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Effect of magnetic field on chicken hatching
Utinok magnetického pol'a na liahnutie kur&iat

L. VETERANY, S. HLUCHY

Slovak University of Agriculture, Faculty of Agronomy, Nitra, Slovak Republic

ABSTRACT: The effect of magnetic field with the intensity 0.07 T on hatching of ROSS 208 chickens was studied. The
hatchability of eggs that were influenced by magnetic field during the storage of hatching eggs (2040 minutes) increased in
comparison with eggs that were not exposed to magnetic field (P < 0.05). Hatchability from eggs that were influenced by magnetic
field during their incubation (experimental groups) decreased to 66.19 + 4.51% and 67.58 + 3.62% as compared with control
groups (89.68 + 1.54% and 94.87 £ 5.83%). The difference was significant (P < 0.001). The negative effect of magnetic field was
manifested by lower weight of hatched chickens in experimental groups (34.58 + 1.54 g and 36.81 £ 1.04 g). The results were
significant (P < 0.05) in comparison with the control groups with the average weight of hatched chickens 41.43 £ 0.92 g, and
43.75+1.50 g.

Keywords: chickens; hatching; hatchability; magnetic field; weight of chickens

ABSTRAKT: V prici sme sledovali vplyv magnetického pola s intenzitou 0,07 T na liahnutie kur&iat hybrida ROSS 208. Pri
pdsobeni magnetického pol'a potas uskladnenia vajec (20-40 minut) sa u takto oSetrenych nasadovych vajec zvysila liahnivost
v porovnani s nasadovymi vajcami na ktoré po&as uskladnenia nepésobilo magnetické pole (P < 0,05). Pri posobeni magnetické-
ho pol'a pogas inkubécie vajec liahnivost’ v pokusnych skupinach klesla na 66,19 + 4,51 % resp. 67,58 + 3,62 % v porovnani
s kontrolnymi skupinami (89,68 £ 1,54 % resp. 94,87 + 5,83 %) bol rozdiel Statisticky preukazny (P < 0,001). Negativny
vplyv magnetického pol'a sa prejavil v zniZenej hmotnosti vyliahnutych kuréiat v pokusnych skupinach (34,58 + 1,45 g resp.
36,81 + 1,04 g). Vysledky boli preukazné (P < 0,05) v porovnani s kontrolnymi skupinami s priememnou hmotnostou 41,43 +
0,92 g resp. 43,75+ 1,50 g.

KPidové slova: kuréata; liahnutie; liahnivost’; magnetické pole; hmotnost’ kuréiat

INTRODUCTION

Magnetic field is a permanent component of the living
environment of animals. It can be divided into a perma-
nent magnetic field and a temporary one (Bearly, 1992).
Every animal cell consists of molecules. When a cell is
placed into a magnetic field, all molecules get magnetised
(Tanokura and Suzuki, 1999). Stocker and van Gunsteren
(2000) claim that animal cells create changing electric fields
as part of their living processes, which then influence the
creation of a temporary magnetic field of the cells. Neher
(1982) proved that the application of magnetic field to the
animal cells results in changes in permeability of cell mem-
branes, in the increase of thrombotisation, and the occur-
rence of vasodilatation and anti-inflammatory effects. It
can also have a spasmolytic effect on the smooth muscu-
lar tissue as well as support the metabolism of mineral
substances. Several authors discussed the effect of mag-

netic field on the embryonic development of birds (Pan,
1996; Behr et al., 1991; Blackman et al., 1988) as well as on
the embryonic development of mammals (Eckert, 1976).

The aim of this article was to determine the effect of
temporary magnetic field on the hatching parameters in
broiler chickens.

MATERIAL AND METHODS

A total of 1 560 hatching eggs of broiler chickens of
ROSS 208 hybrid aged 44—61 weeks were used for an ex-
periment. The eggs were divided according to their weight
into two groups. In the 1st control and experimental
groups, the eggs weighing 56—60 g were included, while
in the 2nd control and experimental groups, the eggs
weighed 61-65 g. The eggs included in control groups
were not exposed to any magnetic field during their stor-
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age and incubation. The experimental groups of eggs were
exposed to a magnetic field with the induction of 0.07 T
during their storage and incubation.

The study was carried out in two experiments

In the 1st experiment we tried to determine the effect of
magnetic field on the hatchability of chickens during the
storage of hatching eggs. The storage time was 2 days —at
8-12°C and 60-70% of relative air humidity. The magnetic
field was applied for 2040 minutes.

In the 2nd experiment we tried to determine the effect of
magnetic field on the chicken hatching during incubation.
The eggs were hatched in BIOS MONO 06 hatcheries.
The magnetic field was applied to the chicken embryos
for 10 minutes daily during their whole incubation time.
The following indicators were monitored during the
incubation: beginning of pecking, pecking time, hatching
time, hatchability and weight of the hatched chickens.

The results are based on the six consecutive experiments.
They served as a basis for the calculation of the basic
variation-statistical indicators. The differences between
groups were tested by Student’s ¢-test.

RESULTS AND DISCUSSION

The results of the experiment testing the effect of
magnetic field applied during the egg storage time showed
that hatchability was higher in the experimental groups
(Table 1). The 56-60 g hatching eggs exposed to the
magnetic field for 20 minutes during the storage time
showed the highest hatchability (91.25 £+ 4.21%). If
compared with the respective control group (with the
hatchability of 85.73 £+ 2.11% only), the results were not
statistically significant. In the group with the 61-65g
hatching eggs, the highest hatchability (92.41 + 4.18%)
was recorded for the eggs that were exposed to a tem-

porary magnetic field for 30 minutes during the storage. In
the control group with no magnetic field exposure the
hatchability was lowest — it reached only 83.21 + 1.85%
(P <0.05). Similar results were reported by Ottova et al.
(1981).

