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RELATIONSHIP BETWEEN DAILY MILK YIELD AND
PERSISTENCY OF HUNGARIAN HOLSTEIN FRIESIAN
CATTLE THROUGH SELECTION INDEX AND SUBINDICES

ZAVISLOST MEZI DENNI DOJIVOSTI A PERZISTENCI LAKTACE
U MADARSKEHO HOLSTYNSKO-FRISKEHO SKOTU STANOVENA
POMOCI SELEKCNICH INDEXU A DILCICH INDEXU

Ashraf A. Amin, S. Téth, T. Gere

Godolle University, Gyongyos College of Agriculture, Department of Animal Production,
Gydongyds, Hungary

ABSTRACT: Maximum likelihood procedures were used for the analysis of relationships between persistency and daily milk
yield performance. Genetic and phenotypic (co)variances were generated from this analysis to construct full and reduced
selection indices, selection subindices and reduced selection subindices. The structure of the data were half-sib families of
281 sire groups, lactation records in each group ranged between 12-24 records. Expected genetic gain in daily milk yield by
selection subindices was similar to the corresponding value calculated by selection index, so the breeder can use selection
subindices in the breeding program to improve the daily milk yield. Contribution of persistency to the improvement in daily
milk yield was higher by the subindex than the selection index. The highest improvement of persistency was associated with
the maximum improvement in daily milk yield per lactation and per calving interval and was achieved by the selection index
which involved all these traits.

Hungarian Holstein Friesian cattle; daily milk yield; persistency of lactation; selection index; subindices

ABSTRAKT: K analyze zévislosti mezi perzistenci laktace a denni dojivosti byla pouZita metoda maximélni v&rohodnosti.
Na z4klad¥ této analyzy byly vytvofeny genetické a fenotypové (ko)variance za ti¢elem konstrukce dplnych a redukovanych
selek&nich indexi, dil¢ich selek&nich indexd a redukovanych dilCich selek&nich indexi. PouZity byly idaje o polosouroze-
neckych rodindch pochazejicich od 281 skupin otci, pfi¢emZ idaje o laktacich obsahovaly 12 aZ 24 zaznami v kaZdé skupiné.
Ocekavany geneticky zisk pro denni dojivost podle selek&nich dil¢ich indexi byl obdobny jako odpovidajici hodnota vypo-
¢itanéd podle selek&niho indexu. Z toho vyplyvi, Ze dil&i selekéni indexy mohou byt ve Slechtitelském programu vyuZiviny
pro zvy3eni denni dojivosti. Pfispévek perzistence laktace ke zvySeni denni dojivosti byl vy$si podle dil¢iho indexu neZ podle
selekéniho indexu. Nejvétsi zlepSeni perzistence laktace souviselo s maximélnim zvy3enim denni dojivosti za laktaci a me-
zidobi a bylo dosaZeno na zikladg selek&niho indexu, ktery zahrnoval viechny tyto znaky.

madarsky hol$tynsko-frisky skot; denni dojivost; perzistence laktace; selek¢ni index; dil¢i selek&ni indexy

INTRODUCTION

Cow persistency in dairy cattle herds is one of the
important traits and plays a major role in improvement
of daily and total milk yield in dairy enterprises. There-
fore the breeders should consider the persistency of
cows in selection of the cow. In this respect, the genetic
and nongenetic factors play an active role in affecting
lactation persistency. Overall means of persistency re-
ported in most Hungarian studies were 74.78% by
Sziics et al. (1989), 90.4% by Mostafa et al.
(1989) and from 70 to 81% by Solkner and
Fuchs (1987). All these authors also reported a sig-
nificant effect of nongenetic factors on persistency.
S6lkner and Fuchs (1987) mentioned that the
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heritability of persistency ranged from 0.14 to 0.21 and
was lower in the first lactation than in the later ones.
The opposite trend of this heritability was reported by
Mostafa (1991). Most studies in Hungary found that
persistency is a trait with sufficient genetic variation
and can therefore be improved by selection indices.
The aim of the present study is to evaluate the differ-
ences in expected genetic gain in daily milk yield per
lactation and other daily yield traits (daily milk yield
per calving interval, peak daily milk yield and persis-
tency) due to different contribution and involving these
traits in different indices. Comparison between ex-
pected genetic changes in daily milk yield per lactation
by selection index and subindices to evaluate the im-
portance of economic weight.
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MATERIALS AND METHODS

Data: The structure of data in the present study is
composed of 8 741 lactation records of 1 592 Holstein
Friesian cows, 281 sires in 8 parities. The data were
collected from two herds in a period from 1983 to
1993. The traits included are DML - daily milk yield
per lactation (total milk yield divided by lactation du-
ration), DMCI - daily milk yield per calving interval
(total milk yield divided by calving interval), PDM —
peak daily milk yield (estimated from monthly re-
corded test) and Prs — persistency.

Statistical analysis: Maximum likelihood proce-
dure was used to perform analysis of variance. For the
least-squares analysis of variance, the following linear
model was used as given in Eq.1:

y=X.b+Z.u+e (6]

where: y — vector of n observations
X and Z - known incidence matrices
b — unknown vector of solutions for fixed herd-year-
month of calving
u — unknown vector of random effects of sires
e — unknown vector of random residual, normally

and independently distributed.

The linear system of equations was
XZ) (8]

204 [ (]
ZX ..ZZ+1.c%o%|  Lu)

XXT] XY

zyY

where: o%s - sire variance
G’ - error variance in the population

Economic weights: The economic values in the pre-
sent study were formulated on the basis of personal
communications with several dairy farm managers.
Calculation of economic weights followed the methods
mentioned by Khattab, Sultan (1991), and by
Amin et al. (1996a, b). Net profit of all traits was
calculated as differences between total cost of produc-
tion (feeding, animal management and others) and sell-
ing price on the farm.

1) Economic weight of milk yield: Feeding costs of
production 10 kg milk with 2.8% fat (base of marketing
milk) are 160 Ft (estimated by dairy farm managers).
The amount of labour which is required to produce
10 kg milk is 0.15 hour and the price of one hour la-
bour (machine work, workers, etc.) is 733.3 Ft. There-
fore the labour cost/10 kg milk is 733.3 x 0.15 = 110 Ft.
Actual miscellaneous units which are required to pro-
duce 10 kg milk is one unit, and the cost of one mis-
cellaneous unit is 80 Ft. Total costs of production of
10 kg milk therefore (160 {feed cost} + 110 {labour}
+ 80 {miscellaneous} = 250 Ft and so for 1 kg it is
25 Ft. 31 Ft is the selling price of 1 kg milk, then the
net profit of 1 kg milk is 31 — 25 = 6.00 Ft.

2) Amin et al. (1996b) analysing the daily milk
yield records of Holstein Friesian in Hungary, calcu-
lated the regression coefficients of total milk yield on
DML, DMCI, PDM and Prs as 0.09, 0.16, 0.05, and
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0.09 kg. Economic weights of DML, DMCI, PDM and
Prs were calculated by multiplication of their regres-
sion coefficients by the net income of kg milk
(6.00 Ft). Thus the values of DML, DMCI, PDM and
Prs were 0.54, 0.96, 0.30 and 0.54 Ft, respectively.
However, several authors have concluded that the effi-
ciency of index selection is not very sensitive to
changes in economic weights (Vandepitte, Hazel,
1977; Lin, 1978).
Selection index parameters: Selection index (/) is
a linear combination of phenotypic values of traits of
interest. The selection index, therefore, can be ex-
pressed as Eq. 2:
n
1= bX; ()
where: 'X ; - phenotypic value of each trait
n - number of traits
b - partial regression coefficient

A modification of Hazel’s (1943) method, as
suggested by Henderson (1951) allows to con-
struct selection indices where the economic value of
traits was used for construction. The selection subindex
can be constructed like this (Eq. 2.1):

n
I=2a,-II
i=1

where:

@D

a— relative economic value
I - full index
Ii- selection subindex

General formula of the selection subindex is in Eq.
2.2, where b;;’s are subindex partial regression coeffi-
cients:

i=1

which were obtained from the solution of Eq. 2.3:

n n
Y bjoX; =Y oG;;
i=1 i=1
where: oXj; and oG — phenotypic and genetic covariances be-
tween traits

(22)

(2.3)

The expected change in the total genotype (AH) and
genetic change per trait (Ak) under selection were com-

puted as given in Eq. 3.1 and Eq. 3.2:
AH = sol @B.1)

n
Ahy=51% bG;/oll,j=1,2,...,n...

i=1

3.2)

where: s - selection intensity (assume selection dif-
ferential as one standard deviation)
ol = (b‘pb)"‘s - index standard deviation
bi and Gjj — elements of the partial regression coeffi-
cients vector and genetic covariance ma-
trix
The partial regression coefficients (B) of the reduced
selection index and reduced subindex were computed

like in Eq. 4:
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3B=%R, @

—(n—1).(n- 1) matrix of phenotypic generated values
from a full matrix (which included n traits) after de-
leting the i-th row and j-th column

Ro- (n — 1) vector obtained by deleting the i-th row of

multiplying the genetic matrix by the economic weight

vector

where: 3

The correlation between the reduced index and the
full index (7) of breeding value is in Eq. 5:

rop =NI* /62T ©)

The variance of the reduced indices (021,' ) obtained
by ignoring each source of information can be com-
puted by Eq. 5.1:

o} =% - b} 1w

where: b} - i-th weighting factor in the full index
Wii — COr ding di 1 el in the inverse of the
phenotypic variance-covariance matrix

(5.1)

- &'

The variance of the reduced index can be obtained
by omitting more than one trait (i..j) from full index by
Eq. 5.2:

0217.4 =o’l- b’t...j“’i..ﬂ’l.../

The reduction (VV) in the accuracy of full index due
to omitting a source of information can be calculated
by Eq. 6:

W= (@) - (- biw;"} 1 (°D)°* ©

(5.2)

The relative efficiency of the reduced ‘index to-full
index can also be measured by Eq. 7:

RE = (6D - bwy) 1 61}y 5 ©)

RESULTS AND DISCUSSION

Least squares means and analysis of variance:
Tab. I shows that the overall means of daily milk yield
per lactation, per calving interval, persistency and peak
daily milk yield were 23.5 kg, 16.2 kg, 72%, and
45.2 kg, respectively. Average daily milk yield per
calving interval in investigations of Vaccaro et al.
(1990) and Jadhav et al. (1991) were 9.0 + 0.3 kg
and 8.85 + 0.4 kg, respectively, and lower than that
calculated in this study. In case of fixed effects (herd
year-month of calving and parity), the highest differ-
ence obtained between the two herds was in DML
5.6 kg, in PDM 7.4 kg, and in Prs 4.1%, and between
the 8th and 5th parity in DMCI 2.0 kg. The present
study is in agreement with most Hungarian studies that
have reported a decline in persistency with increasing
lactation number (S6lkner, Fuchs, 1987; Mo-
stafa et al.,, 1989; Sziics et al.,, 1989). Least
squares analysis of variance for all fixed effects is sig-
nificant in most cases except the herd effect. This result
indicates clearly that indices showing the highest ge-
netic gain herein can help the managers of the two
farms involved in this study to design an economic
breeding strategy to improve their dairy profitability.

Genetic and phenotypic parameters: All genetic
and phenotypic parameters are presented in Tab. IL
Heritability of persistency that is reported herein is
lower than that reported by Mostafa (1991) but it
is in agreement with that reported by S6lkner and
Fuchs (1987) in a recent Hungarian study. Also heri-
tability of DML in the present study is lower than that
reported by Mostafa (1991). All genetic correla-

I. Least squares means (minimum and maximum) and significant differences in investigated traits

Class DML Class DMCI Class PDM Class Prs
Overall 23.5 16.2 45.2 72.0
Farm (F) P *
min. Fl: 20.7 F2: 15.6 Fl: 415 Fl1: 69.9
max. F2: 26.3 Fl: 16.7 F2: 489 F2: 74.0
Calving months P )
min. Oct: 21.9 Dec: 15.8 Sep: 44.4 Aug: 69.9
max. Jun: 24.9 Feb: 16.5 Jan: 45.6 Nov: 73.3
Calving year P
min. 1992: 21.5 1989: 15.3 1983: 44.5 1987: 70.2
max. 1983: 25.1 1984: 17.0 1989: 45.5 1983: 73.6
Parity (Pr) P
min, Pr3: 24.4 Pr8: 14.7 Prl: 42.4 Prl: 70.4
max. Prl: 20.7 Pr5: 16.7 Pr8: 47.4 Pr8: 73.8
Regression ) P
0.09 £ 0.01 0.16 £ 0.01 0.05 £ 0.001 0.09 £ 0.001

DML - average daily milk yield per lactation, DMCI — average daily milk yield per calving interval, PDM - peak daily milk, Prs — persistency

of lactation yield

Significance: in the table all estimates without superscript symbols are highly significant

* P < 0.05, ns — not significant

ZIVOCISNA VYROBA, 42, 1997 (5): 193-198
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11. Heritabilities (on diagonal), genetic correlations (below diagonal)
and phenotypic correlations (above diagonal) for investigated traits

DML DMCI PDM Prs
DML 021 045 017 0.18
DMCI 078 039 034 0.20
PDM 0.53 0.69 0.26 0.20
Prs 0.54 092 094 0.22

Other abbreviations see Tab. I

tions between DML and other traits which were inves-
tigated herein ranged from 0.17 to 0.45. Weak pheno-
typic relationships were obtained between DML and
both PDM and Prs (0.17 and 0.18) while a moderate
phenotypic correlation between DML and DMCI
(0.45). Maximum estimated genetic correlation herein
was obtained between PDM and Prs (0.92) and mini-
mum between DML and PDM (0.53). Mostafa
(1991) reported that the phenotypic correlation between
DML and PDM was 0.80. The results by Mostafa
(1991) are in disagreement with results of the present
study. This may be due to differences in the additive
genetic covariance between these traits in the period
before and after 1992.

I11. Full and reduced selection indices parameters for investigated traits

Selection indices: Partial regression coefficients for
full (7;) and reduced selection indices (from I} ; to I} g)
and full (1) and reduced selection subindices (from /;
to I, 3) were presented in Tabs. III and IV. Differences
in weighting factors (b,) between the types of indices
were not great. These coefficients were lower than
those reported by Amin et al. (1996b) to improve
total milk yield. All coefficients of selection subindices
to improve DML were lower than the corresponding
ones in full or reduced selection indices. This is a con-
sequence of omission of economic weights in the se-
lection subindices.

Expected genetic gain in all traits generated by full
and reduced selection indices ranged from 0.27 to
1.19 kg in DML, from 0.23 to 1.13 kg in DMCI, from
0.20 to 0.41 kg in PDM and from 0.33 to 1.69 % in Prs
per generation (Tab. III). The highest expected gain in
DML, DMCI and Prs was achieved by omitting PDM
in the full selection index (Fig. 1). This may be due to
zero or lower proportion of economic weight of PDM.
The highest prediction in PDM was achieved by full
index or omitting Prs from the full index (Fig. 1). Ex-
pected improvement of average daily gain was 1.16 kg/
/generation as the highest estimation by omitting PDM
from full index and then by omitting both PDM and Prs
(0.82 kg/day/generation). Contribution of Prs to the im-

1 pML | pmca | pom | ps | ADG | RE® | A
Full index

L b 0.0571 0.1913 0.0782 0.0498
Ah 0.62 0.23 0.41 0.89 0.42 100 65
V% 82 37 66 73

Reduced indices

li b 0.0361 0.1538 0.0720
Ah 0.65 0.59 0.41 055 131 45
V% 87 38 7

s b 0.0598 0.1878 0.0520
A 119 113 1.69 116 276 24
VV% 91 61

ks b 0.0591 0.0608 0.0445
A 027 020 02 0.24 57 75
VV% 82 68

14 b 0.0971 0.2201
Ah 0.5 078 082 195 3l
VV% 97 63

i b 0.1025 0.0896
A 0.41 032 036 86 55
VV% 73 75

T b 0.0521 0.0623
Ah 0.79 033 056 133 as
VV% 99 89

ADG - average daily gain, RE% - relative efficiency, A — accuracy of indices, b — partial regression coefficients, Ah — expected genetic
gain in full and reduced selection index, VV% - trait contribution to own expected gain. Other abbreviations see Tab. |
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1V. Full and reduced selection subindices parameters to improve daily milk yield per lactation

DML DMCI PDM Prs AH A RE%

L b 0.0275 0.0341 0.0011 0.0169 0.67 84 100
VV% 43 12 9 12

L b 0.0209 0.1165 0.1106 0.67 53 100
VV% 23 0.7 21

L b 0.0281 0.1106 0.0067 0.67 43 100
VV% 19 1.9 33
b 0.0563 0.0331 0.0151 051 67 76
VV% 55 6.3 17

L ADG 0.62

ADG - average daily gain, RE% - relative efficiency, A - accuracy, b — partial regression coefficients, AH ~ expected genetic gain in full
and reduced selection subindices, VV% — trait contribution in their expected gain. Other abbreviations see Tab. I

provement ranged from 73% to 89% and was associ-
ated with changes in corresponding estimates in DML.
Changes in expected genetic gain in DML with remov-
ing Prs from the full index were +0.03 kg (differences
between I; and /), while removing Prs and PDM
together increased the expected gain in DML by 02.3
kg (differences between I; and I; 4). Omitting Prs and
DMCI was the only case when reduction took place in
the expected genetic gain of DML by 0.21 kg compared
with the full index. Involving Prs in the index was not
effective to improve DMCL because omitting Prs from
full index increased changes in expected gain of DMCI
by 0.36 kg (differences between I; and I} ;) and, omit-
ting Prs + PDM in the full index initiated a change in
expected genetic gain in DMCI by +0.55 kg (differ-
ences between /; and I} 4). Dropping Prs from the full
index was not important to improve PDM, while
a slight reduction (-0.09 kg) in expected gain of PDM
was observed with removing both Prs and DMCI to-
gether from the full index.

Contribution of DML to the expected gains in dif-
ferent indices was not lower than 73% in case of omit-
ting both DMCI and Prs. On the other hand 99% of
reduction in predicted gains of DML would occur if
this trait has been removed from the reduced index 7, g.
This indicates that DML itself is the best source of
information to improve DML as shown in all indices

(VV%) in Tab. III. Estimates of trait contribution in

ZIVOCISNA VYROBA, 42, 1997 (5): 193-198

1. Expected genetic gain (G) in persistency and daily milk
yield traits by full ({;) and reduced (/; ;... I} ¢) selection
indices (structure of the indices see Tab. III)

case of DMCI were lower than the contribution of other
traits in all indices. This indicates the expected gain in
DMCI depends on the presence or absence of other traits
in the index too. Omitting both PDM and Prs increases
the contribution of DMCI to the improvement.

Relative efficiency (RE%) of all indices compared
with full index was presented in Tab. III. All reduced
indices had higher efficiency in expected gains than the
full index except in case of omitting DMCI or DMCI
and Prs together. Maximum relative efficiency was as-
sociated with maximum expected gain in DML, DMCI
and Prs and also in average daily gain (ADG).

The amount of realized gains could be expected
through estimation of index accuracy. Realized gains
can be obtained with accuracy more than 50% in case
of full indices, omitting either DMCI, or both DMCI
and Prs. Other indices had low accuracies in gains. The
best combination between the highest expected gain in
ADG and the accuracy of index was shown in the full
selection index. Therefore, the index suggested herein
to improve each individual trait (DML, DMCI, PDM
or Prs) and average daily gain (ADG) is the full index.

Selection subindices: Tab. IV shows expected ge-
netic gains in DML by full and reduced selection subin-
dices. Overall mean of gain in DML by all subindices
was 0.63 kg and was not different from full selection
index (0.62 kg). This indicates that under continuous
market economic changes breeders can select according
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2. Expected genetic gain (G) in daily milk yield by full

I11.2 and reduced selection indices (/... I 4) and subindices
(... I3)

14 G g)
12 11 I1.1

1
Lo 1.3
06

Indices
04
02 Subifidices
12 2. 2. -
0

to the method of selection index without using any
weights by constructing separate selection subindices.
Individual comparison between gains in DML attained
by either full and reduced indices or corresponding full
and reduced subindices can be seen in Fig. 2. From this
figure it can be concluded that there is a greater differ-
ence within the full and reduced indices than within the
full and reduced subindices. The highest gain can be
achieved by I; , but this gain can be realized only with
accuracy of 24% (Tab. II). The best subindex to realize
the expected gain in DML is the full subindex by ac-
curacy 84% and the poorest one (43%) is the reduced
subindex by omitting PDM from the full subindex.
Contribution of DML to improve itself by subindices
was lower than by the corresponding selection index.
The estimates of VV show that the role of Prs in im-
provement of DML by subindex was greater than that
of other traits in the same index (Tab. IV). Maximum
improvement in DML by using subindex can be
achieved by using information on all traits which were
investigated in full subindex or if not more than one
trait is absent from full subindex except for trait DMCI.
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SHLUKOVANI KLADRUBSKYCH KONI NA ZAKLADE
PRIBUZNOSTI

CLUSTERING OF KLADRUB HORSES ON THE BASIS OF -KINSHIP

J. P¥ibyl', V. Jakubec?, J. Jelinek’, J. Volenec®, J. Krys’

'Research Institute of Animal Production, Praha-Uhrinéves, Czech Republic
2Czech University of Agriculture, Faculty of Agronomy, Praha, Czech Republic
3National Stud at Kladruby, Kladruby nad Labem, Czech Republic

ABSTRACT: The Old Kladrub horse is the only Czech horse breed with breeding continuity in the Czech Lands for several
hundreds of years. This sturdy and thoroughbred coach horse used on gala occasions is currently one of the oldest conserved
cultural breeds of horses throughout the world and is a part of the national and world cultural heritage. All individuals are
related to each other due to the small size of the population, so breeding should be organized in order to minimize an increase
in their genetic relationship. Hence the population should be divided into units with the least genetic relationship possible.
Relationships between individual animals can be interpreted as correlation coefficients. An n x n table of correlation coeffi-
cients (correlation matrix) can be compiled for n individuals in which inbreeding coefficients are on the diagonal and
relationship coefficients are out of the diagonal. Individual animals can be included in classes on the basis of their relation-
ships. The population of Kladrub horses was distributed into classes in such a way that the variance due to classes would
represent maximum proportion in total variance. It is calculated as variance of the first principal component or of centroid
component. So the structure of classes implies maximum relationship of the individuals within the classes and minimum
relationship between the classes. VARCLUS procedure was used for calculations (SAS 6.03, 1988). As the first step, all
individuals are included in one class, this class is subdivided by further steps. The class with the lowest explained variance
ratio, or the class with the highest value of the second principal component is subdivided. The individuals are iteratively
allocated to classes in the course of selection while the variance value is calculated which equals the first eigenvalue of the
matrix resulting from the equation set '

IA-AM=0 "~
where: A — vector of matrix eigenvalues
A - covariance matrix (of relationships)

The procedure terminates when the prescribed variance ratio is obtained in all classes. The calculation terminates in this case
after the population has been distributed into eight classes. The results contain variance ratio explained by the class, value
of the second principal component, total ratio of explained variance for the whole population and distribution of individuals
in classes. Each individual has a coefficient of determination to its own class and to the next nearest class, then coefficient
of score that expresses standard regression coefficient of class prediction by the individual concerned and class structure,
which is correlation of the individual to its own class and to the other separate classes. Table of correlations between the
classes is given in a summarized form. The separate groups in Tab. I are subdivided, each up to 8 classes using two methods.
The group is subdivided into classes. The process of distribution is summarized in Tab. II. Distribution into classes gradually
increases variance ratio explained by the classes. The explained variance ratio amounted to 21.9% as a result of distribution
into eight classes. Horse inclusion in the classes was mostly in agreement (particularly for the method of centroid components)
with the present taxonomic classification according to genealogical lines, up to groups of progenies after the separate sires.
Genetic relationship between white horses and black horses is low, which documents that each color type has been bred
autonomously in the history. Genetic relationship between the individuals and within the classes and between the color types
makes it possible to organize breeding without foreign gene immigration.

