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Length of productive life and lifetime production of cows-
daughters of high yielding dams in Poland

Délka produktivniho Zivota a celozivotni uzitkovost dojnic-dcer
vysokoproduk¢nich matek v Polsku

I. ZWOLINSKA-BARTCZAK, E. PAWLINA, B. Zuk, W. KRUSZYNSKI

University of Agriculture, Department of Genetics and Animal Breeding, Wroclaw, Poland

ABSTRACT: Records of 19 017 Black-and-White and 10 135 Red-and-White cows and their daughters used in 1978—
1993 in the South-West region of Poland were analysed. Cows-dams were classified to a group of cows with high perfor-
mance if they exceeded the assumed production level (x +1.96s or 1.28s, respectively). The following traits of
cows-daughters were examined: number of lactations, number of calves, lifetime production of milk and fat, lifetime,
length of productive life and milk and fat yield per life day and per production day. Daughters of cows with high perfor-
mance produced higher milk and fat yields per production day than daughters of other dams. Lifetime and length of pro-
ductive life of those cows were shorter.

Keywords: dairy cattle; lifetime performance; length of productive life; high yielding dams

ABSTRAKT: V letech 1978 az 1993 jsme v jihozdpadni oblasti Polska provadéli rozbor uzitkovosti 19 017 dojnic Cer-
nobilého skotu a jejich dcer a 10 135 dojnic ¢ervenobilého skotu a jejich dcer. Dojnice-matky jsme zaradili do skupiny
vysokoprodukénich dojnic, jestlize pfekrocily predpokladanou vysi produkce (x +1,96s nebo 1,28s). U dojnic-dcer jsme
sledovali tyto vlastnosti: polet laktaci, pocet telat, celoZivotni produkei mléka a tuku, délku Zivota, délku produktivniho
zivota a produkci mléka a tuku za den Zivota a za produktivni den. Dcery vysokoprodukénich dojnic vyprodukovaly vice
mléka a tuku za produktivni den nez dcery ostatnich matek. Mély v8ak kratsi délku Zivota i délku produktivniho Zivota,

Klitova slova: mléény skot; celoZivotni uzitkovost; délka produktivniho Zivota; vysokoprodukéni dojnice

INTRODUCTION

The interest in the length of productive life and life-
time yield of dairy cattle has increased during the last
two decades (Sieber er al., 1987; Pawlina, 1993;
Biinger ez al., 1997; Flak and Repka, 1997; Reklewski,
1998; Essl, 1997). It is connected with breeding and
economic significance of these traits. Reklewski (1998)
pointed out the necessity of productive life improve-
ment in Poland and the inclusion of traits connected
with longevity and productive life in breeding value es-
timation of bulls. In Scandinavian countries selection
index includes the health of animals affecting their
length of production life (Philipsson, 1998). In coun-
tries in which total breeding value evaluation of cattle
included, besides dairy traits, reproduction and health
traits economic effects have been reached. Allaire and

Gibson (1992) showed that the absence of selection for
longevity decreased general genetic gain by 5-9%.
Other authors (Hibner, 1991; Pawlina, 1991) studied
the traits connected with productive life in purebred
cows and in crossbreds with Holstein-Fresian breed.
They concluded that the productive life of crossbreds
was longer than in purebred cows. In Polish literature,
no articles with analysis of lifetime performance and
length of productive life of cows in connection with the
level of milk yield of their dams are available.
Zwolinska-Bartczak et al. (1999) showed that high
yielding dams had higher breeding values than other
dams and that daughters of dams with high yield also
achieved higher breeding values than other dams. The
aim of this study was to find if lifetime yield, lifetime
and length of productive life of cows-daughters of high
yielding and of other dams were different.
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MATERIAL AND METHODS

Records of 19 017 Black-and-White and 10 135 Red-
and-White cows and their daughters were analysed.
Daughters were born in 1978-1993. Cows were kept in
herds of the South-West part of Poland (regions: Opole
and Wroctaw). Dams were classified into two groups:
1) with high performance — cows with milk yield in the
first lactation higher than the mean of the population
(for the whole data set) by 1.96 and 1.28 of standard
deviation of this trait (level A, and B, respectively —
Tablel and 2) other cows. A similar classification was
used in a previous study (Zwolifiska-Bartczak et al.,
1999). To examine if there were any differences between
the cows-daughters of dams classified into the two
groups, the analysis by the following model was per-
formed:

Yige= W1+ hi + dj + ejjk

where: y,, - observed yield

p  —mean of the population
h, - effect of herd

d, - effect of dam group

e — error

ik

As a result, least-squares means of the following traits
of cows-daughters were obtained: number of lactations,
number of calves, lifetime production of milk and fat,
lifetime, length of productive life (from first calving to
culling) and milk and fat yield per life day and per pro-
duction day. The analysis of variance by the above
model and additionally sire effect was also carried out.
Correlation coefficients between the breeding values of

Table 1. Milk yield in the first lactation of cows-dams

Milk yield Levels
Breed — Region standard B
mean - deviation
(kg) (kg)
Red-and-White ~ Opole 3740 1006 5712 5028
Wroclaw 3 554 955 5426 4777
Black-and-White Opole 3493 1018 5488 4796
Wroclaw 3 384 913 5173 4553

dams and values of analysed traits of daughters were es-
timated.

All calculations were performed using procedures of
SAS System (6.12).

RESULTS AND DISCUSSION

Results of research are presented in Tables 2—4. Least-
squares means of analysed traits of Red-and-White
cows in both regions are shown in Table 2. Daughters
of high yielding dams produced significantly higher life-
time yield of milk and fat, milk yield per life day and per
production day and also fat yield per production day re-
gardless of the level. Differences in fat yield per life day
were significant only at level B. The number of lacta-
tions and number of calves also differed significantly
only at level B. In Wroctaw region, daughters of dams
with high performance lived shorter and their produc-

Table 2. Least-squares means of analysed traits of Red-and-White daughters in Opole and Wroctaw regions

2 Number of Lifetime Produc- | Milk yield per Fat yield per
Trait live milk fat tive live produc- life roduc-
Dams cows lacta- . . f ; :

3 born yield  yield (days) life day tion day | day tion day
5 % U alves | (kg) (ko) @ays) |[kg) (o) | kp) (ke)

Level A

High! 111 2.18 2.60 2.44 13 066* 514* 1858 1017 7.19*  12.77* | 0.279 0.503*
goulersz 4973 97.82 2.60 2.55 12 763* 505* 1911 1052 6.65 11.86* | 0.267 0.474*

Level B

High 348 6.85 2.69*  2.59* 13:173" ,, 523%:. <1893 1042 7.07* 12.59* |:0.281% 0.502*

Others 4736 93.15 2:59% . 2.55% 12 765*  505* 1913 1054 6.64* 11.82* | 0.266* 0.473*

Level A

High 150 297 2.49 242 11 563 451 1.789* 946* 6.00 11.87* | 0.236 0.459*
E Others 4901  97.03 2.76 2.70 12648 501 1 920* 1070*% | 5.96 11.29* | 0.235 0.447*
3§ Level B

High 443 8.77 2.54%  2.49* 11718 459 1 825* 978* | 5.94 11.72% | 0233 0.461*

Others 4608 91.23 2.78% 2.72¢ 12 741 505 1 930* 1079* | 5.96 11.25* | 0.236 0.446*

'high — daughters of dams with high yield
2others — daughters of other dams
*difference between the groups significant at P < 0.05
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tive life was shorter. Similarly like in Opole region, cows-
daughters of high yielding dams also achieved signifi-
cantly higher milk and fat yield per production day, but
not per life day. The number of lactations and number of
calves differed significantly only at level B.
Least-squares means of analysed traits of Black-and-
White cows in Opole and Wroctaw regions are pre-
sented in Table 3. Cows-daughters of dams with high
yield in Opole region had significantly higher milk yield

per production day at both levels and fat yield per life
day at level B. Lifetime and length of productive life,
lifetime production, number of lactations and number of
calves in the group of daughters of high yielding dams
were lower than in other dams but these differences
were not significant. In Wroctaw region, daughters of
dams with high performance produced significantly
higher milk and fat yield per life day and per production
day regardless of the level. Similarly like in Opole re-

Table 3. Least-squares means of analysed traits of Black-and-White daughters in Opole and Wroclaw regions

Trai Number of Lifetime Produc- Milk yield per Fat yicld per
Tait live milk fat tive live produc- | life  produc-
Dams COWE lacta- 3 : 3 S :
: o born yield yield (days) life day tion day | day tion day
» % 15 calves | (kg)  (ke) (days) | (k&)  (ke) | (ke) (kg)
Level A
High! 193 229 254 244 11171 448 1873 993 6.54 12.08* | 0.265 0.483
% Others? 8243 97.71  2.78 2.68 12 492 503 1998 1121 6.30 10.89* | 0.257 0.438
s Level B
High 609 722 261 2,52 11 847 474 1901 1038 6.62 11.84* | 0.268* 0.474
Others 7 827 92.78 2.78 2.69 12 512 504 2003 1125 6.28 10.85*% | 0.256* 0.437
Level A
High 326 3.08 238 2.24 9:963% 397* 1788 904 5.36* 11.08* | 0.215* 0.443*
_; Others 10 255 96.92 2.53 2.38 10 401*  420* 1 869 981 5.18% 10.34* | 0.210%* 0.417*
3§ Level B
High 937 8.86 241* 2.28* 10 042*  402* 1790 912 5.36* 10.96* | 0.216* 0.439*
Others 9 644 91,14 2.53* 2.39* 10 412*  420* 1875 986 5.16* 10.29% | 0.209* 0.415*
'high — daughters of dams with high yield
2others — daughters of other dams
*difference between the groups significant at P < 0.05
Table 4. Correlation cocfficients between the breeding values of dams and traits of their daughters in Opole region
Number of Lifetime Produc- Milk yield per Fat yicld per
Breed Level lacta- live  milk fat tive live production life  production
tion born yield yield  (days) life day day day day
calves | (kg) (kg) (days) (kg) (kg) (kg) (kg)
High' 0.23 0.18 0.35 0.32 0.34 0.31 0.32 0.29 0.24 0.12
é Others? 0.05 0.05 0.18 0.17 0.08 0.08 0.12 0.27 0.10 0.23
g B High 0.10 0.07 0.23 0.22 0.13 0.13 0.30 0.34 0.24 0.25
E Others 0.04 0.05 0.16 0.15 0.08 0.08 0.10 0.23 0.08 0.19
2 A High 0.02 0.01 0.17 0.16 0.07 0.09 0.22 0.14 0.17 0.10
§, Others 0.06 0.06 0.18 0.17 0.13 0.13 0.18 0.18 0.15 0.14
§ B High 0.07 0.06 0.19 0.17 0.12 0.12 0.21 0.19 0.19 0.15
m Others 0.06 0.06 0.15 0.14 0.14 0.13 0.14 0.12 0.11 0.08

thigh — daughters of dams with high yield
2others — daughters of other dams
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gion, these cows were productive for a shorter time and
as a consequence their lifetime yields, number of lacta-
tions and number of calves were lower.

It should be noted that the level of performance traits
of both breeds was higher in Opole region than in
Wroctaw region.

The number of lactations, number of calves and life-
time yield of milk and fat recorded in Red-and-White
cattle in our research were lower than the results of
Pawlina (1993) but his observations were conducted in
herds with high average yield and on a smaller number
of individuals. Lukaszewicz and Krencik (1994) re-
ceived lower lifetime values of milk yield (above 9 000
kg) in their population.

Higher milk and fat yields per production day, indi-
cated by our results, showed the positive effect of high
yielding dams on the performance of their daughters. It
is worth mentioning because, as we stated in an earlier
study (Zwolinska-Bartczak et al., 1999), daughters of
dams with high yield had higher breeding values of milk
traits than other dams. The beneficial effect of high
yielding dams was also confirmed by positive values of
correlation coefficients between their breeding values
of milk yield and performance traits of daughters which
are presented in Table 4. We show these correlation co-
efficients only for Opole region because of its higher
standard of breeding work but the trends observed in
Wroclaw region were similar.

It is unfavourable that the lifetime and length of pro-
ductive live of cows-daughters of high yielding dams
were shorter than in other dams in both breeds and re-
gions. It could be connected with the level of environ-
mental conditions in which the cows were kept and with
higher requirements of individuals with high perfor-
mance. This thesis was confirmed by the results of
Hibner (1991). He pointed out the longer productive
life of Black-and-White cows and higher number of
calves if the production level of the herd was higher.
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Improvement of meat efficiency in mother types of pigs in relation
to their reproductive performance

ZvySovanie masovej uzitkovosti materskych typov osipanych vo vztahu
k ich reprodukénej uzitkovosti

P. GRACIK, B. BucHOVA, J. POLTARSKY, P. Frak, L. HETENYI

Research Institute of Animal Production, Nitra Slovak Republic

ABSTRACT: In the large-scale nucleus herd of the Large White (LW) breed 797 breeding gilts were evaluated in view of
the proportion of lean meat (LM) in vivo determined with Piglog instrument. The proportion of LM in the evaluated gilts
was 56.9%. Out of 797 gilts 323 farrowed in the first litter (40.5%). The remaining 474 gilts with average proportion of
LM 59.5% were culled (infertility, abortion, emergency slaughter etc.). Because of no onset of oestrus and pregnancy
48% of gilts were culled. The culled gilts (due to of all reasons) were statistically significantly (P < 0.05) more meaty
(LM 57.2%) than those which farrowed in the first litter (LM 56.5%). The set of 797 gilts was divided into 4 groups
according to the level of their LM proportion in vivo determined with Piglog instrument (to 53%, 53.1-56%, 56.1-58%,
and over 58%). The gilts of the most meaty group (LM over 58%) which came into the reproduction process after they
became sows, achieved in the first litter a higher (statistically insignificant) number of all and live born piglets per litter
(8.73 and 8.32) than a group of gilts with LM to 53% (8.10 and 7.60). In the group of gilts with LM values over 58%
32% farrowed in 1st litter, and 68% were culled for various reasons. In this group 57% gilts were culled because of no
oestrus and pregnancy. In the group of the least meaty gilts (Piglog to 53%) 55% farrowed in 1st litter and 45% were
culled totally (33% because of infertility). In the group of gilts with LM over 58% there were by 23% more culled ani-
mals, or by 23% less gilts farrowed in 1st litter, compared with the group with lower muscling (LM to 53%). The differ-
ence in the proportion of infertile gilts was 24% to the disadvantage of the extremely meaty group. Another experiment
within the large-scale nucleus herd of the White Meaty breed showed that the gilts with low average backfat thickness
(1.07) achieved on average by 0.6 litters less (the difference was statistically significant P < 0.05) than the group of gilts
with higher backfat thickness (1.68 cm). However, the effect of the increase in meatiness of gilts was reflected in the
increase of the proportion of culled sows (mainly because of disorders in reproduction cycle) and decrease of the life-
time number of piglets per litter.

