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Effect of some physical and chemical characteristics of water
on the blood indices of rainbow trout, Oncorhynchus mykiss,
fed an astaxanthin-containing diet

Vliv nékterych fyzikalnich a chemickych vlastnosti vody na krevni
ukazatele pstruha duhového, Oncorhynchus mykiss, krmeného dietou
s astaxanthinem

J. REHULKA', B. MINARIK?

YWniversity of South Bohemia, Ceské Budéjovice, Research Institute of Fish Culture and Hydrobiology, Vodsiany,
Department of Aquatic Toxicology and Fish Diseases, Laboratory Opava, Czech Republic

2 Mendel University of Agriculture and Forestry, Faculty of Economics, Department of Statistics, Brno,
Czech Republic

ABSTRACT: 1+ rainbow trout, Oncorhynchus mykiss, with starting weight of 236 £ 17 g (mean = SD) were studied over an 81-
day period for the effect of astaxanthin on growth rate, total body length, body length, body height, body width, Fulton coeffici-
ent, hepatosomatic index and some haematological and biochemical indices of the blood plasma, including: red blood cell count,
haematocrit, haemoglobin, mean corpuscular volume, mean corpuscular hacmoglobin, mean corpuscular haemoglobin concen-
tration, urea, creatinine, uric acid, total protein, glucose, cholesterol, triacylglycerol, inorganic phosphate, calcium, sodium,
potassium, alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase, lactate dehydrogenase and
a-hydroxybutyryl dehydrogenase. Using the test of regression and correlation goodness of fit, astaxanthin administered at a rate
of 49.8 mg/kg of dry pellets was found to result in a significantly less pronounced trend of increase in inorganic phosphate
(r=0.5153**vs. r=0.7805**) and a significantly lower trend of decrease in mean corpuscular haemoglobin concentration (r =
—0.4722%* vs. r = —0.8174**), depending on water temperature between 8 and 16°C. During the experiment, astaxanthin had no
effect on catalytic concentration of a-hydroxybutyryl dehydrogenase, as distinct from the control fish where catalytic concentra-
tion of o-hydroxybutyryl dehydrogenase declined with the increase in dissolved oxygen in water, ranging from 8.5 to 11 mg O,/
(»=10.0020 vs. r =—0.6538**).

Keywords: water temperature; dissolved oxygen; mean corpuscular haemoglobin concentration; inorganic phosphate;
a-hydroxybutyryl dehydrogenase; test of regression and correlation goodness of fit

ABSTRAKT: U pstruha duhového, Oncorhynchus mykiss, o vychozi hmotnosti 236 + 17 g (mean % SD) byl v priib&hu 81 dni
sledovéan vliv pigmenta¥ni substance astaxanthinu na pfiristek hmotnosti (W), celkovou délku téla (TBL), délku té¢la (BL),
vysku téla (BH), 3itku téla (BW), Fultoniv koeficient (FC), hepatosomaticky index (HI) a n€které hematologické a biochemic-
ké ukazatele krevni plazmy: pocet erytrocytl, hematokrit, hemoglobin, stfedni objem erytrocytu, hemoglobin erytrocytu,
stfedni barevnou koncentraci (MCHC), modovinu, kreatinin, kyselinu mo&ovou, celkovou bilkovinu, gluk6zu, cholesterol, tri-
acylglycerol (TGL), anorganicky fosfat (P), celkovy vapnik, sodik, draslik a katalytickou koncentraci alaninaminotransferazy,
aspartdtaminotransferdzy, alkalické fosfatdzy (ALP), laktitdehydrogenézy a a-hydroxybutyritdehydrogendzy (HBD). Pomoci
testu shody regrese a korelace bylo zji$téno, Ze astaxanthin v davce 49,8 mg/kg krmiva mél vliv na signifikantng niZ3i tendenci
ke zvySovéni anorganického fosfatu (r = 0,5153** vs r = 0,7805**) a signifikantn& men3i tendenci ke sniZovéni stfedni barev-
né koncentrace (» = —0,4722** vs r =—0,8174**) v zavislosti na teplot& vody v rozmezi od 8 do 16 °C. Astaxanthin neovliv-
fioval v prib&hu pokusu katalytickou koncentraci a-hydroxybutyrdtdehydrogendzy na rozdil od kontrolnich ryb, kde
katalytickd koncentrace o-hydroxybutyratdehydrogenazy klesala se zvySovanim rozpusténého kysliku ve vod€ v rozmezi od

Supported by the Grant Agency of the Czech Republic (Grant No. 525/00/0241).
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8,5 do 11 mg/l (r = 0,0020 vs r = -0,6538""). Vysledky hematologickych a biochemickych testi motivuji k prohloubeni zna-
losti o zmé&néch v krvi v zavislosti na faktorech prostfedi u ryb dostavajicich astaxanthin v krmivu.

Klifova slova: teplota vody; rozpudtény kyslik; stfedni barevna koncentrace; anorganicky fosfat; o-hydroxybuty-

ratdehydrogendza

INTRODUCTION

The nutrition of the rainbow trout is a major ambient
factor influencing the level of nutrient metabolism, per-
formance, reproduction and resistance to diseases. A key
requirement for the effective rainbow trout culture is to
provide conditions for continuous anabolic and catabol-
ic processes and to secure their control, using a suitable
screening programme for timely identification of any
departure from the reference limits of the methods used.
Control of the physiological state of the rainbow trout,
focused on haematological and biochemical examinations
of the blood plasma and serum, is an integral part of the
complex of methods of examining the health of the fish
and, at the same time, plays a role in feeding experiments
— in testing diets of different composition or testing
the properties of substances having a specific effect.
To follow up with the efforts, the results of which were
published in our previous paper (Rehulka, 2000), we con-
tinued testing the effect of astaxanthin on growth, condi-
tion, haematological and biochemical indices, as
depending on time and some physical and chemical prop-

100 5

(%)
8

80
12 4

erties of water during a defined period of time. We used
days as the independent time variable, temperature as the
physical parameter of water, and dissolved oxygen con-
tent as the chemical parameter of water.

MATERIAL AND METHODS
Feeding experiment

The experiments were conducted for 81 days in flow-
through fibre-glass tanks 5 x 0.8 x 0.8 m in size, located
at an altitude of 651 m above sea level. The parameters
of water temperature, dissolved oxygen and oxygen sat-
uration of water during the experiment and at the time of
fish sampling for examination are indicated in Figure 1.
The fish tested in the experiments was juvenile rainbow
trout (Oncorhynchus mykiss) with starting weight of
236 + 17 g, all of the same origin and all in good condi-
tion and health. One test group in two replications and
one control group in two replications were formed, each
containing 300 fishes. Pellets 5 mm in size were used as
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ment of rainbow trout sampling
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Table 1. Formulation and chemical composition of the control diet (per kg)

Ingredients (8)
Fish meal® 150
Meat and bone meal® 370
Soybean meal (free of fat) 230
Wheat flour 140
Hay meal 50
Milk powder 30
Vitamin and micromineral premix* 30
Chemical analysis (®
Dry matter 900
Crude protein (N x 6.25) 400
Crude fat 70
Ash 160
Crude fibre 30
Nitrogen free extract 230

* “Koster” Fishmehl — 64% crude protein, Germany

b “Viandor” — 60% protein, France

*Supplied per kg of diet: Vitamin A 27 000 L.U.; vitamin D; 2 250 LU.;
a-tocopherol 108 mg; vitamin K, 8.1 mg; thiamin 12.75 mg; ribofla-
vin 8.25 mg; niacin 30 mg; Ca-pantothenate 42 mg; pyridoxine
10.8 mg; vitamin B, 0.018 mg; ascorbic acid 64.5 mg; folic acid
1.08 mg; biotin 0.24 mg; Fe 48 mg; Cu 4.5 mg; Co 0.99 mg;
Se 0.18 mg; Zn 27 mg; Mn 30 mg; I 1.20 mg; choline chloride
840 mg; antioxidant Endox

an experimental diet; their formulation and chemical com-
position are shown in Table 1. The fish were fed an as-
taxanthin-free diet (control group) and a diet containing
49.8 mg astaxanthin/kg (test group): astaxanthin was add-
ed to the vitamin and micromineral premix of the same com-
position. The vitamin and mineral premix was supplied
by Vitamex (Belgium) and the quantity of astaxanthin cor-
responded to a 0.166% concentration, recommended by
Vitamex to achieve an attractive flesh colour within
10 weeks. The daily feed intake, split into two rations,
corresponded to 2 to 4% of the fish weight. During the
two-week acclimation period the fish were fed commer-
cial dry pelleted feed free of astaxanthin.

The growth and condition parameters

In an interval of 21 days 30 fish out of the total stock
of 300 fish were caught in each test group and control
group and were individually weighed and measured to
the nearest 1 g and 1 mm.

The following parameters were examined: weight (W,
g), body weight without viscera (BWWY, g), total body
length (TBL, mm), body length (BL, mm), body height
(BH, mm), body width (BW, mm), Fulton coefficient
(FC), absolute weight of liver (AWL, g) to the nearest

0.01 g, hepatosomatic index (HI: liver weight as % of
the body weight), and hepatosomatic index HI/II (liver
weight as % of the body weight without viscera). Days,
water temperature (WT, °C) and dissolved oxygen con-
tent in water (O,, mg/l) were used as independent vari-
ables.

Preparation of blood samples

Blood was sampled from ten fish caught at random
between the 9.00 h and 10.00 h. The samples were taken
by puncturing the caudal veins immediately after catch-
ing and stunning. Aqueous solution of heparin (through
which the syringe was drawn before each sampling) was
used as anticoagulant.

Haematology and clinical chemistry

The Biirker cell was used for determining the erythro-
cyte count and the blood cells were counted in 2 x 20
rectangles. Haematocrit was determined in microhaema-
tocrit heparinised capillaries in duplicate within 30 min-
utes after blood sampling, using a microhaematocrit
centrifuge (13 000 r.p.m. for 3 min). Haemoglobin was
determined by the cyanohaemoglobin method. The de-
rived blood indices of mean corpuscular volume, mean
corpuscular haemoglobin, and mean corpuscular haemo-
globin concentration (MCHC) were calculated from the
haematological values.

The biochemical indices of the blood plasma were de-
termined within 24 h of storage at 4°C; a Hitachi 704C
instrument was used for the determinations. They in-
cluded urea, creatinine, uric acid, total protein, glucose,
cholesterol, triacylglycerol (TGL, mmol/l), catalytic con-
centration of alanine aminotransferase, aspartate ami-
notransferase, alkaline phosphatase (ALP, pkat/l), lactate
dehydrogenase and o-hydroxybutyryl dehydrogenase
(HBD, pkat/l). Inorganic phosphate (P, mmol/l) was de-
termined spectrophotometrically and the contents of to-
tal calcium, sodium (Na, mmol/l) and potassium were
determined by flame emission photometry.

Statistical analysis

Statistically, it is a regression model with replications
that makes it possible to test the null hypothesis “Popu-
lation regression is linear” against an alternative hypoth-
esis “Population regression is not linear” using the test
statistic

_ regression error MS
within groups MS

which has Fisher-Snedecor distribution with k- 1 and
n — k degrees of freedom (Zar, 1984).
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The hypothesis of linearity of all regressions was ac-
cepted for this test. Therefore we could estimate param-
eters of the regression lines for all computed regressions
defined as

¥ =By +Bx
-B; ) x
where: B]=Covxy’ Bo=2y ]Z
Varx n
’ ’ Covxy s
correlation coefficients R = and determi-
ary Varx

nation coefficients 100 R? (%).
The significance of calculated correlation coefficients
was tested using the test statistic

n—2

1-R?

which has Student’s s-distribution with n — 2 degrees of
freedom.

The goodness of fit in parameters of regression lines
between test group and control group was tested using
the heterogeneity of regression test after calculation with
pooled (p), common (c) and total (t) regression (Armit-
age and Berry, 1994).

Three null hypotheses were tested. The null hypothe-
sis “All slopes are identical” has the test statistic
SS. - SS,

k-1
S,
DF,
with degrees of freedom k- 1 and DF),

The second null hypothesis “All intercepts are identi-
cal’ has the test statistic
SS, =88,

k-1
SS,
DF,
with degrees of freedom & — 1 and DF..

And finally the third null hypothesis “All regressions
are identical” has the test statistic
8§, -SS,

2k-2

SS,
DF,

t=|R

F=

F=

F=

with 2k—2 and DF, degrees of freedom.

The null hypothesis “Correlation coefficients are iden-
tical” was tested using the test statistic
4 -2

1 1
+

m=3 n,-3

U=

where z is Fisher’s transformation of correlation coefficients

416

1, 1+R
z=—In——
2 1-R

The statistic # has Gauss distribution N[0,1].

All the calculations were made using the statistical
package Unistat® for MS Windows™. All the used pro-
cedures are described in user’s guide (1995).

RESULTS AND DISCUSSION

The effect of astaxanthin on the growth, condition, hae-
matological and biochemical parameters of the fish in
the test group, as depending on time, water temperature
and dissolved oxygen content, is documented in Table 2,
and for the control group in Table 3. There exist strong
positive and negative correlations in both groups of fish
expressed by highly significant correlation coefficients
(P <0.01). In both tables the correlations can be divided
into two categories: those expressed by a correlation co-
efficient above 0.7 (a change in the independent variable
contributes more than 50% to the change in the depen-
dent variable) and those expressed by a correlation coef-
ficient above 0.5 (a change in the independent variable
contributes more than 25% to the change in the depen-
dent variable). The correlations in the test group that can
be included in the first category (» > 0.7) are total body
length, body length, body height, body width, weight and
body weight without viscera, as depending on days, and
those in the second category (» = 0.5) are absolute weight
of the liver, Fulton coefficient, triacylglycerol, sodium
and catalytic concentration of alkaline phosphatase, as
depending on days, and also both hepatosomatic indexes
and inorganic phosphate depending on water temperature,
and mean corpuscular haemoglobin concentration, both
hepatosomatic index and triacylglycerol depending on O,
In the control group the first category includes total body
length, body length, body height, body width, weight,
body weight without viscera, triacylglycerol and catalyt-
ic concentration of alkaline phosphatase which depend
on days, and both hepatosomatic indexes, inorganic phos-
phate and mean corpuscular haemoglobin concentration
which depend on water temperature; the second catego-
ry includes absolute weight of the liver and Fulton coef-
ficient depending on days, and mean corpuscular
haemoglobin concentration, both hepatosomatic index-
es, triacylglycerol and catalytic concentration of a-hy-
droxybutyryl dehydrogenase depending on O,.

As to the correlation and regression parameters, what
we consider to be the most important is the results of the
test of goodness of fit in regression line slopes and corre-
lation coefficients. A hypothesis of the fit of regression
line slopes and hypothesis of the fit of correlation coeffi-
cients were rejected in the case of the dependence of in-
organic phosphate and mean corpuscular haemoglobin
concentration on water temperature and in the case of
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Table 2. Parameters of regression and correlation b the indi s d in a test group fed an astaxanthin-containing diet
Parameters of regression 4 Statistical significance
Dependent Independent line type y* = B, + Byx Cosflicient f 0”%“
variable variable 5, 5, cotrcll:tion detc:;n(:x;aa:ion s prob.
TBL (mm) days 283.0825 0.3653 0.7739 53.87 5.068** 0.000
BL (mm) days 255.7217 0.3649 0.7351 54.03 5.085** 0.000
BH (mm) days 60.5408 0.1716 0.8497 72.20 7.558+* 0.000
BW (mm) days 31.1993 0.0860 0.7970 63.51 6.189%* 0.000
W(g) days 238.6000 1.7641 0.8837 78.09 8.856** 0.000
BWWYV (g) days 204.5371 1.4116 0.8576 73.56 7.823%+ 0.000
AWL (g) days 3.5361 0.0337 0.6704 4494 4.237%* 0.000
FC days 1.4396 0.0028 0.5781 3342 3.323%* 0.002
TGL (mmol/l) days 2.5799 0.0232 0.5271 27.78 2.557¢ 0.011
Na (mmol/l ) days 160.3828 -0.0904 -0.5327 28.38 =2.595%* 0.009
ALP (pkat/l ) days 4.1219 0.0358 0.5528 30.56 3.040** 0.003
HI (%) WT (°C) 0.8050 0.0700 0.5724 32.77 3.274%* 0.002
HIII (%) WT (°C) 09111 0.0870 0.5752 33.08 3.298%* 0.002
P (mmol/l) WT (°C) 2.6326 0.1957 0.5153 26.56 2.820** 0.005
MCHC WT (°C) 0.2107 -0.0024 -0.4722 22.30 =2.513*+ 0.010
MCHC 0O, (mg/1) 0.0938 0.0094 0.5854 34.27 3.387** 0.001
HI (%) 0, (mg/1) 3.6929 -0.2209 -0.5738 3293 —3.286** 0.002
HI/II (%) 0, (mg/1) 4.3887 -0.2629 -0.5516 30.43 —3.102** 0.003
TGL (mmol/l ) 0, (mg/l) -1.9084 0.5940 05194 26.98 2.506* 0.011
HBD (kat/l ) 0, (mg/l) 4.0926 0.0034 0.0020 00.00 0.009 0.496
AOAT -+ Astax — Control = AIP(A) ® AIP(C)
8
|
g
2
°
B
g 4
°
2 S[ l:) 1'2 ll4 16

Water temperature (°C)

Figure 2. Dependence of inorganic phosphate on water temp

P d by regression lines
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Table 3. Parameters of regression and correlation between the indicators assessed in the control group

Parameters of regression Statistical significance

Dependent Independent line type y* = B, + Byx i of R

variable variable 5, 5, cone‘l:(ion deu;-r;oir::ion — i
TBL (mm) days 280.4730 0.4210 0.8102 65.65 6.484** 0.000
BL (mm) days 254.1985 0.3974 0.8320 69.21 7.033** 0.000
BH (mm) days 60.8392 0.1946 0.8823 77.84 8.791** 0.000
BW (mm) days 31.1409 0.0898 0.8376 69.16 7.024%* 0.000
W (g) days 2424854 1.8574 0.8738 76.35 8.427** 0.000
BWWV (g) days 206.4621 14179 0.8724 76.11 8.372%* 0.000
AWL () days 4.0429 0.0378 0.6819 4649 4372%+ 0.000
FC days 1.4892 0.0025 0.5617 31.55 3.184*+ 0.002
TGL (mmol/l) days 3.2755 0.0264 0.7047 49.67 3.717*+ 0.001
Na (mmol/l) days 159.6836 -0.0556 —0.4276 1829 —-1.832* 0.043
ALP (pkat/l) days 3.1789 0.0501 0.7798 60.82 5.709** 0.000
HI (%) WT (°C) 0.6191 0.1029 0.7772 60.40 5.793** 0.000
HI/I (%) WT (°C) 0.6389 0.1341 0.7666 58.77 5.600** 0.000
P (mmol/l) WT (°C) -0.3519 0.5499 0.7805 60.92 5.584** 0.000
MCHC WT (°C) 0.2397 —0.0055 -0.8174 66.81 —6.502** 0.000
MCHC 0, (mg/l) 0.0445 0.0141 0.6651 44.23 4.081** 0.000
HI (%) O, (mg/l) 4.4057 -0.2771 -0.6646 44.17 —4.172%* 0.000
HI/IT (%) 0, (mg/l) 5.4540 —0.3488 -0.6333 40.10 —-3.838** 0.000
TGL (mmol/l) 0, (mg/) ~1.9194 0.6897 0.6598 43.53 3.285%* 0.002
HBD (pkat/) 0, (mg/l) 15.2812 -1.1367 -0.6538 42.74 —3.864** 0.001

022 T Astax ~— Control ® AMCHC(A) © AMCHC(C)

Mean corpuscular haemoglobin concentration

°
! ! ] ! |
0.14 1
9 10 11
Dissolved oxygen (mg/l)
Figure 3. Dependence of the mean corpuscular h globin tration on water temg p d by regression lines
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Figure 4. Dependence of catalytic concentration of a-hydroxybutyryl dehydrogenase on dissolved oxygen, represented by regression lines

of the dependence of c-hydroxybutyryl dehydrogenase
catalytic activity on O,. These results indicate that the
dependence of inorganic phosphate and mean corpuscu-
lar haemoglobin concentration on water temperature and
the dependence of a-hydroxybutyryl dehydrogenase cat-
alytic activity on O, are less intensive in the test group
fed an astaxanthin diet. This is best illustrated in Fig-
ure 2, showing a distinctly smaller increase in inorganic
phosphate with water temperature in the test group, com-
pared with the control group. Figure 3 indicates a mark-
edly lower decline in the values of mean corpuscular
haemoglobin concentration with water temperature in the
test group. As shown in Figure 4, a-hydroxybutyryl de-
hydrogenase catalytic concentration was not influenced
by higher O, levels in the fish fed astaxanthin-enriched
diet, as distinct from the control fish in which catalytic
concentration of o-hydroxybutyryl dehydrogenase fell
steeply with increasing O, concentrations. In this o-hy-
droxybutyryl dehydrogenase catalytic activity identical
with the H, and H,M lactate dehydrogenase (LD) sub-
units, this insignificant dependence in the test group is
expressed by a correlation coefficient of » = 0.0020; on
the other hand, this relation in the control fish is the very
contrary of the results in the test group in terms of both
its closeness and its trend (» = —0.6538). A significant
drop in o-hydroxybutyryl dehydrogenase catalytic con-
centration was also recorded when we tested the Neox
forte antioxidant with a lecithin supplement (Rehulka,
1994). In the fish given a diet with 100 mg Neox and 5 g
lecithin per kg of pellets, the a-hydroxybutyryl dehydro-
genase catalytic concentration decreased to 0.99 + 0.267,
as compared with the control fish in which the a-hydrox-

ybutyryl dehydrogenase catalytic concentration was 1.52
+ 0.449, the temperature, oxygen content, fish culture
method and site being the same.