Old Kladrub horse; relationship; clustering

ABSTRAKT: Starokladrubsky kuii je jedingm &eskym plemenem koni s n&kolikasetletou kontinuitou chovu v Cechach.
Vzhledem k malé velikosti populace jsou vSichni jedinci vzdjemné pfibuzni a plemenitbu je nutné organizovat s ohledem na
minimalizaci zvySovani vzdjemné pfibuznosti. Z toho divodu je tfeba populaci délit na jednotky, které jsou co nejméné
pfibuzné. Piibuzenské vazby mezi jedinci lze vysvétlit jako korela¢ni koeficienty. Pro n jedincl lze sestavit n x n korela¢ni
matici. Jedince Ize rozdélit do tfid na zdklad€ vzdjemnych piibuznosti. Populace koni byla roz¢lenéna na tiidy tak, aby rozptyl
zapfic¢inény tfidami (na zakladé matice pfibuznosti) ¢inil maximaélni podil na celkovém rozptylu. Je vypocitan jako rozptyl
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prvni hlavni komponenty nebo centroidni komponenty. K vypodtu je pouZita procedura VARCLUS (SAS 6.03, 1988).
Roztiidéni koni do tfid se v&tSinou shodovalo se sou¥asnym taxonomickym ¢€lenénim podle genealogickych linii a% na skupiny
potomki po jednotlivych plemenicich. Mezi bé&lousi a vraniky je nizkd pfibuznost, coZ dokumentuje, Ze kaZda barevna
varianta byla v historii $lechténa prakticky nezavisle. Pfibuznost mezi jedinci a mezi tfidami uvnitf a mezi barevnymi

variantami dovoluje organizovat $lechténi bez imigrace cizich gent.

kladrubsky kuii; pfibuznost; shlukovéni

UvoD

Starokladrubsky kuii je jedinym Ceskym plemenem
koni s né&kolikasetletou kontinuitou chovu v Cechach.
Tento mohutny a uslechtily galakarosier je v soucasné
dobé jednim ze star§ich dochovanych kulturnich ple-
men koni na svét€ a tvofi soufast narodniho a svéto-
vého kulturniho bohatstvi. Vzhledem k malé velikosti
populace jsou vSichni jedinci vzdjemné piibuzni a ple-
menitbu je nutné organizovat s ohledem na minimali-
zaci zvySovani vzdjemné piibuznosti. Z toho divodu je
tieba populaci délit na jednotky, které jsou co nejméné
pfibuzné.

Soudasné populace starokladrubskych koni v CR m4
cca 650 jedincu (tj. plemeniki, matek, dorostu a uZit-
kovych koni). Z toho je polovina bélousu a polovina
vranikii. Z uvedenych stavii je cca 200 b&lousu chova-
no v hieb&iné Kladruby n. L. a cca 190 vraniki v hieb-
¢iné Slatifiany. V populaci je cca 250 starokladrub-
skych klisen, 110 bélek a 140 vranek. Z téchto poétu
je v hieb&in€ Kladruby n. L. chovano 65 bélek a v hieb-
¢iné Slatiflany 65 vranek. Pfiblizné 120 matek (b&lek
a vranek) je chovéno cca 50 privétnimi chovateli v zem-
ském chovu. Soucasna samci starokladrubskéa populace
se ¢leni na 4 bilé linie, 4 vrané linie a smiSenou linii.
Soucasna samici starokladrubska populace se ¢leni na ro-
diny (11 bilych rodin, 13 vranych rodin a 1 smiSenou
rodinu).

Plemenitba je v bilém i vraném stidé po generace
organizovédna na zédkladé rodin a linii. S plemenem je
nutné zachazet jako s genovou rezervou (Dusek,
1992). Genetickou analyzu plemene pomoci bioche-
mického polymorfismu, vCetné stanoveni heterozygot-
nosti a genetickych vzdélenosti mezi taxonomickymi
jednotkami, provedli Jakubec et al. (1995). Rozbor
stavu koeficientu pfibuzenské plemenitby uskutecnili
Volenec et al. (1995). Mezi bilou a vranou varian-
tou kladrubskych koni je pouze mirna pfibuznost.

Piibuzensky vztah mezi dvéma jedinci (X) a () je
na zakladé pravdépodobnosti vyskytu alel stejného pi-
vodu vyjadfovan koeficientem pfibuznosti R,,. Tento
koeficient odvodil Wright (1922) a byl pfebiran
dal$imi autory (Stahl et al., 1970 aj.):

m I(n|+n2)
Z(EJ L +Fy)
R ==l

D N1+F).(1+F)

(¢))

kde: m — pocet spoleénych pfedki
n — podet generaci ze strany otce ke spoleénému predku Ai

200

ny - podet generaci ze strany matky ke spole¢nému pied-

ku Ai .
F,; - koeficient pfit ké pl itby spole¢ného predka
F,, F, - koeficienty pfibuzenské plemenitby kaZzdého z dvojice
" jedincii

Koeficient pfibuzenské plemenitby F, je podle
Wrighta (1922) definovén jako jedna polovina ko-
relaéniho vztahu mezi rodi¢i potomka. Po tpravé se
ziska:

m 1 (1 +ny+1)
F,=Z(—2-] L(1+Fy) )
i=1

Pfi uvaZovani idedlni populace 1ze v naslednych ge-
neracich stanovit primérny koeficient pfibuzenské ple-
menitby. V generaci (n):

Fo=Ap+(1-Ap).F,_,; 3)
kde: Ar — nirust pfibuzenské plemenitby za generaci

1
Bp=sw @
kde: N — pocet jedincti v idealni populaci

Vzhledem k tomu, Ze Eetnost pohlavi nebyva shod-
n, je pfibliZna velikost populace vyjadiena efektivnim
poctem (N,):

1 1 1

N, ", ",

kde: Ne — efektivni velikost populace

N, — poet samci
Ny — poget samic

5)

Dosazenim do (4) lze pfiblizny narust primérného
koeficientu piibuzenské plemenitby v populaci stanovit
na zékladé poétu jedinct

1 1

AF_W.“S—]V/

Cilem této price je provéfit vzdjemné pribuznosti
nejen mezi jedinci, ale téZ mezi skupinami a roz¢lenit
stdda na zakladé pribuznosti do niZSich jednotek.

(6)

MATERIAL A METODA

Pro celou populaci kladrubskych koni (kaZdou dvo-
jici a kazdého jedince) jsou na zakladé (1) a (2) vypo¢-
teny koeficienty pfibuznosti a pribuzenské plemenitby
(Volenec et al., 1995). Vypocet pieklenuje obdobi
priblizné poslednich 250 let. Na zakladé vzdjemné pii-
buznosti jsou Zijici jedinci &lenéni do tfid za Gcelem
nasledné organizace plemenitby, kterd bude minimali-
zovat narist vzdjemné pfibuznosti.
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Rozbor pfibuznosti byl provadén uvnitf skupin zvi-
fat uvedenych v tab. I.

1. Clenéni do skupin pro rozbor pifbuznosti — Inclusion in groups for
genetic relationship analysis

Skupina' Sk(sls‘lo 2 Poéetls
piny pripadi
Klisny b&lky — hieb&in Kladruby? 1 67
Klisny bélky — zemsky chov® 2 29
Hfebci bélousi® 3 16
Klisny vranky — hfeb&in Slatiliany’ 4 65
Klisny vranky — zemsky chov® 5 58
Hfebci vranici’ 6 16
1+2 12 96
4+5 45 123
1+3 13 83
4+6 46 81
1+2+3 123 112
4+5+6 456 139
1+3+4+6 1 346 164

: group, 2gmup no., *number of cases, *white mares — Kladruby stud,
white mares — country, Swhite stallions, "black mares — Slatifiany
stud, *black mares — country, “black stallions

Jednotlivé skupiny zvifat (skupiny €. 1 aZ 1346) jsou
¢lenény na mensi jednotky pomoci procedury VAR-
CLUS (SAS 6.03, 1988). Ke ¢&lenéni jednotlivych sku-
pin dochézi postupné aZ na 8 dilCich jednotek, které
jsme si v metodickém postupu pfedem stanovili.

Pfibuzenské vazby mezi jedinci lze vysvétlit jako
korelagni koeficienty. Pro n jedinci lze sestavit n x n
tabulku korela¢nich koeficientl (korelaéni matice), kde
na diagondle jsou koeficienty pfibuzenské plemenitby
a mimo diagonélu koeficienty pfibuznosti.

Populace starokladrubskych koni je roz€lenéna na
diléi jednotky (tfidy) tak, aby rozptyl zapfi¢inén tiida-
mi &inil maximaélni podil na celkovém rozptylu. Je vy-
poéitan jako rozptyl prvni hlavni komponenty nebo

centroidni komponenty. To znamen4, Ze tfidy jsou se-
stavovany tak, aby uvnitf byla mezi jedinci pfibuznost
maximalni a mezi tfidami minimalni. Podobny meto-
dicky postup pouZil Vondracéek (1975) pri sesku-
povini ovocnych stromi.

V prvém kroku jsou vSichni jedinci zafazeni do jed-
né tfidy a tato je postupné d&lena. K rozdéleni dochazi
u té tiidy, kterd ma nejniZsi podil vysvétleného rozpty-
lu nebo nejvyssi hodnotu druhé hlavni komponenty.
Jedinci jsou pfi vybéru iterané pfifazovani do tfid a je
pocditana hodnota rozptylu, kterd je rovna prvnimu cha-
rakteristickému &islu matice plynouci ze soustavy rov-
nic

IA-A=0 (7
kde: A - vektor charakteristickych &isel matice

A - kovariaéni matice (pfibuznosti)

Vypocet je provadén dvéma zpusoby, a to pfi pouZi-
ti hlavnich a centroidnich komponent.

Vysledky obsahuji podil rozptylu vysvétleny tfidou,
hodnotu druhé hlavni komponenty, celkovy podil vy-
svétleného rozptylu u celého souboru a rozélenéni je-
dinct do tiid. U kazdého jedince je koeficient determi-
nace k vlastni tfidé a k dalSi nejbliZsi tfidé, koeficient
skore, ktery vyjadiuje standardizovany regresni koefi-
cient pfedpovédi tfidy danym jedincem, a sloZeni tiidy,
coZ je korelace jedince k vlastni tfidé a ostatnim jed-
notlivym tfidiam. Souhrnné je uvedena tabulka korelaci
mezi tiidami.

VYSLEDKY A DISKUSE

Jednotlivé skupiny podle tab. I jsou ¢lenény kaZda
postupné aZ na 8 tifid pomoci dvou metod. Podrobné
zde uvadime pouze Clenéni skupiny 456 (vSichni vra-
nici), a to na zdklad€ analyzy hlavnich komponent.
Skupina zahrnuje celkem 139 jedinci, z toho 16 hieb-
cl, 65 klisen v hiebinském chovu a 58 klisen v zem-
ském chovu.

Skupina je postupné rozdélovdna na tfidy. Postup
déleni je shrnut v tab. II.

I1. Podil vysvétleného rozptylu v zdvislosti na poétu tiid — Explained variance ratio in relation to the number of classes

Poet tiid! Rozpty! = Podil 5 NejmenEj podil ’ Nejvétsi hodnota dru;lé
vysvétleny tfidami vysvétleného rozptylu vysvétleny tfidou hlavni komponenty
| 18,31 0,122 0,122 4,08
2 21,83 0,146 0,140 2,75
3 24,05 0,160 0,155 2,39
4 26,20 0,175 0,155 1,95
5 28,05 0,187 0,164 1,90
6 29,94 0,200 0,166 1,56
7 31,46 0,210 0,166 1,45
8 32,82 0,219 0,185 1,36

'number of classes,  variance explained by classes, Jexplnined variance ratio, *the least ratio explained by class, shighest value of the second

principal component
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II1. Jednotlivé tfidy — Separate classes

Trida' Pocet jedinca? Rozptyl? Vysvétleny rozptyl* | Vysvétleny podil® E;:'n‘;fo:lr;:z
1 22 24,74 5,56 0,225 1,28
2 26 26,66 4,94 0,185 1,35
3 26 27,78 5,38 0,194 1,36
4 15 16,22 3,71 0,229 1,12
5 15 16,45 4,07 0,247 1,19
6 13 14,56 3,46 0,238 1,24
7 11 11,91 2,96 0,249 1,35
8 11 11,48 2,73 0,238 1,25

Iclass, >number of individuals, *variance, 4expluined variance, sexplnined ratio, ®second principal component

Délenim do tfid dochézi postupné ke zvySovéni po-
dilu rozptylu vysvétleného tfidami. Pfi osmi tfidach do-
séhl vysvétleny podil rozptylu 21,9 %. Soub&Zné klesla
hodnota maximalni druhé hlavni komponenty ve tfidé
ze 4,08 pfi jedné tfidé na hodnotu 1,36 pfi osmi tfidach
(pro tfidu s maximalni hodnotou). Mirné stoupl podil
vysvétleného rozptylu uvnitf kazdé tfidy, ktery doséhl
hodnoty minimalné 18,5 %. V piipad€, Ze by proce-
dura pokracovala v déleni do vétSiho poctu tfid, byla
by rozdélena tfida, ktera dosédhla nejniZ8i hodnoty vy-
svétleného rozptylu a nejvy3si hodnoty druhé hlavni
komponenty.

Jak ukazuje tab. III, je pocet jedinct v jednotlivych
tfidach 11 aZ 26. Podil vysvétleného rozptylu ve tiidé
kolis4 od 18,5 do 24,9 % a hodnota druhé hlavni kom-
ponenty od 1,12 do 1,36. Kdyby déleni do tfid pokra-
Covalo, byla by na zakladé€ uvedenych hodnot rozdélena
tfida 2 nebo tfida 3.

V tab. IV je uvedena jako piiklad ast z 22 jedinct
zafazenych do prvé tfidy. U kaZdého jedince je uvede-
na determinace k vlastni tfidé, determinace k dal3i nej-
bliZsi tfidé a pomér vyjadiujici pravdépodobnost chyb-
ného zafazeni.

Pro kazdého jedince je stanoven koeficient skore,
ktery vyjadfuje standardizovany regresni koeficient
predpovédi (reprezentativnosti) tfidy danym jedincem.
Priklad je uveden v tab. V. U jedinci A2 a A7, ktefi
patii do prvé tfidy, ma hodnotu 0,085 a 0,115. Zname-

V. Koeficient skére — Coefficients of score

1V. Jedinci zafazeni do prvé tfidy — Individuals included in the first
class

l Determinace? R? ;
Jedinec T N I;igg,:; » Pomér® | - R
A2 0,176 0,099 0,915
A7 0,295 0,100 0,784
Al6 0,039 0,020 0,980
Al8 0,317 0,101 0,760
A3S 0,158 0,074 0,910
Ad44 0,249 0,097 0,832

o ad e . . 3 .
'individual, 2determmutmn, 3to its own class, *to the second nearest
class, “ratio

na to, Ze jedinec A7 je lep§im zdstupcem své tiidy.
Z uvedenych jedincu jsou A3 a A6 ve tfidé 3, Al ve
tiidé 4, A4 a AS ve tiidé 6.

V tab. VI je uveden piiklad vztahu jedinci k jed-
notlivym tfidam. Jedna se o hodnoty korelacnich koe-
ficientd. Jak vyplyva z této tabulky, ma jedinec A2
korelaci ke své tfidé 0,419, coZ souhlasi s idajem de-
termina¢niho koeficientu R? = 0,176 v tab. IV.
K ostatnim tfiddm ma korelaci 0,190 aZ 0,314. Kromé
své vlastni tfidy ma nejtésnéjsi vztah ke tfidé 4. Hod-
nota korelace opét koresponduje s idajem R? =0,099
v tab. IV.

N Trida?
1 2 3 5 6 i 8

Al 0,000 0,000 0,000 0,142 0,000 0,000 0,000 0,000
A2 0,085 0,000 0,000 0,000 0,000 0,000 0,000 0,000
A3 0,000 0,000 0,013 0,000 0,000 0,000 0,000 0,000
A4 0,000 0,000 0,000 0,000 0,000 0,170 0,000 0,000
As 0,000 0,000 0,000 0,000 0,000 0,015 0,000 0,000
A6 0,000 0,000 0,093 0,000 0,000 0,000 0,000 0,000
A7 0,115 0,000 0,000 0,000 0,000 0,000 0,000 0,000

Yindividual, %class
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V tab. VII jsou uvedeny hodnoty interklasni korela-

ce vyjadfujici vztah mezi tfidami.

Primérna vzdjemn4 pfibuznost mezi jedinci uvnitf
tfid a mezi jedinci riznych tfid je uvedena v tab. VIIIL.

VI. Vztah jedincu ke tfidim — Relation of individuals to classes

V zévorkich jsou uvedeny smérodatné odchylky koefi-

cientd pfibuznosti uvnitf t¥id, které vyjadfuji, jak vza-

jemna pfibuznost mezi jedinci ve tfid& kolisa. Primé&r-
né piibuznost ve tfidé kolis4 od 0,155 ve tfid€ 2 do

Jedinec! D
| 2 3 4 5 6 7 8
Al 0,269 0,143 0,230 0,495 0,161 0,171 0,243 0,143
A2 0,419 0,202 0,252 0,314 0,234 0,271 0,286 0,190
A3 0,050 0,030 0,067 0,032 0,029 0,038 0,039 0,041
Ad 0,281 0,257 0,287 0,207 0,272 0,546 0,423 0,235
AS 0,036 0,021 0,035 0,024 0,021 0,053 < 0,029 0,022
A6 0,253 0,180 0,464 0,299 0,217 0,254 0,280 0,291
A7 0,543 0,243 0,292 0,235 0,268 0,318 0,264 0,212
lindividual, *class
VII Interklasni korelace mezi tfidami — Interclass correlations between the classes
Trda! 1 2 3 4 5 6 7 8
1 1,00 0,436 0,548 0,524 0,499 0,593 0,511 0,396
2 1,00 0,414 0,352 0,598 0,444 0,397 0,600
3 1,00 0,470 0,485 0,554 0,450 0,594
4 1,00 0,399 0,458 0,532 0,375
5 1,00 0,531 0,396 0,485
6 1,00 0,538 0,413
7 1,00 0,347
8 1,00
Iclass

VIII. Prim&€ma vzdjemna piibuznost uvnitf skupin a mezi skupinami vranikl — Mean relationship within the groups and between the groups

of black horses

T¥ida! 1 2 3 4 5 6 7 8
1 0,204 0,096 0,123 0,131 0,130 0,146 0,132 0,098
(0,064) (0,040) (0,043) (0,042) (0,034) (0,064) (0,039) (0,024)
2 0,155 0,082 0,078 © 0,136 0,096 0,090 0,129
(0,043) (0,035) (0,026) (0,027) (0,051) (0,046) (0,036)
3 0,164 0,105 0,113 0,122 0,104 0,130
(0,063) (0,042) (0,040) (0,050) (0,035) (0,054)
4 0,185 0,104 0,111 0,135 0,094
(0,044) (0,031) (0,053) (0,044) (0,038)
5 0,211 0,136 0,107 0,126
(0,035) (0,056) (0,030) (0,022)
6 0,177 0,137 0,101
(0,092) (0,060) (0,045)
7 0,186 0,089
(0,065) (0,030)
8 0,166
(0,059)
'class
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0,211 ve tfidé 5. Pramérn4 piibuznost mezi tfidami ko-
lisd od 0,078 mezi tfidami 2 a 4 do hodnoty 0,146 mezi
tfidami 1 a 6.

Stejnym zpisobem bylo postupovano pfi roztfidéni
jedinct v3ech skupin podle tab. I. Vysledky ziskané
pomoci obou metod (hlavnich a centroidnich kompo-
nent) se &astedné lidily, ale pfi podrobném rozboru pi-
vodu koni se ukazalo, Ze se jedna o jedince, jejichZ
roztfidéni bylo v podstaté moZné né€kolikerym zplso-
bem. Roztfidéni koni do tiid se vétSinou shodovalo
(pfedevsim u metody centroidnich komponent) se sou-
¢asnym taxonomickym ¢lenénim podle genealogickych
linii aZ postupné na skupiny potomki po jednotlivych
plemenicich.