Keywords: pigs; meatiness; reproductive performance

ABSTRAKT: V sl'achtitel'skom velkochove plemena bieleho usl'achtilého (BU) bolo vyhodnotenych 797 plemennych
prasniiek z hl'adiska podielu celkovej svaloviny in vivo (CS) stanoveného pristrojom Piglog. Nasledne sa uvedené pras-
ni¢ky hodnotili z hfadiska réznych pri¢in vyradenia (z ddvodu jalovosti, zmetania, nutnych zabiti a inych pri€in) a u tych,
ktoré sa dostali do reprodukéného procesu (n = 323) sa vyhodnotila plodnost’ na prvych vrhoch. Podiel CS hodnotenych
plemennych prasnigiek bol (56,9 %). Zo 797 zaradenych prasniciek sa na 1. vrhu oprasilo 323 (40,5 %). Zostévajlcich
474 prasni¢iek s priemernym zastipenim CS 59,5 % sa vyradilo (jalové, zmetanie, nutné porazky a iné). V désledku ne-
nastipenia ruje a prasnosti bolo vyradenych 48 % prasniciek. Prasnitky, ktoré boli vyradené (zo vietkych pri¢in) boli
Statisticky preukazne (P < 0,05) misitejie (CS 57,2 %) ako tie, ktoré sa oprasili na prvom vrhu (CS 56,5 %). Stubor 797 pras-
ni¢iek bol rozdeleny na $tyri skupiny podl'a irovne ich podielu pristrojom Piglog stanovenej CS in vivo (do 53 %, 53,1 az
56 %, 56,1 az 58 % a nad 58 %). Prasni¢ky najmisovejSej skupiny (CS nad 58 %), ktoré sa po prevedeni do stavu pras-
nic dostali do reproduké&ného procesu dosiahli na prvom vrhu vy33i (3tatisticky nepreukazne) podet vietkych a Zivo naro-
denych prasiat vo vrhu (8,73 a 8,32) ako skupina prasni¢iek s CS do 53 % (8,10 a 7,60). Na druhej strane v skupine
prasniiek s hodnotami CS nad 58 % sa ich na 1. vrhu oprasilo 32 % a 68 % bolo z réznych priin vyradenych. V tejto
skupine bolo 57 % prasni¢iek vyradenych z dévodu nedostavenia sa ruje a prasnosti (jalové). V skupine najmenej masi-
tych prasniiek (Piglog do 53 %) sa na prvom vrhu oprasilo 55 % a celkove bolo vyradenych 45 % (z dévodu jalovosti
33 %). Prasniky s CS nad 58 % mali v porovnani s menej osvalenymi (CS do 53 %) o 23 % viac vyradenych prasnigiek
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resp. 0 23 % menej oprasenych na prvom vrhu. Rozdiel v podiele jalovych prasnigiek bol 24 % v neprospech extrémne
misitej skupiny. Aj v d'alom experimente v rdmci ¥FachtiteI'ského velkochovu bieleho masového plemena sa ukazalo, Ze
zniZovanim hriibky slaniny, resp. zvySovanim CS prasniciek, doflo k zvy3eniu podtu Zivo narodenych aj odchovanych
prasiat vo vrhu. Skupina prasnitiek, ktoré mali v skiske vlastnej iZitkovosti najniZSiu hribku slaniny (do 1,2 cm; X = 1,07),
resp. podiel CS 58,0 %, mali celoZivotne priemerny podet Zivo narodenych a odchovanych prasiat 9,6 a 9,4, zatial' o v sku-
pine s hritbkou slaniny nad 1,5 cm (x = 1,68), resp. CS 52,8 %, to bolo 8,9 a 8,4 prasiat. Rozdiely v poéte Zivo narode-
nych a odchovanych prasiat boli medzi uvedenymi skupinami 3tatisticky vyznamné (P < 0,05). Na druhe;j strane skupina
prasnigiek s niZ%ou hriibkou slaniny (x = 1,07 cm) dosiahla podas Zivota v priemere 2,2 vrhu, kym skupina s vy$Sou
hriibkou slaniny (x = 1,68 c¢m) 2,8 vrhu. Rozdiel 0,6 vrhu bol tatisticky preukazny (P < 0,05). Z vysledkov vyplyva, Ze
zvySovanim podielu CS, resp. zniZovanim hrubky slaniny, nebola negativne ovplyvnena plodnost’ ani po&et odstavenych
prasiat vo vrhu. Negativny vplyv zvySovania misitosti prasnigiek sa vSak prejavil v néraste podielu vyrad'ovanych pras-
nic (predovietkym v désledku poruch reprodukéného cyklu) a v zniZovani celoZivotnej poletnosti vrhov. Bolo odpo-
rudené, aby sa pre obnovu hodnotenych §lachtitel'skych velkochovov materskych plemien oSipanych nezarad'ovali

prasni¢ky s podielom CS nad 58 %, resp. s hrubkou slaniny pod 1,1 cm.

Kludové slovi: ofipané; misitost’; reprodukéna uzitkovost’

INTRODUCTION

An excellent level of reproductive performance with
average parameters of fattening ability were necessitated
in mother breeds during the realization of the first stage
of pig hybridization programme in Slovakia. Hardly any
selection criteria were included in the evaluation of their
meat efficiency. Gradually it has turned out that it is not
enough to use only high quality meaty boars in the ter-
minal sire position to produce final hybrids with high
proportion of meaty parts, and in the selection for meat
efficiency it is necessary to pay attention to mother breeds,
as well. Mother breeds must also meet stricter param-
eters of meat efficiency at present. However, important
is the fact that the increase in meat efficiency must not
be detrimental to the reproductive performance which
influences the economics of pork production decisively
(Haley et al., 1988; Baldvin, 1996). Favourable profit-
ability of pork production is possible only after the high
number of pigs per litter and creation of sufficient muscling
are put in harmony (Lyczynski et al., 1995; Webb, 1996;
Tvrdoti et al., 1998). According to Webb et al. (1998)
the breeding gilts used for the remount of herd should
not have backfat thickness lower than 11 mm, to avoid
any negative effect on reproductive performance.

The aim of the work was to evaluate if there exist an-
tagonisms between reproduction and meat efficiencies in
pigs of mother breeds, and to limit the level of meatiness
in gilts within the evaluated large-scale nucleus herds in
such a way not to affect negatively their further repro-
ductive performance.

MATERIAL AND METHOD
In the first experiment we evaluated the proportion of

lean meat (LM) in vivo, which was determined with
Piglog instrument in 797 classified gilts from the large-
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scale nucleus herd of the Large White breed. The mea-
surements were performed after a field test finishing at
90-100 kg live weight. Then we evaluated the mentioned
gilts with respect to various reasons for culling (infertility,
abortion, emergency slaughter and other causes), and in
those which got into the reproduction process (n = 323)
the fertility in first parities was evaluated.

The number of all and live born piglets per litter as well
as numbers and percentage of culled gilts and sows were
evaluated within 4 groups created according to the
achieved proportion of LM in vivo, measured with the
Piglog instrument (group I to 53%, group II 53.1-56%,
group III 56.1-58%, group IV over 58 %). All evaluated
gilts were fed the same feed mixture (mixture for rearing
of breeding pigs, containing 172 g crude protein and
12.8 MJ metabolizable energy) during the period of rearing
from 25 kg to mating.

Besides the whole set of gilts we evaluated also the
mentioned characteristics within the line groups of gilts
after individual sires active in the given herd.

In the next similar experiment the gilts (7 = 243) in the
large-scale nucleus herd of the White Meaty breed (WM)
were divided into 3 groups according to different backfat
thickness (BF) in the field test (group I to 1.2 cm, group II
1.21-1.50 cm, group 3 over 1.5 cm). We studied the effect
of back fat thickness on other parameters of field tests,
and their subsequent lifetime reproductive performance.

RESULTS AND DISCUSSION

It follows from Table 1 that the proportion of in vivo
lean meat (LM) in 797 gilts of the Large White breed
from the large-scale nucleus herd was quite high for the
mother breed (56.9%). The average daily gain of gilts in
the whole herd (in field test) achieved 531 g.

Table 2 shows that only 323 (40.5%) gilts out of
797 breeding gilts farrowed in 1st litter. The remaining
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Table 1. Evaluation of meatiness, reproduction p s of gilts and correlations in a large-scale nucleus herd of Large White breed
Parameters n x s Piglog AB LB
Lean meat in vivo — LM (%) 797 56.93 2.56 1.000
Number of all born piglets (1st parities) - AB 323 - 829 2.85 0.083 1.000
Number of live born piglets - LB 323 7.79 2.96 0.102 0.892 1.000

Table 2. Analysis of gilts concernig their i and incl in the reproduction process
Line groups n Sows farrowed in 1st parity Infertile gilts Sows culled for all reasons
of gilts after
various sires n (%) LM(%) n % LM (%) n (%) LM (%)

X x x
1. Gismar 194 70 36.1 555 91 469 564 124 639 564
2. Fazan 23 10 435 544 12 522 56.6 13 565 56.6
3. URK 37 25 676 55.1 11 297 557 12 324 558
4. Farmer 134 45 336 56.6 82 612 515 89 664 573
5. Holl 58 14 241 551 32 552 557 44 759 558
6. Loris 22 8 364 563 8 363 583 14 636 5821
7. YK 135 72 53:3 T 573 42 31.1 58.5 63 46.6 58.21
8. Marshl 18 3 16.7 558 14 777 517 15 833 577
9. Soban 115 54 469 58.1 55 478 58.1 61 53.0 582
10. Agas 22 7 31.8 574 14 63.6 58.0 15 68.2 58.2
11. Zitav 7 3 428 560 4 571 553 4 571 553
14. Hafer 30 11 36.7 572 17 56.6 58.6 19 633 587
Total 797 323 405 565 383 48.0 573 474  59.5 57.2

Table 3. Comparison of differences in meatiness of gilts with regard to culling and farrowing

Line groups n Sows farrowed in 1st parity ~ Culled sows (infertile, other reasons) Statistical significance
of gilts after " of differences
various sires LM (Piglog) LM (Piglog)
n x s n x s

1. Gismar 194 70 5555 2.53 124 5638 2.57 *

2. Fazan 23 10 5438 234 13 56.58  2.40 ++

3. URK 37 25 55.10 2.38 12 5582 1.86 -

4. Farmer 134 45 56.58 2.63 89 5732 240 +

5. Holl 58 14 5514 1.88 44 5577 219 -

6. Loris 22 8 56.29 2.84 14 5821 2.6l ++

7. YK 135 72 57.28  2.29 63 58.21 2.30 &

8. Marshal 18 3 55.77 185 15 57.66 2.46 ++

9. Soban 115 54 58.07 2.1l 61 58.15 212 -

10. AGAS 22 7 57.37 2.51 15 58.17 297 +

14. Hafer 30 11 57.25 1.42 19 58.67 2.10 +
Total 797 323 56.54 256 474 5720 2.53 +

474 gilts with average LM proportion of 59.5% were onset of oestrus and pregnancy. Table 3 shows that the
culled (infertility, abortion, emergency slaughter and  gilts which were culled (because of all reasons) were
other causes). Up to 48% gilts were culled because of no  statistically more meaty (LM 57.2%) than those which
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farrowed in the first litter (56.5%). In some line groups
of gilts (Fazan, Loris, Marshal) there existed a differ-
ence in the proportion of muscling in vivo, a difference
up to 2% was found between those that were culled and
those that produced the 1st litter.

Table 4 shows the set of 797 gilts divided into 4 groups
according to the level of their LM in vivo determined
with Piglog instrument (to 53%, 53.1-56%, 56.1-58%,
and over 58%). Unexpected were the findings that the
gilts in the most meaty group (LM over 58%), which came
into the reproduction process (after they became sows),
achieved a higher (statistically insignificantly) number
of all and live born piglets in 1st litter (8.73 and 8.32,
resp.) than the group of gilts with LM to 53% (8.10 and
7.60, resp.). On the other hand, important is the fact that
in the group of gilts with LM values over 58% only 32%
farrowed in the first litter, and up to 68% were culled
because of various reasons. In this group up to 57% gilts
were culled because of no onset of oestrus and preg-
nancy (infertility). In the group with the least meaty gilts
(Piglog to 53%) 55% farrowed in the first litter, and
45% were culled totally (33% no oestrus and pregnancy).
This study documents that from the group of gilts with
LM over 58% by 23% more animals were culled, or by
23% less gilts farrowed in the 1st litter, compared with
the group with less LM (to 53%). The difference in the
proportion of infertile gilts was 24% to the disadvantage
of the extremely meaty group. Lyczynski et al. (1995)
found out in a similarly oriented experiment that out of
gilts with the smallest MLD area, measured instrumen-
tally in vivo (31-35 cm?), 16.4% gilts were culled (infer-
tility and incapable of farrowing), and up to 31.5% gilts
were culled out of the group with MLD over 47 cm”.

Gracik et al. (1997) found out, opposite to the mentioned
results, that the gilts with higher meat proportion (LM
over 58%) achieved a lower number of live born piglets
per litter (by 0.3) compared with the group of gilts with
LM to 53%. In the previous experiment the authors

compared meatiness and fertility only in those gilts that
were included in the reproduction process, and they did
not evaluate the effect of meatiness in gilts on their in-
clusion in the reproduction process.

Table 1 shows that the correlations between the LM pro-
portion of all evaluated gilts and the subsequent number
of their all and live born piglets in 1st litter are very low
(r=0.083 and r = 0.1020). It is probably because there
exist lines of gilts in the herd characterized by great
meatiness and high fertility as well (Table 5 shows the line
Hafer with LM 58.1% and number of live born pigs 9.09).
However, there are lines with low proportion of meaty
parts as well as low number piglets per litter (line Urk
achieved LM 55.3% and number of live born pigs 7.44).

The next experiment within the large-scale nucleus
herd of the Large White Meaty breed also showed that
the number of live born and weaned piglets per litter
rose after the backfat thickness decrease or LM increase
in gilts (Table 6). Table 5 shows that in the group of gilts
with the lowest backfat thickness in a field test (to 1.2 cm;
X = 1.07) or LM proportion 58.0% the lifetime average
of live born and reared piglets was 9.6 and 9.4, whereas
in the group with the backfat thickness over 1.5 cm
(x = 1.68) or LM 52.8% the respective numbers were
8.9 and 8.4 piglets. The differences in the number of live
born and weaned piglets between the mentioned groups
were statistically significant (P < 0.05). On the other hand,
the group of gilts with lower backfat thickness (x = 1.07 cm)
achieved 2.2 litters on average during the life, and the
group with higher backfat thickness (¥ = 1.68 cm) achieved
2.8 litters. The difference 0.6 litter was statistically sig-
nificant (P < 0.05). Gaughan et al. (1995) found out that
the sows with back fat thickness 9—13 mm had the statis-
tically significantly lower average number of litters than
sows with backfat thickness over 17 mm. Similarly, Ten
Napel ez al. (1995) reports that the intensive selection
aimed at a decrease in backfat thickness in pigs causes
the extension of parturition interval in sows. Table 6 also

Table 4. Comparison of different levels of meatiness in breeding gilts with regard to their culling and inclusion in the reprod: p
Status of studied gilts and sows Lean meat in vivo (LM) Statistical
significance
to 53% 53,1 - 56% 56,1 - 58% over 58,1% of differences
(n=54) (n=238) (n=233) (n=272)
Infertile 18 33% 102 43% 108  46% 155  57%
Culled for various reasons
(infertility, forced slaughter, abortion) 24 45% 129 4% 135 8% 186 68%
Farrowed in 1st parity 30 55% 109 46% 98 42% 86 32%
x s x s x s x K
Number of all born pigs in Ist parity 8,10 3,04 7,76 3,12 8,55 2,63 8,73 2,56 -
Number of live born pigs in Ist parity 7,60 3,35 7,23 3,02 8,01 2,90 832 2,72 -
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Table 5. Comparison of differences between the line groups of gilts with regard to their meatiness and following fertility

Line groups of gilts after various sires LM ( Piglog) Number of live born pigs in 1st parity
n x s n x s
1. Gismar 194 56.09 2,58 70 7.21 3.08
2. Fazan 23 55.63 2.57 10 8.20 2.30
3. URK 37 55.34 2.22 25 7.44 3.62
4. Farmer 134 57.07 2.49 45 8.09 331
5. Holl 58 55.62 2.12 14 7.78 2.12
6. Loris 22 57.51 2.79 8 7.62 3.66
7. YK 135 57.72 233 72 8.14 2.54
9. Soban 115 58.11 2.14 54 7.89 2.81
10. Agas 22 57.91 2.79 7 7.57 2.64
14. Hafer 30 58.15 1.97 14 9.09 2.21
Statistically significant differences 1:4,7,9" 1:14%
2: 1,95 3:14%
3:4,7,9,10°
5:4,7,9,10"

Table 6. Evaluation of reproductive performance of White Meaty breed sows in a large-scale nucleus herd with regard to backfat thickness

and meatiness (in field test)

Parameters BF to 1.2 cm BF from 1.21 to 1.50 cm BF over 1.5 cm Statistical
significance
1. n=351 2. n=113 3. n=179 of differences
X s x s x s
Backfat thickness-BF (cm) 1.07 0.09 1.37 0.08 1.68 0.12
LM (Piglog) (%) 58.0 1.30 55.2 291 52.80 3.11
Daily gain (g ) 523.6 26.5 535.9 359 545.6 36.3 2:43F
1 :2F51:5 37
Num. of bomn piglets 9.6 1.70 9.4 2.02 8.9 2.41 1:3*
Num. of weaned piglets on 21st day 9.4 1.80 9.0 232 8.4 2,71 1;3°F
Average number of litters per 1 sow 22 1.61 3.0 2.11 2.8 2.00 1 52 3Y

shows that the group of sows with average backfat thick-
ness 1.68 cm achieved higher daily gain (545.6 g) than
the group with backfat thickness 1.07 cm (523.6 g).

Our results obtained in two large-scale nucleus herds
of pigs show that the increase in lean meat proportion or
decrease in fat thickness influenced negatively neither
fertility nor number of weaned piglets per litter. However,
the negative effect of meatiness increase in gilts became
evident in the increase of the culled sows proportion
(mainly because of disorders in reproduction cycle) and de-
crease of the number of piglets in litters during their lifetime.

