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THE INFLUENCE OF SELECTED CHARACTERISTICS
OF THE SOMATOMORPHOLOGIC STRUCTURE

OF THE FORELIMB ON THE LENGTH OF BASIC GAITS
OF A HORSE IN WALK AND TROT

VLIV VYBRANYCH CHARAKTERISTIK SOMATOMORFOLOGICKE
STAVBY PREDNI KONCETINY NA DELKU ZAKLADNICH CHODU KONE
V KROKU A KLUSU

J. Jelinek, V. Teply, J. Krys

Research Station of Horse Breeding, Czech Steeplechase Association, Pardubice, Czech
Republic

ABSTRACT: The influence of selected parameters of the physical structure of the forelimb on the length of the basic
gaits was studied in 18 three-year old stallions in 1999. The measuring took 5 days just before a hundred day perfor-
mance test. The stallions were trained in uniform conditions and the training was supervised by an identical, experienced
trainer. The length of gait in walk and trot was measured by means of an electronic method described by Jelinek et al.
(1999). The average length of gait under observation was always calculated for a pre-set velocity of a horse in m/s, and it
was based on the approximate centre of the interval of measurements. To estimate the impact of the different parameters,
correlation coefficient (), connecting line of trend (regression), was found and its significance assessed. The selected
parameters that were followed were the influence of the length of the main breast bones, that is shoulder blade (scapula),
humerus, arm bones (radius), the third metacarpal bone (os metacarpale tertium) and the angle of the shoulder joint
(scapulo-humeral angle) as well as the stick measured height at withers. Some significant correlations were found which,
however, often show considerably different values in different gaits. The closest positive correlations were found in walk
for the length of the fore shin-bone (metacarpus) r =+0.509* and negative correlation in walk for the angle of the shoulder-blade
and the shoulder bone (scapulo-humeral angle) r = —0.513*. The closest insignificant positive correlation in trot was found
for the shoulder-blade length » = —0.390 and for stick measured height at withers r = +0.296. Small insignificant close-
ness was found in most of the remaining parameters under observation.

Keywords: horse; equine gaits; length of gait

ABSTRAKT: Byl zkoumén vliv vybranych parametri té€lesné stavby pfedni kon&etiny na délku kroku zéakladnich chodi
u 18 triletych teplokrevnych hiebcli v roce 1999. Méfeni probghlo pét dnii pfed kondnim stodenniho testu vykonnosti.
Hiebci byli trénovéni v jednotnych podminkach pod vedenim shodného, zkuSeného trenéra. Délka chodl v kroku a klusu
byla zji§fovéina elektronickou metodou (Jelinek et al., 1999). Byla vZdy vypoétena primé&rnd délka sledovaného chodu
pro pfedem stanovenou konkrétni rychlost koné (m/s), vychéazejici ze stfedu intervalu zji§ténych naméri. Pro posouzeni
vlivu jednotlivych parametrii somatomorfologické stavby byl zjistén pfisluSny korelacni koeficient (r), spojnice trendu
(regrese) a posouzena signifikance. Z vybranych parametrii byl sledovin vliv délky hlavnich kosti hrudni konéetiny,
tj. lopatky (scapula), kosti ramenni (humerus), kosti pazni (radius), tfeti kosti zaprstni (os metacarpale tertium) a Ghlu
ramenniho kloubu (scapulo-humerdlniho) véetné kohoutkové vysky hiilkové. Byly nalezeny nékteré vyznamnéjii ko-
relace, které viak pro riizné chody &asto vykazuji vyrazné jinou hodnotu. Nejt&€sné&jsi pozitivni vztah byl zji§tén v kroku
mezi délkou pfedni holené (metacarpus) r = +0,509* a negativni vztah mezi uhlem lopatky s kosti ramenni (ihel scapu-
lo-humerélni) » = —0,513*. Nejtésné&jsi nesignifikantni pozitivni vztah v klusu byl nalezen pro délku lopatky » = -0,390
a hiilkovou vysku v kohoutku » = +0,296. Mald nevyznamna tésnost byla shledéna pro vét$inu zbyvajicich sledovanych
parametru.

Kli¢ova slova: kui; chody koné; délka chodu (kroku)
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INTRODUCTION

In the practical use of a horse, in principle reared for
locomotion, a significant role is played by the mechanics
of its locomotion. Its importance becomes even bigger in
special, namely sport, use of the horse, which is pre-
dominant in most horse breeds today.

What is important for a horse to have good-quality lo-
comotion, based on spacious gait in all its basic forms, is
the favourable formation of its body proportions. A lot
of attention has always been paid to these facts in hippo-
logical literature dealing with the formation of the exte-
rior of a horse. Many authors have dealt in detail with
the body formation and its suitability for equine locomo-
tion. From Czech authors let us mention at least Bilek
(1958), who comments on the significance of the lengths
of the different bones and joint angles. Lechner (1931)
published an independent study of the significance of limbs
in a riding horse, in which he expresses his expert ideas
related to performances of riding horses. Attention was
also paid to the formation of the exterior of race horses,
namely in the paper of Grim (1981), who described the
physical parameters of notable race horses in the world.
He made his measurements on photographs of horses,
which however had not been specially made for this pur-
pose, and he correlated the values with results from horse
races.

None of the works known to us, though, besides the
empirical experience and theoretically considered corre-
lations between the body structure and spaciousness of
gaits, mentions exact verification based on measured
body parameters or objectively measured spaciousness
of gaits of specific horses.

The possibility to consider relatively objectively the
mechanics of equine locomotion (or rather its electroni-
cally measured quantitative element), described by Jelinek
et al. (1999), creates a precondition for a more exact
evaluation of the influence of significant body propor-
tions on the spaciousness of the locomotive potential of
a horse.

Not a negligible role in the area of the optimum body
formation is played by the somatomorphologic forma-
tion of the forelimbs, which in equine locomotion is mani-
fest as a carrying and weight absorbing body formation.
In our approach within research project EP7296, co-finan-
ced by the Czech Ministry of Agriculture, we concentrated
on the objectivisation of the very method of measuring
the mechanics of equine locomotion and objectivisation
of standards, as well as on the influence of selected char-
acteristics of the somatomorphologic structure of the
forelimb in relation to the length of basic gaits of a horse
in walk and trot.

We aimed our efforts at finding exact confirmation or
contradiction of some traditional ideas concerning the
relationships between selected characteristics of the
forelimb structure of a horse and the spaciousness of its
locomotive potential in chosen gaits.
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MATERIAL AND METHOD

In all the 18 young warm-blooded stallions in the Czech
Republic, that were prepared in a hundred-day test for
their performance tests before their introduction into
breeding, we measured the quantitative element of the
mechanics of locomotion of the basic gaits. Stallions of
similar age were identically trained in uniform external
conditions under the supervision of an experienced trainer.
Measurements of their mechanics took place one week be-
fore the performance tests, at a similar training stage, us-
ing an electronic method described by Jelinek et al. (1999).
The exactness of the method was verified on three horses,
it was always repeated three times and the parameters of
each gait were always examined separately. The result-
ing credits given to the mechanics of each animal in all
the gaits varied up to one point from the ten-credit scale
and may be considered sufficiently accurate.

Following the test of the mechanics, chosen bodily
characteristics of the fore-limb structure were deter-
mined in all the stallions. This concerned the measuring
of the lengths of selected bones, the angle of the shoulder
joint (os scapula) and the shoulder bone (os humerus) as
well as the stick measured height at withers. In bones,
attention was paid to the length of the shoulder joint (os
scapula), shoulder bone (os humerus), arm bone (os ra-
dius) and the third metacarpal bone (os metacarpale ter-
tium). Tools used for measuring were a compass gauge
and a specially adjusted protractor accurate to one centi-
metre and one degree.

Using software evaluation of the above measurements
of the mechanics of locomotion, in each stallion we
found the mean velocities of the basic gaits under evalu-
ation (walk, trot, gallop) in m/s and the average step length
for each of the three measured velocities in each gait
over a given electronically measured track. The variability
in gaits was characterised by setting decisive deviations.

The measured values of each gait under evaluation
were always taken as the shortest, medium and maximum.
The results of average velocities and lengths of steps for
each gait were then interposed with a trend connecting
line (the method of the least squares) and on the basis of
such interposed regressions the lengths of steps were
then determined retroactively for a pre-selected velocity
of a given gait that was given identically for all the stal-
lions in the experimental set. The given comparative ve-
locities for the different basic gaits respected the
approximate centre of the interval of the set under obser-
vation (determined by rounding off the average speeds
of all the individuals under observation and the measured
values in the gait under evaluation).

The measured dimensions of the body parameters and
obtained average lengths of steps for specific horses and
the basic gaits were correlated by calculating the corre-
lation coefficients using a common statistical method.
The statistical conclusiveness was determined by a pro-
cedure published by Venéikov and Venéikov (1977).
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On the basis of the results obtained, the influence of the
different forelimb bodily characteristics on the length of
step for the observed gaits in walk and trot was evaluated.
When calculating the correlations, in the case of angles
comparison was made of absolutely measured degrees
(as independently variable), while in the length dimen-
sions of bones, these were first related to the bodily frame
in the form of a calculated percentage of the stick mea-
sured height at withers.

In our measurements we also observed gallop, but due
to its specific character we have not included this in our
study. Functional dependence of the gallop gait is not
linear and the moment of “lifting off”, i.e. the flight of
the body of a horse when no limb touches the ground,
becomes very significant. The leap energy of the rear of
a horse in this case obviously conceals the real influence
of the forelimb physical structure. For this reason, this
subject deserves an independent study.

RESULTS AND DISCUSSION

The demonstration of the determined original values
of the mechanics of locomotion for the correlation of the
evaluated parameters in the length of step in mean horse
velocity of 160 m/s (mean rounded off value of all mea-

surements used in our measuring the mechanics of loco-
motion) can be seen in Table 1.

In the Table parameters determined for trot in the mean
velocity of 3.55 m/s can also be seen (derived again from
the mean rounded off value of all measurements).

The last lines of the Table give the relevant correla-
tion coefficients. If their values are statistically signifi-
cant, they are marked with one or two asterisks (* at 5%
or ** at 1% significance level).

The average length of steps of the measured warm-
blooded stallions in walk under unified velocity of 1.60 m/s
was 1.82 m (s =% 0.079, V= 4.3%, S, = 1.86.107%) with
total variability from 1.71 to 1.92 m.

From the point of significance and also the closeness
of the correlation, two parameters need to be mentioned
that have been declared in both cases as statistically sig-
nificant at the 5% level. These are metacarpus and the
scapulo-humeral angle, i.e. the angle formed by the shoul-
der blade and the arm bone.

In the first case we are talking about the length of the
fore metacarpal bone (metacarpus). The correlation coef-
ficient » = 0.509* indicates a significant relation and
confirms the earlier conclusions in hippological litera-
ture concerning the length of the fore metacarpal bone
and the step of a horse. As becomes obvious from the re-
sults obtained, the significance of the given correlation

Table 1. Initial values and resulting correlation coefficients for walk and trot

Stallion :fs::f:d velocity | 1.6 m/s | 3.55 m/s KV || Soupeis gl Ss]z{;tllll,a Humerus Radius Metacarpus
code (degrees)
Stallion Walk Trot (% of KVH)
1 Aguldoa 1.876 2.667 167 90 3353 25.15 3174 20.36
2 Beauty 1.790 2.524 161 95 323 2422 29.81 21.12
3 Calypso 1.7776 2.557 164 95 3293 25.00 30.49 20.73
4 Cypfis 1.770 2.615 166 97 3133 23.49 211 20.48
5 Dantes 1771 2.625 170 87 3353 2471 28.24 20.59
6 Everden 1.671 2.597 162 95 33.95 24.69 30.86 20.99
7 Gotward Rasin 1.878 2.764 166 94 33.13 24.70 30.12 21.08
8 Grand 1.790 2.649 162 89 3272 24.69 28.40 20.37
9 Green 1.790 2.521 163 94 33.74 25.15 28.83 20.25
10 Izmael 1.754 2.456 167 97 34.73 25.15 3293 20.36
11 Monty 1.985 2.636 163 87 33.74 23.93 30.06 22.09
12 Obelix 1914 2.543 165 86 3273 2424 28.48 21.82
13 Oreon 1.848 2.446 161 93 34.78 25.47 31.06 2236
14 Oscar 1.714 2.579 169 92 33.14 23.67 29.59 20.12
15 Polemil Kinsky 1.891 2.400 167 89 3293 23.95 29.94 19.76
16 Radoch 1.878 2.694 167 89 3234 24.55 31.14 21.56
17 Thurin Frybet 1.734 2.686 172 95 31.98 23.26 29.07 2035
18 Vampir 1.854 2.583 165 99 3273 24.24 28.48 21.82
Walk: r=-0.165 -0.513* 0.024 0.044 0.032 0.509*
Trot: r=0.296 -0.110 -0.390 -0.205 -0.182 0.067
KVH = stick measured height at withers (SMHW)
CZECH J. ANIM. SCI., 45, 2000: 481485 483



becomes greatly reduced for gallop (» = 0.067). This in-
dicates that this parameter need not be of high signifi-
cance for horses bred mainly for trotting or galloping
work. When selecting suitable animals, individuals with
shorter metacarpal bones may be tolerated, as this may
be of great advantage due to shorter flexor sinews. As
has already been mentioned, the forelimb mainly carries
and supports the body weight of a horse. This is multiplied
by the overload caused by the natural shift of the horse’s
centre of gravity from the middle of the body in the cra-
nial direction. In an adult standing horse the overload on
forelegs amounts to about 14% of its total weight (Jelinek,
1963), which in its consequence means that in fast mo-
tion these are under severe strain. The longer the fore
metacarpal bone, or rather the flexor sinews, the higher
the risk of laming — and this fact has been confirmed in
practice, namely in race horses.

To make the correlation found and its changes in trot-
ting horses more explicit, the values determined are repre-
sented in Figs. 1 and 2. There the change in the quality
of dependence against the regression curve in walk and
then in trot of a horse is clearly manifest.

Another correlation which deserves our attention is,
as has already been mentioned, the angle of the shoulder
joint, i.e. the angle between the shoulder blade and the
shoulder bone. The correlation coefficient » =-0.513* in-
dicates that the sharper the angle the more it can be ex-
pected that the step would be longer and more spacious,

» 2.05
B I * walk

200 — linear (walk)
o y=0.0537x + 0.694
g 1.90 — —
£ 185
2
§1.80
Z
5 175
5 1.70
=
X 1.65 T T T T T )l

19.5 20 20.5 21 21.5 2 225
Length of metacarpus in % of SMHW

Fig. 1. Regression of walk length on the metacarpal bone length -
18 stallions
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Length of metacarpus in % of SMHW
Fig. 2. Regression of trot length on the metacarpal bone length -

18 stallions
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and vice versa. This fact, however, significantly differs
for the correlation in trot, even though even here a cer-
tain identical trend is maintained (» = —0.110). This again
confirms the traditional view presented in hippological
literature. The importance of the inclined seating of the
shoulder blade for a horse’s trotting work is yet again re-
duced, especially with a significant growth in the earlier
described importance of the leap energy of the rear and
the moment of “lifting off”.

To demonstrate more clearly the correlation found
and its changes in trot, the values determined are repre-
sented in Figs. 3 and 4. Here again the change in the
quality of dependence against the regressive direct line

A —
2 * length of walk

g 200 . = linear (length of walk

— 1.95

= 3 y=-0.0105x +2.7817

= 1.90 T .

7
5 1.80 +
z . gt

*

v
g 1.75
BA
8165 A Hi
84 86 88 9 92 94 96 98
Scapulo-humeral angle in degrees

Fig. 3. Regression of walk length on the scapulo-humeral angle -
18 stallions
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+ length of trot "]
205 T == |—linear (lenigth 6F ot
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2.65 3 —
*
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255 -
2.50
245 +———
240
235 T T T r

84 86 88 90 92 94 96 98 100
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Length of steps in trot at 3.55 m/s
*
-

Fig. 4. Regression of trot length on the scapulo-humeral angle -
18 stallions

of walk and then of trot of a horse, the nature of which
has already been explained, is manifest.

The correlations of other bone lengths to the spacious-
ness of a horse’s gait in walk and trot have been found of
little significance and it is not possible to derive any
great influence on the gait length in walk or trot. The de-
termined correlation coefficients are given in the last
two lines of Table 1. The question thus arises whether
some other conclusions in traditional hippological litera-
ture, such as the significance attributed to the length of
the shoulder blade and/or the length of the forehand and
the like, have not been overestimated.
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BOOK REVIEW

MENDELIAN INHERITANCE IN CATTLE 2000

P. Millar, J. J. Lauvergne, C. Dolling

Wageningen Pers, Wageningen, The Netherlands, 2000. EAAP publication No. 101, 590 pp.,

ISBN 90-74134-75-0.

The EAAP (European Association for Animal Produc-
tion) published at Wageningen in March 2000 a volumi-
nous book comprising the recent knowledge of traits in
cattle which are inherited in the Mendelian mode.

Following the introduction by C. H. S. Dolling, J. J. Lau-
vergne, K. Huston and P. Millar the attention is paid to
the terminology and methods used for cataloguing loci
and alleles in cattle. This is a demanding task requiring ac-
quisition of necessary information from wide ranging
sources such as scientific journals, proceedings, mono-
graphs, collections of papers, reprints and books. Fol-
lowing their acquisition it was necessary to allocate and
organise the information in four categories:

Category 1: Colour loci

Category 2: Clinical, pathological and other morphologi-
cal loci except colour

Category 3: Biochemical polymorphism loci

Category 4: Mapped genes and loci related to categories
1-3.

Category 1 — Colour loci

Authors J. J. Lauvergne, C. H. S. Dolling, A. L. Rae,
C. Renieri, D. P. Sponenberg, B. Denis

29 loci (Nos. 1001 — 1029) are described for coat colour
in different breeds of cattle. Loci are allocated a symbol,
e. g. Agouti — A, Albinism, Complete: Beef Shorthorn —
ACBS, Spotting — S, etc. The authors who described the
locus are given for each entry. Altogether 209 scientific
papers were analysed.

Category 2 — Clinical, pathological and other morphologi-
cal traits loci (except colour)

Authors K. Huston, G. Saperstein, D. Steffen, P. Millar,
J. J. Lauvergne

This is the largest chapter ofthe book (285 pages) de-
scribing 403 loci (Nos. 2001 — 2403), e. g. Achondropla-
sia, Anaemia, Ankylosis, Epilepsy, Hydrocephalus, etc.
Here are also given breeds of cattle in which the analysed
traits were diagnosed, the nomenclature, comments on
locus, the effect of each allele and mode of inheritance.
Because of a very large number of sources, bibliography
is given at the end of each locus entry.
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Category 3 — Biochemical polymorphism loci
Authors L. Di Stasio, E. M. Tucker, B. Larsen

This chapter describes 521 loci (Nos. 3001 — 3052).
The greatest attention is paid to the systems of erythro-
cyte antigens (A, B, C,F, J, L, M, S, Z, R’, T’), milk
protein loci, transferrins, etc. 161 authors were cited in
the bibliography. Compared with Category 2 (Clinical,
pathological and other morphological traits loci) this chap-
ter appears a little restricted: further work in this category
would be useful for defining biological diversity be-
tween breeds and maintenance of gene pool.

Category 4 — Mapped genes and loci
Authors T. E. Broad, P. Millar, A. Eggen

This chapter informs the reader about cattle gene map-
ping and nucleotide and protein sequence databases in
the USA, Europe and Australia. Of thousands of mapped
Type 1 and Type 2 genetic markers, 73 (Nos. 4001 — 4073)
have been positively identified so far as coinciding with
loci listed in Categories 1 — 3, and are cross-referenced
with these categories. The information on each of these
mapped loci comprises the mapped locus database name
which is compared with the locus name allocated by the
authors, genomic location and database reference.

The final sections of the book are occupied by indexes
(authors P. Millar and J. J. Lauvergne) listing all traits
and loci comprised in the 4 categories, and by a breed
index which I consider especially valuable as it comprises
over 140 breeds of cattle from many parts of the world.
This index makes it possible for breeders of individual
breeds of cattle to compile a map of loci of the breed
which is the subject of their endeavours.

This book was written by a large collective of authors
of the individual original chapters and those who ex-
pertly organised the whole publication scientifically, sys-
tematically and with a purpose. I consider this book
a valuable combined effort of many geneticists who con-
tributed to this colossal volume, and a good start into the
new century and millennium.