In our trials we confirmed the finding (Rehulka, 2000)
that astaxanthin had no effect on growth. This was proved
by the tests of goodness of fit of regressions and correla-
tions, documented by the data in Table 4. The hypothesis
of the fit of regression line slopes and hypothesis of the
fit of correlation coefficients were not rejected in all con-
formation traits (total body length, body length, body
height, body width) and weight, as depending on days.
These results expanded the knowledge acquired from the
studies conducted by Foss et al. (1984, 1987), Storebak-
ken and Choubert (1991), No and Storebakken (1991),
and for the Atlantic salmon by Torrissen (1984), Chris-
tiansen and Torrissen (1996, 1997) and Christiansen et
al. (1994, 1995). The results of the haematological and
biochemical tests encourage the efforts to expand the
knowledge of the changes in the blood of the fish on an
astaxanthin-containing diet, as depending on ambient fac-
tors. Current results in blood serum enzymology in rela-
tion to the administration of feeds containing astaxanthin
were provided by Nakano et al. (1995).
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Economic weights for production and functional traits of Czech
dairy cattle breeds

Ekonomické vahy produkénich a funkénich znaki ¢eskych plemen
dojeného skotu

M. WoLFOVA, J. PRiBYL, J. WOLF

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

ABSTRACT: Economic weights of traits were calculated as partial derivatives of the profit function using a closed herd model
for the whole population of Holstein or dual-purpose Czech Pied cattle in the Czech Republic. All revenues and costs connected
with one generation of progeny of selected parents were discounted at a discounting rate of 10% or 0% to the birth date of the
progeny. The calculations were carried out with and without quota for milk and milk fat. The following economic weights (10%
discounting rate, with quota) were calculated for Holstein or Czech Pied (in parentheses) cattle: milk yield with constant fat and
protein contents 3.20 (3.71) CZK/kg, fat content 879 (1 186) CZK/%, protein content 6 272 (5 017) CZK/%, net daily gain 9.76 (10.51)
CZK per g/day, dressing percentage 160 (185) CZK/%, feed conversion —163 (-184) CZK/MJ NE/kg, cow weight —5.4 (—4.9)
CZK per kg, interval between first and last successful breeding of heifers —17.9 (=15.6) CZK/day, calving interval -23.1 (-17.0)
CZK per day, cow longevity 397 (559) CZK/lactation. A sensitivity analysis of the influence of changes in input parameters on
the economic weights was performed. The relations between the economic weights of milk, beef and reproduction traits were
quite insensitive to changes in input and output prices. The economic weight of cow longevity considerably depended on the
input parameters. Discounting was the most important factor influencing the relative economic importance of traits.

Keywords: dairy cattle; dual-purpose cattle; economic weights; bioeconomic model; profit function

ABSTRAKT: Ekonomické vahy znaku byly stanoveny parcidlni derivaci ziskové funkce pro uzavieny obrat stida zahrnujici
celou populaci hol3tynského nebo Eeského strakatého plemene. TrZby i néklady spojené s jednou generaci potomku selektova-
nych rodi¢u byly odurokovany k dobé& narozeni potomki diskontni trokovou mirou 10 % a 0 %. Vypotet byl proveden pro
situaci bez kvoty a s kvotou pro mnoZstvi mléka a tuku. Pro holtynsky (v zavorkéach &esky strakaty) skot byly stanoveny tyto
ekonomické vahy (pfi 10% diskontaci, s kvétou): mnoZstvi mléka s konstantnim obsahem tuku a bilkovin 3,20 (3,71) K¢/kg,
obsah tuku 879 (1 186) K&/%, obsah bilkovin 6 272 (5 017) K&/%, netto ptirustek 9,76 (10,51) K&/g/den, jatedna vyt&Znost 160
(185) K&/%, konverze krmiva —163 (-184) K&/MJ NE/kg, hmotnost krav —5,4 (-4,9) K&/kg, interval mezi prvni a posledni
isp&3nou inseminaci u jalovic —17,9 (~15,6) K&/den, mezidobi -23,1 (=17,0) K¢&/den, dlouhov&kost krav 397 (559) K¢&/laktaci.
Byla provedena analyza citlivosti relativnich ekonomickych vah znaki na zmény vstupnich parametri. Relace mezi ekonomic-
kymi vahami znaki mlé&né uZitkovosti, masné uZitkovosti a reprodukce byly pomé&rné maélo citlivé na zmé&ny cen produkti a
néklad. Ekonomické4 véaha dlouhovékosti krav byla zna&né& zévisld na Grovni vstupnich parametrii. Nejvétsi vliv na relativni
ekonomicky vyznam znakd mélo pouZiti odurokovani v ziskové funkci.

Kli¢ov4 slova: dojeny skot; ekonomické vahy; bioekonomicky model; ziskové funkce

INTRODUCTION Therefore, the breeding objective should be described by
a profit function that takes genetic values as input and

The aim of selection in animal breeding is the choice  produces profit as outcome (Goddard, 1998). The first
of parents whose progeny will retrieve the highest eco-  step in the design of a breeding programme is to define
nomic profit under the given economic circumstances. the traits that influence all sources of income and costs

Supported by the Ministry of Agriculture of the Czech Republic (Project MZE-M02-99-02).
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and to calculate their economic values. In the second step
the selection criteria are determined. The traits used in
the selection criteria may not be the same as in the breed-
ing objective.

For Czech cattle populations, economic weights of traits
were calculated first in 1994 (Wolfova et al., 1994). Since
1994 the production circumstances have changed funda-
mentally. Firstly, the level of some traits has changed sub-
stantially. The milk performance has risen quickly, but
the fertility parameters and further functional traits have
deteriorated. The population size has decreased consid-
erably. Secondly, the prices of inputs for agricultural en-
terprises have risen sharply without being balanced out
by increasing output prices. And thirdly, preparing for
the accession to the EU, milk and fat quotas were intro-
duced on 1 April 2001.

It was shown in many papers especially for functional
traits that the relative economic weights of traits depend
on the trait levels (Mack, 1996; Miesenberger, 1997; Essl,
1998; Steinwidder and Greimel, 1999) as well as on the
relations between milk, meat and feed prices (Groen,
1989a; Wolfova and Wolf, 1997; Hirooka and Sasaki,
1998; Koenen et al., 2000). Considerable changes in the
relative economic importance of milk and meat produc-
tion traits with different quota scenarios were reported
by Gibson (1989), Mack (1996) and Henze (2000).

Therefore, being in a situation with substantial chang-
es in production circumstances in the Czech Republic, the
economic weights should be recalculated. The aim of the
present study was to calculate a new set of economic
weights for the breeding objective of the Czech dairy cat-
tle populations under expected future economic circum-
stances. These weights should be used for the construction
of economic selection indices and for the evaluation of
breeding programmes.

MATERIAL AND METHODS

For the derivation of the economic weights, a bioeco-
nomic model of a closed herd was used which included
the whole integrated production system of a dairy or dual-
purpose breed. The total discounted profit for this herd
was calculated as the difference between all revenues and
costs that occurred during the whole life of animals born
in the herd in one year and that was discounted to the
birth year of these animals:

Z;=Z"Sgry

2°=Y N,(Rgs, ~Ciac,) m
keQ

with Q = {BCa, CCa, FBu, BHei,CHei,CCol,CCo2 +}

where: Z! = total discounted profit in the population of the

given breed (closed herd)
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S,

wry = number of standard female units (StFU = one

cow place occupied during the whole year)
Z*  =discounted profit per StFU

N, = average number of animals in category k per
StFU

R,C, = average revenues and costs, respectively, per ani-
mal of category k

9= discounting coefficient for revenues and costs,
respectively, in category k

The discounting coefficients for the revenues were cal-
culated by the following equation:

o= (I +u) @

where: Af,, = average time interval between the birth of animals
of category k and the time of collecting revenues
u  =discounting rate (expressed as a fraction)
The discounting coefficients for the costs were calcu-
lated in the same way and at the same discounting rate.

The categories (k) of animals were as follows:

BCa = breeding calves with rearing period from birth
to 6 months of age (male and female calves to-
gether)

CCa = calves culled within 6 months of age (only
calves not suitable for breeding)

FBu = fattened bulls, from 6 months of age to slaugh-
ter

BHei = breeding heifers (used for replacement of the
cow herd) from the age of 6 months to first calv-
ing

CHei = heifers culled before calving (not suitable for
breeding or not pregnant)

CCol = cows culled in the first lactation

CCo2+ = cows culled in the second and later lactations

The not discounted profit (that means the average profit
per year in the whole balanced system) was calculated
by setting » = 0 so that all g’s took the value 1.

The discounted economic weight of a given trait / was
defined as the partial derivative of the total profit func-
tion for the closed herd with respect to the given trait
whereby all traits were assumed to take their mean val-
ues:

ar= 1922 /3%; lyep }Ssiru 6)

where: x = value of the trait / under consideration
x= vector of the values of all traits (dimension of x =
number of traits)
p= vector of the means of all traits

Detailed definitions of all evaluated traits and a com-
plete description of the method and the individual mod-
els used for the calculation of economic weights can be
found in Wolfova and Wolf (1996). The computer pro-
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gramme EW (Wolfova and Wolf, 1996) was used for all
calculations after some minor actualisation of the pro-
gramme.

For milk production traits, the programme offers two
ways for their definition. They can be expressed either
as amount of milk carrier, fat yield and protein yield (all
three traits in kg) or as milk yield (kg) with given fat and
protein contents (both in %). The situation with milk quo-

ta with reference to fat content and the situation without
milk quota were calculated. A decrease in the number of
the standard female units was assumed as a response to
exceeding the limit for the quota.

As a response to an increased productive lifetime of
cows, the following three scenarios were taken into ac-
count to calculate the economic weight of cow longevi-

ty:

Table 1. Biological and technical parameters for the Czech Pied and Holstein cattle

Parameter (unit) Czech Pied Holstein
305-day milk production in 1st lactation (kg) 5300 6700
Milk protein content (%) 3.45 335
Milk fat content (%) 425 4.10
Average number of lactations per StFU 3.53 3.17
Maximum number of lactations per cow 10 10
Calving interval (days) 395 405
Interval from 1st to last successful breeding of heifers (days) 15 15
Number of inseminations per conception in heifers 1.6 1.6
Number of inseminations per conception in cows 2.0 2.1
Interval from calving to 1st breeding in cows (days) 70 80
Genetic standard deviation for milk production (kg) 350 480
Birth weight of calf (average from male and female) (kg) 40 38
Daily gain of calves to 6th month of age (kg/day) 0.85 0.85
Daily gain of heifers from 6th month of age to 1st breeding (kg/day) 0.75 0.75
Daily gain of heifers (without foetus) from Ist breeding to calving (kg/day) 0.4 0.4
Daily gain of bulls from 6th month of age to slaughter (kg/day) 1.0 1.0
Mature weight of cows (kg) 640 620
Live weight of bulls at slaughter (kg) 650 580
Dressing percentage of bulls (%) 59 ' 57
Dressing percentage of heifers (%) 53 51
Dressing percentage of cows (%) 52 50
Age of heifers at 1st breeding (days) 540 480
Regression of milk production on age at 1st breeding
~ linear coefficient (kg/day) 0.876 0.876
— quadratic coefficient (kg/day)? -0.00036 -0.00036
CoefTicient of repeatability for milk production 0.5 0.5
Discounting rate (% per year) 10 10
Milk production in lactation 2nd: Ist 1.14 1.13
3rd : 1st 121 1.19
4th : Ist 1.25 12
5th: Ist 1.28 1.2
6th : 1st 1.26 1.18
Tth: Ist 1.24 1.18
8th: Ist 124 1.16
Oth : Ist 1.23 1.16
10th : 1st 111 1.15

StFU = standard female unit
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Scenario 1

All heifers suitable for breeding are mated; the heif-
ers needed for replacement are selected during the first
lactation for their milk production. The increase in se-
lection gain is taken into account in the calculations.

Scenario 2

Heifers are selected for their pedigree breeding values
before the first breeding and the excessive heifers are fat-
tened and slaughtered at a weight of 460 kg (Czech Pied
cattle) or 440 kg (Holstein).

Scenario 3

Heifers are selected as in the foregoing scenario but
excessive heifers are mated to beef bulls and sold to the
cow-calf production system for 25 000 Czech crowns
(CZK) per animal.

The main input parameters for the Czech Pied and Hol-
stein breeds used for the calculations are summarized in
Tables 1 and 2. The prices of inputs and products are

roughly the prices in the Czech Republic in the year 2000
with some minor deviations taking into account expect-
ed developments. The prices for energy units in feed were
estimated on the basis of the average feed rations for each
category of animals.

A sensitivity analysis was performed to investigate the
influence of the price relations of feed, milk, meat and
other costs on the relative economic weights of the traits.
The influence of the milk production level, the genetic
standard deviation of milk yield and of the strategy of
mating heifers on the economic weights of cow longevi-
ty under different scenarios was also investigated.

RESULTS

The economic weights for Holstein cattle are given in
Table 3. The economic weight for cow longevity was cal-
culated according to scenario 3 (excessive heifers were
assumed to be sold for cow-calf production systems). The
results are presented for a discounting rate 0.10 and for
the situation without discounting (zero discounting rate).
Using the discounting procedure, the traits which influ-
enced revenues earlier and costs later in the lifetime of
the improved animals were preferred in comparison with

Table 2. Economic parameters for the basic situation for the Czech Pied and Holstein cattle

Parameter (unit) Czech Pied Holstein
Basic price of milk (CZK/kg) 0.5 0.5
Price for milk protein (CZK/10g) 1.3 1.3
Price for milk fat (CZK/10g) 0.65 0.65
Average price of bulls (CZK/kg slaughter weight) 65 64
Average price of heifers (CZK/kg slaughter weight) 63 62
Average price of cows (CZK/kg slaughter weight) 54 53
Price of energy in average feed ration for bulls (CZK/MJ NE) 0.27 0.27
Price of energy in average feed ration for heifers (CZK/MJ NE) 0.32 032
Price of energy in average feed ration for calves (CZK/MJ NE) 0.78 0.78
Price of energy in average feed ration for cows (CZK/MJ NE) 0.46 0.48
Price of energy in concentrate for bulls (CZK/MJ NE) 0.63 0.63
Price of energy in concentrate for heifers (CZK/MJ NE) 0.55 0.55
Price of energy in concentrate for cows (CZK/MJ NE) 0.72 0.72
Price of energy in roughage for bulls (CZK/MJ NE) 0.19 0.19
Price of energy in roughage for heifers (CZK/MJ NE) 27 0.27
Price of energy in roughage for cows (CZK/MJ NE) 0.32 0.32
Price of one i ion (CZK/i ination) 250 350
Variable labour cost for milk (CZK/kg) 0.5 0.5
Other cost per one stable place for bulls (CZK/day) 9 9
Other cost per one stable place for heifers (CZK/day) 11 1
Other cost per one stable place for calves (CZK/day) 12 12
Other cost per one stable place for cows (CZK/day) 70 70

1 EUR is about 35 CZK
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the traits which influenced revenues later and costs ear-
lier. Therefore the ratio of economic values for milk and
meat production traits (e.g. milk yield and dressing per-
centage) was much higher without discounting (1 to 42)
than with discounting (1 to 32).

Discounted economic weights of traits, the changes of
which did not influence the discounting coefficient (i.e.
which did not influence the time when revenues and costs
occurred), were always lower than economic weights cal-
culated without discounting. The differences were the
higher the longer was the time interval between the birth
of improved animals and the time when the improved
trait influenced revenues or costs (compare e.g. the dif-
ferences between discounted and not discounted econom-
ic values for milk yield and feed conversion in Table 3).
But the discounted economic weights can be higher than
the economic weights calculated without discounting if
changes in the performance of the given trait (e.g. net
daily gain or cow weight) influence not only revenues or
costs but also the discounting coefficient through chang-
ing the time intervals At in equation (2). The differences
between the discounted and not discounted economic
values can be very high in this case (see the values for
cow longevity).

Introducing quotas for milk production with reference
to fat content, the economic weights for milk yield and
fat content decreased. There were no changes in the eco-
nomic weights for fattening traits and small changes in
the economic weights for the interval between the first
and the last successful breeding in heifers, calving inter-

val and cow longevity. With a higher productive lifetime
of the cows, the number of cows in later lactations rose
followed by an increase in the average milk production
per StFU. As aresult, the number of cows had to be de-
creased not to exceed the milk quota.

The economic weights for the Czech Pied breed are
summarized in Table 4. The results were similar to those
for the Holstein breed. The slightly higher weights for
milk, fat and protein in comparison with the Holstein
breed were caused by the lower average milk production
(cheaper feed ration) of the Czech Pied cattle. Differenc-
es in the economic weights of fattening and functional
traits between the two breeds were due to dissimilarities
in the slaughter weight and in the reproduction parame-
ters (Table 1). As expected, the relative economic im-
portance of meat compared with milk production traits
was slightly higher in Czech Pied than in Holstein cattle.

The sensitivity of the relative economic weights of traits
to changes in economic parameters is shown in Tables 5
(with discounting) and 6 (without discounting). All re-
sults are for the Holstein breed assuming no quota. The
economic weights are expressed per genetic standard de-
viation (only for the basic situation) or as a proportion of
the economic value per standard deviation of milk yield.
As economic weights may be negative, the unsigned val-
ues will be considered for comparisons of the significance
of individual traits in the following text. The economic
value was always highest for milk yield. The second eco-
nomically most important trait was protein content.

Table 3. Economic weights of traits for Holstein cattle (in CZK per unit of the given trait and per standard female unit)

Variant

Trait (unit) without quota with quota?

u=0.10 u=0 u=0.10 u=0
Milk yield (kg) 3.79 5.79 320 4.01
Fat content (%) 1942 2962 879.2 8243
Protein content (%) 6272 9569 6272 9569
Carrier yield (kg) -0.53 -0.81 -1.13 -2.58
Fat yield (kg) 28.98 4421 13.12 1230
Protein yield (kg) 93.62 142.8 93.62 142.82
Net daily gain (g/day) 9.76 7.20 9.76 7.20
Dressing percentage (%) 160.1 185.7 160.1 185.7
Feed conversion (MJ NE/kg gain) -163.4 -176.8 -163.4 -176.8
Cow weight (kg) -5.44 -1.94 -5.44 ~-1.94
Interval between 1st and last successful breeding in heifers (days) -17.68 -16.59 -17.86 -17.14
Calving interval (days) -21.61 =31.11 -23.13 -35.64
Cow longevity' (lactations) 450.0 1660 396.6 1504

u = discounting rate

!scenario when the excessive heifers are mated to beef bulls and sold for a cow-calf production system

2quota for milk yield with reference to fat content
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Table 4. Economic weights of traits for Czech Pied cattle (in CZK per unit of the given trait and per standard female unit)

Variant

Trait (unit) without quota with quota?

u=0.10 u=0 u=0.10 u=0
Milk yield (kg) 3.97 6.17 3.71 5.01
Fat content (%) 1553 2413 1186 1254
Protein content (%) 5017 7796 5017 71796
Carrier yield (kg) -0.54 -0.83 -0.80 -2.05
Fat yield (kg) 29.30 45.54 2237 23.66
Protein yield (kg) 94.65 147.1 94.65 147.1
Net daily gain (g/day) 10.51 8.51 10.51 8.51
Dressing percentage (%) 1853 2189 185.3 2189
Feed conversion (MJ NE/kg gain) -183.9 -200.6 -183.9 -200.6
Cow weight (kg) -4.90 -2.23 -4.90 -2.23
Interval between Ist and last successful breeding in heifers (days) -15.58 -15.42 -15.64 -15.74
Calving interval (days) ~16.50 -27.42 -16.98 -29.82
Cow longevity' (lactations) 623.3 1494 559.0 1387

u = discounting rate.

Iscenario when the excessive heifers are mated to beef bulls and sold for a cow-calf production system

2quota for milk yield with reference to fat content

If the time delay for the influence of a trait on the rev-
enues.and costs was taken into account (discounted val-
ues in Table 5), the relative economic importance of net
daily gain, feed conversion, calving interval and cow lon-
gevity was nearly the same in the basic situation; the rel-

ative economic weights of these traits ranged from 12 to
17% of the economic weight for milk yield. The lowest
value was found for cow weight (9% of the value of milk
yield).