It is difficult to determine a general optimum level of
meatiness in mother types of pigs in spite of the number
of significant results. It is obvious that the improvement
of nutritive value in the used feed mixtures will enable

to shift the limit of meatiness in mother breeds without
any negative effect on their reproductive performance.
We can recommend for both studied large-scale herds of
mother breeds not to use gilts with lean meat proportion
over 58% or backfat thickness below 1.1 cm for the re-
placement of herd.
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Histomorphological and histochemical analysis of some skeletal
muscles in fattened bulls

Histomorfologicka a histochemicka analyza n€kterych kosternich svali
u bykid ve vykrmu

SREBRENKA NEJEDLI, M. ZOBUNDZUA, A. JELIC, A. HRASTE, Z. K0ozARI¢, VESNA GIURCEVIC-KANTURA

Department of Anatomy, Histology and Embryology, Veterinary Faculty, University of Zagreb, Zagreb, Croatia

ABSTRACT: White fast-twitch glycolytic (FG) fibres of large diameter, red slow-twitch oxidative (SO) fibres of small
diameter and intermediate fast-twitch oxidative (FOG) glycolytic fibres of intermediate diameter were found in the sam-
ples of m. obliquus abdominis externus, m. rectus abdominis, m. triceps brachii (caput longum), m. pectoralis superfi-
cialis, m. longissimus dorsi (2 samples), m. psoas major and m. semimembranaceus taken from both body sides of
5 fattened bulls, 15 months old and weighing 400 kg. The white fibres dominate in all muscle samples and they show
a strong activity of standard (S ATP) and alkaline stable adenosine triphosphatase (AL ATP), a weak activity of lactate
and succinate dehydrogenase (LDH and SDH) and of acid stable adenosine triphosphatase (AC ATP), a low content of
lipids and a high content of glycogen. In 4 muscles the red fibres are more numerous than the intermediate ones. They
show a strong activity of LDH and SDH, of AC ATP, a weak activity of S ATP and AL ATP, a high content of lipids and
a low content of glycogen. The FOG fibres are more numerous than the SO ones in 3 muscles (4 samples), and they show
a strong activity of S ATP and AL ATP, a weak activity of AC ATP, a moderate activity of LDH and SDH as well as
a varying content of lipids and glycogen. The muscle fibre diameters ranged from 20 to 115 pm, but the largest average
diameter was found in m, psoas major, the smallest being in m. obliquus abdominis externus. The differences in muscle
fibre diameters between the left and the right side of the body were not significant (P > 0.05).

Keywords: muscle fibre diameter; histomorphological analysis; histochemical analysis; oxidative enzymes; myosin
adenosine triphosphatase; fattened bulls

ABSTRAKT: Ve vzorcich svall m. obliquus abdominis externus, m. rectus abdominis (caput longum), m. pectoralis super-
ficialis, m. longissimus dorsi (dva vzorky), m. psoas major a m. semimembranaceus, které jsme odebrali z obou stran téla
péti bykl ve vykrmu ve v&ku 15 mésicl a o hmotnosti 400 kg, jsme zjistili bil4, rychle se smritujici glykolyticka vldkna
(FG) velkého pruméru, ¢ervena, pomalu se smrit'ujici oxidadni vlakna (SO) malého priméru a stfedni, rychle se
smritujici oxida¢ni glykolytickd vldkna (FOG) stiedniho priméru. Ve viech vzorcich svali maji dominantni postaveni
bild vldkna, kterd vykazuji silnou aktivitu standardni (S ATP) a alkalické stabilni adenosintrifosfatizy (AL ATP), slabou
aktivitu laktat- a sukcinatdehydrogenazy (LDH a SDH) a kyselé stabilni adenosintrifosfatazy (AC ATP), nizky obsah lipidl
a vysoky obsah glykogenu. Ve &tyfech svalech jsou ervena vlakna pocetn&jsi nez stfedni vldkna. Vykazuji silnou aktivi-
tu LDH a SDH, AC ATP, slabou aktivitu S ATP a AL ATP, vysoky obsah lipidl a nizky obsah glykogenu. Vldkna FOG
jsou poéetné&jsi, nez vldkna SO ve tfech svalech (&tyfi vzorky) a vykazuji silnou aktivitu S ATP a AL ATP, slabou aktivitu
AC ATP, mirnou aktivitu LDH a SDH, jakoz i kolisavy obsah lipidi a glykogenu. Priméry svalovych vlaken se pohybo-
valy od 20 do 115 mm, ale nejvétsi primérnou hodnotu priméru vldkna jsme zjistili v m. psoas major, nejmensi v m. oblig-
uus abdominis externus. Rozdily mezi priméry svalovych vliken na levé a na pravé strané t&la nebyly vyznamné (P > 0,05).

Klitova slova: primér svalového vldkna; histomorfologickad analyza; histochemicka analyza; oxidaéni enzymy;
adenosintrifosfatiza myosinu; byci ve vykrmu
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INTRODUCTION

On the basis of various indicators (speed of contrac-
tion, quantity of sarcoplasm, density of myofibrils inside
the sarcoplasm, quantity of mitochondria and myoglobin,
activity of some oxidative enzymes and myosin adenos-
ine triphosphatase, diameter of muscle fibres) it is pos-
sible to differentiate 3 types of muscle fibers in skeletal
muscles: a) fibres of type I or red fibres or slow-twitch
oxidative (SO) fibres, b) fibres of type II or white fibres
or fast-twitch glycolytic (FG) fibres, and c) intermediate
fibres or fast-twitch oxidative glycolytic (FOG) fibres
(Ashmore and Doerr, 1971; Barnard et al., 1971; Peter et
al., 1972; Hraste, 1991). Besides the mentioned nomen-
clature in the typology of muscle fibres, other nomencla-
tures exist as well (Brooke and Kaiser, 1970; Guth and
Yellin, 1971; Ashmor et al., 1972).

There are some differences between the muscle fibre
types of vertebrates. Only a small number of muscles are
homogeneously structured by one muscle fibre type. The
proportion of muscle fibre types in muscles depends on
many factors such as: species, race and age of the animal,
function of muscle, way of keeping, use and feeding of
animals, health conditions and genetic factors.

The proportion of some muscle fibre types in a muscle
reflects its functional possibilities and the way it is in-
volved in action as well as of what kind of action such
muscle is capable.

Therefore in our investigations we wanted to establish
histomorphometabolic characteristics of muscle fibres in
some muscles of cattle of the Croatian Simmenthal race
with different anatomical structure, physiological functions
and adaptation capability. All selected muscles were
taken from both, the left and the right side of the body as
we wanted to know whether and to what extent the selected
muscles differ as to the muscle fibre diameters and their
metabolic properties according to either side of the body.

A sample histomorphological and histochemical
analysis of the construction of muscles does not offer
enough data concerning the distribution of muscle fibres
within muscles. Therefore in our investigations we applied
the method of frequency distribution of muscle fibres
(Bego, 1994) by means of which it is possible to obtain
a better view of functional capacity of muscle fibres
within the investigated muscles.

MATERIAL AND METHODS

Our investigations were performed in the meat process-
ing plant “Promes”, Karlovac. The samples of muscles
were taken after the slaughtering of 5 fattened bulls
15 months old and about 100 kg live weight. The samples
of abdominal muscles (m. obliqguus abdominis externus
and m. rectus abdominis), shoulder muscles (m. triceps
brachii-caput longum), thoracic muscles (m. pectoralis
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superficialis), muscles of the back and loins (m. longis-
simus dorsi and m. psoas major) and muscles of thigh
(m. semimembranaceus) were taken from the left and the
right side of the body. The samples were always taken
from the same place. Samples of m. obliquus abdominis
externus and m. rectus abdominis were taken from the
middle of the muscle, samples of m. triceps brachii from
the middle of caput longum, samples of m. pectoralis
superficialis near by the second vertebra, samples of
m. longissimus dorsi L, at the level of 10th thoracic ver-
tebra and L, at the level of 3rd lumbar vertebra, samples
of m. psoas major at the level of 3rd lumbar vertebra and
samples of m. semimembranaceus at the level of the hip
joint.

The samples were frozen in liquid nitrogen and cut on
“Cryo-cut” into 10 pm thick slices. A part of them was
stained with hematoxylin and eosin (Romeis, 1968) to
show the muscle structure, and the rest was tested for the
activity of lactate dehydrogenase (LDH) (Hess et al.,
1958), succinate dehydrogenase (SDH) (Padykula, 1952),
standard, alkaline and acid stable adenosine triphos-
phatase (S, AL and AC ATP) (Padykula and Herman,
1955, modified according to Brooke and Kaiser, 1970)
and for the presence of lipids by Sudan III (Daddi,
1968) and glycogen by PAS procedure (Romeis, 1968).

Diameters of muscle fibres were measured on the
transversally cut sections of the selected muscles stained
for the presentation of LDH, and the obtained results
were processed statistically and presented in tables
(Song et al., 1963).

In order to obtain a better view of functional capacity
of the investigated muscles, following the method of fre-
quency distribution (Bego, 1994), muscle fibres were
classified according to their diameters by 5 pm segments.
For a simpler graphical view and a more accurate statis-
tical account, groups of 100 fibres, i.e. 8 000 fibres in
total, of different diameters and of different activity of
the investigated enzymes were counted.

RESULTS

The muscle fibre diameters of investigated muscles
taken from both body sides are presented in Table 1.
Muscle fibre diameters of the muscles taken from the
left and the right body side are presented in Tables 2 and 3.
As shown in Table 1 and Figure 1 the muscle fibre diameters
in the samples of m. obliquus abdominis externus, m. rec-
tus abdominis and m. triceps brachii (caput longum)
range from 20 to 95 pum, in m. pectoralis superficialis
from 20 to 100 um, in m. semimembranaceus from 20 to
105 pm, in m. longissimus dorsi L, from 25 to 100 um,
in L, from 25 to 105 um, and in m. psoas major from 25 to
115 pum. The smallest muscle fibre diameter was 20 um,
and it is found in 5 muscles, the largest fibre diameter
being 115 pm and it is was found in m. psoas major. The
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Table 1. P of le fibre di in les of the both sides of the body

Statistical evidence OE R i P L, L, PM S

N 1000 1000 1 000 1 000 1000 1 000 1000 1 000
X 48.47 48.49 50.33 52.96 53.35 55.20 56.51 51.74
X i X max 20-95 20-95 20-95 20-100 25-100 25-105 25-115 20-105
S 13.00 14.48 14.14 13.50 12.50 14.00 13.45 13.97
S; 0.41 0.46 0.45 0.43 0.40 0.44 0.43 0.40
vV 26.82 29.62 28.09 25.49 2343 25.36 23.80 27.00
Table 2. Presentation of le fibre di in les of the left side of the body

Statistical evidence = OE R T ) 4 L, L, PM S

N 500 500 500 500 500 500 500 500
X 48.80 49.47 50.41 53.65 53.16 54.92 55.83 52.17
X X 20-95 20-95 20-95 20-95 25-100 25-105 25-110 20-105
S 13.64 15.17 14.47 13.68 12.63 13.80 13.78 14.74
S; 0.61 0.68 0.65 0.61 0.56 0.52 0.62 0.66
vV 27.95 30.67 28.70 25.50 23.76 25.13 24.68 28.25
Table 3. P ion of le fibre di in les of the right side of the body

Statistical cvidence ~OE R T P L, L, PM S

N 500 500 500 500 500 500 500 500
X 48.14 48.30 50.25 52.26 53.53 55.47 57.19 51.31
b 20-95 20-85 20-95 20-100 25-95 25-105 25--115 20-90
S 12.36 13.79 13.81 13.31 12.37 14.20 13.11 13.20
S; 0.55 0.62 0.62 0.60 0.55 0.54 0.59 0.59
v 25.68 28.55 27.48 25.47 23.11 25.60 22.92 25.73
Legend for Tables 1-4:

OE = m. obliquus abdominis externus, R = m. rectus abdominis, T = m. triceps brachii, P = m. pectoralis superficialis, L, = m. long

dorsi — level of 10th thoracic

L, = m. longissi

dorsi — level of 3rd lumbar vertebra, PM = m. psoas major, S = m. semimembranaceus

N - sample size, X — mean value, X ,—X - minimal and maximal mean value, S - standard deviation, S; - standard error of the mean,

V — variance

average diameter was as follows: m. obliquus abdominis
externus 48.47 um, m. rectus abdominis 48.49 um, m. tri-
ceps brachii 50.33 pm, m. pectoralis superficialis 52.96 pm,
m. longissimus dorsi L, 53.35 pm and L, 55.20 pm, m. psoas
major 56.51 um, and m. semimembranaceus 51.74 pm.

Tables 2 and 3 show that the values of muscle fibre dia-
meters from the left and the right side of the body are
different, these differences not being significant.

The red SO fibres, the white or FG fibres and the in-
termediate or FOG fibres were found in all investigated
muscles. Table 2 shows a relation between the muscle fi-
bre types and their diameters. In all samples of muscles
the white fibers are dominant considering their number
and diameters ranging from 55 to 115 pm: in m. obliquus
abdominis externus (38.8%), in m. rectus abdominis

(39.6%), in m. triceps brachii (41.0%), in m. pectoralis
superficialis (44.5%), in m. semimembranaceus (43.1%),
in m. longissimus dorsi L, (51.2%) and L, (55.0%), and
in m. psoas major (57.8%).

The average fibre diameter in these muscles is 62.56 pm,
63.04, 64.15, 65.30, 65.09, 63.42 and 65.15 pm, respec-
tively. The red fibres have smaller diameters and cover a
lesser part of the muscle surface. Diameters of these fi-
bres range within 20 to 40 um. In 4 muscles these fibres
are more numerous, while in 3 muscles they are less nu-
merous than the intermediate fibres. As to the average
diameter, the red fibers are smaller than the intermediate
fibres. They account for 31.20% in m. obliquus abdominis
externus, 31.00% in m. rectus abdominis, 30.60% in m. tri-
ceps brachii (caput longum), 24.60% in m. pectoralis su-
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Figure 1. Frequency distribution of muscle fibres within m. obliquus abdominis externus (OE), m. rectus abdominis (RA), m. triceps brachii (T),
m. pectoralis superficialis (P), m. psoas major (PM), m. longissimus dorsi — level of 10th thoracic vertebra (L,), m. longissimus dorsi — level of

3rd lumbar vertebra (L,), m. semimembranaceus (S) by 5 um segments

perficialis, 30.00% in m. semimembranaceus, 21.40 %
and 19.50% in m. longissimus dorsi (L, and L,), and
16.60% in m. psoas major. The average diameters of the
red fibres are 32.36, 32.21, 33.65, 36.40, 36.38, 36.75, 37.10
and 36.84 um, respectively. The intermediate fibres
have larger diameters than the red ones (their diameters
ranging from 40 to 55 um) and they make the smallest
group of muscle fibres in 4 muscles and somewhat more
numerous group in 3 muscles. Among all fibres the per-
centage of these fibres is 30.00, 29.40, 28.40, 30.90,
26.90, 27.40 (L,), 25.50 (L) and 25.60%, with average
diameters 47.00, 47.40, 49.52, 48.35, 47.47, 47.50 (L)),
47.55 (L,) and 47.66 pm (Table 4).

Table 4, Proportion (%) and average diameters (um) of white (W),
red (R) and intermediate (I) fibres in the investigated muscles

Fibretpe OE RA T P PM L, L, S

% 38.80 39.60 41.00 44.50 57.80 51.20 55.00 43.10
pm  62.56 63.04 64.15 65.30 66.08 63.42 65.15 65.09

w

% 31.20 31.00 30.60 24.60 16.60 21.40 19.50 30.00
pm 3236 32.21 33.65 36.40 36.84 36.75 37.10 36.38

% 30.00 29.40 28.40 30.90 25.60 27.40 25.50 26.90
um  47.00 47.40 49.52 48.35 47.66 47.50 47.55 47.47

The activity of LDH and SDH as well of the acid stable
ATP is strong in the red muscle fibres, but the activity of
standard and alkaline stable ATP is weak. These fibres
contain more lipids and few glycogen. The white fibers
show a weak activity of LDH and SDH as well as of acid
stable ATP, the strong activity of standard and alkaline
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stable ATP, some glycogen and few lipids. The interme-
diate fibres show a stronger activity of standard and al-
kaline stable ATP, the weak activity of acid stable ATP,
the moderate activity of LDH and SDH while the con-
tents of lipids and glycogen vary.

DISCUSSION

Already Ranvier (1874) noted that muscles could be
divided into white and red ones but this division was not
sharp. Because of muscle adaptation to different funtions,
a lot of muscles have a heterogeneous structure, that
means they contain white, red and intermediate muscle
fibres (Wander et al., 1990). It could be said that the
muscles having a uniform structure are rare, such as m.
pectoralis superficialis in chicken broilers of Jata line
(Kaufman et al., 1997 and Jeli¢ et al., 1998).

Differentiation of muscle fibres on the basis of their
histochemical reaction, either to metabolic enzymes or
myosin adenosine triphosphatase, does not exclude pos-
sible errors concerning the interpretation of such reactions
(Nemeth and Pette, 1980; Spurway, 1981). Therefore in
our investigations we performed some histochemical re-
actions that make possible a view into the metabolic
type and contractile capacities of fibres within the inves-
tigated muscles. We were also interested whether and to
what extend the fibre diameter depends on metabolic or
contractile properties of the investigated muscles.

The results of our investigations have shown a hetero-
geneous structure of all investigated muscles with three
types of muscle fibres: red or SO (with 2040 pm dia-
meters), white or FG (55-115 um) and intermediate or
FOG (40-55 um). Since the proportion of single muscle
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fibre types could suggest some functional capability of
a muscle, we have tried to analyse each of the investigated
muscles with regard to the muscle structure and the fibre
type proportion.