Professor Ing. Josef Mdcha, DrSc.
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EFEKTiIVNA DEGRADOVATELNOST A PREDIKCIA CREVNEJ
STRAVITEENOSTI V BACHORE NEDEGRADOVANYCH N-LATOK
KRMIV

EFFECTIVE DEGRADABILITY AND PREDICTION OF INTESTINAL
DIGESTIBILITY IN RUMEN FOR UNDEGRADED FEED CRUDE PROTEIN

M. Chrenkova, Z. Cereiidkov4, A., Sommer

Research Institute of Animal Production, Nitra, Slovak Republic

ABSTRACT: Effective degradability of crude protein and parameters of degradability of rape cake, rapeseed meal, sunflower
meal, soybean meal, wheat meal and wheat bran were determined by an in situ method in three bulls; solubility of crude
protein of these tested feed was measured in 0.15 M of NaCl solution (pH 6.5). Intestinal digestibility of undegraded
crude protein (after 16h incubation in the rumen) was determined by an in vitro method, mobile bag method and by an in vivo
method in rats. The proportion of soluble N fraction in the total N content ranged from 19% for soybean meal to 68% for
rape cake, which had the highest crude protein degradability (more than 80%). Intestinal digestibility of undegraded residues
determined by different methods increased while ruminal degradation decreased. More than 80% of soybean meal crude
protein from the residual amount of undegraded N were digested in rumen. An enzymatic method yielded the highest
values of intestinal digestibility. The smallest differences between the methods were calculated for rapeseed meal (ca. 2%)
and the largest for sunflower meal (ca. 10%).

Keywords: ruminants; effective degradability; intestinal digestibility; in vitro; mobile bags; in vivo

ABSTRAKT: Efektivnu degradovatel'nost' N-latok a parametre degradovatel'nosti repkovych vyliskov, repkového extra-
hovaného $rotu, slneénicového extrahovaného 3rotu, sdjového extrahovaného $rotu, pSeniéného $rotu a pSeniénych otrib
sme stanovili metddou in situ na troch bykoch a rozpustnost’ N-latok tychto testovanych krmiv sme merali v 0,15 M roz-
toku NaCl (pH 6,5). Crevnu stravitelnost’ nedegradovanych N-litok (po 16 h inkubacie v bachore) sme stanovili s po-
uZitim metédy in vitro, mobilnych vrectiok a in vivo na potkanoch. Podiel rozpustnej frakcie N z celkového obsahu N
kolisal od 19 % pre s6jovy extrahovany Srot po 68 % pre repkové vylisky, kde bola aj degradovatel'nost’ N-latok najvys-
ia (viac ako 80 %). Intestindlna straviteI'nost' nedegradovanych zvySkov stanovend réznymi metédami sa zvysila, ked
rumindlna degradacia klesla. Zo zvySku nedegradovaného N v bachore sa stravilo viac ako 80 % N-latok s6jového 3rotu.
Najvy3sie hodnoty intestindlnej straviteInosti sme stanovili enzymatickou metédou. NajniZ§ie rozdiely medzi metédami
sme zistili pre repkovy $rot (asi 2 %) a najvacSie pri slne¢nicovom $rote (asi 10 %).

KPidové slova: prezivavce; efektivna degradovatelnost’; intestinélna stravitel'nost’; in vitro; mobilné vrecuska; in vivo

UvoD

Hodnotenie N-latok podl'a systému PDI je zaloZené
na vyuzitel'nosti zdrojov N v tenkom &reve preziivavcov.
Tieto zdroje tvoria mikrobialne bielkoviny syntetizované
v predzalidkoch, ktorych vieobecne akceptované hod-
noty skutoénej stravitel'nosti si 0,80 a 0,85 (ARC, 1984;
Vérité a Peyraud, 1989) a nedegradované N-latky krmiva,
ktorych podiel podl'a van Straalena et al. (1993) zavisi
na miere degradéicie a retenénom &ase krmiva v pred-
zalidkoch. Ich stravitel'nost’ nie je konstantna hodnota,
koliSe medzi krmivami i v ramci jedného druhu krmiva
(Hvelplund et al., 1992; Frydrych, 1992).

In situ technika je oficidlna metdda Siroko pouzivana
pre predikciu bachorovej degradacie N-latok popisana
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@rskovom a McDonaldom (1979) a pouzivana mnohymi
autormi (Chrenkova et al., 1993; Madsen a Hvelplund,
1994; Varel a Kreikemeier, 1995; Stern et al., 1997). Na
stanovenie intestindlnej straviteInosti nedegradovanych
N-latok krmiva je vypracovanych niekolko metdd.
Met6da mobilnych vrecu$ok vyvinutd pdvodne pre osi-
pané (Sauer et al., 1983) bola uspesne aplikovani na
prezivavce (Frydrych, 1992; van Straalen et al., 1993;
Ceresfidkova et al., 1997; Stern et al., 1997). Je zavisla
na kanylovanych zvieratach a je pomerne pracna a hoci
vhodne premieta rozdiely medzi krmivami, stile po-
trebuje Standardizciu. Pre predikciu bachorovej degra-
dacie i &revnej stravitel'nosti sa hl'adaji nové metddy in
vitro, ktoré vyuZzivaji enzymy komeréné alebo enzymy
bachorovej mikrofléry (Tomankova a Kopeény, 1995).

487



NajbezZnejsie pouzivana je in vitro metdda, ktora popisali
Tilley a Terry (1963) a jej mnohé modifikécie s pouzitim
roznych proteolytickych enzymov Antoniewicz et al.
(1992), Calsamiglia a Stern (1995), Ceresiidkova et al.
(1998) a Tomankova a Homolka (1999). Zistit' kvalitu
nedegradovaného zvysku vo vzt'ahu k potrebam zvierat'a
je mozné aj vyuzitim modelovych zvierat — potkanov alebo
Skreckov (Kowalski et al., 1993; Susmell et al., 1994)
na principe metddy bilan&nej latkovej stravitelnosti N.

Ciel'om nasej prace bolo stanovit’ efektivnu degra-
dovatel'nost’ N-latok metodou in situ a érevnu stravitel-
nost’ nedegradovanych N-latok vo vybranych krmivach
s pouzitim metdd in vitro, mobilnych vrecusok a in vivo
na potkanoch.

MATERIAL A METODA

V pokuse sme pouZili tieto krmiva: repkové vylisky,
repkovy extrahovany $rot, slnenicovy extrahovany $rot,
s6jovy extrahovany Srot, pSeni¢ny $rot a pSeni¢né otruby.
Obsah zivin v krmivach sme stanovili Weendenskou
analyzou (Vynos MP 1492/1997) a rozpustnost’ N-latok
v 0,15 M roztoku NaCl pri pH 6,5 bola stanovena podl'a
autorov Voight et al. (1985). Efektivnu degradovatelnost’
(EDg) N-latok a parametre degradacie sme stanovili
metddou in situ inkubéciou krmiv v bachore 3, 6, 9, 16
a 24 hodin na troch kanylovanych bykoch. Pre kazdé
krmivo, zviera a inkubaciu sme pouZili tri vrecké o vel-
kosti 9 x 15 cm, ktoré boli zhotovené z Uhelonu T 120
(Hedva, Moravské Tiebové, Ceské republika). Po vy-
brati z bachora sme vrecké vyprali v automatickej pracke
v cykle bez odstred’ovania, susili 24 h pri teplote 60 °C,
zvazili a spojili zvySky pre kazdé krmivo a inkubaciu.
Vypoget EDg sme urobili podl'a rovnic, ktoré uvadzaju
@rskov a McDonald (1979):

b-c

EDg=a+——
o c+k

kde konStanty a, b, ¢ si vypoéitané¢ nelincdrnou regresnou
analyzou pouzitim 2-zloZkovej exponencidlnej rovnice
Dg()=a+b(l-e™).

PouZili sme mieru pasaze ,.k“= 0,06/h, ako odporuéaji
Vérité a Peyraud (1989) pre jadrové krmiva. Intestindlnu
straviteI'nost’ nedegradovanych N-latok krmiva (UDP)
po 16 h inkubécie v bachore sme stanovili:

In vitro enzymatickou metédou s pouzitim komerc-
nych enzymov, ktoré su vlastné postrumindlnemu travia-
cemu traktu za podmienok ich optimalnej aktivity.
Travenie v sleze sme imitovali posobenim proteolytic-
kého enzymu pepsinu v kyslom prostredi (pH 1,5 az 2)
0,1 M HCI pri koncentrécii pepsinu (Merck, 0,7 FIP — U/mg)
0,2 %. V druhom stupni proteolytického trdvenia, ktoré
prebieha uZ v tenkom ¢&reve pri neutrdlnom pH 7,0, sme
pouzili trypsin (Serva, 39 U/mg) a a-chymotrypsin
(Merk, 350 U/mg). Inkubéciu trypsinom a a-chymo-
trypsinom sme robili vo fosfatovom pufre o pH 7,0.

Metédou malych mobilnych vreci$ok (MMB) o vel-
kosti 4 x 2,5 cm, zhotovenych z Uhelonu T120 (o velkosti
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porov 47 pm). Na jedno krmivo sme pouzili 30 vrecusok
(10 na jedno zviera), do ktorych sme navazili asi 0,4 g
rezidua krmiva. Pred vloZenim do proximélneho duodena
sme vrectska inkubovali 1 h v 2% roztoku pepsinu v 0,1 M
HCI pri teplote 39 °C. V priebehu 10 minut sme vloZili
pét’ vrecusok, ktoré sme ziskali spat’ z vykalov do 24 hodin.
Po dokladnom premyti, vysuSeni a odvaZeni sme nestra-
vené zvysky spojili, zhomogenizovali a pouzili na stano-
venie N Kjeldahlovou metddou.

In vivo metédou. Na testovanie straviteInosti jedného
krmiva sme pouzili skupinu $iestich laboratérnych
potkanov o priemernej Zivej hmotnosti 110 g. N-latky
nedegradovaného zvysku tvorili 10 % su$iny kfmne;j
dévky. Dalsie komponenty kimnej dévky boli: sachar6za
10 %, slneénicovy olej 6 %, mineralna zmes 4 % a vitami-
nova zmes 2 % (Eggum, 1973). Po 5-diiovom navykovom
obdobi sme v hlavnom pokusnom obdobi zvieratdm
navazovali presne 10 g kimnej davky na deii a kvantita-
tivne sme zachytdvali vykaly v 5-ditovom obdobi.
Potom sme vykaly odvazili, pomleli a stanovili obsah N.
Z mnozstva N prijatého krmivom a vyliceného vykalmi
sme vypoctitali zdanlivu stravitenost’ N.

Rozdiely medzi metédami sme porovnali pomocou
jednofaktorovej analyzy rozptylu a elementrarne kon-
trasty sme otestovali pomocou C-testu (Dunn, 1961).

VYSLEDKY A DISKUSIA

Mnozstvo bielkovin krmiva, ktoré sa dostane do
tenkého Ereva prezivavcov, zdvisi od celkového obsahu
N-latok v krmive a ich degradovatel'nosti v bachore.
Testované vzorky jadrovych krmiv boli rozdielne v che-
mickom zloZeni, ako i v ostatnych sledovanych ukazova-
tel'och (tab. 1). Podiel rozpustnej frakcie N z celkového
obsahu N v sledovanych jadrovych krmivéch kolise od
19 % pre s6jovy Srot do 68 % pre repkové vylisky.
Hodnoty efektivnej degradovatelnosti a jej charakteris-
tiky uvedené v tab. 2 sii dékazom variability vlastnosti
a kvality sledovanych ukazovatel'ov kazdého krmiva.
Rozpitie degradovatel'nosti od 63 do 77 % stanovené
metddou in situ pre repkovy extrahovany Srot uvadzaju
Madsen a Hvelplund (1985). Nami stanovené degrado-
vatel'nost’ repkového extrahovaného 3rotu bola 65 %.
Najvys$8iu degradovatelnost’ N-latok, viac ako 80 %,
sme zistili pre repkové vylisky, o suvisi s vysokym ob-
sahom rozpustného N (podiel rozpustného N z celko-
vého N tvoril viac ako 60 %). Vy3si obsah tuku
v repkovych vyliskoch a v repkovom extrahovanom
§rote nemal vplyv na degradovatel'nost’. Degradovatelnost’
kfmnych bielkovin zavisi i od lokalizacie bielkovin
v krmive. LCahko degradovatel'né gliadiny v pSeni¢nom
§rote, resp. pSeniénych otrubach si pri¢inou vysokej
degradovatelnosti N-latok v bachore, naproti tomu
s6jovy extrahovany Srot mal degradovatel'nost’ iba 38 %.
Extrakciou séje dochadza k vyznamnym zmenam v roz-
pustnosti N-latok i k poklesu efektivnej degradovatel-
nosti, o potvrdili aj Ceresiidkova et al. (1994), ktori
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Tab. 1. Obsah Zivin v krmivéch (g/kg suliny) a podiel rozpustnych N-l4tok z ich celkového obsahu (%) — Dietary nutrient contents (g/kg dry

matter) and the proportion of soluble protein in its total content

Krmivé' Susina® N-latky® Tuk" Hrubé Popol"? Rozpustné N-litky
vléknina"' (% z celkovych)"
Repkové vylisky? 916 298 195 122 62 68
Repkovy extrahovany $rot® 913 370 25 125 74 39
Slne&nicovy extrahovany Srot* 906 324 17 305 68 40
SGjovy extrahovany ¥rot* 915 475 23 70 72 19
P3eniny &rot® 884 147 23 30 17 28
P3eni¢né otruby’ 887 181 40 106 50 37

'feeds, “rapeseed cake, rapeseed meal, ‘sunflower meal, *soybean meal, Swheat meal, "wheat bran, ®dry matter, °crude protein, "%fat, ""crude

fiber, Zash, Psoluble protein (% of total protein)

Tab. 2. Charakteristiky in siru degradovatel'nosti N-ldtok a bachorovd
efektivna degradovatel'nost’ (EDg) — Characteristics of in situ protein
degradability and effective degradability in rumen (EDg)

il Paremetre degradovatelnosti® | EDg
a®%) | 6% | c®h | %)

Repkové vylisky? 56,8 355 0,17 82
Repkovy extrahovany 29,6 58,1 0,10 65
3rot®
Slneénicovy 184 78,2 0,12 69
extrahovany ¥rot*
S6jovy extrahovany §rot® | 13,1 54,8 0,15 38
PSeniény Srot® 24,8 72,6 0,17 78
Peniéné otruby’ 40,6 50,2 0,20 79

'feeds, *rapeseed cake, ’rapeseed meal, ‘sunflower meal, *soybean
meal, *wheat meal, "wheat bran, *degradability parameters

sledovali bachorovi degradovatel'nost’ N-latok a or-
ganickej hmoty v s6ji, sGjovom extrahovanom $rote,
bébe a hrachu.

Koeficienty kinetiky degradovatelnosti vypocitané
z exponencialnej rovnice Dg = a + b (1 — ™) uvedené
v tab. 2 vyjadruji podiel rychlo rozpustnej frakcie
N-latok a, potencidlne degradovatel'nej frakcie b a mieru
degradécie c, ktora vyjadruje mieru degradécie b za hodi-
nu. Koeficient a je parameter, ktory najviac ovplyviiuje
kinetiku degradovatel'nosti (tab. 2) a je v uzkom vztahu
s rozpustnost'ou N-latok (obr. 1). Percento rozpustnych
N-latok z celkovych je najnizsie u s6jového Srotu, kde je
aj EDg najnizsia.

Intestindlna stravitel'nost' nedegradovanych zvyskov
(po 16 h inkubécie v bachore) stanovena vietkymi tromi
metddami sa zvySuje, ked’ ruminalna degradécia klesa
(obr. 2). Zo zvysku nedegradovaného v bachore sa stra-
vilo viac ako 80 % N-latok sdjového Srotu, &o je z hl'adiska
utilizacie N u preziivavcov vyhodné, pretoze nevznikaji
straty N a zdrovefi je maximélne vyuzitie bielkovino-
vého N v tenkom ¢&reve.

Mnoho pokusov bolo urobenych na stanovenie in-
testinalnej stravitel'nosti, ale tykali sa niekolkych krmiv
a boli robené v rdznych experimentilnych podmienkach
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(Voigt et al., 1985; Piva et al., 1992). Podrobny prehl'ad
réznych metéd predikcie trdvenia v bachore a éreve uvad-
zajh Stern et al. (1997).

Najvécsie hodnoty intestindlnej stravitelnosti sme
stanovili enzymatickou metédou. Podl'a Tomankove;j
a Homolku (1999) je kombinovana enzymaticka metoda
vhodna predovSetkym na meranie relativnych rozdielov
medzi krmivami, menej je vhodna na ziskanie absolut-
nych hodnét stravitenosti nedegradovanych N-latok.
Vztah medzi hodnotami ziskanymi enzymatickou met6-
dou a metédou mobilnych vrecusok je linearny. Vy-
sledky z experimentov Antoniewiczovej et al. (1992)
ukazali, Ze in vitro metoda je sl'ubna alternativna tech-
nika mobilnych vrecuSok. Na zéklade podobnosti tra-
venia bielkovin v Zalidku a tenkom éreve u preZivavcov
a monogastrickych zvierat sme pouzili potkany, u ktorych
sme povaZovali stravite'nost’ N-latok ako ekvivalent
intestindlnej stravitenosti u prezivavcov. Susmell et al.
(1994) ako model na stanovenie postruminélnej stravi-
telnosti N-latok pouzili Skreckov. Zistili, Ze stravitel-
nost’ N bola vZdy niZ§ia ako straviteI'nost’ stanovena
metédou mobilnych vreci$ok. V naSich pokusoch sme

nan 80 T :
70 + T oo
60 x -
50 ODA A / /0
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— 1
30 e —
2 ! Aﬁ(‘.' : ;
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rozpustnost’ N-latok (%) — crude protein solubility (%)
(y=3,552 + 1,108 x) r = 0,845*

p3eni¢ny Srot — wheat meal
repkové vylisky — rapeseed cake
repkovy extrahovany 3rot - rap
picniéné otruby — wheat bran
s6jovy extrahovany Srot — soybean meal
slunegnicovy extrahovany §rot — sunflower meal

q

i meal

oo Xpob

Obr. 1. Vztah medzi rozpustnostou N-latok a koeficientom degrado-
vateI'nosti a — The relationship between CP solubility and coefficient a
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Obr. 2. Crevn4 stravitenost’ v bachore nedegradovanych N-latok stanovend metédami in vitro, mobilnych vrecidok a in vivo — Comparison of
intestinal digestibility in rumen of undegraded crude protein estimated by methods in vitro, mobile bags and in vivo

Tab. 3. Statistick4 preukaznost’ rozdielov intestinélnej stravitel'nosti sta-
novenej metédami in vitro, mobilnych vreciSok a in vivo — Statistical
significance of differences in intestinal digestibility determined by in vitro,

mobile bag and in vivo methods

Krmiv4' In vitro : MMB® | Invitro : invive’ | MMB : in vivo'®
Repkové vylisky? NS ++ +
Repkovy NS NS ++
extrahovany $rot®

Slne&nicovy +++ ++ +4++
extrahovany §rot*

Séjovy +H+ +++ +++
extrahovany 3rot®

P¥eni¢ny Srot® fran o+ NS
PSeniéné otruby’ +++ NS 4t

+P<0,5; ++ P<0,01; +++ P < 0,001

'feeds, *rapeseed cake, ’rapeseed meal, ‘sunflower meal, *soybean
meal, Swheat meal, "wheat bran, %in vitro : MBM, ®in vitro : in vivo,

"MBM : in vivo

zistili rovnaku tendenciu u $tyroch krmiv zo $iestich
sledovanych. NajniZ8ie rozdiely medzi metédami sme
zistili pri repkovom Srote (asi 2 %) a najvic§ie pri slned-
nicovom §rote (asi 10 %) — obr. 2, ktory mal z testova-
nych krmiv najvyssi obsah vlakniny. Vieobecne, krmiva
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s vy$§im obsahom vlakniny maji niZ8iu intestinalnu stré-
viteI'nost’ a rozdiely medzi metodami st vacsie (tab. 3).
Tieto vysledky dokumentuju, Ze vietky metédy moZeme
povazovat ako ekvivalent na stanovenie intestinalnej stra-
vitelnosti krmiv testovanych v nasich experimentoch. I na-
priek tomuto faktu je viak potrebné testovat’ dalsie krmiva.
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VLIV EXTRUZE REPKOVEHO KRMIVA NA PARAMETRY
SNASKY A KVALITU VAJEC

