 0,10
v (%) 53 23,1 23,8 17,7 59 35,0 27 2,4
Lolium perenne g sudiny/kg W *75/h
AVG 15,96 3,60 1,85 12,03 7,07 6,05 3,29 4,25
STD 1,14 0,39 0,55 2,25 0,42 0,92 0,16 0,10
v (%) 7,1 10,7 29,5 18,7 59 15,2 4.8 25

nosti a mezi Lolium perenne var. Mustang a Dactylis
glomerata var. je pod hranici prikaznosti.

Z vyjadfeni dynamiky piijmu sufiny, jak je nazorné
uvedena v tab. IV a znazornéna graficky, je moZné sle-
dovat rozdily mezi drovni relativniho pfijmu sufiny za
hodinu v prvnich sledovanych intervalech po nakrme-
ni. Naopak v dalSich intervalech jsou rozdily mezi tes-
tovanymi travami podstatné niZ§i. Tohoto poznatku je
moZné vyuZit v pfipravé dalSich testi dobrovolného
pfijmu. I kdyZ dosud hodnotitelné experimentélni udaje
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nezahrnuji vétsi pocet vzorku, lze fici, Ze ziskané hodnoty
prispély k lep§imu objasnéni dobrovolného piijmu u vy-
branych picnich druhi naseho sortimentu. Té€sny vztah me-
zi obsahem vlakniny v su$iné a koncentraci NEL a NEV
(Pozdisek, 1997) se v pfipadé dobrovolného piijmu
ziejmé tak jednoznacné nepotvrdil. Jde o to, Ze na uroveii
piijmu suSiny plsobi dalsi vlastnosti posuzovanych pic-
nin. Objasnéni t&chto souvislosti si vyZada dalsi studium
s cilem vyuZiti ziskanych poznatki pro praktické usmér-
fiovani vyZivy zvifat, pfipadné pfi §lechténi trav.
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1. Dynamika pfijmu suSiny travnich druhi ve tfech intervalech po nakrmeni rdno a odpoledne. Chybové tise¢ky predstavuji DT, s a DTy,
pro jednotlivé doby po nakrmeni — Dynamism of grass dry matter intake at three intervals after morning and afternoon feeding. Error bars

represent DT s and DTy, for the particular intervals after feeding

x-axis = morning; afternoon; interval after feeding (hour), y-axis = dry matter intake dynamism (g dry matter/kg W' hour)

nvi DT (005 DT (0,01)

128,57

117,12

VI (g suiiny/kg W*™%)
S

401

Dactylls polygama Festuca arundinacea

Daclylis glomerata

Lolium perenne
Travni druhy

2. Dobrovolny piijem (V1) suliny pice travnich druhii skotem. Chybové secky predstavuji DT o5 a DT, VI - Voluntary intake (VI) of
grass fodder dry matter by cattle. Error bars represent DT, s and DT, ,, for VI

x-axis = grass species, y-axis = VI (g dry matter/kg wi75)
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EFFECT OF PROBIOTIC ENZYMATIC ADDITIVE

WITH GLUCOSE OXIDASE ON PALATABILITY

AND DIGESTIBILITY OF SILAGES WITH LOW CONTENT
OF DRY MATTER"

VLIV PROBIOTICKO-ENZYMATICKEHO ADITIVA
S GLUKOZAOXIDAZOU NA CHUTNOST A STRAVITELNOST SILAZI
S NIZKYM OBSAHEM SUSINY

E. Machadova, R. Loudka, V. Zalmanovi, P. Homolka

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

ABSTRACT: The effects of probiotic-enzymatic additive Bactozym (Medipharm CZ, Ltd., Hustope¢e u Brna) on palatability
and digestibility of ensiled forages with low dry matter were studied. Forages were ensiled in silage containers (7 m® of
volume) with probiotic-enzymatic additive and without it. From the point of view of the quality of the fermentation process,
grass silages were better than grass-clover mix and clover silages. The probiotic-enzymatic additive in grass and grass-clover
mix silages increased the lactic acid level and decreased the acetic acid level and pH. The probiotic-enzymatic additive in
clover silages increased the content of lactic acid, and also pH. In spite of the increasing quality of the treated silages in
comparison with untreated ones, additive had not such a power to make postulated quality of silages. The digestibility in
vitro of organic matter of silages with additive was higher (not significantly, P > 0.05) than of control ones (in grass ones
of 2.5%, grass-clover of 3.6% and clover of 0.6%). The digestibility in vivo, tested only with the silages without additive,
was used for working-out of the nutrition index PDI (Protein Digestible Intake), NEL (Netto Energy of Lactation). The
palatability of the silages was significantly (P < 0.05) higher in the silages with the additive than of those without it (in grass
of 390, grass-clover of 216 and clover silages of 501 g DM/day/heifer with 100 kg of live weight).

silage; grass; clover; additive; glucose oxidase; palatability; digestibility

ABSTRAKT: Cilem prace bylo charakterizovat vliv probioticko-enzymatického silazniho pfipravku Bactozym (Medipharm
CZ, s. r. 0., Hustopefe u Brna) na kvalitu fermentace, stravitelnost organické hmoty a chutnost travnich, jetelotravnich
a jetelovych silaZi ze zavadlé pice, ale s nizkym obsahem sufiny. Trdva jilkového typu, jetelotrdva a jetel byly sildZovény pfi
obsahu susiny 19,5-22,0 %, tedy pod hranici obsahu susiny doporucené vyrobcem aditiva (22 % u travnich, 26 % u jetelo-
vych silaZi). Picniny byly sildiZovany do kontejnerii o objemu 7 m” bez aditiv a s probioticko-enzymatickym aditivem Bac-
tozym. Stravitelnost organické hmoty in vitro byla stanovena enzymatickou metodou. U kontrolnich (bez aditiva) sildZi
travnich, jetelotravnich i jetelovych byla bilanéné stanovena stravitelnost Zivin in vivo u étyi skopci. SildZe byly testovany
na chutnost ve tfech krmnych pokusech s 12 jalovicemi, s primérnym vékem na pocéitku pokusu 210 dni a primérnou
podateéni Zivou hmotnosti 189 kg. Do kazdé krmné davky byl vedle pokusnych (s aditivem) a kontrolnich (bez aditiva) silaZi
zafazen i pSeni¢ny Srot a seno. Jadrna sloZka byla zvifatim podavana v pevné stanoveném mnoZzstvi (2 kg/kus/den), testovana
objemna krmiva a seno ad libitum. Seno pouZité v krmnych pokusech bylo ze stejnych picnin jako sildZe, ale ze tieti sele.
Vysledky fermentaéniho procesu sildZi v kontejnerech byly sice lepsi u pokusnych variant s aditivy neZ u kontrolnich variant
bez nich, ale ani sildZe s aditivy nedosdhly takovych parametrt, aby podle ukazateli fermentace mohly byt povaZoviny za
kvalitni. Napiiklad hodnoty pH byly ve viech pfipadech naméieny vy38i neZ 4,2, coZ jsou pro pfislusny obsah sudiny hodnoty
vys8i neZ kritické. Pfi takovych hodnotich pH neni zaji$téna dostatednd stabilita sildZi a muZe dojit k jejich druhotné
degradaci. Stravitelnost organické hmoty in vitro byla nevyznamné vyssi (P > 0,05) u silazi s aditivem neZ bez ného (u silazi
travnich o 2,5 %, u jetelotravnich o 3,6 %, u jetelovych o 0,6 %). Zji§téné hodnoty stravitelnosti Zivin in vivo byly podkladem
pro vypodcet pfesnych hodnot PDI a NEL. Chutnost sildZi s aditivem byla vyznamné (P < 0,05) vy$3i neZ chutnost silaZi bez
aditiva (u silazi travnich o 390 g, jetelotravnich 0 216 g a u jetelovych o 501 g suSiny na jalovici s Zivou hmotnosti 100 kg).
Nejvys8i denni spotfeba pokusnych silaZi byla naméfena u sildZi jetelotravnich.

silaZe; trava; jetel; aditiva; glukozaoxiddza; chutnost; stravitelnost

* Research was financed by the Grant Agency of the Czech Republic (No. 507-94-1257) and under the support of the Ministry of Agriculture of
the Czech Republic.
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INTRODUCTION

To obtain as a high intake of dry matter and digest-
ible nutrients as possible is a basic prerequisite for en-
suring the required performance in cattle. In drawing
up the diets for young, growing cattle, particularly in
rations with greater portion of bulk feeds, it is neces-
sary to consider their voluntary intake, including habit
of taking certain feeds (Forbes, 1995).

The effect of enzymatic silage preparations on the
result of fermentation, digestibility of silages and sub-
sequently on the performance in growing cattle was
studied by Huhtanen et al. (1985). In silages with
enzymes compared to untreated silages lower pH va-
lues and concentrations of acetic acid were determined
together with higher content of lactic acid. In sheep
digestibility of organic matter was 75.8% in untreated
silages, 76.5% in silages containing formic acid and
77.2% with enzymes. In growing bull calves no differ-
ences in intake of feed, nor in weight gains, nor in meat
analyses were found when silages with formic acid and
with enzymes were compared.

In the trials whose results were published by Ja-
cobs and McAllan (1992) live weight gains of
bulls in feed ration containing preserved forage with
the addition of the additive of enzymes were signifi-
cantly higher (P < 0.05) than in the ration with silage
containing formic acid. According to Jakobs et al.
(1992) no differences were found in live weight gains
of bulls. Vanhatalo et al. (1992) confirmed that
a type of preservation agent during grass ensiling has
a significant influence on rumen fermentation as well
as on digestibility of nutrients in cattle.

Stokes (1992) reports that inoculation by bacteria
of lactic fermentation mostly increases the efficiency
of fermentation and improves an intake and digestibil-
ity of grass silages. Jaakkola (1990), Jaakkola
et al. (1990), Freeden, McQueen (1993) and
Kennedy (1995) in this respect confirm a positive
efficiency of enzymes in the probiotic-enzymatic addi-
tive applied during the preparation of silages from
grass, clover-grass or clover stands.

The results presented by Lippke (1986) in his
study are very interesting. The author was dealing with
the issue whether the cattle in voluntary intake of arbi-
trary fresh feed choose the feed in such a way to obtain

I. Initial live weight and daily gains of live weight in heifers

maximum intake of digestible organic matter. Volun-
tary intake and digestibility of fresh and ensiled forage
were significantly different in the quality of fibre. It
emerged from his results that young cattle with the
possibility of free access to various feeds is able to
choose feed with a higher content of digestible organic
matter.

MATERIAL AND METHODS

Forage cut to a theoretical length of 15 mm was
directly after harvest filled into special containers of
7 m? volume (6 variants without replication were es-
tablished). After filling of the containers the surface of
the chaff was covered by a plastic cover and weighted
down by panels, the side walls of the containers were
faced by packaged straw from the outer side, then each
container was, including straw packages, covered by
a cover.

In the experimental stable of the Research Institute
of Animal Production Praha-Uhfinéves, in a group of
six high-portion Red Pied cross-breed cows and six
Black Pied heifers, three series of trials were carried
out to compare the palatability of three silages pre-
served with probiotic-enzymatic additive and without
it, firstly in clover, then in clover-grass and finally, in
grass silages. Significances of differences in intake of
experimental and control silage were tested by #-test in
each experiment. Significance of differences among re-
peatedly determined values of intake of different feed
in the same heifers was studied by two-factor analysis
of variance with replication according to the split-plot
design.

Heifer calves were chosen into observations with
respect to their origin after sire (half-sisters), their age
and initial live weight. By the method of analogs heif-
ers were divided into two groups. Their average age at
the beginning of the trial was 210 days, initial average
live weight 189 kg (Tab. I). Live weight of heifers was
determined in two following days, always at the begin-
ning and at the end of the experimental period.

Animals were housed throughout the whole testing
period in individual boxes with access to four feeds in
the same time. Habit-forming period lasted 14 days,
preparation time of each experiment took also 14 days

Trial No. (kind of silage)

Indicator (units) 1 2 3

(clover) (clover-grass) (grass)
Initial live weight (kg) 172.5 190.0 204.2
STD (kg) 7.6 9.6 11.0
STD (%) 44 5.0 54
Live weight gain (kg/animal/day) 0.842 1.170 0.878
STD (kg) 0.22 0.33 0.20
STD (%) 26.7 28.5 23.0
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I1. Indicators of quality of other used feeds

Ground wheat Hay

Indicators Units grass clover-grass clover

(n=9) (n=3) (n=23) (n=3)
Dry matter g/kg 895 777 837 844
Crude protein g/kg DM 12.5 12.1 1.4 153
Fibre g/kg DM 217 30.9 32.6 259
NEL MIJ/kg DM 8.7 48 5.4 5.6
PDI g/kg DM 8.0 77 7.3 9.6

and experimental period took 7 days. During habit-
-forming period animals got used to a stable, feeds and
tender, they were fed mixture feed ration. In the prepa-
ration and experimental periods feeds were adminis-
tered separately. Daily ration of tested silages was
weighed from freshly taken mass from the containers
before each feeding. Placement of feeds into troughs
was altered (to avoid getting used to “their favourite
place”). Animals were fed twice a day. After eating
two thirds of tested feed heifers were fed additionally
weighed feed and adequate amount of the same feed
was supplied (estimate on the basis of the change in
voluntary intake). The following day the feed ration
was increased by this amount. Ration on further days
was arranged based on rests which were in all feeds and
animals weighed twice a day and recorded.