Primérn4 pfibuznost mezi bé&lousi uvnitf tfid a mezi
tiidami (skupina 123) je uvedena v tab. IX. Rozbor
vzédjemné pfibuznosti viech jedinci v hieb&inech (sku-

pina 1346) je uveden v tab. X. Z tabulky je vidét, Ze se
skupiny rozpadaji do blokl, kdy uvnité blokd (podle
barevné varianty) jsou mezi tfidami vyssi pfibuznosti
a mezi bloky (mezi barevnymi variantami) je mezi tfi-
dami pfibuznost prakticky desetkrat mensi.

ZAVER

Pro zafazovéni jedinci do tfid podle vzdjemné pfi-
buznosti je moZné vyuZit metod vicerozmérné analyzy.

Mezi bélousi a vraniky je nizké pfibuznost, coZ do-
kumentuje, Ze kaZd4 barevnad varianta byla v historii
§lechténa prakticky nezéavisle.

P¥ibuznost mezi jedinci a mezi tfidami uvnitf a mezi
barevnymi variantami dovoluje organizovat ¥lecht&éni
bez imigrace cizich genu.

IX. Prim&rnd pfibuznost uvnitf a mezi tfidami b&lousi — Mean relationship within and between the classes of white horses

Ttida! 1 2 3 4 5 6 7 8 jel;?:::#
1 0,247 0,132 0,097 0,065 0,135 0,163 0,087 0,130 12
2 0,217 0,084 0,080 0,127 0,114 0,084 0,109 29
3 0,160 0,048 0,099 0,095 0,067 0,085 18
4 0,129 0,066 0,063 0,040 0,067 15
5 0,173 0,122 0,092 0,123 11
6 0,213 0,090 0,133 10
7 0,163 0,081 7
8 0,167 10
!class, number of individuals
X. Primé&rné piffbuznost viech konf v hfeb&inech — Mean relationship of all horses on studs
Thda'| 1 2 3 4 5 6 7|8 9 10 1 12 13 14 15 16 | Fo,
jedinciy
1 0,178 0,113 0,106 0,147 0,082 0,153 0,117 0,025 0,013 0,015 0,015 0,048 0,018 0,014 0,018 0,039 13
2 0,197 0,092 0,123 0,073 0,118 0,121 {0,027 0,014 0,015 0,016 0,041 0,019 0,014 0,019 0,036 28
3 0,185 0,108 0,073 0,118 0,105}0,019 0,010 0,011 0,012 0,038 0,014 0,011 0,016 0,026 15
4 0,238 0,072 0,148 0,123 {0,031 0,014 0,017 0,017 0,049 0,021 0,018 0,020 0,035 13
5 0,190 0,080 0,093]0,016 0,008 0,010 0,010 0,024 0,012 0,009 0,012 0,022 6
6 0,250 0,146 | 0,022 0,011 0,013 0,013 0,043 0,016 0,011 0,014 0,038 5
7 0,174 0,031 0,016 0,019 0,021 0,048 0,023 0,019 0,029 0,039 6
8 0,208 0,104 0,128 0,139 0,117 0,156 0,168 0,168 0,109 12
9 0,157 0,078 0,134 0,090 0,102 0,138 0,107 0,056 17
10 0,181 0,102 0,085 0,158 0,106 0,132 0,117 11
11 0,223 0,101 0,115 0,149 0,149 0,071 11
12 0,170 0,108 0,088 0,137 0,075 7
13 0,212 0,125 0,164 0,105 8
14 0,259 0,134 0,065 4
15 0,231 0,073 5
16 0,217 3

!class, *number of individuals
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RECENZE

KUN VE SLUZBACH CLOVEKA (STREDOVEK)

Jaromir DusSek

Praha, Apros — Natural. 262 s.

V posledni dobé se nas kniZni trh rozsifil o nékolik
hipologickych tituld, pfevazné prekladu publikaci za-
hrani&nich autori. O to vice je tedy nutné pfivitat
publikaci doméciho autora. Je jim doc. Ing. Jaromir
Dusek, DrSc., dlouholety dfivéjsi feditel byvalé Vy-
zkumné stanice pro chov koni ve Slatifianech, hipolog,
ktery v tomto oboru pracoval cely Zivot. I kdyZ se
svou ¢innosti vénoval hlavné vyzkumu, a to v mezina-
rodnim méfitku, ve zmifiované knize se autor pohrou-
Zil do historie a pfina3i tak poznatky, které jsou pro
dnesni generaci zajemcu o chov koni jinak téZko do-
saZitelné.

Z autorova pfipravovaného triptychu , Kuii ve sluz-
bach lidstva® vySel jiZ dfive (1983) ,Starovék", nyni
byl s odstupem &asu vydéan druhy dil, ktery je zaméfen
na stfedovék. Autor rozvrhl latku do nékolika tematic-
kych okruhii. V prvnim seznamuje tendfe s vyvojem
chovu koni v jednotlivych evropskych zemich, pfi¢emz
udaje stavi do historickych souvislosti. Rozbor rozvoje
sttedovékého chovu koni je doloZen Cetnymi udaji, kte-
ré jisté znacné obohati studium fylogeneze Cetnych ple-
men. Velmi propracovand je obsaZnd ast o stfedové-
kych turnajich a obecné o dobé rytiiské, ve které je
velmi poucny systém téchto zapoleni, v nichZ méli ko-
né tak znaény vyznam. Rovné&Z nésledné kapitoly
o kultu Zen (vznikajici tzv. mariansky kult), o vyuZiti
koni v lovectvi, ve svétském a cirkevnim ceremonialu,
v dopravé, poselské sluzb& a v zemé&délstvi, o mistrech
jezdeckych $kol, o chovech na panskych dvorech
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a chovech klasternich a o vyuZiti koni ve vojenstvi jsou
velmi obsazné a pou¢né. Samostatny vyznam mé kapi-
tola zabyvajici se motivy koni v pojeti stiedovékych
umélci v&etné hodnoceni jejich typu, kterou velmi
vhodné dopliiuji reprodukce krasnych rytin a jezdec-
kych soch, provazejici cely text knihy.

Je trochu $koda, Ze publikace v rozsahu 262 stran je
vybérem z podstatné obsaZnéj§iho rukopisu. I tak je
zachovéno zpracovani v $ir§im kontextu hipologickych,
kulturnich a historickych souvislosti a publikace je
cennym piinosem nasi hipologii a poskytuje tak v Siro-
kém spektru informace pro mladou nastupujici generaci
zdjemci o chov koni. Autor ve svych pracich Casto zdi-
raziiuje vyznamny piinos eské hipologii prof. MUDr. et
PhDr. Franti¥ka Bilka, ktery syntetizoval zootechniku
a zvlasté hipologii s kulturou a historii. V téchto inten-
cich se autor knihy snaZi pfispét ke zkulturnéni soucas-
ného chovu rozsihlym souborem poznatki o dfivéj$im
chovu koni. V souvislosti s jeho dal§imi historicky za-
méfenymi publikacemi chce tak pfipomenout v nyné&;si
az prili§ uspéchané dobé, Ze nasi pfedkové byli odborné
na vysi a Ze i dfivéjSi empirické poznatky byly zakla-
dem dne$niho rozvoje chovu koni. Tento zdmér se au-
torovi jisté plné zdafil. Kniha ,,Kuf ve sluzbach ¢lové-
ka (stfedovék)“ je napsdna poutavé, zajimavé a Ctive,
velmi dobra je také redakéni dprava véetné pusobivé
grafické tpravy. Vydalo ji nakladatelstvi Apros — Na-
tural, RubeSova 10/83, 120 00 Praha 2, a jeji cena
95 K¢ ji ¢ini velmi dostupnou.

Ing. Jan Navrdtil, CSc.
Ceskd zemédélskd univerzita, Agronomickd fakulta, Praha
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GENETIC ANALYSIS OF THE CROATIAN TRAKEHNER
AND POSAVINA HORSE BREEDS

GENETICKA ANALYZA TRAKENSKYCH KONI CHOVANYCH
V CHORVATSKU A KONI PLEMENE POSAVINA

E. G. Cothran', M. Kova&®

lUm‘versity of Kentucky, Department of Veterinary Science, Lexington, KY, USA
2The Posavina Horse Breeders Association of Croatia, Desno Trebarjevo, Croatia

ABSTRACT: Genetic marker analysis was performed on 98 Posavina horse and 16 Trakehner horse blood samples from
Croatian populations. All samples were tested for genetic types at seven red blood cell alloantigen (blood group) loci and ten
biochemical genetic loci. The results were analyzed to determine genetic variability levels within the breeds and to examine
genetic relationships of the horse breeds from Croatia with other breeds of domestic horses. Genetic variability within the
Trakehner horse was relatively low compared to the mean for domestic horses. Mean unbiased expected heterozygosity for
87 populations of domestic breeds was 0.442 (STD = 0.045) compared to 0.398 for the Trakehner horse form Croatia. In
contrast, genetic variation in the Posavina horse was relatively high with an unbiassed expected heterozygosity of 0.495.
Comparisons of observed and expected heterozygosity within both breeds showed no evidence of inbreeding. Here we reported
on gene marker frequencies for the Posavina horse and Trakehner horse from Croatia and genetic resemblance of these horse
breeds to other domestic breeds as estimated by restricted maximum likelihood techniques.

horse; breeds; Trakehner horse; Posavina horse; genetic variation; genetic similarity; conservation

ABSTRAKT: Na vzorcich krve od 98 posavskych koni a 16 trakénskych koni z chorvatské populace byla provedena analyza
genetickych markert. VSechny vzorky byly testovany na genetické typy na sedmi lokusech alloantigenu (krevni skupiny)
&ervenych krvinek a na deseti biochemickych genetickych lokusech. Analyza vysledki slouZila ke stanoveni hladin genetické
variability uvnitf plemen a ke studiu genetické pfibuznosti plemen koni z Chorvatska s ostatnimi plemeny domaécich koni.
Ve srovnani s primérem domadcich koni byla geneticka variabilita uvnitf plemene trakénsky ki relativng nizkd. Primérna
nezkreslend ofekavand heterozygotnost pro 87 populaci doméacich plemen byla 0,442 (STD = 0,045) ve srovnini s hodnotou
0,398 pro trakénského koné& z Chorvatska. Naproti tomu genetickd variabilita posavského koné& byla relativné vysoké pfi
nezkreslené o&ekavané heterozygotnosti 0,495. Srovnani zjiSténé a ofekdvané heterozygotnosti uvnitf obou plemen neproka-
zalo pfibuzenskou plemenitbu. V praci uvadime frekvence genetickych markerti pro posavského koné a pro trakénského koné
z Chorvatska a genetickou podobnost téchto plemen koni s ostatnimi doméacimi plemeny, odhadnutou metodami omezené
maximdlni vérohodnosti.

kuii; plemena; trakénsky kuii; posavsky kuii; geneticka variabilita; genetickd podobnost; zachovani plemene

INTRODUCTION

The preservation of genetic variability within
a breed is a central concept of conservation of rare
breeds of domestic livestock species. Rare breeds are

particularly susceptible to loose of genetic variation -

due to small population size. Genetic variation within
a breed can be divided into two components: a) popu-
lation genetic diversity, b) individual genetic variance.

Reduction of the populational genetic diversity can
result in the loss of long term adaptability and survival
probability of the breed. Loss of individual variation,
mainly due to inbreeding, can cause a reduction in in-
dividual fertility and viability.
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Here, we report on the genetic variation of two
breeds of horses from Croatia. One breed, the
Trakehner, is found in many countries but has a small
population size in Croatia. The other, the Posavina, is
indigenous to Croatia.

The history of the Posavina is intimately tied to the
history of Croatia. When the Croats settled what is now
Croatia they brought with them horses of Asiatic ori-
gins (Croats settled present area from the region of the
river Dnjepar). When they arrived, they encountered
the domesticated horses already inhabiting this area
which included horses of Persian, Illyian, Celtic, Ro-
man and Gothic origins. Later, there was input of
horses of Hunnish and Hungarian origins and also
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oriental stock from Turkey likely had an influence for
300 to 400 years. Through the centuries, crosses of
these diverse horses developed into the ancestors of the
Posavina. In the 18th and 19th centuries there was
Spanish and Italian horse influence and also in the 19th
century an influence of the English horses on the land-
owner farms. Finally, in the 19th century as well, there
came the influence of the heavy northern European
horses that have had aprimary impact on the modern
Posavina breed. An integral part of the development of
the Posavina was the way it was used by man. With
pasture breeding and continual exposure to the environ-
ment it lived in, it became well adapted to the region
it inhabited. Today the Posavina horse is a medium to
heavy weight work horse with a height of 148-152 cm
in males and 142-148 cm in females. In profile, its
head is noble and dry with prominent eyes. The neck
is normally set, strong, relatively short and well shaped.
The chest is strong and the fundament relatively dry
with a short cannon and correct posture and a broad,
flat and short hoof. The body is compact and firm with
a general rectangular shape. The common colors are
bay, dark bay, black and gray.

MATERIAL AND METHODS

Ninety-eight Posavina and sixteen Croatian
Trakehner horses were examined for genetic variation.
Blood was collected by venipuncture into 10 cc eva-
cuated collection tubes, two tubes per horse. One tube
contained the anticoagulant acid-citrate-dextrose
(ACD) from which red blood cells (rbcs) were ob-
tained. The other tube had additives and was used for
a source of serum.

Standard immunological procedures involving he-
magglutination and complement mediated hemolysis
(Stormont, Suzuki, 1964; Stormont et al.,,
1964) were used to detect variation of red cell alloan-
tigens at seven blood group loci. Starch and
polyacrylimide gel electrophoresis and isoelectric
focussing were used detect variation at 10 serum and
red cell lysate protein loci (Braend, 1973; Sand-
berg, 1974; Juneja et al, 1978; Braend, Jo-
hansen, 1983; Pollitt, Bell, 1980).

The loci examined were the A, C, D, K, P, Q and
U horse blood group loci and the protein loci were
alpha-1-beta glycoprotein (AIB), albumin (Al), serum
esterase (Est), vitamin D binding protein (Gc), glu-
cosephosphate isomerase (GPI), alpha-hemoglobin
(Hb), 6-phosphogluconate dehydrogenase (6-PGD),
phosphoglucomutase (PGM), protease inhibitor (Pi) and
transferrin (Trf) loci. Nomenclature for variants at all
17 loci was in accord with internationally standardized
usage for horses (Bowling, Clark, 1985; Bowl-
ing, Ryder, 1987) except for variants at some loci
which have not yet received international recognition.

Gene frequencies for biochemical loci were calcu-
lated by direct count. Frequencies of alleles at blood
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group loci were calculated by the allocation method
(Andersson, 1985). Genetic variation was mea-
sured as observed heterozygosity (Ho), Hardy-Wein-
berg expected heterozygosity (He), unbiased expected
heterozigosity (Hu) (Nei, 1978), effective number of
alleles (ENA), and the total number of variants found
in each population (TNV). Ho was calculated for bio-
chemical loci only because of the presence of recessive
alleles and/or ambiguous genotypes at blood group
loci. Therefore, for direct comparison, He and Hu were
calculated only for biochemical loci (in an ideal popu-
lation, He (Hu) should equal Ho). In addition, popula-
tional inbreeding level was estimated by Wright’s Fis =
1 — (Ho/He). Values of genetic variation of the Croatian
horses were compared to those of 85 additional domes-
tic horse populations that have been tested at the Uni-
versity of Kentucky. Genetic relationship (genetic simi-
larity — S) of the Croatian breeds to these other
domestic breeds were investigated using Rogers’
(1972) genetic similarity coefficient (S) and restricted
maximum likelihood analysis (RMS: Felsenstein,
1989) was used to construct the dendrograms of Figs. 1
and 2.

RESULTS AND DISCUSSION

Gene frequencies for the Croatian Trakehner and
Posavina are given in Tabs. I and II while genetic vari-
ability measures for two breeds from Croatia and other
selected breeds are shown in Tab. III. Mean values for
domestic breeds are also given.

Genetic variation for Croatian Trakehners was be-
low the mean for domestic breeds but slightly above
that for Trakehners from the United States except for
TNV and ENA. The difference in TNV and ENA
(Tab. III) between the two Trakehner populations most
likely was due to sample size differences.

Genetic variability for the Posavina was relatively
high. Of the 87 populations of domestic breeds that
have been examined, only 14 have higher values of Ho
than the Posavina. The Posavina has particularly high
allelic diversity, that is, the number of genetic variants
present and the effective number of alleles. The ENA
of the Posavina is second only to the Chilean Criolo of
all the breeds tested to date.

The Posavina horse has a few variants that are un-
common in virtually all horse breeds (Pi-V, Pi-O, Tf-G
and P-a). Pi-V is primarily found in horses of Iberian
descent but it also is found in the Konik and Hucul and
thus may be from the Tarpan. The same is true of Pi-O.
The Tf-G and P-a are mainly associated with pony
breeds.

Tab. IV shows average genetic similarity of the
Croatian Trakehner and Posavina to major groupings of
horses. These groupings are based upon the genetic
relationship among the horse breeds.

The Croatian Trakehner has its highest similarity to
US Trakehner (S = 0.885). The highest mean similarity
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Genetic marker frequencies for the Croatian Trakehner horse (n = 16)

Bioch I loci
Tf AlB Al Ge Est GPI Hb “6PGD PGM Pi
D 0250 F 0031 A 0219 F 009 | F 0.063| I 1.00 BI 0594 F 0500| S 1.00 F 0.094
Fl1 0125 K 0969| B 0781 S 0.09| G 0.031 BIT 0406 ( S 0.500 I 0031
F2 0.281 I 0906 L 0406
H2 0.031 N 0.031
O 0250 R 0.063
R 0.063 S 0.094
U 0.281
Blood group loci
A HBGL C HBGL D HBGL K HBGL P HBGL Q HBGL U HBGL
adf 0.565 a 0.970 dk 0.188 a 0099 | ac 0536 abc 0.134 a 0293
adg 0.065 - 0.030 dghm 0313 - 0901 ad 0229| c 0.116 - 0707
b 0.156 bem 0.031 d 0.004| - 0.750
bc 0.031 cgm 0.406 - 0232
bee 0.063 cegimn 0.063
- 0.120
HBGL = horse blood group locus
II. Genetic marker frequencies for the Posavina horse (n = 98)
Biochemical loci
Tf AlB Al Ge Est GPI Hb 6PGD PGM Pi
D 0103 K 0939| A 0418 F 0760 F 0.199| F 0010| AII 0005 F 099 | F 0291| G 0.042
E 0031 S 0061 B 0582 S 0240| G 0260| I 0949 | BI 0633 § 0010 S 0709| H 0.036
F2 0309 I 0510| S 0041 | BII 0362 I 0.151
G 0.041 L 0.031 J 0.010
H2 0.144 K 0.026
O 0119 L 0.177
R 0253 L2 0.026
N 0.130
0 0.026
P 0.031
R 0.099
S 0178
T 0.031
U 0.016
VvV 0.021
Blood group loci
A HBGL | CHBGL D HBGL K HBGL | P HBGL Q HBGL U HBGL
adf 0321 | a 0470 ad 0.229 a 0005| a 0023 abc 0.032 a 0.339
ads 0.053 | - 0530 dn 0.016 - 0995 ac 0320 b 0.038 - 0.661
a 0018 dk 0.081 ad 0.243 c 0.218
b 0.109 dghm  0.094 b 0.007 - 0.712
bc 0.036 de 0.138 bd 0.114
bece 0.029 deo 0.070 d 0.031
b- 0434 dek 0.018 - 0262
bem 0.052
cgm 0.276
cegimn  0.026
HBGL = horse blood group locus
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T11. Genetic variability measures for two horse breeds of Croatia, other selected domestic horse breeds and the mean values for 87 domestic

horse breeds

Breed N Ho He Hu TNV ENA Fis

Posavina 98 0.418 0.427 0.429 76 2.873 0.020
Trakehner (Croatia) 16 0.338 0.324 0.334 52 2.122 -0.043
Trakehner (USA) 42 0.324 0.313 0.317 58 2.241 -0.033
Quarter horse 190 0.396 0.394 0.395 93 2.681 -0.007
Thoroughbred 265 0.294 0.288 0.289 64 2.009 -0.019
Arabian 121 0.308 0.326 0.328 63 2.132 0.058
Andalusian 140 0.347 0.362 0.364 75 2.508 0.043
Lipizzaner 44 0.334 0.323 0.326 64 2.324 -0.036
American Saddlebred 262 0.404 0.409 0.410 96 2.625 0.013
Morgan horse 30 0424 0.407 0414 84 2334 -0.042
Standardbred pacer 324 0.401 0.395 0.395 85 2.142 -0.016
Standardbred trotter 315 0.398 0.393 0.394 68 2.153 -0.012
Belgian draft 29 0.451 0414 0.422 71 2.799 -0.087
Clydesdale 41 0.327 0.322 0.326 54 2.125 -0.018
Haflinger 164 0.400 0412 0.413 69 2.704 0.028
Percheron 82 0.397 0.400 0.402 68 2.693 0.007
Polish Heavy horse 204 0.391 0.386 0.387 78 2.564 -0.012
Suffolk Punch 85 0.448 0.430 0.431 61 2.489 -0.042
Dartmoor pony 32 0.399 0.413 0.420 67 2.526 0.033
Hackney pony 39 0.320 0.340 0.344 59 2.410 0.059
Shetland pony 38 0.416 0.461 0.470 65 2.809 0.097
Welsh pony 48 0.424 0.393 0.397 74 2.629 -0.079
Domestic horse mean 87 0.373 0.364 0.371 64 2.391 -0.025

IV. Average genetic similarity (S) of the Croatian Trakehner and Posavina to major groupings of horses. These groupings are based upon

the genetic relationship of horse breeds

Pimsd gemniog N Posavina horse Croatian Trakeh
mean standard deviation mean standard deviation

Thoroughbred type breeds 12 0.792 0.035 0.845 0.047
Arabian and oriental breeds 15 0.804 0.035 0.816 0.033
Old World Iberian type breeds 7 0.807 0.038 0.752 0.052
New World Iberian type breeds 9 0.834 0.042 0.758 0.041
North American gaited breeds 9 0.826 0.024 0.810 0.022
Draft breeds 10 0.863 0.040 0.751 0.031
Pony breeds 10 0.825 0.027 0.759 0.037

it has to breeds related to the Thoroughbred. The RMS
analysis produced a tree that shows the Trakehner in
a cluster that includes the Thoroughbred, Wielkopolski
(a Polish crossbred with considerable Thoroughbred
blood), and the Holstein (Fig. 1). Only the Thorough-
bred branch of the entire RMS tree of 64 breeds is
shown here.