Table 5. Relative economic weights of traits in Holstein cattle in dependence on milk, meat and feed prices and other costs. No quota, discounting rate

10%
Economic weights (EW)
Genetic for the basic situation! for 20% increase in

Trait (unit) :t:&:?ir:nz in CZK per proportion prices

standard of EW for milk meat feed all costs

deviation milk yield proportion of EW for milk yield
Milk yield® (kg) 450 1705.5 1.00 1.00 1.00 1.00 1.00
Fat content (%) 0.207 402.0 0.24 0.23 0.24 0.22 0.22
Protein content (%) 0.095 595.8 035 0.32 0.35 0.38 0.39
Net daily gain (g/day) 30 292.8 0.17 0.15 0.18 0.17 0.18
Dressing percentage (%) 1.14 182.5 0.11 0.08 0.13 0.12 0.12
Feed conversion (MJ NE/kg) 1.5 ~245.1 -0.14 -0.11 -0.14 -0.19 -0.20
Cow weight (kg) 30 -163.2 -0.09 -0.10 -0.07 -0.12 -0.12
Interval between the 1st and the last
successful breeding in heifers (days) 10 -176.8 -0.10 -0.09 -0.10 -0.12 ~0.13
Calving interval (days) 10 -216.1 -0.13 -0.13 -0.16 -0.11 -0.09
Cow longevity* (days) 180 200.0 0.12 0.01 0.08 0.18 0.27

Isee Tables 1 and 2

2literature values (Heckenberger 1991; Reinsch, 1993; Solkner et al., 2000; Dédkova and Wolf, 2001; Winsch and Bergfeld, 2001)

3with constant fat and protein contents

4scenario when the excessive heifers are mated to beef bulls and sold for a cow-calf production system
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Table 6. Relative economic weights of traits in Holstein cattle in dependence on milk, meat and feed prices and other costs. No quota, discounting rate 0%

Economic weights (EW)
for the basic situation’ for 20% increase in
Trait (unit) in CZK proportion prices
per standard of EW for milk meat feed all costs
deviation milk yield proportion of EW for milk yield
Milk yield? (kg) 2 605.5 1.0 1.0 1.0 1.0
Fat contents (%) 613.1 0.24 0.23 0.24 0.22 0.22
Protein contents (%) 909.1 0.35 0.32 0.35 0.38 0.39
Net daily gain (g/day) 216.0 0.08 0.06 0.08 0.09 0.11
Dressing percentage (%) 2117 0.08 0.06 0.10 0.09 0.09
Feed conversion (MJ NE/kg) -265.2 -0.10 -0.08 -0.10 -0.14 -0.14
Cow weight (kg) ~58.2 -0.02 -0.02 0.00 -0.05 -0.06
Interval between st and last successful
breeding in heifers (days) -165.9 -0.06 -0.05 -0.06 -0.08 -0.09
Calving interval (days) =311.1 -0.12 -0.10 -0.15 -0.11 -0.10
Cow longevity* (days) 737.8 0.28 0.24 0.25 0.31 0.32

see Table 5 for the footnotes

If the time delay was not taken into account (not dis-
counted values in Table 6), the highest relative econom-
ic importance after milk and protein yields was achieved
by cow longevity (28% of the milk value) followed by
fat content (24%). Feed conversion and calving interval
reached about 10% of the level of the economic weight
for milk yield. The cow weight showed the lowest value.
Discounting did not influence the relations between the
economic values of milk production traits because the
discounting coefficient was equal for all these traits.

A 20% increase in the milk price did not influence the
economic weights for fattening traits so that the relative
economic importance of these traits was diminished in
comparison with the economic weights of the milk per-
formance traits (Table 6). Similarly, the relative impor-
tance of functional traits decreased slightly as a result of
higher milk price. Including the discounting procedure
in the calculation of economic weights, the relative eco-
nomic importance of cow longevity decreased sharply
with increasing milk prices (Table 5).

Calculating the economic weight of cow weight, a cor-
related increase in age at the first breeding was assumed,
that is why the discounted economic weight of cow
weight declines as a result of increasing milk price. A
higher meat price lowered the losses due to higher main-
tenance costs of heavier cows; therefore the economic
weight of cow weight grew (Table 5). The changes in
economic weights of functional traits by increasing milk
or meat prices depended on the proportion in which the
increase in these traits influenced the revenues from milk
in comparison with the revenues from slaughtered ani-
mals. The direction of these changes was partially dif-

ferent for discounted and not discounted economic
weights. An increase in feed or in all costs resulted in a
higher importance of fattening traits (except daily gain)
and cow longevity relatively to milk production traits.

Summarizing the results from Tables 5 and 6 it can be
concluded that under the assumptions used for the calcu-
lations, the relative economic weights (discounted as well
as not discounted) of the traits mostly used to character-
ise milk and meat production (milk yield and net daily
gain) are quite insensitive to changes in the economic
input parameters.

In Table 7, the three different scenarios described in
Material and Methods for the calculation of economic
weight for cow longevity were examined for the Hol-
stein breed in a situation without quota. The discounted
economic weight of cow longevity was highest in sce-
nario 1 for all proportions of heifers calving from the
reared female calves. In scenario 3, the economic weight
of cow longevity was higher than in scenario 2. The lower
the number of replacement heifers, the higher the dis-
counted economic weight of longevity in scenario 2. In
scenario 3 the discounted economic value was lowest for
the smallest proportion (0.70) of calving heifers. The in-
crease in the discounted profit per StFU connected with
a longer productive lifetime of cows in scenario 3 was
considerably lower than in scenario 1 (especially at higher
milk and meat prices), but it was higher at low milk pro-
duction level, higher costs or higher price for breeding
heifers.

If not taking into account the time delay between the
revenues from milk and sold heifers (profit function with-
out discounting), the economic weight of longevity in
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Table 7. Discounted (at a rate of 10% — 1st row) and not discounted (2nd row) economic weights of cow longevity (in CZK/lactation and StFU) for
alternative levels of input parameters and for alternative scenarios afler increasing the productive lifetime of cows (Holstein cattle, no quota)

Economic weights for scenarios after increasing cow longevity

Changed input parameter(s)

higher voluntary
culling in Ist

higher number of
fattened heifers

sale of breeding
heifers

lactation (scenario 1) (scenario 2) (scenario 3)

No changes (basic situation') 726.8 183.7 450.0
1250 1154.8 1 660.0

Proportion of heifers calving from reared female calves (0.76%) 888.6 186.5 452.8
1483.5 11293 1634.5

Proportion of heifers calving from reared female calves (0.70%) 1014.0 199.6 4132
1661.5 11272 16324

305-day milk production in Ist lactation (5 000 kg) 731.7 585.8 852.0
668.3 1010.6 1515.8

305-day milk production in Ist lactation (5 700 kg) 7332 420.2 686.5
908.2 1070.0 1575.1

Genetic standard deviation for milk production (400 kg) 688.7 169.7 436.0
1181.6 1123.6 1628.8

Price for breeding heifers (35 000 CZK) 726.8 183.7 827.4
1250.8 1154.8 23183

20% increase in milk price 732.5 -2279 384
1994.0 1361.7 1866.9

20% increase in meat prices 798.5 134.6 291.6
14473 1122.6 1444.6

20% increase in all costs 794.8 681.0 921.1
561.2 1210.7 1671.0

Iproportion of heifers calving from reared female calves 0.88, culling rate in 1st lactation 44.7% (55.2% out of this percentage is voluntary cull-

ing for low milk production)
2culling rate in 1st lactation 0.30, out of this voluntary culling 33%
3culling rate in st lactation 0.21, out of this voluntary culling 4%

1.2.3the average production life of cows surviving to 2nd lactation was assumed to be equal for all proportions of heifers calving from reared fe-

male calves

scenario 3 was higher than in scenario 1 for all changes
in input parameters except for the proportion of heifers
calving being 0.70 and the 20% increase in milk price.
The lower the proportion of calving heifers, the lower
the not discounted economic weight of longevity in sce-
narios 2 and 3 and the higher this weight in scenario 1.
In scenario 2, the not discounted economic weight of cow
longevity was higher than in scenario 1 only for the low-
er milk production levels (5 000 or 5 700 kg) and for
increasing all costs.

The effect of higher selection intensity in the 1st lacta-
tion depended on the genetic standard deviation and re-
peatability of milk production. A repeatability of 0.5 was
used. The decrease in the genetic standard deviation from
480 kg (basic situation) to 400 kg lowered the economic
weight of cow longevity, but the differences between the
scenarios were nearly the same.
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DISCUSSION
Method and trait definition

In most papers, the economic value of a trait is calcu-
lated as the difference in profit caused by a genetic change
in this trait. Commonly the economic value is expressed
per year and refers to a given herd. This approach an-
swers the question: “How much would the profit change
if the current herd could be replaced by a new herd with
a higher genetic value for a trait?” But if a breeding ani-
mal (e.g. a bull) were selected from the given pool of
animals, the question “What profit in an integrated pro-
duction system will be obtained from the progeny of a
parent whose genetic value for the trait of interest ex-
ceeds those of other possible parents?” would be more
appropriate.
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Table 8. Comparison of not discounted economic weights (in EUR per unit of trait, cow and year) for milk production traits in different countries

Milk production traits
Country (Author(s)) Notes
milk carrier (kg) fat (kg) protein (kg)
Australia (Beard, 1992) -0.05 1.50 1.93 without quota
The Netherlands quota?, normative for production of
(Steverink ef al., 1994) -0.08 0.29-2.77 6.20-7.99 P,0; and N losses
Germany (Mack, 1996) 0.08! 0.72 2.78 quota, with possibility to buy quota
0.09! 1.09 2.79 situation when quota is not fulfilled

Austria (Miesenberger, 1997) -0.05 1.19 334 quota

-0.002 247 3.34 without quota
The Netherlands (Van der Beek, 1999) -0.07 0.91 5.44 quota
United Kingdom (Pryce et al., 1999) -0.03 0.47 4.09
Finland (Juga et al., 1999) 0.06 1.09 6.05
Germany, Saxony 0.03 0.77 2.68 quota
(Wiinsch and Bergfeld, 2001) 0.03 2.07 2.68 without quota
Czech Republic (present paper) -0.07 0.35 4.08 quota

-0.02 1.26 4.08 without quota

'milk yield in kg, 2quota for milk yield with reference to fat content

1 EUR =2.2037 NGL = 1.9558 DEM = 13.7603 ATS = 0.6412 GBP =5.9457 FIM = 1.6957 AUD = 35 CZK

The purchase of a breeding animal (or its semen) is
always an investment and not only the size of returns
and costs connected with the trait level is of interest, but
also the time when these returns and costs occur after
using this animal in the herd. Therefore, discounted val-
ues of the changes in a trait level should be used when
calculating economic weights for selection decisions. This
was proposed by McClintock and Cunningham (1974),
but this method was rarely applied to the calculation of
economic weights (Ponzoni and Newman, 1989, or Hi-
rooka and Groen, 1999, in beef cattle; Dekkers, 1994 in
dairy cattle for calving ease). The discounting procedure
is especially important in cattle where the differences in
the time when milk or functional traits and fattening traits
influence revenues and costs are much greater than in
pigs, chickens or sheep; the lifetime of cows can involve
a long time period (10 to 15 years). As shown in this
paper, discounting is the most important factor that in-
fluences the relative economic importance of traits (com-
pare the results in Tables 5 and 6). The value itself of the
discounting rate is not so important (Wolfova et al., 1993).

Economic weights may also serve for a comparison of
different breeding programmes. In calculating the eco-
nomic return for certain breeding programmes by the
gene-flow method, the ageing of animals and the time
delay in the expression of different traits are already tak-
en into account in the transmission matrix. Therefore,
economic values without discounting should be used for
this purpose.

Defining the breeding objective, all traits that deter-
mine profit should be included regardless of the fact if

they are recorded in practice and used as selection crite-
ria. Great attention should be paid to the exact definition
of the traits. Miesenberger (1997) or Wiinsch and Berg-
feld (2001) calculated the economic weights of milk pro-
duction traits for two alternatives — (i) including milk
carrier, fat and protein yields in the breeding objective
or (ii) including only fat and protein yields. In the first
case, an increase in fat (protein) yield is caused by an
increase in fat (protein) content. In the second case, an
increase in fat (protein) yield is caused by an increase in
milk yield at constant fat (protein) content and is accom-
panied by a decrease in protein (fat) content.

This approach seems to be controversial. If only fat
and protein yields describe the milk production of a herd,
it is impossible to calculate the true economic weights
for these traits. The increase in fat (protein) yield by 1 kg
per cow can be due to a higher milk yield or a higher fat
content, but the economic weight of fat yield is different
in both cases.

For illustration, an example will be given. The follow-
ing parameter values were assumed: basic price of milk
with 4% fat and 3.5% protein: 0.28 EUR/kg; premium
for each additional per cent of fat and protein: 0.031 EUR
or 0.041 EUR, respectively; average milk yield: 5 000 kg
per cow and year; price of concentrate: 0.024 EUR per-
MIJ NE; other variable costs except feed costs: 0.01 EUR
per kg. The variable costs per 1 kg milk with given fat
and protein contents were then 0.0865 EUR [0.024*
*(0.2136*3.5 + 0.41*4.0 + 0.8) + 0.01].

For calculating the economic weight, it was assumed
in the first case that the fat content increased by 0.02%
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at constant milk yield. The equivalent assumption for the
second case was a 25 kg increase in milk yield with con-
stant content of milk component contents. The econom-
ic value of fat yield (per cow and year) was then 2.12
EUR/kg fat [(0.02*0.031*5000) — (0.41*0.024)*100 =
2.12] for case (i) and 4.84 EUR/kg fat [25*(0.28 — 0.0865)
= 4.84] for case (ii).

It can be seen that to describe the influence of milk
production traits on the profit both milk yield and con-
tent of milk components have to be included in the breed-
ing objective. Therefore the economic weights should
always be calculated for three traits — either milk yield,
fat and protein contents or milk carrier, fat and protein
yields. As Goddard (1998) pointed out, it is important to
distinguish between traits in the breeding objective and
traits used as selection criteria. Only one or two out of
the three traits can be included in the selection criterion
for milk production.

Economic weights of traits

A direct comparison of economic weights calculated
in different countries is very difficult. In the calculations,
different production models and estimation methods are
used. The assumptions about the impact of changes in a
trait on revenues and costs vary. Furthermore, distinct
assumptions about future conditions (milk payment sys-
tem, relations of input and output prices, possibility to
buy milk quota, etc.) are made. Estimates of economic
weights for milk production traits in different countries
which were published in the recent decade are summa-
rized in Table 8. The economic weight for milk carrier is
mostly very low and negative. The relative weighting of
fat and protein yields (contents) varies between coun-
tries in dependence on the payment system for milk com-
ponents and on the quota scenarios. Under quota this
weighting ranged from 1 : 3 (Miesenberger, 1997) to 1 : 20
(Steverink, 1994); in the present study this ratio was 1 : 12.
Without quota the relative weighting of fat becomes more
important, the ratio of economic weights for fat and pro-
tein taking values from 1 : 1.3 (Beard, 1992) to 1 : 3.2
(present study).

The economic weight of average daily gain from the
present study (0.12 EUR/g/day, recalculated from the net
daily gain) is much smaller than in other studies. In Ger-
many, this weight was about 1.0 EUR/g/day (Hecken-
berger, 1991; Hoffmann and Kaltenecker, 1994), in
Austria 0.24 EUR/g/day (Miesenberger, 1997). The same
holds for feed conversion and dressing percentage. Our
values (5.05 EUR/MJ NE/kg and 5.3 EUR/%) are lower
than literature values (8.8 EUR/MJ NE/kg — Heckenberg-
er, 1991; 9.9 EUR/% — Miesenberger, 1997). This can be
caused by higher prices of slaughter animals in these
countries in comparison with the Czech Republic.
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Low and mostly negative values were cited in the lit-
erature for the economic weight of cow weight. Koenen
et al. (2000) reviewing 12 papers reported economic val-
ues of cow weight in the range from —1.28 to +0.02 EUR/
kg/cow and year. The value calculated in the present study
(-0.055 EUR/kg/cow and year) fits in this interval. The
cow weight is the trait most comparable between coun-
tries and breeding organizations because the economic
value is mostly calculated only as the difference between
the increase in revenues for slaughtered cows and the
increase in feed costs for growth and maintenance.

Concerning the functional traits, the economic weights
are mostly calculated for cow longevity and calving in-
terval. In Germany, the economic value of cow longevi-
ty varied from 0.09 to 0.16 EUR/day (Heckenberger,
1991; Reinsch, 1993; Mack, 1996; Weidele, 1996; Wiin-
sch and Bergfeld, 2001), in Austria a value of 0.12 EUR/
day (Miesenberger, 1997; Steinwidder and Greimel,
1999) was calculated and in Switzerland the estimate was
0.28 EUR/day (Bobner, 1994). The estimates in Italy
(0.46 to 0.56 EUR/day — Brandts ef al., 1996), United
Kingdom (about 1 EUR/day — Pryce et al., 1999) and
Australia (0.96 EUR/day — Beard, 1992) were much high-
er. Essl (1998) pointed out in his review that the eco-
nomic weight of cow longevity depended very strongly
on the starting values of the population parameters (e.g.
age structure, culling strategy, milk production level, calv-
ing interval), and changed nonlinearly with the average
length of productive life. As shown in Tables 5 to 7, the
economic weight of cow longevity is also very sensitive
to price changes in all inputs and outputs. The economic
value of cow longevity depends also on the assumption
about the utilisation of excessive heifers after increasing
the productive life of cows. Under the economic circum-
stances assumed in this paper, the highest economic
weight of cow longevity was obtained if all heifers en-
tered the herd and were selected for their milk produc-
tion in the first lactation (scenario 1 in Table 7).

The value obtained in the present study for calving in-
terval (-0.62 EUR/day) is in good agreement with that
of Weidele (1996) (-0.61 EUR/day). In other studies low-
er (Reinsch, 1995) as well as higher values (Mack, 1996)
were calculated. Pryce et al. (1999) reported a very high
value (—6.24 EUR/day). Whereas in the present paper a
similar value (-0.51 EUR/day) was calculated for a closely
related trait (interval between the 1st and the last suc-
cessful breeding in heifers), Heckenberger (1991) ob-
tained a higher value (1.5 EUR/day).

In the present investigation no economic weight for
the carcass class according to the SEUROP system was
calculated as no sufficient input information was avail-
able. Nevertheless, it can be supposed that in future the
carcass conformation will have an important effect on
the price paid for fattened bulls and culled cows. Several
Western European indices have already included a con-
formation score for live animals as well as information
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about carcass classification in the SEUROP system. No
such a system is at present available on the Czech beef
market, but data should be collected for the Czech Pied
breed in order to include those traits at a later stage.

Comparing the economic weights calculated in this
study and in a foregoing paper (Wolfova et al., 1994),
important changes in the relations between economic
weights can be observed. The prediction made in 1994
for the price relations between milk, meat and feed was
not realized. The relations used in the present study
(8.6 : 1 for prices of 1 kg milk to 1 kg slaughter weight
in bulls, 20 : 1 for prices of 1 kg milk to 1 MJ NE in
barley) are close to the situation in 1998, After accession
to the EU, important changes in economic parameters as
well as in other production circumstances might occur
in the Czech Republic. Therefore, only a short planning
horizon of 5 years was taken into account for the present
calculations. The economic weights should be recalcu-
lated if changes in economic circumstances are greater
than about 20% or if new output limitations (e.g. for sus-
tainable agricultural production) are introduced (Groen,
1989a, b).
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Allele frequency at PRL (prolactin) and LGB (lactoglobulin beta)
genes in Red cattle breeds from Central Europe and in other
breeds

Frekvence alel v genech PRL (prolaktin) a LGB (laktoglobulin beta)
u stfedoevropskych plemen €erveného skotu a dalSich plemen

J. Citek, V. Renout, V. NEUBAUEROVA

University of South Bohemia, Agricultural Faculty, Department of Genetics, Animal Breeding and Nutrition,
Ceské Budéjovice, Czech Republic

ABSTRACT: Allele frequencies were determined at prolactin (PRL) and lactoglobulin beta (LGB) genes by PCR/RFLP techni-
que in the following cattle breeds: Czech Pied (n = 46), Black and White (» = 42), German Black and White (n=39), Czech Red
(n=159), Polish Red (n = 65), and German Red (n =29). At PRL the following frequencies of allele 4 were found in breeds under
investigation: Czech Pied - 0.83, Black and White — 0.90, German Black and White — 0.81, Czech Red — 0.56, Polish Red - 0.87,
and German Red — 0.86. At LGB allele B predominated and its estimated gene frequencies in the same order were 0.53, 0.59,
0.70, 0.56, 0.81, and 0.68, respectively. At PRL significant differences were found between Czech Red and other breeds. At LGB
significant differences were detected between Polish Red and other breeds, with the exception of German Red, and between
Czech Pied and German Black and White breeds.

Keywords: cattle; allele frequencies; PCR/RFLP; prolactin; lactoglobulin beta

ABSTRAKT: Metodou polymerazové fetézové reakce a polymorfismu délky restrikénich fragmentii PCR/RFLP byly u &eské-
ho strakatého skotu (n = 46), Eernostrakatého skotu (n = 42), némeckého Cernostrakatého skotu (n = 39), ¢eskych Eervinek (n =
59), polskych &ervinek (n = 65) a némeckych &ervinek (n = 29) stanoveny frekvence alel v PRL (prolaktin) genu a LGB (lakto-
globulin beta) genu. V lokusu PRL pievladala alela 4 s témito frekvencemi: &esky strakaty skot — 0,83; &ernostrakaty skot
—0,90; némecky &ernostrakaty skot — 0,81; Ceské Cervinky — 0,56; polské Cervinky 0,87; némecké Cervinky 0,86. V lokusu
LGB byla u viech plemen vy33i &etnost alely B s frekvencemi 0,53; 0,59; 0,70; 0,56; 0,81; 0,68. V PRL lokusu byly rozdily
v Cetnostech alel mezi ¢eskymi ervinkami a ostatnimi plemeny statisticky vyznamné, v lokusu LGB byly vyznamné rozdily
mezi &etnostmi alel polskych &ervinek a ostatnich plemen s vyjimkou némeckych &ervinek a mezi eskym strakatym skotem
a némeckym &ernostrakatym skotem.