Each feed ration besides experimental and control
silages included also ground wheat and hay (Tab. II).
Concentrate component was administered to animals in
a firmly stated amount (2 kg/animal/day), tested bulk
feeds and hay ad libitum. Hay used in feeding experi-
ments was from the same forages like the silages but
from the third cut (harvest on August 18). It was pro-
duced in sunny weather. Hay was included in the feed
ration in such a way that the resulting rate of nutrients
was comparable in all three experiments that is clover
hay was administered to grass silage, clover-grass hay
to clover-grass silage, and grass hay to clover silage.
Three analyses were carried out in all feeds in each of

I11. Indicators of quality in control and experimental silages (n = 3)

three trials. Samplings, chemical analyses and evalu-
ation of silages were performed in accordance with the
standard CSN 46 7092, PDI and NEL values were cal-
culated according to Sommer et al. (1994).

Digestibility of organic matter in vitro was determi-
ned in all experimental and control silages by the en-
zymatic method (Homolka, 1994). Digestibility of
nutrients and energy in vivo was tested in three balance
trials with control silages without additives. Different
feeds were gradually administered to four wethers by
the methods as reported by Vencl (1987).

The aim of the study was to characterize the effect
of probiotic-enzymatic preservation agent (additive)
Bactozym on the quality of fermentation and palatabil-
ity of grass, clover-grass and clover silages with a low
content of dry matter.

RESULTS AND DISCUSSION

The average quality of tested silages is shown in
Tab. III. Forage crops were ensiled below the boundary
of dry matter as recommended by the producer of ad-
ditives (22% in grass, 26% in clover silages). The re-
sults of fermentation process of silages in the contain-
ers were better in silages with additives than without
them but no silages with additives reached such indi-
cators to be considered, according to the indicators of
fermentation, as high quality silages. In all cases pH

— Uit Grass silage Clover-grass silage Clover silage

B A B A B A
Dry matter glkg 200 210 194 207 199 191
Crude protein g/kg DM 13.5 14.8 17.0 16.9 24.1 24.1
Fibre g/lkg DM 325 310 289 275 220 239
NEL MJ/kg DM 59 6.0 5.0 5.1 4.9 5.0
PDI g/kg DM 8.0 8.6 17 8.2 8.0 Tl
pH 4.01 3.88 4.20 4.03 4.58 4.81
Lactic acid Yo 1.85 1.95 1.29 1.72 1.38 1.44
Acetic acid o 0.79 0.59 1.03 1.21 1.25 1.17
Butyric acid %o 0.02 0.01 0.07 0.03 0.02 0.02

B = without additive, A = with additive
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V. Digestibility of organic matter in vitro (%)

Kind of silage Application of additive Grass silage Clover-grass silage Clover silage

Control without additive 589 59.8 62.6

Experimental with additive 61.4 63.4 63.2
Diffe are ically insignificant (P > 0.05)

V. Digestibility in vivo (%)

e I~ -
Dry matter 60.9 61.2 66.7
Crude protein 66.3 63.7 71.2
Fat 64.2 74.0 79.1
Fibre 65.0 56.3 574
N-free extract 61.3 71.7 76.1
Organic matter 63.4 65.3 69.8
Energy 62.4 63.7 70.1

V1. Feed intake in heifers (g of dry matter/day/100 kg of live weight)

even found significantly lower digestibility (P < 0.05)
of organic matter in silages with additives than in the
control ones.

Different types of silage preserved without an addi-
tive were gradually tested for digestibility of nutrients
and energy in vivo (Tab. V) in balance trials with four
wethers. The values found served as a basis for the
calculation of exact values of PDI and NEL.

Significantly higher consumption (P < 0.05) ad libi-
tum was achieved in administration of grass, clover-
-grass and clover silages with an additive (after calcu-
lation per consumption of dry matter in heifer with

Kind of feed Trial No. (kind of silage)

1 (clover) 2 (clover-grass) 3 (grass)
Control without additive 350" 667" 418"
Trial with additive 8s1® 883" 808"
Clover hay 0 0 503
Clover-grass hay 0 321 0
Grass hay 460 0 0
Ground wheat 852 894 971
Total intake of dry matter 2513 2 765 2700

Differences between values denoted by various letters in the column are significantly different (P < 0.05)

values were above 4.2 which are critical values for
respective dry matter according to Jacobe et al.
(1987). The results of the previous research of silages
of the same forage, preserved by identical additives and
their rations but in laboratory silos (Loucka, 1998)
confirmed that the quality of fermentation process can
be affected by additives but forage with such a low
content of dry matter cannot be successfully ensiled,
not even by their usage. High outlet of silage effluents
was found in the tested silage, partially reduced in the
silage with additives when compared to silage without
them (Loudka, Machadova, 1996).

The digestibility of organic matter in vitro was al-
ways higher in silages with additive than in control
silages (Tab. IV). The digestibility of organic matter in
grass silage when compared to silage with additive in-
creased by 2.5%, by 3.6% in clover-grass, and by 0.6%
in clover silage, but not significantly (P > 0.05). Ac-
cording to Jakobs et al. (1991) who ensiled rye-
-grass at dry matter 19.5 and 25.7%, application of an
additive had no significant impact on the digestibility
of organic matter. Jacobs and McAllan (1991)
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a live weight of 100 kg) than in the variants without an
additive (Tab. VI). The highest daily consumption of
experimental silages was recorded in clover-grass si-
lage. Similar results were also found by Huhtanen
et al. (1985) who studied the effect of silage additive
on performance in growing cattle.
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NEKROLOG

Za prof. Dr. Ing. Jozefom Laurinéikom, CSc.

Diia 22. jana 1998 nahle zomrel vo veku 83 rokov
prof. Dr. Ing. Jozef Laurincik, CSc., nestor slovenského
ovéiarstva a dlhoro¢ny riaditel Vyskumného tstavu ov-
&iarskeho. Zivotni cestu prof. Laurin&ikovi akoby pre-
duréila skuto¢nost, Ze sa 9. septembra 1915 narodil
v najstarSej valasskej obci na Orave, v KiiaZej. Po $ti-
diu na vysokych $kolich v Brne, Zihrebe a Viedni

a staZi v Nemecku, zameranej na chov oviec, za¢al pra- |

covat v Stitnom ov&iarsko-vinarskom dstave v Marti-
ne (SOVU). V roku 1948 presiel s tstavom do Spidskej
Novej Vsi a po zliceni SOVU s Vyskumnym tstavom
ZivociSnej vyroby pokracoval v prici vo Viglasi, kde
bol v rokoch 1952-1954 riaditelom. Z jeho podnetu sa
ovéiarsko-vinarske oddelenie VUZV prestahovalo
z Vigla$a do Trenéina, kde v roku 1960, najmi jeho
osobnym pri¢inenim, vznikol celo$tatny Vyskumny
ustav ovCiarsky a prof. LaurinCik sa stal jeho riadite-
Tom. Formalnym odchodom do déchodku v roku 1981
zdaleka neutichaju jeho aktivity na odbornom ani spo-
logenskom poli.

Cely svoj tvorivy Zivot venoval prof. Laurin¢ik ov-
Ciarstvu a pojem ovca sa doslova spaja s jeho menom.
Podstatnii ast svojich vedecko-vyskumnych aktivit ve-
noval problematike $lachtenia merinskych, cigajskych
a najmi vala§skych oviec. Rozhodujicou mierou sa
pri¢inil o vySlachtenie nového typu valasky, ktory bol
v roku 1982 uznany ako nové plemeno — zo$lachtend
valagka. So svojimi spolupracovnikmi pracoval aj na
rieSeni viacerych teoretickych otazok plemenarskej
prace a dedi¢nosti v chove oviec. Jeho price st zname
u nas i v zahrani€i, kde sa stretli s pozitivnym ohlasom
na konferenciach, sympoziach i na kongresoch Eurép-
skeho zootechnického zdruZenia, kde reprezentoval
svoj odbor ako ¢len Komisie chovu oviec. Prof. Laurin¢ik
sa zapdjal do organizovania odbornych a vedeckych spo-
loénosti. Bol predsedom sekcie Zivogi$nej vyroby Vedec-
kej spolocnosti zootechnikov a veterinarnych lekérov,

v CSAZV bol podpredsedom odboru Zivo&isnej vyro-

by, predsedom Zivoci$neho odboru Slovenskej polno-
hospodarskej akadémie, clenom redakcnej rady Casopi-
sov Zivo&i§nd vyroba a N4¥ chov, zodpovednym
redaktorom &asopisu Chov oviec, ¢lenom Ustrednej
a oblastnej vyberovej komisie na Slovensku, ¢lenom
viacerych vedeckych rad vyskumnych ustavov a fakilt
vysokych §kol. Za jeho pracu sa prof. Laurin¢ikovi do-
stalo aj spoloenského uznania formou vyznamenani,
diplomov, plakiet a medaili od CSAZV, SPA, SAV,
VSP Nitra, VSZ Brno, MPV%, GRSPP, Zvizu drobno-
chovatelov atd.

Prof. Laurinéik nebol typom kabinetného vedca, ale
aktivne pracoval na SirSom poli, preto bol zndmy nielen
v okruhu pracovnikov vyskumu doma i v zahranici, ale
aj v chovatelskej verejnosti. Jeho telesnd i duSevna ak-
tivita sa drZala na zdvideniahodnej urovni takmer do
konca. Odchodom prof. LaurinCika straca slovenska
zootechnickd veda a slovenské ovciarstvo osobnost,
ktora zanechala hlboku brazdu predovsetkym v odvetvi
chovu oviec. Mnohé jeho myslienky zostani natrvalo
zapisané a jeho Zivot a dielo budi v mnohom inSpirdciou
aj pre sucasni generaciu mladych vyskumnikov. V osobe
prof. Laurinc¢ika strdcame skromného a priatelského ¢lo-
veka, ochotného pomdct a poradit v kaZdej situécii.

Kolektiv pracovnikov Stanice chovu a §lachtenia oviec a kéz VUZV v Trencine
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INTERRELATIONSHIPS BETWEEN STOCK DENSITY
AND CONDITION DETERMINANTS IN TENCH
(TINCA TINCA L.) FRY IN POLYCULTURES

WITH HERBIVOROUS FISH

VZTAHY MEZI HUSTOTOU OBSADKY A KONDICNIMI UKAZATELI
LINA (TINCA TINCA L.) V POLYKULTURACH S BYLOZRAVYMI

RYBAMI

Z. Addamek

Research Institute of Fish Culture and Hydrobiology, University of South Bohemia,

Laboratory Pohorelice, Czech Republic

ABSTRACT: The production results achieved in experimental pond polycultures of young tench (Tinca tinca) with silver
carp (Hypophthalmichthys molitrix) or grass carp (Ctenopharyngodon idella) were processed. The regression analysis was
used to find out how fish density expressed in different final survival rates at the end of the growing season affects tench
weight and condition determinants. Tench were significantly negatively affected in condition as expressed by Fulton’s
(P < 0.05) and Clark’s (P < 0.01) coefficients and in total protein content in blood plasma (P < 0.05). Hematocrit value and
final individual weight decreased with increasing stock density but the effect was not significant. Determinants of biochemical
composition (dry matter, ash, fat and crude protein contents) were not affected. No significant relationships (except for the
dry matter in grass carp flesh) between these parameters were found in the two species of herbivorous fish tested.

tench (Tinca tinca L.); herbivorous fish; mixed culture; condition; hematology; biochemical determinants

ABSTRAKT: Byly zpracoviny produkéni vysledky ziskané v pokusnych rybnicich s polykulturami plidku lina (Tinca tinca)
s tolstolobikem bilym (Hypophthalmichthys molitrix) nebo amurem bilym (Ctrenopharyngodon idella). Pro vyhodnoceni vlivu
hustoty obsadky vyjadfené jako findlni pfeZiti na konci vegetatniho obdobi na hmotnost a kondi¢ni ukazatele lina byla pouZita
regresni analyza. Kondice plidku lina byla prikazné negativné ovlivnéna jak ve vyjadieni jako Fultoniv (P < 0,05) nebo
Clarkiv (P < 0,01) koeficient, tak jako celkovi bilkovina krevni plazmy (P < 0,05). Hodnoty hematokritu a kusové hmotnosti
klesaly se vzrustajici hustotou obsadky, aviak jeji vliv nebyl statisticky pritkkazny. Ukazatele biochemického sloZeni (obsah
sudiny, popelovin, tuku a bilkovin) nebyly hustotou obsiddky ovlivnény. U byloZravych ryb nebyl pro hustotu obsidky

a sledované ukazatele nalezen Zadny prikazny vztah (s vyjimkou suSiny u amura).

lin obecny (Tinca tinca L.); byloZravé ryby; polykultury; kondice; hematologie; biochemické ukazatele

INTRODUCTION

It is generally accepted that polyculture farming of
herbivorous fish with other commercial cyprinid pond
species results in better exploitation of available food
resources of a pond and in the enhancement of the
yield. The surplus is represented not only by the
biomass gain of herbivorous fishes, but also by in-
creased production of farmed cyprinids (common carp,
Cyprinus carpio, above all) based on the improvement
of food web conditions in properly established polycul-
ture. This phenomenon was observed e.g. in pond poly-
cultures of marketable common carp, grass carp and
silver carp (Addamek, 1981). Similar results were
presented e.g. by Silnikova et al. (1983), who

CZECH J. ANIM. SCI., 43, 1998: 361-367

compared the impact of herbivorous fish (grass carp
and silver carp) introduction into a pond upon the en-
ergetic levels of and trophic interrelationships between
individual biocenoses of a pond ecosystem.