Simple histomorphologic and histochemical analyses
cannot provide enough data concerning the distribution
of muscle fibres within the investigated muscles. One of
the ways to classify muscle fibres is the frequency distri-
bution method (Bego, 1994). By this method muscle fi-
bres are classified according to their diameters divided
into selected segments. In this way it is possible to get
a better view of the distribution of fibres within the in-
vestigated muscles as well as of the functional capacities
of such muscles. By applying the frequency distribution
method clear functional differences between the costal
and lumbar parts of diaphragm were shown in horse
(Zobundzija et al., 1994; Bego et al., 1996), in bovines
(Zobundzija et al., 1998) and in lambs (Gjurcevi¢-Kantura
et al., 1996) as well as in some muscles of broilers (Kauf-
man et al., 1997).

In the abdominal muscles, i. e. in m. obliquus abdominis
externus and m. rectus abdominis, no statistically sig-
nificant differences concerning the muscle fibre diam-
eters exist. Namely, the function of these two muscles is
compression of abdominal organs acting as an “abdomi-
nal press”; they help expiration, urination, defecation and
parturition and they also control ventro- and lateroflexion
of the dorsolumbar part of the spine, and in ruminants
they act on rumination by short and fast contractions.
Since the abdominal muscles contract frequently and be-
cause of a frequent compression of abdominal organs
which are massive in cattle (specially the rumen), these
muscles contain relatively the highest percentage of FG
muscle fibres, and almost an equal percentage of SO and
FOG fibres. These muscles contain relatively the highest
number of white muscle fibres of a big diameter, possess-
ing great strength and serving for fast shortlasting con-
tractions in the afore mentioned physiological activities,
particularly in rumination.

M. triceps brachii caput longum acts on the shoulder
and elbow joint so that while moving it extends, and
while standing it fixes the elbow joint and also the car-
pal and digital joints. The results of our investigations
show that most fibres are muscle fibres of a big diameter,
1. e. FO or white fibres (41.00%), which is in accordance
with the investigations of these muscles in cows (Hraste,
1976), in lambs (Gjuréevi¢-Kantura et al., 1999) and in
pigs (Morse et al., 1987). These fibres play a great role
in the shortlasting actions of animal standing up or laying
down, or in shorter fast movements of animals. Such ac-
tions of white fibres are possible because of their big dia-
meter and great strength. Other fibres are of smaller
diameters and metabolically they are FOG or SO, those
being able to act without fatigue accomplishing other
functions such as slow walking of animals or fixation of
the elbow joint,

M. pectoralis superficialis connects the foreleg with
the trunk and it serves for the elastic reception of the trunk
weight while moving or for carrying the trunk during
standing and moving the foreleg while walking. In this
muscle also dominate fibres of a big diameter with weak
oxidative and strong glycolytic activity (41.00%). This
finding suggests that this muscle belongs to so called dy-
namic muscles, which is in concordance with the findings
of Aleckovi et al. (1989). A metabolic part of m. pecto-
ralis superficialis also consists of SO or red fibres
(30.60%). These fibres possess a low contraction speed
and they are capable to develop and to keep the isometric
tension. These fibres are responsible for the bearing of
the body and for performing slow repeated movements
of the forearm, these fibres being economical and effi-
cient in performing these functions. Besides the men-
tioned fibre types, the intermediate or FOG fibres
participate with 28.40% in m. pectoralis superficialis.
These fibres together with red fibres make more than
one half of all fibres indicating an oxidative activity,
which is in concordance with the findings of Hraste et
al. (1981) who found more than one half of the oxida-
tive fibres in m. pectoralis superficialis of fattened bulls.
On the other hand, the intermediate fibres together with
the white fibres of larger diameter make about 60% of
fast-twitch fibres.

M. longissimus dorsi is the largest and the longest
muscle of the body. Its function is to fasten the thoracic
and lumbar parts of the spine, to bend the spine laterally,
and with its neck ending it extends the cervical part of
the spine. White fibres dominate in m. longissimus
dorsi, in both parts (L, and L,). Since the content of
these fibres makes more than 50% of all fibres, this muscle
is a white dynamic muscle, which is also in concordance
with the observations of Hraste ef al. (1980) in bullocks,
and Raheli¢ and Puac (1980) in pigs. Besides the white
fibres, the muscle contains intermediate (27.4 and
25.5%) and red fibres (21.4 and 19.5%) with moderate
or strong activity of oxidative enzymes, which is in con-
cordance with the findings of Eisenhut ez al. (1965),
who described three types of muscle fibres in m. longis-
simus dorsi of the Simmenthal cattle with domination of
large diameter muscle fibres. The comparison of the
findings in m. longissimus dorsi shows that the average
diameter at the level of 3rd lumbar vertebra is statisti-
cally larger and that in this region there are more white
fibres than in the region of 10th thoracic vertebra. These
findings could be explained by higher movability of the
spine in its lumbar region than in the thoracic one, and
by greater necessity for faster and shorter movements in
that region. Some differences with regard to the place of
sampling were observed; the muscle samples were de-
scribed by Eisenhut ef al. (1965) and May et al. (1977),
who found that diameters of muscle fibres in samples
from inner parts of m. longissimus dorsi were significantly
larger than in samples from outer parts of the muscle.
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M. psoas major is positioned on the ventral side of the
lumbar part of the spine. Its function is flexion of the hip
joint, rotation of the thigh laterally and ventro- or later-
oflexion of the lumbar part of the spine. The muscle
contains three types of muscle fibres among which domi-
nate white FG fibres (50.7%), which is in accordance with
the findings of Gjurdevié-Kantura et al. (1999) in lambs.
These fibres show a weak activity of investigated dehy-
drogenases and a strong activity of standard and alkaline
stable ATP, which is in concordance with the findings of
Hraste et al. (1980), who found most white fibres in the
same muscle of fattened bulls. In our investigations
m. psoas major contained more intermediate fibres (25.6%)
than red ones (16.6%). The metabolic structure of the
muscle indicates that this massive muscle is mainly in-
volved in shortlasting fast movements of the pelvis (coi-
tion, urination, defecation) or hind legs (running, jumping,
scratching the head). In longlasting movements its role is
probably limited. Since the white muscle fibres make
more than one half of all fibres, one can say that m. psoas
major is also a white dynamic muscle.

M. semimembranaceus is a large trigonal pelvico-
femoral muscle. Its function is an extension of the hip
joint and an adduction of the hind leg. White fibres of
large diameter prevail (43.1%) in the structure of the
muscle. The red fibres with the smallest diameter make
30.0% and the intermediate fibres make 26.9% of all fibres,
which is in accordance with the findings of Gjurdevié-
Kantura et al. (1999) in lambs, and Morse et al. (1987)
in pigs. The red and intermediate fibres make together
56.9% of all fibres and it represents the same percent of
oxidative muscle fibres capable of longlasting slow
movements (walking around). On the other hand, the
white and intermediate fibres make together 70% of all
fibres, which represents the same percent of glycolytic
muscle fibres capable of fast shortlasting movements
(running, standing up).

It is possible to confirm the close connection between
the muscle fibre diameters and their metabolic and con-
tractile characteristics. The proportion of some muscle
types in muscles reflects the working capacity of the
analyzed muscles. Muscle fibres of larger diameter pos-
sess greater strength and higher quantity of such fibers,
which proves the strength of such muscle. On the other
hand, stronger activity of S and AL ATP suggests a higher
speed of contractions, while stronger activity of oxida-
tive enzymes indicates greater endurance and resistance
to fatigue. The average muscle fibre diameters taken
from the left and right side of the body vary although the
differences are not significant (P > 0.05). With regard to
the way of keeping of the investigated animals and since
the animals use both sides of the body in the same way,
it is understandable that no significant differences were
observed as to the muscle fibre diameters in the muscles
taken from the left and right side of the body.
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Calcium, magnesium and phosphorus retention in chickens with
different growth rate fattened to higher age

Retence vapniku, hoté¢iku a fosforu u kufat s rozdilnou intenzitou ristu
béhem vykrmu do vy3§iho v€ku

J. ZELENKA, E. FAIMONOVA

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

ABSTRACT: Utilisation of calcium, magnesium and phosphorus was examined in broilers and laying type cockerels
from Day 23 to Day 100. In meat type chickens coefficients of apparent Ca and P retention decreased highly significantly
(P < 0.01) during the whole experiment while that of Mg decreased till the age of 93 days. In egg type chickens the
dependence of Ca retention on age was expressed by the parabola of the 2nd degree with a minimum on Day 70. Utilisa-
tion of Mg and P decreased linearly and highly significantly. Content of Ca and Mg in body gains of broilers increased
(P < 0.01) with age. Concentration of P culminated on Day 45. In laying type chickens the level of Mg increased highly
significantly and that of P decreased (P < 0.01). The Ca content in body gains decreased till Day 43; thereafter, an in-
crease was recorded. Differences in average coefficients of Ca and P retention and retention per unit of body gain in slow
growing hybrid and broiler chickens were not significant (P > 0.05) while retention of Mg was highly significantly higher
in laying type chickens.

Keywords: chickens; calcium; magnesium; phosphorus; retention of macrominerals

ABSTRAKT: U kohoutkl masného a nosného typu jsme od 23. do 100. dne Zivota sledovali vyuziti vapniku, hoféiku
a fosforu. U masného typu kufat se koeficienty bilanéni retence Ca a P vysoce pritkazné (P < 0,01) sniZovaly b&hem
celého experimentu, zatimco u Mg klesaly jen do véku 93 dni. U kufat nosného typu byla zévislost retence Ca na véku
kufat vyjadfena rovnici paraboly 2. stupné s minimem v 70. dni v&ku. VyuZiti Mg a P se vysoce pritkazné linearné
sniZovalo. Obsah Ca a Mg v pfirlstcich Zivé hmotnosti brojleri se s vékem zvySoval (P < 0,01). Koncentrace fosforu
kulminovala ve 45. dni Zivota. Hladina Mg se u kufat nosného typu vysoce pritkazné zvy¥ovala a hladina P naopak klesa-
la (P <0,01). Obsah Ca v pfiristcich se sniZoval do 43. dne a pak byl zaznamenén jeho vzestup. Rozdily v primémych
koeficientech bilanéni retence Ca a P a retence na jednotku pfirlistku u pomalu rostoucich hybridi a u brojlerovych kufat
nebyly prikazné (P > 0,05), zatimco retence Mg byla vysoce priikazné vyssi u kufat nosného typu.

Klitova slova: kufata; vapnik; hof&ik; fosfor; retence makroprvki

INTRODUCTION

Determination of changes in utilisation of minerals
during the growth of animals is essential for the formula-
tion of nutrient requirements.

In our experiments with broilers the utilisation of Ca
significantly decreased from the 2nd to the 8th week of
age when the level of this element in the diet was suffi-
ciently high. Percentages of P and Mg utilisation de-
creased, too. The content of Mg in body gains increased

with age. The content of P did not change when its con-
tent in the diet was low and decreased when the feed was
rich in this element (Zelenka, 1987, 1991a, 1992).

A review by Vogt et al. (1985) stated that the body of
meat type cockerels contained 7.5, 10.0 and 11.5 mg Ca
per gram live weight at the age of 6, 12 and 20 weeks.
The corresponding levels of Mg and P were 0.54, 0.51 and
0.47 mg and 5.1, 6.35 and 7.0 mg, respectively. At the
age of 6 weeks the contents of Ca and P were slightly
higher in light breeds (8.25 and 5.7 mg, resp.) and that

This study was supported by the Ministry of Education, Youth and Sports of the Czech Republic (Project No. 432100001).
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of Mg was lower (0.52, 0.39 and 0.35 mg at 6, 12 and
20 weeks, respectively).

In our experiment (Zelenka, 1988), chickens showing
a lower growth rate accumulated significantly more P per
unit body gain than those with a higher growth rate.
Edwards and Lanza (1981, ex McDowell, 1992) found
that light breeds had higher requirements for P than the
broiler chickens.

In the experiment in which daily changes of utilisation
of macrominerals in meat and laying type chicks were
studied in the first three weeks of age (Zelenka and Faj-
monova, 2001), retention of Ca, Mg and P decreased in
the 3rd week of age. Differences in Ca, Mg and P reten-
tion per unit of body gain between laying type hybrids
and broiler chicks were not significant (P > 0.05). In the
present experiment we tried to determine coefficients of
utilisation of these elements and their retention per unit
of body gain till 14 weeks of age.

MATERIAL AND METHODS

Effect of age on the apparent calcium, magnesium
and phosphorus retention was studied within 26 subse-
quent three-day balance periods from Day 23 of age to
Day 100 using 95 Isa Brown laying type cockerels and
52 Ross 208 meat type male chicks. The diet contained
8.63, 0.60 and 6.16 g Ca, Mg and P per kg, respectively.
The feed was supplied ad libitum and its consumption
was recorded. The body weight of chickens was estimated
at the end of each balance period. The coefficients of
utilisation of investigated macrominerals were estimated
using the chromic oxide indicator method. The content
of chromic oxide in feed and freeze-dried excreta was
estimated iodometrically (Mandel ef al., 1960). Calcium
and magnesium were estimated by the atomic absorption

spectrometry and phosphorus spectrophotometrically as
vanadate yellow. The composition of the diet and methods
of chemical analyses were described in our earlier paper
dealing with retention of macrominerals in young chicks
(Zelenka and Fajmonov4, 2001).

The contents of Ca, Mg and P in the live body gains (mg/g)
were calculated using feed intake, contents of macrominer-
als in the diet, coefficients of their utilisation and body
weight increments in each of the three-day balance periods.

The regressions of determined values were computed
according to Snedecor and Cochran (1967).

RESULTS AND DISCUSSION

The dependence of live weight in grams on age of chick-
ens in days from Day 23 to Day 100 was expressed by
the parabola (Figure 1) for

Isa Brown Y=-52 + 8.4 X+ 0.31 X* - 0.0015 X*
r=1.000; P <0.01, and for
Ross 208 Y= 566 —33.6 X+ 2.27 X* - 0.0133 X’
r=0.999; P<0.01
and the dependence of feed dry matter consumption
from hatch per unit of body gain on age of chickens by
the equation for
Isa Brown Y= 1.57 + 0.0143 X; r=0.968; P < 0.01,
and for
Ross 208 Y=1.16 +0.0101 X; r = 0.972; P < 0.01.

The mean values of coefficients of apparent retention
of macrominerals and retention per one gram of body
gain are presented in Table 1. Dependences of the above
values (¥) on age of chickens in days (X) within the period
of Day 23 to Day 100 were expressed by means of linear
regression equations and the 2nd degree parabola equa-
tions. The reduction in the sum of squares of deviations
was tested against the mean square remaining after curvi-

7,000
6,000 -
5,000 1 - - -
Y =566 -33.6 X+2.27 X?-0.0133 X?
w r=0.999; P<0.01
& 4000 4
%
Y=-52+84X+031X*-0.0015X3
2,000 o Y .
1,000 4
O Ross 208 X Isa Brown
0 T T T T
20 40 60 80 100
Figure 1. Body weight of chickens Age in days
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Table 1. App ion of calci gnesium and phosphorus
Mean and regression equation Mean Y=a+bX+cX?
+ standard error
of the mean a b ¢ r P X, Y
. IsaBrown 35.60 + 1.255 643 -0.93 0.0066 0594 <001 700 31.88
Calcium Ross 208 36.87+1.886 568 —032%% - 0762 >005 - -
Coefficients IsaBrown 24.42 £ 0.653 294 —0.08%* = 0550 >0.05 - =
of retention ABEasm Ross 208 19.30 + 0.908 385 —-0.49 0.0026  0.847 <0.05 932 1547
Sl IsaBrown 13.36 + 1.813 332 032+ ~ 0788 >005 -
ofpliors Ross 208  12.45 + 1.592 332 —0.33%* - 0939 >005 -
v Isa Brown 10.93 + 0.635 1335 0227  0.002665 0.843 <001 426 852
. Calcium (mg) Ross 208 10.50 + 0.824 457  0.095** - 0518 >005 - N
Retention
" —— IsaBrown  1.90  0.096 0.87 0.016** - 0769 >005 - =
be :  Magnesium (mg)  pocc208  1.40£0.113 050 0.014** - 0578 >005 - -
0T DO am
g IsaBrown  2.74 + 0.301 525 -0.040%* - 0600 >005 - -
Phosphorus (mg)
Ross 208  2.16+0.275 0.89 0.098 -0.001098 .0.740 <005 445  3.07
X = age in days r = correlation coefficients **significance of linear regression (P < 0.01)

a, b, ¢ = parameters of equation

linear regression by F-test (Snedecor and Cochran, 1967).
In case that the reduction was significant, parameters a, b
and c of parabola equation were presented in Table 1. When
the deviation from linearity was insignificant, parameters
a and b of linear regression were presented in this table.

Dependence of coefficients of apparent calcium reten-
tion on age of chickens was significant and was expressed
by means of the 2nd degree parabola with a minimum on
Day 70 in laying type chickens and by the equation of
linear regression in meat type chickens. In a study with
very young chicks fed the same diet (Zelenka and Faj-
monova, 2001) Ca utilisation started to decrease after
the 14th day of age. In Isa Brown and Ross 208 chickens
this downtrend continued till the age of 10 weeks and to
the end of this experiment, respectively. However, a simi-
lar decrease was not registered in chickens fed the diet
with a suboptimum level of Ca (Zelenka, 1991a).