The Posavina has its highest mean § with the draft
breeds, as would be expected by its physical charac-
teristic. It showed its closest relationship (among the
draft breeds tested) to the Polish Heavy horse (Fig. 2).
The association with the Polish Heavy horses is the

210

most likely geographic rather than a direct relationship.
The Polish Heavy definitely has a Hucul in its make up
and this represents Tarpan ancestry. As indicated
above, there is at least some suggestion that the Posa-
vina could have a strong Tarpan component. There most
likely is direct ancestry with Tarpan but, of course, we
can not test that directly as the Tarpan is extinct. Also
note the relatively high similarity values for the pony,
New World Gaited and New World Iberian breeds.
This reflects western European influence as opposed to

- oriental influence. These results are based on the breeds

of horses that we have samples for, and other breeds
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BELGIAN HALFBLOOD

SELLA FRANCAIS

HANOVERIAN

HOLSTEIN

THOROUGHBRED

WIELKOPOLSKI

TRAKEHNER

1. Portion of a RML dendogram showing the genetic association of
the Trakehner to horse breeds related to the Thoroughbred

that we have not tested may be more closely related to
the Posavina.

Genetic variability of the Croatian Trakehner popu-
lation is at a level that causes some concern relative to
conservation. Both individual and populational esti-
mates of variation are low for horses. The breed as
a whole also has relatively low genetic variation, how-
ever, the world wide population probably contains ad-
ditional variation not seen in the Croatian sample and
is not at immediate risk. The actual number of
Trakehners in Croatia is about 60 with 18 breeding
females and only three breeding males. The Croatian
population should be monitored if there is no opportu-
nity to import Trakehners from other countries. It
should be noted that although overall genetic variation
is low, there is no evidence of inbreeding as estimated
by Fis. The negative value indicates negative inbreed-
ing. However, for reasons that are not yet fully under-
stood, small populations of horses tend to show nega-
tive Fis value.

The Posavina shows high genetic variation. The
levels of variation suggest that the breed has diverse
origins but the overall pattern of variation indicates it
now exists as a distinct breed. There is no immediate
concern about loss of genetic variation if reasonable
breeding practices are maintained. This means using as
many stallions as are acceptable to breed standards in
breeding and not overusing particular stallions. Genetic
variation can be lost very quickly in small populations,
and the Posavina does have a small population. The
current number of the Posavina horses is about 2 000
with about 700 breeding mares and 20 stallions. The
breed should be closely monitored to ensure there is no
rapid erosion of genetic variation. The Posavina ap-
pears to be a good example of the type of indigenous
breed that should be conserved to maximize the genetic
diversity of species.
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HACKNEY PONY

!_—_——__ SHETLAND PONY
MINIATURE HORSE

GOTLAND HORSE
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EXMOOR PONY

POLISH HEAVY DRAFT
HAFLINGER
PERCHERON
HIGHLANDER PONY

SHIRE

CLYDESDALE
DALES PONY

2. Portion of a RML dendogram showing the genetic association of
the Posavina to heavy draft horse and pony breeds

CONCLUSION

The point of our research was to determine the ge-
netic variability, genetic similarity and conservations
status of the Posavina and Croatian Trakehner horse
breeds.

Trakehner horse in Croatia is very similar geneti-
cally to the US Trakehner breed. Cluster analysis
placed the Trakehners within a group that contained the
Thoroughbred and other breeds closely to the Thor-
oughbred. The Trakehner horse breeders in Croatia due
to the population size and known available genetic ma-
terial (number of males) should consider the import of
few genetic materials into their population. Also, im-
proved work on maintaining genetic variability at
Trakehner horse population in their Croatian environ-
ment should be developed.

The Posavina horse was clustered with the draft
horses and showed the closest resemblance to the Pol-
ish Heavy horse. The Posavina shows a good genetic
performance and appears to be a homogeneous, distinct
breed but the data do not give precise information
about purity of breed. The genetic data do give an in-
dication that the Posavina is not a group of disjunct
subpopulations, but a single interbreeding unit. It ap-
pears to fit the definition of a breed quite well. In re-
lation to genetic conservation programmes, population
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trends (Simon, Buchenaur, 1993; WWL-DAD,
FAO, 1993), phylogenetic relationship and heritage
(cultural and biological importance) we have a human
duty to preserve this breed and we must develop a man-
agement effort to save this breed in its native area.
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VLIV DAVKY PMSG NA MNOZSTVI A KVALITU EMBRYI
U PRASNIC A PRASNICEK

THE EFFECT OF PMSG DOSE ON EMBRYO NUMBER AND QUALITY
IN SOWS AND GILTS

J. Riha', J. Vejnar?, L. Cunat’

'Research Institute for Cattle Breeding, Ltd, Rapotin, Czech Republic
2Training Farm of the Secondary Agricultural School at Doudleby nad Orlici, Czech Republic
3National Breeding Enterprise, Praha, Czech Republic

ABSTRACT: Superovulation in donors is an important factor influencing embryo recovery. Numerous authors agree on the
fact that combined applications of PSMG, HCG or LHRH preparations are the best superovulation treatment of sows. A trial
was conducted on three groups of sows-donors and one group of gilts. Sows received a diet with Regumate (Hoechst) for
18 days (group 1) or for 17 days (groups 2 and 3). After Regumate feeding had terminated, the donors were administered
i.m. PMSG (Serum gonadotropin, Bioveta, Ivanovice in Hand) at doses of 1 500 i.u. (group 1, n = 4), 2 000 i.u. (group 2,
n = 10) and 2 500 i.u. (group 3, n = 9) in 24 hours while they received a dose of 500 i.u. HCG (Praedyn, LéCiva Praha) in
another 72 hours. Two to four inseminations with fresh semen were executed on the next two days (the first in 24 hours after
HCG application, and then in 12-hour intervals until estrus termination — until disappearance of standing reflex). Surgical
interventions were made to recover embryos on the fourth day after the 1st insemination. Uterine horns (about 30 cm) and
oviducts were flushed in a descendent order using a Foley catheter. The flushing was taken into a 100ml NTS bottle and
stored at a temperature of about 25 °C. Embryos were isolated and subjected to morphological evaluation under a stereomic-
roscope, followed by cultivation in a complex conditioned medium H-MEMD or M 199 with 20% of fetal calf serum until
further use. A total of 15.5 transferable embryos were recovered from four donors (91.2% out of the recovered ones); 14.2
transferable embryos (82.5% out of the recovered ones) were obtained from 10 donors of group 2; nine donors of group 3
produced 12.8 transferable embryos (39.3% out of the recovered ones), which is significantly less than in the two preceding
groups (P < 0.01). The trial also included 70 clinically healthy nulliparous gilts of the Czech Expressly Meat breed at the age
of about 8 months and weight 120-130 kg. These donors received the preparation Evertas-P Lonza Koufim at a dose of 0.150 g
per 2.5 kg feed mash per head/day for 15 days. Twenty-four hours following the last application of Evertas-P the donors received
an i.m. application of 1 000 i.u. of PMSG (Serum gonadotropin, Bioveta, Ivanovice in Hand). An i.m. application of HCG
(Praedyn, Lé&iva Praha) followed in 76 hours. To make the date of insemination and ovulation more accurate the donors were
administered i.m. the preparation LHRH in the speciality Supergestran at a dose of 1 ml (i.e. 25 pg lecirellin) in 92 hours after
PMSG. The gilts were inseminated with homosperm insemination doses when the standing reflex was revealed, reinsemination
took place in 12 to 18 hours after the first insemination. Embryos were recovered post mortem on day 5 after the first
insemination by flushing the prepared uterine horns and using Krebs-Ringer phosphate at a dose of ca. 40 ml per horn. Positive
reactions of ovaries to the stimulating procedure were observed in 64 gilts (91.4%) with the total average production of 17.66
+9.28 CL, i.e. 16.1 CL per treated donor. Total post mortem recovery on average amounted to 12.64 * 7.88 embryos (71.6%),
out of them 9.08 + 8.83 were transferable embryos (71.9% out of the recovered ones). The number of unfertilized oocytes and
degenerated embryos was approximately the same (1.67 * 2.40 and/or 1.89 + 3.20; 13.2 and/or 14.9%). The effect of estrus
signs and intensity on stimulation and embryo recovery was examined in 33 donors. The animals with expressive signs of estrus
produced almost a twofold number of recovered and transferable embryos (10.5 and 8.0 versus 5.2 and 4.7, Tab. III).

sow; gilt; reproduction; superovulation; embryo; estrus

ABSTRAKT: Experiment byl proveden u tfi skupin darkyi-prasnic a jedné skupiny prasniek. U prasnic byl zkrmovan
Regumate (Hoechst) 18 dni (1. skupina), resp. 17 dni (2. a 3. skupina). Za 24 hodin po ukonéeni zkrmovini Regumate bylo
déarkynim i.m. aplikovano 1 500 m.j. (1. skupina), 2 000 m.j. (2. skupina) a 2 500 m.j. (3. skupina) PMSG (Sérovy gonado-
tropin, Bioveta, Ivanovice na Hané) a za dalSich 72 hodin 500 m.j. HCG (Praedyn, Lé&iva Praha). V nésledujicich dvou dnech
byly provedeny 2 aZ 4 inseminace (prvni 24 hodin po HCG a potom ve 12hodinovych intervalech do skonéeni fije — reflexu
nehybnosti) ¢erstvym semenem. Odbér embryi byl proveden chirurgicky 4. den po 1. inseminaci. D&loZni rohy (asi 30 cm)
a vejcovody byly proplachnuty descendentné doplnénym Krebs-Ringer fosfatem pfes Foley katetr. VyplaSek byl jiman do
100ml NTS ldhve a uchovén v teploté okolo 25 °C. Embrya byla izolovdna a morfologicky hodnocena pod stereomikrosko-
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pem a kultivovana v komplexnim kondiciovaném médiu H-MEMD nebo M 199 s 20 % fetélniho teleciho séra do daliiho
pouZiti. Dile bylo pouzito 70 klinicky zdravych nulliparnich prasni¢ek plemene &eské vyrazné masné ve véku cca 8 mésicl
a hmotnosti 120 a% 130 kg. Dérkynim byl podavén Evertas-P Lonza Koufim v déavce 0,150 g v 2,5 kg krmné smési na kus
a den po dobu 15 dni. 24 hodin po posledni divce Evertasu-P bylo darkynim i.m. aplikovano 1 000 m.j. PMSG. Za 76 hodin
nasledovala i.m. aplikace HCG v davce 500 m.j. Pro zpfesnéni terminu inseminace a ovulace byl darkynim i.m. aplikovan za
92 hodin po PMSG (16 hodin po aplikaci HCG) preparat LHRH ve specialité Supergestran v ddavce 1 ml (tj. 25 pg lecirelinu).
Prasni¢ky byly inseminovany homospermnimi inseminaCnimi davkami pfi zjiSténi reflexu nehybnosti, reinseminace byla
provedena za 12 az 18 hodin po 1. inseminaci. Ziskdvéani embryi bylo providdéno post mortem 5. den po 1. inseminaci
vyplachem vypreparovanych déloZnich rohti doplnénym Krebs-Ringer fosfitem v mnoZstvi cca 40 ml na roh.

prasnice; prasnitka; reprodukce; superovulace; embryo; fije

UvoD

Superovulace a kvalita ziskanych embryi jsou velmi
duleZitymi faktory v usp&$nosti metody pienosu em-
bryi. Cilem predkladané price je zhodnotit vysledky
stimulace prasnic-darkyii embryi pfi pouZiti riznych
davek séra brezich klisen — PMSG a kvalitu laparoto-
micky a post mortem ziskanych embryi.

Pfesné kontrola pohlavniho cyklu a ovulace u pras-
nic je nutnou podminkou pro zisk dostateéného poétu
oplozenych vaji¢ek a embryi v ranych vyvojovych sta-
diich (Dzuik et al., 1986).

Jako vhodny prostfedek kontroly estru a ovulace
u ‘prasnifek se ispéSné zaCala pouZivat peroralni apli-
kace progestani (zinkmetallibur, altrenogest, oxolven,
trenbolon) pfi synchronizaci pohlavniho cyklu prasat
(Webel, 1976; Schlieper, Holtz, 1984;
Ebert et al, 1988; Pursel et al.,, 1987 a dalsi).
Vyhodu aplikace téchto pfipravki spatfuji autofi
v tom, Ze oSetieni zvifat je moZné zacit v libovolny den
pohlavniho cyklu zkrmovanim 15 aZ 20 mg pfipravku
na kus a den po dobu 18 dni. SniZi se rist folikuli
a v 8. dni po ukonéeni zkrmovéni u 90 % zvirat nastu-
puje folikuldrni aktivita; harmonizuji se pochody na
ovariich a synchronizuje se pohlavni cyklus.

Polge etal. (1968)a Jin et al. (1991) doporuduji
jako vhodny prostiedek kontroly estru a ovulace u pras-
ni¢ek pfidavani ptipravku zinkmetallibur (1 mg/kg Zivé
hmotnosti) do krmiva po dobu 20 dni, tj. asi 100 mg
na prasnici a den. Metallibur je nesteroidni odvozeni
od hydroxinu. Zabrafiuje syntéze a vyluCovani foliku-
lostimulujiciho hormonu z hypofyzy bez vyvoléni ne-
pfiznivych efektli na vaje¢nicich. Metallibur podavany
v potravé ma progestagenni G¢inek a po skonéeni jeho
zkrmovéni nastupuje synchronizovany vyskyt estru ve
vysokém stupni.

Polge etal. (1968) poukazuji na vysokou efektiv-
nost pouZiti pfipravku metallibur v kombinaci s exo-
gennimi gonadotropiny pfi kontrole ovulace.

Piipravek se stejnymi uéinky jako zinkmetallibur je
altrenogest. Pri spravné aplikaci pasobi na synchroni-
zaci estru (Kraeling et al., 1981; Pursel et al,,
1981; Webel, Day, 1981; Wall et al., 1985).

Velmi acinny preparat pouZivany na synchronizaci
ovulace je allyltrenbolone, synteticky steroid s proges-
tagenovou aktivitou (Jin et al., 1991). Je to preparait,

214

ktery jako oralné aktivni synteticky progestan je per-
spektivni pfi kontrole estru a ovulace.

Superovulace darcu je dileZitym faktorem ovliviiu-
Jjicim zisk embryi. Mnozi autofi se shoduji v nazoru, zZe
nejlepsi superovulacni oSetfeni u prasat je kombinace
pripravki PMSG, HCG popi. LHRH.

Davky PMSG mohou do uréité miry zvySovat pocet
ovulovanych oocyti. V literatufe jsou popsany reZimy
ofetfeni nej¢ast&ji ddvkami 1 000 aZ 2 000 m.j. PMSG
v kombinaci s 500 az 5 000 m.j. HCG (Jin etal., 1991
Illera etal, 1992; Underhill etal, 1991; Ober-
franc, 1994). Stanoveni optimalni davky je zavislé na
kvalité¢ hormonalniho preparatu (Oberfranc, 1994).
Jak uvadi Niemann (1995), neni reZim gestagen —
PMSG - HCG - LHRH v procesu superovulace prasat
piekondén.

Postmortalni odb&r embryi prasat pro experimental-
ni tcely je nejCastéjsi; v metodach ET u prasat se nej-
Castéji uplatiiuje chirurgické cesta. ‘

Technika chirurgického odbéru je vyuZivana rovnéz
Casto, je vSak provozné narofna. U darkyné je tieba
navodit dostate¢nou sedaci a znecitlivéni, zvife umistit
ve hibetni poloze a provést v dostateéné hygienickych
podminkach chovu chirurgicky odbér embryi, jak sou-
hrnné popisuji Oberfranc (1994) a Wallen-
horst, Holtz (1995). Jiné zpusoby nejsou popsany.

MATERIAL A METODY

Pokus byl proveden ve dvou &astech; v prvni Casti
(I) byly pouzity prasnice ve véku jednoho az Ctyr let,
ve druhé Casti prasnicky (II).

Superovulace prasnic

Jako darkyné embryi byly pouZity prasnice plemene
bilé uslechtilé (LW) ve véku jednoho az Ctyr let, roz-
délené do tfi skupin.

SUPEROVULACNI OSETREN{
Diarkynim byl podavan pro harmonizaci pochodi na

ovariich a synchronizaci pohlavniho cyklu pripravek
Regumate (Hoechst) v ddvce 5 ml preparétu (tj. 0,160 g)
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denné po dobu 18 dni (1. skupina, n = 4), resp. 17 dni
(2. a 3. skupina, n = 10, n = 9). Za 24 hodin po ukon-
&eni zkrmovani Regumate bylo darkynim i.m. apliko-
vano 1 500 m.j. (1. skupina), 2 000 m.j. (2. skupina)
a2 500 m.j. (3. skupina) PMSG (Sérovy gonadotropin,
Bioveta, Ivanovice na Hané) a za dalSich 72 hodin 500
m.j. HCG (Praedyn, Lé&iva Praha). V nésledujicich
dvou dnech byly provedeny dvé aZ &tyfi inseminace
(prvni 24 hodin po HCG a potom ve 12hodinovych
intervalech do skonéeni fije — reflexu nehybnosti) er-
stvym semenem.

ODBER EMBRY{

Odbér embryi byl proveden chirurgicky tvrty den
po prvni inseminaci. Darkyné& byly po 24hodinové hla-
dovce a celkové sedaci a znecitlivéni (Hypnodil — Jan-
ssen Pharmaceutica Belgie, Stresnil — Janssen Pharma-
ceutica Belgie, Procain — Lé€iva Praha, Narkamon -
Léc¢iva Praha v ddvce podle lékopisu dle hmotnosti)
umistény ve hibetni poloze a byla provedena laparoto-
mie v linea alba. D€loZni rohy (asi 30 cm) a vejcovody
byly proplachnuty descendentné pfes Foley katetr. Vy-
pla$ek byl jimén do 100ml NTS ldhve a uchovén v tep-
loté okolo 25 °C. Embrya byla izolovana a morfologic-
ky hodnocena pod stereomikroskopema kultivovana
v komplexnim kondiciovaném médiu H-MEMD nebo
M 199 s 20 % fetélniho teleciho séra do dalSiho pouZiti.

Superovulace prasniek

Jako darkyfi embryi pro experimentélni ucely bylo
pouZito 70 klinicky zdravych nulliparnich prasni¢ek
plemene Ceské vyrazné€ masné ve v€ku cca 8 mésici
a hmotnosti 120-130 kg.

Darkynim byl podavan Evertas-P Lonza Koufim
v davce 0,150 g v 2,5 kg krmné smési na kus a den po
dobu .15 dni za acelem stabilizace fyziologickych po-
chodii na ovariich. 24 hodin po posledni ddvce Everta-
su-P bylo darkynim i.m. aplikovano 1 000 m.j. PMSG
(Sérovy gonadotropin, Bioveta Ivanovice na Hané). Za
76 hodin nasledovala i.m. aplikace HCG (Praedyn, Lé-
Civa Praha) v davce 500 m.j. Pro zpfesnéni terminu
inseminace a ovulace byl darkynim i.m. aplikovéin za
92 hodin po PMSG (16 hodin po aplikaci HCG) prepa-
rit LHRH ve specialité Supergestran v davce 1 ml (tj.
25 pg lecirelinu). U &asti pokusnych prasnicek (n = 33)
byla posouzena intenzita a projevy fije a vyhodnocen
vztah k produkci embryi. U 23 prasnicek byly fije shle-
dany jako vyborné (podle price Cefovsky, 1996).
V jednotlivych pokusnych skupinach byly prasni¢ky
s vyraznymi fijemi inseminovdny homospermnimi in-
seminaénimi ddvkami pfi zjist&ni reflexu nehybnosti,
reinseminace byla provedena za 12 aZ 18 hodin po prv-
ni inseminaci, prasni¢ky s méné vyraznou fiji nebo bez
pfiznaku fije byly inseminovény ve stejnych terminech.

Ziskavani embryi bylo provadéno post mortem paty
den po prvni inseminaci vyplachem vypreparovanych
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déloZnich rohti doplnénym Krebs-Ringer fosfatem
v mnoZstvi cca 40 ml na roh.

K vyhodnoceni bylo pouZito béZnych variané sta-
tistickych metod - r-test, xz-test Myslivec, 1957).

VYSLEDKY A DISKUSE
Superovulace prasnic

Od 4 darkyi 1. skupiny oSetfenych 1 500 m.j.
PMSG bylo ziskdno primérné 15,5 vhodnych embryi
(91,2 %), pfiemZ bylo ziskdno 1,3 neoplozenych
oocytil (7,6 %) a 0,2 degenerovanych embryi (1,2 %) —
tab. L.

Od 10 dérkyii 2. skupiny oSetfenych 2 000 m.j.
PMSG bylo ziskdno primérné 17,2 embryi, z toho
vhodnych bylo 14,2 embryi (82,5 %), degenerovanych
0,2 embryi (1,2 %) a neoplozenych oocyti 2,8
(16,3 %). Rozdil v irovni stimulace a zisku embryi
mezi obéma skupinami byl minimalni a statisticky ne-
prikazny (P > 0,05).

Pocet CL, pocet ziskanych embryi a neoplozenych
oocytl u dérkyi stimulovanych davkou 2 500 m.j.
PMSG byl prikazné vy$si (P < 0,01), aviak podet
vhodnych embryi byl nepriikazné niZsi (P > 0,05). Po-
dil vhodnych embryi byl u déarkyii oSetfenych nejvyssi
davkou PMSG (2 500 m.j.) prikazné niZ§i.

Od 9 darkyii 3. skupiny bylo chirurgicky ziskano
primérné 32,6 viech embryi, ze kterych bylo 12,8 pfe-
nosuschopnych embryi (39,3 %) a 19,8 neoplozenych
oocytl (60,7 %), coZ je pritkkazné vice u poctu embryi,
ale priikazné méné v podilu vhodnych embryi oproti
pfedchézejicim skupinam (P < 0,01).