It is known in Czech pond fish farming that market-
able tench performance in “traditional® (i.e. without
herbivorous fish) pond polycultures declines with rais-
ing intensity of common carp production (Kubu,
1984). Pfikryl and Kepr (1984) proved statisti-
cally that the same is valid for the production of one-
-year-old fish.

Young tench farming in pond polycultures has been
investigated from many aspects. Quite considerable at-
tention was given to its diet with the aim to assess the
level of food competition with other pond cyprinids
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(Machaéek, 1987; Sukop etal, 1989; Sukop,
Adiamek, 1995). The study described here builds on
the experimental culture of tench and herbivorous fish
described by Addmek, Jirdsek (1989), Ada-
mek, Sukop (1995) and Adamek et al. (1996)
and describes details concerning tench performance
and condition under various stock densities.

MATERIAL AND METHODS

The experiments were performed in nursery ponds
of the fish farm Velky Dvur (Pond Fishery Pohoftelice
Co., Czech Republic) in 1985-1987. Full details of the
experimental techniques are given in Addmek and
Jirasek (1989). For the purposes of this study, only
results from mixed culture combinations of tench and
herbivorous fish (either silver carp, Hypophthalmich-
thys molitrix, or grass carp, Ctenopharyngodon idella)
were used and their production results with fish condi-
tion parameters were pooled for statistical evaluation
of fish density and performance interrelationships.

The experimental ponds were 0.13-0.30 ha with an
average depth of 1.2 m. Pond treatment and manage-
ment in individual growing seasons were described by
Adamek, Sukop (1995), and hydrochemical and

hydrobiological conditions by Adamek, Jirasek
(1989) and Addmek, Sukop (1995). Tab. I is
a summary of their results. Since fish suffered consid-
erably from the invasion of eye-fluke (Diplostomum
spathaceum) metacercariae, the intensity and extensity
of invasion are also included in Tab. I.

At the end of the growing season, a sample of
30 fish of each- species from individual experimental
ponds was pooled and examined for condition, bio-
chemical and hematological parameters. Fish were
brought into deep narcosis/death by overdosing with
anaesthetic (2-phenoxyethanol), which does not induce
any significant changes of hematological parameters
(Adédmek et al,, 1994), and investigated as follows.
Immediately after collecting sample fish, a blood sam-
ple taken by heart puncture was centrifuged to assess
hematocrit value. Plasmatic fraction which was sepa-
rated by centrifugation was used for the refractometric
assessment of the total protein content. Later, fish were
weighed and gutted. Separated hepatopancreas and gutted
fish were weighed again. Fish carcasses without heads,
scales, fins and viscera were pooled, ground and analysed
for dry matter (105 °C), ash (600 °C), fat (Soxhlet’s ex-
traction in ether) and crude protein (Kjehldahl’s distilla-
tion) content. Due to insufficient mass, only dry matter
content was assessed in hepatopancreas.

1. Environmental and farming conditions in experimental ponds — the range of mean values from individual ponds during the growing seasons

1985-1987 (from Addmek, Jirdsek, 1989)

Variant Silver carp + Tench Grass carp + Tench
Initial stocking density (10? larvae.ha™)
Silver carp 71-200
Grass carp 57-200 i
Tench 100-158 100-150
Survival rates (%)
Silver carp 4.09-87.60
Grass carp 0.81-81.00
Tench 4.30-63.27 7.56-65.93
Growing season (days) 49-84 50-78
C.0D (mg.1"' 0,) 7.73-15.50 7.53-21.70
pH 7.52-9.06 8.35-9.60
NH}-N (mg.I™") 0.15-1.00 0.03-0.67
NO3;-N (mgd™) 0.048-0.172 0.106-0.388
D.O. surface 0.1 m * (mg1™) 5.74-11.56 9.65-15.61
D.O. bottom 0.1 m (mg.I™") 2.72-11.98 7.70-10.22
Diplostomosis int/ext (ind/%)
Silver carp 2-35/100
Grass carp 0-26/90-100
Tench 0-1/10 0-3/30
Phytoplankton (10* cells.ml™) 9.1-63.3 7.2-13.2
Zooplankton total (ind.I"") 230-4593 318-3402
Rotifers (ind.1I"") 70-4377 7-3030
Copepods (ind.I™") 26-390 3-608
Cladocerans (ind.I"") 32-190 20-369
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The indices were calculated:
Fulton’s condition coefficient (FCC):

FCC = 100 (W,/SL?)
Clark’s condition coefficient (CCC):
CCC = 100 (W,/SL*)
Hepatosomatic index (HSI):
HSI = 100 (W,/W,)
where: W, - total weightin g

W, - empty (gutted) fish weight in g

W; - hepatopancreas weight in g

SL - fish standard length in cm
Results were statistically analysed using simple
linear regression analysis to calculate the intercept (a)
and slope (b) values using the least squares method.
The relationship between stock density and fish condi-
tion was determined by Pearson correlation coefficient.

RESULTS

The regression parameters and their significance for
tench are presented in Tab. II. They show a significant
decline in Fulton’s (P < 0.05) and Clark’s (P < 0.05)

condition coefficients and total plasmatic protein con-
centration (P < 0.05) with increasing total density. The
effect of stock density was the same when only tench
density was considered (Tab. II) in Fulton’s condition
coefficient (P < 0.05) and total plasmatic protein con-
centration (P < 0.05), while this relation to Clark’s
condition coefficient was found to be highly significant
(P < 0.01). Although tench final individual weight, he-
matocrit value and hepatosomatic index also decreased
with increasing density, the decrease was not signifi-
cant. The percentage of dry matter in flesh and hepa-
topancreas, and ash, fat and crude protein in flesh in-
creased with increasing density, but the increase was
not significant.

With silver carp, the effect of increasing stock den-
sity was lower condition coefficients, hepatosomatic
index and reduced hematological parameters, but these
effects were not significant (Tab. III). Dry matter con-
tent of flesh and hepatopancreas, and ash content in
flesh increased (P > 0.05) and fat content in flesh de-
creased (P > 0.05) with increasing fish densities.

In grass carp fry, dry matter content in flesh sig-
nificantly (P < 0.05) increased with increasing total
stock density, but not with increasing species density

I1. Correlation (r values) of regression equations between stock density and various condition parameters in tench (Tinca tinca)

Regression equation igni
Parameter Density n r value g L Slgnflﬁcn’:\cc
a (intercept) b (slope) oL'r,

W TSD 9 -0.27 242 -0.0043 NS

DT 9 -0.39 2.47 -0.0064 NS

TSD 8 -0.79 232 -0.0019 0.05
FCC

DT 8 -0.78 2.29 -0.0018 0.05

TSD 8 -0.82 2.01 -0.0015 0.05
Cccc

DT 8 -0.83 1.99 -0.0015 0.01
usI TSD 8 -0.65 3.64 -0.0110 NS

DT 8 -0.69 3.53 -0.0110 NS
H TSD 5 -0.57 0.448 -0.0005 NS

[

DT 5 -0.57 0.436 -0.0005 NS
PP TSD 5 -0.89 50.59 -0.1508 0.05

DT 5 -0.89 47.30 -0.1412 0.05

TSD 8 0.40 18.98 0.0133 NS
DMM

DT 8 0.40 19.17 0.0132 NS

TSD 8 0.24 23.87 0.0111 NS
DMH

DT 8 0.20 24.14 0.0090 NS
s TSD 8 0.46 2.05 0.0036 NS

DT 8 0.41 242 0.0032 NS
™ TSD 6 0.37 1.88 0.0044 NS

DT 6 0.54 1.80 0.0085 NS
PM TSD 5 0.48 16.97 0.0126 NS

DT 5 0.52 17.03 0.0131 NS

TSD - total stock density (ind.ha™"), DT - density of tench (ind.ha™"), W - total weight (g), FCC - Fulton's condition coefficient, CCC —
Clark’s condition coefficient, HSI — hepatosomatic index, He — hematocrit value (LI™"), TPP - total plasma protein concentration (g.l").
DMM - dry matter content of muscles (%), DMH - dry matter content of hepatopancreas (%), AM — ash content in muscles (%), FM - fat
content in muscles (%), PM - protein content in muscles (%), NS — non-significant
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IIL. Correlation (r values) of regression equations between stock density and various condition parameters in silver carp (Hypophthalmichthys molitrix)

Parameter Density n r value : RERIESHON gt ion Signfi ficancs
a (intercept) b (slope) of r, P
W TSD 6 -0.38 6.39 -0.0227 NS
DSC 6 -0.33 6.01 -0.0186 NS
TSD 5 -0.69 1.90 -0.0026 NS
- DSC 5 -0.73 1.88 -0.0025 NS
TSD 5 -0.81 1.63 -0.0023 NS
CcC
DSC 5 -0.84 1.61 -0.0022 NS
2 TSD 5 -0.70 347 -0.0096 NS
DSC 5 -0.68 3.34 -0.0086 NS
TSD 3 -0.99 0.335 -0.0005 NS
He DSC 3 -0.97 0.330 -0.0005 NS
TPP TSD 3 -0.86 35.48 -0.1208 NS
DSC 3 -0.90 34.80 -0.1191 NS
DMM TSD 5 0.27 18.05 0.0084 NS
DSC 5 0.32 18.05 0.0091 NS
DMH TSD 5 0.18 22.15 0.0095 NS
DSC 5 0.21 22.45 0.0105 NS
A TSD 5 0.82 1.32 0.0082 NS
DSC 5 0.85 1.39 0.0079 NS
™ TSD 4 -0.81 3.55 -0.0097 NS
DSC 4 -0.77 3.39 -0.0086 NS
DSC - density of silver carp (ind.ha™), for the others see Tab. II
IV. Correlation (r values) of regression equations b stock density and various condition parameters in grass carp (Crenopharyngodon idella)
Parameter Density n r value Rogoasion euation Sigatficance
a (intercept) b (slope) of r, P
W TSD 6 -0.74 7.17 -0.0235 NS
DGC 6 -0.64 6.00 -0.0178 NS
FCC TSD 6 -0.31 1.89 -0.0005 NS
DGC 6 -0.14 1.85 -0.0002 NS
cce TSD 6 -0.26 1.63 © =0.0003 NS
DGC 6 -0.03 1.59 -0.00003 NS
HSI TSD 6 -0.60 293 -0.0033 NS
DGC 6 -0.65 2.82 -0.0032 NS
He TSD 4 0.32 0318 0.0002 NS
DGC 4 0.62 0.317 0.0003 NS
PP TSD 4 0.15 35.98 0.0034 NS
DGC 4 0.13 36.25 0.0022 NS
DMM TSD 6 0.85 18.73 0.0149 0.05
DGC 6 0.64 19.59 0.0098 NS
DMH TSD 6 0.72 23.44 0.0291 NS
DGC 6 0.45 25.38 0.0159 NS
AM TSD 5 0.53 1.94 0.0015 NS
DGC 5 0.51 2.00 0.0014 NS
£ TSD 4 -0.36 3.42 -0.0039 NS
DGC 4 -0.46 333 -0.0047 NS
M TSD 4 0.68 16.01 0.0127 NS
DGC 4 0.68 16.57 0.0095 NS

DGC - density of silver carp (ind.ha™), for the others see Tab. II
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(P > 0.05). Their final individual weight, condition co-
efficients, hepatosomatic index and fat content in flesh
declined (P > 0.05) with increasing total and species
stock densities. Hematological parameters, dry matter
content in flesh and hepatopancreas, and ash and crude
protein content in flesh rose (P > 0.05) with increasing
densities (Tab. IV).

DISCUSSION

According to Adamek, Jirdsek (1989), the
survival rates and growth of tench reported here are
usual for standard fishery practice. The rates obtained
in tench mixed culture with grass carp were superior
when compared with those of silver carp. Maximum
survival percentages were 65.93% (tench) and 23.11%
(grass carp), but only 20.20% (tench) and 26.64% (sil-
ver carp) respectively. This was probably due to the
partial control of duckweed development by grass carp
fingerlings resulting in better environmental conditions
(Adamek, Sukop, 1995).