Klitov4 slova: skot; frekvence alel; PCR/RFLP; prolaktin; laktoglobulin beta

INTRODUCTION

The study of genetic polymorphisms contributes to the
genetic characterization of populations. In cattle, genet-
ic polymorphisms of milk proteins and some proteohor-
mones have been intensively studied by many authors
during the last 30 years. Extensive studies were carried
out to determine the occurrence and frequency of milk

protein genotypes in bovine species and in different
breeds within those species (Eigel et al., 1984; Coulon
et al., 1998; Grosclaude and Grosclaude, 1993; Sabour
etal., 1997).

The prolactin gene (PRL) belongs to a family of evo-
lutionarily related genes together with the pituitary growth
hormone and the placental lactogen (chorionic so-
matomammotropin) (Niall et al., 1971). PRL is known
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to be involved in a wide range of biological functions
including lactation (Nicol and Bern, 1972; Bazan, 1998).
The gene is approximately 10 kilobase in length (Camp-
er et al., 1984). A silent A-G transition mutation at the
codon for amino acid 103 in exon 3 of bovine PRL gives
rise to a polymorphic restriction site revealed by Rsal
(Lewin et al., 1992). The associations between the pro-
lactin gene and production traits in Holstein Friesian cattle
breed were investigated by Chung e al. (1996).

Proteins are the most appreciated milk components. In
cattle, six milk protein genes are often studied: casein
alpha-S1 (CASA), casein alpha-S2 (CASA2), casein beta
(CASB), casein kappa (CSN10), lactalbumin alpha (LA-
LBA), and lactoglobulin beta (LGB) (Erhardt et al., 1998).
Although lactoglobulin beta, encoded by LGB gene, is
the most abundant protein in the whey protein fraction,
its function and physiological role are unclear. It may be
involved in the transport of retinol and fatty acids in the
gut. It is not found in the milk of all mammals, e.g. lacto-
globulin beta is absent in human milk (Perez et al., 1992).
Genetic polymorphism at LGB was first described by
Aschaffenburg and Drewry in 1957. Numerous alleles at
LGB locus have been identified (4, B,C, D, E, F, G, H, I,
W, X, Y, Z, Dr), but in our cattle breeds the 4 and B are
predominant. The variants differ in single amino acid sub-
stitutions at positions 64 and 118 (Eigel et al., 1984). At
position 64 Asp is changed to Gly and at position 118
Val is changed to Ala, for A and B variants, respectively
(Jamieson et al., 1987). These changes arise from two
single base substitutions, A-G and T-C, respectively, the
change at position 118 creates a Haelll site at allele LGB
B, which is not present in the 4 allele (Lien et al., 1990).
There is an evidence for association of bovine LGB ge-
netic variants to protein content, lactation performance
and processing properties of milk (Geldermann, 1993;
Bovenhuis, 1992; Hanug, 1995).

PRL maps to chromosome 23 (Fries et al., 1993), and
LGB is localized on chromosome 11 (Eggen and Fries,
1995).

MATERIAL AND METHODS

Czech Pied (n = 46), Black and White (n = 42), Ger-
man Black and White (n=39), Czech Red (n = 59), Pol-
ish Red (n = 65), and German Red (# = 29) breeds were
genotyped. The Czech Pied cattle (Simmental) was rep-
resented by purebred animals. Black and White cattle in
the Czech Republic originates from the crossing of Czech
Pied breed with Black and White bulls of both European
and American origin. The German Black and White group
originated in the Eastern Federal lands (Meklenburg-Vor-
pommern). Czech Red, German Red and Polish Red cat-
tle alike are endangered gene reserves. The total number
of purebred Czech Red females is about 60, the number
of sires is 6. Especially the German Red cattle is very
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low-numbered. This group consisted of partially related
individuals, offspring of twelve mothers and nine fathers,
the fathers of nine animals were unknown. Also Polish
Red breed is endangered, even though not in the same
order. There are about 100 000 purebred and crossbred
cows in Poland, but only 900 cows are under milk re-
cording (Filistowicz and Zwolifiska-Bartczak, 1995), less
than 100 cows are included in a preservation programme.
Many herds have been crossed with Danish Red and An-
gler cattle, which are related to the above-mentioned
breeds, therefore the number of original Polish genotypes
is decreasing. In gene reserves, we tried to analyze as
high number of animals as possible, that is why the num-
ber of Polish and Czech Red cattle is higher. In German
Red cattle, we were not able to get more probes, there-
fore its number is lower.

Genomic DNA was isolated from the whole blood us-
ing the method of Gemmel and Akiyama (1996), or the
quick method of Kawasaki (1990). For genotyping, PCR/
RFLP methods were used, following the previously re-
ported procedure of Mitra et al. (1995) for PRL locus
and Medrano and Aguilar-Cordove (1990) for LGB lo-
cus. The primers synthetized 156 bp fragment for PRL
and 274 bp fragment for LGB. The PRL and LGB am-
plimers were digested with restriction endonucleases Rsal
and Haelll, respectively, at 37°C for 2 h. The fragments
were electrophoresed in 3% agarose gel stained with
ethidium bromide.

Allele and genotype frequencies were determined.
Comparison of the genotype frequencies found and those
theoretically estimated was performed by the chi-square
test (). The test of difference in relative values was used
to test the allele differences between the breeds examined.

RESULTS AND DISCUSSION

The digestion of the PRL amplimer with Rsal resulted
in genotypes A4 (156 bp), AB (156, 82, 74 bp) and BB
(82, 74 bp). The digestion of the LGB PCR product with
Haelll resulted in fragments 148 and 99 bp (44), 148,
99, 74 and 74 bp (4B), 99, 74 and 74 bp (BB). The fre-
quencies for the breeds examined are given in Table 1
for PRL gene and in Table 2 for LGB gene.

At the PRL gene, there is an obvious tendency of the
allele 4 to predominate in all the populations under study.
The frequencies ranged from 0.81 to 0.90 except for
Czech Red cattle with frequency 0.56. The frequency of
the allele B was low and it occurred mainly in heterozy-
gous individuals. The frequency of the BB homozygotes
was low, it ranged from 0 to 0.05, a higher frequency
was found in the population of Czech Red cattle only. In
Black and White cattle and German Red cattle, PRL B
allele was present only in heterozygotes.

In the literature there are only a few data concerning
the allele frequencies at PRL gene. Chrenek et al. (1997)
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Table 1. The genotype and allele frequencies at PRL (prolactin) gene
Llel
Breed Frequency Sepotyped/Alleles x2-test
AA AB BB
absolute 32 12 2 0.85"
Czech Pied relative 69.56 26.09 435
n=46 A B
relative 0.83 0.17
genotypes/alleles 2
frequency AA AB BB x>-test
Black and White
n=42 absolute 34 8 0 1.11%¢
relative 80.95 19.05 0.00
A B
relative 0.90 0.10
genotypes/alleles 2
frequency AA AB BB x>-test
German Black and White absolute 26 11 2 0.85"
n=39 relative 66.67 28.20 5.13
A B
relative 0.81 0.19
genotypes/alleles x3-test
frequency AA AB BB
Czech Red absolute 17 32 10 1.00m
n=59 relative 28.81 54.24 16.95
A B
relative 0.56 0.44
genotypes/alleles 2
frequency AA AB BB x°-test
Polish Red absolute 49 15 1 0.03"
n=65 relative 75.38 23.08 1.54
A B
relative 0.87 0.13
genotypes/alleles 2
frequency AA AB BB x*-test
German Red absolute 21 8 0 2.56"
n=29 relative 72.41 27.59 0.00
A B
relative 0.86 0.14

ns = non significant

found the frequency of the allele 4 of 0.95 in Holstein
cattle, 0.85 in Piemontese, 0.72 in Montbeliard, 0.70 in
Fleckvieh and 0.68 in Austrian Pinzgau. Chung et al.
(1996) published the frequency of the allele 4 in Hol-
stein dairy cattle 0.73. Mitra ef al. (1995) found a pre-
dominating tendency of the 4 allele too, they genotyped
German Black and White cattle (0.80) and Braunvieh
(0.61). Our data are in accordance with the above men-
tioned references.

At the LGB gene, the predominance of the allele B was
found, even though only slightly expressed in most breeds.
The frequencies ranged from 0.53 to 0.81, the most out-
standing frequency was found in Polish Red cattle.

In literature, the prevalence of the allele B in the LGB
gene is evident, it corresponds well with our results. Sow-
inski (1993) established the frequency 0.65 in Black and
White cattle. Chrenek ef al. (1997) published the frequen-
cies of allele B in some cattle breeds: Montbeliard 0.59,
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Table 2. The genotype and allele frequencies at LGB (lactoglobulin beta) gene
Allel
Breed Frequency Genctypss/Alleles x2-test
AA AB BB
absolute 8 18 10 9.58.104ns
Czech Pied relative 22.22 50.00 27.78
n=36 A B
relative 0.47 0.53
genotypes/alleles 9%
frequency AR AB BB X -test
Black and White absolute 5 20 12 1.47m
n=37 relative 13.52 54.05 3243
A B
relative 0.41 0.59
genotypes/alleles 2
frequency AA AB BB x>-test
German Black and White absolute 4 15 19 0.42"
n=38 relative 10.53 39.47 50.00
A B
relative 0.30 0.70
genotypes/alleles 2
frequency AA AB BB X -test
Czech Red absolute 10 32 17 1.007
n=59 relative 16.95 54.24 28.81
A B
relative 0.44 0.56
genotypes/alleles 2
frequency KA AB BB x>-test
Polish Red absolute 2 21 42 0.16m
n=65 relative 3.08 3231 64.61
A B
relative 0.19 0.81
genotypes/alleles 3
frequency AA AB BB x*-test
German Red absolute 1 14 10 8.22%
n=25 relative 4.00 5 6.00 40.00
A B
relative 0.32 0.68

ns = non significant
*P<0.05

Fleckvieh 0.60, Holstein 0.63, Piemontese 0.64 and Aus-
trian Pinzgau 0.78. Similar values were detected by Uhrin
et al. (1995). Bech and Kristiansen (1990) found the fre-
quency of 0.89 in Danish Red cattle, which exceeds even
our highest frequency, and Feleficzak (1983) established
0.66 in Polish Red cattle, it is a bit lower compared to
our findings in this breed. Erhardt er al. (1998) give the
frequency of 0.74 in Polish Red cattle, and 0.78 in Ger-
man Red cattle. Comparing the frequencies in Czech Pied
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cattle to the results of Macha and Miillerové (1968), no
considerable change has occurred in the last 30 years.

The observed and theoretically expected genotype fre-
quencies at both PRL and LGB genes were in agreement
with Hardy-Weinberg equilibrium in all populations un-
der study with the exception of German Red breed at LGB
gene (P <0.05).

Using the test of difference in relative values, the sig-
nificance of differences in allelic frequencies between the
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Table 3. Allele frequencies: the test of differences in relative values for PRL (prolactin) gene (below diagonal) and LGB (lactoglobulin beta) gene

(above diagonal)
LGB
Breed 1 2 3 4 5 6
Czech Pied x 0.813m 2.119* 0.4240s 4.268** 1.681m
Black and White 1.543 " x 1.317" 0.481 ™ 3.245%* 1.083
German Black and White 0.309 " 1.784 s x 19270 4.134** 0.206™
Czech Red 4253+ 5.775%* 3.728%+ x 4.278** 1.4570
Polish Red 0.883 " 0.804" 1172 5.599+* x 1.770"
German Red 0.592 1 0.782"s 0.847m 4.308** 0.1330s x
PRL

ns = non significant
* P<0.05
*#*pP<0.01

breeds was tested (Table 3). Significant differences (P <
0.01) at the PRL gene were found between Czech Red
cattle and other breeds. At the LGB gene, significant dif-
ferences (P < 0.01) were found between Polish Red cat-
tle and other breeds with the exception of German Red
cattle, and between Czech Pied cattle and German Black
and White cattle (P < 0.05).

In conclusion, some differences in frequencies between
the breeds were found, namely within the Red cattle
group, even though the similarity in phylogenetically re-
lated breeds has been expected. In our opinion, the dif-
ferent frequencies may be explained namely by the
influence of genetic drift and inbreeding in small popu-
lations of endangered Red breeds under study.
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Growth ability, carcass and meat quality of lambs of the German
Long-wooled sheep and their crosses

Ristova schopnost, jate¢na hodnota a kvalita masa jehriat plemene
némecka dlouhovinna ovce

J Kuchrik, F. HorRAK

Mendel University of Agriculture and Forestry, Brno, Czech Republic

ABSTRACT: Ram and ewe lambs of the genotypes of German Long-wooled (GL, » = 15/14), F, crosses of the German Long-
wooled x Oxford Down (GL x OD, n = 15/15) and the F,, (Merino x German Long-wooled) x Oxford Down (M x GL) x OD,
(n=12/12), were fattened in a semi-intensive fattening system involving grazing on an alfalfa-grass mixed sward. In terms of
growth evaluation the investigations showed the effect of fathers of the Oxford Down meat breed. The highest growth ability of
ram lambs in the period from birth to weaning, and/or from birth to 100 days of age, was determined for (M x GL) x OD (0.231
and 0.250 kg, respectively) when the difference from the ram lambs with genotype GL was statistically highly significant (P < 0.01)
in the period from birth to weaning and it was statistically significant (P < 0.05) in the period from birth to 100 days of age.
Evaluation of the basic parameters of carcass analyses of ram lambs showed that the effect of the respective genotypes on these
parameters was not significant. Evaluation of the valuable parts of the dressed carcass showed that the proportions of leg, rib and
rack were the highest in GL. The proportions of the individual tissues were evaluated in the right leg and right rack, and the
highest proportion of muscle (67.60 and 66.65%), or the lowest proportion of fat (5.13 and 5.80%), was found in GL x OD while
the values of these parameters in genotypes GL and (M x GL) x OD were basically the same. Based on the analyses of quality
parameters, the lowest proportion of intramuscular fat (2.54%), and the highest proportion of protein (19.39%) and ash (1.05%)
were found in the GL genotype.

Keywords: growth; carcass value; meat quality; lambs

ABSTRAKT: Vykrm jehfiat beranku genotypli némecka dlouhovinna ovce (ND), kfizenci F, némecké dlouhovinna ovce x
x Oxford Down (ND x OD) a F,, (Merino x némecké dlouhovinni ovce) x Oxford Down (M x ND) x OD byl realizovan
aplikaci polointenzivniho vykrmu s vyuZitim pastvy na vojtéskotravnim porostu. Ze zhodnoceni ristu vyplyva, Ze v ramci na-
3eho sledovéni se projevil vliv masného plemene Oxford Down v otcovské pozici. Nejintenzivngjsi rist u beranki byl zazna-
menén u (M x ND) x OD u kterych primé&rmy pfiristek v intervalu od narozeni do odstavu byl 0,231 kg, v intervalu od 70 do
100 dnii véku 0,296 kg a v intervalu od narozeni do 100 dnii véku 0,250 kg. Ve stejnych intervalech byly u jehni¢ek zazname-
nany v podstaté totoZzné hodnoty u ND x OD a (M x ND) x OD, a to 0,191 kg vs. 0,189 kg, 0,261 kg vs. 0,251 kg a 0,213 kg
vs 0,208 kg. Z vyhodnoceni zdkladnich ukazatell jate¢nych analyz vyplyva, Ze ani v jednom piipadé nebyl zaznamenan pri-
kazny vliv na tyto ukazatele z pohledu jednotlivych genotypt, kdyZ primérna vytéZnost jatedné& opracovanych tél se pohybo-
vala v rozmezi od 42,88 do 43,81 % a podily kiize v rozmezi od 10,26 do 11,16 % v zavislosti na jednotlivych genotypech.
V ptipadé posuzovani podill jednotlivych partii JOT, zde byly v pripad& kyty (32,88 %), kotlety (7,80 %), ledviny (9,20 %)
a plece (19,05 %) stanoveny nejvyssi podily u ND, kdyz u ND x OD a (M x ND) x OD tyto podily &inily 32,77 vs. 32,23 %,
7,48 vs. 6,72 %, 8,74 vs. 8,25 % a 18,44 vs 17,66 %. Na zakladé posouzeni podilii jednotlivych tkani jak v pravé kyté, tak
v pravé pleci nejvy3si podily svaloviny (67,60 a 66,65 %), respektive nejnizdi podily tuku (5,13 a 5,80 %) byly stanoveny
uND x OD, kdyz u genotypli ND a (M x ND) x OD byly v téchto ukazatelich stanoveny v podstaté totozné hodnoty (64,66
vs. 64,68 %, 64,44 vs. 64,54 % a 7,37 vs. 7,75 %, 7,28 vs. 7,35 %). Ze zakladnich analyz ukazatell jakosti na zdklad& rozbort
m. triceps brachii vyplyvé, Zze u ND byl stanoven nejniZ3i podil intramuskularniho tuku (2,54 %) a nejvy3si podily bilkovin
(19,39 %) a popelovin (1,05 %). Primémy podil susiny u viech t¥i genotypli byl v podstaté totoZzny, hodnoty se pohybovaly
v rozmezi od 23,52 do 23,60 %. U priimérnych energetickych hodnot v piivodni hmoté& nebyly stanoveny statisticky prikazné
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rozdilt mezi sledovanymi genotypy, hodnoty se pohybovaly v rozmezi od 515,05 do 549,47 kJ/100 g. Nejvy33i obsah myoglo-
binu byl stanoven u ND x OD (1,59 mg v 1 g svaloviny). Primé&rné obsahy hydroxyprolinu, jeZ jsou ukazatelem miry obsahu
vazivové tkané& v kosterni svaloving, byly stanoveny v podstaté totoZné u ND x OD a (M x ND) x OD (0,24 a 0,25 mg ve
100 g svaloviny), nejniZ3i obsah byl stanoven u ND (0,22 mg ve 100 g svaloviny).

Klidov4 slova: riist; jate¢na hodnota; kvalita masa; jehiiata

INTRODUCTION

The German Long-wooled (GL) breed was selected by
combination crossing of Wiirtemberg ewes with rams of
the North-Caucasian, Corriedale and Lincoln breeds
(Horak et al., 1999). Although this breed is suitable both
for lowland and submontane regions, at present it is kept
in the Czech Republic only on a few farms in the region
of the Bohemian-Moravian Highlands. It is a dual-pur-
pose breed (wool and meat production). The GL breed is
raised mainly in its pure form at present. After 1995 some
individuals of the GL population were crossed with Ox-
ford Down in order to improve the growth ability and
carcass quality of lambs. The GL breed was also used
for the grading up of Merino sheep. Hordk and Pind’dk
(1997) published the results of performance testing aimed
at the growth of purebred GL lambs in the Czech Repub-
lic, Fantova and Cislikovska (1991) studied the growth
and carcass value of lambs — crosses with this breed. Their
investigations also included an evaluation of the growth
and carcass value of crosses with Merino (M) ewes. Mat-
lova (1999) studied the growth of lambs-crosses with
Oxford Down (OD) in conditions of the Czech Repub-
lic. Puntila and Fredlund (1992) investigated the growth
and carcass value of lambs — crosses with OD rams. Ka-
1i§ et al. (1994) and Scales et al. (2000), among others,
studied the growth ability in lambs — crosses with Merino.
The aim of our study was to determine the influence of
the genotype of lambs of both sexes — single-born ones,
namely of the genotypes German Long-wooled, F, cross-
es of the German Long-wooled x Oxford Down and F ,
crosses (Merino x German Long-wooled) x Oxford Down,
on growth ability and the influence of the genotype of
randomly selected ram lambs on carcass and meat quali-
ty when all the investigated lambs were kept in identical
conditions.

MATERIAL AND METHODS

Investigations into the growth ability of lambs of both
sexes — single-born ones of the genotypes German Long-
wooled (GL, 15 ram lambs and 14 ewe lambs), F, cross-
es of the German Long-wooled x Oxford Down (GL x
OD, 15 ram lambs and 15 ewe lambs) and F,, crosses
(Merino x German Long-wooled) x Oxford Down (M
x GL) x OD, 12 ram lambs and 12 ewe lambs) were car-
ried out on the sheep farm of the AZ Holding Roveéne
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in 1997, applying the semi-intensive system of fatten-
ing. All evaluated lambs of all three genotypes were born
during the last decade of April and during the first de-
cade of May, namely in the period from April 22 to May 6
in 1997. All evaluated lambs of all three genotypes were
single-born ones and came only from ewes of the same
age (from the second lambing). From mid-May the lambs
with their mothers were driven to the pasture. All inves-
tigated lambs were weaned at average age of 70 days.
The feed ration before weaning consisted of the mother’s
milk (ad libitum), alfalfa hay (ad libitum) and grazing on
a mixed alfalfa-grass sward (ad libitum). Concentrates
were added to the feed ration of the lambs at the age of
ca. 30 days. The average consumption of concentrates
per lamb/day in the period from birth to weaning (70 days
of age) was 0.075 kg. In the period from weaning to the
end of our investigations the daily feed ration of the lambs
consisted of alfalfa-grass sward grazing (ad /ibitum) and
concentrates (0.200 kg/lamb). During the grazing sea-
son the lambs were housed in a free barn with deep litter
where the feed could be supplemented and with free ac-
cess to the pasture. The composition of the concentrate
was as follows: triticale — ground (41%), barley — crushed
(31%), thermally treated soya groats (23%), rape cake
(2%), vitamin mineral additive — Mikros M 12 (2.5%)
and ground limestone (1.5%). The lambs had free access
to drinking water.