K udspéSnému ziskdvani embryi u prasat je tfeba
v prvni fadé uspokojivé harmonizovat a synchronizo-
vat pohlavni cyklus darkyii. Synchronizaci pohlavniho
cyklu zkrmovanim preparati Regumate (Hoechst)
a Evertas-P (Lonza Koufim) bylo dosaZeno uspokoji-
vého efektu vyjadfeného poltem Zlutych télisek, resp.
pocétem ziskanych embryi.

U prasnic méla zvy3ujici se divka PMSG v prepa-
ratu Sérovy gonadotropin Bioveta zvySujici se trend
odezvy u darkyii. Priblizné€ stejné stimulaéni ucinky
(17,0 £ 7,2 a 19,5 + 6,8 Zlutych té&lisek) byly zjit&ny
u darkyii po aplikaci 1 500 a 2 000 m.j. PMSG, coZ je
pritkazné méné neZ po aplikaci davky 2 500 m.j. (P <
0,01). Obdobny trend vysledki byl zaznamenin
i v pottu ziskanych embryi, avSak pocet oplozenych
vhodnych embryi byl témé&F shodny a nepriikazn& niZ§i
pfi nejvyssi ddvce PMSG a podil vhodnych embryi byl
vysoce pritkazné niZsi po ddvce 2 500 m.j. ve srovnani
s ddvkami 1 500 a 2 000 m.j. (P < 0,01) na tkor zis-
kanych neoplozenych oocytli. NaSe vysledky potvrzuji
poznatky autord Jin et al. (1991), Illera et al.
(1992), Underhill etal. (1991), Oberfranc et
al. (1992), Oberfranc (1994) a Niemann
(1995). Zvysujici se davka gonadotropinu zvysuje odezvu
vyjaddfenou poctem Zlutych télisek; zisk embryi byl
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I. Stimulace, odbér a kvalita embryi — Stimulation, embryo recovery and quality

Ukazatel Skupina®
Al
1 2 3
Divka PMSG! m,j. 1 500 2 000 2 500
Poget zvifat-darkyii? n 4 10 9
x 17,0° 19,5 35,0°
Primémy pocet CL?
5 7,2 6,8 6,2
X 17,0° 17,2° 326"
Poget ziskanych embryi celkem* s 7,0 58 5,7
% 100 88,2 93,1
Z toho®
F 15,5 14,2 12,8
- vhodnych embryi® s 6.5 52 7.4
% 91,2 82,5" 39,3"
x 13 28 19.8°
- neoplozenych oocyti’ 5 1,3 45 6,2
% 7,6 16,3" 60,7
x 0,2 0,2 0
— degenerovanych embryi® % d
% 1,2 12 0

Rozdily a, b prikazné pfi P < 0,01 — Differences a, b significant at P < 0.01

Is-d:

;PMSG dose, 2

of
unfertilized oocytes, ndegenermed embryos, "group

II. Stimulace a zisk embryi — Stimulation and embryo recovery

3uverz\ge CL number, *total number of recovered embryos, Sout of them, *transferable embryos,

Ukazatel' (n = 70) T %
Dirkyné s odezvou? (n = 64) 91,4
Potet®

— Zlutych t¥lisek? (CL) 17,66 + 9,28

— ziskanych embryf® 12,64 + 7,88 71,6
Z toho®

— vhodnych embryi” 9,08 + 8,83 71,9

— degenerovanych embryi® 1,67 £ 2,40 13,2

— neoplozenych oocytd’ 1,89 + 3,20 14,9

lptu'ametcr. %donors with reactions, “number of, 4yellow bodies, *recovered embryos, Sout of them, "transferable embryos, xdcgeneratcd

embryos, Yunfertilized oocytes

vys§i, neZ zjistili Oberfranc et al. (1992), a podil
se pohyboval na horni tirovni uvadéné v literature (Nie-
mann, 1995), aviak stimulace byla vy3§i neZ napf.
v préci autort Guthrie et al. (1977). Oplozenost
oocyti (pocet vhodnych embryi) byla u prvnich dvou
skupin (1 500 a 2 000 m.j. PMSG) vysoka. Pfi davce
1 500 m.j. preparatu ¢inil podil vhodnych embryi
91,2 % a sniZoval se aZ na 39,3 % u darkyii oSetfenych
2 500 m.j. PMSG. Obdobny trend zaznamenali Ober-
franc (1994) a Niemann (1995). Tento trend je
zndm i z experimentl se superovulaci u skotu; zvySo-
vani davky PMSG zvySovalo poCet CL, zisk embryi
celkem, ale pocet a podil vhodnych embryi (mira oplo-
zenf) klesaly na udkor vy$§iho po¢tu neoplozenych oo-
cytd (Riha, 1990 a autofi v této prici citovani).
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V naSem experimentu se davka 1 500 aZ 2 000 m.j.
PMSG ukaézala jako vhodna. Obecné lze souhlasit s na-
zorem, ktery uvadi Oberfranc (1994), Ze stanoveni
optimalni davky je zévislé na kvalit€ a znacce hormo-
nélniho preparatu PMSG. Napi. Niemann (1995)
a Wallenhorst, Holtz (1995) pouZivaji i davky
3 000 m.j. PMSG v riznych komer¢nich preparatech.

Superovulace prasnicek

Pfi superovulaci prasni¢ek byla pouZita jednotnd
davka 1 000 m.j. PMSG.

Pozitivni odezva ovarii na pouZity stimulaéni postup
byla zaznamenéna u 64 prasnicek (91,4 %) s celkovou
pramérnou odezvou 17,66 + 9,28 CL, tj. 16,1 CL na
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III. Zisk a kvalita embryi od prasnicek s vyraznou fiji a bez fije pfi provedené inseminaci - Embryo recovery and quality in gilts with
expressive signs of estrus and in those showing no signs of estrus after artificial insemination

Dérkyng’
Ukazatel s vyraznou fiji 5. den po PMSG'" bez fije 5. den po PMSG!!
a b a b
Potet zvifat celkem! n 23 23 10 10
Poget zvifat s nizkou odezvou (do 4 CL)? n 2 1
Pramé&my podet CL? x 3 3
Podet zvitat s odezvou nad 5 CL* n 21 9
Potet zvifat® n 20" 4®
Primémy pocet’:
-CL x 17,3 15,8 15,2 139
— ziskanych embryi’ X 12,1 10,5 13,0 52
— vhodnych embryi® x 9,2 8,0 11,7 47

a) pro zvifata podle legendy — for the animals described in the legend

b) pro viechna oSetfend zvifata, n = 23, resp. 10 — for all treated animals, n = 23 and/or 10
A) jedna dérkyn& neposkytla embrya pfi stimulaci 10 CL, dali propo&et pro n = 20 — one donor did not produce any embryos after 10 CL
i lation h cal

st ion for n = 20

B) p&t dérkyii neposkytlo embrya, dal$i propocet pro n = 4 — five donors did not produce any embryos, another calculation for n = 4

'total number of animals, “number of animal

with low p

duction (less than 4 CL), averag ber of CL, *numb

of animals with

production of 5 CL and more, Snumber of animals, suvenﬁc number of, 'recovered embryos, 8transferable embryos, ®donors, "with

expressive signs of estrus on day 5 after PMSG application,

oSetfenou darkyni. Celkem bylo post mortem ziskano pri-
mérné 12,64 + 7,88 embryi (71,6 %), z toho bylo 9,08 +
8,83 vhodnych embryi (71,9 % ze ziskanych). Neoploze-
nych oocyti a degenerovanych embryi bylo pfiblizné
stejné (1,67 £ 2,40, resp. 1,89 + 3,20; 13,2 resp. 14,9 %).

Stimulace prasni¢ek po davce 1 000 m.j. PMSG byla
stejna jako u prasnic po davkach 1 500 a 2 000 m.j.
PMSG (tab. I a IT), avSak zisk embryi byl ponékud niz-
§i; podil zvifat s odezvou byl vysoky — &inil 91,4 %
a byl na drovni srovnatelné s jinymi experimenty (Jin
et al.,, 1991; Niemann, 1995 a dalsi). Postmortalni
zisk a pocet a podil embryi byl ponékud niZsi nez v ex-
perimentech popsanych autory Oberfranc et al.
(1992) a Oberfranc (1994), a to pfi pouZiti davky
1 500 m.j. PMSG preparatu Sérovy gonadotropin (Bio-
veta Ivanovice na Hané).

V &asti experimentu superovulace prasniéek II (n =
33 darkyi) byl sledovéan vztah projevu a intenzity fije
ke stimulaci a zisku embryi.

Z tab. III je zfejmé, Ze plnohodnotni fije byla zjis-
té€na u 23 ofetfenych zvifat, tj. 74,2 %, v priméru paty
den po ofetfeni PMSG. Zbyvajicich 10 prasniéek bylo
v tomto terminu plo$né inseminovano bez ohledu na
zevni pfiznaky fije. U v8ech 10 zvifat byla po poraZce
zji$téna na ovariich Zlutd téliska (v jednom pfipadé
pouze 3 CL), ale od $esti z té€chto zvifat nebyla ziskana
Zadna embrya.

U zvifat s vyraznou fiji byl zji§tén témér dvojnasob-
ny podet ziskanych a vhodnych embryi. Pfiznaky fije
mohou tedy byt vyznamnym faktorem v piedpovédi
uspéSnosti oSetfeni. V dostupné literatufe vSak neni
o tomto jevu zminka.
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POROVNANI ENZYMATICKE METODY A METODY
MOBILE BAG PRO STANOVENI STREVNI
STRAVITELNOSTI NEDEGRADOVANEHO PROTEINU
KRMIV

COMPARISON OF ENZYMATIC TECHNIQUE AND MOBILE BAG
TECHNIQUE FOR DETERMINATION OF INTESTINAL DIGESTIBILITY
OF FEEDSTUFF UNDEGRADABLE PROTEIN

0. Toménkov4, P. Homolka

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

ABSTRACT: The goal of this study was to compare the values of intestinal digestibility of undegraded crude protein in the
rumen of ruminants, determined by a mobile bag technique in cannulated animals and by an enzymatic technique using
pancreatin, for a wider range of feedstuffs. The basic set of feedstuffs was divided into subsets of bulk feeds, concentrates
and extracted meals with feedstuffs from animal sources for better specification of predicted values of intestinal digestibility.
The relation of values determined by a mobile bag technique to values determined by an enzymatic technique with pancreatin
was expressed by equations of linear regression for the separate subsets of feedstuffs. Tab. I shows parameters of equations
for all sets while the relation between values of intestinal digestibility of undegraded crude protein in the rumen obtained by
a mobile bag technique and by an enzymatic technique is shown in Figs. 1-3. The largest subset of bulk feeds (n = 39), which
included green forage of alfalfa, clover, meadow grass, clover-grass, meadow foxtail and timothy, silage of corn, beet tops,
alfalfa, clover, crushed beans, barley and pea with wheat, grass silage with higher dry matter content, and alfalfa hay and
barley straw, had the lowest value of correlation coefficient (r = 0.760, %RSD = 7.69). The highest value of correlation
coefficient was recorded for the subset of extracted meals (cottonseed, rapeseed, soybean, linseed, groundnuts and sesame)
with feedstuffs from animal sources (fish and meat-bone meals and blood meal) — r = 0.941, %RSD = 3.48, n = 14. The third
subset, consisting of grains (n = 22), i.e. wheat, barley, rye, oats, corn, had the correlation coefficient r = 0.852 and %RSD =
5.05.

ruminants; undegradable protein; intestinal digestibility; proteolytic enzymes; regression equation

ABSTRAKT: Porovnavali jsme hodnoty stfevni stravitelnosti dusikatych litek nedegradovanych v bachoru pfezvykavci,
stanovené metodou mobile bag na kanylovanych zvifatech a metodou enzymatickou s pankreatinem, u $ir§iho souboru krmiv.
Pro upfesnéni predikovanych hodnot stfevni stravitelnosti byl zdkladni soubor (n = 75) rozdé€len na podskupiny objemnych
krmiv, jadrnych krmiv a extrahovanych $rotii s krmivy Zivodi§ného piivodu. Vztah hodnot stanovenych metodou mobile bag
k hodnotim stanovenym metodou enzymatickou s pankreatinem byl vyjadfen rovnicemi linearni regrese pro jednotlivé
skupiny krmiv. Nej3ir$i podskupina objemnych krmiv (n = 39), ktera zahrnovala zelenou pici vojtédky, jetele, lu&niho porostu,
jetelotravy, psarky a bojinku, sildZe kukufice, skrojkii fepy, vojtésky, jetele, drti bobovych, je¢nych a hrachovo-peniénych
a travni sildZ o vy33i suding, seno vojt&€skové a sldmu jenou, méla nejniZsi hodnotu koreladniho koeficientu r = 0,760
a %RSD = 7,69. Nejvys§i hodnota koreladniho koeficientu byla u podskupiny extrahovanych $roti (bavlna, fepka, séja, len,
podzemnice, sezam) s krmivy Zivogi§ného pliivodu (rybi a masokostni moucka a krevni $rot) — r = 0,941, %RSD = 3,48, n = 14.
Treti podskupinu tvofila jadrn4 krmiva (n = 22), tj. pSenice, je¢men, oves, Zito, kukufice - r = 0,852, %RSD = 5,053.

pfeZvykavci; nedegradovany protein; stfevni stravitelnost; proteolytické enzymy; regresni rovnice

UvVOoD g velka pozornost hodnoceni kvality krmiv. V posledni
dobé doslo k podstatnym zménam ve zplusobu hodno-

Hlubsi poznani nutriCnich poZadavki zvifat a nut-  ceni dusikatych latek v krmivech. Nova kritéria hodno-
riéni hodnoty krmiv je jednim z hlavnich pfedpokladi  ceni jsou v souladu s fyziologickymi pochody traveni
dalsiho zvySovani uZitkovosti skotu a efektivniho vy-  dusikatych latek u pfeZzvykavci, poskytuji objektivni
uZiti zdroji krmivové zakladny. Proto se dnes vénuje  ohodnoceni riznych zdroji dusikatych latek vstupuji-
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cich do stfeva, respektuji degradovatelnost dusikatych
latek v bachoru a vliv pfijmu energie na mikrobidlni
proteosyntézu a zahrnuji stfevni stravitelnost dusika-
tych latek krmiv.

Doposud bylo navrZeno nékolik novych systémi
hodnoceni krmiv pro pfeZvykavce. Pfes spolecné zakla-
dy téchto systému existuji rozdily mezi jednotlivymi
zemémi, jako disledek variability podminek praxe
a aplikace experimentalné zji§t€énych hodnot. Ve vétsi-
n& zemi byly nové systémy hodnoceni testovany v po-
kusech s domdcimi plemeny a krmivy. Systém zavadé-
ny v Ceské republice je zaloZen na jednotkich PDI,
pfevzatych z francouzského systému PDI (Vérité,
Peyraud, 1988). Hlavnim znakem nového systému
je oddélené hodnoceni pfivodu proteinu pro bachorové
mikroorganismy a pro organismus hostitele a zavedeni
hodnoty degradovatelnosti. Pro stanoveni degradova-
telnosti dusikatych latek v bachoru se pouZivaji metody
in sacco (Orskov, McDonald, 1979) a in vitro
(Aufrére etal, 1991; Poos-Floyd etal., 1985).
Hodnoty stfevni stravitelnosti dusikatych latek nede-
gradovanych v bachoru se stanovuji metodou mobile
bag na kanylovanych zvifatech (Frydrych, 1992;
Homolka etal., 1996) a vypoétem z hodnot celkové
stravitelnosti a degradovatelnosti dusikatych latek
(Tfinédcty etal, 1996). Jako perspektivni se ovéfuji
enzymatické metody in vitro realizovatelné v bé&Znych
laboratofich. Antoniewiczova et al. (1992) ové-
fovali enzym pankreatin, Setala et al. (1984) testo-
_vali enzymy trypsin a chymotrypsin.

V predeslé praci (Tomankova, Homolka,
1995) jsme se zaméfili na vybér a ovéfeni vhodné me-
todiky pro stanoveni stfevni stravitelnosti nedegradova-
nych dusikatych latek v bachoru metodou in vitro. Byla
vybrdna metoda s enzymem pankreatinem otestovana
na malém souboru krmiv (n = 16). Tato price je zamé-
fena na §ir3i soubor testovanych krmiv rozdélenych do
podskupin a na odvozeni regresnich rovnic stfevni stra-
vitelnosti nedegradovanych dusikatych latek krmiv
v bachoru pro tyto dané podskupiny.

MATERIAL A METODA
U souboru krmiv (n = 75) byla stfevni stravitelnost

nedegradovanych dusikatych latek v bachoru stanove-
na metodou in sacco s mobilnimi sicky na kanylova-

nych kravich a enzymatickou metodou in vitro s pan-
kreatinem. Popis obou metod byl uvefejnén v predcha-
zejici praci (Tomédnkova, Homolka, 1995).

VYSLEDKY A DISKUSE

Vztah hodnot stanovenych metodou mobile bag
k hodnotim stanovenym enzymaticky s pankreatinem
byl vyjadien rovnicemi lineérni regrese (tab. I). Zaklad-
ni soubor obsahoval 75 vzorki krmiv. Do souboru byly
zahrnuty zékladni druhy krmiv. Pro upfesnéni predikova-
nych hodnot stfevni stravitelnosti byl zakladni soubor
rozdélen na podskupiny objemnych krmiv, jadrnych kr-
miv a extrahovanych Sroti s krmivy Zivo¢i$ného pavo-
du. Nejvy$si polet testovanych krmiv byl u podskupi-
ny objemnych krmiv (n = 39), mezi kterymi se
vyskytuje velka variabilita stanovenych hodnot. Zamé-
fili jsme se na tuto podskupinu, nebot vétfina autord,
napi. Antoniewiczova et al. (1992), Calsa-
miglia etal. (1995), testovala pouZité enzymy pouze
na krmivech jadrnych a Zivoc¢isného pavodu. Objemna
krmiva pfitom podléhaji velké variabilité hodnot stfev-
ni stravitelnosti dusikatych latek nedegradovanych
v bachoru. Podskupina zahrnovala: 24 krmiv zelené pi-
ce (jetel, vojtéska, lu¢ni porost, jetelotrdva, bojinek
a psarka), 12 vzorku silazi (kukufice, skrojky fepy, voj-
téska, jetel a drt€ bobové, jecné, hrachovo-pSeniné)
a po jednom vzorku, travni sildZe o vy3§i suSing, voj-
téSkového sena a je¢né slamy. Hodnota korelacniho
koeficientu v této podskupiné byla r = 0,760 a rezi-
dudlni smérodatnd odchylka (%RSD) ¢inila 7,69. Nej-
vy3$8i hodnota korelace mezi metodou mobile bag a en-
zymatickou metodou byla u podskupiny extrahovanych
Srotd s krmivy ZivociSného pivodu (bavina, séja, fep-
ka, sezam, len, podzemnice, rybi a masokostni moucka
a krevni 3rot), a to r = 0,941 s nejniZ§i hodno-
tou %RSD = 3,48. Tato podskupina obsahovala nejniz-
§i poéet zkoumanych krmiv (n = 14). Do podskupiny
jadrnych krmiv byly zafazeny zakladni cerealie (pSeni-
ce, je¢men, Zito, oves, kukufice). V této skupiné byly
ziskany hodnoty r = 0,852 a %RSD = 5,05. Parametry
rovnic pro dané podskupiny jsou uvedeny v tab. I.
Vztah hodnot stfevni stravitelnosti dusikatych latek ne-
degradovanych v bachoru, stanovenych metodou mobi-
le bag a enzymaticky s pankreatinem, je znizornén na
obr. 1 az 3.

I. Linedrni regrese mezi hodnotami zji§t&nymi enzymatickou metodou a metodou mobile bag u jednotlivych skupin krmiv — Linear regression
between the values determined by an enzymatic technique and by a mobile bag technique for the particular sets of feedstuffs

Soubory krmiv' n a b r RSD %RSD
Objemn4 krmiva® 39 14,76 0,86 0,760 5,806 7.69
Jadrna krmiva® 22 -17,80 1,27 0,852 4,519 5,05
Extrahované roty a krmiva ivoisného piivodu? 14 16,90 0,86 0,941 3,155 3,48

n — pocet testovanych krmiv, a, b — parametry rovnice, r — korelagni koeficient, RSD — rezidudlni smérodatna odchylka
n — sample size, a, b — parameters of equation, r — correlation coefficient, RSD - residual standard deviation

Isets of feedstuffs, 2bulk feeds, 3grains. 4extracted meals and feedstuffs from animal sources
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1. Srovnéni hodnot stfevni stravitelnosti nedegradovanych
dusikatych latek v bachoru ziskanych metodou enzymatickou a me-
todou mobile bag: objemna krmiva (n = 39), y = 14,76 + 0,86x -
Comparison of the values of intestinal digestibility of undegraded
protein in rumen obtained by an enzymatic technique and a mobile
bag technique: bulk feeds (n = 39), y = 14.76 + 0.86x

Pro obr. 1-3: osa x — enzymaticka stfevni stravitelnost (%), osa y —
stfevni stravitelnost metodou mobile bag (%)

For Figs. 1-3: x-axis — enzymatic intestinal digestibility (%), y-axis
- intestinal digestibility by a mobile bag technique (%)
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2. Srovndni hodnot stfevni stravitelnosti nedegradovanych
dusikatych latek v bachoru ziskanych metodou enzymatickou a me-
todou mobile bag: jadrna krmiva (n = 22), y = 17,80 + 1,27x -
Comparison of the values of intestinal digestibility of undegraded
protein in rumen obtained by an enzymatic technique and a mobile
bag technique: grains (n = 22), y = -17.80 + 1.27x

V literatufe se Castéji objevuji hodnoty stfevni stra-
vitelnosti dusikatych latek nedegradovanych v bachoru
pfeZvykavcu stanovené metodou mobile bag (Maso-
ero etal, 1994; Frydrych, 1992; Homolka et
al., 1996 a dal%i) neZ hodnoty stanovené enzymaticky.
Proteolytické enzymy testovali Calsamiglia et al.
(1995) na krmivech Zivoc¢isného pivodu. Antonie-
wiczova etal (1992) testovali pankreatin na jadrnych
krmivech. Cere§iidakova et al. (1995) stanovili
stravitelnost proteinu enzymy trypsin-chymotrypsin
u skupiny jadrnych krmiv.
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3. Srovnéni hodnot stfevni stravitelnosti nedegradovanych
dusikatych latek v bachoru ziskanych metodou enzymatickou a me-
todou mobile bag: extrahované Sroty s krmivy Zivo&i$ného piivodu
(n = 14), y = 16,90 + 0,86x — Comparison of the values of intestinal
digestibility of undegraded protein in rumen obtained by an enzy-
matic technique and a mobile bag technique: extracted meals and
feedstuffs from animal sources (n = 14), y = 16.90 + 0.86x

V na8i praci jsme se zaméfili na stanoveni stfevni
stravitelnosti nedegradovanych dusikatych litek v ba-
choru pieZzvykavcii metodou mobile bag na kanylova-
nych zvifatech a metodou enzymatickou. PovaZovali
jsme za uéelné rozsifit okruh zkoumanych krmiv, ¢imz
jsme dosahli rozdéleni zdkladni skupiny krmiv na tfi
podskupiny. Vztah hodnot stanovenych metodou mobi-
le bag k hodnotdm stanovenym enzymatickou metodou
byl vyjadfen rovnicemi linedrni regrese pro jednotlivé
skupiny krmiv.