In broiler type chicks, the retention of Ca per 1 g of body
gain increased linearly from 6.9 mg (Day 25) to 14.1 mg
(Day 100). In egg type chickens, the dependence on age was
parabolic with a minimum at the beginning of the 7th week
of life. In principle, the values reported by Vogt ez al. (1985)
concerning the contents of Ca per 1 g of body weight of
meat type and light breed cockerels were corroborated.

The differences in average Ca utilisation and contents
of Cain 1 g of body gain between chickens of different
genotypes were not significant (P > 0.05).

The decrease in utilisation of magnesium, which
started at the end of the 2nd week of age (Zelenka and
Fajmonova, 2001), continued in the present experiment
and could be described by the following equations for

Isa Brown Y =29.4 - 0.08 X; r = 0.550; P < 0.01,
and for
Ross 208 Y=29.5-0.16 X; r=0.805; P < 0.01.
The decrease was highly significant. However, in meat
type chickens the course of dependence till the 94th day
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P = significance of the deviation from linearity

of age could be expressed much better (P < 0.05) by the
descending branch of parabola
Y=38.5-0.49 X+ 0.0026 X*; r = 0.847; P < 0.05.

The average coefficients of Mg retention in laying chick-
ens and broilers were 24.42 = 0.653 and 19.30 + 0.908
(mean + standard error of the mean; 26 determinations),
respectively. The contents of Mg in 1 g of body gain
were 1.90 + 0.096 and 1.40 £ 0.113 mg, respectively.
Both differences between various types of chickens were
highly significant (P < 0.01). While in young chicks of
laying hybrid combination and in faster-growing broiler
chicks the contents of Mg in body gains were practically
the same (Zelenka and Fajmonova, 2001), in our experi-
ments with older animals (Zelenka, 1991b) chickens with
a lower growth rate accumulated significantly (P < 0.001)
more Mg per unit of body gain than those with a higher
growth rate similarly like in the present trial,

Consistently with results published by Zelenka (1992)
and in contradistinction to data mentioned by Vogt et al.
(1985), Mg contents in body gains increased highly sig-
nificantly (P < 0.01) with the age (Figure 2). In light breed
and meat type cockerels they were 3 to 5-times and 2 to
3-times, respectively, higher than the contents per 1 g of
the body weight referred by Vogt et al. (1985).

Because P is actively transported, absorption of P
changes in response to the demand for this element
(Braithwaite, 1984, ex McDowell, 1992). In this experi-
ment retention of P decreased linearly and highly signifi-
cantly (P < 0.01) by 0.32 and 0.33 per cent per day in
Isa Brown and Ross 208, respectively. This decrease
was much slower than that observed in the same cocker-
els fed the same diet from Day 3 to 22 of life (0.96 and
0.79 per cent, respectively; Zelenka and Fajmonova,
2001). In our earlier experiment (Zelenka, 1987), reten-
tion decreased also highly significantly within the period
of Days 12 to 56.
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The light breeds show higher requirements of P than
the meat type chickens (Edwards and Lanza, ex McDowell,
1992). Zelenka (1988) found that faster growing chick-
ens retained highly significantly less P in their body
gains than slowly growing animals. In an experiment
conducted by Zelenka and Fajmonova (2001) Isa Brown
chicks accumulated more P per unit body gain than the
broilers in the first 3 weeks of age. However, this difference
was not significant (P > 0.05). A similar result (P > 0.05)
was obtained also in this experiment with older chickens.
For Ross 208 the dependence on age was expressed by
the second degree parabola with a maximum on Day 45.
In chickens with a lower growth rate, accumulation of P
decreased every day by 0.04 mg per 1 g of body gain.
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Digestibility of crude protein and fat in feeds for minks with
various proportions of poultry shanks, beef meat and fish
by-products

StraviteI'nost’ dusikatych latok a tuku krmiv pre norky pri réznom podiele
hydinovych behdkov, hovddzieho mésa a rybieho odpadu

K. SGVEGOVAI, D. MERTIN’, P. FrAK', Z. CERESNAKOVA', L. Tocka?

! Research Institute of Animal Production, Nitra, Slovak Republic
2Slovak Agricultural University, Nitra, Slovak Republic

ABSTRACT: The experiment was performed in the Research Institute of Animal Production Nitra. Five male standard
minks were used in the experiment at the age of four months. The animals were clinically healthy and examined for plas-
mocytosis. The objective of this experiment was to determine the digestibility of crude protein and fat from feed rations
for minks with various proportions of poultry shanks, as well as the digestibility of these nutrients in the feed. The ex-
periment consisted of three individual stages. The animals were fed the control feed mixture which is characterized by
the lowest content of poultry shanks — 19.6% at the first stage. At the second stage the content of poultry shanks rose to
40.4%, and at the third stage to 50.4% against the original content. Each stage of the experiment consisted of two peri-
ods — the preparatory one and the experimental one. The individual periods followed each other immediately during the
experiment. The preparatory period lasted seven days, the animals adapted themselves to the new feed ration, and the
experiment lasted five days. The animals were fed twice a day — at 9.00 o’clock and 15.00 o’clock. Parameters necessary
to calculate the digestibility coefficients of the studied nutrients from feed rations were recorded in animals, i.e. feed
intake, residues of unconsumed feed and quantity of excrements. Samples to determine the studied parameters were taken
twice a day, always one hour before feeding (i.e. at 8.00 o’clock and 14.00 o’clock), and they were weighed to the near-
est 0.1 g. The excrements were preserved by freezing at the temperature —17°C. Basic organic chemical analyses were
performed in samples of excrements. Crude protein and fat digestibility was determined by means of apparent digestibili-
ty in feed rations by a direct method, and digestibility of the studied nutrients in poultry shanks by an indirect method’
(Schiirch, 1969). The digestibility coefficient of the studied nutrients decreases with increasing percentual proportion of
poultry shanks in feed rations for minks: for crude protein from 80.75 to 70.35%, and for fats from 90.14 to 84.24%.
Significant differences in digestibility of crude protein and fats on the level of significance P < 0.01 were between the
control feed ration and experimental feed rations with the increased proportion of poultry shanks, and between the exper-
imental feed rations as well. The digestibility coefficient in poultry shanks achieved the value 61.73% of crude protein
and 78.50% of fats. On the basis of our results we recommend 40% proportion of poultry shanks in feed rations for
minks as a maximum for the agricultural practice.

Keywords: minks; poultry shanks; digestibility; crude protein; fat

ABSTRAKT: Experiment sa realizoval vo Vyskumnom ustave Zivo&iZnej vyroby v Nitre. Do pokusov bolo zaradenych
pit’ samcov norky Standardnej vo veku Styroch mesiacov. Zvierata boli klinicky zdravé a vySetrené na plazmocyt6zu.
Cielom experimentu bolo zistit' straviteI'nost’ dusikatych latok a tuku z kimnych dévok pre norky pri réznom percentual-
nom podiele hydinovych behdkov, a tieZ stravitelnost’ tychto Zivin v samotnom krmive. Pokus sa skladal z troch samo-
statnych etap. V prvej etape sa vychddzalo z kimenia zvierat kontrolnou kfmnou ddvkou, ktord je charakterizovana
najniz§im podielom hydinovych behakov — 19,6 %. V druhej etape obsah hydinovych behakov sa zvy¥il na 40,4 %,
a v tretej etape na 50,4 % z pévodného obsahu. Kazda etapa pokusu sa skladala z dvoch obdobi — pripravného obdobia
a vlastného pokusu. V pricbehu experimentu jednotlivé etapy bezprostredne nasledovali za sebou. Pripravné obdobie trvalo
sedem dni, potas ktorych si zvieratd zvykali na nova kfmnu davku, a vlastny pokus trval pit dni. Zvierata sa kfmili
dvakrat denne — 0 9. a 15. hodine. V priebehu vlastného pokusu sa u zvierat sledovali parametre potrebné pre vypotet
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koeficientov straviteI'nosti sledovanych Zivin z kfmnych dévok, to znamena prijem krmiva, zbytok neskonzumovaného
krmiva a mnoZstvo trusu. Vzorky pre sledované ukazovatele sa odoberali dvakrit denne, vZdy hodinu pred kimenim
(teda o 8. a 14. hodine) a véazili sa s presnost'ou na 0,1 g. Trus sa konzervoval mrazenim pri teplote —17 °C. Vo vzorkach
krmiva a trusu sa chemickymi analyzami stanovil zakladny organicky rozbor. Stravite'nost’ dusikatych latok a tuku sa
zistovala bilanénou litkovou stravitePnostou, v kfmnych dédvkach priamou metédou a strivitePnost’ sledovanych Zivin
v hydinovych behdkoch nepriamou metdédou (Schiirch, 1969). Koeficient stravitel'nosti sledovanych Zivin v kfmnych
davkach pre norky so stipajicim percentudlnym podielom hydinovych behdkov v kfmnych dédvkach sa zniZuje: pre
dusikaté latky z 80,75 na 70,35 % a pre tuky z 90,14 na 84,24 %. Preukazné rozdiely v straviteI'nosti dusikatych latok
a tukov na hladine vyznamnosti P < 0,01 boli medzi kontrolnou kimnou dédvkou a pokusnymi kimnymi ddvkami so zvy-
$enym podielom hydinovych behédkov, ale aj medzi pokusnymi kfmnymi ddvkami navzdjom. V samotnych hydinovych
behakoch koeficient stravitel'nosti dusikatych latok mal hodnotu 61,73 % a tukov 78,50 %. Na zaklade nasich vysledkov

pre pol'nohospodérsku prax doporu¢ujeme maximalne 40% podiel hydinovych behdkov v kimnych ddvkach pre norky.

KPudové slova: norky; hydinové behéky; stravitelnost; dusikaté latky; tuk

INTRODUCTION

Proteinous nutrition of carnivorous fur-bearing ani-
mals is based mainly on utilization of secondary raw ma-
terials of animal origin from food industries, and it
differs in individual countries. A number of authors were
engaged in digestibility of nutrients in food rations for
minks based predominantly on fish and fish waste.
Jorgensen and Glem-Hansen (1973) designed special
cages for metabolic experiments with minks. Glem-Hansen
(1979) studied the suitability and digestibility of nutri-
ents in basic and supplementary feeds in feed rations for
minks used in Scandinavia. Jorgensen and Eggum
(1971), Jorgensen and Glem-Hansen (1972), Skrede
(1978), Glem-Hansen (1980a, b) were engaged in the
need of proteins, their digestibility and biological value
for growing minks. Dahlman et al. (1996) pointed out
the necessity of research in the sphere of digestibility of
crude protein from proteinous feeds for minks with regard
to changes in nutrition of minks during the recent years,
since the proportion of expensive proteinous feeds in
feed ration decreases and it is necessary to emphasize
their quality and balance of the feed ration. Skfivan et
al. (1973) studied the digestibility of crude protein in
dry feeds for minks.

MATERIAL AND METHODS

An experiment was conducted on the Experimental
Farm of Fur-bearing Animals at the Research Institute of
Animal Production in Nitra. Five male standard minks
were included into the experiment at the age of four
months. The animals were clinically healthy and they
were examined for plasmocytosis.

The objective of the experiment was to determine the
digestibility of crude protein and fat from the feed rations
for minks at various percentual proportions of poultry
shanks, and digestibility of these nutrients in the feed as

well. The experiment consisted of three individual
stages according to the following scheme:
control group experimental groups
A, A, A,

content of poultry shanks

in feed ration (%) 19.6 40.4 50.4

Feed rations for minks are given in Table 1.

Table 1. Feed rations for minks at individual stages of the experiment

Components Control group Experimental groups
(¢/animal/day)

Al A2 A3
Poultry shanks 39.0 84.0 108.0
Beef 105.0 45.0 3.0
Fish by-products (cod)  21.0 46.5 72.0
Barley meal 28.5 28.5 27.0
Dried milk 54 3.6 3.6
Roboran H 0.5 0.5 0.5
Total 199.4 208.1 214.1

Roboran H — commercially produced vitamin and mineral premix
composition (in 1000 g): vit. A 500 000 iu., D, 100 000 i.u,, K; 20 mg,
E 750 mg, B, 25 mg, B, 40 mg, B 20 mg, B,, 0.5 mg, Biotin 10 mg,
niacin 200 mg, calcium pantothenate 200 mg, choline chloride
20 000 mg, Fe 380 mg, Cu 150 mg, Zn 140 mg, Mn 110 mg, Co 6 mg,
I 20 mg, Ca 180 mg, P 58 mg, Saccharin 250 mg

The animals were housed in special balance cages one
month before the beginning of the experiment to adapt
themselves to the new environment. Each stage of the
experiment consisted of two periods — a preparatory pe-
riod and the experiment. The individual stages succeeded
each other. The preparatory period lasted seven days, the
animals adapted themselves to the new feed ration, and
the experiment lasted five days. The animals were fed
twice a day — at 9.00 and 15.00 o’clock. The nutritive
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Table 2. Nutritive the value of feed rations for minks at individual
stages of experiment

Nutrients A, A, A,
ME (kJ/animal/day) 1241.73 1277.01 1277.72
Digestible crude protein (N. 6.25)

(g/animal/day) 26.49 25.44 25.01
Digestible fat (g/animal/day) 14.21 15.48 15.68
Digestible carbohydrate (g/animal/day) 11.15 11.48 11.54
Dry matter (%) 35.30 30.14 31.59

ME = metabolizable energy

ME;, = (18.81 Dig. crude protein) + (38.87 Dig. fat) + (17.14 Dig.
carbohydrate) (Pereldik et al., 1987)

value of feed rations is given in Table 2 and it corresponds
with the standard for the given age category and physiologi-
cal stage of animals as mentioned by Mertin et al. (1994).

Parameters necessary to calculate digestibility coeffi-
cients of the studied nutrients from feed rations were re-
corded in animals during the experiment, it means feed
intake, residues of unconsumed feed and quantity of excre-
ments. Samples were taken twice a day to determine the
studied parameters, always an hour before feeding (i.e.
at 8.00 and 14.00 o’clock), and they were weighed to the
nearest 0.1 g. The excrements were preserved by freezing
at the temperature —17°C. The content of nutrients was de-
termined in samples of feed and excrements by chemical ana-
lyses in accordance with Decree No. 1497/1-4/1997-100

The results were processed by a two-factor analysis
of variance.

RESULTS AND DISCUSSION

Basic variation and statistical characteristics of digest-
ibility of nutrients in the studied feed rations are given in
Table 3, and the results of two-factor analysis of variance
with selected comparisons of feed digestibility are in Table 4.

The digestibility coefficient of crude protein was
80.75% in the first period of the experiment with control
feed ration, 73.72% in the second period with 40.4%
proportion of poultry shanks, and 70.35% in the third
period with 50.4% proportion of poultry shanks. Signifi-

Table 3. Basic variation and statistical characteristics of digestibility
of crude protein and fat in studied feed rations for minks

Stage of experiments (groups of animals)

Digestibility coefficient

Ay Ay Ay
Crude protein x 80.75 73.72 70.35
s 031 0.14 0.29
% 1.95 0.96 2.05

Significance of differences  1:2**1:3*2:3"

i ) Fat x 90.14 85.45 84.24
of the Ministry of Agriculture SR of 7th October, 1997 on - 0.32 0.41 0.25
official sampling and laboratory tests and evaluation of feeds. o/’ i '77 2'42 ; '46
The digestibility of crude protein and fat was deter- o e o S i ’
mined by means of apparent digestibility, by a direct ~_Significance of differences  1:271:372:3
method in feed rations, and the digestibility of the stud- *P <0.05, P <0.01
ied nutrients in poultry shanks by an indirect (differential) ~ Number of observations of animals in group A, to A;, n =25
Schiirch’s method (1969). (5 animals x 5 days)
Table 4. Two-factor analysis of variance with some observations of digestibility of feed rations
Source of variability f Digestibility of crude protein Digestibility of fat
MS F MS F
14
Groups A 2 704.1459 665.850++ 242.1676 70.376++
Animals Z: A 12 10.0575 3.4411
60

Days B 4 3.2088 2.366 7.1008 4.785++
Interaction AB 8 3.8285 2.823 7.3837 4.975++
Error of experiment BZ : A 48 1.3564 1.4840
Significance of differences | 2 L0 bl X ok - sad Bage £ o

F (fl f2)

0.05 0.01

A 3.885 6.927

B 2.565 3.737

AB 2,138 2.907
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cant differences in digestibility of crude protein were be-
tween the control feed ration (A,) and experimental feed
rations with increased proportion of poultry shanks (A,, A;)
as well as between the experimental feed rations.

The values of fat digestibility coefficient were 90.14,
85.45 and 84.24% at the studied stages of the experiment
or groups of animals. In digestibility of fats we observed
significant differences between the control feed ration
and experimental feed rations, and between the experimen-
tal feed rations as well, similarly like in the digestibility
of crude protein.