THE EFFECT OF EXTRUDED RAPESEED FEED ON LAYING
PERFORMANCE AND QUALITY OF EGGS

M. Lichovnikova, D. Klecker, L. Zeman

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

ABSTRACT: The goal of our study was to find the effect of extruded rapeseed feed on production performance and on
the quality of eggs of the Isabrown hens. The feed contained rapeseed, wheat, and peas at a ratio of 3 : 4 : 3. There was
45% of this combination feed in the mixtures. This rapeseed feed was fed raw (groups NEEXTR45) or extruded (groups
EXTR45). There were four trials with sixteen hens in each group [2 x (4 x 16)]. The experimental mixtures were fed ad
libitum to the hens starting from their 21 weeks of age. All hens’ eggs were weighed when the hens were between 21st
and 41st weeks of age. From 42nd to 50th weeks of age we recorded the number of eggs and we weighed them when we
analyzed the quality of eggs. We analyzed the quality of eggs every 28th day, by determining the weight of eggs, the weight
of yolk and albumen, yolk color, Haugh units, and the strength, weight and thickness of the eggshell. We also observed
the feed consumption at weekly intervals. The average contents of glucosinolates in the mixtures were 0.855 mmol/kg in
dry matter for the groups NEEXTR45 and 0.765 mmol/kg in dry matter for the groups EXTR45. The results of produc-
tion performances are summarized in Tables 5 and 7. The average frequency of egg production during the period from 21
to 50 weeks of age was 93.4 + 0.896% in groups NEEXTR45 and 94.2 + 0.828% in groups EXTR45. Fig. 1 shows the
pattern of egg production. We observed the largest difference in egg production between the groups in the period between
the 29th and 47th week of age. The average daily feed consumption (from 21 to 50 weeks of age) was 110.7 £ 1.209 g/hen
(groups NEEXTR45) and 102.8 + 1.027 g/hen (groups EXTR45). The difference of 7.9 g/hen/day was statistically significant
(P < 0.01). Fig. 4 shows the influence of extrusion on feed consumption. Jeroch et al. (1995) registered only a slight
decline in feed consumption because of the treatment. The average weight of eggs was 60.44 + 0.361 g (NEEXTR45)
and 59.37 £ 0.305 g (EXTR45). The difference of 1.07 g was not statistically significant. Fig. 2 shows the graph of the
weight of eggs. The higher weight of eggs was caused by the higher intake of nutrients in groups NEEXTR45. Converse-
ly, Jeroch et al. (1995) did not observe the higher weight of eggs in the different groups, which were fed the expeller
treated rapeseed. The average daily egg mass production was lower in groups EXTR45 (56.54 + 0.542 g/hen) in compari-
son with groups NEEXTR45 (57.43 £+ 0.592 g/hen). The difference between the groups (0.89 g/hen) was caused by the
higher weight of eggs in groups NEEXTR45, but it was not statistically significant. Fig. 3 shows the egg mass production
during the experiment. The feed conversion ratio was 1.95 + 0.042 kg/kg in groups NEEXTR45 and 1.83 £ 0.034 kg/kg
in groups EXTR45. The difference 0.12 kg/kg was not statistically significant. When we used 13.5% of rapeseed in the
mixtures, we reached a better feed conversion ratio than Jeroch et al. (1995), who used 10% of the expeller treated rape-
seed in the mixture for hens. But, he reached a better feed conversion ratio for the hydrothermically expeller treated
rapeseed for both laying hybrids. The quality of albumen expressed by Haugh units achieved the levels of 84.15 + 0.7099
(NEEXTR4S5) and 82.05 £ 0.7198 (EXTR45). The difference of 2.1 Haugh units was not statistically significant. The strength
and thickness of the eggshell was not influenced by the treatment. We did not observe any health problems of the hens
during the experiment. We achieved higher egg laying production than in the hybrid standard (1996). We used 13.5% rapeseed
in the mixtures. From our recorded data we calculated the equations for egg laying production at the age from 23th to
50th weeks. The equations are for NEEXTR45 y =-0.0119 x*+ 0.0184 x + 97 and for EXTR45 y =-0.0144 x*+ 0.1431x + 97.
The average weight of eggs was almost the same as the hybrid standard indicates (60.0 g). We conclude that extrusion
increases the utilization of nutrients because of better feed conversion ratios in the groups which received extruded rape-
seed feed.

Keywords: hens; frequency of egg production; weight of eggs; feed consumption; rapeseed

Vysledky byly ziskany za podpory Narodni agentury pro zemé&délsky vyzkum v Praze (& EP/7193) a pfi fedeni Vyzkumného zaméru
MZLU Brng (¢. J08/98:432100001).
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ABSTRAKT: Repka byla extrudovana ve form& fepkového krmiva, které bylo tvofeno psenici, hrachem a fepkou
vpoméru 4 : 3 : 3 a do smési bylo zafazeno v mnoZstvi 45 %. Toto krmivo bylo zkrmovéno surové (skupiny NEEXTR45)
nebo oetfeno extruzi (skupiny EXTR45). Pokus jsme uspofadali faktorové [2 x (4 x 16)]. Primérna intenzita snasky za
sledované obdobi (od 21. do 50. tydne véku slepic) byla u skupin NEEXTR45 93,4 + 0,896 % a u skupin EXTR45
94,2 + 0,828 %. Primérny denni pfijem krmiva za prvnich tficet tydnl snasky byl u skupin NEEXTR45 110,7 £ 1,209 g/ks
a u skupin EXTR45 102,8 + 1,027 g/ks. Rozdil 7,9 g/ks/den byl statisticky vysoce priikazny (P < 0,01). Primérnd hmot-
nost vejce ve skupinich NEEXTR45 byla 60,44 + 0,361 g a ve skupinich EXTR45 59,37 + 0,305 g. Rozdil 1,07 g byl
statisticky nevyznamny. Primérnéd denni produkce vajeéné hmoty byla nizsi u skupin EXTR45 (56,54 + 0,542 g/ks)
v porovnani s NEEXTR45 (57,43 + 0,592 g/ks). Rozdil v primérné denni produkci vaje¢né hmoty mezi skupinami byl
statisticky nevyznamny (0,89 g/ks). Potfeba krmiva na produkci vajeéné hmoty byla v priméru u skupin NEEXTR45
1,95 + 0,042 kg/kg a u skupin EXTR45 1,83 + 0,034 kg/kg. Rozdil (0,12 kg/kg) byl statisticky nevyznamny. Kvalita
bilku vyjadfena Haughovymi jednotkami dosahla u skupiny NEEXTR45 hodnoty 84,15 £ 0,7099 a u skupin EXTR45
hodnoty 82,05 + 0,7198. Rozdil 2,1 byl statisticky nevyznamny. Pevnost skofapky nebyla pokusnym zdsahem ovlivnéna.
Také v tloust'ce skofapky nebyl mezi skupinami rozdil. Béhem pokusu jsme nepozorovali Zadné problémy ve zdravotnim
stavu slepic. Domnivame se, Ze extruze ovlivnila kvalitu fepkového krmiva tim, Ze zlep§ila vyuZiti Zivin. To se prakticky

projevilo zlepdenim konverze krmiva.

Klitovi slova: slepice; intenzita snasky; hmotnost vajec; pfijem krmiva; fepka

UVOD

Cilem naseho pokusu bylo ovéfit vliv extruze fepky ve
formé fepkového krmiva na parametry snasky a kvalitu
vajec v prub&hu prvnich tficeti tydni snasky u hybrida
snasejiciho vejce s hnédou barvou skofapky Isabrown.

Pouziti ozimé fepky olejky (Brassica napus) ve vyZi-
vé nosnic neni béZnou zéaleZitosti. Hlavn{ obava z jejiho
zkrmovani plyne z obsahu antinutriénich latek, ptede-
v§im glukosinolatl a sinapini. V zahrani¢i se fepkovy
extrahovany $rot béZné pouziva v krmnych smésich pro
nosnice jako ekonomicky efektivni krmivo. Jde o fep-
kové extrahované §roty z jarni fepky Canola, ktera ma
niZ8i obsah glukosinolatl v porovnani s nasimi ozimymi
fepkami. Doporu¢ena davka fepkového extrahovaného
§rotu typu Canola pro nosnice se v Kanadé pohybuje
maximalné do deseti procent. U slepic snaSejicich vejce
s hnédou skofapkou se doporudeni pro pouZiti téchto
fepkovych extrahovanych $rotl ve smésich pro nosnice
pohybuje v Severni Americe kolem tif procent. A to proto,
Ze &ast téchto slepic neni schopna oxidovat trimetyl-
amin, ktery zplisobuje rybi zdpach vajec a jehoZ pre-
kurzory jsou sinapiny a cholin, na trimetylaminooxid.
Navic §té€pné produkty glukosinolati sniZuji aktivitu tri-
metylamiooxidazy. Z diivodu vys§iho obsahu antinutrié-
nich latek v ozimych fepkach typu "00" nedoporuduji
Zeman et al. (1998) zkrmovat nosnicim jak fepku, tak
ani fepkovy extrahovany §rot ¢i fepkové vylisky.

Jednou z moZnosti, jak sniZit obsah antinutriénich la-
tek fepky, je jeji tepelné oSetieni extruzi. Dénicke et al.
(1998) zjistili, Ze po pouZiti vy3si teploty pfi extruzi
(105 °C) doslo k vétsimu sniZeni obsahu glukosinolati
u odriid s nizkym obsahem glukosinolatd, nez pfi pouZiti
teploty 98 °C. Na sniZeni obsahu glukosinolatli extruzi
v fepkovém extrahovaném Srotu ma vliv také délka oSet-
feni, rychlost otacek §nekovnice a obsah vody (Huang et
al., 1995). Extruzi lze sniZit obsah i dal$ich antinutri¢-
nich latek, sinapini, tanini a fenolickych latek, jak uvadi
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Reblova et al. (1995) a totéz potvrzuji Jeroch et al. (1995),
ktefi pouzili hydrotermické oSetfeni u fepkovych produk-
tli a dosahli snizeni jak obsahu glukosinolati, tak sinapint.

MATERIAL A METODY

Repka byla extrudovana ve formé fepkového krmiva,
protoze extruze samotné fepky neni z technickych di-
vodii proveditelna. Repkové krmivo bylo tvofeno p3enici,
hrachem a fepkou v poméru 4 : 3 : 3 a do smési bylo
zafazeno v mnozstvi 45 %, coz znamena 18 % pSenice,
13,5 % hrachu a 13,5 % fepky ve smési ve formé
fepkového krmiva. Toto krmivo bylo zkrmovano surové
(skupiny NEEXTR45) nebo oSetiené extruzi (skupiny
EXTRA4S5).

Pokus jsme provedli v pokusné stdji Mendelovy ze-
médélské a lesnické univerzity v Brné. SloZeni krmnych
smési uvadime v tab. 1 a vypod&teny obsah Zivin v krm-
nych smésich v tab. 2. Krmné smési jsme si michali sami
z krmnych surovin. Pokus jsme uspofadali faktorové 2 x
(4 x 16), kde faktor 2 je NEEXTR45 a EXTR4S5, faktor 4
je opakovani a ¢éislo 16 znamena pocet zvirat ve skuping.
Slepice hybridni kombinace Isabrown jsme v 16. tydnu
véku umistili do Styfetazové klecové baterie po dvou
kusech do klece. Skupiny byly rozmistény tak, abychom
vylougili vliv umisténi slepic. Svételny den jsme stano-
vili na 15 hodin svétla denné v souladu s doporu¢enim
dodavatele hybrida. Od 21. tydne véku slepic jsme zkrmo-
vali pokusné smési ad libitum. Od 21. do 41. tydne véku
slepic jsme vazili viechna vejce a od 42. do 50. tydne
véku jsme zaznamenavali pouze pocet snesenych vajec
a hmotnost vajec jsme sledovali po odbéru vajec k ana-
lyze kvality. Kvalitu vajec jsme hodnotili jednou za 28 dnit
a sledovali jsme hmotnost vejce, hmotnost Zloutku a bil-
ku, barvu Zloutku, Haughovy jednotky, pevnost, hmot-
nost a tloustku skordpky. Pevnost skofdpky jsme méfili
piistrojem Egg Crusher (firmy Veit Electronics, Brno,
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Tab. 1. Sloeni krmnjch smésf (z/kg) — Feed mixture formulation (g/kg)

i) Pokusn4 skupina'*
NEEXTR45 EXTR45

PSenice - extrudované’ 0 180
Repka - extrudované® 0 135
Hréich - extrudovany* 0 135
PSenice - neextrudovan4® 180 0
Repka — neextrudovana® 135 0
Hréich - neextrudovany’ 135 0
P3enice® 210 210
S6jovy extrahovany $rot’ 60 60
Kukufice'® 140 140
Rybi moucka'" 30 30
Vipenec'? 10 10
Premix" 100 100

SloZeni 1 kg premixu (Composition of 1 kg of premix):

Ca 310,5 g/kg, P 38,0 g/kg, P vyuzitelny (available P) 33,3 g/kg,
Na 7,9 g/kg, NaCl 15,8 g/kg, Mg 1,5 g/kg, K 0,6 g/kg, S 0,5 g/kg,
Cu 454 mgkg, Fe 1 311,7 mg/kg, Zn 555,0 mg/kg, Mn 549,7 mg/kg,
Co 2,2 mg/kg, 1 32,5 mg/kg, Se 4 mg/kg, vitamin E 231 mg/kg,
K3 20,0 mg/kg, Bl 20,6 mg/kg, B2 72,1 mg/kg, B6 30,0 mg/kg,
B12 0,1 mg/kg, biotin 1,0 mg/kg, niacin 230,9 mg/kg, k. listova (folic
acid) 9,6 mg/kg, calcium pantothenate 89,9 mg/kg, choline 4,672 mg/kg,
L-lysine 404 mg/kg, Met 7 104 mg/kg, Thr 364 mg/kg, vitamin A
100 000 i.u/kg, D3 20 000 i.u./kg

'feed, *wheat — extruded, *rapeseed — extruded, “peas — 'wheat
~ non-extruded, ®rapeseed — non-extruded, "peas — non-extruded, *wheat,
%soybean meal, "®corn, ''fish meal, "“limestone, "“premix, '‘experi-
mental group

.98

Ceska republika). Dale jsme sledovali pfijem krmnych
smési podle jednotlivych skupin v tydennich intervalech.
Test priikaznosti rozdilii priméri vybérli jsme provadéli
t-testem, kdy testovanym kritériem je normovana veli¢ina
Studentova rozdéleni ¢ (Snedecor a Cochran, 1967).

VYSLEDKY A DISKUSE

Primé&my obsah antinutri¢nich latek, stanoveny v ana-
lytické laboratofi ve Vyzkumném ustavu olejnin v Opavé,
uvadime v tab. 3. Pouzita metoda analyzy na obsah
glukosinolétl byla vypracovana na zékladé mezinarodni
normy ISO 9167-1: 1992 (E). Obsah sinapinu byl stanoven
analytickou metodou pro stanoveni sinapinu (Kolovrat,
1990). Primérny obsah glukosinolatl ve smési s ne-
extrudovanym fepkovym krmivem (NEEXTR45) byl
0,855 mmol/kg suiny a u smési s extrudovanym fepko-
vym krmivem (EXTR45) 0,765 mmol/kg susiny.

Hodnoceni parametrii uZitkovosti
Vysledky parametrii uZitkovosti slepic shrnujeme

vtab. 4 a 5. Dosahli jsme pomémné vysoké intenzity
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Tab. 2. Obsah Zivin v krmnych smésich na kilogram susiny — Dietary
nutrient contents per kilogram of dry matter

Fivina! Pokusn4 skupina'?
NEEXTR45 + EXTR45
Sugina’ g 873,0
N- litky’ g 163,0
Metionin* g 34
Simé aminokyseliny® g 6,6
Treonin® g 6,2
Vlaknina’ g 359
Kyselina linolov4® g 8.5
AMEy M) 11,8
Ca g 37,4
P g 83
Na g 14
Mg g 1,6
Mn mg 84,1
Zn mg 849
Vit. A tis. mj." 11,6
Vit. D tis. m.j. 2,0
Vit. E mg 36,9
Riboflavin® mg 18,3
Cholin" mg 11878
Vit. Bj2 ug 18,3
Biotin"' mg 0.2

'nutrient, %dry matter, >protein, *methionine, “thiosulfuric amino acids,
“threonine, "fiber, ®linoleic acid, °riboflavin, “choline, "'biotin, Zexperi-
mental groups, “thousand i.u.

snasky u obou skupin v porovnani s plemennym standar-
dem Isabrown (1996), a to v priméru o 1,5 az 3,5 % vyssi.
Priméma intenzita snaSky za sledované obdobi (od 21.
do 50. tydne véku slepic) byla u skupin NEEXTR45
93,4 + 0,896 % a u skupin EXTR45 94,2 + 0,828 %.
Rozdil 0,8 % ve prospéch skupiny s extrudovanym
krmivem zlstal stejny i pfi posouzeni intenzity snasky
od pfedpoklddaného vrcholu snasky (od 23. tydne), jak
je patmé z obr. 1. Ze zjisténych hodnot jsme vypocetli
polynomické rovnice charakterizujici prubéh snasky od

Tab. 3. Obsah antinutri¢nich litek v fepkovém krmivu (RK) — The con-
tent of anti-quality components in rapeseed feed (RF)

Ukazatel' Neextrudované| Extrudované
- ®K)' | ®K)

Obsah sinapinu? mmolkg| 13,6 12,8

Obsah desulfoglukosinolatt® mmolkg| 1,9 1,7

Obsah sinapinil je stanoven v suing odtu¢néného vzorku — Sinapi
content was determined in dry matter of fat-free sample

Obsah desulfoglukosinolétii je stanoven v sudiné vzorku — Desulfo-
glucosinolate content was determined in sample dry matter

'parameter, *sinapine content, ‘desulfoglucosinolate content, ‘non-
extruded RF, *extruded RF
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Tab. 4. Vliv extruze na vysledky uZitkovosti ve snaSce od 21. do 41. tydne v&ku slepic — The effect of expeller-treated feed on laying perfor-
mance from 21st to 41st week of hen age

s
Ukazatel! Pokusné skupina
NEEXTR45 EXTR45
Hmotnost vejce? g 60,44 + 0,361 59,37 + 0,305
Produkee vajeéné hmoty® g/den 57,43 £0,592 56,54 + 0,542
Spotfeba krmiva na produkei vajegné hmoty* kg/kg 1,95 + 0,042 1,83 £0,034

'parameter, %egg weight, *egg mass production, *feed consumption for egg mass production, *experimental group

5. Vliv extruze fepkového krmiva na intenzitu sna8ky a pfijem krmiva — The effect of expeller-treated rapeseed feed on laying intensity and feed
intake

szt Vek (tydny)* Pokusn4 skupina®

NEEXTR45 EXTR45
Snéska’ % 21.-50. 93,4 £0,896 94,2 +0,828
Sndska % 23.-50. 94,1 £0,610 94,9 + 0,472
Phijem krmiva gks/den 21.-50. 110,7°+ 1,209 102,8" £ 1,027
Ptijem krmiva g/ks/den 23.-50. 111,3°+ 1,105 103,6" £ 0,975

a, b = priméry stejného fadu oznatené rozdilnymi pismeny jsou navzéjem prikazné odlidné (P < 0,05) — a,b = means of the same order desig-
nated by different letters are significantly different from each other (P < 0.05)

!parameter, *laying intensity, *feed intake, ‘age (weeks), *experimental group

23. do 50. tydne véku slepic. Pribéh snasky nejlépe vy- Jeroch et al. (1995) neprokazali vliv hydroter-
jadfuje rovnice paraboly: mického oSetfeni fepkovych produkti na intenzitu
pro skupiny NEEXTR45 mé tvar: snasky u dvou hybridi. Domnivéme se, Ze v jeho pfipa-
=-0,0119 2+ 0,0184 x + 97 dé zkraceni délky pokusu (od 22. do 36. tydne v&ku slepic)
s hodnotou spolehlivosti R = 0,7911; neumoznilo prokazat u¢innost zasahu. Nejvyrazné;si

rozdily v intenzité snasky jsme pozorovali v obdobi od
29. do 47. tydne véku slepic.

Primémy denni pfijem krmiva za prvnich tficet tydnt
snasky (od 21. do 50. tydne véku slepic) byl u skupin

pro skupiny EXTR45 ma tato rovnice tvar:
“y=-0,0144 x*+0,1431 x + 97
s hodnotou spolehlivosti R* = 0,8051,

e b L NEEXTR45 110,7 % 1,209 g/ks a u skupin EXTR4S
99
st A aan g YT0014x401431x4+97
S = . R2=0,8051

95

g
2 93
3
&
E 91 y =-0,0119x2 +0,0184x +97
£ R2=0,7911 s )
89 - =
87 N 2 .
Fig. 1. Vliv extruze fepkového krmiva na
vyvoj intenzity snasky od 23. do 50. tydne
85 ——— 77— véku slepic — The effect of expeller-treated

23 26 29 32 35 38 41 44 47 50 rapesced feed on laying intensity from
23rd to 50th week of hen age
Tydny?