Podle naSeho nazoru je mozZné, vzhledem k ziska-
nym hodnotam, stanovovat stfevni stravitelnost nedegra-
dovanych dusikatych litek i u skupiny objemnych krmiv.
NiZ8i hodnoty r a RSD vzhledem k ostatnim skupindm
jsou zapfiCinény variabilitou testovanych objemnych
krmiv v rdmci skupiny (odli¥né botanické druhy, vegetac-
ni faze a stupné lignifikace pletiv, technologie sklizné
a konzervace, klimatické a jiné faktory).
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VLIV GLUKOZAOXIDAZY NA OBSAH SACHAROZY,
GLUKOZY A FRUKTOZY PRI SILAZOVANI TRAVY
JILKOVEHO TYPU A VOJTESKY*

EFFECT OF GLUCOSE OXIDASE ON THE CONCENTRATION
OF SUCROSE, GLUCOSE AND FRUCTOSE DURING THE ENSILING
OF GRASS PERUN AND ALFALFA

J. Moravcové], M. Cei"ovskil, R. Louékaz, M. Voldi‘ich], H. Opatovai', E. Macha&ov4?

! Institute of Chemical Technology, Faculty of Food and Biochemical Technology, Praha,
Czech Republic
2 Research Institute of Animal Production, Praha-Uh¥inéves, Czech Republic

ABSTRACT: Wilted grass Perun (Lolium multiflorum Lam. x Festuca pratensis Huds., 2n = 28) with dry matter (DM) 33.6%
and alfalfa (Medicago sativa L.) with 33.5% DM were ensiled untreated (control) or treated with both the inoculant of
Lactobacillus (Microsil) and the enzyme complex of cellulase, hemicellulase and glucose oxidase (GO) which contained the
identical inoculant (Bactozyme). Sucrose, glucose and fructose were extracted with boiling ethanol (70%, v/v) and the
individual sugars were determined using ligand exchange chromatography on a strong cation exchanger in Na* form with
water as an eluent at 53 °C. Ribose was used as an internal standard. Under these conditions, the high-molecular compounds
are eluated with a column dead volume, disaccharides give only one peak, and monosaccharides are separated efficiently
(Tab. I). This method is very useful for routine analyses of natural materials. The chromatograms of both grass Perun and
alfalfa extracts are depicted in Fig. 1. Among sugars tested, sucrose disappeared most rapidly in all experiments (Figs. 2 and
3). Interestingly, the hydrolysis of sucrose was a first-order reaction characterized by a linear dependence of logarithm of the
concentration on time between 3 and 30 hours of the ensiling. The calculated rate constants (Tab. II) were practically the
same with respect to the experimental error. Sucrose is most probably hydrolyzed with the original microflora, and the
half-time of this reaction is approximately 10 hours. The changes in the glucose concentration (Figs. 4 and 5) reflected
a complex role of this monosaccharide: its content increased by the hydrolysis of sucrose or polysaccharides and glucose was
simultaneously consumed by fermentation or by the action of GO. The final concentration profile is determined by the relative
rates of these individual reactions, therefore any attempt at the application of a simple mathematic description need not be
correct (Spi&ka, 1995). The significant effect of GO was found in the initial stage of ensiling where glucose concentration
was decreased by its oxidation to gluconic acid as it had been described previously (Rauramaa et al,, 1991). In the
homofermentative stage, the rate of consumption of both glucose and fructose was higher in the treated silages than in the
control due to the activity of an inoculant (Figs. 4-7). Surprisingly, GO seemed to have the pronounced influence on the
fructose concentration (Figs. 6 and 7). The content of fructose was not changed during initial 20 h although it was formed
from sucrose by hydrolysis. Furthermore, this observation is illustrated by the changes in the sum of glucose and fructose
concentrations which was remained rather constant (Fig. 8). The GO probably activated the original microflora which
isomerized fructose to glucose within the heterofermentative stage of ensiling. The addition of glucose oxidase has the greatest
effect in the initial hours of ensiling when glucose is rapidly oxidized to gluconic acid. Glucose oxidase also activates the
original plant microflora which isomerizes fructose to glucose. This observation had not been described previously.

ensiling; glucose oxidase; sucrose; glucose; fructose

ABSTRAKT: Byl sledovén obsah sachar6zy, glukézy a fruktézy b&hem 100 hodin laboratorniho silaZovéni zavadlé travy
jilkového typu Perun (Lolium multiflorum Lam. x Festuca pratensis Huds., 2n = 28) a vojté€8ky (Medicago sativa L.) ve tfech
paralelnich pokusech: kontrolni, po oSetfeni inokulantem mlé&¢ného kvaSeni Microsil a po oSetfeni probioticko-enzymovym
komplexem Bactozym obsahujicim i glukézaoxidazu. Sacharidy byly extrahoviny vodnym etanolem a stanovovény kapali-
novou chromatografii na silné€ kyselém iontoménici s rib6zou jako vnitfnim standardem. Sachar6za byla hydrolyzovana
ucinkem origindlni mikroflory stejnou rychlosti s polofasem reakce 10 hodin ve vSech pokusech. Vliv glukézaoxidazy byl

* Préce vznikla za finan&ni podpory grantu & 507/94/1297 Grantové agentury Ceské republiky.
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prokazén v raném stadiu silaZovani travy Perun i vojtéSky, kdy obsah glukézy klesal oxidaci na glukonovou kyselinu. Dile
glukdzaoxidédza aktivovala origindlni mikrofléru, kterd izomerizovala fruktézu na glukézu. V homofermentativni fazi sildZo-
vani byla rychlost utilizace glukézy a fruktézy vy3$i u oSetfenych sildZi neZ u sildZe kontrolni.

sildZovani; glukozaoxidaza; sachardza; glukéza; fruktéza

UvVoD

Jednim ze zakladnich kritérii pouZivanych k hodno-
ceni jakosti picnin a pribéhu jejich sildZovani je kon-
centrace sacharidii rozpustnych ve vodé (WSC), jejichz
hlavnimi zastupci jsou sacharéza, glukéza, fruktéza
a fruktozany. Cilem této price je sledovat dynamiku
zmén obsahi sacharézy, glukézy a fruktézy béhem
prvnich 100 hodin sildZovani trdvy Perun (Lolium mul-
tiflorum Lam. x Festuca pratensis Huds., 2n = 28)
a vojtésky (Medicago sativa L.) po oSetfeni probiotic-
ko-enzymovym prostfedkem s glukézaoxiddzou (GO).
Vysledky by mély pfispét k objasnéni tlohy GO.

Pro stanoveni WSC jsou nejcast&ji popisovany tfi
metody: neselektivni spektrofotometrickd metoda pod-
le Somogyi (1945), zaloZena na stanoveni vSech
redukujicich sacharidi jako gluk6zy, plynovad chroma-
tografie, kterd vyZaduje pomé&rné naro&nou tpravu
vzorku vé&etn& derivatizace (Spi&ka, 1995; Jan-
kovsky et al, 1985; Hartman, 1981; McDo-
nald, Henderson, 1964), a enzymové metody
(Steen, Larsson, 1986), které jsou rovnéZz dost
pracné, zejména pro stanoveni sacharézy, glukézy
a frukt6zy vedle sebe. KaZd4 uvedend metoda pracuje
s jinou piesnosti a postihuje jiné sacharidy, a publiko-
vané vysledky jsou proto obtiZzné porovnatelné. Dalsi
komplikace jsou zpuisobeny tim, Ze doba silaZovani po-
uZitd v jednotlivych pracich je rizné dlouha a vétSinou
se pohybuje v desitkach dni. Pfitom novéjsi prace
(Spi¢ka, 1995; Lundén Pettersson, Lind-
gren, 1991) popisuji relativné komplikované zmény
v koncentraci sacharézy, glukézy a fruktézy beéhem
prvni faze sildZovani. Sachar6za ubyva nejrychleji, je
prakticky tpln& hydrolyzovana b&hem 24 aZ 48 hodin
silaZovani (Spi¢ka, 1995; Lundén Petter-
sson, Lindgren, 1991). Glukéza a fruktéza jsou
utilizovany podstatné pomaleji, pfi¢emZ glukéza rych-
leji neZ frukt6za, u které miZe byt koncentracni profil
ovlivnén $tépenim fruktozani (Spicka, 1995).

Vliv GO byl zatim sledovén jen u sterilnich silaZi
s pridavkem Cisté glukézy (Rauramaa et al.,, 1991).
Béhem prvnich 10 hodin byl nalezen nejvétsi pokles
koncentrace glukézy, kterd byla oxidovana na glukono-
vou kyselinu.

MATERIAL A METODY

Zpusob laboratorniho silaZovéni, popis picnin a cha-
rakteristika pouZitych preparati jsou uvedeny v praci
autort Cefovsky et al. (1997). Microsil obsahuje
inokulant mlééného kvaSeni, Bactozym ma vedle stej-
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ného inokulantu je$té enzymovy komplex sloZeny z ce-
luldzy, hemicelulazy a GO. SilaZe byly zaloZeny vidy
dvé vedle sebe a uvadéné hodnoty jsou primérem ze
dvou stanoveni. Pokusy jsou oznaleny pismeny: J —
trava Perun, V — vojtéska, O — neoSetfena silaz, M —
silaZ oSetfend Microsilem, B — silaZ oSetfend Bactozy-
mem.

Stanoveni susiny (DM). Navazka silaze (cca 10 g)
byla suSena v susarné pfi teploté 110 °C do konstantni
hmotnosti (4 h). SuSina byla stanovena pfed uzavienim
sildZnich boxt a po ukondeni pokusu, tj. po 96 hodi-
nich.

Priprava extraktu. Po otevieni boxu se silaZi bylo
okamZité navaZeno piesné 5 aZ 6 g rostlinného mate-
ridlu do uzaviratelné lahvi¢ky, pfidan byl etanol
(20 ml) a chloroform (0,5 ml) k zastaveni, enzymové
aktivity. Takto odebrané vzorky byly skladovany pfi
teploté€ —20 °C aZ do doby analyzy. Cely obsah lahvié-
ky byl preveden do baiiky (250 ml) a pfevrstven etano-
lem (32 ml) a vodou (20 ml), takZe vyslednad koncen-
trace vodného etanolu pro extrakci byla 70 % obj.
Obsah baiiky byl zahfivan za michani k varu pod zpét-
nym chladi¢em po dobu jedné hodiny. Potom byl vzo-
rek zfiltrovan, promyt etanolem a spojené filtraty byly
doplnény v odmérné baiice etanolem na objem 100 ml.
Odtud bylo odpipetovano 10 ml filtratu do Erlenmeye-
rovy baiiky (50 ml), pfiddn byl roztok vnitiniho stan-
dardu ve vodé (1 ml, koncentrace D-ribozy 10 mg.ml'l)
a na Spicku noZe karborafinu. Vzorek byl odbarven
kratkym varem, karborafin byl odfiltrovan, promyt des-
tilovanou vodou a ¢iry filtrat byl odparen do sucha na
rotacnim vakuovém odparoviku pfi teploté lazné 50 °C
a vakuu vodni vyvévy. Odparek byl poté rozpustén
v destilované vodé (1 ml) a bylo zkontrolovdno pH,
protoZe pro nasledujici HPLC analyzu je nutné, aby
vzorek byl neutralni aZ slabé alkalicky. Pokud byl vzo-
rek kysely, pfidavkem pevného oxidu vapenatého byl
zneutralizovén a prefiltrovan pfes mikrofiltr (0,2 pm,
Sartorius, Némecko). K analyze bylo nastfikovano
0,5 pl tohoto koneéného filtratu.

HPLC analyza. K analyzim byla pouZita plastova-
na sklenéna kolona (25 cm x 6 mm) termostatovana na
53 °C a plnéna silné kyselym iontoméni¢em OSTION
LGKS 0802 (H* cyklus, Spolek pro chemickou a hutni
vyrobu, Ceské republika) pfevedenym do Na' cyklu.
Pritok deionizované vody byl udrZovan na 6 mlLh!
pumpou Beckman 100 A a analyzy byly monitorovany
diferencidlnim refraktometrem Optilab 5902 (Tecator,
Svédsko) spojenym se zapisovatem TZ 4200 (Labora-
torni pfistroje, Ceska republika). Jako vnitfni standard
byla pouZita rib6za a chromatogramy byly integrovany
pomoci vySek elucnich pasi, mrtvy objem kolony byl
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0,13 ml. Obsah sacharidu je udavan v g na kg Cerstvého
materialu (FM).

VYSLEDKY A DISKUSE

Ve srovnani s béZnéji pouZivanou plynovou chro-
matografii (Hartman, 1981; Spi&ka, 1995) je ka-
palinova chromatografie na silné kyselém iontomé&nici,
zaloZend na mechanismu ligandové vymény, méné
uginn4, ale jednotlivé monosacharidy se vidy vymyvaji
jako jeden pas a kvantitativni analyza neni kompliko-
véina délenim jednotlivych izomernich forem sacharidi
(acyklick4, cyklick4 péti- a Sestitlennd, o a B anome-
ry). Dalsi vyhodou je jednoduchi iprava vzorku bez
derivatizace, kterd metodu zvyhodiiuje pro rutinni sta-
noveni. Za pouZitych podminek se vysokomolekularni
latky eluuji s mrtvym objemem kolony, disacharidy se
vymyvaji prakticky jako jeden pas a nejlepsi separace
je dosaZeno pro monosacharidy a alditoly (Tab. I). Ne-
Cistoty s vy¥8i molekulovou hmotnosti, béZné pfitomné
ve vzorcich z pfirodnich materild, nezatéZuji tak ko-
lonu a nesniZuji u¢innost separace. Vzhledem k tomu,
Ze majoritnimi sacharidy v picninach jsou sacharéza,
glukéza a fruktéza (Hartman, 1981) a za nejdileZi-
t&j8i z hlediska fermentace jsou povaZovany glukéza
a fruktéza (McDonald et al., 1968), Ize danou me-
todu povaZovat za dostatecné piesnou. Ukazkové chro-
matogramy extrakti trdvy Perun a vojtéSky pred sila-
Zovéanim jsou na obr. 1. Eluéni pas oznaceny X (obr. 1)
pfislugi neidentifikované sloudening, jejiZ obsah ve voj-
t&Sce pied sildZovanim byl 4,0 g.kg" (poéitano na sa-
char6zu) a béhem fermentace se neménil. Ziejmé se
jedna o stejnou slouceninu, kterou nalezl uz Har-
tman (1981). VSechny uvadéné koncentrace sachari-
dia jsou vztaZeny na FM, protoZe obsah DM se prili§
neméni ani po 21 dnech sildZovéani (Garcia et al,,
1989). Ve shodé s timto faktem byly nalezeny jen malé
zmény DM (trava Perun: 0 h — 33,64 %, 96 h —
30,84 %; vojtéska: 0 h — 33,45 %, 96 h — 32,35 %).

Mezi sledovanymi sacharidy (obr. 2 a 3) ubyvala ve
shodg s literarnimi udaji (Spicka, 1995) nejrychleji
sacharo6za, a to jak pfi silaZovani travy, tak pfi silaZo-
vani vojtésky. V pfipad€ sildZovani travy Perun nejpr-
ve stoupl obsah sachar6zy b&hem prvnich tfi hodin
u neoSetfené sildZe aZ na 150 % puvodniho mnoZstvi
a u silaZe oSetfené Bactozymem (probioticko-enzymo-
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1. Chromatogram extraktu trivy Perun (a) a vojtésky (b): 1 — vyso-
komolekuldrni latky, 2 — sacharéza, 3 — glukéza, 4 - fruktéza, 5 —
rib6za (vnitini standard), X - neidentifikoviano — The chromato-
grams of an extract of grass (a) and alfalfa (b): 1 — high-molecular
compounds, 2 - sucrose, 3 — glucose, 4 — fructose, 5 - ribose (inter-
nal standard), X — unidentified

vy preparit s GO) na 115 %. Pouze u pokusii s Micro-
silem byl nalezen trvaly tbytek sachar6zy (obr. 2). Za-
jimavé je, Ze hydrolyzu sacharézy od tfeti do tficaté
hodiny silaZovéni lze popsat ve vSech pripadech jako
reakci prvniho fadu charakterizovanou linedrni zavis-
losti logaritmu koncentrace na &ase, jejiz smérnice uda-
va rychlostni konstantu reakce (tab. II). Hodnoty rych-
lostnich konstant a smérodatnych odchylek dokazuji,
Ze sachar6za je hydrolyzovina prakticky stejné rychle
s pologasem reakce zhruba 10 hodin. B&€hem silaZovani
vojtésky ubyvala sacharéza od po&atku procesu (obr. 3)

I. Kapacitni faktory n&kterych b&Znych sacharidi a alditoli — The capacity factors of some common carbohydrates and alditols

Slougenina' K’ Slougenina' K Slougenina’ 'Y
Rafin6za? 0,11 glukéza’ 0,36 xyléza'? 0,54
Sacharéza® 0,13 galaktéza® 0,45 manitol '3 0,54
Laktoza* 0,18 man6za’ 0,50 inozitol'* 0,59
Maltéza® 0,22 frukt6za'? 0,50 arabin6za'’ 0,63
Celobi6za® 0,22 glucitol'! 0,50 rib6za'® 0,80

lc(:mp()und. Zraffinose, “sucrose, *lactose, *maltose, ‘cellobiose, 7glucose, “galaclose. “mannose, “fructose, !! glucitol, 'zxylose. Bmannitol,

“inositol, '*arabinose, '®ribose
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1. Rychlostni konstanty hydrolyzy sacharézy b&hem pocatecni fize
sildZovani travy Perun (J) a vojtEsky (V) — The rate constants of the
hydrolysis of sucrose during the initial stage of grass ensiling (J) and
alfalfa ensiling (V)

Rychlostni Standardni y
Pokus' konstanta? odchylka® k‘;:g:':‘l 3
105 (s 105 (s7)
JOo 2,26 0,13 0,9807
M 1,87 0,12 0,9816
B 1,91 0,20 0,9690
VO 1,82 0,25 0,9342
VM 1,36 0,10 0,9836
VB 2,11 0,25 0,9588

lexpcriment. *rate constant, standard deviation, 4regression coeffi-
cient

a opét mezi tieti a tficatou hodinou byl nalezen linearni
vztah mezi logaritmem koncentrace a ¢asem. V tomto
pfipadé jsou spocitané rychlostni konstanty s ohledem
na experimentalni chybu stejné (tab. II) pro kontrolni
silaZ a pro silaZ ofetfenou Bactozymem. OSetfeni Mic-
rosilem mirné zpomalilo rychlost utilizace sacharézy.
Z porovnani tdaji pro travu a vojtéSku, predstavitele
dobfe a obtiZzné silaZovatelnych picnin (tab. II), je ziej-
mé, Ze sachar6za ubyva prakticky stejné rychle u obou
dvou picnin bez ohledu na to, zda byly oSetfeny Ci
nikoliv. Pravdépodobné se v této fazi silaZovani uplat-
fiuji pfi hydrolyze sacharézy predevsim pivodni rost-
linné enzymy.

Zcela jiny charakter zmén koncentrace byl nalezen
pro glukézu a fruktézu. Koncentrace glukézy pii sila-
Zovéni travy jilkového typu Perun po polateéni stagnaci
& mirném poklesu prochézi maximem (obr. 4). Teore-
ticka maximalni koncentrace glukézy za predpokladu,
Ze jejim jedinym zdrojem je sacharéza a Ze se déle
neutilizuje, ¢ini 15,4 g.kg']. V obou pokusech s oset-
fenou silaZi se koncentrace glukdzy této hranici blizi,
zatimco v kontrolni silaZi se pohybuje vysoko nad
20 g.kg!. Je ziejmé, Ze oba preparéty diky probiotické
sloZce vyrazné urychluji utilizaci glukézy po 60 hodi-
nach silazovani, kdy se jiz ve vétSi miie uplatiiuje ho-
mofermentativni faze. Pfitomnost GO (obr. 4, pokus
JB) se projevi ve shodé€ s literarnimi udaji (Raura-
maa et al, 1991) v samém pocétku fermentace, bé-
hem prvnich 10 hodin, kdy obsah glukézy jako v jedi-
ném pripadé klesa diky jeji oxidaci na glukonovou
kyselinu. Velmi podobné zavislosti byly nalezeny i pro
koncentraéni profil glukézy pii sildZovani vojtésky
(obr. 5). Jak Microsil, tak i Bactozym urychluji utilizaci
glukdzy diive nez u travy jilkového typu a po 40. hodiné
silaZovani je patrny pokles koncentrace glukézy. Divo-
dem muZe byt témér tfetinovy obsah glukézy ve voj-
té€8ce v porovnini s trdvou jilkového typu pfi stejném
pouZitém mnoZstvi probiotickych preparati. Nalezené
zavislosti (obr. 4 a 5) svéd¢i o tom, Ze Gloha glukézy
b&hem silaZovani dobfe i obtiZzné silaZovatelnych pic-
nin neni jednoducha. Na jedné strané pfibyva hydroly-
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2. Zmény koncentrace sacharézy pfi sildZovéni trdvy Perun —
Changes in the sucrose concentration during Perun grass ensiling
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3. Zmény koncentrace sachar6zy pfi siliZovéni vojt&iky — Changes
in the sucrose concentration during alfalfa ensiling
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4. Zmény koncentrace glukézy pfi siliZovéni travy Perun — Changes
in the glucose concentration during Perun grass ensiling

zou sachardzy pfevaZné puvodni rostlinnou mikrofl6-
rou a dale vznika hydrolyzou polysacharidi. Na druhé
strané glukéza slouZi jako C-zdroj pro mlééné ¢i jiné
kvaseni a je oxidovéna u¢inkem GO na kyselinu glu-
konovou (pokusy JB a VB); uplatiiuje se i pfi respiraci.
Koneény koncentraéni profil gluk6zy v zavislosti na

ZIVOCISNA VYROBA, 42, 1997 (4): 223-228



+ VO
o VM
o VB

Concentration [gkg' FM]

0 20 40 60 80 100
Time [h]

5. Zmény koncentrace glukdzy pfi sildZovéni vojt&8ky — Changes in
the glucose concentration during alfalfa ensiling
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7. Zmény koncentrace frukt6zy pfi silaZovéni vojt&8ky — Changes in
the fructose concentration during alfalfa ensiling

relativnich rychlostech téchto procesi muZe vykazovat
velice odli$né prib&hy, coZ ponékud zpochybiiuje sna-
hu vyjadfit dynamiku zmén obsahu gluk6zy néjakou
matematickou rovnici (Spi&ka, 1995).