Results of digestibility of the studied nutrients in poul-
try shanks in dependence on their proportion in feed ra-
tions are given in Table 5. Digestibility coefficients of
crude protein in poultry shanks were 63.33% and

Table 5. Digestibility of crude protein and fat in poultry shanks (%)

Digestibility coefficient Stage of experiment
(group of animals)

Significance
of differences

A2 A3 Average

Crude protein 63.33 60.13 61.73 234k
Fat 78.53 78.46 78.50

Samplesize N=5
*P<0.05"P<0.01

60.13%, the differences being statistically significant on
the level of significance P < 0.01. Digestibility of fat in
poultry shanks was approximately on the same level, its
values were 78.53 and 78.46%.

CONCLUSION

1. The digestibility coefficient of the studied nutrients
in feed rations for minks decreases with increasing
percentage proportion of poultry shanks in feed rations:
for crude protein from 80.75 to 70.35%, and for fat
from 90.14 to 84.24%.

2. The digestibility coefficient of crude protein in poultry
shanks was 61.73%, and in fat 78.50%.

3. We recommend 40% proportion of poultry shanks in
feed rations for minks as a maximum for the agricul-
tural practice.
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Analysis of sport fishing yields from the MZe and Berounka rivers
in 1975 to 1998

Analyza tlovki sportovnich rybafi z Mze a Berounky v letech 1975 az 1998

M. SMUTNY, K. PIVNICKA

Charles University, Faculty of Sciences, Prague, Czech Republic

ABSTRACT: Based on sport fishery statistics from 1975 to 1998, fish yield in nine sections of the rivers MZe and Beroun-
ka (West Bohemia), relationships between yield of particular species, and yield changes in the longitudinal profile and
years were evaluated. In the longitudinal profile of both rivers significantly decreased the total yield of all the fish species
(average value of 74.0 kg/ha/year), the average biomass of stocked carp and their yield (61.6 kg/ha/year and 48.3 kg/ha/
year, respectively), and the average yield of all the species without carp (26.0 kg/ha/year). The yield of the chub and
bream decreased too (3.6 and 3.1 kg/hal/year, respectively), the yield of the fresh-water eel (2.6 kg/ha/year) was higher in
upper sections with maximum values in the first half of the 1980’s. The grayling was caught only in the MZe River (3.8 kg/ha/
year). Out of carnivorous fish species, the pike (7.8 kg/ha/year) and the pike perch (1.0 kg/ha/year) were most frequently
caught. The yield of the other species (perch, brown trout, tench and barbel) did not exceed 1.3 kg/ha/year. The yield of
all the species except for the carp in medium-sized rivers accounts only for 2 to 5% of their biomass.

Keywords: sport fishing yield; dynamics; carp; other species; medium sized river

ABSTRAKT: Na zakladé sportovné rybatskych statistik z obdobi 1975 a% 1998 byl hodnocen vylov ryb z deviti usekil
MzZe a Berounky, vztahy mezi vylovem jednotlivych druhi a zmény vylovu v podélném profilu obou fek a Ease.
V podélném profilu statisticky vyznamné klesal celkovy vylov viech druhili ryb, (primér 74,0 kg/ha/rok), biomasa nasa-
zenych i vylovenych kaprii (primér 61,6 a 48,3 kg/ha/rok), vylov vSech druhli mimo kapra (26,0 kg/ha/rok) a vylov jelce
tlousté a cejna velkého (3,6 a 3,1 kg/ha/rok). Vylov Ghofe fiéniho (2,6 kg/ha/rok) byly nejvy3si v hornich revirech Mze
s maximem v prvni poloviné 80. let. Lipan podhorni byl loven pouze v usecich MZe (3,8 kg/ha/rok). Z dravci byla nej-
dastéji lovena Stika obecné (7,8 kg/ha/rok) a candat obecny (1,0 kg/ha/rok). Vylov ostatnich druhii (okoun fiéni, pstruh
potoéni, lin obecny a parma fi¢ni) nepfesahl 1,3 kg/ha/rok). Vylov vSech druhii, mimo kapra, nepfesahuje v fekach stied-
ni velikosti 2 aZ 5 % jejich biomasy.

Kli¥ov4 slova: sportovni rybolov; dynamika; kapr; ostatni druhy; stfedn& velka feka

INTRODUCTION

Statistical data from commercial fishing frequently con-
tain time series of several tens of years (Wolter et al.,
2000), some of them go back as long as to the beginning
of the 19th century (Iversen, 1996). Pond fisheries kept
statistical data as long as for several centuries (Susta,
1995). In addition there also exist published data on
changes of the abundance, biomass and production of
river ichthyocoenoses published in the special ichthyo-

logical studies, e.g. Libosvarsky, 1989; Penczak et al.,
1998; Korte et al., 1999. 1t is very advantageous to have
the fishery statistics as well as original estimates for par-
ticular sections independently of each other. Careful analy-
sis of all these data is one of the main assumptions for
maintaining the sustainable yield, diversity and stability
of ichthyocoenoses. When studying river ichthyo-
coenoses, it is possible to assume increasing values of
the abundance, biomass, and production as well in
stream longitudinal profiles. It is further known that values
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of all these parameters are higher in the rivers than those
in lakes or artificial reservoirs (Randall et al., 1995).

Out of this country’s streams, estimates of fish abun-
dance and biomass are available from medium-sized
streams of the Jihlava River (Lusk, 1977; Losos et al.,
1980), Svratka and Svitava rivers (Lusk, 1980). A general
summarization for these streams in the Czech Republic
and Slovak Republic was published by Pivni¢ka (1988).
Yields from the Morava River have recently been pub-
lished by Barus et al. (2000).

In the work presented, yields of sport fishermen in
sections of the rivers MZe and Berounka up to Berounka 7
are analyzed for a period of 1975 to 1998. For Berounka 7,
there are independent estimates of the species structure and
biomass of the fish from the locality Tfimany near Radnice.

MATERIAL AND METHODS

The Berounka River belongs to large rivers with its av-
erage flow rate of 36 m/s at its mouth, length of 246.1 km
and river basin area of 10 690 km’ (together with the
Mze River). All the ten fishing sections of the Berounka
are coarse fishing waters. The upper part of the Berounka
— Mze has at the mouth of the MZe into the Berounka in
Plzefi its average flow rate of 8.55 m’s, length of 107 km,
river basin area of 1 829 km? (VIZek, 1984). It is divided
into seven coarse fishing waters and three trout zones.

The following common names of fish and their Latin
equivalents were used: carp (Cyprinus carpio), pike (Esox
lucius), chub (Leuciscus cephalus), bream (Abramis
brama), eel (Anguilla anguilla), grayling (Thymallus
thymallus), pike-perch (Stizostedion lucioperca), perch
(Perca fluviatilis), brown trout (Sa/mo trutta morpha
fario), barbel (Barbus barbus).

The data on stocked fish and yield were taken from
long-term statistical records of the West-Bohemian Fishing
Association. Out of them, five sections of coarse fishing
waters of the MZe and four sections of the West-Bohe-

mian part of the Berounka (Berounka 10 to 7) were evalu-
ated. The evaluation did not include any coarse fishing
waters of Mze 4 (Hracholusky reservoir) and Mze 7A
(only ponds). The statistics include data from the period
of 1975 to 1998. The yield as well as biomass of stocked
fish are presented in kg/ha/year, exceptionally the stocked
pike and pike-perch in number of specimens ha/year.

The estimates of the fish abundance at the locality
Tfimany were acquired by the mark and recapture
method (Ricker, 1975). The preliminary estimate of the
biomass was based on a ratio between the number of fish
and their biomass for the other streams in the Czech Re-
public and Slovak Republic (Pivnitka, 1988).

RESULTS

Total of 74.0 kg (57.6-104.4 kg) of the fish was caught
in average on the river sections of interest. The yield of all
the species in particular sections is summarized in Table 1.
In the longitudinal profile of the stream the total yield
considerably decreased (Figure 1). The yield of the fish
except for the carp decreased in the same way (Figure 2).
In the yield, the carp was unambiguously prevalent, 71.3 kg
of the carp per each 100 kg of the fish were caught (Fig-
ure 3). The carp yield in all the sections was completely
dependent on the stocked biomass, from each 100 kg/ha/
year of stocked carp, 76.9 kg were caught on average
(Figure 4). On average, 116.7 kg of the fish were stocked
into the upper sections of Mze 7 to MzZe 2, into the lower
sections (Mze 1 to Berounka 7) only 17.5 kg of the carp
were stocked (Table 1). The mean biomass of the carp
caught was negatively correlated to the amount of the bio-
mass stocked and increased from 1.44 kg in sections of
the MZe and 1.64 kg in those of the Berounka to 1.97-2.12 kg.
In particular years (1975 to 1998), the average yield of
the carp varied from 30.4 kg to 65.0 kg (Figure 5).

The average yield of pike was 7.8 kg, the yield and the
mean weight of specimens (2.12 kg) in the longitudinal

Table 1. The average yield of fish species and carp stocked in 1975 to 1998 (kg/ha/year) in particular sections of the MZe and Berounka rivers

Section  Distance  Carp Pike  Chub Bream  Eel Grayling Perch Brown Pike Tench Barbel Carp
from the trout  perch stocked
source (km)
Mze 7 23.0 107.6 7.7 2.7 4.8 2.6 53 5.0 1.4 1.6 1.7 0.1 121.6
Mze 5 55.0 65.0 10.6 5.4 35 4.5 4.1 0.7 0.9 1.8 1.0 1.3 111.0
Mze 3 82.0 50.4 29 1.3 4.0 3% 1.5 0.9 6.3 1.6 0.4 0.4 66.1
Mze 2 90.5 130.8 8.2 24 52 6.6 6.6 0.6 2.1 0.6 1.0 0.4 168.2
Mze | 104.5 245 3.0 1.7 4.9 1.0 1.3 0.3 0.2 0.3 0.3 0.4 19.6
Berounka 10 124.5 13.0 59 2.9 1.3 0.7 0.0 0.7 0.0 0.3 0.4 0.2 12.9
Berounka 9 1425 11.9 11.0 4.2 1.6 0.8 0.0 0.6 0.0 0.6 0.6 0.5 17.0
Berounka 8 154.5 7.8 8.1 4.4 0.8 1.2 0.0 0.5 0.0 0.6 0.6 0.7 13.1
Berounka 7 164.0 23.7 12.5 7.6 1.3 2.3 0.0 1.8 0.1 1.2 1.2 1.7 248
Average 48.3 7.8 3.6 3.1 2.6 2.3 1.2 1.2 1.0 0.8 0.6 61.6
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profile varied only slightly. In the period of observations,
the yield exhibited two peaks (10.9 and 9.4 kg) in 1982
and 1995, respectively (Figure 6). Out of each 10 pike
specimens stocked into the stream, only 1.1 specimens
were caught, the pike spawning is not considered.

Some eels have been irregularly stocked into the streams
in certain sections only since 1991. Its average biomass
varied between 0.56 and 0.82 kg. The yield increased
until 1983 (maximum of 5.1 kg) with its subsequent de-

crease (Figure 8).

Table 2. Correlation coefficients between the yields of particular species, in bold significant on the 0.99 level, underlined on the 0.95 level

Species Pike Chub Bream Eel Grayling Perch Brown trout  Pike-perch  Tench Barbel
Carp 0.004 -0.293 0.774 0.837 0.975 0.463 0.367 0.422 0.637 -0.265
Pike 0.877 -0.448 0.102 0.013 0.141 -0.509 0.185 0.551 0.654
Chub =0.615 -0.091 -0.279 0.031 -0.525 0.188 0.372 0.877
Bream 0.606 0.795 0.254 0.461 0.288 0.233 -0.380
Eel 0.826 0.036 0.491 0.470 0.383 0.097
Grayling 0.387 0.268 0.407 0.599 -0.234
Perch 0.038 0.491 0.823 -0.190
Brown trout 0.510 -0.135 -0.253
Pike-perch 0.529 0.305
Tench 0.171

Table 3. Correlation coefficients between yield and length of the river
from its source (r;) and between yield over the time studied (r)),
in bold significant on the 0.99 level, underlined on the 0.95 level

Species " ry

Carp -0.740 0.064
Pike 0.278 -0.201
Chub 0.451 -0.548
Bream -0.777 -0.111
Eel -0.492 =0.392
Grayling -0.782 0.235
Perch -0.540 -0.664
Brown trout -0.414 -0.504
Pike-perch =0.622 0.138
Tench -0.449 -0.747
Barbel 0.383 0.106

Yield of the bream (average value of 3.1 kg) decreased
in the river longitudinal profile, that of the chub (3.6 kg)
increased (Tables 1, 3). The mean biomass of the caught
bream was 0.51 kg and increased in the longitudinal profile
(upper sections 0.28 to 0.43 kg, lower sections 0.57 to
0.71 kg). The mean biomass of the caught chub (0.56 kg)
fluctuated irregularly in particular sections and years. In
the yield of both species, it is possible to observe certain
synchrony with peaks of 6.7 kg in 1982 and 5.3 kg in
1986 (Figure 7).

The yield of the eel (average value of 2.6 kg) increased
up to section Mze 2 (from 2.6 to 6.6 kg), from section
Mze 1 to Berounka 7 the yield was lower (0.7 to 2.3 kg).
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The grayling was caught only in sections of the Mze
River, where it was regularly stocked. The average yield
was 3.8 kg here. Until 1990, the yield increased with a maxi-
mum of 8.7 kg, with a subsequent permanent decrease
down to 2.5 kg in 1998. The mean biomass of the fish
caught was 0.4 kg.

The yield of other species (tench, pike-perch, brown
trout, perch, barbel) did not exceed 1.3 kg on average.
Out of them, the tench was regularly stocked (1.56 kg
on average) and in most sections also the pike perch
(20 specimens on average), the trout was stocked only in
two sections, the perch and barbel were not stocked at
all. In all the sections studied, the yields of the perch,
tench and pike-perch were 1.2, 0.8 and 1.0 kg, respec-
tively, the highest values being achieved in upper sec-
tions, the lower values in middle sections — MZe 1 and
Berounka 10 (Figure 9). The yield of barbel (0.6 kg)
moderately increased in the longitudinal profile.

For correlation coefficients of the relationships be-
tween yields of particular fish species see Table 2. The
carp yield exerts positive correlations with yields of
bream, eel, grayling and tench. There are also positive
correlations between the yields of pike and chub, gray-
ling, bream and eel, tench and perch, and barbel and
chub. Negative correlation was obtained only between
the yields of bream and chub. Most of these correlations
could be explained by the carp stocking and by fishermen’s
behaviour. We can only speculate that the proportions of
different fish species caught express to some extent the
real composition of the given ichthyo-coenoses. Correla-
tion coefficients of the relationships between the yield
of particular fish species, the river length and time pe-
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riod studied (1975 to 1998) are summarized in Table 3.
In the longitudinal profile yields of the carp, bream,
grayling and pike-perch decrease and those of the pike,
chub and barbel statistically insignificantly increase. In
the period of 1975 to 1998, yields of the chub, eel, perch,
trout and tench decreased, those of the carp, grayling,
pike-perch and barbel increased statistically insignifi-
cantly.

DISCUSSION

Randall et al. (1995) estimated the average fish pro-
duction from 55 river localities throughout the world as
273 kg/ha/year. He explained the high production in
comparison with lakes or valley reservoirs by higher val-
ues of the abundance as well as biomass of the fish in
the rivers connected with a higher difference of habitats
and numerous allochthonous energy sources. In medium-
sized streams of the Czech Republic and Slovak Repub-
lic, the fish biomass in the 1970’s and 1980’s varied
within 408 + 189 kg/ha/year (Pivnicka, 1988).

Independent estimates of the fish biomass in medium-
sized streams are available from the Jihlava River, on
average 597 kg/ha (377-1 223 kg) — Lusk (1977) and for
the same stream in 1971 to 1978 in the profile of Hrubgice
246 kg/ha (64-818 kg) — Losos et al. (1980). For the
Svratka River in Brno, Lusk (1980) presents a value of
222 kg/ha (27-562 kg) and for the Svitava River in Brno
the same author presents a value of 192 kg/ha (8-449 kg).
In the Svratka River, in 1969 to 1976, on average 308 kg/ha
fish were caught, out of which carp represented 63%, in
the Svitava River 96 kg/ha, out of this 78% of the carp
(Lusk, 1980).

The average yield in sections of the Mze and Berounka
(74 kg) was considerably lower than that from the Dyje
in a period of 1984 to 1998 in sections below the water
reservoir Nové Mlyny (Baru$ et al., 2000). The yield
ranged between 75 and 300 kg/ha/year here with the
only exception in 1996, when 450 kg of the fish were
caught. The yield of all the species except for the carp
ranged between 95 and 110 kg. The sections, however,
also included certain reservoirs and river arms. Compa-
rable yield of the fish in the Dyje, Dolni Svratka and
Jihlava for a period prior to building the Nové Mlyny
reservoirs (1975 to 1979) is also mentioned by Lusk
(1984). On average 123 kg, out of it 89 kg of the carp
(72%), were caught in these areas. Recently Barus§ ef al.
(2000) published yield data from the lower Morava River
(1970-1998), river sections Morava 2-4. The average
yield ranged between 28.6 to 95.4 ha/year, the maximum
yield attained nearly 200 kg in 1984 (Morava 3). Carp is
not stocked here.