Evaluation of the effect of temporary magnetic field
applied to the eggs during their incubation (Table 2) on
the component traits (beginning of pecking, pecking and
hatching times) did not reveal any greater differences
between control and experimental groups. These results
do not correspond with the findings of Veterdny et al.
(1998). In the experimental groups with chicken embryos
exposed to a temporary magnetic field, a higher embryon-
ic mortality was recorded, and consequently, also a de-
crease in hatchability (66.19 + 4.51% or 67.58 + 3.62%)
was found. In comparison with the hatchability in control
groups (89.68 + 1.54% and 94.87 + 5.83%, respectively),
the differences were highly significant (P < 0.001). Pan
(1996) also reported similar results. The application of an
ultrasound during the incubation of chicken embryos also
significantly decreased their hatchability (Veterany et al.,
2000). Moreover, we think that, among other things, the
magnetic field slows down the blood flow. It was also
confirmed by Holan ef al. (1982). The slowing down of
blood flow belongs to the rheological factors causing the
origin of the thrombosis (Vaski et al., 1984). According to
Ganong (1993), the slowing down of the blood flow in the
veins can cause the concentration of blood clots, which
are not washed off fast enough and, consequently, may
result in the formation of thrombosis. In our experiment
we recorded an increase in the occurrence of thromboses
in the heart of almost all sacrificed chickens. This could be
related to the embolism of the great blood circulation (Bod’a
and Surynek et al., 1990). Neher (1982) arrived at similar
conclusions. The chickens hatched in the experimental
groups had lower weight (34.58 + 1.45 gand 36.81 £ 1.04 g,
respectively) than the chickens from control groups with-
out exposure to a temporary magnetic field during incu-
bation (41.43 + 0.92 g and 43.75  1.50 g, respectively).

Table 1. Effect of magnetic field during storage of eggs on hatchability (means + standard errors)

Paranraters 1st control 1st experi | 2nd control 2nd experimental
group C, group E, group C, group E,
Weight of cggs (g) 56-60 56-60 61-65 61-65
Total number of stored eggs 105 315 105 315
Average number of stored eggs per experiment 17.50 = 3.15 17.50 = 3.15 17.50 = 3.15 17.50 = 3.15
Hatchability without exposure to magnetic field (%) 85.73 = 2.11 - 83.21 £ 1.85 -
Hatchability with magnetic ficld exposure lasting:
20 min (%) - 91.25 + 4.21 - C,: E'
90.57 = 3.14
30 min (%) - 90.08 + 3.52 - C,:E;}
9241 +4.18
40 min (%) - 89.54 + 5.06 - 87.81 + 1.58
*P <0.05

290



Czech J. Anim. Sci., 46, 2001 (7): 289-291

Original Paper

Table 2. Effect of magnetic field during incubation on hatching traits (means + standard deviation)

Ist control 1st experimental 2nd control 2nd experimental

Parameters group C, group E; group C, group E,
Weight of eggs (g) 56-60 56-60 61-65 61-65
Total number of incubated eggs 180 180 180 180
Average number of incubated eggs per experiment  30.00 = 0.00 30.00 = 0.00 30.00 = 0.00 30.00 £ 0.00
Beginning of pecking (h) 493.41 + 1.87 488.27 + 2.18 490.94 + 2.82 491.38 £+ 3.15
Pecking time (h) 13.64 £2.25 13.68 + 2.04 14.82 + 1.52 15.04 + 1.31
Hatching time (h) 507.05 + 2.88 501.95 + 2.58 505.76 + 3.56 506.42 = 1.47
Hatchability (%) 89.68 = 1.54 C:EM* C,: B

66.19 + 4.51 94.87 + 5.83 67.58 + 3.62
Body weight of chicks hatched (g) 41.43 £ 0.92 Ci:B} C,:E*

34.58 + 1.45 43.75 + 1.50 36.81 + 1,04

*P £ 0.05, **P < 0.001

The differences are statistically significant (P < 0.05). Gar-
cia-Peres et al. (1999) claim that magnetic field facilitates
the transfer of the electric charge in the organism and
thus influences the metabolism. Our conclusions corre-
spond with the conclusions of Varga and Oblyvag& (1979),
who prove that the decrease in body weight is one of the
effects on a live organism which have been thoroughly
discussed.
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Estimation of genetic parameters for milk production traits
in Czech dairy cattle populations

Odhad genetickych parametrti pro znaky mlééné uZzitkovosti
¢eskych populaci dojeného skotu

L. DEpkovA, J. WoLF

Department of Genetics and Biometrics, Research Institute of Animal Production, Prague-UhFinéves,
Czech Republic

ABSTRACT: Multiple-trait analyses treating the yields in the first three lactations as different traits were performed for milk, fat
and protein yield for the populations of the Holstein and Czech Pied breeds kept in the Czech Republic. Data sets from the
national milk recording data base were used. Five subsets of data were formed for each breed because the overall data sets were very
large. The total number of animals with lactation records was 738 488 for Holstein and 1 016 388 for Czech Pied breed. Variance
and covariance components were estimated with VCE using REML under an animal model. The model for the analyses included the
factors herd-year-season (fixed), animal (random), calving age, days open and calving interval (covariables). The estimated herita-
bilities for milk yield were higher for Holstein (0.28 to 0.30) than for Czech Pied cattle (0.21 to 0.26). They were slightly higher
than the heritabilities for fat and protein yield. A genetic correlation near one was found between the yields for the second and third
lactations.