Obsah fruktézy se pfi silaZovani travy Perun i voj-
t&8ky neoletiené a ofetfené Microsilem zvy3uje v pru-
b&hu prvnich 10 aZ 15 hodin (obr. 6 a 7) v té mife, jak
rychle je hydrolyzovana sachar6za. Maximalni koncen-
trace fruktézy pfitom v sildZich z travy jilkového typu
pfevySuje hranici danou obsahem sacharézy (20 g.kg‘l
FM), protoZe zaroveii zalind hydrolyza fruktozani pro-
dukujicich fruktézu. Z téhoZ davodu je i nasledujici
pokles koncentrace fruktézy pozvolny. Pfi sildZovéni
vojté¥ky, kterd fruktozany neobsahuje, je maximélni
koncentrace frukt6zy blizka hodnoté 9 g.kg'l FM, kte-
ra odpovida koncentraci po totilni hydrolyze sacharé-
zy. Zcela odli¥né koncentraéni z4vislosti byly nalezeny
pro silaZe oSetfené Bactozymem (obr. 6 a 7). V prvni
fazi silaZovani (15 hodin — vojtéska, 20 hodin — triva)
se obsah frukt6zy piekvapivé neméni, i kdyZ hydrolyza
sachar6zy je stejné rychld jako v pifipadé neoSetfené
silaZe nebo po oSetfeni Microsilem (tab. II). Diky pfi-
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6. Zmény koncentrace fruktézy pfi siliZovéni travy Perun — Changes
in the fructose concentration during Perun grass ensiling

50,00
E‘ 40,00
E ——VO
g 30,00 TV
= -o—-VB
5 ——JO
20,00 + e IM
-] ——JB
© 10,00 ¢
0,00 + + + +
0 20 40 60 80 100

Time [b]

8. Zmé&ny sumy koncentrace glukézy a fruktézy b&hem silaZovani —
Changes in the sum of concentrations of glucose and fructose during
ensiling

tomnosti GO musi fruktéza v této fazi silaZovani uby-
vat zhruba takovou rychlosti, jako vznikd hydrolyzou
sacharézy. Celou situaci je§t€ lépe ilustruje zévislost
sumy koncentraci gluk6zy a fruktézy na Case (obr. 8).
A% do 25. hodiny silaZovini je hladina glukézy a fruk-
tézy pfiblizné konstantni, i kdyZ do té doby ma GO
nejvyssi aktivitu (Rauramaa et al.,, 1991) a rychle
oxiduje glukézu na glukonovou kyselinu. Pravdépo-
dobn& GO aktivuje origindlni mikrofléru v dobég, kdy
fermentaéni pochody probihaji jen v malé mife, a ta
enzymaticky izomerizuje fruktéza na gluk6zu. Tento
zavér je v souladu s dfive formulovanym nézorem, Ze
GO mizZe ovliviiovat profil a aktivitu originalni rostlin-
né mikrofléry (Rauramaa et al., 1991).

ZAVER

Podle pfedpokladu (Rauramaa et al,, 1991) se
aktivita GO projevuje nejvice v prvnich 10 hodinich
fermentace, a to sniZenim koncentrace glukézy. Zaro-
veil ale v potatednim stadiu silaZovani, tj. v heterofer-
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mentativni fazi, ovliviiuje i koncentraci frukt6zy tim,
Ze aktivuje originlni mikrofléru rostliny, ktera frukto-
zu izomerizuje na gluk6zu. Tento efekt GO nebyl do-
posud popsan.

LITERATURA

CEROVSKY, M. - MORAVCOVA, J. - LOUCKA, R. -
MACHACOVA, E. - OPATOVA, H. - VOLDRICH, M.:
Vliv probioticko-enzymovych prepariti s glukézaoxiddzou
na sildZovatelnost vojtésky (Medicago sativa L.) a trévy jil-
kového typu (Lolium multiflorum Lam. x Festuca pratensis
Huds.). Zivod. Vyr., 42, 1997 (v tisku).

GARCIA, A. D. - OLSON, W. G. - OTTERBY, D. E. -
LINN, J. G. - HANSEN, W. P.: Effects of temperature, mois-
ture and aeration on fermentation of alfalfa silage. J. Dairy
Sci., 72, 1989: 93-103.

HARTMAN, M.: Stanoveni lehce rozpustnych cukri plyno-
vou chromatografii v rostlinnych materidlech. Rostl. Vyr.,
27, 1981: 191-199.

JANKOVSKY, M. - HUBACEK, J. - PAVLIK, I.: N&které
aspekty stanoveni sacharidi v rostlinném materidlu metodou
plynové chromatografie. Rostl. Vyr., 31, 1985: 409-415.

LUNDEN PETTERSSON, K. — LINDGREN, S.: The in-
fluence of the carbohydrate fraction and additives on silage
quality. Grass Forage Sci., 45, 1990: 223-232.
McDONALD, P. - HENDERSON, A. R.: Determination of
water-soluble carbohydrates in grass. J. Sci. Food Agric., 15,
1964: 395-398.

McDONALD, P. - HENDERSON, A. R. - MacGREGOR,
A. W.: Chemical changes during the ensilage of wilted grass.
J. Sci. Food Agric., 19, 1968: 125-132.

RAURAMAA, A. L. - SETALA, J. J. - TOMMILA, A. E.
A.: The effect of glucose oxidase on the preservation of grass
silage. Grass Forage Sci., 46, 1991: 359-364.

STEEN, E. — LARSSON, K.: Carbohydrates in roots and
rhizomes of perrenial grasses. New Phytologist, 104, 1986:
339-346.

SOMOGYI, M.: A new reagent for the determination of su-
gars. J. Biol. Chem., 160, 1945: 61-65.

SPICKA, J.: Dynamics of glucose, fructose and sucrose con-
centration changes during the initial stages of forage ensiling.
Zivog. Vyr., 40, 1995: 347-352.

Doglo 16. 10. 1996

Kontaktnf adresa:

Ing. Jitka Moravcova4, CSc., Vysokd Skola chemicko-technologickd, Ustav chemie pfirodnich latek, Technicka 5, 166 28
Praha 6, Ceska republika, tel.: 02/24 35 42 83, e-mail: Jitka.Moravcova@vscht.cz

ZIVOCISNA VYROBA, 42, 1997 (4): 223-228


mailto:Jitka.Moravcova@vscht.cz

INFORMACE - STUDIE - SDELENI

VYZNAM KAROTENOIDU PRO ZIVOCISNY ORGANISMUS*

EFFECT OF DIETARY CAROTENOIDS ON ANIMAL ORGANISM

A. Fuéikova, P. Mader, H. Vodickova

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

ABSTRACT: The authors submit literature review about the influence of carotenoids on the animal organism. Special
attention is paid to the retention of carotenoids in the digestive system and their metabolic transformation, and to their relations
to cancer, immune response, reproduction of farm animals, and cardiovascullar system. Total of 181 references come mainly
from the second half of the eighties (81 refs.), and from the nineties (84 refs.).

carotenoids; digestive system; cancer; immune system; cardiovascullar system; reproduction; animal organism

ABSTRAKT: Autofi ptedkladaji pfehled o vlivu karotenoidi na Zivoliiny organismus, zejména pfehled o jejich vztahu
k rakovinnému onemocnéni, imunitnimu a kardiovaskularnimu systému a reprodukci hospodafskych zvifat. V préci je uve-

deno celkem 181 citaci, pfedeviim z druhé poloviny osmdesatych let (81 citaci) a z let devadesatych (84 citaci).

karotenoidy; zaZivaci trakt; rakovina; imunitni systém; kardiovaskuldrni systém; reprodukce; Zivoi§ny organismus

UvVOD

Karotenoidy se déli na karoteny a xantofyly. Karo-
teny jsou uhlovodiky, xantofyly jsou kyslikaté derivaty
téchto uhlovodiki. Jsou to litky rostlinného pivodu.
V souéasné dobé je znamo téméf 600 ruznych karote-
noidu, z toho asi desetina jsou karoteny. Nejznaméjsim
karotenem je beta-karoten. Jednd se o vysoce nenasy-
ceny uhlovodik (sumdérni vzorec CyoHsg) s velkym
poétem konjugovanych dvojnych vazeb. Nejznamé&j$im
xantofylem je lutein, coZ je dihydroxy-alfa-karoten

(C4oHs602).

KAROTENOIDY V ZIVOCISNEM ORGANISMU

Retence v zaZivacim traktu, ukldddni a metabolické
pfemény

S rostlinnou potravou se karotenoidy dostavaji do
zaZivaciho traktu Zivo&ichi, kde dochazi k jejich &as-
te¢né absorpci a naslednému mechanickému ukladani
do riznych &asti a organi. Jen nékteré karotenoidy jsou
v ZivoCisném organismu metabolicky pfeméiovany,
a to jeSt€ s velmi rozdilnou ucinnosti. Zakladni prace
o pfijmu, distribuci a metabolismu karotenoidi v orga-
nismech Zivocichu a Clovéka publikovali Bartley,

Scolnik (1995), Bauernfeind (1981), Bec-
ker etal. (1994), Bjerkeng et al. (1990), Bon-
di, Sklan (1984), Brady et al. (1996), Coo-
ney etal (1991), Goodwin (1986), Gottlieb
et al. (1993), Hudon (1994), Jarvinen (1995),
Kohlmeier, Kohlmeier (1995), Mascio et
al. (1989), Mayne, Parker (1986), Olson
(1994), Sauberlich et al. (1994), Schiedt
(1989), Schiedt etal. (1991), Scott et al. (1996),
Stahl et al. (1992), Suda et al. (1987), Tang et
al. (1995), Thurnham (1994), Yang et al. (1992)
a Zeng etal. (1992).

PREMENA NA VITAMIN A

Mimofadny vyznam pro organismus ma pieména
beta-karotenu a nékolika dal¥ich karotenoidi na vita-
min A. K této pfemé&né muZe dojit jen u téch karotenoi-
di, u kterych je jedna polovina molekuly typu beta-ka-
rotenu s nemodifikovanym beta jononovym kruhem.
Vzhledem k vysokému zastoupeni beta-karotenu
v rostlinach i ke skuteénosti, Ze z jedné jeho molekuly
mohou teoreticky vzniknout dvé molekuly vitaminu A,
byla daleko nejvétSi pozornost vénovana pravé piemeé-
né beta-karotenu na vitamin A (Granguly, Sas-
try, 1984; Brubacher, Weiser, 1985). Uginnost

* Tento literdrni prehled byl vypracovén jako sou&ést feeni grantového projektu GA CR &. 509/94/0736.
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této pfemény se velmi 1i¥i u riznych druhl zvifat. Za-
timco u byloZravei je vysoka (rostlinné prekurzory vi-
taminu A jsou pro né jedinym zdrojem tohoto vitaminu),
masoZravci ziskdvaji &4st vitaminu A pfimo z Zivocis-
nych tkéni a sloZka z rostlinnych zdroju je jen dopliiu-
jici. Clovék je schopen ¥t&pit beta-karoten na vitamin
A. V roce 1965 doporutila expertni skupina FAO/WHO
za konverzni faktor pro beta-karoten v lidské potravé
hodnotu 1/6 (tzn. Ze 1 pg beta-karotenu v dieté je pfi-
pisovana stejna biologicka aktivita jako 0,167 pg reti-
nolu, viz WHO, 1967).

Vliv karotenoidii na prevenci a vznik rakoviny

V soucasné dobé je v epidemiologickych vyzku-
mech zaméfena pozornost na vztah mezi plisobenim
riznych antioxidantl, v&etn& karotenoidd, a chronic-
kym onemocnénim. Cilem je najit nejvhodné&;jsi indik4-
tory ve vztahu k dieté, stavbé lidského organismu a ne-
Z4doucimu poSkozeni bunék. V této souvislosti se staly
sttedem z4ajmu karotenoidy nejen vzhledem k nutriéni
hodnoté, ale i k ochranné funkci v oxidativnich proce-
sech u Zivo&icht a jejich moZné intracelularni aktivité.
V mnoha studiich je ochranny téinek karotenoidii na-
znaCen korelaci mezi jejich vy$§im pfijmem organis-
mem a sniZenym rizikem vzniku karcinomu. V nékte-
rych pfipadech tyto latky vykazuji chemopreventivni
zésah do mechanismu tvorby nddorového onemocnéni.
Tento ucinek je mozZné CasteEné vysvétlit schopnosti
karotenoidu potlacit negativni vlivy volnych radikali
(Krinsky, 1990; Olson, 1993a, b). Za neprozkou-
manou oblast této problematiky lze povaZovat odhaleni
moZné funkce karotenoidu jako faktorti zvy3ujicich
odolnost organismu, ¢imZ by mohly plnit roli prevence
v dal§im §ifeni jiZ vzniklych nidord (Krinsky,
1990). Jednim z vysvétlujicich mechanismi této funkce
by mohla byt jejich schopnost tvorby systémi, které
stabilizuji bun&&né membrany nebo zabraiiuji jejich po-
Skozeni M athews-Roth, 1989).

Odhaleni souvislosti mezi obsahem karotenoidu
v dieté a rizikem vzniku rakoviny bylo zdmérem kon-
trolnich studii a studii provaddénych u lidi s nddorovym
onemocnénim. Bylo prokdzano zvySené riziko vzniku
rakoviny plic u lidi s nizkou hladinou pfijmu karote-
noidu v dieté. V pripadé onemocnéni rakovinou prsu by-
lo riziko vzniku v souvislosti s nedostatenym piijmem
karotenoidi men8i. AvSak vyskyt kréni displazie, prema-
ligni faze kr&niho karcinomu, nebyl pfitomnosti beta-
-karotenu v dieté ovlivnén (Byers, Perry, 1992).

S ohledem na silny ochranny t&inek beta-karotenu
bylo provedeno nékolik studii, které mély ovéfit che-
mopreventivni pisobeni této slouCeniny proti vzniku
riznych druhi rakoviny. V deseti studiich, které byly
provadény na populaci vystavené zvySenému riziku
vzniku niddorového onemocnéni a u lidi s odstranénym
nddorem, byla zaznamenéna funkce beta-karotenu jako
inhibitoru pfi vzniku karcinomu plic, tlustého stieva,
dutiny ustni a kiize (M alone, 1991).
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Existuje pfedpoklad, Ze karotenoidy mohou specific-
ky inhibovat riist nddorovych bun&k v bun&éné kultuie.
Bylo prokéazano, Ze 70 pM beta-karoten inhibuje proli-
feraci plicniho a ordlniho karcinomu. Tato koncentrace
nezpusobila zménu v ristu normélnich huménnich ke-
ratinocytl. Uinek beta-karotenu v tumorovych buii-
kach je vysvétlovan pfitomnosti proteinu s molekulo-
vou hmotnosti 70 000 Da, podobného ,heat shock®
proteinim (Krinsky, 1993).

In vitro byl testovan d¢inek beta-karotenu v humén-
nich buné&nych liniich ziskanych z neoplazmatické
ordlni mukézy. V tomto pokusu byla prokazéna schop-
nost beta-karotenu redukovat klonogenovou aktivitu;
nebyl patrny vliv na buné&nou proliferaci, coZ je disle-
dek ochranného téinku proti genotoxickému poskozeni
(Toma et al., 1991).

Na modelovych pokusech se zvifaty byl testovén
antikarcinogenni G¢inek riznych karotenoidu. Jak uva-
di Krinsky (1990), byly ziskany pozitivni vysledky
pfi aplikaci karotenoidii (250 mg v 0,1 ml esencidlniho
média) extrahovanych ze dvou fas (Spirulina a Duna-
liella). Byl rovnéZ testovan antimutagenni t¢inek karo-
tenoidii v bakteridlnich buiikdch S. typhimurium TA
100 a TA 98, u nichZ byla mutageneze vyvolana afla-
toxinem B . U obou druhti byla prok4zéna dileZité role
beta-karotenu jako antioxidantu, ktery ma inhibi&ni
iéinky v metabolismu mutageneze indukované timto
karcinomem (He, Campbell, 1990).

Jednou z charakteristik beta-karotenu je jeho schop-
nost kumulace v epitelidlnich tkanich. Z tohoto pfed-
pokladu vychéazi animalni studie. V riznych tkédnich
byl nalezen odli¥ny obsah, &as saturace a kinetika pfe-
mény beta-karotenu byly rovn&€Z rozdilné. Jaky vliv
maji tyto rozdily v riznych tkanich na riziko vzniku
karcinomu ve specifickych mistech, neni jasné. Je moZz-
né se domnivat, Ze hladina beta-karotenu v tkéni vSak
bude smérodatnéj§im ukazatelem potencialniho rizika
vzniku rakoviny, neZ bychom mohli pfedpokladat
z pfijmu tohoto antioxidantu nebo jeho hladiny v krvi
(Rosin, 1990).

Uloha karotenoidii je prezentovdna v prevenci mu-
tageneze, genotoxického puisobeni nebo maligni trans-
formace v bakteridlnich a ZivociSnych tkénich, v bu-
néénych a organovych kulturich. Byly prokazény
antikarcinogenni ginky u Zivogichi vystavenych UV
zareni, soucasnému vlivu UV zafeni a chemikalii nebo
chemickym karcinogeniim. V nékterych experimentech
byly pouZivany farmakologické davky karotenoidu
a nejnovéjsi studie ukazaly, Ze i niZ§i davky mohou byt
u¢inné. Humanni studie jsou zaloZeny na hypotéze, Ze
tento nutriéni prvek ma funkci chemopreventivni rea-
gencie. Antikarcinogenni uéinky karotenoidi 1ze prav-
dépodobné vysvétlit jejich biologickou funkci, avSak
toto tvrzeni je nutné ovéfit dalS§imi experimenty
(Krinsky, 1993).

Z uvedeného vyétu je ziejmé, Ze nejcastéji studova-
nym karotenoidem je beta-karoten (Alam, Alam,
1987; Alam etal., 1984; Beems, 1987; Belisa-
rio et al, 1985; Collachio, Memoli, 1986;
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Edes, Gysbers, 1993; Edes etal, 1989, 1991,
Fuller etal, 1992; Greenberg etal., 1985; Ha-
zuka etal, 1990; Hibino etal., 1990; Kadir et
al., 1986; Krinsky, 1989; Lambert et al., 1990;
Malone, 1991; Mathews-Roth, 1986, 1989;
Manoharan et al,, 1990; Ohno et al., 1988;
Ong etal, 1989; Peto etal., 1981; Raj, Katz,
1985; Renner, 1985, 1986; Shultz et al., 1992;
Singh, 1992; Steinel, Baker, 1990; Stich,
Dunn, 1986; Stich et al.,, 1988, 1989; Suda et
al., 1986, 1987; Toma etal., 1991; Tomita etal.,
1987). Modelovou studii pokousejici se vysvétlit anti-
karcinogenni i€inky beta-karotenu roli singletového ra-
dikalu provedli Doering a Kitawa (1991).
Ostatni karotenoidy byly studovdny v mnohem
mensim rozsahu. Murakoshi etal. (1989, 1992) po-
vazuji alfa-karoten za mnohem ucinnéj§i neZ beta-ka-
roten, a to jak v pfipadé karcinogeneze jater, plic a ku-
Ze u mys$i, tak i u kultury lidskych bunék. Podle autori
Di Mascio etal (1989) je lykopen vibec nejucéin-
néj8i biologicky karotenoidni ,,zhdSe¢* singletového
kysliku. U&innost zhaSeni singletového kysliku osmi
hlavnich karotenoidii moiskych organismu (astaxantin,
canthaxantin, beta-karoten, zeaxantin, lutein, tunaxan-
tin, fukoxantin a halocynthiaxantin) studovali Shi-
midzu et al. (1996). Jak uvadéji Hirayama et al.
(1994), acyklické karotenoidy jsou ucinnéj$imi zhasedi
singletového kysliku neZ karotenoidy cyklické. Lyko-
pen se zdd byt G¢inng&jsi neZ beta-karoten pfi expozici
kiuze UV-zafeni (Ribayamercado et al., 1995).
Pomérné velka pozornost byla vénovéna canthaxantinu
(Bertram et al.,, 1989; Bianchi-Santamaria
et al,, 1993; Colacchio etal., 1989; El-Attar,
Lin, 1991; Mathews-Roth, Krinsky, 1987;
Mathews-Roth etal, 1991; Pung et al., 1988;
Santamaria, Bianchi, 1989; Schwarz,
Shklar, 1988). Pung et al. (1993) studovali déinek
syntetického Cj,-karotenoidu. Mathews-Roth
(1982)a Black, Mathews-Roth (1991) porov-
nali u¢innost beta-karotenu, canthaxantinu a phytoenu.
Zhang etal. (1991) pracovali s beta-karotenem, alfa-
-karotenem, canthaxantinem, lykopenem a luteinem.
Nové mozné vysvétleni udinku karotenoidd, totiZ potla-
¢eni hyperfosforylace bunéénych proteind, navrhli
Matsushimanishiwaki et al. (1995). Modelo-
vou srovndvaci studii antioxidativnich déinku Sesti ka-
rotenoidi (beta-karoten, septapreno-beta-karoten, can-
thaxantin, astaxantin, zeaxantin a lutein) v micelarnim
systému Tritonu X-100 provedli Hill et al. (1995).
Celkovy obsah karotenoidl v krevnim séru byl ko-
relovén s dalimi faktory v epidemiologické studii za-
hrnujici 12 866 muZi, z nichZ 156 pozdéji zemielo na
rakovinu (Connet et al, 1989). Micozzi et al.
(1990) davali do korelace obsah karotenoidi v dieté
s rizikem vzniku rakoviny. Prehledné referity k pro-
blematice biologické aktivity karotenoidii, zejména po-
kud jde o chemoprevenci, publikovali Correa
(1995), Krinsky (1989a, b; 1993a,b), Lachance
(1994), Mathews-Roth (1985), Moon (1989),
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Olson (1992, 1993a,b)a Tomita (1983). V &eské
literatufe se o ucincich karotenoidi kratce zmifiuji
v prehledném referatu o ochrané pfed volnymi radikaly
Holecek a Racek (1994). Kritické stanovisko
k celé problematice zaujima Bieri (1987). SloZitost
problematiky epidemiologickych studii a jejich inter-
pretace zevrubné diskutuje Schwartz (1996).