Preliminary estimates of the abundance and biomass
of the fish from the river section Berounka 7 between 1998
and 1999 below the weir in Tfimany near Radnice are as
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high as 17 100 specimens of fish/ha and 800 to 1 700 kg/ha
(Smutny and Pivnicka, 2000). Unpublished data from
the Uhlava River (Pfedenice near Pretice) for a period
of 1999 to 2000 range about 2 000 to 2 500 fish speci-
mens’ha, i.e. 100 to 250 kg/ha. In this section (Uhlava 2),
119.5 kg/ha of fish are caught annually.

Thus, in general it is to conclude that in this country’s
medium-sized streams (10 to 40 m*/s) 130 kg/ha of the
fish are caught annually (60 to 300 kg), out of this the
carp represents 70%. The average fish biomass attains
about 580 kg/ha. The fishery management does not uti-
lize domestic species and it is concentrated on the carp.
The yield of all species without carp accounts for about
2-5% of their biomass.
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Impact of selection of dual purpose cattle on secondary traits
Dopad 3lechténi skotu s kombinovanou uzitkovosti na druhotné vlastnosti

J. PRIBYL, J. PRIBYLOVA

Research Institute of Animal Production, Prague-UhFinéves, Czech Republic

ABSTRACT: The selection of dual purpose cattle is simulated by selection indices. It includes milk (amount of milk,
milk protein) and beef production (daily gain, valuable meat cuts, growth capacity, feed conversion) and secondary traits
(fertility, longevity, mastitis, calving difficulty). Partial breeding values for traits are combined into selection indices.
Economic values of 1, 1.5, 2 and 4 multiples of results of the profit function are assigned to secondary traits in the indi-
ces. In the case of basic variant, the genetic gain of milk production is 58 kg and effects of selection on milk and beef
production and secondary traits are at a ratio 81 : 20 : —1. The most important traits in the indices are amount of milk,
feed conversion, milk protein content and daily gain. Most secondary traits show worse values. In the case of 1.5 multiple
overvaluation of secondary traits, the genetic gain is 51 kg of milk and ratios of selection are 72 : 19 : 9. In the case of
2 multiple overvaluation the genetic gain of milk is 43 kg and ratios of effects for groups of traits are 59 : 18 : 23. In the
case of 4 multiple overvaluation the genetic gain is 15 kg and the ratios are 17 : 10 : 73. With overvaluation of secondary
traits, the ratio of milk to beef production is decreased.

Keywords: cattle; selection indices; functional traits; breeding value; genetic gain

ABSTRAKT: Slechténi skotu s kombinovanou uZitkovosti je simulovano selekénimi indexy, zahrnujicimi mléénou
uzitkovost (mnozstvi mléka, mlé¢na bilkovina), masnou uZzitkovost (pfiristek, sloZeni jate¢ného trupu, kapacita rastu,
konverze krmiv) a druhotné funké&ni vlastnosti (plodnost, dlouhovékost, mastitidy, obtiZnost teleni). Plemenné hodnoty
pro jednotlivé vlastnosti jsou kombinovany do selekéniho indexu. Druhotnym vlastnostem v indexu je pfidélena ekono-
mické hodnota ve vysi 1, 1,5, 2 a 4nasobkd vysledki ze ziskové funkce. V pfipadé zakladni varianty je geneticky zisk
mlééné uzitkovosti 58 kg. Souhrnné selekéni efekty u mlééné a masné uZitkovosti a druhotnych vlastnosti jsou v poméru
81 : 20 : —1. NejduleZit&j§imi vlastnostmi v indexu jsou mnoZstvi mléka, konverze krmiv, obsah mlééné bilkoviny, denni
priristek. U vétsiny druhotnych vlastnosti dochdzi ke zhorSeni. V pfipadé 1,5nasobném ekonomickém nadhodnoceni dru-
hotnych vlastnosti je geneticky zisk 51 kg mléka a poméry selekce jsou 72 : 19 : 9. V pfipad& 2ndsobného nadhodnoceni
je geneticky zisk u mléka 43 kg a poméry efektll pro skupiny vlastnosti jsou 59 : 18 : 23. V pfipad& 4nasobného nadhod-
noceni je geneticky zisk 15 kg a pomé&ry 17 : 10 : 73. S nadhodnocenim druhotnych vlastnosti se zuZuje pomér mezi
mlé&nou a masnou uZitkovosti. Ekonomické hodnoty druhotnych vlastnosti a chyby v jejich uréeni vyznamné neovliviiuji
Slechtitelsky cil a selekéni efekty ziskané u hlavnich uZitkovych vlastnosti. Ke zm&nam v pomé&rech dosahovanych gene-
tickych ziskl dochédzi pouze v pfipadé drastické zmény (nadhodnoceni) ekonomickych hodnot druhotnych vlastnosti.
ZvySeni selekéniho tlaku u druhotnych vlastnosti se vice projevi v selekénim efektu u mlé&né neZ u masné uzitkovosti.
MIé¢na uzitkovost je i v pfipadé skotu s kombinovanou uzitkovosti nejdiileZitéjsi vlastnosti pfi §lechténi, a to i pfi velké
zmé&né v ekonomickych hodnotich jednotlivych vlastnosti. Zvy3eni selekéniho efektu u druhotnych vlastnosti je moZné
dosahnout jen v pfipadé jejich podstatného ekonomického nadhodnoceni.

Klitova slova: skot; selek¢ni indexy; funkéni vlastnosti; plemenna hodnota; geneticky zisk
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INTRODUCTION

Breeding is always based on the complex of traits
when selection indices are constructed with an intention
or without any indices, based on subjective evaluation.
Selection of breeding cattle is presently carried out mainly
on the basis of objective indices. A survey and compari-
son of the milk production indices used in different
countries were compiled e.g. by Leitch (1994). In different
countries the breeding goal is rather different (it is not
always identical) and therefore partially different indices
are used although an extensive international trade takes
place. The impact of these differences on the applicability
of selected individuals in other countries was discussed
by Powell (1995). Comparison of selection by different
indices of the same population of bulls of dual purpose
cattle was provided by Averdunk et al. (1996). Selection
indices for the European Pied Cattle (Simmental type)
were elaborated by Miesenberger (1997). Selection indices
for the Czech Pied Cattle were proposed by Vachal e al.
(1975) or recently by Pribyl (1994) and Piibyl and Pri-
bylova (1998). A survey of procedures used in indi-
vidual countries for the evaluation of non-dairy (meat
production and other traits) traits of cattle is published in
Interbull Bulletin No. 13 (1996). The farmers’ policy does
not always follow the optimal strategy of selection accord-
ing to a complex of traits. Selection pressure is frequently
practised only on principle characters (Pfibyl et al., 1995).

The attention has recently been focused on secondary
functional traits of dairy cattle. In 1996 a seminar about
secondary traits took place (Gembloux, Belgium, 21-23. 1.,
Interbull Bulletin No. 12).

A simulation study of selection programme including
functional traits and conformation as for early predictors
was made by Soelkner et al. (1999), Soerensen et al.
(1999) and Egger-Danner et al. (1999).

A system of recording and collecting of data on func-
tional traits was presented by Cassandro et al. (1999).
Selection indices with functional traits for a wide complex
of traits were presented by Pryce et al. (1999), Juga et al.
(1999), Van der Beek (1999), Pedersen and Aamand
(1999) and Steine and Sehesten (1999).

One of the basic problems in breeding is determina-
tion of economic values of traits which are the basis for
suggestion of a breeding goal. The procedures used for
determination of economic values were summarised by
Groen et al. (1997). Breeding is ahead of the productiv-
ity manifestation. Therefore stable economic values are
important even under changing production conditions.
An algorithm for calculation of economic values with
the special efforts on functional traits was developed by
Colleau and Moureaux (1999). Wolfova et al. (1994)
compared the economic value of the Czech Pied and
Black Pied Cattle on the basis of EU (German) prices
before and after the introduction of the agrarian reform
and based on the prices in the Czech Republic in 1989

and in 1992. In spite of considerable differences in
economy, the economic values determined on the basis
of profit functions do not differ very much. Economic
values including functional traits for beef cattle were
elaborated by Coopman ez al. (1999).

Objective

The aim of the present paper is to assess what can be
expected in the case of a different (possibly also incorrect)
orientation of cattle breeding. Namely to compare the
expected selection effect of the Czech Pied Cattle in depen-
dence on the alternatively substituted economic values of
secondary functional traits within the range of normal up
to extreme levels.

METHODS

The work is based on the simulation of selection effect
on the basis of genetic parameters, economic values, se-
lection intensity and extent of performance recording.
Selection is carried out by two-stage selection indices
according to methodology of Cunningham (1970, 1975).
In the first stage there are traits for which the informa-
tion is available at the age of selection of young animals
(heifers, young bulls). In the second stage are all traits.
Breeding values of traits are combined in selection indi-
ces with maximal exploitation of information sources
(Ptibyl, 1994). Traits in indices are shown in Table 1.

Selection effect of two-stage selection is according to
Roenningen (1969)

A=d,-\[b, B, b, +d;+[b, B -b, =d, -8, +d, -8, (1)
dardised selection diffe

ond stage of selection,

by, by —vector of weights for traits in indices,

where: d), d - in the first and sec-

Py —covariance matrix of information sources in the first
stage index
Py'  —covari matrix of inft sources in the second

stage index, after correction of variability through se-
lection in the previous stage.

81, 82 —standard deviation of indices in the first and second
stage.

By substitution in (1) for each trait
b -Gy ol by Gy , 10))
[
where: Ag; — effect of selection for trait (i),
G1,G"2i — i-th columns from genetic covariance matriccs of
corresponding indices for the first and second stage ("correction
of variability through selection in the previous stage).

Ay =d,-

The expected genetic gain (Dickerson and Hazel, 1944;
Rendel and Robertson, 1950) is calculated according to
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Table 1. Traits and sources of information included in indices.

Trait Unit Heifers Cows Young bulls Proven bulls
(dams of sires) (sires of bulls)

1. Gain in test g S S V.S V,S,P

2. Gain until selection g S S \A V,S,P

3. Milk kg M V,M,S M M,S,P

4. Milk fat % M VM, S M M,S,P

5. Milk protein % M VM,S M M,S,P

6. Growth capacity kg V,M,S V,M,S - S,p

7. Calving difficulty = % S V,S - S,P

8. Heifer delay to conception + days S V.S - S,P

9. Calving interval days S \AS - S,P

10. Survival until 48 m % S S - S

11. Mastitis % S A - S,P

12. Net gain g S S - 4

13. Heifer insemination index (0] o} - \'

14. Cow insemination index (o] (0] - v

15. Calving difficulty * % (o] (o] - A"

V = performance; M = dam; O = father; S = halfsibs, P = progeny
=dam’s c * sire’s

P L2

ol Z"/ "4 3)
% - ’
Eki 3 Ll'
where: k; — proportion of progeny from j-th path of selection
4j — genetic gain from j-th path of selection (money or natural
units)
L; —average generation interval from j-th path of selection.

Intensities of selection and generation intervals are
shown in Table 2.

Table 2. Generation intervals and intensities of parent selection

Parents k L i (%) i5 (%)
Parents of cows:
Heifers 0.25 24 70 -
Cows 0.75 5.7 70 80
Young bulls 0.25 22 60 -
Proven bulls 0.75 8.4 60 10
Parents of bulls:
Dams of bulls 1.00 6.8 70 3
Sires of bulls 1.00 8.4 60 5

i; (%) = selection intensity in selection stages 1 or 2 in %

The basic economic values of the traits in the aggregate
genotype are defined in Table 3. The economic values of
1, 1.5, 2 and 4 multiple of the result of profit function
are assigned to the secondary traits in the indices, while
the economic values in milk and meat production are
constant in all variants.

RESULTS

The present paper is based on Pfibyl and Pibylova
(1998), who calculated selection indices for the mentioned
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+ from insemination to conception.

Table 3. Basic economic valucs of traits (modified according to Wolfova
et al., 1994)

Trait Unit  sg Economic value
in CZK
1. Amount of milk kg 350.00 257 M
2. Milk protein content % 0.125 2310.00 M
3. Daily gain in fattening g 5500 378 B
4. Proportion of valuable meat cuts % 0.95 5600 B
5. Growth capacity kg 17.50 323 B
6. Delay of heifers = + days 5.47 -592 F
7. Calving interval = days 7.04 -1591 F
8. Delay of heifers * + days  5.47 -592 F
9. Calving interval * days 7.04 -1591 F
10. Nutrient consumption M] 1.50 -175.18 B
per production unit
11. Productive life lactation 0.63 40425 F
12. Mastitis % 5.59 -925 F
13. Calving difficulty = a Y% 8.67 -1650 F
14. Calving difficulty *a % 8.67 -1650 F

a= percentage proportion of calving in the 3rd category

+ delay of heifers from the first insemination to conception
= dam’s comp , * sire’s comp

M = milk produ B = beef production, F = dary fi

 traits

cattle category. Table 4 shows the yearly genetic gains
and Table 5 the proportion of single traits in the total gain
depending on the assigned economic values. In the case
of the basic variant, the genetic gain of milk reached
57.74 kg and this particular trait represents 73.9% of the
total genetic gain of the complex of all traits. The second
most important trait is feed conversion which participates
in the total gain with 12.06%. The following traits, ac-
cording to their importance, are daily gain (7.02%) and
milk protein content (6.77%).
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Table 4. Genetic gains in individual traits in dependence on economic
values

Trait 1x 1.5x 2x 4x

1. Amount of milk 57.74 50.89 43.20 15.08
2. Milk protein content 0.01 0.01 0.01 0.01
3. Daily gain in fattening 373 354 354 284
4. Proportion of valuable meat cuts —-0.07 -0.07 -0.06 -0.04
5. Growth capacity 209 199 19F 132
6. Delay of heifers = 0.10 -0.03 -0.15 -0.43
7. Calving interval = 0.08 -0.11 -0.27 -0.68
8. Delay of heifers * 0.04 -0.05 -0.13 -0.32
9. Calving interval * 0.04 -0.08 -0.18 -0.42
10. Feed conversion -0.14 -0.13 -0.13 -0.11
11. Productive life -0.01 -0.00 0.01 0.03
12. Mastitis 022 0.15 0.08 -0.13
13. Calving difficulty= -0.56 -0.70 -0.81 -0.97
14, Calving difficulty * 0.17 0.08 0.00 -0.21

Table 5. Proportion of traits in % in the total gain in dependence on
the economic values

Trait Ix 1.5%;: 2% 4x

1. Amount of milk 73.90 64.96 52.44 13.19
2. Milk protein content 6.77 694 6.63 4.05
3. Daily gain in fattening 7.02 6.65 6.33 3.65
4. Proportion of valuable meat cuts —1.83 -1.87 -1.68 -0.85
5. Growth capacity 337 319 291 145
6. Dclay of heifers = -0.29 0.14 0.82 3.49
7. Calving interval = -0.65 1.26 4.08 14.64
8. Delay of heifers * -0.11 023 073 2.58
9. Calving interval * -0.30 096 272 9.16
10. Feed conversion 12.06 1147 1085 6.28
11. Productive life -2.10 -0.60 2.24 14.15
12. Mastitis -1.02 -1.01 -0.66 1.68
13. Calving difficulty= 4.60 862 12.65 21.89
14. Calving difficulty* -1.42 -094 -0.06 4.64

Secondary traits mostly show worse values with the
exception of maternal components of calving difficulty.
Milk production in general participates in the total genetic
gain with 80.67%, meat production with 20.62% and
secondary traits show a general loss of 1.29% (Table 6).

Table 6. Proportion of gains according to groups of traits in %, in depen-
dence on the level of economic values for secondary traits

Group of traits Ix 1.5x 2x 4x

Milk production 80.67 71.90 59.07 17.24
Meat production 20.62 19.44 18.41 10.53
Secondary traits -1.29 8.66 22.52 72.23

The majority of effects for milk and beef production is
in accordance with Egger-Danner et al. (1999).

In the case of 1.5 multiple overvaluation (whether due
to a change in the economic environment or inaccurate
determination of economic values) of secondary traits,
the genetic gain in milk decreased to 50.89 kg (Table 4),
which represents 64.96% of the total gain (Table 5). The
importance of milk in breeding in general decreased to
71.90% (Table 6), meat retained approximately the same
position (19.44%), but the importance of secondary traits
increased to 8.66%.

In the case of 2 multiple overvaluation of secondary
traits the importance of milk decreased to 59.07%, meat
to 18.41% and the importance of secondary traits in-
creased to 22.52%. It results from the given data that
meat production has mostly retained its importance in
the selection, while milk production has been decreasing,
but still keeps the greatest importance in the selection.