Keywords: cattle; milk production traits; genetic parameters; multi-trait animal model; REML

ABSTRAKT: Byly provedeny viceznakové analyzy (jako znaky vystupovaly uZitkovosti v prvni, druh¢ a tfetf laktaci) pro
produkci mléka, tuku a bilkovin pro populaci hol3tynského a eského strakatého skotu v Ceské republice. K analyze byly
vyuZzity idaje z ndrodni databdze kontroly uZitkovosti. Vzhledem k rozséhlosti databize bylo vytvofeno pét podsoubori
pro kazdou populaci. Celkovy poéet zvifat s uZitkovosti byl pro plemeno hol3tynské 738 488 a pro plemeno &eské strakaté
1016 388. K odhadu slozek rozptylu byl pouZit program VCE a metoda REML pro viceznakovy animal model. PouZity model
zahrnoval pevny efekt stida-roku-obdobi, ndhodny efekt jedince a jako regresni proménné vék pfi oteleni, servis periodu
a mezidobi. Vy33i koeficienty dédivosti pro mnoZstvi mléka byly nalezeny u holdtynské populace (0,28 aZ 0,30), niZ¥i u &es-
kého strakatého skotu (0,21 az 0,26). Dédivosti zjisténé pro produkei tuku a bilkovin byly niZsi. Pro viechny znaky byla
odhadnuta genetick4 korelace blizka jedné mezi produkci v druhé a tieti laktaci.

Klitovi slova: skot; mlé&na uZitkovost; genetické parametry; viceznakovy animal model; REML

INTRODUCTION

Dairy cattle evaluation in the Czech Republic is carried
out using Best Linear Unbiased Prediction (BLUP) and
Animal Model (AM). Milk production traits are evaluated
for the first three lactations using three-parity models for
milk, fat and protein yields in the first three lactations.
Until recently, only (co)variance estimates from small data
sets have been available (Kugera, 1997; Cermak, personal
communication).

Methods to determine genetic variances have been
greatly improved over the last three decades. Maximum
Likelihood based methods have been introduced (Patter-
son and Thompson, 1971) making use of mixed models
(Henderson, 1984). The animal model makes it possible to
use all available information. Restricted Maximum Likeli-
hood (REML) estimates from the animal model are there-
fore expected to be unbiased by selection (Swalve and -
Van Vleck, 1987; Reents et al., 1994).

Supported by the Ministry of Agriculture of the Czech Republic (Project MZE-M02-99-02).
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For dairy as well as dual-purpose cattle breeds, (co)va-
riance estimates from REML-AM analyses have been re-
ported by several authors. Swalve and Van Vleck (1987)
and Albuquerque ez al. (1994) analysed the milk yield in
the first three lactations. Van Vleck and Dong (1988), Dong
et al. (1988), Reents et al. (1994) and Albuquerque et al.
(1995) performed a multivariate analysis of milk, fat and
protein yield in the first lactation. Visscher and Thomp-
son (1992) reported results from univariate and multivari-
ate analyses for milk production traits in the first three
lactations.

The aim of the present study was to estimate genetic
parameters for milk, fat and protein yields in the first three
lactations for the dairy (Holstein) and dual-purpose (Czech
Pied breed) cattle populations in the Czech Republic us-
ing large data sets from the national milk recording data
base and REML for a multi-trait AM analysis.

MATERIAL AND METHODS

Milk performance data of Holstein (H) and Czech Pied
(C) cattle were analysed. The data were recorded from

Table 1. Number of records in the first three lactations and number of animal effects in the model for milk yield (1st line), milk fat yield (2nd

line) and milk protein yield (3rd line)

Number of records for I

Data set Number of animal effects 7 3
H1 154 117 65 997 32 421 15 462
154 117 65 997 32 421 15 462
150 663 63 364 32 349 15 454
H2 111 638 50 572 27 743 15 152
111 634 50 574 27 745 15 152
111 242 50 031 27 699 15 145
H3 129 000 56 842 30 049 15 424
129 000 56 842 30 049 15 424
127 712 55 523 30 045 15 433
H4 211 786 94 945 49 319 24 729
211 786 94 945 49 320 24 725
211 525 94 679 49 273 24 716
HS5 131 947 53 507 26 717 13 005
131 947 53 507 26 717 13 004
130 018 51 931 26 577 12 984
Holstein total 738 488 321 863 166 249 83 772
738 484 321 865 166 252 83 767
731 160 315 528 165 943 83 732
Cl 124 188 47 247 27 885 19 257
124 187 47 247 27 885 19 257
122 344 45 589 27 831 19 158
c2 212 820 87 533 53 811 39 099
212 789 87 533 53 732 39 067
211 019 86 024 53 476 38 181
C3 213 005 87 564 55 762 41 236
213 005 87 564 55 762 41 236
209 780 85 550 55 545 40 098
C4 261 920 111 837 68 481 49 013
261 922 111 836 68 481 49 013
261 822 111 753 68 359 48 922
Cs 204 455 80 434 51 468 38 223
204 454 80 433 51 468 38 223
202 342 79 275 51 359 37 580
Czech Pied cattle total 1 016 388 414 615 257 407 186 828
1 016 357 414 613 257 388 186 796
1 007 307 408 191 256 570 183 939

HI-H5 = data sets for Holstein cattle
C1-C5 = data sets for Czech Pied cattle
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1991 to 1999. The pedigree was traced back to cows born
in 1984; all available information was used for sires. Traits
analysed were 305-day lactation milk, fat and protein yields.

Five subsets of data (H1 to H5 for Holstein, C1 to C5 for
Czech Pied cattle) were formed for each breed because
the complete data sets were too large for (co)variance
component estimation. The subdivision was carried out
on a territorial principle. The subsets covered more than
75% of the total amount of data. The numbers of observa-
tions of the individual data sets and the numbers summed

up within the breeds are given in Table 1. The phenotypic
means and standard deviations for the three milk produc-
tion traits included in the analyses are presented in Ta-
ble 2. Higher mean values were usually accompanied by
higher standard deviations. The milk yield of the Holstein
breed was about 1 000 kg higher than that of the Czech
Pied cattle.