& NEEXTR45 o EXTR45 'laying intensity, >weeks, *polynomial
Polynomicky’(NEEXTR45) - «----.. Polynomicky (EXTR45) course
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102,8 + 1,027 g/ks. Rozdil 7,9 g/ks/den byl statisticky
vysoce pritkazny — P < 0,01. Trvaly vliv extruze fepko-
vého krmiva na pfijem krmiva je patrny z obr. 2. Pfi
extruzi krmiva dochédzi ke zmé&né& jeho struktury a zvy-
3uje se i jeho nasledné suSina, coz mizZe byt pfi¢inou
sniZeni atraktivnosti takto upraveného krmiva pro slepice.
Grala et al. (1994) v pokuse (na krysach) pozorovali
podobny vliv extruze na pfijem krmiva a prokazali, Ze
na pfijem extrudovaného krmiva ma vliv nejen délka
odetfeni, ale i pouZita teplota. Naproti tomu Jeroch et al.
(1995) zaznamenali jen nepatrné sniZeni pfijmu krmiva
po tepelném o3etfeni pouze u jednoho z hybridd.
Priméma hmotnost vejce ve skupinich NEEXTR45 by-
la 60,44 + 0,361 g, ve skupinaich EXTR45 59,37 + 0,305 g.
Rozdil 1,07 g byl statisticky nevyznamny. Vyvoj hmot-
nosti vajec do 50. tydne véku slepic zndzoriiuje obr. 3.

Z obr. 3 je zfejmy rozdil mezi skupinami v hmotnosti vajec,
ktery se s pfibyvajicim vékem prohlubuje ve prospéch
skupiny NEEXTR45. Vyss§i hmotnost vajec u skupin
NEEXTR45 byla zptisobena celkové vy$8im pfijmem Zi-
vin u téchto skupin. Naopak Jeroch ef al. (1995) nepro-
kazali zvy$eni hmotnosti vajec u skupin krmenych tepelng
ofetfenymi fepkovymi produkty. PouZitim extrudova-
ného fepkového krmiva by se dala sniZit hmotnost vajec,
jejiz zvySovéni ke konci snasky neni z hlediska produ-
centl konzumnich vajec Zidouci. Priméma hmotnost
vejce u skupin EXTR4S5 byla dokonce niZsi, nez uvadi ple-
menny standard (Isabrown, 1996) pro toto obdobi (60,0 g).

Priméma denni produkce vaje¢né hmoty souvisi jak
s hmotnosti vejce, tak s intenzitou snasky. V naSem po-
kusu byla nizsi u skupin EXTR45 (56,54 + 0,542 g/ks)
v porovnani s NEEXTR45 (57,43 + 0,592 g/ks). Rozdil

130 " i :
Fig. 2. Vliv extruze fepkového krmiva na
= 2
¥ =70,0234x? +0,6275x + 108,31 pHjoin krmiva od 21, do 50, tydne véku
120 - A S PR R slepic — The effect of expeller-treated rape-
A 5 A secd feed on feed intake from 21st to 50th
4 Al week of hen age
= 104 o A s
-§ ° %o g : & aBD
a ._,_g_E.-a-- ----x-rn-----a--.~..,____ o !feed intake (g/hen/day), weeks, *polyno-
% 100{ ,.Be"" Agd g teeld mial course
£ i oo o @ o
% 90 B 3' =-0,0294x2 +0,9581x + 97,156
80
7 +—r—"r-—"r-—r--"—"+r—"r————TrTT————rr—r——
21 25 29 33 37 41 45 49
Tydny?
a  NEEXTR45 o EXTR
Polynomicky3(NEEXTR45)------. Polynomicky (EXTR45)
66
y =3,6547Ln(x) + 52,511
64 1 R2=091 2
. e
_ 621
C}
8 60
g 58 y =2,9512Ln(x) + 53,008
2 R?2=0,9037
E 56 1
T 5
£ 5
e Fig. 3. Vliv extruze fepkového krmiva na
50 1a vyvoj hmotnosti vajec od 21. do 50. tydne
48 vé&ku slepic — The cffect of expeller-treated
VR U R S S * 57 ol o rapeseed feed on cgg weight from 21st to
21 25 29 33 87 41 45 49 50th week of hen age
Tydny?
Ao NEEXTR45 o EXTR45 laverage egg weight, 2weeks, 3logarithmic
Logaritmicky*(NEEXTR45) - -« --. Logaritmicky (EXTR45) course
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v primémé denni produkci vajeéné hmoty mezi skupi-
nami byl statisticky nevyznamny (0,89 g/ks). V nafem
piipadé byl rozdil zapfi¢inén predevsim vyssi hmotnosti
vajec ve skupinach NEEXTR45, takZe ani mirné vys§i in-
tenzita snasky u skupin EXTR45, nedokézala vyrovnat
tento deficit. Vyvoj produkce vajeéné hmoty v priib&hu
pokusu je znazornén na obr. 4.

Zajimavy vysledek jsme zjistili u konverze krmiva.
Potfeba krmiva na produkci vaje¢né hmoty byla v pri-
méru u skupin NEEXTR45 1,95 + 0,042 kg/kg a u skupin
EXTR45 1,83 + 0,034 kg/kg, aviak rozdil (0,12 kg/kg)
byl statisticky nevyznamny. ZlepSenou konverzi krmiva
u skupin EXTR45 je tfeba posoudit ve vztahu ke zméné
Zivé hmotnosti slepic béhem pokusu. Primémé hmotnosti
slepic b&hem pokusu jsou uvedeny v tab. 6. Na po¢atku
pokusného obdobi byl rozdil v primémé hmotnosti mezi
skupinami 0,03 kg, ve 44. tydnu byly hmotnosti slepic
u obou skupin shodné. Z toho vyplyva, Ze slepice skupin
NEEXTR4S5 pribraly v priiméru za obdobi od 20. do 44. tyd-
ne véku o 0,03 kg vice na slepici v porovnéni se skupinami
EXTR45, coZ bylo zpisobeno vy$$im dennim pfijmem
krmiva. Pfi zafazeni 13,5 % fepky do krmnych smési

jsme dosahli lepsi konverze nez Jeroch et al. (1995),
ktefi zafadili do smési 10 % fepkovych produktii. Nic-
méné i oni zaznamenali zlepSeni konverze krmiva po
hydrotermickém oSetfeni fepkovych produkti u obou
testovanych snaskovych hybridi. Také Marsman et al.
(1997) porovnavali vliv tepelného oSetfeni (toastovéani
a extruze sojového extrahovaného Srotu) na parametry
uzitkovosti brojlerti a zaznamenali zlep3eni konverze
u extruze v porovnani s toastovanim.

Hodnoceni kvalitativnich ukazateli vajec

Primérmné hodnoty vybranych kvalitativnich ukazateli
vajec jsou uvedeny v tab. 7. ProtoZe rozbory vajec byly
provadény ve Ctyftydennich intervalech, hodnotili jsme
rozdil v hmotnosti vajec jako statisticky priikazny
(P <0,05). S vyssi hmotnosti vajec souvisi i vy§§i hmot-
nost Zloutku a skofapky, které byly u skupin NEEXTR45
také pritkazné vyssi (P < 0,05). Kvalita bilku, vyjadiena
Haughovymi jednotkami, doséhla u skupiny NEEXTR45
hodnoty 84,15 + 0,7099 a u skupin EXTR45 hodnoty

y =-0,012x? +0,3455x + 56,994
A

A, A
A A A
A
a eemt=t

Primé&ma denni produkce vajeéné hmoty (g/ks)!

Fig. 4. Vliv extruze fepkového krmiva na
vyvoj produkce vajedné hmoty od 23. do
50. tydne véku slepic — The effect of expel-
ler-trcated rapeseed feed on cgg mass pro-
duction from 23rd to 50th week of hen age

'average daily production of egg mass,

57 - R R 2weeks, 3polynomial course
s =" s 8",
- y=-0,0177x? +0,5352x + 54,854
55 -
s4{ ®©
53
52 - —r —— —
23 27 31 35 39 43 47
Tydny?
Ao NEEXTR45 o  EXTR45
Polynomicky’(NEEXTR45) - - - - - - - Polynomicky (EXTR4S)

Tab. 6. Priméma Ziva hmotnost a pfiristek slepic v priib&hu pokusu (kg) — Average live weight and weight gains of hens during the experiment (kg)

; W Pokusnd skupina®
Ukazatel Vek (tydny)
NEEXTR45 EXTR45

Hmotnost? kg 16 1,33 0,006 1,35 £ 0,007
Hmotnost kg 20 1,53 £0,013 1,56 0,012
Hmotnost kg 44 1,80 £ 0,022 1,80 £0,013
Priristek’ kg 16-44 0,47 0,025 0,46 0,013
Prirlistek kg 20-44 0,27 0,030 0,24 £0,018

'parameter, “live weight, *weight gain, ‘age (weeks)
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7. Primé&mé kvalitativni ukazatele vajec za pokusné obdobi — Means of egg quality p over the experi | period
— Pokusn4 skupina'®
NEEXTR45 EX R45
Hmotnost vejce? g 62,11°+0,2394 60,72"+ 0,2542
Hmotnost Zloutku® g 15,64°+0,1101 15,04*+ 0,0971
Hmotnost bilku* g 40,34 +£0,1891 39,72 £0,2025
Haughovy jednotky* - 84,15 +0,7099 82,05+0,7198
Barva Zloutku®* - 5,43 £0,0426 5,47 +£0,0392
Pevnost skofapky’ N*cm™ 37,724 +£0,3741 37,196 +0,3879
Hmotnost skotapky® g 6,13"+0,0263 5,96"+0,0283
Tloust'ka skotipky® mm 0,389 +0,0014 0,387 +0,0013
a, b = priméry stejného fadu oznagené rozdilnymi pi: y jsou djem pritkazné odlisné (P < 0,05) - a, b = means of the same order

designated by different letters are significantly different from each other (P < 0.05)

*barvu Zloutku jsme urovali podle stupnice Yolk Colour Fan firmy Hoffman la Roche (1993) - *yolk color was determined according to the

Yolk Color Fan by Hoffman la Roche company (1993)

'parameter, %egg weight, *yolk weight, ‘albumen weight, *Haugh units, ®yolk color*, "eggshell strength, *eggshell weight, *eggshell thickness

82,05 + 0,7198. Rozdil 2,1 byl statisticky nevyznamny.
Pevnost skofapky nebyla pokusnym zasahem ovlivnéna.
Také v tloust'’ce skofdpky nebyl mezi skupinami rozdil.

Béhem pokusu jsme nepozorovali Zadné zmény ve
zdravotnim stavu slepic.

V pokusu na slepicich hybridni kombinace Isabrown
jsme dosahli vy33i intenzity snasky, neZ pfepokladé ple-
menny standard i pfesto, Ze jsme v krmnych smésich
pouzili 13,5 % fepky. Ze zjisténych hodnot jsme vy-
poéetli rovnici charakterizujici pribéh snasky od 21. do
50. tydne vé&ku slepic. Pro skupiny NEEXTR45 ma tvar
y =-0,0119 x*+ 0,0184 x + 97. Pro skupiny EXTR45
ma tato rovnice tvar y = —0,0144 x>+ 0,1431 x + 97. Prii-
méma hmotnost vejce se pohybovala na pfiblizné stejné
urovni v porovnani s plemennym standardem (60,0 g).
Domnivame se, Ze extruze ovlivnila kvalitu fepkového
krmiva tak, Ze zlepSila vyuZiti Zivin. To se prakticky pro-
jevilo tak, Ze se zlepsila konverze krmiva.
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VPLYV NEGENETICKYCH FAKTOROV NA PRODUKCIU
A ZLOZENIE MLIEKA KOZ PLEMENA BIELA KRATKOSRSTA
KOZA

THE EFFECT OF NONGENETIC FACTORS ON MILK YIELD
AND COMPOSITION IN GOATS OF WHITE SHORT-HAIRED BREED

M. Margetinl, M. Milerski’

Research Institute of Animal Production, Nitra, Slovak Republic
?Research Institute of Animal Production, Prague-Uh¥inéves, Czech Republic

ABSTRACT: The objective of the paper was to determine the effect of some nongenetic factors on milk yield and com-
position in goats of White Short-Haired breed (WSH); their population is largest in Slovakia. Another objective was to
determine differences in the production and content of basic milk constituents in the goat population concerned using a sui-
table model of the analysis of covariance, in relation to lactation number and number of sucking kids. A total of 4 950 lac-
tations of goats from 64 farms were assessed; data were acquired as part of milk records (MR) in 1995-1997. All records
of WSH goats were excluded from the analysis if milking period (MP) was shorter than 150 days and longer than 325 days,
if the interval between parturition and 1st milk control (INT) was shorter than 10 days and longer than 70 days, and if the
actual milk yield of goats was lower than 100 I and higher than 1 300 1. Milk yield was measured after kid weaning.
Other data excluded from the analysis concerned fat content lower than 2% and higher than 5.5%, average protein con-
tent lower than 2% and higher than 4% and average lactose content per milking period lower than 2% and higher than
5%. The least-squares method and several linear models with fixed effects (GLM-SAS ver. 6.1. method) were used for
estimation of the effect of environmental factors in adjusted data from MR. The effects of these factors: farm (F), lacta-
tion number (LN), check year (Year), season, i.e. month of parturition (Se), number of sucking kids (NSK), and of com-
posite variable FYS (F x Year x Se) and two accompanying variables (MP, INT) were estimated, as exerted on actual and
standardized milk yield (AMY, SMY) and on fat, protein and lactose contents (%F, %P, %L). Standardized yield was
calculated per 240-day milking period. The highest determination coefficients (R?) were calculated in models with com-
posite variable FYS; they were substantially higher for AMY and SMY (0.76-0.79) than for %F, %P and %L (0.38-0.47;
Table 2, 5, 7). If factor F was excluded from the analysis of covariance, the fall of R? values was steep (in comparison
with the other analyzed factors) for both the production and milk constituents. Factors F, LN, Year, Se, FYS were found
to have a significant effect (P < 0.001) on AMY and SMY, and a considerable effect on %F, %P and %L (Table 3).
The significance of the effect of factor NSK on milk yield and composition was related to other analyzed environmental
factors to a large extent. But it is to state that the effect of the latter factor on AMY was statistically significant (P < 0.05,
Table 3, 5). Neither linear not quadratic effect of MP and INT on milk yield was observed. Variability in MP was condi-
tioned by factors Year, F and Se (Table 2, 3), being 214 days on average with a range from 151 to 314 days. In the popu-
lation of WSH goats, actual milk yield after adjustment of systematic environmental effects (LSM) amounted to 396.9 |,
SMY 450.7 1, fat content 3.54%, protein content 2.83% and lactose content 4.47% (Table 4). Goats in the 1st lactation
(AMY 378.3 1, SMY 428.4 1) produced less milk than goats in higher lactations (P < 0.001; Table 6). Actual and stan-
dardized milk yield of goats in the 2nd lactation was also significantly lower than that of goats in the 3rd and 4th lacta-
tions (P < 0.001), when milk production was at a maximum level. The highest SMY in milking period was achieved also
by goats that nursed triplets (493.3 1). In comparison with goats nursing single kids or twins till weaning this dif-
ference was statistically significant (P < 0.05). Goats in the 1st lactation had a significantly higher content of proteins
(2.92%) than goats in the 3rd lactation (2.86%, P < 0.001) and in the other lactations (P < 0.01; Table 8). The number of
sucking kids during nursing did not have a significant effect on goat milk composition. All data will be used to draw up
proposals of new methods of breeding value estimates in WSH goats that should be used for selection aimed at faster
genetic progress in milk and utilizable dry matter production.

Keywords: goat; milk yield; fat content; protein content; milking period; nongenetic factors; analysis of covariance

ABSTRAKT: Analyzovany bol vplyv negenetickych faktorov na ukazovatele mlickovej uZitkovosti k6z plemena biela
kratkosrstd koza (BKK). Do analyzy bolo zahrnutych 4950 lakticii kdz zo 64 stid. Dubidézne idaje boli z analyzy
vylugené. PouzZité boli viaceré linedrne modely s pevnymi efektmi (SAS-GLM). Vyhodnocovany bol vplyv faktora stéado
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(ST), poradie laktacie (PL), kontrolny rok (Rok), obdobie, t.j. mesiac okotenia (Ob), poéet cicajucich kozliat (PCK),
zdruzenej premennej SRO (ST x Rok x Ob), ako aj dvoch sprievodnych premennych, na skutoéni a normovanu (240-dfio-
vi) produkciu mlieka (SPM, NPM) a d’alej na obsah tuku, bielkovin a laktézy (% T, % B, % L). Zistili sme, Ze faktor ST,
PL, Rok, Ob, SRO maé 3tatisticky vysoko preukazny vplyv (P < 0,001) na SPM i NPM, ale ajna % T, % B a % L. Varia-
bilita v dizke dojnej periédy (DDP) bola podmienena predovietkym faktorom ST, Rok a Ob. U analyzovanej populacie
koz plemena BKK bola SPM (LSM) 396,9 1, NPM 450,7 1, priemerny obsah tuku 3,54 %, bielkovin 2,83 % a laktozy
4,47 %. Kozy na 1. lakticii vyprodukovali menej mlieka v porovnani s kozami na vy33ich lakticiadch (P < 0,001). Najvys-
§iu SPM pocas dojnej periody mali kozy odchovévajice trojéata (493,3 1). Nebol zisteny linedrny ani kvadraticky vplyv
DDP na produkciu mlieka. Kozy na 1. laktécii mali preukazne vy33i obsah bielkovin (2,92 %) ako kozy na 3. (2,86 %,
P <0,001) ale tiez na ostatnych laktacidch (P < 0,01).

Klidové slovid: koza; produkcia mlieka; obsah tuku; obsah bielkovin; dojnd peridda; negenetické faktory; analyza

kovariancie

UvoD

Selekcia dojnych koz v podmienkach Slovenska sa
opiera o jednoduchy selekény index, pri ktorom je zo-
hladiiovana produkcia mlieka, plodnost’ a exteriér hod-
notenych jedincov. Najvacsi doraz pri vybere k6z na
d'al8iu plemenitbu je kladeny na produkciu mlieka, ktora
je zistovana za dojnu periédu v zmysle platnych pozia-
daviek ICAR (Margetin, 1997). Pri stanovovani ¢iastkovej
triedy plemennej hodnoty kéz za ukazovatel' produkcia
mlieka podl'a doteraz pouzivaného systému hodnotenia
sa len Ciastoéne zohl'adiiuji systematické vplyvy pro-
stredia. Podl'a autorov Alderson a Pollak (1980), Iloeje
et al. (1981), Kennedy et al. (1981), Mocquot a Ricor-
deau (1981), Mourad (1992), Vegefova a Kiizek (1993b),
Rabasco et al. (1993) a d’al§ich patri medzi hlavné
negenetické faktory ovplyviiujice produkciu mlieka:
dizka dojnej periody, resp. lakticie, faktor stado, podet
cicajucich kozliat, poradie lakticie, resp. vek matiek,
mesiac a rok okotenia a niektoré dalsie.

Obsah zakladnych zloZiek mlieka (tuk, bielkoviny,
laktoza) sa v ramci kontroly mliekovej uzitkovosti koz
na Slovensku sice zist'uje (minimalne u kdz na 1. laktacii),
v selekcii, ani pri vykupe mlieka sa v3ak tieto udaje do-
teraz nevyuzivaji. Negativne genetické korelacie medzi
produkciou mlieka koz a obsahom tuku a bielkovin
(Kennedy et al., 1982) poukazuji na potrebu zohl'ad-
tiovat’ v selekcii aj zloZenie mlieka (Boichard et al., 1989),
najmé ak zohl'adnime fakt, Ze vd¢sina kozieho mlieka sa
pouziva na vyrobu syrov. Ak budeme chciet’ pri odha-
doch plemennej hodnoty k6z zohl'adiiovat’ na Slovensku
nielen produkciu, ale aj obsah zakladnych zloZiek mlieka
(najmé bielkovin a tuku), potom je nevyhnutné poznat’
do akej miery su tieto zlozky ovplyviiované negenetic-
kymi vplyvmi prostredia (Mavrogenis et al., 1989; Kala
a Prakash, 1990; Rabasco et al., 1993; Vetefova a Kiizek,
1993b). Co najpresnejsie zohl'adnenie vplyvu systema-
tickych faktorov prostredia pri genetickom hodnoteni
koz je totiz zakladnym predpokladom dosiahnutia
selekéného pokroku a genetického zisku v rozhodu-
jicom produkénom ukazovateli dojnych koz (Milerski,
1998; El-Saied et al., 1998).
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Ciel'om predkladanej prace bolo zistit’ vplyv vybranych
negenetickych faktorov prostredia na produkciu a zlo-
Zenie mlieka k6z plemena biela kratkosrsta koza (BKK),
najpocetnejSie plemeno koz chované na Slovensku,
a stanovit’ rozdiely v produkcii a obsahu zdkladnych
zloZiek mlieka koz analyzovanej populacie v zavislosti
od ich poradia laktacie a poctu cicajucich kozliat.