In tench, statistically significant relationships be-
tween the density and fish performance were found in
Fulton’s (P < 0.05) and Clark’s (P < 0.05) condition
indices and in the total content of protein in blood
plasma (P < 0.05). In their relations to tench densities,
similar r values were determined for regressions be-
tween them and Fulton’s coefficient (P < 0.05) and
plasmatic protein content (P < 0.05) whilst high signi-
ficance was proved in the relationship between tench
density and Clark’s condition coefficient (P < 0.01).
No other regressions proved to be significant in tench.
In general, except for the above mentioned, negative
correlations were found between both total and tench
densities and individual weight, hepatosomatic index
and hematocrit value, whilst positive ones occurred in
biochemical determinants, i.e. dry matter, ash, fat and
crude protein contents.

In variants with lower fish survival rates, the condi-
tion of fingerlings was better due to the lower food and
spatial competition. Although condition parameters of
fish in variants with low losses were altogether lower,

‘they can be considered as good (Addmek, Jiré-

sek, 1989). The same concerns the values of hemato-
logical determinants. .

In herbivorous fish (Tabs. III and IV), none of these
essential condition parameters was found to be signifi-
cantly correlated with fish density. The only exception
was the dependence of dry matter content in flesh of
grass carp upon the total stock density. Negative non-
-significant (P > 0.05) correlations were found between
both total stock and species densities and individual
weight, condition coefficients and hepatosomatic index
in both herbivorous species. ’

It seems that young herbivorous fish are, in compa-
rison with tench, more effective at finding and utilising
available natural food resources under conditions of
higher stock densities. Cladocerans, chironomid larvae
and copepods are the most important natural food items
in one-year-old tench nutrition (Sukop, Adamek,
1995) and they also constitute the biggest proportion of
identical food items representing food competition be-
tween tench and herbivorous fish fingerlings (Ada-
mek et al., 1996). Previous studies have determined
that there is a considerable dietary overlap between
one-year-old tench, silver carp and grass carp. Values
for the index of food similarity of one-year-old tench
to silver carp and grass carp ranged between 10-59 and
0-14, respectively (Sukop, Adéamek, 1995).
However, according to Adamek et al. (1996), young
tench compete for food with grass carp much more than
with silver carp.

In comparison with herbivorous fish, tench showed
certain peculiarities. Their final weight was not much
influenced by higher stock densities. Although these
regressions were not statistically significant due to the
small number of replicates, the trend was very clear
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(Fig. 1). In spite of this, the condition (Figs. 2 and 3)
and resistance of tench fry (expressed as total protein
content in blood plasma — Fig. 4) were significantly
influenced by farming at higher stocking densities. This
is very likely to be one of the reasons for high losses
in tench fry stocks over the winter period under condi-
tions of the Central Europe.
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CHANGES IN AMINO ACID COMPOSITION OF EWE’S
MILK DURING THE FIRST MONTH OF LACTATION

ZMENY AMINOKYSELINOVEHO SLOZENI OVCIHO MLEKA
V PRUBEHU PRVNIHO MESICE LAKTACE

S. Kraémar', S. Gajdusek', J. Kuchtik', L. Zeman', F. Hor4k', G. Doupovcova',
R. Matéjkova®, E. Kraémarova'

'Mendel University of Agriculture and Forestry, Brno, Czech Republic
2INGOS, s. r. 0., Praha, Czech Republic

ABSTRACT: In sheep of the breed Tsigai at the 2nd and higher lactations, changes in milk amino acid composition from
the 5th to 33rd days of lactation were examined. In amino acids serine, aspartic acid, alanine, glycine, histidine, arginine and
cystine, a slow and even decrease occurred during the whole period of examinations. In tyrosine and proline, a slow decrease
was registered, and in glutamic acid, a sharper drop occurred by the 19th day of lactations, followed by a slow increase by
the end of the period of examinations. In leucine and lysine, the drop was sharper during the first 12 days of lactation, during
subsequent days, the decrease was slow. The valine and methionine contents were stagnant by the 12th day, from the 12th
to the 19th days, a sharper drop occurred followed by a slow decrease. In isoleucine and threonine, a slow decrease was
found by the 19th day of lactation, a sharper drop occurred during the period from the 19th to the 26th days, followed by
a slow decrease from the 26th day. In phenylalanine, a sharper drop was registered by the 19th day of lactation, followed by
increase. In non-essential amino acids during the respective period, the decrease ranged 6.41-10.65%, in essential amino acids
it ranged 4.12-10.83%, and in £ Met + Cys 3.81-13.96%. In the sum of essential amino acids (EAA) and sum of Met + Cys,
the decrease was slow and regular. In the sum of non-essential amino acids (NEAA) during the period from the 5th to the
19th days of lactation, a clear rise with subsequent decrease were indicated.

ewe; milk; amino acids

ABSTRAKT: U ovci plemene cigdja na 2. a vyssi laktaci byly sledoviany zmény aminokyselinového sloZeni mléka v dobé
od 5. do 33. dne laktace. U aminokyselin serinu, kyseliny asparagové, alaninu, glycinu, histidinu, argininu a cystinu dochazelo
béhem celého sledovaného obdobi k pozvolnému a rovnomérnému poklesu. U tyrozinu a prolinu byl zaznamenan pozvolny
pokles a u kyseliny glutamové prudsi pokles do 19. dne laktace s ndslednym pozvolnym vzestupem do konce sledovaného
obdobi. U leucinu a lyzinu byl v prvnich 12 dnech laktace zjistén prudsi a v naslednych dnech pozvolny pokles. U valinu
a metioninu byl do 12. dne stagnujici obsah a od 12. do 19. dne prudsi pokles s naslednym pozvolnym poklesem. U izoleucinu
a treoninu byl zjiitén pozvolny pokles do 19. dne laktace, prudsi pokles v obdobi 19. aZ 26. dne a pozvolny pokles od 26. dne.
U fenylalaninu byl zaznamendn do 19. dne laktace prudsi pokles s naslednym vzestupem. U neesencidlnich aminokyselin se
v daném &asovém obdobi pohyboval pokles v rozpéti 6,41-10,65 %, u esencidlnich aminokyselin v rozpéti 4,12-10,83 %
au X Met + Cys v rozpéti 3,81-13,96 %. U sumy esencidlnich aminokyselin (EAA) a sumy Met + Cys byl pokles pozvolny
a pravidelny. U sumy neesencidlnich aminokyselin (NEAA) byl v obdobi 5. aZ 19. dne laktace zfejmy pokles s naslednym
vzestupem.

ovce; mléko; aminokyseliny

INTRODUCTION Recently, the attention has been focused on investiga-

tions of relationships between composition and proper-

Ewe’s milk during the first month of lactation serves
to feeding of sucking lambs and, with progressing lac-
tation, it is used for cheese production.

In ewe’s milk, the main attention is paid to exami-
nations of milk fundamental components and their
changes depending on the stage of lactation, breed, nu-
trition, etc. Jelinek etal., 1991, 1993; Gajdusek
et al., 1994; for reviews see the materials of IDF).

CZECH J. ANIM. SCI., 43, 1998: 369-374

ties of milk to its reprocessing (Gajdusek, Jeli-
nek, 1992), namely also in view of hygiene during the
obtaining and treatment of milk, of health condition of
animals, etc. (Boro§ et al,, 1985; Fenyvessy et
al.,, 1994; Jelinek et al. 1994a, b, 1996).

The most important components of ewe’s milk from
both nutritive and technological points of view are ni-
trogen substances; first of all, proteins, volatile amino
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acids and non-protein nitrogen substances are investi-
gated (Fitscher 1986; JTelinek et al, 1991).

The mean contents of certain amino acids in mixed
samples of ewe’s milk from various sheep breeds are
reported by Wiinsche et al. (1967), Monte-
murro et al. (1968), Williams et al. (1976),
Wohlt etal. (1981), Sawaya et al. (1984), Ma-
hran etal. (1991) and Zeman et al. (1995).

MATERIAL AND METHODS

Changes in amino acid spectrum of ewe’s milk were
studied in 8 ewes (of every ewe’s 5 samples) of the
Tsigai breed for the 2nd and higher lactations from the
5th to the 33rd days after the birth during the period
from February to March 1994.

Ewes received feeding rations consisting of:

— wilted haylage, dry matter of 40%, fed ad libitum
~ bulk fodders, feeding ration of 0.20 kg

— meadow hay, feeding ration of 1 kg

— NaCl and mineral supplements, feeding ration of

0.05 kg.

Milk samples of ca. 100 ml were taken from the 5th
day after birth always in weekly frozen intervals during
the morning milking, after homogenization of produced
milk, and frozen subsequently.

Nitrogen substances were determined according to
Kjehldahl using the apparatus Kjeltec Auto 1030 Ana-
lyzer (f. Tecator). Crude protein (CP) was calculated as
N x factor of 6.37.

Milk samples for amino acid determination were ad-
justed using acidic and oxidative acidic hydrolysis ac-
cording to Davidek et al. (1981). The chroma-
tographical analysis of sample hydrolysates was
performed using the analyzer AAA 400 (f. INGOS Pra-
gue) and using Na-citrate buffers and ninhydrin detec-
tion. Later, during the analysis of amino acids,
methione sulphone was transferred to methionine (mul-
tiplied by a factor of 0.823) and cysteic acid was trans-
ferred to cystine (multiplied by a factor of 0.71).

Results were evaluated using variation statistics
(ANOVA) after Snedecor and Cochran (1967).

RESULTS

The mean contents of essential and non-essential
amino acids, crude protein (CP), sum of amino acids
(Z AA), sum of essential amino acids (£ EAA), sum of
non-essential amino acids (Z NEAA) and Z Met + Cys
of ewe’s milk from the 5th to the 33rd days of lactation
are presented in Tabs. I and II, and their graphical rep-
resentation is in Figs. 1-4.

:'Comparing the values found on the 12th, 19th, 26th and
33rd days of lactation with that found on the 5th day of
lactation (= 100%), we came to the following conclusions:

During the respective period, the decrease ranged
6.41-10.65% in non-essential amino acids, 4.12—
10.83% in essential amino acids and 3.81-13.96% in
Z Met + Cys.
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Comparing the decrease of non-essential amino
acids in ewe’s milk on the 12th day with the values on
the 5th day, we found the decrease up to 3% in contents
of Asp, Ser and Ala. The decrease up to 6% was reg-
istered in Gly, Pro and Tyr. Comparing the decrease on
the 19th day with the value on the 5th day, we found
the decrease up to 4% in Asp, up to 6% in Ser, Gly and
Ala, up to 14% in Glu and Tyr, up to 17% in Pro. On
the 26th day versus Sth day of lactation, the decrease
up to 6% in Asp and Gly, up to 8% in Ser and Ala, up
to 13% in Glu, Tyr and Pro occurred. Compared with
the contents of amino acids on the 33rd day versus 5th
day of lactation, the decrease up to 7% in Ser, Asp and
Glu, up to 9% in Tyr, Pro, Gly and Ala occurred.

It is evident from the graphical representation
(Fig. 1) that, in non-essential amino acids, a slow and
even decrease in Asp, Ser, Ala and Gly occurred a slow
decrease in Tyr and Pro was obserwed during the whole
period of our examinations; a steeper fall in Glu on the
19th day of lactation, followed by a slow increase Glu
by the end of respective period, occurred.

Comparing the decrease of essential amino acid con-
tents on the 12th day versus 5th day of lactation
(= 100%), it was up to 1% in Val and Met, up to 4%
in Thr, Ile and Arg, up to 7% in Lys, Cys, Leu, Phe
and His. Comparing the decrease on the 19th day ver-
sus Sth day, it occurred up to 5% in Ile, Thr and Cys,
up to 8% in Leu, His, Arg and Val, up to 10% in Lys
and Met, up to 15% in Phe. By the 26th day versus 5th
day of lactation, the decrease occurred up to 8% in His,
Ile and Arg, up to 10% in Leu, Cys, Thr and Lys, up
to 12% in Val, up to 14% in Met and Phe. Comparing
the 33rd day versus Sth day of lactation, we found the
decrease up to 8% in His, up to 10% in Ile, Arg and
Cys, up to 12% in Thr, Leu, Phe and Val, up to 13%
in Lys and up to 16% in Met.

It is evident from the graphical representation (Figs. 3
and 4) that, in essential amino acids His, Arg and Cys, an
evenly decreasing trend occurred during the whole period
of our examinations. In Leu and Lys during the first 12
days of lactation, the fall was steepper, and during the
following days, it was slow. In Val and Met, the content
was stagnant by the 12th day, from the 12th to 19th days,
a steepper fall occurred, followed by a slow decrease. In
Ile and Thr, a slow decrease by the 19th day of lactation,
a steepper fall during the period from the 19th to 26th
days and from the 26th day up again a slow decrease were
found. In Phe, a steepper fall followed by an increase was
registered by the 19th day of lactation.