Vliv karotenoidii na imunitni systém

Béhem doby bylo zjiiténo, Ze beta-karoten a jiné
karotenoidy hraji dileZitou dlohu v imunitnim systé-
mu, zejména v imunitni odpovédi, a pasobi jako latka,
kterd chréani pfed rakovinnym onemocn&nim a podpo-
ruje ¢innost zabijeCskych bunék pfi nddorovém bujeni
(Bendich, 1991a). Pisobeni na imunitni systém se
projevuje zvét§ovanim thymu a perifernich lymfatic-
kych uzlin a antagonistickym vlivem na piisobeni imu-
nosupresivnich latek (Sterzl, 1993). Karotenoidy
jsou také pfitomny v lidské kuZi a jejich koncentrace
ubyvé po vystaveni UV zéafeni. Pfi vystaveni lidského
organismu UV zéfeni se sou¢asné sniZuji i imunitni
funkce (Bendich, 1991a, b).

NESPECIFICKA IMUNITA

Fagocytéza, pohlcovéani korpuskuldrnich &astic, je
sloZity proces. Pro fagocytézu &astic se specializovaly
profesiondlni fagocyty, tj. buiiky monocytarniho fago-
cytujiciho systému (makrofagy, histiocyty), a buiiky
periferni krve, tj. neutrofily a monocyty. Po internali-
zaci mikroorganismi do fagocyti a vytvofeni fagocy-
tarni vakuoly jsou mikroorganismy inaktivovany a nit-
robunécné Sté€peny. Nejvyznamné&jsi bakteriocidni
aktivitu mé kyslikovy superoxid, ktery vznika po akti-
vaci redukovaného NADPH-oxiddzového systému za
tcasti membrinové a cytosolové frakce, kyseliny ara-
chidonové a hoi¢iku. Ze superoxidu se vytvareji oxy-
genové produkty, které pusobi bud samostatné, nebo
s dal$imi enzymy fagocyt, myeloperoxiddzou a lakto-
ferinem. Oxidacni produkty katalyzuji peroxidaci lipi-
du, poskozuji DNA a degraduji proteiny (Sterzl,
1993).

Lidské PMN byly inkubovany s beta-karotenem
a bakteriemi. Bakterie byly buiikami PMN usmrceny
a buiiky PMN poskozeny nebyly. V pfipadg, Ze k buii-
kadm PMN nebyl pfidan beta-karoten, byly buiiky PMN
poSkozeny svymi vlastnimi oxidativnimi produkty
(Bendich, 1989).

Vliv beta-karotenu a vitaminu A na fagocytarni
funkci PMN periferni krve a na makrofagy a PMN
mlééné Zlazy v souvislosti s vyskytem Staphylococcus
aureus studovala cela fada autort. Tjoelker et al.
(1986) pridavali kravam v obdobi st4ni na sucho a bg-
hem laktace do krmiva rizné davky vitaminu A a be-
ta-karotenu, nebo obé& latky soucasn&. Na izolovanych
PMN in vitro a po inkubaci s beta-karotenem sledovali
fagocytarni aktivitu. Zjistili, Ze beta-karoten zvySuje
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fagocytézu PMN v periferni krvi krav v dobé stani na
sucho, ale nikoliv béhem laktace. Pfidavek beta-karo-
tenu a vitaminu A sniZuje pisobeni novych infekci bé-
hem ¢asného zaprahnuti (Dahlquist et al,, 1985).
Pfesny mechanismus, kterym beta-karoten a vitamin A
chréni, neni zcela jasny. Dowd a Heatley (1984)
zjistili, Ze snizena hladina beta-karotenu v krevnim sé-
ru sniZuje bun&nou imunitu a rovnéZ cirkulaci imuno-
kompetentnich bunék. Beta-karoten a retinol maji roz-
dilny zptsob pusobeni. Beta-karoten ma vétsi ochranny
vliv neZ retinol, ktery zmensuje riziko nadorového one-
mocnéni (Haenszel et al., 1985). Daniel et al.
(1991) vysvétluji ochranny ucinek beta-karotenu proti
infekci tim, Ze tento karotenoid umociiuje funkci lym-
focyti. Chew (1995) se domniva, Ze antioxidani
funkce karotenoidii miiZe alespofi z&4sti zvySovat imu-
nitu tim, Ze zachovava funkéni a strukturni integritu
vyznamnych imunitnich bun€k. Haq et al. (1995), kte-
fi testovali 0,02% obsah beta-karotenu, canthaxantinu
a luteinu v dieté nosnic, dospéli k zavéru, Ze tyto karo-
tenoidy nemaji vliv na zvySeni neonatdlni imunitni od-
povédi.

SPECIFICKA IMUNITNI ODPOVED

Seifter et al. (1981) zjistili u my$i po pfidani be-
ta-karotenu zvySeny pocet cirkulujicich lymfocyta
a v dalSich pokusech proliferaci cytotoxickych T lym-
focyti. Hoskinson et al. (1992) prokéazali v poku-
sech na prasatech zvySeni po¢tu lymfocyti po podéni
beta-karotenu a vitaminu A. Pocet pomocnych T lym-
focytl, které ovliviiuji proliferaci B lymfocyti, byl
u lidi vy38i po pfidavani 180 mg beta-karotenu denné
po dobu dvou tydni (Alexander et al., 1985).
Bendich a Shapiro (1986) sledovali vliv beta-
karotenu a canthaxantinu na funkce T a B lymfocyti
u laboratornich zvifat. Specificka imunitni odpovéd na
mitogeny (concanavalin, phytohemaglutinin a lipopo-
lysacharid) byla u pokusnych zvifat zvy$ena po podéni
diety obsahujici jak beta-karoten, tak canthaxantin.
Canthaxantin je stejné jako beta-karoten Gcinny antio-
xidant, ale u savci nemizZe byt pieménén na vitamin A.

Watson etal. (1991) podavali beta-karoten lidem
(0, 15, 30, 45 a 60 mg denné) po dobu dvou mésicu.
Zjistili signifikantné vyssi pocet pomocnych T lymfo-
cytd u jedincu s davkami 30, 45 a 60 mg denné. Signi-
fikantni vzestup supresorovych bunék T byl prokazan
jiZ pfi davce 15 mg beta-karotenu denné. Vyznamné
rozdily mezi skupinami byly zjist€ny i u NK bunék
(natural killer cells — pfirozeni zabijeci). Vysledky jed-
nozna¢né ukazuji na dlohu beta-karotenu jako imuno-
stimulatoru. Stejné zavéry z celé fady pokusu, které se
tykaji NK bunék, uvadi Bendich (1991b).

Vitamin A zvy$uje mitogenni odpovéd lymfocytl
na fytohemaglutinin u lidi a zvitat Micksche etal.,
1987). Je znamo, Ze stimulace mitogeneze neni univer-
zélni pro viechny karotenoidy ve vSech koncentracich.
Vitamin A ve vysokych koncentracich inhibuje mito-
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genni odpovéd lymfocytl na fytohemaglutinin (Skin-
nider, Geisbrecht, 1979).

Mitogeny jsou latky, které vyvoldvaji aktivaci a dé-
leni bunék. Pusobi jako polyklonové aktivatory lymfo-
cyti. Mezi nejvyznamnéj$i patfi lektiny izolované
z vysSich rostlin, jako napf. fytohemaglutinin (PHA)
z &ervené fazole (Phaseolus vulgaris) nebo konkanava-
lin A (CON A) z Canavalia ensiformis. Lektiny se mi-
mo vys§i rostliny vyskytuji i v bakteriich a v Zivo&is-
nych buiikdch. Jsou to vétSinou proteiny nebo
glykoproteiny, jejichZz molekuly maji na svém povrchu
vazebné misto pro monosacharid. Vazba se uskuteciiuje
podobné jako vazba mezi antigenem a vazebnym mis-
tem protilatky (Ferencik, 1989).

Vliv karotenoidi na reprodukci hospodérskych zvirat

Vliv beta-karotenu a vitaminu A je sledovan i z po-
hledu pusobeni na reprodukéni procesy v organismu.
Doplnék beta-karotenu pfidany do krmiva vyznamné
ovliviiuje intenzitu estralnich cykld a nasledné zabfez-
nuti u samic (Zile, Cullum, 1983). Relativné
vysoké koncentrace beta-karotenu ve Zlutém télisku
krav mohou ovlivnit produkci steroidnich hormonu
produkovanych vajecniky (Gawienovski et al,
1974; Inaba et al., 1986). Pfi nedostatku beta-karo-
tenu zjistili Meinecke et al. (1986) poruchu steroi-
dogeneze ve folikulech vajecniki krav s néslednymi
klinickymi zménami. Inaba et al. (1987) zjistili vy-
razné zvy$eni steroidogeneze v granuléznich buiikdch
vajecnika krav. Buiiky byly inkubovény s beta-karote-
nem in vitro po dobu Ctyf dnii. Autofi zjistili v téchto
buiikdch vyrazné signifikantni vzestup progesteronu.
O’Shaughnessy a Wathes (1988) poukazali
na vyraznou steroidogenezi v buiikich Zlutého téliska
krav po inkubaci s beta-karotenem in vitro.

Ascarelli etal. (1985) uvadéji, Ze vysoka hladi-
na karotent v krevni plazmé neni zdkladnim predpo-
kladem pro zabfeznuti u dojnic, ale za urditych pod-
minek se ukazuje jako limitujici faktor. Block
a Farmer (1987) popisuji beta-karoten jako latku,
kterd je v ur€itém vztahu k reprodukci dojnic. Zvy3eny
vyskyt ovaridlnich cyst u krav pii nizké koncentraci
beta-karotenu v krevni plazmé nalezli Inaba et al
(1986).

Cela fada autoru se zabyvala studiem vlivu beta-ka-
rotenu na ukazatele spojené s reprodukci krav holStyn-
ského plemene. Bindas et al. (1984) zjistili po pfi-
déani syntetického beta-karotenu do krmiva téchto krav
signifikantni vzrist koncentrace karotenti v krevni
plazmé, zatimco vliv beta-karotenu na zvySenou kon-
centraci progesteronu, glukézy, luteinizaéniho hormo-
nu, glukagonu a inzulinu v krevni plazmé zji§tén ne-
byl. Inaba et al. (1986) zjistili, Ze nizka hladina
beta-karotenu v krevni plazmé je jednou z pficin zadr-
zeni placenty na vice nez 12 hodin po porodu. Pridavek
beta-karotenu do krmiva signifikantné neovlivnil plod-
nost (Akordor et al., 1986), ale sniZil zanéty délohy
a vyskyt cyst na vajeCniku. Wan g et al. (1987) poda-
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vali kravam holStynského plemene piidavek beta-karo-
tenu 30 dni pfed porodem a 98 dni po porodu. Ve sle-
dovaném obdobi nezjistili zmény v reprodukénich uka-
zatelich a v mlééné produkci. Sezonni rozdily
v koncentraci beta-karotenu a vitaminu A v krevnim
séru krav holStynského plemene a vliv na poporodni
reprodukéni funkce sledovali Tekpetey et al.
(1987). Sezonni rozdily v obsahu beta-karotenu v krev-
nim séru krav byly signifikantni, ale sledované para-
metry reprodukéniho cyklu nebyly vyznamné ovlivnény.
Pfidavek beta-karotenu do krmné davky prepubertal-
nim kravam holStynského plemene zpusobil vzrist be-
ta-karotenu v séru ve srovnéni s kravami drZzenymi na
dieté s nizkym obsahem karoteni. Na zacéatku puberty
nebyla délka estralnich cykli, koncentrace ovaridlnich
hormonitt a hormont adenohypofyzy ovlivnéna piidav-
kem karotenu. Na druhé stran€ intenzita estralniho cyk-
lu byla slabsi u kontrolnich zvifat (Tekpetey etal,
1987). Existuje predpoklad, Ze za uréitych podminek
miZe mit nizky, ale i vysoky pfidavek B-karotenu do
krmiva nepfiznivy vliv na plodnost krav v laktaci. Kra-
vy pii pastevnim zptisobu odchovu mohou mit dokonce
niz§i produkci mléka na rozdil od krav krmenych niz-
§im pfidavkem beta-karotenu (Folman et al., 1987).
Wang et al. (1988b) v dalSich pokusech na kravach
holStynského plemene zjistili, Ze pfidavek B-karotenu do
krmiva sniZil onemocnéni mastitidami, ale nemél vliv
na dalsi ukazatele reprodukce (d€lozni involuce, ovari-
alni cyklus, mlé€na produkce). Wang et al. (1988a)
pfipoust&ji vyraznéjsi vliv davek beta-karotenu v kr-
mivu na reproduk&ni ukazatele jinych plemen skotu
(Friesecke, 1978; Bonomi et al.,, 1994). Hu-
szenicza etal. (1985) zjistili u dojnic pozitivni vliv
beta-karotenu na obnovu ovaridlniho cyklu po porodu.

Ashes et al. (1982) a O’Fallon, Chew
(1984) zaznamenali u skotu, Ze beta-karoten v krevnim
séru cirkuluje a je transportovédn spolecné s lipoprotei-
ny, zejména s lipoproteiny o vysoké hustoté.

SniZenymi hladinami beta-karotenu jsou postiZeny
predev§im krdavy vysokobrezi a kravy v prvni fazi lak-
tace. Dusledek tohoto nepfiznivého stavu lze pozorovat
ve sniZené odolnosti novorozenych telat. Toto ohroZeni
jejich odolnosti jesté prohlubuje pfijem mleziva s niz-
§im obsahem beta-karotenu (Lebeda, 1986).

Pfeména beta-karotenu na vitamin A ve folikulu
krav se zda byt regulaénim mechanismem zralosti a vy-
voje folikularnich struktur. Vliv zvySenych davek beta-
-karotenu na koncentraci sérového vitaminu A jak
u gravidnich, tak u negravidnich jalovic nebyl pozoro-
vian (Bakeova et al., 1985). Podle nékterych udaji
(Sklan, 1983) je Zluté bovinni télisko schopno
uskladriovat beta-karoten a v dob& potieby jej pfeménit
na vitamin A.

Vyznamny vliv beta-karotenu na metabolické proce-
sy v organismu zjistili Bertini et al. (1983) a Ba-
keova etal. (1988). Beta-karoten ovliviiuje produkci
hormont §titné Zlazy, a tim zasahuje do energetického
metabolismu organismu pfed porodem a po porodu.
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Retinol, kyselina retinolova a beta-karoten stimuluji
sekreci progesteronu ve Zlutém télisku prasnic (Tala-
vera, Chew, 1988) a stimulaci steroidnich ovarial-
nich hormoni zlep3uji reprodukéni vlastnosti (Che w,
1993). U krys byl zjidtén po injekci beta-karotenu vy$si
pocet plodu, niZsi embryonalni imrtnost a vy§§i porod-
ni hmotnost narozenych mladat (Brief, Chew,
1985). Vyssi pocet Zivé narozenych mladat po pridav-
ku beta-karotenu (40 mg/kg krmné smési) do krmiva
samicim kralika uvadéji Besenfelder etal. (1993).
Sharma et al. (1985) prokazali sniZenou hladinu vi-
taminu A a beta-karotenu u Zen s abruptio placentae
(odlouéeni placenty).

Vliv karotenoidii na kardiovaskuldrni systém

Vyznamnou ilohu beta-karotenu a dal$ich karotent
jako antioxidantd vysvétluje ve své praci Gerster
(1991). Antioxida¢ni funkce téchto latek je duleZita
z hlediska prevence kardiovaskularnich- onemocnéni.
Toxické oxidanty, jako je superoxidovy anion, peroxid
vodiku, hydroxylovy radikdl a singletovy kyslik, jsou
inaktivovdny enzymy v buiikdch, ale proti hydroxylo-
vému radikalu a singletovému kysliku nejsou dostate¢-
né uéinné. V celé fadé pokusu bylo prokazéno, Ze ze-
jména beta-karoten vykazuje antioxidadni ucinek proti
hydroxylovému radikalu a singletovému kysliku. Beta-
-karoten mirné stimuluje vzestup hladiny HDL lipo-
proteint v krevnim séru. HDL lipoproteiny se vyznam-
né podileji na sniZeni kardiovaskuldrnich onemocnéni.
Tato zjisténi potvrzuji i daldi autoii (Gey et al.,
1993a, b). Howard et al. (1996) porovnavali obsahy
jednotlivych karotenoidi v krevnim séru obyvatel Bel-
fastu a Toulouse, které se vyznamné lii ve vyskytu
koronarnich srde¢nich onemocnéni. Zjistili vysoky roz-
dil (0 100 %) v obsahu luteinu a beta-kryptoxantinu ve
prospéch obyvatel Toulouse, kde je vyskyt koronarnich
onemocnéni mnohem niz§i. Obdobny rozdil pro alfa-
-karoten €inil 50 %. Ostatni karotenoidy se u obou po-
pulaci nelisily.

ZAVER

Vyznam vitaminu A pro fadu zakladnich funkci Zi-
vocisného organismu a pfi terapii rakoviny je jiz dlou-
ho zndm. Toxicita vitaminu A ve vysSich koncentra-
cich vedla k syntéze a aplikaci jeho strukturnich
analogt — retinoida. Beta-karoten je vak i v nejvyssich
déavkéch zcela netoxicky (Anonymus, 1987; Ben-
dich, 1988; Heywood etal, 1985; Mathews-
-Roth, 1988; Micozzi etal., 1988). Navic je dnes
jiZ jasné, Ze beta-karoten je biologicky aktivni i v ne-
roz§tépené formé a Ze tuto aktivitu maji i jiné karote-
noidy.

Funkce karotenoidi jako antioxidantd je vyznamna
z duvodu potlageni negativnich vlivii volnych radikélt
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v Zivogi¥ném organismu. Karotenoidy zvy3uji odolnost
organismu zejména stabilizaci bunéEnych membran.
Dale byla potvrzena funkce beta-karotenu jako inhibi-
toru pfi vzniku karcinomu plic, tlustého stfeva, dutiny
ustni a kuZe. Zustdva oteviena otdzka kumulace beta-
-karotenu v epitelidlnich tkanich riznych orgéni, Cas
saturace a kinetika pfemény beta-karotenu. Vyznamné
podpora imunitniho systému beta-karotenem a vitami-
nem A byla jednoznaéné prokéazéana v souvislosti s fa-
gocytarni aktivitou PMN, se zvy$enym poétem cirku-
lujicich T lymfocytt a NK bunék a se stimulaénim
vlivem na mitogenni latky.

Vlivy beta-karotenu a vitaminu A na reproduk&ni
procesy v organismu byly potvrzeny zejména v otdz-
kéch intenzity estrdlnich cykld, produkce steroidnich
hormont ve vajeéniku, sniZeni tvorby ovarialnich cyst
u krav, zadrZeni placenty po porodu a zénéti délohy.
Nékteré prace také ukazuji na vliv beta-karotenu a vi-
taminu A na sniZeni embryonilni dmrtnosti a zvySeni
poétu Zivé narozenych mladat. Vliv karotenoidi jako
antioxidantii a stimulatordt HDL lipoproteini ma vy-
znam v prevenci kardiovaskuldrnich onemocnéni. V li-
teratufe jsou uvadény i dalsi pfiznivé G¢inky karotenoi-
dii na zdravotni stav Zivo&i¥ného a lidského organismu,
napt. v pfipadé ocniho kataraktu (Jacques et al,
1988), ochrany proti cekdlni kokcidiéze (Allen etal,
1996) aj. Olson (1996) nedavno navrhl pro karote-
noidy a dal3i podobné& uéinkujici latky termin ,,fyziolo-
gické modulatory*. Tento termin rozsifuje jak tuto sku-
pinu sloucenin, tak i moZny charakter jejich
biologickych u&ink.
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Za Ing. Stanislavem BartoSem, DrSc.
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literaturu v textu uvddé&ji jméno autora a rok vydani. Do se-
znamu se zafadi jen prace citované v textu. Na price v sezna-
mu literatury musi byt odkaz v textu.

Na zvlastnim list€ uvidi autor pIné jméno (i spoluautor(),
akademické, védecké a pedagogické tituly a podrobnou adresu
pracovité s PSC, &islo telefonu a faxu, popf. e-mail.

INSTRUCTIONS FOR AUTHORS

Original scientific papers, short communications, and selec-
tively reviews, that means papers based on the study of tech-
nical literature and reviewing recent knowledge in the given
field, are published in this journal. Published papers are in
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The author is fully responsible for the originality of his
paper. for its subject and formal correctness. The author shall
make a written declaration that his paper has not been publish-
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The board of editors of this journal will decide on paper
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tance, contribution and quality of the paper.
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with the paper, written in an editor program, preferably T602,
and with graphical documentation. Tables. figures and photos
shall be enclosed separately. The text must contain references
to all these annexes.

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

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

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

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

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

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

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

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

If any abbreviation is used in the paper, it is necessary to
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