Altogether, 30 three-parity models (3 traits x 10 data
sets) were calculated, considering the same trait in anoth-
er lactation as a different trait. The model equations for

Table 2. Phenotypic means and standard deviations for milk yield in kg (1st linc), milk fat yicld in kg (2nd line) and milk protein yield in kg

(3rd line) in the first three lactations

Mean + standard deviation for lactation

Data set
1 2 3
H1 4728 = 1376 5460 = 1 707 5821 =1 807
200.8 + 60.3 2323 = 743 248.4 = 78.0
155.5 + 46.6 179.7 + 57.2 191.0 + 60.8
H2 4451 £ 1 253 5125+ 1 507 5450 £ 1 506
187.2 £ 56.1 217.4 = 68.5 232.3 + 68.9
143.2 + 424 166.8 = 50.6 176.8 + 50.4
H3 5027 +1 271 5740 = 1 542 6 099 + 1 584
211.3 + 54.8 2422 = 67.1 257.9 = 68.9
163.6 + 42.2 187.6 = 50.7 198.4 + 52.3
H4 4953 1 351 56111578 5974 = 1 598
207.2 + 57.6 2348 + 68.1 251.8 + 68.3
160.0 + 46.0 1829 + 53.3 193.5 = 52.9
H5 4 826 + 1 357 5521 +1 563 5 868 = 1 580
204.3 = 58.5 234.1 = 67.7 249.9 + 69.0
158.0 + 46.5 182.0 = 52.6 191.9 + 53.2
Holstein weighted means 4 820 + 1328 5509 +1 583 5858 1 618
203.0 = 57.6 232.7 + 69.2 248.5 £ 70.5
156.7 = 45.0 180.3 = 53.1 190.7 = 54.0
Cl1 3 822 + 937 4387 %1102 4545 £1 135
169.7 + 48.8 197.4 + 54.0 203.9 + 56.4
129.7 + 32.6 149.0 + 38.5 153.3 + 394
C2 3 706 + 866 4256 1019 4 439 = 1 047
159.3 + 41.0 184.2 + 48.9 192.0 + 50.3
123.8 + 30.1 143.3 + 36.0 149.0 + 36.8
C3 3 994 + 877 4 539 £ 1 055 4746 = 1 079
172.3 + 41.5 196.6 + 48.9 205.5 + 50.4
134.4 + 30.2 153.7 = 36.3 159.9 + 37.0
C4 4 105 £ 963 4724 £ ] 147 4933 £1 166
172.1 = 43.7 202.9 = 52.1 211.2 £ 53.2
1374 £ 338 159.5 £ 40.3 165.4 + 40.6
C5 4 092 + 946 46811129 48851 158
176.2 + 43.5 201.7 + 51.7 209.4 + 53.1
137.6 = 32.5 157.9 = 389 163.8 + 39.6
Czech Pied weighted means 3 963 £ 919 4 541 =1 093 4739+1118
170.0 = 43.3 196.8 = 50.9 204.8 = 52.4
133.1 £ 31.9 153.4 + 38.1 159.2 + 38.7

H1-H5 = data sets for Holstein cattle
CI1-C5 = ata sets for Czech Pied cattle
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the milk (fat, protein) yield (y,,) of animal  in lactation k
and herd-year-season class i was:

Yye = HYS, +animal; +by AC +by, AC* +b,, DO+
by DO? +bg, CI + b CI* + ey

where: HYS, - the fixed effect of the " herd-year-season of

the k™ lactation

animal, -~ the random effect of the j® animal in the k*
lactation

b, to b, — regression coefficients for the k* lactation

AC —the age at calving

DO — days open

cI —the calving interval

€, — the random residual effect for the k* lactation

The regression on the calving interval and the calving
interval squared is omitted in 1st lactation. Three seasons
were defined (February to April, May to September, Octo-
ber to January).

Model (1) including the definition of the seasons is es-
sentially the same as the model used for routine genetic
evaluation of dairy cattle in the Czech Republic. But in the
routine genetic evaluation precorrections are carried out
before running the animal and the animal model does not
contain any regression terms.

Model (1) can be rewritten in matrix terms as follows:

y=Xb+Za+e

where: y — the vector of observations ordered by traits within
animals
X —the known incidence matrix for fixed effects
b — the unknown vector of fixed effects
Z — the known incidence matrix for animal effects
a — the unknown vector of animal effects and e is the
vector of residual effects

The joined distribution of y, a and e is assumed to be
multivariate normal with expectation and variance:

y] [Xb y Vi::Z6; R
Ela|=| 0 | varla|[=|G,Z G, 0
e 0 e R 0 R

with
V=R+ZG,Z, G,=A®G,, R=OR,,
n

where: V,G,, R—-the covariance matrices for y, a and e, resp.

A —the numerator relationship matrix between
animals

G,,  —the3x3 genetic covariance matrix between fraits

R, —the residual covariance matrices between traits

The concrete form of R, depends on the fact if and
which observations (lactations) are missing for the given
animal.

The estimation method was REML (Patterson and
Thompson, 1971) using a quasi Newton algorithm with

analytical gradients, described by Neumaier and Groen-
eveld (1998). The software used was VCE 4.2 (Groeneveld
and Garcia Cortés, 1998) running on a LINUX operating
system. The overall means of the (co)variance compo-
nents were calculated by weighting the estimates of the
individual data sets by the numbers of observations.

RESULTS

Similar results were achieved for all data sets within a
breed. Therefore, the results for the individual data sets
will be presented in tables only and will not be comment-
ed in further detail. The presentation of the results will be
focused on the average values of estimates for (co)va-
riances, heritabilities and genetic correlations for the two
breeds. The estimates of genetic and residual variances
are given in Table 3. Several similar trends were found in
both breeds. For all analysed traits, the value of the ge-
netic as well as the residual variances increased with par-
ity. The residual variances were higher than the genetic
variances. For the genetic as well as residual variances, a
higher relative increase occurred from 1st to 2nd lactation
than from 2nd to 3rd lactation. This trend was more clear-
ly expressed in the residual variances than in the genetic
variances.