During the experiment all the lambs were weighed af-
ter their birth, before weaning and at average age of
100 days. Control slaughter of randomly selected ram
lambs of all three investigated genotypes (n = 6) was car-
ried out after the end of the fattening period at the aver-
age age of 100 days. After slaughter the dressed carcass
was evaluated for meatiness and fat content using the
SEUROP system (Pour et al., 1998). The carcass dissec-
tion was made according to Figure 1. Selected parts of
the dressed carcass (right leg and right rack) were analy-
sed to determine the weight or the proportions of the in-
dividual tissues. Evaluation of the basic and other selected
parameters of meat quality of the lambs of all three stud-
ied genotypes was based on analyses of the meat of right
rack, i.e. from the musculus triceps brachii. Analyses of
the meat quality were carried out by common chemical
methods according to Vrchlabsky and Vesela (1985). For
the mathematical and statistical evaluation, on the basis
of the facts described above, the one-factor analysis of
variance with subsequent testing according to Scheffe’s
method was applied. The Statgraphics programme ver-
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sion 7.0 was used. The dressed carcass was not statisti-
cally evaluated according to the SEUROP system and
this is briefly mentioned in the Results and Discussion
section.

RESULTS AND DISCUSSION

In the category of ram lambs (Table 1) the GL lambs
had the highest average live weight at birth (4.12 kg),
GL x OD had the lowest (3.69 kg), but all average weights
at birth in our experiment were lower than those report-
ed by Stopka et al. (1996). The highest average live
weight of ram lambs at weaning (70 days of age) was
determined in the genotype (M x GL) x OD (19.99 kg),
and the lowest in GL (18.98 kg), the difference between
these two groups was statistically significant (P < 0.05).

Table 1. Some growth characteristics — ram lambs (the whole set tested)

Figure 1. Dissection of the lamb
carcass

1 —scrag

2 - middle neck
3 —rack

4 -rib

5 - loin

6 - flank
7-leg

According to Kali§ ef al. (1994) the live weight of pure-
bred lambs of the Improved Wallachian and Tsigai breeds
at 70 days of age was higher than the weight determined
in the present study (i.e. 21.68 kg and 21.36 kg, respec-
tively), but lower than the live weight of Merino x Ile de
France crosses at this age (i.e. 18.64 kg).

The highest and the lowest average live weight at
100 days of age was found in the ram lambs (M x GL) x
OD (i.e. 28.88 kg) and GL (27.12 kg), respectively. The
difference between these two groups was statistically sig-
nificant as it was in the case of average live weights at
weaning, (i.e. P < 0.05). The average weight of the GL
x OD ram lambs at 100 days of age was 27.79 kg.

The highest growth ability in the period from birth to
weaning (0.231 kg) was observed in the (M x GL) x OD
group and this value was lower than the average daily
weight gains (AWG) reported by Speedy (1989) for lambs

Genotype
Characteristic GL (A) GL x OD (B) (M x GL) x OD (C) F-test
(n=15) (n=15) (n=12)

Live weight at birth (kg) X 4.12 3.69 3.85 3.19
S5 0.091 0.151 0.138

Live weight at weaning (kg) X 18.98¢ 19.16 19.99* 4.53*
55 0.252 0.261 0.191

Live weight at 100 days of age (kg) 5 f 27.12¢ 27.19 28.88 3.61*
sz 0.399 0.512 0.427

AWG from birth to weaning (kg) b 0.212¢ 0.221 0.2314 5.41%*
5z 0.004 0.005 0.002

AWG from weaning to 100 days of age (kg) ¥ 0.271 0.287 0.296 1.39
sz 0.007 0.001 0.001

AWG from birth to 100 days of age (kg) b3 0.230° 0.241 0.250° 5.02*
s, 0.004 0.006 0.004

AWG = average daily weight gain
*a, b =P<0.05
**A,B,C=P<0.01
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Table 2. Some growth characteristics — ewe lambs (the whole set tested)

Genotype
Characteristic GL (A) GL x OD (B) (M x GL) x OD (C) F-test
(n=14) (n=15) (n=12)
Live weight at birth (kg) X 3.42 333 3.27 0.54
sz 0.099 0.104 0.115
Live weight at weaning (kg) X 15.77 16.71 16.52 1.57
sz 0.424 0.393 0.381
Live weight at 100 days of age (kg) X 22.32 24,56 24.06 4.00*
Sz 0.639 0.566 0.582
AWG from birth to weaning (kg) X 0.176 0.191 0.189 2.79
sz 0.005 0.005 0.005
AWG from weaning to 100 days of age (kg) X 0.218% 0.261* 0.251 1.39
sz 0.012 0.010 0.008
AWG from birth to 100 days of age (kg) X 0.1898 0.213A 0.208 5.58**
sz 0.006 0.005 0.005
AWG = average daily weight gain
*a,b,c =P<0.05

**A,B,C=P<0.01

of meat breeds. The GL group showed the lowest growth
ability in the period from birth to weaning (0.212 kg),
the difference from (M x GL) x OD was statistically high-
ly significant (P < 0.01). In the period from birth to
100 days of age the AWG was highest in the (M x GL) x
OD ram lambs (0.250 kg), the difference from GL (0.230
kg) in this period being statistically significant (P < 0.05),
but higher than AWG reported by Matlova (1999) in
lambs of the Sumavska x Texel and Sumavska x Oxford
Down crosses kept in an intensive grazing system, sup-
plemented with hay and concentrates. The AWG of the
GL x OD crosses in the period from birth to weaning
and from birth to 100 days of age were 0.221 kg and
0.241 kg, respectively. As for the AWG from weaning to
the age of 100 days, they were relatively high in all three
investigated groups, ranging between 0.271 kg in GL and
0.296 kg in (M x GL) x OD.

Table 2 shows gives selected growth parameters of ewe
lambs of the same genotypes and shows that GL had the
highest live weight at birth (3.42 kg), the weight at birth
of the GL x OD and (M x GL) x OD groups was 3.33 kg
and 3.27 kg, respectively. Subsequently in comparison
with the category of ram lambs, the average live weight
at weaning and at the age of 100 days was highest in ewe
lambs of GL x OD (i.e. 16.71 kg and 24.56 kg, respec-
tively), the average live weights of ewe lambs of the geno-
type (M x GL) x OD at weaning and at the age of
100 days were the same (i.e. 16.52 kg and 24.06 kg, re-
spectively). The lowest average live weight at weaning
and at 100 days of age was found in GL (15.77 kg and
22.32 kg, respectively), the difference in average weights
of ewe lambs of this genotype at 100 days of age com-
pared to GL x OD was statistically significant (P <0.05).
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The highest AWG in the period from birth to weaning
were found to be the same for GL x OD (0.191 kg) and
(M x GL) x OD (0.189 kg). These data are considerably
higher than those reported by Ploumi ez al. (1997) for
ewe lambs of the Florina breed, but lower than those re-
ported by Perret et al. (1986) for ewe lambs of the
Lacaune and Suffolk breeds. The average daily weight
gains of both these groups in the period from birth to
100 days of age were higher than 0.200 kg, i.e. 0.213 kg
and 0.208 kg, respectively. The lowest AWG in this pe-
riod was found in GL (0.189 kg). The difference between
the GL and GL x OD groups was statistically highly sig-
nificant (P<0.01). As for AWG in the period from wean-
ing to 100 days of age it was found that the AWG of the
GL x OD (0.261 kg) and (M x GL) x OD (0.251 kg) ewe
lambs were the same as those of ram lambs, that means
relatively high. The lowest AWG in this period was ob-
served in the GL group (0.218 kg), the difference from
the AWG of GL x OD being statistically significant (P <
0.05).

Table 3 shows the evaluation of the basic parameters
of carcass analyses of selected ram lambs of all three in-
vestigated groups. The average live weight of selected
ram lambs at the time of slaughter was 27.91 kg for GL
(n=6), 27.77 kg for GL x OD (n = 6) and 28.35 kg for
(M x GL) x OD (n = 6). The average weight of dressed
carcass was 11.97 kg for GL, 12.17 kg for GL x OD and
12.42 kg for (M x GL) x OD, no statistical difference
being found in the average live weights prior to slaugh-
ter nor in the average weights of dressed carcass between
the respective genotypes.

The dressed carcass was experimentally evaluated within
24 hours from slaughter according to the SEUROP sys-
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Table 3. Evaluation of basic parameters of carcass analyses

Genotype
Characteristic GL (A) GL x OD (B) (M xGL) x OD (C) F- test
(n=6) (n=6) (n=6)

Live weight at slaughter (kg) ¥ 2791 21.717 28.35 0.10
5z 0.982 1.129 0.737

Dressed carcass weight (kg) x 11.97 12.17 12.42 0.20
Sz 0.424 0.612 0.457

Dressing percentage (%) x 42.88 43.78 43.81 0.43
5 0.181 1.029 0.937

Skin weight (kg) b4 2.88 3.09 3.01 0.39
55 0.184 0.175 0.152

Skin percentage (%) X 10.26 11.16 10.59 1.02
S5 0.326 0.594 0.377

Kidney weight (kg) X 0.066 0.067 0.075 1.05
Sz 0.003 0.005 0.006

Kidney fat weight (kg) % 0.073 0.080 0.118 338
S5 0.012 0.008 0.017

Heart weight (kg) X 0.157 0.193 0.182 0.83
5z 0.013 0.024 0.022

Lungs weight (kg) X 0.382 0.475 0.440 3.44
55 0.026 0.029 0.020

Liver weight (kg) x 0.462 0.438 0.407 1.82
S5 0.031 0.017 0.004

Spleen weight (kg) b4 0.063 0.050 0.059 1.33
55 0.003 0.008 0.006

Testicle weight (kg) X 0.078 0.094 0.114 1.33
S5 0.012 0.014 0.020

>

tem. In genotype GL, 5 carcasses were classified in cate-
gory C (the carcass weight at take-over ranged between
10.1 and 13.0 kg), according to the meat colour in class
1 (light pink or pink); one carcass was included in class
2 for fattiness, 1 carcass in class 3 and 3 carcasses in
class 4. The 6th carcass, which weighed more than
13.0 kg, was included in class R 4. Five carcasses of the
genotype GL x OD were also classified in category C
and in class 1; in terms of fattiness 2 carcasses were in-
cluded in class 2, two carcasses in class 3 and one in
class 4. The 6th carcass, which weighed more than
13.0 kg, was classified as class R 2. The (M x GL) x OD
genotype was classified as follows: 4 carcasses in cate-
gory C and quality I; in terms of fattiness one carcass
was included in class 2, one in class 3 and two in class 4.
Two carcasses of this genotype weighed more than
13.0 kg and were classified as class R 4. The above-men-
tioned facts imply that the meat colour of basically all
carcasses of all genotypes weighing less than 13.0 kg was
light pink to pink, however, in terms of the fattiness the
genotype GL x OD showed the most satisfactory param-
eters.

No statistical differences were discovered between the
average dressing percentages of dressed carcasses; the

same dressing percentage was found in (M x GL) x OD
and in GL x OD (i.e. 43.81% and 43.78%, respectively),
in GL it was 42.88%. The dressing percentages of all
three investigated genotypes found in our experiment
were higher than those reported by Kleczek and Skrzyz-
ala (1997) and Puntila and Fredlund (1992), but lower
than those determined by Perret et al. (1986) for differ-
ent genotypes. The proportion of skin depended on the
genotype and ranged between 10.26% and 11.16%. These
values are considerably higher than those determined by
Kuchtik et al. (1997) in Charollais lambs and Booroolo
x Charollais crosses. The highest average weight of kid-
ney and kidney fat was found in (M x GL) x OD (i.e.
0.075 kg and 0.118 kg, respectively) and lowest in GL
(i.e. 0.066 kg and 0.073 kg, respectively). No statistical-
ly significant difference was observed between the groups
although a comparison of the average weight of kidney
fat in these groups is on the margin of statistical signifi-
cance, It is similar with the lungs, where the difference
between the highest average weight determined in (M x
GL) x OD (0.44 kg) and the lowest average weight de-
termined in GL (0.382 kg) was also on the margin of
statistical significance. The average weight of the other
edible internal parts, i.e. heart, liver and spleen, was also
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Table 4. Eval of the sep cuts of d d carcass
Genotype
Dressed carcass
cuts GL (A) GL x OD (B) (M x GL) x OD (C) F- test
(n=6) (n=6) (n=6)
Leg (kg) % 3.92 3.98 4.00 0.06
55 0.116 0.187 0.130
Leg (%) x 32.88 32.77 3223 0.80
sz 0.524 0.199 0.377
Rib (kg) % 0.94 0.92 0.83 1.17
5z 0.049 0.066 0.024
Rib (%) X 7.80°¢ 7.48 6.72* 6.44%*
53 0.282 0.227 0.114
Loin (kg) X 1.10 1.07 1.03 0.42
Sz 0.064 0.074 0.042
Loin (%) % 920°¢ 8.74 8.25° 4.52%
Sz 0273 0.212 0.173
Rack (kg) b 228 224 2.20 0.19
S5 0.088 0.106 0.095
Rack (%) z 19.05 € 18.44° 17.66 Ab 11.81**
s 0.292 0.125 0.150
Middle neck (kg) X 0.96 1.00 1.02 0.35
Sz 0.044 0.056 0.053
Middle neck (%) X 8.03 8.22 820 042
53 0.196 0.121 0.166
Flank (kg) 5 4 2.00¢ 224 2,564 7.79**
55 0.096 0.116 0.086
Flank (%) ¥ 16.72B¢€ 18.40AC 20.62A8 51.59*+
5z 0339 0.245 0.339
Scrag (kg) b3 0.76 0.72 0.79 0.79
S; 0.026 0.029 0.055
Scrag (%) x 6.31 594 6.32 1.01
s 0.152 0.242 0.242
*a,bc =P<005

**A,B,C=P< 0.01

determined and the differences between the genotypes
were not statistically significant. The average weight of
the heart was highest in the GL x OD genotype (0.193 kg)
while the highest average weight of the liver and spleen
was found in the genotype GL (0.462 kg and 0.063 kg,
respectively). The highest average weight of the testicles
was found in the (M x GL) x OD ram lambs (0.114 kg)
while the average testicle weight of the other two geno-
types was insignificantly lower (0.094 kg and 0.078 kg
for GL x OD and GL, respectively).

Table 4 shows the average weights, or the average pro-
portions, of the cuts of the dressed carcass of all three
genotypes. Depending on the genotype, the average
weight of the leg ranged between 3.92 kg and 4.00 kg.
The average proportion of the leg was highest in the GL
genotype (32.88%), in GL x OD and (M x GL) x OD it
was 32.77% and 32.23%, respectively, i.e. the values low-
er than those reported by Craplet and Thibier (1980) and
Kuchtik et al. (1997) but the same as in Gut (1991). The

444

GL genotype was found to have the highest average
weight and/or proportion of the rib (0.94 kg and 7.80%,
respectively) and (M x GL) x OD the lowest (0.83 kg
and 6.72%, respectively); the difference in the average
proportions between these two groups was statistically
significant (P < 0.05). In the GL x OD ram lambs the
average proportion of the rib was 7.48%. The highest
average weight or average proportion of the loin, like
those of the rib, was found in the GL genotype (1.10 kg
and 9.20%, respectively) and the lowest in the group
(M x GL) x OD (1.03 kg and 8.25%, respectively). The
difference in the average proportions of the loin between
these two genotypes was statistically significant (P <0.05).
The respective values for the GL x OD ram lambs were
1.07 kg and 8.74%.

Although the average weight of the rack of all three
genotypes was the same (i.e. 2.28 kg, 2.24 kg and 2.20 kg
for GL, GL x OD and (M x GL) x OD, respectively), the
difference in the average proportion between GL
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Table 5. Evaluation of the tissues in the right leg
Genotype
F- test
Tissue Average GL (A) GL x OD (B) (M x GL) x OD (C)
m=18) (n=6) (n=6) (n=6)
Muscle (kg) x 1.30 1.27 1.34 1.29 0.64
5 0.028 0.034 0.064 0.048
Muscle (%) X 65.65 64.66 8 67.60 AC 64.68 B 13.27%*
S 0.419 0.526 0.337 0.508
Bones (kg) X 0.55 0.55 0.54 0.55 0.03
53 0.011 0.022 0.026 0.009
Bones (%) X 27.60 2797 2727 27.57 0.44
55 0.296 0.363 0.326 0.780
Fat (kg) X 0.13 0.15® 0.10 2¢ 0.16° 7.10%*
85 0.081 0.010 0.011 0.011
Fat (%) b3 6.75 7378 5.13AC 7758 11.95%*
s; 0.358 0.288 0.554 0.338
*a,b,c =P< 005
**A B,C=P< 0.0l
Table 6. Evaluation of the tissues in the right rack
Genotype
F- test
Tissue Average GL (A) GL x OD (B) (M x GL) x OD (C)
(n=18) (n=6) (n=6) n=6)
Muscle (kg) x 0.73 0.73 0.75 0.71 033
S5 0.018 0.026 0.034 0.036
Mauscle (%) z 6521 64.44° 66.65* 64.54 4.85*
S5 0.395 0.575 0.566 0.562
Bones (kg) % 0.31 0.32 0.31 0.31 031
s 0.008 0.016 0.018 0.009
Bones (%) X 2798 2827 27.54 28.11 0.44
5z 0.323 0.423 0.588 0.697
Fat (kg) x 0.08 0.08 0.07 0.08 233
55 0.004 0.006 0.006 0.007
Fat (%) X 6.81 7.28 5.80 735 3.41
Sz 0310 0.432 0.552 0.427
*a,b,c=P<005

(19.05%) and (M x GL) x OD (17.66%) was statistically
highly significant (P < 0.01) and between GL x OD
(18.44%) and (M x GL) x OD (17.66%) statistically sig-
nificant (P £ 0.05). The average proportions of the rack
found in the present study are lower than those reported
by Perret et al. (1986), but comparable with data report-
ed by Fantova and Cislikovsk4 (1991) and Ochodnick4
et al. (1992) in their genotypes.

The differences in the average weight and average pro-
portion of the middle neck and scrag between the geno-
types were not statistically significant. The average
proportion of the middle neck was highest in the GL x
OD genotype and lowest in GL (i.e. 8.22% and 8.03%,

respectively). The proportion of the scrag in the GL,
GL x OD and (M x GL) x OD genotypes was 6.31%,
5.94% and 6.32%, respectively. The highest average
weight and proportion of the flank were found in (M x GL)
x OD (2.56 kg and 20.62%, respectively); the differenc-
es from the average weight in the genotype GL (2.00 kg),
and from the average proportions of the flank in GL and
in GL x OD (16.72% and 18.40%) were statistically high-
ly significant (P < 0.01). The difference in the average
proportion of the flank between the GL and GL x OD
groups was also statistically highly significant (P < 0.01).

We can conclude from the evaluation of tissue pro-
portions in the right leg (Table 5) and tissue proportions
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in the right rack (Table 6) that in both cases the highest
proportions of the muscle were reported in the GL x OD
group (67.60% and 66.65%, respectively); the differences
in the muscle proportion in the leg between GL (64.66%)
and (M x GL) x OD (64.68%) were statistically highly
significant (P < 0.01). The difference in the average pro-
portions of rack muscle between GL x OD and GL
(64.44%) was statistically significant (P < 0.05). The
proportions of leg muscle found in the present study
ranged between 64.66% and 67.60%, depending on the
respective genotype, and are higher than those reported
by Sanz et al. (1995), but lower than the data of Tafta
and Murat (1997). As for the average weights and aver-
age proportions of the bone tissue in these two cuts, no
statistically significant differences between the groups
were found. The average bone proportions of both the
right leg and the right rack were lowest in the GL x OD
group (27.27% and 27.54%, respectively), in both cases
the highest average proportion of the bones was observed
in the GL group (27.97% and 28.27%).

Investigations of the average proportion of fat showed
that the GL x OD group had the lowest, that means the
most favourable proportions of fat in the right leg and
right rack, (i.e. 5.13% and 5.80%, respectively), and the
group (M x GL) x OD the highest, i.e. 7.75% and 7.35%,
respectively. The values for the genotype GL were the same
as for (M x GL) x OD in both cases, i.e. 7.37% and 7.28%.
Statistically highly significant differences (P < 0.01) in
the average proportions of fat in the right leg were found
between GL x OD and (M x GL) x OD and between
GL x OD and GL. As for the right rack, no statistically
significant difference was determined between the geno-
types although the differences between GL x OD and

Table 7. Evaluation of the basic quality parameters of the m. triceps brachii

(M x GL) x OD and between GL x OD and GL were on
the margin of significance. The average proportions of
fat in the leg and rack in all three genotypes were lower
than those reported by Sanz et al. (1995) and Ochod-
nicka et al. (1992); on the other hand, the data reported
by Gajdo3ik and Morav¢ik (1993) on the average pro-
portions of fat both in the rack and in the leg in their
genotypes were lower than our data.