The course of the decrease in non-essential amino
acids (NEAA) is plotted in Fig. 4. The decrease was
less than 7% on the 12th day, 11% on the 19th day,
less than 10% on the 26th day and 7% on the 33rd day
versus 5th day (= 100%) of lactation. In the sum of
EAA, the decrease of 4.1 : 7.7 : 9.5 : 10.4%, respec-
tively, and the decrease of the sum of Met + Cys of 4
: 8.5 : 11.7 : 14%, respectively, were found.

In £ EAA and Z Met + Cys, the decrease was slow
and regular. In £ NEAA, a clear drop followed by rise
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1. Quantitative values of essential amino acids of ewe’s milk (mg/100 ml) during the 5th to the 33rd days after birth (mean £ S.E)

Day Thr Val Ile Leu Phe His Lys Arg Cys Met Z EAA X Met + Cys
5 | 2682+ 18.18 | 351.4 + 30.28 | 280.9 + 19.55 | 554.5 + 37.87 | 278.9 + 30.28 | 127.9 + 13.21 | 504.6 + 28.33 | 1204 £ 12.31 | 63.7£6.12 149.1 + 14.77 | 2699.6 + 127.44 | 212.8 + 12.82
12 | 2609 +21.12 | 348.2 + 32.82 | 271.8 +20.22 | 525.4 + 35.36 | 261.7 + 22.44 | 120.2 + 13.58 | 479.6 £ 27.81 | 115.8 £ 19.32 | 60.9 £ 9.12 | 143841792 | 2588.3 +£165.12 | 204.7 + 13.77
19 | 255.1 +£17.11 | 325.1 £24.97 | 270.0 + 20.33 | 515.9 + 36.29 | 238.6 + 33.66 | 120.1 + 17.73 | 460.9 £25.13 | 112.4 £ 19.55 | 60.8 +8.37 1343 £16.92 | 2493.2 £ 131.99 195.1 + 12.64
26 | 242.8 +20.58 | 315.1 + 33.72 | 258.9 + 19.45 | 508.4 + 29.59 | 240.8 + 32.58 | 119.9 £ 19.91 | 458.1 £ 26.81 | 111.3 £ 19.48 | 583 £ 9.49 129.7 £ 15.15 | 24433 £ 128.61 188.0 £ 13.59
33 | 239.6 +22.54 | 312.5 + 25.52 | 257.7 + 21.92 | 495.1 + 36.07 | 249.4 +23.91 | 118.4 + 20.11 | 441.8 + 28.37 | 109.6 + 20.55 57.6 £ 891 | 1255+ 18.61 2407.2 £ 149.91 183.1 + 12.66
IL. Quantitative values of non-essential amino acids and crude protein of ewe’s milk (mg/100 ml) during the 5th to the 33rd days after birth (mean + S.E.)
Day Asp Ser Glu Pro Gly Ala Tyr Z NEAA I AA CP
5 488.8 +32.82 346.9 + 21.64 1167.9 + 38.44 583.8 +41.58 133.9£7.38 195.9 + 12.34 279.7 £ 15.02 3196.9 + 141.11 | 5896.5 +381.11 | 6395.3 + 583.16
12 477.1 £ 31.61 337.2 £ 21.99 1037.4 + 39.65 557.3 £ 40.14 1289 +£9.11 190.8 + 11.84 263.2 £ 14.69 2991.9 + 138.22 | 5581.2 £ 386.55 | 6026.5 £ 526.95
19 470.8 £ 32.48 330.0 £+ 20.28 1012.1 + 40.15 489.1 +39.04 127.2 + 8.59 1854 £ 12.92 2419 £ 16.21 2856.5 + 129.76 | 5349.7 +398.81 | 5778.0 £ 602.39
26 461.9 £ 33.55 3254 +21.11 1036.1 + 40.92 512.7 £ 50.01 127.1 £ 851 180.9 + 12.88 247.1 £ 16.93 2891.2 + 136.29 | 5334.5 £318.44 | 5779.5 + 528.94
33 455.6 +31.93 326.7 £ 22.56 1094.8 + 38.54 535.6 + 41.88 123.3 £ 9.62 1793 £ 11.73 259.8 £ 17.15 2975.1 £ 122.64 | 53823 +£315.77 | 5839.8 + 589.81
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was evident during the period from the 5th to 19th days
of lactation.

DISCUSSION

Our results correspond to the results by Wiin-
sche et al. (1967), Montemurro et al. (1968),
Williams et al. (1976), Wohlt et al. (1981),
Sawaya etal. (1984)and Mahran etal. (1991) for
Asp, Gly, Glu, Ser, Thr, Ile and Leu, in the contrary to
that, these authors report higher values for Ala and Arg.

Comparing our results with the values reported by
Wiinsche et al. (1967), Montemurro et al.
(1968) and Williams et al. (1976), we found lower
values in Val, Phe, His, Lys and Met.

Substantially higher differences between the values
found by us and the values reported by Mahran et
al. (1991) were found in Tyr (279.7-259.8 : 548.0
mg/100 ml), Met (149.1-125.5 : 219.1) and in Arg
(120.4-109.6 : 161.4).

Lower values are reported by Wiinsche et al.
(1967), Montemurro et al. (1968) and Wil-
liams et al. (1976) in Cys, by Wohlt et al. (1981)
in Ala, by Mahran et al. (1991) in Thr (173.1 :
268.2-239.6 mg/100 ml).

Comparing the data by Zeman et al. (1995) in
essential amino acid mixed samples of ewe’s (irrespec-
tive of the breed) milk with our results, we found lower
values (mg/100 ml milk) in all cases, e.g. in Val (490.0
:351.4-312.5), in Ile (400.0 : 280.9-257.7) and in Met
(170.0 : 149.1-125.5), in the opposite to that, higher
values in Cys (40.0 : 63.7-57.6).

The changes found in the crude protein content of
ewe’s milk depending on the time interval since the
birth, fully confirm the conclusions by Boro§ et al.
(1985) and Jelinek et al. (1991). The quality of
ewe’s milk true protein is affected genetically. How-
ever, the quality of true but even of crude proteins is
affected significantly, besides by the lactation stages
and breed, first of all, by nutrition of sheep and com-
position of feeding doses. Consequently, the results
found in the amino acid composition of ewe’s milk can
be explained by the above effects.
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CHARAKTERISTIKA UKAZOVATELOV KVALITY VAJEC
SLIEPOK ROZNYCH PLEMIEN A LINII

PARAMETERS OF HEN EGG QUALITY IN VARIOUS BREEDS
AND STRAINS

M. Halajl, J. Benkovéz, J. Baumgartuer2

! Slovak Agricultural University, Nitra, Slovak Republic
2 Research Institute of Animal Production Nitra, Station of Poultry Raising and Breeding,
Ivanka pri Dunaji, Slovak Republic

ABSTRACT: The objective of our study was to investigate the effect of different hen genotypes on morphological and
technological parameters of eggs. Investigations involved three hen breeds — Red Rhode-Island (RIR), New Hampshire (NH),
Light Sussex (SU), and three strains SLOVGAL — (03 A), (05 A), (06 A) kept as gene pools. Hens received complete mashes.
They were housed in closed populations on deep litter. Egg analyses were made in the 2nd, S5th and 8th month of laying
period. Ninety standard eggs from egg production were randomly sampled from each group in three-day intervals, i.e. a total
of 1,620 eggs (90 x 6 x 3) over the period of observation. The results of egg quality analyses indicate breed and type
differences in the parameters of whole egg as well as its components. Changes in the parameters of egg and its components
— albumen, yolk, eggshell were confirmed, related to hen age and laying intensity. SU breed and Slovgal 06A strain had the
lowest egg weights (55.12 g and 59.69 g, respectively). No substantial differences were observed in specific weight and egg
shape between the groups. New Hampshire (NH) hens had albumen of best quality. Yolk quality was better in Slovgal strains,
yolk color values were lowest in RIR. Higher values of eggshell quality parameters were determined for Slovgal lines and
NH breed.

hens; breeds; lines; types; egg quality

ABSTRAKT: Sledovali sme morfologické a technologické charakteristiky vajec sliepok plemien rodajlendka ¢ervena (RIR),
hempdirka (NH) a sasexka svetld (SU) a linii Slovgal (03 A), (05 A), (06 A) chovanych ako génové rezervy. Sliepky boli
kfmené kompletnou kimnou zmesou a ustajnené v hale na hlbokej podstielke v uzavretych populdciach. Rozbory vajec sme
robili v 2., 5. a 8. mesiaci zné8ky. U kaZdej skupiny bolo z trojdiiovej znaSky nahodnym vyberom odobrané 90 vajec, t.j.
1 620 ks (90 x 6 x 3) za obdobie sledovania. Vysledky analyz kvality vajec ukazovali na plemenni a typovii rozdielnost
v ukazovateloch celého vajca, ako’ aj jeho Gasti. Potvrdili sa tendencie zmien charakteristik celého vajca, jeho Zitka, bielka
i $krupiny podmienené vekom a znaSkou. Vyrazné zmeny sme zaznamenali pri hmotnosti vajec a vlastnostiach bielka a Skru-
piny. Mensie zmeny sme u vetkych genofondov zistili u Zltka.

sliepky; plemend; linie; vlastnosti vajec

UVOD

Vyroba hydinovych produktov, hlavnych potravino-
vych &lankov — konzumnych vajec a misa hydiny — je
zabezpefovana v prevahe velkochovom, no najmé pro-
dukcia vajec sa pokryva aj drobnochovatelmi. Preto sa
venuje pozornost nielen vysokovykonnym hybridom
sliepok chovanych vicSinou vo velkochovoch, ale aj
tradi¢nym plemenam sliepok, ktoré sa chovaji u drob-
nochovatelov. Z aspektu udrZania genofondu Cistych
plemien sliepok, ako aj ostatnej hydiny treba ich udrZat
v Cistych liniach &i populaciach a hodnotit ich exterié-
rové a GZitkové vlastnosti.

Hodnotu vajca ako potraviny uruje obsah Zivin, ich
stravitelnost a organoleptické vlastnosti. Nutri¢na hod-
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nota vajca zdvisi od chemického zloZenia bielka
a ZItka. Okrem nutri¢nej hodnoty vajca posudzujeme aj
ich technologicki hodnotu, ktora uréuje hmotnost, tvar,
Struktaru Casti vajca, a ich dalSie vlastnosti, ktoré kom-
plexne charakterizuji kvalitu vajec (Peter a kol.,
1986; Burley, Vadehra, 1995).

Pri vyrobe konzumnych a nasadovych vajec venujeme
pozornost ich hmotnosti, ale aj rozmerom a tvaru vyjad-
renym indexom. Zmeny tychto charakteristik Studovali
Halaj et al. (1979), Halaj, Packa (1977), Ha-
laj, Szoby (1977), Spadek, Petrovska
(1979) a ini. Obsirnejsie Stidie si venované vnitornému
obsahu vajca — bielku a ZItku, ktoré charakterizuji z via-
cerych aspektov Romanoff, Romanoff (1949),
Karakoz (1964), Peter a kol. (1986) a ini.
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Najvi&Sia pozornost je v odbornej literatire z as-
pektu praktickych, ale aj technologickych sistredend
na ¥krupinu slepa&ieho vajca, ako pevny obal vniitor-
ného jedlého obsahu vajca (Burley, Vadehra,
1995; Simeonovova, VyslouZil, 1991; Si-
meonovova etal, 1992 a inf).

Vlastnosti vajec a ich Casti hodnotili Skfivan
(1990), Timova, Skfivan (1994) u chovanych
hybridov a genetickych rezerv a ich podmienenost ge-
nofondom a vyZivou Tuamova et al. (1993),
Arent etal. (1997) a Horniakova et al. (1993).

Charakteristiku vajec istych plemien sliepok v star-
Sej literatire uvddzaji Zatko a Malik (1982).

MATERIAL A METODA

Morfologické a technologické ukazovatele vajec
sliepok sme sledovali u plemien rodajlendka Cervena
(RIR), hempgirka (NH) a sasexka svetla (SU) a u troch
linii Slovgal (03 A), (05 A), (06 A) chovanych ako
génova rezerva vo VUZV Nitra, Chovnej stanici hy-
diny v Ivanke pri Dunaji.

Sliepky boli v uzavretych populdcidch chované
v haldch na hlbokej podstielke a kimené Standardnou
kfmnou zmesou. Zber a evidencia vajec boli spojené
s individuilnou kontrolou znasky.

Kvalita vajec bola zistovana v 2., 5. a 8. mesiaci
znasky. Vajcia k analyzam boli odoberané z troch dni
zna8ky nadhodnym vyberom 90 vajec od kaZdej skupiny.
Celkom bolo hodnotenych 1 620 vajec (90 x 6 x 3).

Ukazovatele vlastnosti vajec sme ur€ili podla meto-
diky kontrolnych a reviznych stanic hydiny, ktori po-
pisal Halaj (1976).