MATERIAL A METODY

K analyze vplyvu negenetickych faktorov prostredia
na mliekovi GZitkovost’ kdz bola pouZitd databaza uda-
jov z kontroly mliekovej uzitkovosti (KMU) spracova-
vana a vedend v Uéelovom zariadeni $PU Zilina za roky
1995 az 1997. U kazdej kozy zahrnutej do analyzy sa
pozadovalo, aby okrem skutoénej (SPM) a normovanej
produkcie mlieka (NPM) prepocéitanej na 240 dni
(Margetin, 1997) a obsahu tuku (% T), bielkovin (% B)
a laktozy (% L) boli k dispozicii tieto udaje: identi-
fikacia stada, poradie laktacie, pocet cicajucich kozliat,
mesiac okotenia matky, interval (v diioch) od okotenia
po 1. kontrolné meranie mlieka (INT) a pocet dni dojnej
periédy (DDP) (tab. 1). Primérne daje z KMU boli
verifikované a vietky dubidézne udaje a udaje, ktoré
nezodpovedali platnej metodike KMU boli z analyzy
vyligené. Z analyzy boli vyradené vietky zaznamy BKK
v pripade, Ze DDP bola krat3ia ako 150 dni a dlhsia ako
325 dni, d'alej ak interval medzi okotenim kozy a 1. kon-
trolnym meranim mlieka bol mensi ako 10 a va¢si ako
70 dni a ak SPM koz bola nizsia ako 100 | a vysSia ako
1 300 1. Z analyzy boli vylucené tiez vietky idaje analy-
zovanej populdcie kéz v pripade, Ze obsah tuku bol mensi
ako 2 % a vy$8i ako 5,5 %, ak priemerny obsah biel-
kovin bol mensi ako 2 % a vy3§i ako 4 % a ak priemerny
obsah lakt6zy bol za dojnu periodu nizsi ako 2 % a vyssi
ako 5 %.

Odhad vplyvu jednotlivych faktorov prostredia u ocis-
tenych dajov z KMU bol robeny metédou najmensich
§tvorcov, s vyuzitim viacerych modelov s pevnymi
efektmi (metéda GLM-SAS ver. 6.1.). V prvej faze
analyzy udajov z KMU bol pouzity nasledovny model:
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Tab. 1. Zdkladné variagno- 3tatistické charakteristiky ukazovatel'ov mlickovej tiZitkovosti k6z analyzovaného siiboru — Basic variation-statistical

characteristics of milk performance parameters in goats of the analyzed breed

Ukazovatel” Poget laktacii’ Priemer'® Smerodajné Miniméalna Maximélna
odchylka'' hodnota'? hodnota®

Skuto&na produkcia mlieka’(l) 4950 406,6 190,55 100,8 1289,7
Normovan4 produkcia mlieka® (1) 4336 461,1 198,16 1247 14816
Obsah tuku* (%) 4700 3,59 0,578 2,1 54
Obsah bielkovin® (%) 4417 2,90 0,342 2,1 39
Obsah lakt6zy® (%) 4708 447 0,213 3,6 49
Dizka dojnej perisdy” (d) 4950 214,1 3121 151 314
Interval od okotenia po 1. KMM?® (d) 4950 533 13,04 10 70

KMM = kontrolné meranie mlieka — CMR = control milk recording

'parameter, actual milk production, *standardized milk production, ‘fat content, *protein content, “lactose content, 'milking period, *interval
between delivery and 1st CMR, *number of lactations, '’mean, ''standard deviation, *minimum value, *maximum value

Yjumn= 1 + ST;+ PL;+ Rok,+ Ob, + PCK,, + b1.INT +
o Cijklmm (Model l)

kde: Yijkimn — ijklmn-té pozorovanie (SPM, NPM, % T, % B, % L,
DDP)

[ — vicobeeny priemer

ST; - vplyv stada (i = 64)

PL; - vplyv poradia laktécie, resp. veku kéz (j =1, 2, 3, 4
a 5, pritom &islo 5 znamena 5 a viacroéné kozy)

Roki — vplyv kontrolného roku (k= 1, 2, 3 tj. r. 1995, 1996
a 1997)

Ob; - vplyv obdobia (mesiaca) kotenia (1 =1,2,3 4a5,
kde ¢islo 1 znamend, Zc koza bola okotend v me-
siaci december alebo janudr, &islo 2 februér, 3 marec,
4 april a 5 maj a jin)

PCKn — vplyv poétu cicajicich kozliat po¢as odchovu (m = 0,
1, 2, 3 resp. 4 kozl'atd, pri¢om ¢&islo 0 znamend, Ze
koza mala bud’ potrat alcbo mftvo narodené kozl'a
&i kozl'ata, resp. v primarnych udajoch z KMU nebol
tento udaj cvidovany)

b1 ~ linedarny regresny kocficient Y jkimn na INT

U takto zostaveného modelu a nasledne u vsetkych
modelov analyzy kovariancie, z ktorych boli postupne
vypustané jednotlivé faktory prostredia (tab. 2) sme pre
SPM, NPM, % T, % B, % L a DDP stanovili koeficient
determinacie (R?) a tiez smerodajni odchylku zohl'ad-
fiujicu analyzované faktory prostredia (RSD). Nasim
zamerom bolo ¢o najpresnejSie odhadnit’ podiel vplyvu
jednotlivych faktorov na celkovej variabilite sledova-
nych ukazovatel'ov mliekovej uZitkovosti. Koeficient
determinacie a RSD sme stanovili aj pre model so zdru-
Zenou premennou SRO (stado x rok x obdobie), pretoze
pri genetickom hodnoteni hospodéarskych zvierat
pomocou BLUP-AM sa spravidla pouZivaju metddy
zahriiujuce tuto zdruzenu premennt (Barillet et al., 1992;
Milerski, 1998). V tomto pripade bol pouzity model :

Yju= u + SRO;+ PL;+ PCK,+ bLINT + ¢, (Model 2)

Pri pouziti uvedenych modelov analyzy kovariancie bo-
la stanovena pre vetky testované faktory prostredia tiez
ich vyznamnost’ vplyvu (hladina $tatistickej preukaznosti
F hodnoty) na SPM, NPM, % T, % B, % L a DDP (tab. 3).
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Na zaklade vysledkov ziskanych analyzou faktorov
prostredia podl'a modelu 1 a 2 sme v dalSej Casti pouzili
tento model analyzy kovariancie:

Y,u = p + SRO,+ PL;+ PCK,+ bLINT + b2.INT? +
+ b3.DDP + b4 DDP* + ey (Model 3)

Pri pouziti tohoto modelu, kde sme brali v iivahu aj
linedrny a kvadraticky regresny koeficient Yy na INT
a DDP sme dostali najvys8ie koeficienty determinécie.
Otestovana bola vyznamnost’ sledovanych faktorov pro-
stredia pri tomto modely analyzy kovariancie so zdruze-
nou premennou SRO a zistovana bola aj vyznamnost’
rozdielov v ukazovateli SPM, NPM, % T, % B a % L
medzi jednotlivymi podskupinami v rdmci faktorov
poradie laktacie a pocet cicajicich kozliat. Pri pouZiti
tohoto modelu boli do analyzy zahmuté iba kozy, kto-
rych interval od okotenia po 1. kontrolné meranie mlieka
sa pohyboval v rozmedzi 40 az 70 dni.

VYSLEDKY A DISKUSIA

V tab. 1 st uvedené zakladné variaéno-Statistické
charakteristiky pre sledované ukazovatele mliekove;j
uzitkovosti kéz plemena BKK, ktoré boli zistené
v analyzovanom sibore pred zohl'adnenim vplyvu
negenetickych faktorov. Z tab. 1 vyplyva, Ze variabilita
v SPM je vysoké a pohybuje sa prakticky v rozmedzi
100 az 1 300 1. Napriek tomu, Ze boli z analyzy vy-
lacené extrémne hodnoty obsahu zékladnych zloZiek,
variabilita predovietkym v % T je neumerne vysoka, o
moéZe suvisiet’ aj s problémami pri odberoch a labora-
térnom spracovani vzoriek mlieka. Priemernd DDP pri
BKK (214 dni) bola takmer o jeden mesiac kratSia ako
pozadovana $tandardna di?ka dojnej periody (240 dni).

Podla vysledkov uvedenych v tab. 2 sa koeficient
determinécie pre SPM, pri zohl'adneni v3etkych analy-
zovanych faktorov prostredia podl'a modelu 1, rovnal
hodnote 0,65. Hodnota smerodajnej odchylky priemeru
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Tab. 2. Analyza vplyvu pouZitého modelu analyzy kovariancie (GLM met6da) na koeficient determinécie (R%) a smerodajni odchylku (RSD)
sledovanych ukazovatel'ov mliekovej Zitkovosti k6z — Analysis of the effect of the covariance analysis model (GLM method) on determination
coefficient (R?) and standard deviation (RSD) of the parameters of milk performance in goats

i i Skutotnad | Normovani Obsah Obsah Obsah Dizka dojnej
PouZity model produkcia | produkcia twku? | bielkovin® | laktézy | peri6dy
mlieka' mlicka''
Vietky analyzované faktory prostredia’ R 0,65 0,64 033 035 035 0,72
RSD 112,93 119,97 0,48 0,28 0,17 16,55
Bez faktora stédo® R? 0,24 0,18 0,08 0,21 0,22 0,53
RSD 166,25 179,44 0,56 0,30 0,19 21,42
Bez faktora poradie lakt4cie* R 0,61 0,60 0,33 0,35 0,35 0,72
RSD 119,23 129,79 0,48 0,28 0,17 16,62
Bez faktora rok® R? 0,61 0,63 0,32 0,34 0,24 0,45
RSD 120,32 121,38 0,48 0,28 0,19 23,37
Bez faktora obdobie® R 0,63 0,63 033 0,34 0,35 0,62
RSD 116,90 120,81 0,48 0,28 0,17 19,49
Bez faktora potet kozliat” R 0,65 0,64 0,33 0,35 0,35 0,72
RSD 113,34 120,25 0,48 0,28 0,17 16,68
Bez sprievodnej premennej interval® R 0,65 0,64 0,33 0,27 0,35 0,71
RSD 112,95 120,20 0,48 0,29 0,17 16,98
Zdruzena premenn4 SRO + ostatné faktory’ | R? 0,79 0,78 045 0,47 047 0,88
RSD 90,51 97,25 0,45 0,26 0,16 11,17

*vid' kapitolu Materidl a met6dy — *see the Material and Methods section

SRO = zdruZena premenné stiddo x rok X obdobie (mesiac ol ia)- FYS = posite variable farm X year x season (month of parturition)

RSD = smerodajnd odchylka po tdprave zohl'adfiujicej analyzované negenetické faktory — RSD = standard deviation after adjustment for
analyzed nongenetic factors

'model, %all analyzed environmental factors, * without factor farm, *without factor lactation number, *without factor year, Swithout factor season,
"without factor number of kids' *without accompanying variable interval, *composite variable FYS + other factors, "actual milk yield, 'stan-
dardized milk yield, '*fat content, "*protein content, lactose content, *milking period

Tab. 3. Vyznamnost' vplyvu testovanych faktorov prostredia na sledované ukazovatele mliekovej iZitkovosti koz — Significance of the effect of
tested environmental factors on the parameters of milk performance in goats

' = Skuto&na Normovanéd Obsah Obsah Obsah Dlzka dojnej
Model*" | Testované faktory prostredia produkcia produkcia tuku"! bielkovin' lakt6zy" periédy™
mlieka® mlieka'
1 Stado’ 0,0001 0,0001 0,0001 0,0001 0,0001 0,0001
Poradie lakticie* 0,0001 0,0001 0,0001 0,0193 0,0001 0,0001
Rok® 0,0001 0,0001 0,0001 0,0001 0,0001 0,0001
Obdobie (mesiac okotenia)® 0,0001 0,0001 0,0017 0,0001 0,0001 0,0001
Poget cicajicich kozliat” 0,0001 0,0001 0,0006 0,2028 0,0085 0,0001
Sprievodné premenn4 interval® 0,1420 0,0001 0,0002 0,0001 0,0769 0,0001
2 SRO 0,0001 0,0001 0,0001 0,0001 0,0001 0,0001
Poradie lakticie 0,0001 0,0001 0,0180 0,0554 0,0089 0,0085
Polet cicajicich kozliat 0,0372 0,2563 0,6309 0,8980 0,8121 0,7816
Sprievodnd premennd interval 0,0004 0,2450 0,9099 0,0001 0,5830 0,0001

* vid' kapitolu Materidl a met6dy — *see the Material and Methods section
SRO = zdruZena premenné stddo X rok X obdobie (mesiac okotenia) — FYS = composite variable farm x year x season (month of parturition)

'model,  tested environmental factors, *farm, ‘lactation number, *year, ®season (month of parturition), "number of sucking kids, *accompanying
variable interval, *actual milk yield, "’standardized milk yield, ''fat content, Zprotein content, lactose content, “milking period
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pre SPM (RSD) sa znizila z hodnoty 190,55 (pred
zohl'adnenim faktorov prostredia — tab. 1) na hodnotu
112,93. Ak sme z modelu vypustili faktor stado, koe-
ficient determinécie sa zniZil aZ na hodnotu 0,24 a smero-
dajna odchylka sa naopak zvysila na hodnotu 166,25.
U ostatnych analyzovanych faktorov prostredia uz nebol
pokles koeficientu determinacie tak dramaticky a na-
opak zvySenie hodnoty smerodajnej odchylky tak
prudké. Z uvedeného vyplyva, ze na SPM i NPM pri
BKK ma najvdési vplyv faktor stido, potom faktor
kontrolny rok, poradie laktacie, d’alej obdobie a naj-
mensi vplyv pocet kozliat a sprievodna premenna interval.

Pri posudzovani vplyvu analyzovanych negenetic-
kych faktorov na obsah zékladnych zloziek mlieka
moézZeme na zéklade udajov uvedenych v tab. 2 konsta-
tovat’, Ze pomocou pouzitych modelov analyzy kova-
riancie sa dd postihnit’ podstatne nizsi podiel variancie
ako v pripade produkcie mlieka, kedy koeficienty deter-
mindcie boli takmer o polovicu vyssie. U hodnotenej po-
puldcie BKK bol pri pouziti modelu 1 a zahmuti vSetkych
analyzovanych faktorov prostredia najniz$i koeficient
determinécie zisteny pri % T (0,33). Z analyzovanych
faktorov prostredia ma jednoznaéne najvyssi vplyv
faktor stado. Pri vypusteni tohto faktora z modelu 1 sa R
rovnal iba hodnote 0,08. Ostatné faktory nemali na % T,
ani % B a % L tak vyrazny vplyv (tab. 2 a 3).

Ak sme pouzili k analyze SPM model 2 so zdruzenou
premennou SRO, potom sa hodnota koeficientu determi-
nécie zvysila na 0,79 a smerodajna odchylka RSD zniZila
na hodnotu 90,51. V pripade NPM bola vyznamnost’
vplyvu sledovanych faktorov prostredia posudzovana
podl'a hodnét R* a RSD obdobn4 ako pri SPM, vplyv
faktora stado sa vSak eSte zvyraznil. Z tab. 2 tiez vy-
plyva, Ze pri v8etkych troch zdkladnych zlozkdch mlieka
boli koeficienty determinécie vysSie, ak bol pouZity
model 2 so zdruzenou premennou SRO.

Pri modeli 1 a 2 sme pouzili v hodnoteni ako vyzna-
movu premennt aj DDP, a to z toho dévodu, aby sme
zistili, ktorymi negenetickymi faktormi pouZitymi
vmodeli 1 a 2 je tento ukazovatel’ ovplyvilovany a do
akej miery. Z tab. 2 je zrejmé, Ze pouzitim modelu 1 je
mozné uréit’ az 72% podiel z celkovej variancie (R? = 0,72)
a pouzitim modelu 2 aZ 88% podiel (R* = 0,88). Podob-
ne ako pri SPM a NPM je aj DDP vyrazne ovplyvnena
faktorom stddo a rokom. Z uvedenych udajov vyplyva,
Ze geneticka zlozka sa na celkovej variabilite ukazo-
vatel'a DDP podiela relativne malym dielom a je ovplyv-
novana predovietkym negenetickymi faktormi. Preto
sme v konecnej faze analyzy jednotlivych ukazovatel'ov
mliekovej uZzitkovosti BKK pouzili model 3, kde DDP je
do modelu zahrnuta ako sprievodnéa premenna.

V tab. 3 je hodnotend vyznamnost’ vplyvu testova-
nych faktorov prostredia na sledované ukazovatele
mliekovej uzitkovosti BKK. Uvddzané hodnoty vy-
chéadzaji z F hodnét vypoéitanych pre jednotlivé faktory
pri pouzitych modeloch kovariancie (Model 1 a Model 2).
Na zéklade idajov uvedenych v tab. 3 mézeme kon-
Statovat’, Ze vicSina analyzovanych faktorov prostredia
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(stddo, SRO, poradie laktacie, rok a obdobie) ma pri BKK
Statisticky vysoko preukazny vplyv na SPM i NPM
mlieka (P < 0,001). Vplyv faktora podet cicajicich koz-
liat sa na SPM a NPM zniZil ak bola pouZita v analyze
zdruzena premenna SRO (tab. 3). Faktor stado, rok
a CiastoCne poradie lakticie a obdobie md, vychadzajuc
z modelu 1, §tatisticky preukazny vplyv aj na obsah za-
kladnych zloziek mlieka. Ak sme pouzili k analyze
sledovanych ukazovatel'ov model 2 zistili sme, Ze u BKK
ma najvacsi vplyv na zloZenie mlieka zdruZeny faktor
SRO (P < 0,001). Pozoruhodny je vyznamny vplyv fak-
tora poradie lakticie na % T, % L a ¢iastoéne aj na % B,
a to pri oboch pouzitych modeloch analyzy kovariancie
(tab. 3). Vyznamny vplyv faktora poradie laktacie, po&et
kozliat, obdobie, resp. mesiac okotenia i kontrolny rok
zistili na produkciu a zloZenie mlieka kdz aj Rabasco et
al. (1993) u Spanielskeho plemena verata. Podobné vy-
sledky zistil i Mourad (1992) u alpinskych koz a Vece-
fova a Kizek (1993a, b) u BKK chovanych v Ceskej
republike. V pripade faktora obdobie Mourad (1992),
podobne ako Kennedy et al. (1981) zistili, Zze kozy
okotené v zimnom obdobi maju vy$§iu produkciu mlieka
ako kozy okotené v jarnych mesiacoch. Vyznamny vplyv
obdobia, resp. mesiaca okotenia na produkciu mlieka
zistili i Mavrogenis et al. (1984). Vyznamny vplyv
obdobia, resp. mesiaca okotenia na obsah zakladnych
zloziek mlieka, najma tuku, zistili v zhode s nagimi vy-
sledkami Kala a Prakash (1990) a Mavrogenis et al.
(1989).

V tab. 4 s uvedené priemery, smerodajné odchylky
a variaéné koeficienty SPM, NPM, % T, % B a % L koz
plemena BKK po zohl'adneni analyzovanych faktorov
prostredia (s vyuzitim modelu 3). Nami zistend skuto¢na
(396,9 1) i normovana produkcia mlieka (450,7 1) vel'mi
koreSponduje s idajmi autorov Boichard et al. (1989),
ktori zistili pri kozéch plemena alpinska koza na 1. lak-
tacii za 231 diiovi laktdciu produkciu mlieka 465 kg
a u sanskej kozy za 240 dilovi laktaciu 512 kg mlieka.
Mourad (1992) uvadza u alpinskych kéz produkciu mlieka
v rozpiti od 231 kg u kéz na 1. laktécii aZ po 595 kg u koz
na 5. laktacii. Alderson a Pollak (1980) zistili u alpins-
kych koz produkciu mlieka az 960 kg a Ali ez al. (1983)
u koz toho istého plemena chovanych v USA produkciu
789 kg. U bielych krétkosrstych kéz chovanych v Ceskej
republike uvadzaji Vedefova a K¥iZek (1993a) produk-
ciu mlieka za laktaciu az 1 180,1 litra, naopak Rabasco
et al. (1993) u Spanielskych koz plemena verata zistili
niz§iu produkciu mlieka ako v na§om pozorovani. Mar-
getin a Milerski (2000a) u alpinskych koéz zapojenych
do KMU na Slovensku uvadzaji nepatrne vy$iu SPM
(409,3 1). V tejto stvislosti je potrebné uviest, Ze $tan-
dardizécia metod KMU koz prebieha az v poslednych
10 rokoch, ¢ize vyssie uvedené porovnanie produkcie
mlieka k6z réznych plemien treba povazovat’ len za
orientaéné.