The highest genetic as well as residual covariances were
estimated between the 2nd and 3rd lactations (Table 4).
Within the analysed cattle populations, the genetic cova-
riances between the 1st and 2nd and between the 1st and
3rd lactations achieved similar values. But a different be-
haviour of the residual and genetic covariances was ob-
served. In both breeds, the residual covariances between
the Ist and the 2nd lactations tended to be higher than
the residual covariances between the 1st and the 3rd lac-
tations, while the genetic covariances between the 1st
and the 2nd lactations inclined to be lower than those
between the 1st and the 3rd lactations.

Concerning the differences between the two breeds,
the values of genetic variances and covariances calculat-
ed for Czech Pied cattle were about one half of those cal-
culated for Holstein breed or even less (Tables 3 and 4).
Similarly, the residual variances and covariances for Czech
Pied cattle were generally lower than these estimates for
Holstein cattle. Nevertheless, the differences in the resid-
ual variances between the analysed populations were not
so striking as the differences in the genetic variances.

Furthermore, differences between the two breeds were
found in the way of relative increase of genetic variances
with parity (Table 3). In Holstein, the relative increase of
the genetic variances with parity was almost the same as
that of the residual variances, i.e. higher increase from 1st
to 2nd lactation than from 2nd to 3rd lactation. On the
contrary, in Czech Pied cattle the genetic variances showed
nearly the same relative increase from 1st to 2nd as from
2nd to 3rd lactations. This relative increase was lower
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Table 3. Genetic and residual variances for milk yield (1st line), milk fat yield (2nd line) and milk protein yicld (3rd line) in the first three

lactations. All numbers are in kg

Genetic variance for lactation

Residual variance for lactation

Data sct
1 2 3 1 2 3
H1 185 211 300 937 391 033 503 342 730 687 866 764
267.9 440.5 614.2 1034.3 1521.4 1843.9
155.1 277.3 372.0 535.6 771.4 921.2
H2 155 247 217 238 249 098 385 809 548 091 651 128
234.9 406.0 426.8 785.0 11258 1405.4
137.4 204.2 228.2 385.3 560.0 673.1
H3 232 260 292 620 387 029 472 910 724 461 827 125
348.6 500.9 552.3 915.7 1444.4 1789.5
189.7 269.4 346.1 476.0 731.8 868.1
H4 217 587 287 989 333 625 465 078 692 399 820 658
283.5 432.6 596.2 888.2 1352.8 1612.1
158.4 238.3 290.2 477.2 716.5 849.3
H5 212 843 262 187 351 055 507 657 759 439 877 843
328.5 477.0 552.8 953.7 1467.3 1792.2
156.7 225.2 306.5 534.2 789.5 920.9
Holstein weighted 202 956 275 398 341 471 468 931 692 353 808 573
means 291.6 449.2 554.1 917.7 1382.8 1678.1
159.6 243.7 306.9 483.5 715.5 845.3
Cl 106 954 121 933 133 680 316 632 447 162 514 610
189.8 227.3 271.7 771.0 1142.5 1294.7
87.5 109.4 119.6 349.0 500.5 568.1
C2 89 962 87 023 110 272 287 524 393 937 431 548
147.2 152.6 2103 633.7 889.6 979.7
67.8 74.7 107.1 314.9 436.5 476.6
C3 102 580 120 937 135 498 309 800 442 091 484 697
174.8 221.7 273.8 679.6 1000.0 1125.9
78.1 110.1 129.3 3322 481.9 533.9
C4 118 597 134 098 175 043 325 982 471 004 514 662
197.1 244.2 308.5 671.8 986.3 1101.6
93.6 123.0 163.1 350.3 518.4 566.4
Cs5 123 059 136 942 159 527 335 780 477 191 537 569
222.7 273.2 313.2 704.5 1038.9 1186.1
99.3 133.2 155.0 354.3 513.4 583.2
Czech Pied 108 708 120 657 145 322 315 281 447 284 495 336
weighted means 186.0 224.2 278.1 683.1 996.5 1118.7
85.3 110.7 137.9 339.7 490.5 544.3

HI1-H5 = data sets for Holstein cattle
C1-C5 = data sets for Czech Pied cattle

than in Holstein. Concerning the estimates of covariance
(Table 4), in Holstein the genetic covariances were gener-
ally larger than the residual ones, whereas in Czech Pied
cattle the situation was vice versa.

Table 5 presents the calculated heritabilities and genet-
ic correlations. The approximate standard errors of the
heritabilities were in the range from 0.006 to 0.017 for milk
yield, from 0.005 to 0.016 for fat yield and from 0.006 to
0.016 for protein yield. The approximate standard errors
of genetic correlations ranged from 0.001 to 0.025 for milk
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yield, from 0.006 to 0.024 for fat yield and from <0.001 to
0.032 for protein yield.