U celého vajca sme hodnotili hmotnost, merni
hmotnost a index tvaru; u Zltka percentudlny podiel na
hmotnosti vajca, vySku a farbu; u bielka percentualny
podiel na hmotnosti vajca, vySku a index; u Skrupiny
percentuédlny podiel na hmotnosti vajca, merni hmot-
nost, tchylku (deforméaciu) a pevnost. g

Pevnost Skrupiny bola hodnotena pristrojom vyvinu-
tym na katedre, deformécia vaje¢nej Skrupiny pristrojom
KOLUMBUS M autorov Simeonovova a VyslouZil, far-
ba ¥ltka bola uréen4 podla farebnej 8k4ly Hoffman La
Roche.

Vysledky boli spracované programom STATGRA-
PHICS, preukaznost rozdielov bola zistovana Studen-
tovym t-testom.

Vyznamnost rozdielov medzi mesiacmi, plemenami
(liniami) a priemermi medzi genofondami je v tabul-
kach oznaCena réznymi pismenami.

VYSLEDKY A DISKUSIA

Dynamika ukazovatelov celého vajca je charakteri-
zovana v tab. I. Hmotnost vajec sa vekom sliepok zvy-
Suje vyraznejSie u linii ako u plemien, ¢o odpoveda
zisteniam autorov Halaj et al. (1979), Skfivan
(1990) a inych. Zhodna tendencia zmeny tvaru vajec
vekom sliepok sa vyraznejSie potvrdila u plemien RIR
a NH, ale aj u linii Slovgal.

Merna hmotnost vajec klesa s pribidajicou znas-
kou - rozdiely boli zistené medzi plemenami (SU malo
najnizsie hodnoty) aj medzi liniami Slovgal (03 A mala
hodnoty najvyssie).

U vlastnosti bielka boli najmensSie zmeny pocas
znasky zaznamenané u podielu na hmotnosti vajca.
Tendenciu zniZenia vSetkych ukazovatelov vnitorného
obsahu vajca uvadzaji Halaj et al. (1979), Spa-
éek, Petrovska (1979) a Halaj (1976). Preu-
kazne sa zniZuje vekom sliepok vySka bielka a index
bielka. V naSom sledovani bol najkvalitnejsi bielok
u plemena NH a u linie 06 A, ako ukazuje tab. II

Charakteristiku #Itka poskytuje tab. III. Podiel Zltka
na hmotnosti vajca sa zniZoval preukazne u vietkych
genofondov. Podiel bielka u linii Slovgal bol preukaz-
ne vy33i ako u Cistych plemien.

Vyska #ltka a jeho index sa zna¥kou zniZoval pri-
bliZzne rovnakou intenzitou u vietkych sledovanych ge-

I. Charakteristika vl i vajec sliepok réznych pl a linii — Egg characteristics in hens of various breeds and strains
Pl / Linia”
Ukazovater! | Mesiac RIR NH su Slovgal (03 A) | Slovgal (05 A) | Slovgal (06 A)
znasky? ga & &
xtss Xt Xt Tt XE s Xt
2 56,65 +2,88" |57.46 £ 1,96* |53,25+271" |5558+3,58" |59,05 + 3,40 56,67 + 3,09"
Hmotnost 5. 57,76 £ 4,10° [57,44 £3,69" |53,37+3,84" |[6294+4.29" |6035+426" | 5897+391"
vajea® (g) 8. 59,60+ 343" 60,55 +327" [5883+3,13" [6586+4,31° [62,64+369" | 63,43:+3,80°
priemer® |57,98 £ 0,86" 58,48+ 1,03 |55,12+1,71" [61,45+3,05° |60,68 + 1,465 | 59,69 + 1,99°
Mot 2 1,08 + 0,01° 1,08 + 0,02° 1,07 +0,01° 1,09 +0,03* 1,08 +0,01° 1,08 + 0,01*
hmotnosf s. 1,08 +0,01* 1,09 + 0,02 1,08 + 0,02° 1,09 + 0,02° 1,08 + 0,01* 1,09 £0,01*
2’;12; 5 8. 1,07 + 0,02 1,08 + 0,02 1,07 +0,01° 1,10 + 0,03 1,07 + 0,02" 1,07 +£0,01*
priemer | 1,076 +0,005" | 1,083 + 0,005" | 1,073 + 0,005* | 1,093 + 0,005° | 1,077 + 0,005" | 1,08 + 0,008"
3! 1,28 + 0,06" 1,30 + 0,04° 1,35 + 0,06" 1,34 £ 0,10" 1,28 + 0,05" 1,29 + 0,06"
Index tvaru 5. 1,31 £ 0,05" 1,36 + 0,05" 1,34 £ 0,04° 1,35 £ 0,22° 133 +£0,07° 1,36 + 0,06"
vajca® 8. 1,32+ 0,05° | 1,36+0,05" | 1,36 +0,05" 1,38+ 0,08" | 133005 1,33 £ 0,05
priemer | 1,31+0,018" | 1,34+0,01" 1,35 +0,01° 1,36 £ 0,017" | 1,31 +0,024* 1,33+ 0,029"

lpnrurncter. month of laying, 3egg weight, ‘avcrngc. s<:gg specific weight, 6t:gg shape index, "breed/strain -

376

CZECH J. ANIM. SCI., 43, 1998: 375-378




11. Charakteristika vlastnosti bielka vajec sliepok réznych plemien a linii — Egg albumen characteristics in hens of various breeds and strains

. Plemeno / Linia’
Ukazovatel! ':'n“f;‘l:‘;, RIR NH SU Slovgal (03 A) | Slovgal (05 A) | Slovgal (06 A)
xtss x5 xEee xt s x ks x5

2. 63,20 + 1,89" | 61,63 £2,11* | 62,18 +1,92" | 60,84 + 1,81° | 60,54 + 1,80" | 60,96 + 2,15"
::‘:;:;;‘J;? 5. 60,16 +2,98% | 61,92 +2,93* | 61,05+293" | 60,59 +226" | 60.25+2,18" | 59,02+ 4,08"
vajca® (%) 8. 61,46 +2,29" | 60,43 +2,69° | 59,39 £7,96" | 59,08 +3,16" | 59,63 + 2,98" | 58,04 + 3,09

priemer* | 61,61+ 125° | 61,33 +0,65° | 60,87 + 1,15 | 60,17 +0,78" | 60,14 +0,38" | 59,34 + 1,21°

2. 0,72+ 0,12° | 0,69 +0,10" 0,62 +0,10" 0,71 £0,12" 0,66 * 0,09" 0,67 +0,10"
;{f::‘ 5. 052+0,12" | 071+021° | 048+014" | 048+0,14" | 060%0,10° | 0,54+0,11"
() 8. 048+ 0,10" | 0,56+0,11" | 048+011" | 043+0,11" | 044+0,11" | 04740,14"

priemer 0,57+0,10° | 0,65+0,07 | 053007 | 054+0,12" | 057009 | 0,56 0,08"

2. 101,04 + 20,29%| 97,10 % 14,03" | 8596 + 17,91 | 96,73 + 19,62" | 87,94 + 19,24° | 84,93 + 13,30°
Index 5. 62,44 + 17,69"| 89,24 +27,78" | 54,68 + 18,94" | 55,37 + 16,46 | 71,15+ 15,78" | 62,63 + 14,22"
bielka® 8. 54,52 + 14,20"| 63,39 + 16,88" | 53,59 + 12,62" | 46,40 = 13,54" | 49,59  15,75° | 52,25 % 16,13°

priemer | 72,67 +20,32"| 83,24 + 14,40" | 64,74 + 15,01° | 66,17 +21,92° | 59,56 + 5,69 | 66,60 £ 13,53°

lpm’nmeter. Zmonth of laying, 3albumen to egg weight ratio, 4:xvemge, Salbumen height, Salbumen index, "breed/strain

III. Charakteristika vlastnosti Zltka vajec sliepok roznych plemien a linii — Egg yolk characteristics in hens of various breeds and strains

_ Plemeno / Linia®
Ukazovatel! i‘n";;ﬁ‘;z RIR NH SU Slovgal (03 A) | Slovgal (05 A) | Slovgal (06 A)
x5 s Tt 5 xts xE s fi.“;
2, 28,04+ 1,98 | 29,12+2,06" | 29,24+ 1,83" | 29,88+ 1,82 | 2990+ 168" | 29,72 + 2,05
::d‘:l‘:oﬂl‘::ﬁ s. 3132+£2,84" | 2970 +251° | 3075+2,59" | 3057 +217° | 3093 £2,16" | 32,53 +2,76"
vajca® (%) 8. 30,20+ 229" | 3191 +224" | 31,16 +2,52" | 3241 +2384" | 31,28 +270" | 32,84 +3,03"
priemer® | 29,85+ 1,36 | 3024+ 1,20 | 30,38+0,83° | 3095+ 1,07° | 30,70 £0,59" | 31,70 £ 140"
2, 1,82£0,12° | 1,750,11* | 1,76+0,07" | 1,84+ 0,08" 1,87 £0,10° | 1,80+ 0,09
Vyska zltka® | 5. 1,78+ 008" | 1,604£020° | 1,67£0,10" | 1,75£0,12" | 1,730,413 | 1,76+ 0,09
(cm) 8. 1L71+0,11° | 1,78+0,10° | 1,67+ 1,00" | 16940145 | 177+011" | 1,73+0,13
priemer 1,77 £ 0,05" 1,74 £ 0,04* 1,70 + 0,04" 1,76 + 0,06 1,79 + 0,06° 1,76 + 0,03"
2. 48,25 + 4,05" | 4530+ 6,00" | 48,00+3,12" | 52,00 £ 12,02"| 48,07 £4,03" | 46,10 % 4,00°
jasle i O7S: 44,56 £ 4,07 | 41,31+502° | 4228 +4,02° | 43,40 % 10,60°| 46,70 +3,58" | 42,45+ 3,05
8. 42,15+ 4,065 | 43,10+4,06° | 41,06+ 3,00 | 39,60+ 592 | 43,15+3,08 | 4125+4,02"
priemer | 4499 +251° | 4324+ 169" | 43.81+299" | 4500+5,19" | 4597 +2,07° | 4327 +2,06"
Farba #Itka’ 2; 724+ 1,00° | 833+084* | 729+058 | 7.81+081° | 700+064" | 716+ 1,02"
Sg’f?xﬂ 5, 677+062" | 733+088" | 7,02+081° | 753£081* | 730+0,63" [ 7.26+0,80°
PR 8. 664+087" | 725+088" | 7424088 | 768+106" | 7184078 | 7,12+087"
® HLR) priemer 6,88 + 0,26" 7,64 + 049" 7,28 £ 0,12° 767+011" 7,16 £ 0,12° 7,18 £ 0,06

lpamme!er. month of laying, 3yolk to egg weight ratio, “average, 5yolk height, 6yolk index, 7yolk color, *breed/strain

nofondov. Rozdiely medzi plemenami neboli tak vy-
razné.

Index Zltka bol preukazne najniz$i u SU a u linie
06 A. Intenzita sfarbenia ZItka bola preukazne najvys-
Sia u NH (7,64 °HLR), a u linie 03 A (7,67 °HLR).
Rozdiely sivisia pravdepodobne s rozdielnou hmotnos-
tou sliepok a ich tukovym metabolizmom (Roma-
noff, Romanoff, 1949).

Podiel Skrupiny (tab. IV) na hmotnosti vajca sa vy-
raznejSie zniZoval u plemien ako u linii Slovgal. Ra-
pidny pokles nastal po vrchole znasky. Medzi pleme-
nami boli mensSie rozdiely ako medzi liniami Slovgal,
ktory mal preukazne vy$8i podiel Skrupiny.

Merna hmotnost Skrupiny u plemien sa zvySovala
do vrcholu znasky, u linii bola tendencia nepravidelna.
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Priemerné hodnoty odpovedaji tdajom autorov Pe-
ter akol. (1986) a boli relativne vy$§ie u plemien ako
linii Slovgal.

Deformécia Skrupiny sa znd$kou zvySovala viac
u plemien ako u linii Slovgal. V priemere bola najniz-
§ia uchylka u Skrupin vajec NH (32,25 pm) a 06 A
(27,57 um) a najvyssia u SU (36,98 pum). Uvedené roz-
pitie odpoveda zisteniam autorov Simeonovovi
et al. (1992).

Pevnost Skrupiny sa zniZila poCas znasky preukazne
u v8etkych populécii. NajniZ§iu pevnost §krupiny malo
plemeno SU a z linii 03 A.