Table 7 shows the evaluation of the basic quality pa-
rameters by the analysis of the musculus triceps brachii.
The average proportions of dry matter were the same in
all three genotypes, ranging between 23.52% and 23.60%.
The average contents of dry matter in all three genotypes
were the same as the values reported by Lawrie (1979),
but lower than the data of Fantové and Cislikovsk4
(1991). The content of intramuscular fat ranged between
2.54% and 3.56%, it was lowest in GL and highest in
(M x GL) x OD, the difference between these groups be-
ing statistically significant (P < 0.05). The average con-
tent of intramuscular fat in GL (2.54%) corresponds with
the value given by Heylen ez al. (1997). The average pro-
tein content was highest in GL (19.39%), the values in
GL x OD and (M x GL) x OD were insignificantly low-
er (18.96% and 18.79%, respectively). The average pro-
tein content in all three genotypes found by the authors
of this paper is lower than the data reported by Swartvagh-
erova et al. (1996) and Slan4 et al. (1980).

The (M x GL) x OD group had the lowest ash content
(0.97%), and GL the highest (1.05%), the difference be-
tween these two groups was statistically significant (P <
0.05). The average ash content in GL x OD was 1.00%, and
is higher than the value reported by Lawrie (1979) for
the rack. Based on the evaluation of the average energy

Genotype
Characteristic Average GL (A) GL x OD (B) (M xGL) xOD (C) Foas
(n=18) (n=6) (n=6) (n=6)
Dry matter (%) x 23.55 23.52 23.52 23.60 0.02
s 0.201 0.313 0.442 0.346
Intramuscular fat (%) X 311 2.54°¢ 324 3.56* 5.97+
Sz 0.156 0.233 0.209 0.200
Protein (%) X 19.05 19.39 18.96 18.79 0.44
S5 0.258 0.233 0.706 0.298
N-content (%) X 3.04 3.10 3.03 3.01 0.44
sz 0.041 0.037 0.112 0.047
Ash (%) X 1.00 1.05¢ 1.00 097® 6.42%*
s 0.012 0.020 0.006 0.020
Energy value in the original 3 529.96 522.85 515.05 549.47 2.16
matter (kJ/100 g) 5 7.588 9.714 15.709 11.833
*a,b,c =P<0.05

**A,B,C=P<0.01

446



Czech J. Anim. Sci., 46, 2001 (10): 439448 Original Paper
Table 8. Evaluation of the other quality parameters of the m. triceps brachii
Genotype
Characteristic Average GL(A) GL x OD (B) MxGLxoD©)
(n=18) (n=6) (n=6) (n=6)
Myoglobin X 1.48 1.33 1.59 1.50 0.89
(mg in 1 g of muscle) S5 0.082 0.135 0.162 0.129
Water holding capacity (%) X 445 438b 5.421€ 3558 14.20%*
s 0.229 0332 0.237 0.138
Reflectance X 7.17 7.68 6.92 6.90 332
5 0.161 0.224 0.241 0.269
Hydroxyproline x 0.24 0.22 0.24 0.25 0.75
(mg in 100 g of muscle) 52 0.012 0.021 0.023 0.017
Collagen (mg in 100 g muscle) X 1.78 1.63 1.84 1.88 0.75
S 0.088 0.157 0.175 0.129
Elastin (mg in 100 g of muscle) x 0.33 0.31 0.35 0.35 0.75
s 0.016 0.029 0.033 0.024
Connective tissue X 212 1.94 2.19 223 0.75
(mg in 100 g of muscle) S5 0.104 0.186 0.207 0.153
*abc =P<005
**A,B,C=P<00l
value in the original matter, ranging between 515.05and CONCLUSION

549.47 kJ/100 g, no statistical differences between the
genotypes were found. The values found in the GL and
GL x OD groups were basically the same (522.85 and
515.05 kJ/100 g, respectively), in (M x GL) x OD it was
549.47 kJ/100 g.

Table 8 gives the results of evaluation of the other qual-
ity parameters showing that the highest level of myoglo-
bin was found in the GL x OD group (1.59 mg in 1 g of
muscle) and the lowest in GL (1.33 mg in 1 g of muscle).
The differences between the groups were not statistical-
ly significant. On the other hand, a statistically highly
significant difference (P < 0.01) was found in the aver-
age water-holding capacity between the groups GL x OD
and (M x GL) x OD (i.e. 5.42% and 3.55%), and a statis-
tically significant difference (P < 0.05) between GL and
GL x OD (4.38% and 5.42%). The highest value of re-
flectance, i.e. the lightest muscle, was found in the group
GL (7.68); GL x OD and (M x GL) x OD showed the same
values (i.e. 6.92 and 6.90, respectively). The average lev-
els of hydroxyproline, a parameter of the content of con-
nective tissue in the muscle, were the same in GL x OD
and (M x GL) x OD (0.24 and 0.25 mg in 100 g of mus-
cle, respectively). This content was lowest in the GL
group (0.22 mg in 100 g of muscle), but no significant
effect of the genotype on this parameter was observed.
Table 8 shows that the level of hydroxyproline found in
the present paper was subsequently reflected in the weight
of collagen, elastin and connective tissue; no statistical-
ly significant effect of the genotypes on the level of these
substances was found.

Based on the estimations of growth ability, the effect
of the fathers of the Oxford Down meat breed was proved.
The growth of the (M x GL) x OD ram lambs was the
most intensive, the growth of the GL x OD and (M x GL)
x OD ewe lambs was found to be the same. As indicated
by the basic parameters of carcass analyses, no significant
effect of the respective genotypes on these parameters was
observed. However, the estimation of the proportions of
valuable parts of dressed carcass indicated that the GL
genotype had the highest proportions of leg, rib, loin and
rack. Estimations of the proportions of the respective tis-
sue in the right leg and right rack showed the highest
proportion of muscle and the lowest proportion of fat in
the GL x OD genotype while the values in the genotypes
GL and (M x GL) x OD were the same. Analyses of the
basic quality parameters showed the lowest proportion
of intramuscular fat and the highest proportion of pro-
tein and ash in the GL genotype.
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The effect of age of pre-ruminant calves on digestibility
of organic nutrients and nitrogen retention

Vliv véku telat na stravitelnost organickych Zivin a retenci dusiku

D. VrzaLovA', J. ZELENKA?, M. SusTaLA', E. FAIMONOVA®

| Research Institute of Animal Nutrition, Ltd., Pohorelice, Czech Republic
2Mendel University of Agriculture and Forestry, Brno, Czech Republic

ABSTRACT: Apparent digestibility of organic nutrients and nitrogen retention were studied in 23 three-day balance periods
with five male calves of Czech Red Pied breed at the age of 9 to 91 days. Animals were fed on milk replacer ad semi-libitum. The
digestibility and nitrogen retention were determined using the chromic oxide indicator method. The average values of digestibi-
lity were as follows: crude protein (CP) 0.642 + 0.0162, crude fat (CF) 0.776 + 0.0104, nitrogen-free extract (NFE) 0.940 + 0.0027.
Digestibility of nutrients under study changed highly significantly (P < 0.01) with the age of calves. The dependence of determi-
ned values on age was expressed by the 2nd degree parabola equations with the maximum values on Days 62, 67 and 74 for CF,
NFE and CP, respectively. The most marked increase was observed in the first weeks of experiment. Percentage of nitrogen
retention changed highly significantly (P < 0.01) with age and the dependences expressed by the concave parabola equation
achieved their maxima on Days 81 and 63 for nitrogen consumed and digested, respectively.

Keywords: calves; effect of age; digestibility of organic nutrients; nitrogen retention

ABSTRAKT: Vliv véku na bilan¢ni stravitelnost organickych Zivin a na retenci dusiku byl sledovan u péti by¢ki Ceského
strakatého plemene od 9. do 91. dne véku. Telata byla krmena mléénou krmnou smési ad semi-libitum. Stravitelnost byla zji§-
tovana indikatorovou metodou s oxidem chromitym ve 23 tfidennich bilanénich periodach. V pokusu byla zjisténa primérma
stravitelnost dusikatych latek 0,642 + 0,0162, tuku 0,776 + 0,0104 a bezdusikatych latek vytazkovych 0,940 + 0,0027. Stravi-
telnost v3ech sledovanych Zivin se s vékem telat vysoce pritkazné ménila (P < 0,01). Zavislost koeficientli stravitelnosti tuku,
bezdusikatych latek vytazkovych a dusikatych latek na véku byla vyjadfena parabolami 2. stupné s maximem v 62., 67. a 74.
dni véku. Nejvyraznéj$i vzestup byl pozorovén v prvnich tydnech pokusu. Také vyuZiti dusikatych latek se vysoce pritkazné
ménilo (P < 0,01); konkavni parabola vyjadtujici zavislost retence pfijatého dusiku dosahla maxima 81. den a dusiku stravené-
ho 63. den Zivota.

Kli¢ova slova: telata; vliv v&ku; stravitelnost organickych Zivin; retence dusiku

INTRODUCTION fat equal to 0.84 and 0.87, respectively. Vajda (1991) es-

timated apparent digestibility of nutrients in healthy

Digestibility is influenced by many factors and chang-
es with the age of animals. Enzymatic secretion in the
calf’s immature digestive system is limited up to one
month of age, restricting digestion of carbohydrates, fat
and protein. After three weeks of age most calves digest-
ed relatively well all types of milk substitutes (Longen-
bach and Heinrichs, 1998). Cruywagen er al. (1990)
found in two-to-four day old calves fed a milk replacer
the values of apparent digestibility of crude protein and

calves and compared the measured values with data ob-
tained in animals suffering from diarrhoea at the age of
two and three weeks. The apparent digestibility of crude
protein in healthy calves was found to be 0.935, fat 0.949
and carbohydrates 0.972. Edwards and Barre (1977)
found that the respective values of carbohydrate digest-
ibility were 0.819-0.888 and 0.857-0.928 at 4-5 and 9-
10 weeks of age.
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Guilloteau et al. (1986) recorded the values of nitro-
gen digestibility in the terminal ileum of calves to be 0.92—
0.94, 0.83-0.87 and 0.75-0.88 with skim-milk powder
protein, fish and soybean diets, respectively. Tukur et al.
(1995) compared the effect of protein source in milk sub-
stitute on the apparent nitrogen digestibility in calves.
They determined the values 0.86, 0.88 and 0.95 for milk
replacer with soybean, lupine and only skim milk pro-
tein, respectively. Lalles et al. (1996) determined the ap-
parent digestibility of soybean protein between 0.59 and
0.84 in pre-ruminant calves. Ulbrich ef al. (1987) found
out that digestibility of crude fat in calves fed on the whole
milk was 0.91 and only 0.66 to 0.70 in calves fed on dif-
ferent fat mixtures added to milk replacer.

Terosky et al. (1997) administered to calves diets vary-
ing in the ratio of dried skim milk to whey protein con-
centrates during Weeks 2, 4, 6, and 8 and they found out
that apparent digestibility of crude protein increased with
age.

Akinyele and Harshbarger (1983) determined in two
experiments with calves at the age of 10 to 15 days the
following values of apparent digestibility for milk pro-
tein and soybean protein concentrate replacers: crude
protein 0.805-0.901 and 0.566-0.572, crude fat 0.815—
0.889 and 0.550-0.559, respectively. At the age of 30 to
35 days, a significant improvement was observed both
for crude protein (0.929-0.952 and 0.633-0.818) and for
crude fat (0.961- 0.975 and 0.761-0.906, respectively).
Experiments of Bedd (1980) confirmed that the amount
of consumed crude fat influenced markedly the digest-
ibility of the crude fat. The values of digestibility were
estimated at the age of 3, 5, 7, 9 and 11 weeks. At a con-
stant daily dose of 139 or 208 g of fat the values record-
ed at the age of 5 and 7 weeks were practically the same
and thereafter began to decrease. At the daily dose of
307 g, the digestibility increased up to the age of 7 weeks
and thereafter began to decrease. Spanski ez al. (1997)
determined apparent digestibility of nutrients in calves
at 6, 8 and 10 weeks of age. Digestibility of crude pro-
tein increased highly significantly with the age while the
digestibility of ether extract did not change significantly.
Retained nitrogen, expressed as a percentage of nitrogen
intake, also increased linearly with age (26.7, 29.4, and
35.1 for Weeks 6, 8 and 10, respectively).

The objective of this experiment was to determine how
the digestibility of organic nutrients and nitrogen reten-
tion varied during the period of fattening of pre-rumi-
nant calves. Until now, the studies on nutrient digestibility
have been performed only several times within the first
months of age and the intervals between individual esti-
mations were relatively long (Edwards and Barre, 1977;
Bedd, 1980; Akinyele and Harshbarger, 1983; Terosky
et al., 1997; Spanski et al., 1997). For an exact evalua-
tion of the effect of age it is necessary to make a great
number of metabolic experiments in short time intervals
during a longer period of life.

450

MATERIAL AND METHODS

The effect of age on apparent digestibility of organic
nutrients and nitrogen retention were studied within
23 three-day balance periods from Day 9 of age to Day
91 using five male calves of Czech Red Pied breed.

Calves were fed on a practical-type commercial milk
replacer containing spray-dried skim milk, buttermilk and
whey, soybean-protein concentrate HP 100, lard and feed
additive premix with addition of 5% of wheat starch. Milk
replacer containing 206 g crude protein, 154 g crude fat,
and 558 g nitrogen-free extract per 1 kg of dry matter
was supplied ad semi-libitum three times a day.

Digestibility and retention of nitrogen were estimated
using the chromic oxide indicator method. The faeces
were collected every 24 h and samples were prepared
from the pooled excrements collected within a period of
3 days. In all the three-day balance periods it proceeded
one 24-h period in which the urine was quantitatively
collected.

The content of crude protein in feed, freeze-dried faeces
and urine was estimated using the Kjeldahl method, crude
fat content was determined by extraction with diethyl-
ether and content of NFE was calculated using analyti-
cal data (Decree No. 222/1996 of the Czech Ministry of
Agriculture). The content of chromic oxide was deter-
mined by means of the atomic absorption spectropho-
tometry (Williams et al., 1962).

This experiment was the same as that in which the ef-
fect of age of calves on starch digestibility was studied
(Vrzalové and Zelenka, 2001). For details about the ma-
terials and methods see the paper mentioned above.

The regression analysis of determined values was per-
formed according to Snedecor and Cochran (1967).

RESULTS AND DISCUSSION

The dependence of the body weight of calves in kg
(W) on age in days (f) was expressed by the exponential
function (Brody, 1945)

W= 40.7 x 001121
(r=0.994; P <0.01; e = base of natural logarithms)

and the dependence of dry matter intake in kg on age

W=0.448 x 01947 (, = 0.969; P < 0.01)

In the first balance period one calf suffered from diar-
rhoea and for that reason the measured values were not
included in this analysis. The average values of digest-
ibility of crude protein (CP), crude fat (CF) and nitrogen
free extract (NFE) in the trial were 0.642 +0.0162, 0.776
+ 0.0104 and 0.940 + 0.0027 (mean =+ standard error of
the mean, n = 114), respectively.

The digestibility of all nutrients under study varied with
the age. The dependence of determined values (¥) on age
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Table 1. Effect of age on the apparent digestibility of nutrients
Calfno. Mean * standard Ihtietec
error of the mean 4 b & - P Tt ¥
Digestibility of crude protein
1 0.661 +0.0375 0.132 0.0187 —0.00013625 0.730 <0.05 68.8 0.776
2 0.707 + 0.0201 0.382 0.0125 -0.00010023 0.813 <0.01 62.6 0.774
3 0.570 + 0,0445 -0.041 0.0210 ~0.00014040 0.890 <0.01 74.8 0.745
4 0.652 = 0.0326 0.408 0.0048** - 0.721 >0.05 - -
5 0.624 +0.0373 0.119 0.0155 -0.00009178 0.851 <0.05 84.6 0.776
1-5 0.642 + 0.0162 0.151 0.0167 -0.00011393 0.771 <0.01 73.3 0.763
Digestibility of crude fat
1 0.779 = 0.0238 0.669 0.0021* - 0.446 >0.05 - -
2 0.705 + 0.0265 0.611 0.0019 B 0.348 >0.05 - -
3 0.805 +0.0135 0.641 0.0072 -0.00006401 0.615 <0.05 56.3 0.844
4 0.794 = 0.0238 0.406 0.0154 -0.00012680 0.741 <0.01 60.8 0.874
5 0.792 = 0.0220 0.435 0.0139 -0.00011302 0.774 <0.01 61.7 0.865
1-5 0.776 + 0.0104 0.508 0.0105 —0.00008465 0.554 <0.01 61.9 0.832
Digestibility of nitrogen-free extract
1 0.943 + 0.0079 0.839 0.0042 -0.00003468 0.591 <0.05 60.2 0.965
2 0.956 + 0.0029 0.912 0.0017 -0.00001313 0.779 <0.01 63.7 0.965
3 0.926 = 0.0073 0.837 0.0034 -0.00002583 0.700 <0.05 65.4 0.947
4 0.931 £ 0.0048 0.859 0.0026 —0.00001875 0.774 <0.05 68.5 0.947
5 0.947 + 0.0031 0.923 0.0005** - 0.752 >0.05 - -
1-5 0.940 £ 0.0027 0.872 0.0025 -0.00001870 0.587 <0.01 66.7 0.955
X = age in days r = correlation coefTicients

) 4 = apparent digestibility of CP
a, b, c = parameters of equation

of calves in days (X) within the period of Day 9 to Day
91 was expressed by means of linear regression equa-
tions and the 2nd degree parabola equations. The reduc-
tion in the sum of squares of deviations was tested against
the mean square remaining after curvilinear regression
by F-test (Snedecor and Cochran, 1967). In case that the
reduction is significant, parameters a, b and c of parabo-
la equation are included in Table 1. If the deviation from
linearity is insignificant, Table 1 contains parameters a
and b of linear regression.

When the dependence of CP digestibility on age was
expressed by linear regression, the values highly signifi-
cantly (P < 0.01) increased in all calves similarly like in
experiments of Akinyele and Harshbarger (1983), Span-
ski et al. (1997) and Terosky et al. (1997). In four ani-
mals the dependence was significantly precisely described
by the concave parabola equation (Table 1). When the
values measured in all calves were involved, the apparent
CP digestibility varied within the period of Day 9 to Day 91
highly significantly (P < 0.01) according to the parabola
equation with the maximum on Day 74 (Figure 1).

P = significance of the deviation from linearity
significance of linear regression *P < 0.05, **P < 0.01

We observed lower coefficients of CP digestibility than
Cruywagen (1990), Vajda (1991), and Tukur ez al. (1995).
This could be caused by a relatively high content of soy-
bean protein in the milk replacer used in our experiment
(Guilloteau, 1986; Lalles et al., 1996). With the increas-
ing age calves are able to use soybean-based replacers
more effectively (Akinyele and Harshbarger, 1983).

Similarly like in experiments performed by Longen-
bach and Heinrichs (1988) the most marked increase in
CP digestibility was observed in the first weeks of ob-
servation. In the period of Day 9 to Day 28 the depen-
dence on age was expressed by the equation

Y =-0.058 + 0.0247 X; r = 0.647; P < 0.01

i.e. the increase was 2.47 per cent per day.

Within the period of Day 9 to Day 91, crude fat digest-
ibility changed with increasing age in accordance with
the linear equation

Y=0.677 +0.0020 X; r = 0.412; P < 0.01
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and the parabola equation with the maximum on Day 62
(Figure 2). The deviation from linearity was highly
significant (P < 0.01). Lower fat digestibility could be
associated with contents of soybean and added fat in milk
replacer (Akinyele and Harshbarger, 1983; Ulbrich ez al.,
1987; Bedo, 1980).

In the period of Days 9 to 28 a significant (P < 0.05)
daily increase in fat digestibility by 0.0129 was recorded
(Figure 2). An increase in fat digestibility observed within
the first weeks of age corresponded with data recorded
by Akinyele and Harshbarger (1983) while its later
decrease corroborated the conclusions published by Bedo
(1980).

In all calves the NFE digestibility increased signifi-
cantly (P < 0.01); in four of them the deviation from lin-
earity was significant. When including the values
measured in all animals, the dependence of apparent NFE
digestibility on age in days increased within the period
of Days 9 to 91 in accordance with the linear equation

Y=0.910 + 0.0006 X; r = 0.495; P < 0.01

and the parabola equation with the maximum on Day 67
(Table 1). Changes associated with age were similar to

Y=0.420 + 0.0129x
r=0.420; P <0.05 °

1.00 1

Digestibility
=}
o
S

0.40 1

0.20 T T T

those observed in experiments performed by Edwards and
Barre (1977).

The quantitative urine collection in the 1st balance pe-
riod was unsuccessful because of technical reasons. Re-
tention of nitrogen significantly (P < 0.01) increased with
age. The correlation with the age within the period of
Days 12 to 91 was expressed by means of linear regres-
sion equations

Y=0.362 + 0.0048 X; r = 0.721; P < 0.01 and
Y=0.712 + 0.0035 X; r = 0.343; P < 0.01

for the retention of consumed and digested nitrogen,
respectively. Changes occurring with age were more
accurately (P < 0.01) described by means of parabolas

Y=0.165 + 0.0139 X - 0.000087 X% r = 0.766;
P <0.01; Xextr. = 80.1; Yextr. = 0.723 and

¥=0.333 +0.0210 X - 0.000167 Xz; r=0.474;
P <0.01; Xextr, = 62.8; Yexer. = 0.993, resp.