The heritabilities were found higher for Holstein than
for Czech Pied breed. In Holstein as well as in Czech Pied
cattle, the highest heritabilities were obtained for the milk
yield. The heritabilities in Holstein were around 0.25 for
fat and protein yields and near 0.30 for milk yield, while in
Czech Pied cattle the heritabilities reached values very
close to 0.20 for fat and protein yield and between 0.18
and 0.27 for milk yield.
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Table 4. Genetic and residual covariances for milk yield (Ist line), milk fat yicld (2nd linc) and milk protein yield (3rd line) in the first three
lactations. All numbers are in kg

Genetic covariance between lactations Residual variance between lactations

Data set
land 2 1 and 3 2 and 3 land 2 1 and 3 2 and 3
H1 209 818 246 709 341 448 197 876 158 339 281 724
305.4 377.2 508.6 365.3 283.2 539.0
184.9 218.2 319.5 212.2 157.7 309.7
H2 168 263 176 717 231 212 125 208 123 735 192 339
282.2 293.1 415.5 235.5 222.0 374.9
152.3 155.9 214.4 128.0 118.6 208.3
H3 240 385 275 981 335 672 203 069 172 488 279 144
389.5 404.1 522.5 350.2 331.6 552.7
211.1 236.0 303.1 199.9 169.3 304.4
H4 227 026 238 388 300 261 181 400 180 263 261 313
321.6 367.5 499.9 334.7 310.7 486.0
178.1 184.5 258.7 273.2 179.5 289.4
HS5 223 824 260 394 303 344 205 520 201 541 309 447
375.9 392.9 511.9 349.9 361.6 568.3
176.3 205.0 262.7 224.7 198.2 344.2
Holstein weighted 216 091 240 051 302 372 183 786 168 569 263 360
means 333.1 367.7 492.3 330.7 302.5 500.7
180.9 198.9 270.7 192.8 166.2 289.7
Cl 109 319 110 142 120 564 131 569 126 103 194 403
198.0 207.6 236.5 294.1 261.1 451.1
94.2 93.0 107.6 146.0 126.3 217.1
Cc2 80 263 86 363 97 589 121 454 116 385 165 572
133.0 150.9 178.7 247.9 227.8 330.3
63.5 72.1 89.0 138.3 120.1 187.3
C3 102 948 105 797 126 931 139 459 128 378 193 302
178.6 196.0 243.1 285.4 256.7 412.3
84.0 87.1 118.0 152.6 135.3 218.8
Cc4 117 362 128 177 150 786 148 100 128 291 208 727
201.0 215.1 268.0 273.2 229.1 392.2
99.2 107.0 138.7 158.8 126.9 233.2
Cs 119 914 121 900 146 241 158 001 140 887 222 280
2249 225.6 289.7 305.3 268.4 434.0
105.1 103.9 141.3 166.2 138.8 243.2
Czech Pied 106 064 111 379 130 342 140 687 128 102 197 587
weighted means 186.2 198.8 245.0 279.0 246.1 398.3
89.1 93.3 121.2 153.2 129.6 220.9

H1-HS5 = data sets for Holstein cattle
C1-CS5 = data sets for Czech Pied cattle

The estimates of genetic correlations between parities  DISCUSSION

showed very similar values for milk, fat or protein yields.

The correlations between 1st and 2nd and between 1st
and 3rd lactations were close to a value of 0.90. The corre-
lations between the 1st and 3rd lactations seemed to be
somewhat lower than the correlations between the 1st
and the 2nd lactations, especially in the Czech Pied breed.
A correlation of unity or nearly unity was found between
the 2nd and 3rd lactations.

The estimated heritabilities were in good agreement with
the results from the literature. For Holstein, Van Vleck and
Dong (1988) using REML methods with an animal model
reported heritabilities of 0.36, 0.35 and 0.33 for milk, fat
and protein yield in the 1st lactation. Similarly, Albuquer-
que et al. (1994) found heritability estimates 0f 0.34,0.31,
0.27 for milk yield, 0.35, 0.33, 0.31 for fat yield and 0.40,
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Table 5. Heritabilities and genetic correlations for milk yield (1st line), milk fat yield (2nd line) and milk protein yield (3rd linc) in the first

three lactations

Heritability for lactation

Genetic correlation between lactation

Data set
1 2 3 1 and 2 1 and 3 2and 3
H1 0.27 0.29 0.31 0.89 0.92 1.00
0.21 0.23 0.25 0.89 0.93 0.98
0.23 0.26 0.29 0.89 0.91 1.00
H2 0.29 0.29 0.28 0.92 0.90 0.99
0.23 0.27 0.23 0.91 0.93 1.00
0.26 0.27 0.25 0.91 0.88 0.99
H3 0.33 0.29 0.32 0.92 0.92 1.00
0.28 0.26 0.24 0.93 0.92 0.99
0.29 0.27 0.29 0.93 0.92 0.99
H4 0.32 0.29 0.29 0.92 0.86 0.98
0.24 0.24 0.27 0.92 0.89 0.98
0.25 0.25 0.26 0.92 0.86 0.98
HS 0.30 0.26 0.29 0.95 0.95 1.00
0.26 0.25 0.24 0.95 0.92 1.00
0.23 0.22 0.25 0.94 0.94 1.00
Holstein mean values! 0.30 0.28 0.30 0.91 0.91 0.99
0.24 0.25 0.25 0.92 0.91 0.99
0.25 0.25 0.27 0.92 0.90 0.99
C1 ‘ 0.25 0.21 0.21 0.96 0.92 0.94
0.20 0.17 0.18 0.95 0.90 0.94
0.20 0.18 0.17 0.96 0.91 0.94
c2 0.24 0.18 0.20 0.91 0.87 1.00
0.19 0.15 0.18 0.89 0.86 1.00
0.18 0.15 0.18 0.89 0.85 1.00
Cc3 0.25 0.22 0.22 0.92 0.90 0.99
0.21 0.18 0.20 0.91 0.90 0.99
0.19 0.19 0.20 0.91 0.87 0.99
Cc4 0.27 0.22 0.25 0.93 0.89 0.98
0.23 0.20 0.22 0.92 0.87 0.98
0.21 0.19 0.22 0.93 0.87 0.98
Cs 0.27 0.22 0.23 0.92 0.87 0.99
0.24 0.20 0.21 0.91 0.85 0.99
0.22 0.21 0.21 0.91 0.84 0.98
Czech Pied mean values' 0.26 0.21 0.23 0.93 0.89 0.98
0.21 0.18 0.20 0.91 0.87 0.98
0.20 0.18 0.20 0.92 0.86 0.98
Icalculated from the weighted means of the variance and covariance components

H1-H5 = data sets for Holstein cattle
C1-C5 = data sets for Czech Pied cattle

0.39, 0.37 for protein yield in 1st, 2nd and 3rd lactations,
respectively.