V celkovom hodnoteni kvality Skrupiny sa prejavili
rozdiely medzi plemenami a liniami podmienené geno-
fondom.
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V. Charakteristika vlastnosti Skrupiny vajec sliepok réznych plemien a linii — Eggshell characteristics in hens of various breeds and strains

I Pl / Linia*
Ukazovatel! 2nfisky? RIR NH SU Slovgal (03 A) | Slovgal (05 A) | Slovgal (06 A)
Xt Xt xtss Xt It Tis
Podiel % 8,77 + 0,42° 9,26 + 0,58" 8,64 + 0,57 9,28 + 0,84" 9,57 £ 0,63" 9,34 +0,70"
Skrupiny 5. 853+068" | 838+076" | 856+088" | 884+074" | 9,01£070" | 9,11%0,69"
i sl 842+075" | 870+091° | 837+077" | 847+1,00° | 9.03+086" | 9,02+045"
e priemer* | 857+0,15° | 878+036" | 852+0,11"° | 88 +000° | 920+026" | 9,16+0,13
" 2% 2,00£0,15° [ 195+031° | 1,754£022° | 1,95+028" | 1,74+020° | 2,06+0,18"
hmotnost 5. 2,13+028" | 230+047" | 214+033" | 1,98+024° | 196+024" | 2,02+0,24"
Skrupiny® 8. 182£037° | 233+040° | 198+020° | 213+032" | 201+023" | 190%0,10"
o) priemer | 198+0,13" | 216+0,15" | 196+0,16° | 2,02+008" | 1,90+0,12° [ 199007
2. 30,76 +£3,25" | 27,89 +5,04" | 33,03+528" | 30,61 +530" | 2547 +3,67" | 26,12+292"
Uchylka® 5. 3591+ 838" | 3503+873" | 3868+ 1044" | 27,85+ 6,59" | 32,82+ 9,08" | 2824 +572"
(mm) 8. 35,84 + 837" | 33,83+£7,26" [3923+9,71" | 32,81+7,74 | 27,23+6,37" | 2836+ 675"
priemer | 34,17 +3,41° | 32,25 +3,12" | 36,98 +2,80° [ 30,42+2,03° | 2853+2,96° | 27,57+ 1,03
2. 22,40 £2,50° | 2560 +430" | 2032+351° | 2320+250° | 2430+4,50° | 2391 +4,10°
;’:r‘:l':?l:‘y, 5. 21,40 +3,78" | 2090+ 280" | 2040+ 3,10° | 23,50+ 4,61° | 21,40+ 560° | 23,70 £ 2,70"
(N/em?) 8. 19,10+ 368" | 19,60+ 587" | 1560+6,60° | 16,70 7,00 | 21,10+ 6,50° | 17,60 + 8,15
priemer | 2097+ 138" | 2203+258° | 1877+224° | 21,13+3,14* | 2227+ 1,44" | 21,74+ 2,93

lpm'nmeter. month of laying, 3eggshell to egg weight ratio, 4nvemge. Seggshell specific weight, Sdeviation, 1eggshcll strength, *breed/strain
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VLIVY PUSOBICI NA ZMENY OBSAHU
HYDROXYMETHYLFURFURALU V MEDU

EFFECTS INDUCING CHANGES IN HYDROXYMETHYLFURFURAL
CONTENT IN HONEY

I. Kubis, I. Ingr

Mendel University of Agriculture and Forestry, Faculty of Agronomy, Brno, Czech Republic

ABSTRACT: The effects of temperature and storage time were studied with respect to an increase in hydroxymethylfurfural
content in honey samples, which is a typical signal of honey impairment by heating to high temperatures and long storage
time. With the growing heat load of honey, all samples showed an increase in HMF content, relatively low by the temperature
of 50 °C. Further increase in temperature by 61 °C did not increase HMF content at such a rate to exceed the approved limit.
Only did further increase in temperature to 63 °C result in a statistically highly significant (P < 0.001) steep rise of HMF
content (even though not exceeding the limit value in all samples), and overheating to 82 °C caused serious impairment of
honey — HMF content was ten times higher than the limit value. Not all samples exhibited identical reactions to overheating;
the weakest reaction was observed in locust honey samples, the strongest in summer samples. The HMF content did not
increase during sample storage in a cooler at a temperature of 6 °C; the same or slightly (statistically insignificantly) higher
HMF content was determined in 12 months. On the contrary, the increase was relatively high during sample storage at room
temperature of 18 °C (P < 0.001, both in comparison with control samples and with samples stored at 6 °C), but in none of
the samples did the content rise to exceed the approved limit value for HMF content in honey. In specific terms, HMF content
in rape honey increased in 1995 from control samples (0.03 mg/100 g honey) through samples clarified to 50 °C (0.05 mg/100 g)
to samples heated to 61 °C in which HMF content of 0.19 mg/100 g honey was measured. Locust honey showed the same
trend — 0.007, 0.05, 0.33 mg HMF per 100 g of honey, respectively, and a similar situation was observed in summer honey
- 0.05, 0.07 and 0.21 mg HMF per kg of honey, respectively. Similarly, the respective values of HMF content in 1996 were
in control samples, in samples heated to 63 °C, and then to 82 °C as follows: 0.001, 2.61 and 19.8 mg HMF per 100 g of
honey in rape honey, 0.003, 1.17 and 13.94 mg HMF per 100 g of honey in locust honey, and 0.02, 3.36 and 24.72 mg HMF
per 100 g in summer honey. The values measured after one-year storage at 6 °C and 18 °C amounted to 0.03 and 0.76 mg
HMEF for rape honey while they were 0.009 and 0.54 mg HMF for locust honey and 0.04 and 0.58 mg HMF per 100 g for
summer honey.

honey; kinds; HMF (hydroxymethylfurfural); temperature; storage time

ABSTRAKT: Byl sledovién vliv teploty a doby skladovéni na nédriist obsahu hydroxymethylfurfuralu (HMF) v medu. Obsah
HMF je charakteristickym znakem pro znehodnoceni medu vysokym zihfevem a dlouhou dobou skladovéni. Pfi naristajici
tepelné zat&€Zi medu se u viech vzorkd projevoval i narist obsahu HMF, ktery do teploty 50 °C byl pomé&rné slaby a aZ do
61 °C se neprojevil natolik, aby obsah HMF ve vzorcich jiZ piekrocil povolenou normu. Teprve dali zvySovini teploty na
63 °C vedlo ke statisticky vysoce prikaznému (P < 0,001) prudkému nériistu obsahu HMF (i kdyZ jest& ne u viech vzorka
byla pfekrofena norma) a prehfti na teplotu 82 °C jiZ med siln& znehodnotilo — obsah HMF byl desetkrat vy33i, neZ povoluje
norma. Pfi skladovani vzorki v chladnicce pfi teploté 6 °C nedochazelo ke zvySovani obsahu HMF — po 12 mésicich byl
zji$tén tentyZ nebo mirn& (statisticky nepritkazng) zvy$eny obsah HMF. Pfi skladovani vzorkid v pokojové teploté 18 °C byl
naopak nérist obsahu HMF b&hem roku pomérné silny (P < 0,001), a to jak ve srovnani s kontrolnimi vzorky, tak oproti
vzorkum skladovanym pfi teplot€ 6 °C. V Ziadném vzorku se viak nezvysil natolik, aby byla pfekro¢ena norma povoleného
obsahu HMF v medu.

med; druhy; HMF (hydroxymethylfurfural); teplota; doba skladovani

UvVoD zi i ke zvySeni mnoZstvi antinutriénich latek (jako je
hydroxymethylfurfural —- HMF), ¢imZ lze toto poruseni

Pii zahiivani medu dochéazi k ni¢eni viech termola-  technologického postupu odhalit.
bilnich latek a tim k velkému znehodnoceni medu jako Nejvétsi tepelnou zaté€Zi byva med postiZen pfi Ce-
celku. Termolabilni l4tky v medu jsou hlavn& enzymy feni (u vyrobce) a pfi pInéni (u zpracovatele). Oboji lze
a vitaminy. Nadmérnym zahfivanim medu v8ak docha- délat velmi Setrné, oviem teplej$i med je méné vazky,
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coZ je pro zpracovatele vyhodné&jsi, nebof umoZiiuje
rychlej8i zpracovani.

Obsah HMF v &erstvém medu je prakticky nulovy
a jeho narust je zavisly pfedné na stafi medu a na jeho
tepelné zat&Zi pfi zpracovavéni a skladovéani. Z tohoto
hlediska je obsah HMF velice vyznamnym parametrem
pfi hodnoceni kvality medu (Crane, 1975); podle ob-
sahu HMF lze odhalit poSkozeni medu zahfatim nebo
dobou skladovéni a ,,fedéni* invertnim cukrem ¢&i $kro-
bovym sirupem. Podle CSN 57 0490 (1973) miZe byt
obsah HMF v medech kvétovych, akatovych, Eistco-
vych a smiSenych do 2,5 mg/100 g a v medech medo-
vicovych do 4 mg/100 g.

HMEF je chemicka létka, ktera ovliviiuje barvu, chut
i vini v&eliho medu. Barva u poskozeného medu byva
velmi tmavé, chut vyrazné aZ ostie kyseld. Prehfaty
med vyrazné voni po HMF (Vesely a kol., 1985).

I kdyZ se HMF vyskytuje v potravinich pomé&rné
&asto, o jeho ucincich na Zivé organismy je velmi mélo
udaju. Bohadek (1994) zjistil, Ze v byvalém SSSR
byl navrZen limit denniho pfijmu pro &lovéka 2,5 mg
HMF na 1 kg Zivé hmotnosti. V Americkém registru
toxickych efekti chemickych latek se uvadi, Ze v dav-
kiach nad 200 mg na 1 kg Zivé hmotnosti zplsobuje
zmény v krevnich bilkovinich bilych krys. HMF se
vieobecné povaZuje za latku pro lidsky organismus
prakticky neSkodnou. V evropskych zemich se maxi-
malni pfipustné mnoZstvi HMF v medu vétSinou pohy-
buje mezi 20 a 40 mg HMF/kg medu.

V CR nebyl prozatim obsah HMF v tuzemskych me-
dech soustavné zkoumdn. Cilem této price bylo proto
zjistit, jaky je vubec obsah HMF v riznych druzich
Ceského medu a zda by se dal obsah HMF v medu
vyuZit jako charakteristicky znak, jenZ by odliSoval
&eské medy od medd importovanych. Dile bylo tfeba
dokézat, zda med, ktery je odebiran okamZité po vyto-
¢eni z medometu, ma minimalni obsah HMF a zda ten-
to obsah roste s cestou ke spotiebiteli, tedy zahfivanim
a skladovanim. Cilem bylo také zjistit, zda norma limi-
tujici obsah HMF v medu je adekvitni nasim podmin-
kam.

MATERIAL A METODY

Pro pokusy byla pouZita vlastni v&elstva umisténa
v koCovném voze v blizkosti Brna na jiZni Moravé.
Jednalo se o véelu kraiiskou (Apis mellifera carnica).

Jarni rozvoj pokusnych véelstev byl po oba roky
(1995 a 1996) velmi dobry.

Med byl ziskdvan vytaenim ve &tyframkovém tan-
gencidlnim nerezovém medometu. Byl vytagen z kaz-
dého véelstva zvIast.

Med fepkovy byl v roce 1995 vytien 26. kvétna,
v roce 1996 1. Eervna, u medu akitového to bylo
8. gervna a 13. ervna a u medu letniho 30. &ervna
a 13. &ervence.

Vzorky byly odebirany z deseti vybranych véelstev,
a to piimo pfi vytékani medu z medometu, aniZ by med
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pretékal pres sita. Odebirano bylo vZdy asi 250 g medu
do sklenéné nadobky.

ProtoZe med mél byt v roce 1995 ofetien péti ruz-
nymi zpisoby, byly odebrané vzorky rozdéleny do péti
kelimku z plastu po cca 50 g. Takto vzniklo 150 vzor-
ki, tj. 50 vzorkd od kaZdého druhu medu (med od
10 véelstev vidy do 50 kelimkil).

VySe popsanym zpusobem vzniklo tedy pét sérii
0 30 kusech. Takto vzniklé série vzorki byly o¥etfeny
nasledovné:

1. série (kontrolni) byla ponechéana bez jakéhokoliv
oSetfeni a byl u ni zjiSfovan okamZity obsah HMF po
odbéru.

2. série byla zahfita na teplotu 50 °C a ponechéna
v této teploté 48 hodin.

3. série byla zahfivéna stejné jako série 2, byla viak
ponechana v termostatu je§té dalSich 48 hodin pfi tep-
loté 61 °C.

4., série byla skladovana pfi primérné teploté 6 °C
v ledniéce po dobu jednoho roku.

5. série byla skladovéana pfi primérné teploté 18 °C
po dobu jednoho roku.

V roce 1996 mél byt med ofetien tfemi riznymi
zpusoby, a proto byly odebrané vzorky rozdéleny do tfi
kelimki z plastu, opét po cca 50 g. Takto vzniklo
90 vzorkd, tj. 30 vzorki od kaZzdého druhu medu (med
od 10 veelstev vZdy do 30 kelimku).

VySe popsanym zpisobem vznikly tfi série o 30 ku-
sech. Takto vzniklé série vzorku byly ofetfeny nisle-
dovné:

1. série byla kontrolni.

2. série byla zahfita na teplotu 63 °C a ponechédna
v termostatu 48 hodin.

3. série byla zahtita stejné jako série 2, ale dale byla
ponechéna v termostatu pfi teploté¢ 82°C po dobu
24 hodin.

Vsechny vzorky byly analyzovany nejdéle do dvou
dnii po ukonéeném oSetieni. Po tuto dobu jsme je skla-
dovali v chladnu.