Y= 0.508 + 0.0105X - 0.00008465X>
r=0.554; P<0.01

40 60
Age in days
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On average, the calves retained 0.615 £ 0.0142 of con-
sumed and 0.895 + 0.0215 of digested nitrogen. Chang-
es in the retention of consumed nitrogen occurring with
increasing age were similar to those observed by Spans-
ki et al. (1997); their absolute values were, however, high-
er in our experiment. Changes in the retention of digested
nitrogen were smaller, their variability was lower and the
maximum value was reached earlier than that of con-
sumed nitrogen.
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Effect of different ways of improvement of feeding rations
for piglets

Vliv riznych zpGsobt upravy krmnych dévek pro selata

M. DoMACINOVIC, Z. STEINER, I. Bogurt, P. Mui¢, D. KRALIK'

University of J. J. Strossmayer in Osijek, Faculty of Agriculture, Osijek, Croatia

ABSTRACT: Because of the specific structure of pigs’ digestive tract, especially in baby pigs, animal feeds must be composed
of highly concentrated digestible nutrients of high quality. There are numerous investigations to find the ways of increasing
nutritive and energetic values of diets for piglets. One of the ways is to include different biostimulative substances in feeding
rations. On the other hand, there is a possibility of preparing some components and complete feeding rations of higher quality.
Since both the previously mentioned ways are scientifically based, the purpose of our investigation was to test the individual
impact of the added enzyme(s) (experimental group I), thermal process of micronization of some feed ingredients in feeding
rations (experimental group III) as well as joint effect of enzymes and thermally processed feed for piglets weanlings (experi-
mental group II). The results of our investigations are as follows: if the quantity of feeding rations was consumed at approxima-
tely the same level in both experimental groups and the control group, better feed conversion was determined in experimental
groups (the best results were obtained in experimental group II, 10% lower than the results obtained in the control group). Daily
weight gain and body weight were also recorded in different phases and the results were better in all three experimental groups.
Piglets from the second experimental group were characterised by the highest body weight, which was statistically significant
(P < 0.05) in relation to experimental group I and the control group. Piglets from the second experimental group were also
characterised by the highest daily weight gain, which was statistically highly significant (P < 0.01) in relation to experimental
group I and the control group. As for the daily weight gain, positive results obtained in the third experimental group were
statistically significant. Along with the positive results in production, a satisfactory health state of piglets should also be stressed.
During our investigations 6 piglets were lost and 3 eliminated, which represents 5.6% of total piglets. Considering the evident
positive effect of the joint impact of the two tested treatments (enzymes and micronization), these ways of treatment of feed
ingredients in piglet feeding rations are justified according to our opinion, and should be used produced and commercially.

Keywords: piglets; enzyme; micronization; cereals

ABSTRAKT: Prasata, zejména selata, maji specifickou stavbu traviciho traktu, proto museji krmiva obsahovat velmi kvalitni,
vysoce koncentrované stravitelné Ziviny. Uskute¢iiuji se mnoha Setfeni ve snaze nalézt zpisoby, jak zvys§it nutriéni a energetic-
kou hodnotu krmiv pro prasata. Jednim ze zplsobi je pfidavek riznych biostimula¢nich latek do krmnych davek. Existuje
viak i moznost pfipravy nékterych komponentii a kompletnich krmnych déavek vy33i kvality. ProtoZe se oba uvedené zpiisoby
opiraji o védecky zéklad, icelem naseho 3etfeni bylo ovéFit vliv pfidavku enzymu (enzymi) (1. pokusna skupina), tepelného
procesu mikronizace nékterych Zivocisnych slozek v krmnych davkach (3. pokusna skupina) a spoledny G&inek enzymi
a tepelné zpracovaného krmiva pro odstav¢ata (2. pokusna skupina). Nase Setfeni prineslo tyto vysledky: jestliZze v obou po-
kusnych skupinach i v kontrolni skupin& byla vy3e spotfeby krmiva pfibliZzn& na stejné trovni, lep3i konverzi krmiva jsme zjis-
tili v pokusnych skupinidch (nejlepsi vysledky jsme zaznamenali ve 2. pokusné skuping, o 10 % niZ3i neZ byly hodnoty
v kontrolni skuping). Denni pfiristek hmotnosti a t&lesnou hmotnost jsme zjistovali v riiznych fazich, lepSich vysledki bylo
dosaZeno ve vech tfech pokusnych skupinach. Selata ve 2. pokusné skupin& méla nejvy3si t&lesnou hmotnost, a to statisticky
vyznamné (P < 0,05), ve srovnéni s 1. pokusnou skupinou a kontrolou. Selata ve 2. pokusné skupiné méla také nejvyssi denni
priristek hmotnosti, opét statisticky vyznamng (P < 0,01) proti 1. pokusné skupin& a kontrole. Kladné vysledky u denniho pri-
ristku hmotnosti ve 3. pokusné skuping byly statisticky vyznamné. Zdravotni stav selat byl uspokojivy. Béhem naeho Setfeni
doslo k uhynu Sesti selat a k vyfazeni tf selat, coz pfedstavuje 5.6 % z celkového pottu selat. Vezmeme-li v ivahu zfejmy
kladny vliv spoleéného {i¢inku obou ovéfovanych zpiisobii (pfidavek enzymil a mikronizace), tyto zpiisoby tipravy krmnych
komponentii do krmnych dévek pro selata jsou dle naseho nézoru opodstatnéné a mély by se komeréné vyrabét a pouzivat.

Kli€ovi slova: selata; enzym; mikronizace; obilniny
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INTRODUCTION

Along with poultry, pig production represents an im-
portant part of livestock production, and it has become
similar to industrial production by some of its character-
istics in terms of technique and technology. Besides dif-
ferent breeds and hybrids, modern pork production is
mostly based on the latest pig hybrids characterised by
improved production performance. In order to obtain
better results, the production performance must be ac-
companied by improvement of some external factors.
Among other things, greatest attention has been paid to
feeding because it produces the most positive effects.

Because of the anatomico-physiological characteristics
of pigs’ digestive tract, especially in piglets, animal feeds
must be composed of highly concentrated digestible nu-
trients of high quality. There are numerous investigations
to find the ways of increasing nutritive and energetic val-
ues of feeding rations for piglets.

One of the ways is to include various biostimulative
substances in pig feed: enzymes are very often used, ei-
ther separately or in form of polyenzymatic preparations.
If an enzyme is added, its concentration in the digestive
tract increases. In this way, the nutrient substances are
digested faster and better.

On the other hand, it is supposed that not all nutrient
substances are acceptable in their original, raw form with
respect to decomposition and resorption in the pig’s di-
gestive tract. Hence, the improvement can be achieved if
either a feed ingredient or a complete ration are of high-
er quality. Our paper reports on the preparation of some
components based on the thermal process of microniza-
tion by which the complex structure of molecules of nu-
trient substances in pig feed is changed in order to
improve the efficiency of digestion of the treated pig feed.

Since both the above-mentioned ways are scientifical-
ly based, the purpose of our investigation was to find out
the following: firstly, to which way of feeding the pig-
lets react better and secondly, whether both simultaneous-
ly applied ways act synergistically on the production
performance in pig-breeding.

The idea of adding some biostimulative substances (en-
zymes) to pig feed is based on the fact that the concen-
tration and activity of digestive enzymes are very low in
the first weeks of piglet life and that their lack in the or-
ganism will be compensated by their addition. At the very
beginning enzyme supplementation was solely applied
in proteolytic (protein-splitting) and amylolytic prepara-
tions, whereas today enzymes are used for the nutritive
purposes in polyenzymic preparations for younger pig-
let categories. The advantage of this complex enzymic
preparation can be seen in the even and synergistic ef-
fects on different nutrient substances of the whole ingest.
In the later development of enzymology an important role
is played by the description of the endosperm’s cell wall
of grains: it is built of non-starch polysaccharides, B-glu-

canases, and pentosans, see Fengler ez al. (1988). As the
piglets, especially weanlings, do not have any enzymes
for the decomposition of non-starch polysaccharides, they
are now added to modern enzymic preparations although
it has been a limiting factor in the consumption of some
cereals for a long time in the case of weaned piglets and
other monogastric animals.

Up to now numerous extensive investigations have
been carried out in relation to the use of both simple and
complex enzymic preparations, a special emphasis should
be laid on some of which — Brown (1989), Deng et al.
(1993), Inborr et al. (1993), Béhme (1990), Danielsen
(1994). The results obtained from the above investiga-
tions show an improvement of the elementary fattening
characteristics in the experimental groups, better feed ef-
ficiency (5—-10%) and higher daily weight gain (7-12%).

There is also another approach how to increase the
nutritive value of (pig) feeding ration: one of the modern
methods for thermal processing of some animal feed in-
gredients or the complete diet can be applied. The most
frequently used ways of thermal processing in practice
are micronization, extruding and toasting, characteristic
of which is the HTST principle (high temperature, short
time). Micronization, as a way of thermal improvement
of animal feeds, has a complex effect. Besides its posi-
tive effect on the nutritive value, micronization inacti-
vates thermally unstable anti-quality components, see
Rotter et al. (1989), Teitge et al. (1991), Poel and Melcion
(1995), and improves the treated animal feed hygienical-
ly, so Kraft (1994). The thermal process of micronization
works on the principle of infrared rays; and it has been
known since 1975, when the first experiment was made
in Finland. Investigations carried out by Schoch and May-
wald (1967) proved that the increased temperature in ani-
mal feeds caused a destruction of the crystalline structure
of starch, the result of which was its gelatinization.

The changed structure of nutrient substances of micron-
ized cereals was tested in many experiments on baby pigs,
see Bekri¢ (1980), Moreira et al. (1994), Lawrence (1973),
Inborr and Ogle (1988). The positive results obtained in
the experimental groups were related to better feed effi-
ciency (8-11%) and higher daily weight gain (5-17%).
Some authors reported better results of fattening perfor-
mance, even in cases of lower feed consumption.

MATERIAL AND METHODS

Our investigation required biological testing on pig-
lets which was conducted on a specialized pig breeding
farm. The forty-three day investigation was done on 160
weanlings that were divided into four groups (40 ani-
mals in each group — Table 1). The experimental wean-
lings were three-breed crosses (Large White x Swedish
Landrace x German Landrace) standardized in weight,
age and sex.
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Table 1. Scheme of the experiment

Groups Experimental group I Experimental group II

Experimental group III Control group

Treatment enzymes in the mixture enzymes + thermally

processed cereals

d 1

thermally p dard mixture

Management in cages was applied in the practical part
of our investigation; there were 10 animals in each cage.
As given in the above table (Table 1), three experimental
groups received partly modified mixtures (diets), where-
as the control group was fed a strandardized mixture
(diet). The polyenzymic preparation Polizym® produced
by “Krka”, Novo Mesto (Slovenia) was added to the mix-
tures in the first and second group. According to the pro-
ducer’s instruction, the portion of enzymes in the
experimental mixtures was 0.1%. The second way of feed
treatment, thermal processing, was applied through mi-
cronization of maize and barley in the experimental mix-
tures. Cereals were treated thermally for 60 seconds and
the temperature in a micronizer reached 110°C.

The choice as well as the portion of some diets in ex-
perimental groups and in the control group were the same.
Table 2 shows the formulation of feed mixtures (in terms
of ingredients and chemical composition). Chemical anal-

Table 2. Feed mi formulation (ingredients and chemical composition
in %)
Feed ingredient (%) Starter Grower
Maize 235 242
Barley 245 35
Feeding flour 6 5
Dehydrated alfalfa 2 3
Soybean grits 14 15.5
Sunflower grits 7 5
Fish meal 3 4
Powdered milk 11 -
Oil meal 4 35
Limestone 22 2.0
Phosphonal 2.0 2.0
Salt 03 0.3
VAM + enzyme 0.5 0.5
Chemical composition (%)
Crude protein 20.09 18.00
Crude oil 6.19 5.62
Crude fibre 5.32 5.78
Lysine 1.10 0.92
Methionine + Cystein 0.60 0.61
Tryptophan 0.25 0.22
Ca 1.25 1.09
P 0.92 0.83
ME ( MJ/kg) 13.10 12.75
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ysis of the proportions of nutrient substances in mixtures
was done by usual chemical methods (AOAC, 1960). Pig-
lets had a free choice of feed and water during the inves-
tigation.

Every day individual body weight and daily weight gain
were recorded in each group for every phase. Besides,
records of feed consumption were also kept, according
to which consumption per feeding day as well as con-
sumption per kg of daily weight gain were calculated.

The results were processed on PC and SPSS for Win-
dows was applied. In order to establish whether there are
any statistically significant differences between arithmetic
means of the investigated characteristics, Student’s -test
was used.

RESULTS AND DISCUSSION

The growth of piglet body weight was recorded on the
grounds of individual control weighing both at the be-
ginning and at the end of each phase. Table 3 shows that
at the beginning of the investigation piglets were of stan-
dardized weight in all groups. At the end of the starter
phase an increase of body weight was characteristic of
all three experimental groups. It was statistically signifi-
cant at the level (P < 0.05) between experimental groups
1T and I as well as between experimental group II and the
control group. Similarly like in the previous phase, in
the grower phase the body weight of piglets in experi-
mental groups was higher and the best results were ob-
tained in experimental group II. Statistically significant
differences at level (P < 0.05) were determined between
experimental group II and the control group as well as
between experimental groups I and II. A positive effect
on body weight observed in experimental groups I and
IIT was expected and it corresponds to that obtained by
Beri¢ ef al. (1993), Inborr and Ogle (1988). Quantita-
tively speaking, the best result concerning body weight
obtained in experimental group II is due to the fact that
forage mixture was improved by addition of enzymes and
by micronization.

Table 4 shows daily weight gains of piglets according
to the phases of our investigation. During the starter phase
average daily weight gains were higher in experimental
groups, whereas significant differences at level (P < 0.05)
were established between experimental groups I and IT
as well as between experimental group II and the control
group. The best results in daily weight gain were obtained
in the second experimental group, which was statistical-
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Table 3. Body weight of piglets in different phases of our investigation (kg)

Experimental group

Groups Control group
I 11 111
Beginning of X 9.03 9.03 9.02 9.02
tigat
SR sd 0.92 0.98 112 119
kv 10.19 10.85 12.42 13.19
End of starter z 17.91 18.96 18.53 17.53
phase
sd 1.85 233 221 2.76
kv 10.33 12.29 11.93 15.74
14,4 %
Elrlxd of grower X 24.41 25.94 25.19 23.90
B sd 2.74 3.00 2.71 402
kv 11.22 11.91 10.76 16.82
1*, 4*
*P<0.05
Table 4. Daily weight gains of piglets in different phases of our investigation (g)
Experimental group
Groups Control group
1 11 m
Starter phase X 294 329 317 285
sd 53.74 66.12 54.53 79.55
kv 18.28 20.09 17.20 27.91
1“‘ 4" l" 4'
Grower phase X 504 532 516 489
sd 120.4 139.8 103.7 151.1
kv 23.88 26.28 20.09 30.89
Starter + grower X 358 392 377 345
phases
sd 61.62 69.18 54.09 84.40
kv 17.21 17.64 14.34 24.46
1 l‘ 4“ 4‘
* P<0.05
** P<0.01

ly highly significant (P < 0.01) in comparison with ex-
perimental group I and the control group. As for the sec-
ond phase of our investigation, the results obtained in
experimental groups in relation to daily weight gain were
also better, but the differences were not statistically sig-
nificant (P < 0.05). If the results concerning daily weight
gain and those obtained during both phases are to be in-
terpreted as a whole, it may be said that group II achieved
the best results, which was significant (P < 0.05) with
regard to experimental group I and highly significant
(P < 0.01) in relation to the control group. During the
whole breeding period statistically significant weight gain
was achieved in experimental group III in relation to the
control group. Higher daily weight gain in experimental
groups is a result of the expected positive effect of the
individual impact of added enzymes to the first group and

the process of micronization in the third group. Of con-
siderable importance is daily weight gain in experimen-
tal group II: the biological test proved our presumption
of the possible synergistic effect of enzymes and thermal
treatment of feed. The results of daily weight gain ob-
tained in experimental groups are consistent with those
from previous investigations done by Adams (1989),
Beri¢ (1993), Danielsen (1994) on polyenzymic prepa-
rations and by Lawrence (1973) and Bekri¢ (1980) on
micronized maize.

In our investigation feed conversion plays an impor-
tant role because the tested treatments should increase
digestibility of some ingredients and the complete feed-
ing ration. As shown in Table 5, feed conversion in the
starter phase was significantly improved in experimental
groups (in the second experimental group even 13.2%
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Table 5. Feed conversion (kg/kg)

Experimental group

Groups Control group
1 I 1
Starter phase kg/kg 1.52 1.38 1.42 1.59
% 95.6 86.8 89.3 100.0
Grower phase ke/kg 2.35 2.21 2.28 241
% 97.5 91.7 94.6 100.0
Starter + grower kg/kg 1.93 1.80 1.85 2.00
phiascs % 9.5 90.0 92.5 100.0
Table 6. Daily feed consumption (kg)
Experimental group
Groups Control group
I 1 11
Starter phase kg 0.448 0.445 0.458 0.448
% 100.0 99.3 102.2 100.0
Grower phase kg 1.18 1.16 1.17 118
% 100.0 98.3 99.2 100.0
Starter + grower kg 0.814 0.802 0.812 0.814
phases
% 100.0 98.5 99.7 100.0

higher than in the control group). In the grower phase,
experimental groups were characterised by lower feed
conversion (the lowest in the second experimental group).
If the breeding period were not divided into the above-
mentioned phases, but seen as a whole, feed conversion
was the lowest in experimental group II, which is even
10% better than in the control group.

Significantly lower feed conversion is the result of an
improved diet preparation for experimental groups, es-
pecially for the second experimental group (both treat-
ments were applied to feed preparation). Our results agree
with those obtained by Deng et al. (1993) and Lawrence
(1973), since they also recorded better feed conversion
by 8.2% and 8.0%, respectively, when the influence of
individual enzymes or micronization was evaluated.

The above results of the tested values are also partly
given in Table 6. In the starter phase the increase in daily
feed consumption was recorded only in the third experi-
mental group (2.2%) in relation to the control group. It
is characteristic of the grower phase that feed was equal-
ly consumed in all groups, with a slight deviation in ex-
perimental group II with regard to the control group.
Average daily feed consumption was recorded during the
whole breeding period and the results show that there
was no difference between experimental groups I and IIT
inrelation to the control group. In the second experimen-
tal group feed consumption was lower than in the con-
trol group (1.5%).
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According to Danielsen (1994) and Berié et al. (1993),
enzymes added to feeding rations for piglets resulted in
higher daily feed consumption (4.4% and 9.0%, respec-
tively). Slightly lower feed consumption in experimen-
tal groups II and III is explained by an increase in the
amount of dry matter, total nutritive value of treated ce-
reals and better consumption of feed (Table 5). Investi-
gations done by Kordi¢ et al. (1977) and Bekrié (1980)
confirm that less feed is consumed if micronized cereals
are added to feeding rations for piglets.

CONCLUSION

With the same or slightly lower daily feed consump-
tion (experimental groups II and III), weanlings in the
experimental groups were characterised by better feed
efficiency, which also resulted in better feed conversion
in experimental group II (10% more than in the control
group).

Better feed conversion of tested feeding rations also
resulted in higher daily weight gain in experimental
groups. Statistically significant daily weight gains (P <
0.05) were recorded in the third experimental group in
comparison with the control group and experimental
group 1. Highly significant differences (P < 0.01) in dai-
ly gains were recorded in experimental group II in rela-
tion to the control group and the first experimental group.
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Higher daily weight gain in experimental groups (dur-
ing the same period) resulted in higher body weight of
piglets in experimental groups. Significantly higher body
weight (P < 0.05) was determined in experimental group
11 in relation to the control group and the first experi-
mental group.

Along with the positive results in production, the sat-
isfactory health state of piglets should also be stressed.
During our investigation 6 piglets were lost and 3 elimi-
nated, which represents 5.6% of total piglets.

The results of our investigation prove that the joint
impact of the two tested treatments (enzymes and mi-
cronization) has a positive effect on piglets, and that this
way of improvement of feeding rations for piglets may
be characterized as justified.
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The effect of point mutation in RYRI gene on the semen quality
traits in boars of Large White and Landrace breeds

Vliv bodové mutace v genu RYR! na ukazatele kvality spermatu u kancii
plemene bilé uslechtilé a landrase

T. UrBAN, J. KucIEL

Mendel University of Agriculture and Forestry, Department of Genetics, Brno, Czech Republic

Abstract: The experiment involved 34 boars of Large White (LW) and 25 Landrace (L) breeds reared at three A.I. stations in the
first year of their use in breeding of known RYR/ genotypes (NN and Nn). Altogether 2 772 ejaculates were examined. The
results corroborated the existence of significant associations of R¥R/ genotypes with all semen quality parameters under study.
Significant effects were demonstrated for the effects “breed”, “RYR/ gene x breed interaction” and “A.I station x month x year
interaction”. If compared with heterozygous individuals, homozygous boars with NN genotype produced the semen with larger
volume (P < 0.05), highly better motility (P < 0.001), lower sperm concentration (insignificantly), lower number of abnormal
spermatozoa (P < 0.01) and higher number of A.I. doses (P < 0.001). When classified into individual genotype and breed catego-
ries, a significantly smaller semen volume and higher sperm concentrations (P < 0.001) were found out in homozygous LW
boars with the NN genotype than in those with the heterozygous genotype Nn. On the other hand, among the boars of L breed,
NN boars produced semen with larger volume (P < 0.05) and lower sperm concentrations than those with the heterozygous
genotype Nn (P < 0.001). In other parameters under study the same tendencies were observed in both breeds. Boars with homo-
zygous NN genotypes showed significantly better parameters of semen quality than the heterozygous (Nn) ones.