The REML sire model gave usually lower estimates
(Dong et al., 1988) than the animal model, as only a part of
relationships is included in the sire model. Teepker and
Swalve (1988) found heritabilities of 0.29, 0.23, 0.25 for
milk yield, 0.27, 0.22, 0.23 for fat yield and 0.21,0.17,0.19
for protein yield in 1st, 2nd and 3rd lactations, respectively.
They stressed that the magnitude of the estimates
depended on the estimation method and data selection.
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Meyer (1984) reported heritabilities of 0.34, 0.35, 0.28 for
milk yield, 0.32, 0.33, 0.23 for fat yield and 0.24, 0.29 0.12
for protein yield in 1st, 2nd and 3rd lactations, respectively.

In Fleckvieh, Alps (1971) estimated the following
heritabilities without taking into account the relationship
matrix: 0.25, 0.20, 0.19 for milk yield and 0.21-0.24, 0.16—
0.19, 0.15-0.18 for fat yield in 1st, 2nd and 3rd lactations,
respectively. Later estimates from Karras and Schlote
(1982) and Alps et al. (1984) are similar. Using a simple
ANOVA techniques without taking into account the
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relationship matrix, Kucera (1997) reported relatively high
values of heritabilities (0.32 to 0.36) for milk yield traits for
Czech Pied cattle.

In Montbéliarde cattle, Beaumont (1989) reported
heritability estimates 0f 0.27, 0.24, 0.27 for milk yield, 0.26,
0.20, 0.24 for fat yield and 0.18, 0.18, 0.22 for protein yield
in the Ist, 2nd and 3rd lactations, respectively, from a
REML sire model. Solkner (1989) using the same
techniques found heritabilities 0f 0.31, 0.30, 0.25 for milk
yield, 0.30, 0.27, 0.22 for fat yield and 0.26, 0.26, 0.22 for
protein yield in 1st, 2nd and 3rd lactations, respectively.

Comparable heritability estimates were published for
other cattle breeds. In Swedish Red and White, Strand-
berg and Danell (1989) received the following REML sire
model estimates of heritability: 0.29, 0.27, 0.24 for milk yield
and 0.24, 0.20, 0.21 for fat yield in the 1st, 2nd and 3rd
lactation, respectively. For Dutch Red and White, Van Veld-
huizen et al. (1991) estimated heritabilities of 0.31, 0.37,
0.34 for milk, fat and protein yield, respectively, in 1st
lactation. Low values (0.23, 0.19, 0.16 for the 1st lactation
milk, fat and protein yields, respectively) were found by
Liinamo et al. (1999) for Finnish Ayrshire. Using Hender-
son’s method III, Soliman et al. (1990) reported high val-
ues of heritabilities (0.40, 0.39, 0.41) for the 1st lactation
milk, fat and protein yields, respectively, for Pinzgauer
cattle in Austria.

The finding that the heritability of milk yield is lower in
2nd lactation than in 1st and 3rd lactations was confirmed
by Meyer (1984), Simianer (1986), Strandberg and Danell
(1989), Swalve and Van Vleck (1987), Teepker and Swalve
(1988) and Beaumont (1989). The authors mentioned above
explained this fact mainly by the different behaviour of
the residual and the genetic variances. Whereas a large
increase in the residual variance in the 2nd lactation com-
pared with the 1st lactation was observed, the appropri-
ate increase in the genetic variance was considerably
smaller. This applies to the present results as well. Other
studies reported a continuous decrease in heritabilities
with parity (Alps, 1971; Romberg ez al., 1983; Reents et
al., 1998). Albuquerque et al. (1994) found the largest
estimate of genetic variance in the 2nd lactation for all
analysed production traits. The estimates of residual vari-
ances increased with parity. The heritability estimates de-
creased with the order of lactation mainly as a result of
increased environmental variances. Beaumont (1989) re-
ported that the genetic variances remained nearly con-
stant from the 1st to 2nd lactation and the genetic variance
of the 3rd lactation was the highest. He concluded that
the phenotypic variances increased with lactation num-
ber probably as a result of the scale effect.

A lower heritability in the 2nd lactation than in the 1st
and 3rd lactations for fat yield was found by Meyer (1984),
Strandberg and Danell (1989) and Beaumont (1989). On
the contrary, Romberg et al. (1983) and Teepker and Swalve
(1988) reported fat heritabilities for 2nd and 3rd lactations
to be of the same magnitude or lower than those for 1st

lactation. The latter is in agreement with our findings for
fat and protein yield in Holstein and the former agrees
with the present results for Czech Pied cattle.

Beaumont (1989) suggested that the decrease in the
heritability in the 2nd lactation observed by most authors
might be due to selection bias. Because of the selection at
the end of 1st lactation, methods as Henderson III under-
estimate the heritabilities for later lactations. The meth-
ods based on an animal model may better take into account
selection since all relationships can be included in the
model and thus no decrease in the heritability for the 2nd
lactation is observed (Swalve and Van Vleck, 1987). Ac-
cording to Beaumont (1989), another reason may be, at
least partly, due to sampling errors. The genetic determin-
ism of 2nd lactation may also be slightly different be-
cause the 2nd lactation performance depends both on the
dairy value of the animal and on its ability to recover from
both growth and 1st lactation.