Veskeré pokusy jsme provadéli ve Vyzkumném
ustavu veelafském v Dole u Lib¢ic nad Vltavou.

Ve viech vzorcich byl stanoven obsah HMF spek-
trofotometrickou metodou podle autora White
(1979). Absorbance se podle této metody méfi pfi
284 nm a 336 nm pii kombinaci pfidavki vody a Na-
HSO;.

VYSLEDKY A DISKUSE

Obsah HMF se u fepkového medu (tab. I) v roce
1995 zvySoval oproti kontrolnim vzorkim, u nichZ byl
0,03 mg/100 g medu, takto: u vzorkd Cefenych pri
50 °C na 0,05 mg (statisticky neprikazné) a u vzorki
zahtatych na 61 °C na 0,19 mg (P < 0,001) oproti
obé&ma predchozim hodnotdm.

U akédtového medu (tab. II) mé&ly kontrolni vzorky
pouze 0,007 mg HMF ve 100 g medu (P < 0,05 oproti
medu fepkovému i letnimu), takZe uZ i u vzorka Cefe-
nych pfi 50 °C se jiZ obsah HMF zvysil statisticky
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vysoce prikazné (P < 0,01) na 0,05 mg a u vzorku
zahfatych na 61 °C stoupl velmi vysoce pritkazné
(P < 0,001 oproti obéma piedchozim hodnotdm) aZ na
0,33 mg.

U letniho medu (tab. III) byl v kontrolnich vzorcich
obsah HMF 0,05 mg/100 g medu - statisticky se nelisil
od stejné hodnoty u medu fepkového. Pfi ¢efeni stoupl
jeho obsah statisticky nepriikazné na 0,07 mg a teprve
zvySeni obsahu HMF na 0,21 mg pfi zaht4ti na teplotu
61 °C bylo statisticky vysoce priukazné (P < 0,01) opro-
ti ob&éma predchozim hodnotam.

V roce 1996 byly pfi méfeni vzorku kontrolnich,
vzorki zahfatych na 63 °C a vzorkd piehfatych na
82 °C zjistény tyto hodnoty; u medu fepkového 0,001,
2,61 a 19,8 mg HMF/100 g medu, u medu akéatového
0,003, 1,77 a 13,94 mg HMF/100 g a u medu letniho
0,02, 3,36 a 24,72 mg HMF/100 g medu.

V3echny narusty hodnot HMF, jak pfi 63 °C, tak pfi
82 °C, byly v tomto roce statisticky vysoce pritkazné
(P < 0,001).

Pri skladovani vzorku v chladnicce pfi teploté 6 °C
nedochézelo ke zvy$ovani obsahu HMF; po 12 mési-
cich byl zjistén tentyZ nebo mirné (statisticky nepri-
kazné) zvySeny obsah HMF — u fepkového medu
0,03 mg, u akitového medu 0,009 mg a u letniho medu
0,04 mg HMF/100 g medu. Pfi skladovani vzorki v po-
kojové teploté 18 °C byl naopak nérist obsahu HMF
b&hem roku pomérné silny (P < 0,001), a to jak oproti
kontrolnim vzorkiim, tak oproti vzorkim skladovanym
pii teploté€ 6 °C — u fepkového medu 0,76 mg, u aka-
tového 0,54 a u letniho 0,58 mg HMF/100 g medu.
U Zadného vzorku se vSak obsah HMF nezvysil nato-
lik, aby byla pfekrogena norma.

Bylo zjiSténo, Ze metoda stanoveni obsahu HMF
v medu, kterd byla pouZita v této praci, je vyuZitelna
pro detekci medu poSkozeného skladovanim i vysokou
teplotou (nad 60 °C); je viak mélo pfesna tam, kde je
mnoZstvi HMF ve sledovanych vzorcich velmi nizké.

V dostupné literatufe se uvadi, Ze obsah HMF byl
ve vzorcich Cerstvé vytofeného medu sledovan jiZ od
70. let. Uvadi to napf. White (1992), ktery naméfil
primérny obsah HMG 6,2 mg/kg medu. Tato hodnota
je velmi nizka, ale piesto v naSich pokusech vychazely
hodnoty obsahu HMF deset i vicekrat niz§i. OvSem
u ndmi naméfenych vys$Sich hodnot HMF je vyrazné
niz§i variaCni koeficient a naopak u nizkych hodnot
HMF je varia¢ni koeficient velmi vysoky, co¥ ukazuje,
Ze tato metoda neni dostate¢né pfesné pro stanoveni tak
nizkych koncentraci, jaké jsou v medu okamZité ode-
braném ¢i skladovaném v ledniéce, byt i po dobu jed-
noho roku. Pfi vypodtu pak vyjdou tyto hodnoty bud
velmi blizké nule, nebo dokonce zaporné, které jsme
rovnéZz brali jako nulu. Oviem nulové vysledky velmi
zvy$uji kolisdni pfi statistickych vypoctech, ¢imZ
u nizkych hodnot obsahu HMF vychazi pfi vypo&tu vy-
soké hodnota varia¢niho koeficientu.

Vliv teploty na nartst obsahu HMF ve vSech vzor-
cich medu po oba sledované roky je zachycen na obr. 1
a 2. Z priubéhu kfivek je patrné, Ze obsah HMF stoupal
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I. MnoZstvi HMF v fepkovém medu po jeho rizném oSetieni v letech
1995 a 1996 — HMF quantity in rape honey after different treatments
in 1995 and 1996

Rok! | Zpisob ofettent medu® X u
mg/100 g %
kontrola® 0,032 101,3
Zefeni pfi 50 °C* 0,054 72,7
1995 | zahrati pti 61 °C 0,196 27,8
1 rok pfi teploté 6 °C’ 0,031 94,6
1 rok pfi teploté 18 °C7 0,766 16,7
kontrola 0,001 300,0
1996 | zahfati pri 63 °C* 2,606 7,7
prehfiti pti 82 °C° 19,833 54

lyczu'. zhoney treatment, >control, *clarification at 50 °C, * heating at
61 °C, Sone year at temperature 6 °C, Tone year at temperature 18 °C,
xheming at 63 °C, 9ovcrhenting at 82 °C

II. MnoZstvi HMF v akdtovém medu po jeho rizném oletieni v le-
tech 1995 a 1996 — HMF quantity in locust honey after different
treatments in 1995 and 1996

Rok! | Zpisob ofetfeni medu? = Y
mg/100 g %
kontrola® 0,007 133,9
Zefeni pri 50 °C* 0,049 67,9
1995 | zah¥ati pfi 61 °C’ 0,330 ¢ i
1 rok pfi teploté 6 °C® 0,009 110,7
1 rok pfi teploté 18 °C7 0,536 12,6
kontrola 0,004 152,8
1996 | zahfati pti 63 °C? 1,774 15,7
prehiiti pfi 82 °CY 13,942 15,5

For 1-9 see Tab. 1

111 MnoZstvi HMF v letnim medu po jeho riizném oSetieni v letech
1995 a 1996 — HMF quantity in summer honey after different treat-
ments in 1995 and 1996

Rok! Zpusob o¥ medu? = =
mg/100 g %
kontrola® 0,054 118,6
cefeni pi 50 °C* 0,075 111,2
1995 | zahtéti pfi 61 °C° 0,211 47,9
1. rok pfi teploté 6 °C® 0,045 148,1
1 rok pfi teplot& 18 °C7 0,585 40,2
kontrola 0,018 121,8
1996 | zah¥ati pti 63 °C? 3,365 11,4
prehFéti pri 82 °CY 24,717 16,1

For 1-9 see Tab. 1

se vzrustajici teplotou nerovnomérng; zlomova teplota
se nachazela okolo 62 °C.

Zmény obsahu HMF v medu v zdvislosti na ¢ase pfi
ruzné teploté sledoval Ohe (cit. Bohacdek, 1994).
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V medu skladovaném pfi teploté 60 °C po dobu 24 ho-
din prokazal narist HMF o 200 aZ 370 % oproti pu-
vodni hodnot&. Tento zpiisob oSetfeni se podoba oSet-
feni naSich vzorkd z roku 1995, které byly zahfity na
teplotu 61 °C a ponechéiny 48 hodin. Obsah HMF byl
u nich namé&fen oproti kontrolnim vzorkim tfi- aZ Cty-
fikrat vyS8i u letniho, resp. fepkového medu a &tyfi-
cetkrat vy38i u akatového medu. Mimo akatovy med,
ktery mél velmi nizkou pocdatedni hodnotu obsahu
HMF, se mira zvySovéani obsahu HMF pfi teplotich
okolo 60 °C rovna zjiiténi, které uvadi tento autor.

Souhlasit lze i s konstatovdnim autora White
(1992), Ze logaritmus poctu dni potfebnych na doséh-
nutf ur¢itého obsahu HMF je nepfimo imérny teploté
skladovani. Tento fakt byl zji¥tén i u naSich tfi druht
medu. Je ale tfeba dodat, Ze tato zéavislost je pro kazdy
dany druh medu ponékud odli$n4.

U na$ich vzorki medu bylo prokédzino také to, Ze
pfi skladovani v pokojové teploté 18 °C dochazi k na-
ristu obsahu HMF, zatimco skladovéni v chladnu pfi
teploté 6 °C tento nérist potladuje, coZ se shoduje se
zjisténimi i ostatnich autori (Gonnet, 1963; Ghosh-
dastidar, Chakrabarti, 1992; Kim JaeGil
et al., 1995).

Nézor, Ze tmavsi medy jsou k poskozeni teplem na-
chyln&j8i neZ medy svétlej§i (White et al., 1964),
jsme nemohli zcela ovéfit, nebot ani jeden rok nebyl
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1. Vliv teploty na obsah HMF v riznych druzich
medu v roce 1995 — The effect of temperatures on
HMF content in different kinds of honey in 1995

For Figs. | and 2: mg HMF/100 g medu = mg HMF

per 100 g honey, kontrola = control, teplota = tem-
perature, fepka = rape, akit = locust, letni = summer

2. Vliv teploty na obsah HMF v riznych druzich
medu v roce 1996 — The effect of temperatures on
HMF content in different kinds of honey in 1996

ziskan med medovicovy. Relativné tmav$i med letni
byl k tepelnym upravam nachylnéjsi pouze v roce
1996, zatimco v roce 1995 nidm vySel jako nejnichyl-
néj$i na poSkozeni zahfatim med akitovy a na poSko-
zeni skladovanim med fepkovy, i kdyZ letni med z ro-
ku 1995 byl smiSeny (tj. byla v ném i pfimés medu
medovicového).

Podékovéni

Autofi dékuji pracovnikim Vyzkumného tstavu
véelafského v Dole u Lib¢ic nad Vitavou za umoZnéni
experimentalnich méfeni a za cenné rady.
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Komise genetiky a Slechténi zvifat CAZV
Sekcia genetiky, Slachtenia a chovu zvierat SAPV
Jiholesk4 univerzita, Zemédélska fakulta, Ceské Budéjovice

potadaji 8.—10. z4fi 1989 v Ceskych Budgjovicich
mezinarodni védeckou konferenci

XVIII. GENETICKE DNY

Konference se kon4 jiZ tradi¢né v pravidelnych dvouletych intervalech se zaméfenim na genetiku
a Slechténi zvifat. Jejim cilem je soustfedit nejnové&jsi védecké poznatky ze $irokého spektra gene-
tickych disciplin od zakladniho aZ po aplikovany vyzkum.

Tematické okruhy:
1. Molekularni genetika a cytogenetika
2. Biotechnologické metody v reprodukci a Slechténi
3. Genetika zdravi a rezistence
4. Teoretické zdklady genetiky a Slechténi zvifat
5. Genetika a Slechténi skotu
6. Genetika a $lechténi prasat
7. Genetika a $lecht&ni koni, ovci a koz
8. Genetika a $lechténi drubeZe
9. Genetika a $lechténi ryb
10. Genetika a Slecht&ni ostatnich druhi hospodaiskych zvifat
11. Geneticka diverzita
12. Software v genetice a $lechténi zvifat
13. Vyuka genetiky a Slechténi zvifat
14. Volna sdéleni )

Vykonnym predsedou pfipravného vyboru konference je prof. Ing. Viclav Rehout, CSc. (registrace
prihlasek), JihoSeské univerzita, Zem&d&lska fakulta, 370 05 Ceské Budgjovice, tel.: 038/777 25 90,
fax: 038/777 25 93, e-mail: rehout@zf.jcu.cz.

Abstrakty prisp&vku piednesenych na konferenci budou uverejnény v &isle 9/1998 &asopisu Czech
Journal of Animal Science.

Pokud mite zdjem o vytisk tohoto ¢isla, miZete si ho do 31. 7. 1998 objednat na adrese:

Ustav zem&dé&lskych a potravinafskych informaci

Redakce &asopisu Czech Journal of Animal Science (Zivogisna vyroba)
Slezska 7

120 56 Praha 2

fax: 02/24 25 39 38
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