V tab. 4 uvedeny priemerny obsah tuku (3,54 %)
i bielkovin (2,83 %) je u BKK nizsi ako uvadzaju Marge-
tin a Milerski (2000b) u alpinskej kozy (3,71 resp. 3,00 %),
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¢o je tiez v zhode s pracou autorov Boichard et al. (1989)
ktori zistili u alpinskych k6z na 1. laktacii obsah biel-
kovin 2,76 %, u sénskej kozy 2,67 % a obsah tuku u sle-
dovanych plemien bol 3,23 % resp. 3,09 %. Podobné
hodnoty u koz chovanych v Grécku zistili i Voutsinas et
al. (1990). Rabasco et al. (1993) zistili u $panielskych
koz plemena verata nezvy&ajne vysoky obsah bielkovin
(3,37 az 3,59 %) i tuku (3,88 az 5,13 %). Zeng et al.
(1997) zistili u alpinskych k6z chovanych v USA
neobydajne nizky obsah tuku (2,46 %), hodnoty obsahu
bielkovin (2,79 %) a lakt6zy (4,17 %) sa priblizovali nami
zistenym hodnotam.

V tab. 5 uvadzame priemerné $tvorce a testy vyznam-
nosti vplyvu negenetickych faktorov na sledované
ukazovatele vychadzajic z GLM — model 3. Okrem $ta-
tisticky vysoko preukazného vplyvu zdruZenej pre-

mennej SRO (P < 0,001) mal na oba ukazovatele vysoko
preukazny vplyv aj faktor poradie lakticie (P < 0,001).
Z tab. 6 je zrejmé, Ze rozdiely v SPM aj NPM medzi
kozami na 1. laktécii a kozami na vietkych d’al8ich lak-
taciach su vysoko preukazné (P < 0,001). Vysoko pre-
ukazné rozdiely v SPM i NPM boli zistené aj medzi
kozami na 2. laktécii v porovnani s kozami na 3. resp. 4. lak-
tacii (P < 0,001). Najvyssia SPM, resp. NPM bola zistena
u koz na 3. lakticii (498,2 resp. 567,6 1), ale prakticky
rovnaka bola aj u k6z na 4. laktécii (492,3 resp. 564,6 1).
U koz na 5. a vysSej laktacii bola produkcia mlieka
niz8ia. Nami ziskané vysledky sa ¢iasto¢ne zhoduju
s vysledkami Mourada (1992), ktory najvys§iu produk-
ciu mlieka zistil u AK na 5. laktacii (595 kg), na 3. a 4. lak-
tacii bola len nepatrne nizSia (550 resp. 578 kg) ale na
1. laktacii bola len 231 kg. Ve&efova a K¥izek (1993b)

Tab. 4. Priemery (LSM), smerodajné odchylky a variainé koeficienty sledovanych ukazovatelov mliekovej (iitkovosti kéz (vychédzajiic zmodelu 3%)
— Means (LSM), standard deviations and coefficients of variation for the tested parameters of milk performance in goats (based on model 3*)

Ukazovatel" Poget hodnotenych Celkovy priemer® | Smerodajné odchylka® | Varia¢ny koeficient'
laktacii’ (LSM)

Skuto&na produkcia mlieka? (1) 4174 396,9 86,66 21,83

Normovan4 produkcia mlieka’(l) 3301 450,7 96,52 21,42

Obsah tuku* (%) 3041 3,54 0437 1232

Obsah bielkovin® (%) 3960 2,83 0,228 8,04

Obsah laktézy‘ (%) 3953 447 0,160 3,59

*vid' kapitolu Material a met6dy — *see the Material and Methods section

' parameter, %actual milk yield, *standardized milk yield, *fat content, *protein content, *lactose content, 'number of assessed lactations, *general

mean, ’standard deviation, °coefficient of variation

Tab. 5. Priemerné Stvorce a testy vyznamnosti vplyvu negenetickych faktorov na skutoént a normovanii produkciu mlieka k6z — Mean squares
and tests of significance for the effect of nongenetic factors on actual and standardized milk yield in goats

iy * e o Skuto&n4 produkcia mlieka® Normovan4 produkcia mlieka® (240 d)

Zdroj variability df

MS F MS F
SRO 319 resp. 285 237450 31,62+++ 305154 32,76+++
Poradie lakticie? 4 954844 127,15+++ 1219835 130,94+++
Poget cicajiicich kozliat® 4 74694 2,49+ 11931 1,28 ns

Sprievodné premenné'’

Interval — regresia linedrna* 1 3968 0,53 ns 5686 0,61 ns
Interval — regresia kvadratick4® 1 4122 0,55 ns 5209 0,56 ns
DDP - regresia linedma 1 121 0,02 ns 71 0,01 ns
DDP - regresia kvadratickd 1 24868 331ns 65 0,01 ns
Chyba® 3842 resp. 3503 7509 9316
Koeficient determindcie” R=0,79 R*=0,76

ns P>0,05; +P<005; ++P<00l; +++ P<0,001

SRO = zdruZena premenni stddo X rok X obdobie (mesiac okotenia) — FYS = composite variable farm X year x season (month of parturition)
DDP = pocet dni dojnej periédy — DDP = number of days of milking period

'source of variability, “lactation number, *number of sucking kids,
"determination coefficient, *actual milk yield, *standardized milk yield,
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‘interval - linear regression, ‘interval — quadratic regression, ‘error,

' accompanying variables
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Tab. 6. Vplyv poradia laktdcie a poétu cicajicich kozliat na skuto&ni a normovani produkciu mlicka kdz — The effect of lactation number and

number of sucking kids on actual and standardized milk yield in goats

% =y . P J
Hlavny faktor' Podikipine’ | Oaasedie skupiiiy’ Skuto&né produkcia mlieka® (1) Normovan produkcia mlieka’ (1)
L.S. priemer® | $tandardn4 chyba® L.S. priemer jtandardn4 chyba
1 1 3783 18,65 4284 20,94
2 2 456,4 18,52 523,6 20,78
Poradie laktacie? 3 3 498,2 18,62 567,6 20,90
4, 4 4923 18,91 564.6 21,42
5. a viac ) 4704 19,19 530,6 21,63
vyznamné rozdiely'’ 1:2,3,4,5+4++, 2:3,44+++, 2:5+, | 1:2,3,4,5+++, 2:3,4+++ 3:5+++,
3:5+4++, 4:5++ 4: 5+++
0* 1 481,0 4,00 544,0 487
1 2 461,3 732 5304 8,68
Pocet cicajucich 2 3 466,6 740 5383 8,75
kozliat®
3 4 4933 13,99 556,0 17,41
4 5 3934 87,28 446,1 97,26
vyznamné rozdiely 1:24, 2:4+, 3:4+ ns

*vid' kapitolu Materidl a metédy — *see the Material and Methods section

'principal factor, Zlactation number, *number of sucking kids, *subgroup, *group no., ®actual milk yield, "standardized milk yield, *L.S. mean,

“standard error, '%significant differences

zistili, Ze produkcia mlieka BKK stipa aZ do deviatej
laktécie.

Z tab. 6 vyplyva, Ze pri SPM boli rozdiely medzi ko-
zami s jednym, resp. tromi kozl'atami Statisticky vyznam-
né, podobne aj medzi kozami s dvomi a tromi kozl'atami
(P < 0,05). Mourad (1992) zistil, Ze velkost’ vrhu mala
vyznamny vplyv na produkciu mlieka alpinskych k6z iba
v prvych dvoch mesiacoch laktacie. Z tab. 6 je zrejma
tendencia zvySovania produkcie mlieka v zavislosti od
poctu cicajicich kozliat, ¢o je v zhode so zdvermi prace
autorov Vedéefova a Ktizek (1993b), ktori hodnotili to
isté plemeno v Ceskej republike. Statisticky vyznamny
vplyv poctu cicajucich kozliat na SPM zistili u koz ple-
mena verata aj Rabasco et al. (1993), ked’ kozy s viac-
poletnymi vrhmi mali preukazne vy3§iu produkciu mlieka
ako kozy s jedinagikmi.

Analyzované sprievodné premenné, a to interval od
okotenia po 1. kontrolné meranie mlieka ani DDP nemali
na produkciu mlieka pri pouzitom modeli analyzy ko-
variancie (model 3) $tatisticky vyznamny vplyv (tab. 5).
V podstate to znamend, Ze produkcia mlieka nezavisi
vyznamne od DDP, napriek vel'kej variabilite v tomto
ukazovateli (tab. 1), ale predovsetkym od zdruZene;j pre-
mennej SRO a faktora poradie lakticie, v mens$ej miere
od faktora pocet cicajicich kozliat. Podobne je to aj pri
sprievodnej premennej INT. Ako vidno z tab. 5 koefi-
cienty determinécie boli pri SPM i NPM relativne vy-
soké a pouzitim modelu 3 sme prakticky vysvetlili 79,
resp. 76 % z celkovej variancie. Pri genetickom hodno-
teni hospodarskych zvierat pomocou animal modelu sa
preto vel'mi Casto pouZiva zdruzend premenna SRO,
pretoze korekciou na tento faktor sa vyznamne redukuje
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rezidualna variancia (Barillet ez al. 1992; El-Saied et al.
1998 a d’alsi).

Priemerné $tvorce a testy vyznamnosti vplyvu sledo-
vanych negenetickych faktorov prostredia na % T, % B
a % L u BKK vychéddzajic z modelu 3, si uvedené
v tab. 7. ZdruZeny faktor SRO ma aj v tomto pripade
vysoko preukazny vplyv na vietky tri sledované zlozky
mlieka (P-< 0,001). Rabasco et al. (1993) zistili Statis-
ticky vyznamné rozdiely v % T medzi sledovanymi sta-
dami, o zddvodfiuju réznou droviiou vyZivy, priom
uvadzaju, ze tuk v kozom mlieku citlivejsie odraza zmeny
vo vyzive ako v pripade bielkovin. Do premennej SRO
je zahrnuty aj faktor obdobie, ktory méd podl'a autorov
Mavrogenis ef al. (1989), Kala a Prakash (1990), Rabasco
et al. (1993) a Vedetova a Kfizek (1993a) tieZ v mnohych
pripadoch vyznamny vplyv na obsah zékladnych zlozZiek
mlieka, najma tuku.

Faktor poradie lakticie mal u sledovanej populacie
BKK statisticky vyznamny vplyv na obsah bielkovin
(P <0,01) aj pri analyze vplyvu tohoto faktora pomocou
modelu 3. Z tab. 8 vidno, Ze obsah bielkovin kéz ple-
mena BKK na 1. lakticii (2,92 %) bol preukazne vyssi
(P < 0,001 resp. 0,01) ako u kéz na vys§ich laktaciach
(2,86 az 2,89 %). Vyznamné rozdiely v % B pri porov-
nani k6z na roznej laktacii zistili i Rabasco et al. (1993).
Pri analyze vplyvu sprievodnych premennych na obsah
zakladnych zloZiek (tab. 7) sme zistili Statisticky vy-
znamny linearny i kvadraticky vplyv faktora INT na
obsah bielkovin (P < 0,001) a linearny i kvadraticky vplyv
DDP na % T (P < 0,05). Uvedené vyznamné efekty
mdZu stvisiet’ so zndmymi zmenami obsahu tuku a biel-
kovin mlieka koz v priebehu lakticie,

507



Tab. 7. Priemerné $tvorce a testy vy: i vplyvu neg

ickych faktorov na obsah tuku, bielkovin a lakt6zy mlicka k6z — Mean squares and

tests of significance for the effect of nongenetic factors on fat, protein and lactose contents in goat milk

Zaroj variability' o Obsah tuku® Obsah bielkovin® Obsah laktézy™

MS F MS F MS F
SRO 315, 316,316 | 1,686 8,81+++ 0,331 6,37+++ 0,241 9,36+++
Poradie lakticie? 4 0,179 0,93 ns 0,234 4.51++ 0,058 2,26 ns
Potet cicajiicich kozliat® 4 0,155 0,81 ns 0,032 0,62 ns 0,011 0,43 ns

Sprievodné premenné"!
Interval - regresia linedrna® 1 0,009 0,05 ns 3,706 71,47+++ 0,038 1,46 ns
Interval — regresia kvadratick4® 1 0,003 0,02 ns 3,620 69,81+++ 0,036 141 ns
DDP - regresia linedrna 1 0,860 4,49+ 0,005 0,09 ns 0,024 0,95ns
DDP - regresia kvadratick4 1 0,991 5,18+ 0,013 0,25 ns 0,015 0,60 ns
Chyba" 3613, 3631, | 0,10 045 0,03
3624

Koeficient determindcie” R*=0,46 R*=0,38 R*=0,47

DDP = potet dni dojnej periédy — DDP = number of days of milking period
SRO = zdruZena premennd stddo x rok x obdobie (mesiac okotenia) — FYS = composite variable farm X year x season (month of parturition)

'source of variability, *lactation number, *number of sucking kids, “interval — linear reg

ion, *interval — quadratic r ion, ®error, "determi-

-3

nation coefficient, *fat content, *protein content, "“lactose content, "'accompanying variables

Tab. 8. Vplyv poradia laktécie a po&tu cicajiicich kozliat na obsah tuku, bielkovin a laktézy mlieka k6z — The effect of lactation order and number

of sucking kids on fat, protein and lactose contents in goat milk

Obsah®
Hiavng Podskupina® | Oznatenie Tuku’ (%) Bielkovin® (%) Laktézy’ (%)
faktor skupiny®
LS. priemer'® | Standardné | L.S.priemer | Standardnd | L.S.priemer | Standardn4
chyba'! chyba chyba

1. 1 3,61 0,095 2,92 0,049 445 0,035

2. 2 3,56 0,094 2,89 0,049 445 0,034
Poradie 3. 3 3,57 0,094 2,86 0,049 445 0,035
laktécie®

4, 4 3,58 0,097 2,87 0,050 4,42 0,036

5. aviac 5 3,54 0,098 2,87 0,050 4,46 0,036

vyznamné rozdiely'? ns 1:3+++, 1:2,4,5++ 1:44+, 2,3:44, 4:5+

0* 1 3,61 0,021 2,88 0,011 4,46 0,008

1 2 3,68 0,039 292 0,020 447 0,014
Potet 2 3 3,66 0,039 2,90 0,020 447 0,014
cicajdcich 3 4 3,60 0,078 2,89 0,040 444 0,028
kozliat

4 5 3,33 0,441 2,82 0,229 440 0,162

vyznamné rozdiely ns ns ns

*vid’ kapitolu Materidl a met6dy ~ see the Material and Methods section

!principal factor, *lactation number, *number of sucking kids, ‘subgroup, *group no., content of, "fat, *proteins, °lactose, '°’L.S. mean, ''standard

error, 'significant differences

Z prezentovanych vysledkov ziskanych na zaklade
analyzy relativne vel'kej populacie koz plemena BKK
zapojenych na Slovensku do KMU jednoznaéne vyplyva,
Ze produkcia, ale aj zloZenie mlieka kéz tohto plemena
st vyraznym spdésobom ovplyvilované viacerymi ne-
genetickymi faktormi prostredia, predovietkym zdruZzenou
premennou SRO. Na ziklade tohto zistenia je potrebné
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urychlene zaviest’ do §l'achtenia BKK na Slovensku taky
systém genetického hodnotenia, ktory vplyv analyzo-
vanych systematickych vplyvov prostredia zohl'adni
(pouzitie modelu 3 pre odhad plemennej hodnoty pomocou
BLUP-AM). Na druhej strane je potrebné neustale opti-
malizovat’ a Standardizovat’ metodické postupy zistovania
produkcie a stanovovania zakladnych zloZiek mlieka.
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INFLUENCE OF PRESLAUGHTER RESTING TIME OF BULLS
ON MEAT TEMPERATURE, COLOUR AND pH VALUE

VLIV PREDPORAZKOVEHO ODPOCINKU BYKU NA TEPLOTU, BARVU
A HODNOTU pH MASA

Z. Kuzmanovié', I. Elabjer?

;Meat Industry PIK Vrbovec, Vrbovec, Croatia
University Clinic of Traumatology, Zagreb, Croatia

ABSTRACT: The paper presents results of meat quality evaluation in two groups of Simmental farm fattened bulls (n = 40),
age from 14 to 20 months and weight from 400 to 550 kg. Animals were selected by the method of free choice and divided
into two groups. The first group consisted of bulls transported from nearby. These were animals slaughtered immedia-
tely after arrival. The second group included animals transported from distant places, resting for 36 hours prior to
slaughter. Preslaughter resting time of young bulls, from 400 to 550 kg of weight, reduced significantly the occurence of
dark, firm, dry (DFD) meat. The major factor of DFD meat detection is muscle pH. Temperature and colour are of less
value. If we take into account the limit of pH for DFD meat being 5.8, according to Jones and Tong (1989), Pem et al.
(1994) and Cepin (1988, 1991, 1995) 7 animals (35%) due to pH of m. longissimus dorsi and 3 animals (15%) due to pH
of m. gracilis can be qualified as DFD meat in group resting prior to slaughter. In the immediately after arrival slaugh-
tered group these numbers are higher. There are 16 animals (80%) due to pH of m. longissimus dorsi and 12 animals
(60%) due to pH of m. gracilis being qualified as DFD meat. If we, however, take into account the limit of pH for DFD
meat being 6.0 (Gariepy et al., 1990) 3 animals (15%) due to pH of m. longissimus dorsi and one animal (5%) due to pH
of m. gracilis can be qualified as DFD meat in group resting prior to slaughter. In the immediately after arrival slaugh-
tered group these numbers are higher. There are 9 animals (45%) due to pH of m. longissimus dorsi and 30% of animals
due to pH of m. gracilis being qualified as DFD meat.
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ABSTRACT: V prici jsou popsany vysledky vyzkumu jakosti masa ve dvou skupinidch vykrmenych bykd simentalského
plemene (n = 40), ve véku od 14 do 20 mé&sicli a hmotnosti od 400 do 550 kg. Zvifata byla vybrdna metodou ndhodného
vybéru a rozdélena do dvou skupin. Prvni skupina jsou byci dovezeni z blizkého okoli a porazeni bezprostfedné po
vyloZeni na rampé jatek. Druhéd skupina jsou zvifata dovezena z vétSich vzdalenosti, kterd odpoc¢ivala 36 hodin pfed
porazkou. Odpoéinek mladych bykl zmensil vyskyt tmavého, pevného a suchého (DFD) masa. Zakladni ukazatel DFD
masa je pH svalu. Teplota a barva masa jsou méné& diileZité. Jestlize je hodnota pH 5,8 limit pro vyskyt DFD masa, jak
uvadgji Jones a Tong (1989), Pem et al. (1994) a Cepin (1988, 1991, 1995), m. longissimus dorsi sedmi zvitat (35 %)
a m. gracilis tii zvifat (15 %), ktera odpocivala pfed poraZkou, se miZe ohodnotit jako DFD masa. Ve skupiné zvifat
poraZenych bezprostfedné po vyloZeni je toto procento vétsi. M. longissimus dorsi 16 zvitat (80 %) a m. gracilis 12 zvi-
fat (60 %) této skupiny se mizZe hodnotit jako DFD maso. Vezmeme-li jako limit pro vyskyt DFD masa hodnoty pH 6,0,
jak uvadgji Gariepy et al. (1990), m. longissimus dorsi tii zvifat (15 %) a m. gracilis jednoho zvitete (5 %), kterd
odpoéivala pfed porazkou, se miize ohodnotit jako DFD maso. Toto procento je vétsi u zvifat bezprostiredné poraZenych.
M. longissimus dorsi deviti zvitat (45 %) a m. gracilis (30 %) zvifat v této skupiné se miZe ohodnodit jako DFD maso.

Kli¢ova slova: byci; odpodinek; pordZka; teplota; barva; pH hodnota; jakost masa

INTRODUCTION

Definition of meat quality and its attributes has not yet
been fully elaborated. Authors take different quality at-
tributes as important. Ingr (1990) defines quality as a group
of characteristics any product must have in order to sat-
isfy its purpose or as the difference between achieved
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and wanted attributes. Besides that, quality products
must have acceptable prices. Prost (1986) considers use-
fulness and good influence on human health to be the
two most important quality features. Quality evaluation
has been the issue of numerous researches (Honikel,
1994; Zlender, 1998; Zgur and Drobni¢, 1998; Gjurce-
vi¢-Kantura et al., 1999). Analytical methods for quality
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evaluation were investigated by Hofmann (1987, 1988)
and Bocard (1986). Starting points in quality evaluation
are attributes of carcass weight, meat quantity, fat per-
centage and carcass conformation. Histometabolic prop-
erties of muscle, as an important quality aspect, were
investigated Gjuréevi¢-Kantura et al. (1999). Prerequi-
site for good quality and long shelf life is high carcass
quality (Kallweit and Henning,1998). Today buyers de-
fine quality not only through traditional values: nutritive
value, toxico-hygienic, technological and sensory aspects,
but also through optimal and humane handling of animals
during the breeding time and preslaughter procedures
(Kauffman and Rutgers, 1991; Nicholson, 1998). Majority
of quality definitions are based on superficial quality de-
termination that are improper to be used as synonyms
for quality. It is necessary to use precise and reliable mea-
suring methods to support sensory quality evaluation
(Honikel,1994).