Keywords: pig; boars; genetic marker; RYR/ gene; semen parameters

ABSTRAKT: Sledovali jsme 34 kancil plemene bilé uslechtilé a 25 kancii plemene landrase ve tfech insemina&nich stanicich
po dobu prvniho roku jejich vyuZivani, s celkovym po&tem 2 772 hodnocenych ejakulat. Vysledky této prace potvrdily vy-
znamné asociace genotypii RYR/ genu se vSemi sledovanymi ukazateli spermatu kanci. Vyznamny vliv byl prokazan u efektit
plemeno, interakce RYR/ gen X plemeno a interakce inseminaéni stanice x mésic x rok. Vy33i objem spermatu (P < 0,05), v&tsi
motilitu spermii (P < 0,001), niZ8i koncentraci (neprikkazné), méné abnormélnich spermii (P < 0,01) a v&t§f po&et inseminag-
nich dévek (P < 0,001) méli kanci genotypu NN neZ kanci heterozygotniho genotypu. Pfi rozdéleni podle plemene a genotypu
méli NN kanci plemene bilé uslechtilé prilkazné niZi objem spermatu a vy33i koncentraci spermii (P < 0,001) neZ kanci geno-
typu Nn a naopak u plemene landrase méli kanci genotypu NN prikazng vy$3i objem spermatu a niZ¥i koncentraci spermii
(P <0,001) nez kanci genotypu Nn. U ostatnich ukazateli byly tendence stejného sméru bez ohledu na plemeno. Podle viech
ukazateli méli kanci s NN genotypem priikazng vyhodn&jsi hodnoty kvality spermatu nez kanci s heterozygotnim genotypem
(Nn).

Klitova slova: prase; kanci; geneticky marker; RYR/ gen; kvalita spermatu

INTRODUCTION direct or indirect selection of animals showing changes
in parameters under study. In recent years, techniques of

Genetic changes in production parameters can be in-  molecular genetics have been used as a supplement to
duced in different ways, e.g. on the basis of utilisation of  traditional quantitative methods. When selecting accord-
genetic differences between the breeds or by means of  ing to the phenotype, the genetic progress is relatively
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slow due to low heritability of fertility traits. Molecular
techniques using candidate genes and quantitative trait
loci (QTL) may be applied to accelerate the genetic
progress in the case of polygenetically determined quan-
titative parameters.

Of the total genetic variability of fertility traits, one
part can be explained by means of QTL and the other on
the basis of the existence of polygenes (Pfibyl, 1995).
As described by Rothschild et al. (1997) QTL are single
genes showing a “major” effect on the given trait. Using
a genetic marker, it is possible to perform selection for
that QTL with which this marker is linked up (MQTL).
However, this linkage must not be strong and may be
dependent on the ratio of recombination. QTL may be
directly detectable in individual cases, so that they be-
come a genetic marker.

The gene of ryanodine receptor (RYR!) is one of the
so-called candidate genes. This gene is localised in the
chromosome 6q12 (Chowdhary et al., 1994). Based on
the discovery of point mutation 1843 C — T (Fujii et al.,
1991), a new DNA test was elaborated that enables its
direct identification on the molecular level. It is known
that this point mutation is significantly associated with
malignant hyperthermia, pig stress and PSE syndrome,
meat performance traits and reproduction in sows.

Although the association with RYRI gene is probably
predominating, QTL analyses demonstrated the associa-
tion of the 6th chromosome with growth characteristics
and parameters of carcass quality (Geldermann et al.,
1996). Some authors, however, expect the existence of
some other, yet unknown genes and/or microsatellites in
the neighbourhood of RYRI gene (Moser et al., 1996;
Zhao et al., 1999).

Relationships between semen quality and genotypes of
RYR1 gene were studied by Schlenker et al. (1984), who
found that the halothane-negative boars (NN, Nn) pro-
duced ejaculates with significantly larger volumes, higher
sperm concentrations, higher numbers of normal sper-
matozoa and better motility than the halothane-positive
ones (nn). Lengerken et al. (1988) also observed a sig-
nificant difference between halothane-positive and neg-
ative boars. In their experiments, halothane-negative
boars produced ejaculates of larger volumes with better
qualitative parameters.

Hardge and Gregor (1995) evaluated the effects of
RYRI genotype, as determined by methods of molecular
genetics, in 84 boars reared at three A.L stations. This
analysis involved boars of two breeds (German Landrace
and Leicoma). The genotype of RYR/ gene significantly
influenced the variability of semen quality parameters.
Boars with NN genotype produced semen with an in-
creased volume and higher sperm concentration than
those with the genotype nn and boars with heterozygous
(Nn) genotypes occupied the intermediate position be-
tween both homozygous groups. As far as the absolute
numbers of spermatozoa were concerned, stress-resistant

boars produced semen with quality parameters higher by
21.7% than stress-susceptible ones. The number of A.l.
doses obtained per ejaculate of stress-resistant boars was
higher by 5.

The aim of our study was to determine the differences
between NN and Nn genotypes of the RYR] gene of Large
White and Landrace boars in relation to quality traits of
their semen in the first year of their stay at the A.L sta-
tion.

MATERIAL AND METHODS
Animals

In this experiment, ejaculates from 59 boars of two
breeds (Large White, Landrace) with the known geno-
type of the RYR/ gene were investigated in the first year
of their stay at three A.L stations (Table 1 and 2) by stan-
dard methods in the years 1990-1996. Altogether 2 772
ejaculates were evaluated, i.e. 45 and 50 in average per
boar of either breed according to the standard. The RYR1
genotypes were identified by haplotyping and DNA test.

Traits investigated

The following parameters of semen quality were eval-
uated: semen volume in ml (Volume), forward motility
in % (Motility), sperm concentration — 10%mm? (Con-
centration), percentage of sperm abnormalities (Abnor-
malities) and number of produced semen doses per
ejaculate: 1.5 2.10° spermatozoa (Semen Doses).

Statistical analysis

The associations were investigated by GLM procedure
(SAS, 2000) with three fixed effects (of RYR! genotype,
breed and A.I. station X month x year of semen collec-
tion interaction) and one random effect (numerical order
of semen collection) using the equation:

Yijkl = p + RYRI; + Bj + RYRI*Bp +A.L.*M*Y, +

+ Ojjkr + eijkl

where: y,, = observed values
I = expected mean value of y

RYRI, = effect of RYRI genotypes (i =1, 2)
B, = effect of breed (j =1, 2)
RYRI*B, = RYRI genotype * breed interaction

A.L*M*Y, = interaction between three A I stations,
twelve months and years (1990-1996) of
semen collection

OW = numerical order of semen collection

” = residual error
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RESULTS AND DISCUSSION

The frequencies of genotypes and alleles of RYR/ gene
in the basic set of animals are presented in Table 1. The
most frequent was genotype NN, followed by genotype

Table 1 Genotype and allele distribution of the RYR/ gene in the po-
pulation of boars

n Relative frequency

RYRI genotypes

NN 49 0.83

Nn 10 0.17
Total 59 1.00
Alleles

N 108 0.91

n 10 0.09
Total 118 1.00

Nn (0.83 and 0.17, resp.). Percentages of both alleles were
N =0.91 and n = 0.09; the relatively low frequency of
recessive n allele resulted from the absence of recessive
homozygous genotypes and small number of heterozy-
gous ones due to negative selection of allele n. Percent-
ages of boars and ejaculates in individual breeds and
genotypes of RYRI gene were very similar (Table 2).

Table 2. Number of boars and ejaculates by breeds (Large White, Lan-
drace) and genotypes of the RYR/ gene

RYRI Number of
Breed ;
genotype boars ejaculates
LW NN 28 1240
Nn 6 282
L NN 21 1093
Nn 4 157
Total 59 2772

Table 3 shows effects of RYRI gene, breed, and A.L
station x month x year interaction on the parameters of
semen quality in the first year of the use of boars in AL,
as evaluated by means of a general linear model (GLM).
The RYRI gene was associated with all parameters of se-
men quality with the exception of sperm concentration
and semen volume; in the second case the difference be-
tween both genotypes was near the limit of significance
(P =0.0587). Breed did not affect only the proportion of
sperm abnormalities. On the other hand, the RYR/ gene
x breed interaction was significant (P < 0.001) for all pa-
rameters under study, similarly like the A.IL station x
month x year interaction (P < 0.001). The numerical or-
der of semen collection showed the effect on Volume,
Motility and Semen Doses (P < 0.001); it did not influ-
ence Concentration and Sperm Abnormalities. The val-
ues of determination coefficients ranged between 25%
and 40%.

Table 4 shows differences in the parameters of semen
quality as determined in boars with various genotypes of
RYRI gene. Heterozygous individuals produced ejacu-
lates with smaller volumes (P < 0.05) and lower motility
(P <0.001). In NN boars, the percentage of sperm ab-
normalities was significantly lower than in animals with
the Nn genotype (P < 0.01). Homozygous (NN) boars pro-
duced more semen doses per ejaculate than heterozygous
animals (P < 0.001). There were no significant differences
in sperm concentrations obtained from both genotypes
of the RYRI gene. With the exception of sperm concen-
tration, boars with the NN genotype showed better pa-
rameters of semen quality than the other animals.

A more detailed differentiation of semen quality pa-
rameters, as analysed on the basis of genotype of RYR/
gene x breed interaction is presented in Table 5. Heterozy-
gous Nn boars of LW breed produced semen with larger
volumes and lower concentrations than those of the NN
genotype (P < 0.001) while opposite results were obtained
in boars of the L breed; boars with the homozygous NN
genotype produced semen with larger volumes and low-
er concentrations than Nn ones (P < 0.001). There were

Table 3. GLM analysis of boar semen parameters — value of determination coefficients (R?) and significant values (P) of the effects

Semen Model (P)
1

prrme % R (%) RYRI B RYRI*B AI*M*Y 0
Volume 2768 28.1 0.0587 0.0001 0.0001 0.0001 0.0001
Motility 2760 40.2 0.0001 0.0001 0.0025 0.0001 0.0008
Concentration 2768 276 0.6600 0.0001 0.0001 0.0001 0.9307
Abnormality 716 31.6 0.0025 0.5136 0.0058 0.0001 0.2686
Semen Doses 2648 249 0.0001 0.0008 0.0001 0.0001 0.0001

Note:
Volume = semen volume (ml)
Motility = forward motility (%)
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Table 4. Associations of the genotypes of the RYR/ gene with semen parameters of boars (least-squares means LSM = standard error SE)

Semen Genotypes of the RYR/ gene
1

RESTMIES n NN n Nn
Volume 2329 230.95°+2.77 439 211.98*+3.77
Motility 2326 82.934 +0.20 434 80.76A + 0.40
Concentration 2329 460.77 £4.30 439 464.75 + 8.63
Abnormality 600 11.024 £ 0.61 116 14.97A £ 1.20
Semen Doses 2249 28.754+ 031 399 25.704 + 0.61

Values with the same exponents show significant differences in the rows: *= P < 0.05; A= P <0.01; A= P £0.001

Note: see Table 3

Table S. Differences between semen p of boars ding to the genotypes of the RYR1 gene and breed (Large White, Landrace) (least-squares
means LSM = standard error SE)
Semen Large White Landrace
PRIaHcters NN Nn NN Nn
Volume 217.9ABC £ 2 42 243,96+ 4.86 233.03BE + 2,78 190.92€PE + 6.73
Motility 83.424B + (.24 82,610+ 048 82.43AC + (.28 78.90BCD + (.66
Concentration 488.094BC+ 5,16 333.90APE £ 10.34 433.9080F £ 5,92 595.60CEF + 14,32
Abnormality 13.404+0.71 13.514+ 1.68 8.65AAB 1 .88 16.43B+ 185
Semen Doses 29.104 £ 0.37 23.0548Cx (.72 28.398+0.42 28.32C+ 1.02

Values with the same exponents show significant differences in rows: = P < 0.05; A = P< 0.01; ABGDEF = p < 0,001

Note: see Table 3

no differences either between genotypes of RYRI gene
or breeds in other parameters.

Only several papers dealing with the effects of RYR/
gene on semen quality parameters in boars have been
published until now. However, the studies on identifica-
tion of stress sensitivity by means of a halothane test re-
vealed the effect of RYRI gene on the parameters of
semen quality in boars. Schlenker ef al. (1984) found sig-
nificantly higher semen volumes in halothane-negative
(HN) boars than in halothane-positive (HP) ones. Dif-
ferences in the number of progressively motile sperma-
tozoa and in their concentration were negligible. In HP
boars, however, the total average numbers of spermato-
zoa were markedly higher (+10%). Lengerken et al.
(1988) also observed significant differences between HN
and HP boars. According to these authors, however, the
activity of spermatozoa was practically the same in both
groups. These data corresponded with our results.

Hardge and Gregor (1995) found significant differences
in the parameters of semen quality between the geno-
types of RYRI gene as defined by means of molecular
genetics methods. In NN boars, these authors observed
significantly higher semen volumes than in animals with
Nn and nn genotypes. Boars with N» genotype occupied
the intermediary position. As far as the average sperm
concentration was concerned, significant differences were
found only between the nn genotype on the one hand and
other genotypes on the other. Significant differences be-

tween all three genotypes (NN > Nn > nn) were found
only in the number of A.I. doses produced per ejaculate.

Similarly like we in this paper, Hardge and Gregor
(1995) described differences in the parameters of semen
quality between the A.L stations and breeds and conclud-
ed that they could be caused by different percentages of
the recessive n allele in individual populations and breeds.
They also deduced that it was not clear if the mutations
of RYRI gene could show a direct effect on the parame-
ters of semen quality or if the selection processes would
result in the occurrence of this correlation. The obtained
results corroborate that the semen quality is dependent
both on environmental stresses and genetically deter-
mined stress susceptibility resulting from mutations in
RYRI gene. The hypothesis that the RYR/ gene is associ-
ated with the variability of quantitative traits through a
pleiotropic effect seems to be corroborated.
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se dodavaji zvlast. Na v3echny pfilohy musi byt odkazy
v textu.

Pokud autor pouZiva v praci zkratky jakéhokoliv druhu, je
nutné, aby byly alesponi jednou vysvétleny (vypsany), aby
se pfedeslo omylim. V ndzvu prace a v souhrnu je vhodné
zkratky nepouZivat.

Nizev prace (titul) nema pfesahnout 85 hozi. Jsou vylou-
Ceny podtitulky ¢lanku.

Abstrakt je informaénim vybé&rem obsahu a zavéru élanku,
nikoliv viak jeho pouhym popisem. Mél by vyjadfit vie pod-
statné, co je obsazeno ve védecké praci, a ma obsahovat za-
kladni ¢iselné udaje v&etné statistickych hodnot. Musi obsa-
hovat kli¢ova slova. Nema ptekrodit rozsah 170 slov. Je tie-
ba, aby byl napsan celymi vétami, nikoliv heslovité. Je uve-
fejfiovan a mél by byt autory dodén v angliétiné a ¢esting.
Uvod ma obsahovat hlavni diivody, pro¢ byla préce realizové-
na, a velmi stru¢nou formou mé byt popsan stav studované
otazky.

Literarni pFehled ma byt kratky, je tfeba uvadét pouze cita-
ce majici izky vztah k problému.

Metoda se popisuje pouze tehdy, je-li puvodni, jinak posta-
Cuje citovat autora metody a uvadeét jen pfipadné odchylky.
Ve stejné kapitole se popisuje také pokusny material.
Vysledky — pfi jejich popisu se k vyjadfeni kvantitativnich
hodnot davé ptednost grafim pied tabulkami. V tabulkach je
tfeba shrnout statistické hodnoceni naméfenych hodnot. Tato
¢ast by neméla obsahovat teoretické zavéry ani dedukce, ale
pouze faktické nalezy.

Diskuse obsahuje zhodnoceni prace, diskutuje se 0 moznych
nedostatcich a prace se konfrontuje s vysledky dfive publi-
kovanymi (poZaduje se citovat jen ty autory, jejichZ prace maji
k publikované praci blizsi vztah). Je pfipustné spojeni v jednu
kapitolu spolu s vysledky.

Literatura by méla sestavat hlavné z lektorovanych perio-
dik. Citace se fadi abecedné podle jména prvnich autort. Od-
kazy na literaturu v textu uvadéji jméno autora a rok vydani.
Do seznamu literatury se zafadi jen prace citované v textu.
Na zvlastnim listé¢ uvadi autor plné jméno (i spoluautoru),
akademické, védecké a pedagogické tituly a podrobnou adre-
su pracovidté s PSC, ¢islo telefonu a faxu, e-mail.

Rukopis nebude redakei pfijat k evidenci, nebude-li po for-
mélni strdnce odpovidat témto pokynim.

Podrobné pokyny pro autory jsou uvefejnény v &isle 1 tohoto
roéniku.



CZECH JOURNAL OF ANIMAL SCIENCE

Volume 46, No. 10 October 2001
CONTENTS

ORIGINAL PAPERS

Physiology and Reproduction

RenuLKA J., MinaRik B.: Effect of some physical and chemical characteristics of water on the blood indices

of rainbow trout, Oncorhynchus mykiss, fed an astaxanthin-containing di€t ...........coeeeerevereecreeeeeesrnsressseseeenens 413
Genetics and Breeding

Worrova M., PriyL J., WoLr J.: Economic weights for production and functional traits of Czech dairy

Lo (1 D e A 421
Citek J., Renout V., NeuaugrovA V.: Allele frequency at PRL (prolactin) and LGB (lactoglobulin beta) genes
in Red cattle breeds from Central Europe and in other breeds ... . 433

Kucnrik ., HorAk F.: Growth ability, carcass and meat quality of lambs of the German Long-wooled sheep
Lol 1 ) v o e R R T e T S T Lo 439
Nutrition and Feeding

VRrzaLOVA D., ZELENKA J., SustaLa M., Famonova E.: The effect of age of pre-ruminant calves on digestibility
of‘organic: mittients and NitToEEN TEEAON s e oo T o o da s oo weH e s oo edis 449

DoMACINOVIC M., STEINER Z., Bogur 1., Mui¢ P., Kravik D.: Effect of different ways of improvement of feeding
§¢:1 ()15 (61 )[4 [ 1 L g R W R O TSP OO 454

SHORT COMMUNICATION

Ursan T., Kucier J.: The effect of point mutation in RYR/ gene on the semen quality traits in boars
of Large White and Landrace DrEOASH umuumsims s i o s o iy s iy s sossass dai s sty 460

PUVODNI PRACE

Fyziologie a reprodukce

REHULKA J., MINARIK B.: Vliv nékterych fyzikalnich a chemickych vlastnosti vody na krevni ukazatele pstruha
duhového, Oncorhynchus mykiss, krmeného dietou s astaxanthinem ........cocoevecicnene. 413

Genetika a Slechténi
Worrova M., PriyL J., WoLr J.: Ekonomické véhy produkénich a funk&nich znaki ¢eskych plemen

O TN SR RN s usisminniins i s vamsss s 505 4Raia s 3 00 S RAAR R ERRORHE A0S SO AR SR RO 421
Citek J., Renout V., NEUBAUEROVA V.: Frekvence alel v genech PRL (prolaktin) a LGB (laktoglobulin beta)
u sttedoevropskych plemen cerveného skotu a dal§ich plemen ... 433

KucHrik J., HorAk F.: Ristova schopnost, jate¢na hodnota a kvalita masa jehiiat plemene némecka

A1OONOVINA OVCE cusosvirssensonsaeesiouams e e T S T0) a0 A A o s VAV AUV SooRs s o T st 439
VyZiva a krmeni

VizaLoVA D., ZELENKA J., SustaLa M., Faimonova E.: Vliv véku telat na stravitelnost organick)"ch Zivin

A TCCNCTAUSIKIL ...oocermomnssorssmramorsessiossomisimmentaonsinmiasismhassresmnsss sussmsasaresasasasnsssenmnns o emensNoRs S oS AR AV VAN OSBRI HORRERR3S 449
DoMACINoVIC M., STEINER Z., Bocut 1., Mui¢ P., Krauik D.: Viv ruznych zpusobu upravy krmnych dévek

1 1 | B T o 454
KRATKE SDELENI

UrsaN T., Kucie J.: Vliv bodové mutace v genu RYR/ na ukazatele kvality spermatu u kancti plemene
hiléuslechtil€adandrase s ciman e armrr s T T T ST e R A A 460

Védecky tasopis CZECH JOURNAL OF ANIMAL SCIENCE (ZIVOCISNA VYROBA) @ Vydava Ceska akademie zem&délskych véd
— Ustav zemé&délskych a potravinaiskych informaci @ Redakce: Slezskd 7, 120 56 Praha 2, tel.: +4202 27 01 03 52, fax: +420227 01 01 16,
e-mail: edit@uzpi.cz @ Sazba a tisk: UZPI Praha @ © Ustav zem&d&Iskych a potravinaiskych informaci, Praha 2001

Rozsifuje Ustav zemédelskych a potravinaiskych informaci, refert odbytu, Slezska 7, 120 56 Praha 2, tel.: +420 2 27 01 03 85,
e-mail: finance@uzpi.cz


mailto:edit@uzpi.cz
mailto:flnance@uzpi.cz