In the case of rather extreme 4 multiple economic
overvaluation of secondary traits, the genetic gain of
milk decreased to 15.08 kg. Milk production in general
represents 17.24% of the total gain, meat production
10.53% and secondary traits 72.23%. It is only this vari-
ant where all the secondary traits are improved.

CONCLUSION

The economic values of secondary traits and mistakes
in their determination do not significantly influence the
breeding goal and selection effects obtained for the main
production traits. The influence occurs only in the case
of drastic changes.

The increased stress in selection of secondary traits is
reflected in the selection effect on milk rather than on
meat production.

Milk production is the most important breeding trait
also in the dual purpose cattle, even in conditions of
substantial changes in economic values of single traits.

The improvement of secondary traits occurs only in
the case of their substantial economic overvaluation.
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Relationship between growth and milk production in dairy cattle
Vztah ristu a mlééné uzitkovosti dojené¢ho skotu

M. KRATOCHVILOVA

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

ABSTRACT: Relationships between growth and milk production in dairy cows were reviewed. Some studies revealed
a negative relationship between increased prepubertal growth intensity and subsequent milk production. Other studies
did not confirm that relation. Growth intensity is highly variable, lowly heritable, and a poor indicator of milk produc-
tion. First lactation milk yield is related to body weight, age, and body condition score at the first calving. Generally
recommended optimal body weight and age at the first calving are 570 kg (i.e. 85% of mature weight) and less than
24 months, respectively. The costs of dairy replacement heifer rearing can be reduced by altering feeding programmes,
accelerated growth intensity, and early breeding. Genetic variability in the shape of the growth curve can be used for
improvement of an individual ability to mature at the early age. In selection for early maturity, decreasing mature size
would be expected. Investigation of biological fundaments of growth and particularly its hormonal control is an opportu-
nity for further studies of the relationship between growth and milk production in dairy cattle.

Keywords: heifers; growth; milk production; early maturity; GH gene polymorphism

ABSTRAKT: Byl sestaven piehled poznatkil o vztahu riistu a mlééné uZitkovosti krav. V né€kterych studiich byl prokézin
negativni vztah zvy$ené intenzity riistu v prepubertilnim obdobi na naslednou mléénou uZitkovost. V jinych studiich tento
vztah prokédzédn nebyl. Intenzita riistu je velmi variabilni ukazatel s nizkou dédivosti, a proto ho nelze pouZit k pfed-
povédi budouci mlé¢né uzitkovosti. Produkce mléka na prvni laktaci je ovlivnéna hmotnosti, vékem a télesnou kondici
pii prvnim oteleni. Upravou krmnych reZimu, a tim i pribéhu ristu, Ize doséhnout pfi prvnim oteleni obecné doporuco-
vané optimalni hmotnosti (570 kg, 85 % hmotnosti v dospélosti) a v€ku (méné& neZ 24 mésici). Tato optimalizace je
zalozena na minimalizaci nakladi na odchov jalovic pfi zajisténi jejich dostateného vyvinu a pfipravy na budouci
produkci mléka. Pro zlepSeni individudlni schopnosti zabfeznout a otelit se v optimalnim véku a hmotnosti by mohla byt
vyuzita geneticka variabilita v ranosti ristu. Slechténi na ranost by pravdépodobn& p¥ineslo zmen3eni velikosti t¥la
v dospélosti. Nové poznatky o biologické podstaté procesu ristu, zvlasté jeho fizeni, jsou vyznamnou pfileZitosti
k modernimu studiu vztahu riistu 2 mlé&né uZitkovosti.

Kli¢ovi slova: jalovice; riist; mlé&na uZitkovost; ranost ritstu; riistovy hormon; geneticky polymorfismus

Modern methods of dairy cattle husbandry are based
on perfect herd management. Even though replacement
heifer rearing has often been neglected, it should be paid
due attention because the length of nonproductive period
has important consequences for herd profitability. Age
and live weight at first calving are the main criteria of
heifer rearing evaluation. A number of studies, often
with contradictory conclusions, have been published de-
scribing the relationships between growth, body weight,
body size and subsequent milk production. The objec-
tive of this paper is to review the results of experiments
and investigations, to synthesize them and to discover
other possible ways of studying the relationship between
growth and milk production.

A review of experiments

Growth, mainly in cattle, is a matter of time. Experi-
ments aimed at growth as a production trait are lengthy
and costly. Hence experiments lasting 10 to 15 years are
not exceptional. Growth as a physiological trait has the
same biological fundaments in all species of farm ani-
mals. Model animals with considerably shorter genera-
tion intervals are used to study this trait. But specificities
of the single species, and growth-related production
traits, should be investigated in the particular species of
farm animals.

Field studies of farm animals are often conducted instead
of complicated and costly experiments. A disadvantage
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of these studies is that only the rules of data collection
are defined methodically but rearing conditions cannot
be influenced in most cases. Nevertheless, results of field
studies can be used to analyze relationships between
production traits, between growth and milk production
in this case. Any evaluation should consider the possible
extent of result generalization or it should be stated that
results are applicable in the given conditions.

Many experiments have indicated that the influence of
growth intensity on milk production should be investi-
gated in a prepubertal and postpubertal period separately.

Some studies demonstrate a negative relationship be-
tween growth rate and subsequent milk production. Heif-
ers with accelerated growth in prepubertal period had
lower milk production in the first lactation than heifers
from standard rearing (Gardner et al., 1977; Little and
Kay, 1979). Important findings were reported by Sejrsen
et al. (1982). They are based on the fact that the mammary
gland growth is functionally conditioned by reproductive
process and variations in hormone concentrations, but
the basic structure of mammary gland is constituted at
birth and its further growth is isometric to the whole
body growth until the age of 2-3 months. The growth in-
tensity of mammary gland increases in subsequent pe-
riod as a result of parenchyma formation. The parenchyma
content in heifers receiving feed ad libitum in the per-
pubertal period (actual weight gain 1 218 g/day) was lower
by 23% than in the group of heifers on a diet amounting
to 60% of ad libitum consumption (weight gain 613 g/day).
This experiment included a study of blood plasma hor-
mone concentrations (growth hormone, prolactin, insu-
lin, glucocorticoids) (Sejrsen et al., 1983). The negative
influence of more intensive nutrition on mammary gland
development in prepubertal period is explained by a lower
plasma concentration of growth hormone.

Unlike the above findings, other experiments did not
demonstrate any expected negative influence of acceler-
ated growth on milk production (Gardner et al., 1988;
Stelwagen and Grieve, 1992). Van Amburgh et al. (1998)
conducted an experiment with three planes of nutrition
in prepubertal period. Taking into account the effects after
the experimental period terminated, especially body weight
after calving, the influence of growth intensity on subse-
quent milk production was not proved.

Discrepancies in conclusions of these experiments
could result from different growth intensity of animals
before they were included in experiments, different
length of experimental period, growth intensity in subse-
quent period and from other methodical rules that are
defined but are not comparable across the experiments
in many cases.

The importance of growth intensity in relation to sub-
sequent milk production changes in postpubertal period
and at pregnancy. Fetus development and necessary
body reserves (good body condition at calving) as well
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as proper growth of the animal are most important in this
period. Higher body weight and good body condition at
calving are related to lower requirements for energy need-
ful for growth during the st lactation, higher capacity of
body reserve mobilization and higher feed intake capacity.

As reported by Hoffman et al. (1996), accelerated
growth in postpubertal period did not cause any signifi-
cant differences in milk production over 305 days of lac-
tation even though a tendency towards lower daily milk
yield was observed in heifers under such a rearing system;
differences in the yield and content of components at
some stages of lactation were significant. Milk produc-
tion in the first lactation correlates more closely with calv-
ing weight than with calving age or body weight gain
during rearing. Hence the weight at first calving should
be 82-90% of mature weight (Van Amburgh et al., 1998).

Since there exist general correlations between growth
rate, body weight at first calving and age at first calving,
it is very difficult to determine separate effects of these
variables on milk production. Rearing experiments can
be divided into three groups (Table 1) (taken over from
Mourits, 2000).

Table 1. Determination of the rearing experiments

Type of experiment

1 I m
Growth strategy different  different same
Body weight at first calving same different  different
Age at first calving different same different

Previous studies were mostly conducted on heifers
reared under different growth strategies while the same
body weight at first calving taking place at different age
was used - type I (Gardner e al., 1977; Little and Kay,
1979; Hoffman et al., 1996; Bettenay, 1985). Groups of
heifers of the same age at first calving but different body
weight and growth strategy were compared in other stud-
ies - type II (Little and Kay, 1979; Johnsson and Obst,
1984; Freetly and Cundiff, 1998). This type is more
characteristic of beef cattle. Analyses of field studies are
based in general on data on heifers with different body
weight and age at first calving while the same growth
strategy is used - type III (Heinrichs and Hargrove, 1987;
Mintysaari and Mantysaari, 1997). Growth strategy is
taken to mean a rearing system based on planes of nutri-
tion: classical rearing system respecting the nutrient re-
quirement standard (control group) and rearing system
with intentionally growth accelerated or delayed growth
(experimental groups). The same growth strategy in field
studies means that it is not influenced intentionally even
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though there may occur differences in growth intensity
caused by environmental conditions (e.g. herd, season,
etc.) but not by the plane of nutrition.

A study of Finnish authors (Méntysaari and Méntysaari,
1997) aimed at the relationship between growth and
milk production demonstrated that the results of field
studies could be different from those expected on the basis
of conclusions drawn from feeding trials. They deter-
mined by correlation analysis a positive (even though free,
r = 0.14) correlation between milk production and
weight gain before mating.

This review shows that relationships between growth
and subsequent milk production are very complicated
and very difficult to be generalized. What the experiments
clearly indicate is that growth intensity (weight gain) is
a very variable trait with low heritability and a relatively
unreliable indicator for predictions of future productivity
(Lee, 1997).

Heifer rearing optimization

Breeders want to know the definition of optimum ani-
mal size for evaluation or potential modification of their
breeding programs. Criteria of optimum size are mostly
based on live weight and some body measures because
they are relatively easy to be determined. But recom-
mended values should reflect much more complicated

relationships, they should take into account body condi-
tion, reproductive performance, feed consumption per
unit production, etc.

Table 2 shows average values of body weight and
height at withers for heifers of Holstein breed on the basis
of body size measurements in 5 723 heifers from 163 herds
(Heinrichs and Hargrove, 1987), recommended optimum
body size of Holstein heifers determined from published
data (Hoffman, 1997) and recommended growth para-
meters that are a part of the Black-and-White Cattle
Breeding Program in the Czech Republic (Bouska, 1996).

The basic rule of replacement heifer rearing optimiza-
tion is a shortening of nonproductive period by earlier
mating and lower age at first calving. Advantages of this
approach are a decrease in feed costs, increase in produc-
tion calculated per age, shortening of generation interval
and total decrease in costs per animal. Considerations of
these advantages should also take into account increased
requirements for feeds and feed rations, decrease in milk
production per lactation as well as a possible decrease in
conception rate, shorter longevity (Sieber et al., 1988;
Lin et al., 1988; Hoffman and Funk, 1992). Methods of dy-
namic programming were developed to cover these com-
plicated biological relationships from economic aspects
(Kirstensen, 1993 — cited by Mourits, 2000). Using a dy-
namic model simulating the behavior of a studied system
(e.g. heifer rearing system) within a time period, Mourits
(2000) stated that optimum average age and body weight

Table 2. Comparison of body sizes recommended by some authors (Heinrichs and Hargrove, 1987 — I, Hoffman, 1997 — II, Bouska, 1996 — I1I)

Body size critcrion

Age (mo) 1 I m

BW HW BW HW BL BW HH
0 42 75 82
2 82.1 85.6 84 86 93
4 122.8 93.4 130-135 97-98 104-105 140 105
6 168.6 101.1 177-186 104-105 114-116 195 110
8 209.0 107.2 223-237 109-111 123-126 240 115
10 255.9 112.7 270-288 114-116 132-135 285 120
12 302.5 117.9 316-339 118-120 140-143 325 125
15 368.4 122.7 386-416 124-126 150-154 380 130
18 419.8 127.2 456-492 129-132 158-162 430 134
21 4715 130.7 525-569 134-137 165-168
24 515.2 132.1 595-645 138-141 169-173 520 138
7d postpartum 536-581
30d postpartum 500-541
27 550 140
36 650 145

BW =body weight (kg)
HW =height at withers (cm)

HH =height at hips (cm)
BL =body length from the point of shoulder to ischium (cm)
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at first calving were 22.6 months and 564 kg in the con-
ditions of The Netherlands, which corresponded to values
recommended in general (age < 24 months, 570 kg); nei-
ther did she find any differences in these values under
the conditions of heifer rearing in Pennsylvania (USA).
These values seem to be so well optimized for farming con-
ditions that currently it is not necessary to verify or seek
any other new solutions. But the economic aspects are in-
teresting: calculation of profit/loss due to an increase/de-
crease in weight gain in prepubertal period, early/later
mating or an increase/decrease in weight gain in postpu-
bertal period and at pregnancy. It is reported in the above
paper that an extra month of rearing will decrease the in-
come of an average Dutch farmer by ca. 4.5% per year.

Use of heifer growth ability for breeding

Growth ability is not a selection trait in dairy cattle, but
it is important for herd economics. Only negative selection
is used in the category of heifers during their rearing
when animals lagging behind in their growth are culled
from the herd. Genetic variability in the shape of growth
curves and breeding for early maturity should be used to
alter growth. Jenkins ef al. (1991) state that genetic vari-
ability within a breed is sufficiently high to alter the shape
of growth curve, even higher than that between breeds.

Most studies aimed at early growth were conducted in
beef cattle where growth is the basic production irait
(Webster et al., 1982; Marshall et al., 1984; De Nise and
Brinks, 1985; Meyer, 1995). Parameters of growth curves
— maturation rate (parameter & of growth function) or de-
gree of maturity (1,) were used as the characteristics of
early growth. Fitzhugh (1976) defined maturation rate as
a function of maximum growth rate to mature weight ra-
tio, degree of maturity as the proportion of weight y
achieved at age ¢ in mature weight A (¥, = y/4). Both
parameters are in close correlation. The correlation be-
tween maturation rate and mature weight is negative
(Marshall et al., 1984; Jenkins et al., 1991). Animals
with earlier growth tend to have smaller body size at ma-
turity. A disadvantage of the two parameters of early
maturity is that they cannot be determined sooner than at
maturity, so they are hardly usable for selection. There-
fore KniZetova (1997) suggested two ways of replacing
the asymptotic (mature) weight:

a) to use the parent values if known, making use of higher
heritability; Meyer (1995) reported for average mature
weight the coefficient of heritability 4* = 0.47 - 0.73,
Kaps et al. (1999) h* = 0.44 — 0.53, or

b) to use the conversion of highly correlated body measure
in which growth is terminated considerably earlier
than in body weight (similarly like in Meyer, 1995).
The choice of a criterion that would correlate with

early maturity parameters and would be a trait easy to
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determine at early age (e.g. relative weight gain) could
be another way of using early maturity for breeding. Sta-
tistical analyses are necessary for this purpose in order
to choose a suitable selection criterion.

New approaches to the problem

Genetics of the last decade has contributed new
knowledge to farm animal breeding that is used for iden-
tification of so called candidate genes for quantitative
trait loci (QTL). The goal is to find a genetic marker that
would be in linkage with QTL and could be used for se-
lection (marker assisted selection — MAS). Such gene
variants of encoding or noncoding (intra- and inter-gene)
domains are sought that would have demonstrable posi-
tive effects on production traits.

The growth hormone gene is supposed to be such
a marker for its polymorphic characteristics and versa-
tile effects of its product in the organism. Many studies
have proved that the growth hormone gene is linked up
with commercially important quantitative traits in differ-
ent animal species. Winkelman and Hodgetts (1992) dis-
covered a relationship between gene variants of growth
hormone and body weight and growth intensity in mice
after weaning, Knorr ef al. (1997) described its signifi-
cant relationship to scine performance traits in pigs.
Kuhnlein er a!. (1997) reported correlated presence of one
of the alleles of growth hormone gene in poultry (White
Leghorns) during selection for egg production and resis-
tance to Marek’s disease.

Relationships between gene polymorphism of growth
hormone and traits of meat (Schlee ef al., 1994; Chrenek
et al., 1998) and milk (Sneyers et al., 1994; Lee et al.,
1996, Sabour et al., 1997; Vukasinovic et al., 1999) pro-
duction were evaluated in cattle. But the results are not
unambiguous enough to be generalized and to designate
any of the genotypes of growth hormone as a marker.
Detailed analyses are necessary for this purpose.

Conclusion

This review presents some common aspects of differ-
ent methods and the purpose of study aimed at a rela-
tionship between growth and milk production. For
producers it is important what growth parameters of
heifers should be achieved in view of their future high
productivity and profitable heifer rearing. For breeders it
is necessary to meet requirements of breeding programs,
to maintain breeding type (body weight and size of ani-
mals) and to seek new criteria (e.g. early maturity) for
improvement of the herd and whole population. For sci-
ence it means to seek ways of disclosing new links in
such a complicated organism as the farm animal is.
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