Meat colour is a very important quality marker and at
the same time a big problem for meat processing and trade.
Majority of buyers evaluate the quality of meat by colour.
Meat market demands red colour meat (Ghosh, 1996).
Meat of young animals should be tender, juicy, and of
light red or pink colour (Etherington et al., 1987; Cas-
sens et al., 1995). Some authors define three main rea-
sons for differences in meat colour: 1. different contents
of meat pigments depending on age, sex and animal
feeding habit, 2. preslaughter animal handling and
slaughter procedure which can result in different pH,
3. meat storage conditions (different temperature and
content of oxygen in the air). Dark colour of fresh meat
is one of the biggest problem for facilities that pack and
trade fresh meat, because it diminishes the meat price
and shortens the shelf life of meat (Honikel, 1994).

The second most important quality attribute is pH value
of meat as a marker of muscle type (Van Hoof et al., 1986).
In the moment of the slaughter the animal pH value in
muscles is 7.0 (Honikel and Kim, 1985). Post-mortem
decline rate and the terminal level of pH value reflect
lactic acid production in animal muscles as a result of gly-
colysis (Hofman, 1988). A very slow and incomplete
post-mortem pH decline causes occurrence of dark, firm
and dry meat (DFD meat) (Hofmann, 1988). DFD meat,
with high pH value is lower quality meat (Honikel, 1994;
Purchas and Aungsupakorn, 1993; Beltran et al., 1997).
The difference in pH value between desirable and unde-
sirable muscle, 24 hours post-mortem, is high. The terminal
pH value of undesirable pork is usually reached 5-9 hours
post-mortem, while in beef, it takes 25-35 hours (Honi-
kel and Kim, 1985). Post-mortem pH decline depends
upon genetic potentials of animals and their exposure to
stress before and during the slaughter procedures (Hof-
mann, 1988). Smith et al. (1996) and O’Halloran et al.
(1997) specify that meat is much darker with pH ranging
from 5.8 to extreme 7.0. The increase of pH has a nega-
tive influence on marbling and tenderness of meat.

Environmental conditions of animal breeding and
slaughter as well as cooling and processing of meat have
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a large influence on quality of meat and its products
(Honikel, 1994). One of the most important factors is
stress. Researches showed the stress to be more common
in farm bred animals, especially highly selected breeds,
that are also more sensitive to it comparing to extensively
bred animals (Cepin, 1986, 1990, 1991). Pem et al. (1994)
tested the influence of diet and preslaughter stress on
colour and pH value of heifers. Genetic influence (Voisi-
net et al., 1997) and different environmental conditions
that have stressful effects on animals are described by
Cepin (1988, 1990) and Jones and Tong (1989). Load-
ing of animals in transport vehicles, transport and un-
loading of animals cause physical and psychical stress
(Logtestijn and Romme, 1981; Barton-Gade et al., 1996).
Warris et al. (1984) described that animals of different
age, coming from different farms, being mixed together
for 5 to 6 hours, have a drastic decline of plasma glyco-
gen and of lactate level. Increased concentration of fatty
acids, creatinine phosphokinases and cortisol as well as
changes in muscle metabolism have also been observed.

Based on the aforesaid, we have set urselves a goal to
determine the influence of preslaughter resting time of
bulls on temperature, colour and pH value as meat quali-
ty markers.

MATERIAL AND METHODS

The paper presents results of meat quality evaluation
in two groups of Simmental farm fattened bulls (n = 40),
age from 14 to 20 months and weight from 400 to 550 kg.
Animals were selected by the method of free choice and
divided into two groups. The first group consisted of bulls
transported from nearby. These were animals slaugh-
tered immediately after arrival (ASI). The second group
included animals transported from distant places, resting
for 36 hours prior to slaughter (ASR). Bulls from the
nearby area (less than 50 km) were transported untied
while those transported from distant places (about 400 km)
were tied up. According to Croatian legislation, 1.5 squa-
re metre was reserved for each animal in the transport
vehicle. It is quite enough to lie down and to stand up.
Animals resting for 36 hours prior to slaughter were kept
in clear, regularly ventilated boxes, equipped for feeding
and watering, with temperature from 20 to 27 °C. Animals
were protected against the sun, fed and watered every
12 hours. Preslaughter handling of animals was gentle,
without force, to avoid injuries and stress. Both groups
of bulls were slaughtered and carcasses were processed
and chilled under the same conditions. All animals were
stunned with pneumatic pistol at one try. The pistol was
of Schermer type, with penetrating wedge that produces
a sufficiently high air pressure to stunn the animal imme-
diately. Maximally a minute after the stunning, animals
were bled, cutting the neck blood vessels. Carcass tem-
perature was measured in m. longissimus dorsi (MLD) and
m. gracilis (MG) by a thermometer with sting probe
PRIMA long type, 45 minutes and 24 hours post
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mortem. pH measuring and colour evaluation of the car-
casses were done on samples of MLD extracted between
12th and 13th rib and samples of MG from 400 to 500 g
of weight. Fresh cuts of muscles were used for evalua-
tion with Gotingen photometer (Gofo). Eight measure-
ments were carried out to increase the reliability of the
results. Finaly, the average of these values was used in
further statistical analysis. Colour index was evaluated
1st, 3rd, 5th, 7th and 9th day post mortem. pH value was
measured 45 minutes and 24 hours post mortem by a di-
rect potentiometric prick of the pH-meter of Orion type.
All measured parameters were processed by statistical
methods using a computer program Statistics for Win-
dows’ 98. Student’s t-test (£), Mann-Whitney-U-test (Z)
and Anova test (F) were used. Student’s r-test (), used
for normal distribution, was not enough since some of our
data distributions were not normal. Anova test avoids
multiple testing of more variables evaluated simulta-
neously and gave us their precise relations.

RESULTS AND DISSCUSION

Initial temperature values, measured 45 minutes post
mortem, in MLD of the ASR group ranged from 38.1 to
38.7 °C, average 38.42 °C and in MG from 38.3 to 38.9 °C,
average 38.63 °C. Temperature values in MLD of the
ASI group were from 38.4 to 39 °C, average 38.69 °C, and
in MG from 38.5 to 39.1 °C, average 38.77 °C (Fig. 1,
Table 1). The initial temperature value in MLD is sta-
tistically significantly higher in ASI than ASR group
(t=4.64; Z=3.68; p < 0.001). The same applies to MG
(t=4.27,Z=2.15; p < 0.05).

Higher than average temperature values in muscle re-
flect increased psychophysical activity caused by stress.

Table 1.Temperature in m. longissimus dorsi and m. gracilis

Cepin (1990) states that every abnormal procedure to
which the animal exposed is represents for it stress. It could
also be a consequence of the exothermic reaction accor-
ding to Trunkfield et al. (1991). They pointed out that
animals lairaging prior to slaughter push each other, and
it has a strong psychical influence. The body tempe-
rature and heart beat are increasing with the number of
biochemical changes, especially in muscles. In our tested
groups of animals stress started in the moment of load-
ing and persisted until slaughter. However, we think that
resting 36 hours prior to slaughter gave time to the ani-
mals to adjust themselves, which contributed to norma-
lization of their metabolism and resulted in stress
reduction.

M ASR group,

p<0.05
@ ASI group

p<0.001

tl- MLD tl - MG

Fig. 1. Temperature in m. longissimus dorsi (MLD) and m. gracilis
(MG) 45 min post mortem

Explanation for Figs. 1-5:

ASR = animals resting before slaughter
ASI = animals slaughter after arrival

Temperature in m. longissimus dorsi
t1 (°C) 24 (°C)
ASR ASI ASR ASI
n = number of animals 20 20 20 20
x =average value 38.42 38.69 0.66 1.73
s = standard deviation 0.19 0.17 0.56 0.84
r =range 38.1-38.7 38.4-39 -0.1-2.0 0.1-3,2
Temperature in m. gracilis
t1 (°C) 124 (°C)
ASR ASI ASR ASI
n = number of animals 20 20 20 20
x = average value 38.63 38.77 9.28 9.43
s standard deviation 0.17 0.19 1.48 1.5
r =range 38.3-38.9 38.5-39.1 6.90-13.2 6.4-132

ASR - animals resting prior to slaughter
AS - animals slaughtered immediately after arrival
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tl - temperature measured 45 minutes post mortem

124 - temperature measured 24 hours post mortem

513



The difference in temperature values measured 24 hours
post mortem between the groups is statistically signifi-
cant for MLD, but not for MG (Fig. 2). Higher temperature
in MLD and MG 45 minutes post mortem in ASI group
could be explained by higher metabolism in muscles of
animals under stress. However, why this difference ceased
to be statistically significant in MG 24 hours post mortem
cannot be ascribed to the muscle position or its function,
and does not really offer any logical explanation.

The initial colour index measured 1st day post mortem
with Gotingen photometer in MLD for ASR animals
ranged from 84.75 to 90,70, and for ASI from 85.13 to
90.77 (Table 2, Fig. 3). Measurements of colour index
of MLD done 3rd, 5th, 7th and 9th day post mortem
showed increasing values with declining differences be-
tween the groups. Only the 3rd day difference between
the groups was statistically significant. It was higher in
ASI group (¢ = 2.00; Z=1.99; p < 0.05). Terminal colour
index 9th day post mortem in MLD ranged from 85.60
to 93.01 for ASR and from 86.31 to 91.52 for ASI group
(Table 2). Since the colour index limit for DFD meat is
88.00 (Jones and Tong, 1989) we can conclude that the
meat of a certain percentage of animals of both groups
was already initially dark (35% for MLD in ASR group
and 50% in ASI group). On 9th day, however, this per-
centage was much higher (55% for MLD in ASR and
65% in ASI group).

Colour index for MG measured 1st day ranged from
84.31 to 88.55, average 86.55 for ASR and from 84.50 to
89.00, average 87.50 for ASI group (Table 2). Student’s
t-test showed only the difference between these values to
be statistically significant between the groups. It was
higher in ASI group (¢ = 2.69; p < 0.01). The colour index
values were increasing with declining differences be-
tween the groups 3rd, Sth, 7th and Sth day post mortem

M ASR group
H ASI group

t24 - MLD

t24 MG

Fig. 2. Temperature in m. longissimus dorsi (MLD) and m. gracilis
(MG) 24 hours post mortem

88.8
M ASR group| p<0.05
88.6 T @ ASI group
G 884
(o]
F 882
(0]
88
v 878
A
L 87.6
u
E 87.4
872
87 T T T T
1*day  3"day  5"day 7"day 9" day

Fig. 3. Colour index value in m. longissimus dorsi (MLD) of ASI and
ASR group measured 1st, 3rd, 5th, 7th and 9th day post mortem

Table 2. Colour index value in m. longissimus dorsi (GOFO) and m. gracilis (GOFO)

Colour index value in m. longissimus dorsi (GOFO)
Ist day 3rd day 9th day
ASR ASI ASR ASI ASR ASI
n = number of animals 20 20 20 20 20 20
x = average value 87.33 88.10 87.44 88.34 88.67 88.80
s = standard deviation 1.55 1.27 1.58 1.19 227 1.26
r =range 84.75-90.7 85.13-90.77 84.80-91.12 86.12-91.12 85.60-93.01 86.31-91.52
Colour index value in m. gracilis (GOFO)
1st day 3rd day 9th day
ASR ASI ASR ASI ASR ASI
n = number of animals 20 20 20 20 20 20
x =average value 86.55 87.50 86.81 87.39 87.60 87.50
s =standard deviation 1.24 0.98 110 1.37 0.95 1.36
r =range 84.31-88.55 84.50-89.00 85.05-88.58 83.34-89.12 85.94-89.01 83.45--89.40

ASR - animals resting prior to slaughter
ASI - animals slaughtered immediately after arrival
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that were not statistically significant by Student’s z-test.
The biggest decline was on 7th and 9th day post mortem
(Fig. 4). However, Mann-Whitney-U-test found both 1st
and 3rd day’s measurements to be statistically signifi-
cantly higher in ASI group (Z=2.54; p < 0.01 for 1st day
value, Z=1.99, p < 0.05 for 3rd day value). Colour index
of MLD measured 9th day for ASR group ranged from
85.60 to 93.01 for ASR group and from 86.31 to 91.52
for ASI group (Table 2). Percentage of animals with
dark meat of MG was initially 15% in ASR group and
35% in ASI group. Similarly like in MLD, these percen-
tages were higher 9th post mortem day: 40% for both
groups. These results are similar to those of Honikel (1994)
and Bryan (1981), who consider dark beef colour to be
the most common in young, noncastrated bulls. Research
of Tarrant (1981) shows that meat of 11-15% slaugh-
tered bulls, 6-10% cows and 1-5% fattened steers is dark.
Percentage of dark meat in heifers is just 2.4%. Based
on these factors the conclusion that dark meat develop-
ment is dependent on age, sex and weight can be drawn.
However, the correlation has not been fully proven yet.
The main reason for DFD meat lies in a lower quantity
of glycogen at the moment of slaughter (Gregory, 1994).
Glycolytic process is faster in warmer muscle. Slow cool-
ing of beef carcasses results in lighter meat colour. It is
the main reason for muscle with optimal quantity of gly-
cogen to be lighter and softer on the surface. On the con-
trary, muscles with insufficient quantity of glycogen are
darker and drier.

Anova test shows a statistically significant differen-
ce of colour index in MLD and MG between ASI and
ASR groups (F=4.32; p <0.005 for MDL and F = 6.52;
»<0.001 for MG).

pH values in MLD 45 minutes post mortem in ASR
group ranged from 6.37 to 6.84, average 6.62 and in ASI

Table 3. pH of m. longissimus dorsi and m. gracilis

7 1 ASR group

<0.01
M ASI group .

I“day = 3%day  S"day  7"day = 9"day

Fig. 4. Colour index value in m. gracilis (MG) of ASI and ASR group
measured 1st, 3rd, Sth, 7th, and 9th day post mortem

group from 6.33 to 6.92, average 6.63 (Table 3). In the
MG, the range of pH values 45 minutes post mortem
was from 6.,24 to 7.48, average 6.49 for ASR group and
from 6.12 to 6.64, average 6.39 for ASI group (Table 3).
Testing of pH values in MLD and MG 45 minutes post
mortem did not show to be statistically significant be-
tween ASI and ASR group.

pH values measured 24 hours post mortem in MLD
of ASR group ranged from 5.53 to 6.03, average 5.77.
For ASI group the range was from 5.64 to 6.24, average
5.97 (Table 3). In MG this pH value ranged from 5.51 to
6.01, average 5.66 in ASR group and from 5.61 to 6.09,
average 5.88 for ASI group. pH values measured 24 hours
postmortem in MLD and MG were statistically signifi-
cantly higher in the ASI group (t=4.24; p<0.01; Z=3.55;
p <0.001 for MLD and ¢ = 5.04; p < 0.001; Z = 4.02;
p <0.001 for MG) (Fig. 5) .

pH of m. longissimus dorsi
pH1 pH24
ASR ASI ASR ASI
n = number of animals 20 20 20 20
x = average value 6.62 6.63 577 597
s = standard deviation 0.11 0.16 0.12 0.16
r =range 6.37-6.84 6.33-6.92 5.53-6.03 5.64-6,24
pH of m. gracilis
pH1 pH24
ASR ASI ASR ASI
n = number of animals 20 20 20 20
x = average value 6.49 6.39 5.66 5.88
s = standard deviation 0.28 0.15 0.13 0.14
r =range 6.24-7.48 6.12-6.64 5.51-6.01 5.61-6.09

ASR - animals resting prior to slaughter
ASI - animals slaughtered i diately after arrival

&
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pH1 - pH value measured 45 minutes post mortem
pH24 - pH value measured 24 hours post mortem
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M ASR group 1
B ASI group

MLD (45) MLD (24h) MG @45)
> pH limit of 6.0

MG (24 h)
mm  we—P  pH limit of 5.8

Fig. 5. pH value in m. longissimus dorsi (MLD) and m. gracilis (MG)
of ASI and ASR group

If we take into account the limit of pH for DFD meat
being 5.8, according to Jones and Tong (1989); Pem et
al. (1994); Cepin (1988, 1991) and Cepin et al. (1995)
the meat of 7 animals (35%) due to pH of MLD and 3 ani-
mals (15%) due to pH of MG can be qualified as DFD
in ASR group. In the ASI group these numbers are higher.
The meat of 16 animals (80%) due to pH of MLD and
12 animals (60%) due to pH of MG can be qualified as
DFD.

If we however take into account the limit of pH for
DFD meat being 6.0 (Gariepy et al., 1990) the meat of
3 animals (15%) due to pH of MLD and of one animal
(5%) due to pH of MG can be qualified as DFD in ASR
group. In the ASI group these numbers are higher.
The meat of 9 animals (45%) due to pH of MLD and of
6 (30%) animals due to pH of MG can be qualified as
DFD.

These findings point out that the preslaughter lairaging
of animals for 36 hours diminishes the occurrence of
DFD meat.

The influence of preslaughter procedures and resting
time of animals prior to slaughter was examined by many
authors (Purchas and Aungsupakorn, 1993; Watanabe et
al., 1993; Gregory, 1994). Many of them stated that in-
adequate handling of animals causes dark meat colour.
They see the main reason for DFD meat in inadequate
breeding environment and mixing of animals from dif-
ferent breeds. Cepin (1988), however, blames feeding tech-
nologies. Van Laack et al. (1989) found the incidence of
DFD meat in young bulls transported 10 hours to be 3.4%,
compared to 27.3% in those transported for 70 minutes.
Trunkfield et al. (1991) examined the influence of trans-
port on cows. If 15-30 animals were transported together
in a vehicle, they were stressed with an increase of plasma
cortisol level. Jones and Tong (1989), Pem et al. (1994)
and Cepin (1988, 1991) set the limit of pH to be 5.8 and
Gofo value 88.00 for DFD meat. Honikel (1994) sets the
limit of pH value to be 6.2. Smith et al. (1996) found 38%
carcasses with dark colour of meat and pH value of 5.6.
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They did not recommend selling fresh meat with pH
value 24 hours post mortem higher than 5.9. Results of
research conducted by Cepin et al. (1995) show that beef
with pH value of 6.0 and higher is dark, while Gariepy
et al. (1990) describe such meat as extremely dark. On
the other hand MacDougal and Jones (1981) found no
pH limit for DFD meat.

Our research demonstrated the negative influence of
stress on meat quality. Stress produces darker meat and
higher pH value in tired animals. Careful handling of ani-
mals in order to avoid stress as well as resting of animals
36 hours prior to slaughter results in lighter meat and
lower pH value, meaning the good quality meat. As such,
it is much better for processing and marketing. Slaugh-
tering of stressed animals (higher body temperature, ex-
cited or tired animals) is undesirable. They need a resting
time of at least a few days, depending on stress intensity
and animal species. For example inadequate treatment of
cattle prior to slaughter causes utilisation of animal’s gly-
cogen storage, but in slower rate than in other animals.
It is the main reason to believe that the resting time of cat-
tle prior to slaughter has a lower influence on hydrogen
ion concentration post mortem, compared to pigs. Hedrick
(1981), however, finds preslaughter resting time as or even
more stressful than slaughtering immediately after arrival.
Kousgaard (1981) concluded that transport of animals
should be fast and short, and their lairaging as brief as
possible. He suggested animals transported 70 to 80 km
to be slaughtered immediately after arrival. Logtestijn and
Romme (1981) recommended cattle to be slaughtered
within 30 minutes and pigs within 2 hours after arrival.

CONCLUSION

Preslaughter resting time of young bulls, from 400 to
500 kg of weight has a significant influence on reduction
in DFD meat occurrence. The major factor of DFD meat
detection is pH of the muscle. Temperature and colour
are of less importance. In order to determine the quantity
of preslaughter resting time influence on animals we have
to evaluate some other parameters of beef quality as well.
It will be the object of our future research work.
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SELEKCE NA VYSOKOU HMOTNOST TELA A NEKTERE
KORELOVANE ODPOVEDI V REPRODUKCNICH
VLASTNOSTECH U DRUBEZE

SELECTION FOR HIGH BODY WEIGHT AND CORRELATED RESPONSES
IN REPRODUCTION IN POULTRY

J. Hort, H. KniZetova, L. Hyankova

Research Institute of Animal Production, Prague-Uh#inéves, Czech Republic

ABSTRACT: The paper presents a review of current knowledge in the area of causes of reduced egg production in poul-
try of broiler type resulting from long-term selection for high body weight, i.e. increased occurrence of defective eggs
and follicular ovulation into the abdominal cavity at the beginning of laying (so called EODES - erratic oviposition and
defective egg syndrome). A direct cause is high ovarian activity, i.e. an increased number of rapidly growing follicles and
occurrence of follicles at the same developmental stage. Following their bursting, two or more yolk eggs or eggs with
imperfect envelopes are laid. The ovulation into the abdominal cavity is likely to be caused by asynchrony between the
oviduct and ovary as a result of lower hormonal control. The primary EODES cause is excessive production of depot fats
accompanying long-term selection for higher body weight at early age. It is to suppose that the capacity of storing an
increased amount of lipids during reproduction not only in adipose depots but also in growing follicles is an adaptation
phenomenon allowing the organism to establish a better physiological equilibrium.

Keywords: poultry; selection for body weight; fatness; reproduction; EODES

ABSTRAKT: V prici je podan pfehled soucasnych poznatki o pfi¢indch sniZené produkce vajec u masného typu dribeze
v disledku dlouhodobé selekce na vy3si hmotnost téla, tj. zvySeného vyskytu defektnich vajec a ovulace folikulli do duti-
ny bfi$ni na zagatku snasky (tzv. EODES - erratic oviposition and defective egg syndrome). Jeho bezprostfedni pficinou
je vysoka ovaridlni aktivita, tj. zvySeny pocet rychle rostoucich folikulll a vyskyt folikulli na stejném stupni vyvoje. Po je-
jich prasknuti dochédzi ke sneseni dvou i vice Zloutkovych vajec nebo vajec s nedokonéenymi obaly. Ovulace do dutiny
bfisni je pravdépodobné zpiisobena asynchronii mezi vejcovodem a vajednikem v disledku niZ§i hormonalni kontroly.
Primdrni pfi¢inou EOBES je nadmérna tvorba zdsobnich tuki, kterd provazi dlouhodobou selekci na vy3si hmotnost v ra-
ném véku. Lze pfedpokladat, Ze schopnost ukladat zvy§ené mnozstvi lipidl v dobé& reprodukce nejen do tukovych dep,
ale i do rostoucich folikulil je adaptaéni fenomén, ktery umoZiiuje organismu navozovat lepsi fyziologickou rovnovéhu.

Klifovi slova: driibeZ; selekce na hmotnost; obezita, reprodukce; EODES

UvVOoD

Reprodukéni potencial zvifat vyznamné ovliviiuje
ekonomickou rentabilitu Zivo¢i$né produkce. U driibeze
to plati nejen pro nosny typ, u néhoz jsou ukazatele
snasky hlavnim produk¢nim znakem. Také u masného
typu se reprodukce rodi¢ovskych linii vyznamné promita
do ekonomiky systému vyroby driibeZiho masa. Antago-

Préce je soudasti vyzkumného tkolu Grantové agentury Ceské republiky &. 523/99/1262 a instituci

Zivodi¥né vyroby Praha-Uhfinéves &. MZE- M02-99-02.
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nisticky vztah mezi hmotnosti t&la a reprodukci viak udrZe-
ni dobrych reprodukénich schopnosti znaéné komplikuje.
Silny negativni vztah mezi reprodukei a ristovymi
schopnostmi lze u masné driibeze sledovat v priibéhu
jeji celé selekéni historie. Antagonismus podminil vznik
nosného a masného typu, vedl k odliinému vybéru seleké-
nich kritérii pro otcovské a matefské linie a v 80. letech
se dokonce podilel na zméné celkové selekéni strategie,

dlniho zéméru Vyzk ¢ho tstavu
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tj. byl diivodem k hledani novych selekénich kriterii pro
dalsi zefektivnéni masné produkce.

Dlouhodoba intenzivni selekce na zvyseni riistovych
schopnosti brojlerti, ktera se po 40 let provadéla na za-
kladg& Zivé hmotnosti v raném véku (individudlni feno-
typova selekce), vedla totiz v t&chto letech k vyrazné
kumulaci degenerativnich zmén. Mezi nejzavazné&;si
patiil pokles reprodukce, ktery byl spojovan s nadbyteg-
nou kumulaci tukovych rezerv. Pokles reprodukéni zpi-
sobilosti (fitness) v souvislosti s obezitou byl udajné
natolik silny, Ze hrozilo vytvofeni tzv. fyziologického
stropu, tj. situace, kdy dalsi selekce na hmotnost jiZ ne-
bude mozn4, pfestoZze v ramci populaci existuje je§té
dostatena geneticka variabilita v tomto znaku (McCarthy
a Siegel, 1983). Analyza korelovanych zmén u komer¢-
nich linii slepic prokazala, Ze dlouhodoba aplikace se-
lekéniho tlaku na zvy$eni hmotnosti t&la vedla paralelng
k pfednostnimu vybéru jedincl s vysokym apetitem, se
sklonem k prezirani (hyperfagie) a posléze i k tuénéni
(McCarthy a Siegel, 1983). Korelovany vznik hyper-
fagie pfi selekci na vy$8i hmotnost téla a naopak nechu-
tenstvi pfi selekci v opaéném sméru potvrdily i selekéni
experimenty s divergentni selekci na hmotnost téla
(Dunnington a Siegel, 1996). Také kufata linii selekto-
vanych pfimo na zvySeni té€lniho tuku maji zpravidla
vy3§i spotfebu krmiva ad libitum, nez kufata selektovana
na jeho sniZeni (asi o 15 %). Pfesto vét§ina autorti ne-
povazuje prezirani za primarni pficinu geneticky podmi-
néné obezity. Opakovanymi pokusy bylo totiZz prokazano,
ze restrikci krmiva nelze odstranit tuénost téchto kufat,
i kdyz ji lze do ur¢ité miry redukovat (Leclercq a
Saadoun, 1982; Lilbumn e? al., 1982; Geraert et al., 1986).

SELEKCE NA VYSOKOU HMOTNOST
A JEJI DOPADY

Reprodukce samcii a samic

Negativni efekt dlouhodobé selekce na vy$si hmot-
nost téla se promital do reproduké&nich funkci u saméiho
1 sami¢iho pohlavi.

U samci byly nejnapadnéjsi zmény zaznamenany
v sexualnim chovani, tj. ve sniZeni libida, ztiZeni kloakal-
niho kontaktu apod. Vys§i hmotnost byla spojena u ko-
houtl i s v&t§i citlivosti k mechanickému poskozeni
kongetin, coZ stéZuje normalni aktivitu pafeni (Robinson
et al., 1993). Napriklad pfi analyze sexudlniho chovani
japonskych kfepelek bylo zji§téno, Ze samci linie
selektované na vysokou hmotnost téla méli vyznamné
niz8i GspéSnost pafeni a procento oplozenych vajec nez
samci dvou kontrolnich neselektovanych populaci,
piestoze frekvence pokusii o pafeni byla stejna u viech
linii (Blohowiak et al., 1984). U samiciho pohlavi se
selekce na vy3§i hmotnost promitla zejména do poruch
ve snasce, tj. do nadmémé produkce defektnich vajec
a ovulace do dutiny bfi$ni. Tento syndrom, tzv. EODES
(erratic oviposition and defective egg syndrome), poprvé
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popsali Jaap a Muir v roce 1968. Projevuje se zejména
v po¢ate¢nich obdobich snaskového cyklu.

Ovarialni aktivita

Ziejmé zavaZnost syndromu EODES a zhorujici se
ukazatele reprodukce s postupujici selekci na hmotnost
u komerénich linii vedla selekéni experimentétory z oblasti
uzitkovych znakl k fad& pokust, které sledovaly korelo-
vané zmény pfi selekci na hmotnost i v reprodukci. Jako
nejvhodnéjsi geneticky model se pro analyzu vztahi
mezi hmotnosti a ostatnimi produk&nimi znaky jevi
divergentni selekce linii ze stejné vychozi populace, tj.
linie selektované paraleln& na vysokou a nizkou hmot-
nost. Pravé u téchto modeli byly ziskany i nejcennéjsi
poznatky k interpretaci sami¢ich poruch reprodukce u mas-
ného typu dribeze.

Mezi linie, které vyraznou mérou pfispély k ozfejméni
EODES patti divergentni linie slepic masného typu
White Plymouth Rock zaloZené Sieglem (Siegel, 1962).
Byly dlouhodobé selektované na vysokou (linie HWS)
a nizkou (linie LWS) hmotnost téla v osmi tydnech véku
(38. generace, Dunnigton a Siegel, 1996). Kli¢ovy pokus
sledujici reprodukéni ukazatele linii HWS a LWS, ktery
vedl k zji§téni bezprostiednich pfi¢in EODES, byl
uskute&nén po 15. a 16. generaci selekce (Reddy a Siegel,
1976). V pokusu byla sledovana snaska, podil defekt-
nich vajec v konfrontaci s ovaridlni aktivitou.

Pokus prokazal, Ze snadka neni v tomto obdobi selekce
negativné ovlivnéna vy$8i hmotnosti téla, naopak u linie
HWS byla zaznamenana snaska signifikantné vyssi nez
u LW. Nicméng, podil defektnich vajec u linie HWS
podstatné pfevySoval ukazatele u LWS, podobné jako
v drivéjSich experimentech na tomto materialu.

Syndrom EODES byl u linie s vysokou hmotnosti t&la
patrny, jak ze zvySeného podilu defektnich vajec, tak
z vy$8iho podilu ovulace folikulil do bfi$ni dutiny ve srov-
nani s LWS (Udale, 1972 — cit. Reddy a Siegel, 1976).
Jeho nezadouci efekt se pfitom projevoval, podle ogeka-
vani, zejména na zadatku snasky. JiZ po prvnich &tyfech
tydnech po dosaZeni pohlavni dospélosti dochazelo
k progresivnimu poklesu frekvence dvouzloutkovych
vajec i vajec s neiplnymi vajeénymi obaly (volny Zloutek,
zloutek v membrané, mékka skofapka, dvouzloutkova
a deformované vejce). Z uvedenych vysledki bylo zfejmé,
Ze pocet defektnich vajec musi souviset s rychlosti riistu
a obdobim snaskového cyklu.

Ztraty ovulovanych folikuli do dutiny bfi$ni zazname-
nané u linie HWS piedstavovaly b&hem prvniho mésice
snasky az 35 % folikull (Udale, 1972 — cit. Reddy a Siegel,
1976). Tyto vysledky podporovaly domnénku, Ze vnitini
ovulace miZe souviset s asynchronii ve funkci vajedniku
a vejcovodu. Uvedeny predpoklad nepfimo podpotilo sle-
dovani ovaridlni aktivity, kterd navic dokumentovala bez-
prostfedni pfi¢iny dal$ich vy3e popsanych poruch snasky.

Ovaridlni aktivita byla charakterizovana poétem rychle
rostoucich folikuli (> 0,3 g) a po¢tem prasklych foli-
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kul. Vysledky prokazaly, Ze primérny po&et rychle
rostoucich folikulii pro rané i stfedni obdobi snasky je
vyznamné vétsi u t&€zké linie, neZ u linie s nizkou hmot-
nosti téla. Bylo vSak zfejmé, Ze u tézké linie se podet
priikazné sniZuje s ¢asem, naopak u linie LWS zistava
témér konstantni.

Tésny vztah mezi nadmérnym poctem rychle rostou-
cich folikulti na zagatku snadky a zvySenym vyskytem
EODES pravé v tomto obdobi, byl tedy jednozna¢né
zfejmy. Navic bylo zji§téno, Zze vysoky pocet folikuli
v rychlém vyvoji je spojen i s vyskytem folikulii na
stejném stupni vyvoje (diference v hmotnosti je max. 1 g).
Lze tedy predpokladat, Ze po jejich prasknuti dojde s vel-
kou pravdépodobnosti ke sneseni dvou- i vice Zloutkovych
vajec (synchronni ovulace) nebo vajec s nedokoncenou
tvorbou oball (interval mezi ovulacemi je krat¥i nez
21 hodin).

Obdobné jako byly zjiStény diference mezi liniemi
LWS a HWS v poétu rychle rostoucich folikull, byly
zjistény meziliniové rozdily také v poctu prasklych foli-
kuldi, avSak bez prikazného efektu obdobi snaskového
cyklu u obou linii. Autofi Reddy a Siegel (1976) se do-
mnivaji, Ze pokles v poétu rychle rostoucich folikuli bez
korelované zmény v poétu prasklych folikuli u HWS lze
spojovat s vyraznéjsi atrezii folikuli v pozdéjsich obdobich
snasky. Pii sledovani atretickych folikulii u masnych
a nosnych linii krit byl rovnéz zjistén vyssi podet u masné
linie béhem stredniho obdobi snaskového cyklu (Bacon
etal., 1972), ale nikoliv na po¢atku snasky.

Diference v po¢tu rostoucich, prasklych a atretickych
folikulti, mezi liniemi HWS a LWS vedly autory k vy-
sloveni domnénky, Ze selekce na hmotnost téla ma za
nasledek zménu v sekreci gonadotropniho hormonu,
a zfejmé 1 zménu v neurdlnim prahu pro senzitivitu viici
tomuto hormonu. Pfedpoklad nizsi hormonalni kontroly
v obdobi ovulace u linii s vysokou hmotnosti téla by lo-
gicky vysvétloval asynchronii mezi vejcovodem a vajed-
nikem (nedostateény signal k obklopeni ovulujiciho
vaji¢ka infudibulem), ktera se pfedpoklada, jak bylo
uvedeno, pfi interpretaci zvy$ené ovulace do dutiny bfis-
ni (Renema et al., 1995 — cit. Melnychuk et al., 1997).

Obecnost poznatkil ziskanych u divergentné selekto-
vanych linii slepic HWS a LWS, podporuji vysledky
ziskané u dalSich druhii dribeze. U krut bylo napriklad
jednozna¢né prokazano, Ze selekce na vysokou Zivou
hmotnost zvysuje pocet rychle se vyvijejicich folikuld,
jejich celkovou hmotnost a pocet folikuli vyvijejicich se
v parech (Nestor et al., 1980). Produkce vajec selekto-
vanych linii byla signifikantné niZ$i neZ u kontrolni
neselektované populace (Nestor et al., 1996). Rozdily
v ovaridlni aktivité t€z8ich a leh¢ich linii krit jsou doku-
mentovany i vysledky autori Melnychuk et al. (1997),
ktefi se zaméfili na sledovani samic otcovské (hmotnost
v dospélosti 16 kg) a mateiské (12 kg) linie. Krity
otcovské linie mély vice velkych Zlutych folikuld
(diametr >10 mm), nez samice matefské linie pfi sneseni
prvniho vejce a rov-néZz vétsi proporci piiblizné stejné
velkych folikuli.
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Tvorba lipidii v jatrech

I kdyz je ovaridlni aktivita bezprostfedni ptiginou
syndromu EODES, neni jeho pfi¢inou primérni. Tu mu-
sime hledat zfejmé ve zvySené tvorbé lipidu v jatrech,
ktera se posléze promita do vy$§i akumulace Zloutkového
materidlu. Vy§§i produkce lipidi v jatrech byla pro-
kézana u nesoucich samic rychle rostoucich linii slepic
(Jaap a Clancy, 1968; Udale et al., 1972; Reddy a Siegel,
1976), krit (Nestor et al., 1980; Melnychuk et al., 1997)
a japonskych kiepelek (Bacon et al., 1973; Bacon a Nes-
tor, 1983).

Souvislost mezi zvySenou intenzitou ristu, vyskytem
syndromu EODES a zvysenou tvorbou lipidii v jatrech
se jiz pokusili vysvétlit Jaap a Muir (1968). Pfedpokladaji,
ze genetické faktory, které se podileji na rychlém anabo-
lismu proteind, a tim i na rychlém ristu, mohou podpo-
rovat také rychlou tvorbu lipoproteinti v jatrech. Je totiz
znamo, Ze lipidy syntetizované v jatrech jsou transpor-
tovany plazmou ve formé fosfolipoproteinovych komplext
do ovarii, kde jsou deponovany do folikult (McIndoe,
1959 — cit. Nestor et al., 1982).

Tato hypotéza spolu s prohlubujici se obezitou ko-
merénich linif, kterd byla pfi¢inné spojovana s jejich
niz8imi reprodukénimi schopnostmi, dala podnét k za-
lozeni dalsiho selekéniho modelu, ktery mél prokazat
vztah mezi vysokou hmotnosti, nadbytednou syntézou
tuku a jeho zvySenym zabudovavanim do rychle rostou-
cich folikuli (Nestor et al., 1982)

Divergentni selek&ni program byl realizovan u japon-
skych kiepelek a zahrnoval Ctyfi selektované linie. Byly
to linie divergentné selektované na hmotnost téla ve
étyfech tydnech véku, tj. linie HW (vysoka hmotnost
téla) a LW (nizka hmotnost téla), a linie HP a LP selek-
tované na vysokou a nizkou hladinu fosforu v plazmé na
pocdtku snasky, tj. na indikdtory fosfolipoproteinovych
prekurzori Zloutku.

Selekce na vysokou a nizkou hmotnost t&la ve &tyfech
tydnech véku prokazala, Zze zvySovéni, ale i snizovani
hmotnosti téla bez selekéni podpory reprodukce, vede
k vyznamnému sniZzovani snasky (Anthony ez al., 1990).
Po 30 generacich vykazovala linie LW ztratu jednoho vejce
na generaci, linie HW 0,6 vejce na generaci vzhledem
ke kontrolni linii C (Nestor et al., 1996). U linie LW se
na hor$ich ukazatelich podilely kratsi série, u linie HW
podle ocekavani, pfedevsim zvySeny vyskyt abnormal-
nich vajec (Nestor et al., 1987).

Zhorsené ukazatele reprodukce byly potvrzeny i linie
HP. Analyza poklesu snasky u linii HW a HP v8ak nazna-
¢ila rozdilné pficiny. Zatimco u linie HW se signifikantné
zvysil pocet abnormalnich vajec (P < 0,05) i pocet a hmot-
nost rychle rostoucich folikuli (P < 0,001), u linie HP
nedoslo k vyrazn€jsi zméné v téchto znacich (Nestor et
al., 1987, 1996). Nadbyte¢né prekurzory Zloutku nebyly
¢erpany z plazmy do rychle rostoucich folikuld. Jejich
pocet a hmotnost byly stejné jako u kontrolni linie C.

Skute¢nost, Ze u linie LP byla situace opaéna, tj. bylo
prokazano, Ze vyuziva dostupné lipoproteiny u&innéji,

521



vede v souvislosti s ostatnimi poznatky (selekci na P se
hmotnost téla podstatné nemeénila ani u jedné z linii) k do-
mnénce, Ze selekce na vysokou a nizkou hladinu P vede
s nejvétsi pravdépodobnosti k ovlivnéni mnoZstvi po-
vrchovych folikularnich receptorti (Anthony ez al., 1990).
Zvysena (snizend) hladina fosfoproteint v plazmé u HP
(LP) nebyla tedy dana jejich zvy$enou (sniZenou) pro-
dukci, ale jejich sniZzenym (zvy3enym) zabudovavanim
do folikuld.

Této predstavé neodporuji ani nasledné selekéni poku-
sy, ve kterych byly vytvofeny sublinie HW-HP, HW-LP
a LP-HW. Naznacily, Ze selekce na vysokou hmotnost
t&la i vysokou hladinu P (sublinie HW-HP) sniZuje snadku
vice, nez selekce na kazdy znak samostatng. Genetické
snizovani hladiny Zloutkovych prekurzori u linie HW
(sublinie (HW-LP) nemélo Zadouci pozitivni efekt na
snasku. Naproti tomu selekce na vysokou hmotnost téla
u linie LP (sublinie LP-HW) byla ispé$na (Nestor et al.,
1987; Anthony et al., 1990).

Selekce na vysokou a nizkou hladinu fosforu v krvi
nevedla tedy korelované ke zménam, které autofi teore-
ticky oéekévali (zména hmotnosti téla, tuénosti, vyskytu
defektnich vajec), tj. z hlediska jejich zaméru skonéila
netspéchem. Jeji vysledky vsak presto prispély k pro-
hloubeni poznatkii o EODES i obezit¢ samotné. Spolu
s pokusy, které zamérnou selekci isp&$né zménily obsah
télniho tuku (Leclercq et al., 1980; Leclercq, 1984;
Whitehead a Griffin, 1984; Whitehead, 1987), totiZ na-
znadily, Ze geneticky podminéné obezita je fenomén, na
kterém se kromé& zvysené syntézy lipidd v jaterni tkani
(Whitehead a Griffin, 1986; Saadoun a Leclercq, 1983,
1987) musi podilet i dal3i geneticky podminéné schop-
nosti organismu, které jsou na lipogenezi funk&né ne-
zavislé. Vedle schopnosti transportu lipidii krevni plazmou
(Hermier et al., 1984; Cahaner et al., 1986; Leclercq et
al., 1990) se jedna zejména o schopnost snizovat jeho
hladinu v krvi ukladanim do tukovych dep. Tato schop-
nost je umoznéna vy$§im poétem tukovych bunék (Hermier
et al., 1989) a vys8i koncentraci lipaz (LPL — lipoprotein
lipase) v tukovych depech jiz v raném véku (Leclercq et
al., 1990). V obdobi reprodukce se na u¢inném snizo-
vani koncentrace fosfolipidi v krevnim fe&isti podili
i deponace tuku do rostoucich folikuli. Lze pfedpo-
kladat, ze pravé tato schopnost umoziiuje dospélému
organismu udrZet pfi zvy$ené tvorbé tukl pfijatelnou
miru fyziologické rovnovéhy.
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