In the literature in agreement with the present findings,
slightly lower estimates were reported for heritabilities of
fat and protein yield compared with heritabilities of milk
yield (Romberg et al., 1983; Boichard and Bonaiti, 1987;
Jakobsen et al., 2000). Hill et al. (1983) found that protein
yield has a slightly lower heritability than fat yield. This
was explained by the lower genetic correlation between
milk yield and protein content that is more negative than
that between milk yield and fat content.

The genetic correlations between milk yield of the 1st,
2nd and 3rd lactations estimated in the present study were
almost identical to those published by Beaumont (1989)
and Reents et al. (1998). They were slightly higher than
the estimates reported by Romberg et al. (1983), Swalve
and Van Vleck (1987), Teepker and Swalve (1988), Stran-
berg and Danell (1989), Visscher and Thompson (1992)
and Albuquerque et al. (1994). The general conclusion
from these cited papers that the lowest genetic correla-
tion is between the 1st and 3rd lactations and the highest
correlation between the 2nd and 3rd lactations is in good
agreement with the results of the present study.

Strandberg and Danell (1989) and Teepker and Swalve
(1988) concluded that the very high genetic correlation
between the 2nd and 3rd lactations confirms the hypoth-
esis that 2nd and 3rd lactation yields can be considered
as the same trait.

Visscher and Thompson (1992) and Albuquerque et al.
(1994) estimated higher (co)variance components and
heritabilities than were estimated in the present paper for
the same (Holstein) breed. These differences might be
explained at least partly by a scale effect associated with
the larger means in the herds investigated by these au-
thors. The relations of the (co)variance components be-
tween the lactations were very similar in the paper of
Visscher and Thompson (1992) and in the present study.

A scale effect in the estimation of the heritability was
observed by Hill et al. (1983), De Veer and Van Vleck (1987),
Van Vleck et al. (1988) and Carabafio et al. (1989). There
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may be several reasons for the scale effect. The cow may
be allowed to “express their potential” at the higher level,
the pedigree records may be better, furthermore lower dis-
ease incidence and more individual feeding are expected
in high production herds.

‘When comparing the estimates of heritability based on
the 305-day production and those based directly on the
test-day production, some studies found heritabilities for
test-day yield to be lower than those for the complete
lactation yield (Danell, 1982; Gengler et al., 1999).

CONCLUSIONS

The (co)variance matrices estimated in the presented
study are in good agreement with literature data. They
should be used in the national genetic evaluation of the
Holstein and Czech Pied cattle in the Czech Republic.
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Weight coefficients of lactations in animal model

Véhové koeficienty laktaci v animal modelu

J. PRIBYL, J. PRIBYLOVA

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

ABSTRACT: Dairy cattle are selected for an average of lifetime milk production. Breeding value is estimated using MT-AM
<multi-trait animal model>, (each lactation as separate trait). For each order of lactation discounted interest values are calculated,
dependent on age structure and calving interval. The first lactation out of 10 lactations has a relative importance of the whole
number of lactations. In the case of a 0% interest rate it is 0.34, with a 5% interest rate it is 0.37 and with a 10% interest rate it is
0.40. The average lifetime production is predicted on the basis of the early lactations. If the interest rate is 5%, the breeding value
for the first lactation will predict the average lifetime production with reliability over 0.90, breeding values for the first two
lactations with reliability over 0.98 and for the first three lactations with reliability over 0.99. The age structure does not have a
great influence on the reliability of prediction. Optimal weight in the index for partial breeding values, in case of the first lactation
only, is approximately 1. In case of the first two lactations approximately 0.34 and 0.63, in case of the first three lactations 0.31,
0.11 and 0.52. If all the three lactations in the index have the same weight, i.e. 0.33, 0.33 and 0.33, the lifetime average production
is predicted practically with equal reliability as in the optimal index. It is caused by high genetic correlations between lactations.

Keywords: dairy cattle; milk production; breeding value; animal model; selection index; weights of lactations

ABSTRAKT: Skot je $lechtén na primér celoZivotni mlé&né uZitkovosti. Plemenna hodnota je odhadovéna pomoci MT-AM
(jednotlivé laktace jako odli¥né vlastnosti). Pro jednotlivd pofadi laktaci jsou stanoveny odirokované hodnoty, které zévisi na
vékové struktufe a délce mezidobi. Pfi troku 0 % maji prvni laktace relativni diileZitost z celkového poétu 10 laktaci 0,34, pfi
troku 5 % 0,37 a pfi troku 10 % 0,40. Priméma celoZivotni uZitkovost je pfedpovidéna na zaklad€ prvnich laktaci. Za pod-
minky Wiroku 5 %, plemenn4 hodnota pro prvni laktaci pfedpovidé celoZivotnf uZitkovost se spolehlivosti nad 0,90, plemenné
hodnoty pro prvni dvé laktace se spolehlivosti nad 0,98 a plemenné hodnoty pro prvni tfi laktace se spolehlivosti nad 0,99.
Vékova struktura ma maly vliv na spolehlivost pfedpovédi. Optimélni vaha v indexu pro diléi plemenné hodnoty je v pfipadé
pouze prvni laktace pfiblizné 1, v pfipadé prvnich dvou laktaci pfibliZn& 0,34 a 0,63, v ptipad& prvnich tfech laktaci 0,31, 0,11
a 0,52. Je-li v pfipad¥ tfech laktaci d4na v indexu viem laktacim stejné véha, tj. 0,33, 0,33 a 0,33, je prim&ma celoZivotn{
uzitkovost pfedpovidéna prakticky se stejnou spolehlivosti jako v optimélnim pfipad€. Je to dano vysokymi genetickymi ko-
relacemi mezi laktacemi.

Kli¢ov4 slova: skot; mlé&na uZitkovost; plemenna hodnota; animal model; selekéni index; vahy laktaci

INTRODUCTION

The estimation of breeding value is presently carried
out frequently by means of repeatability animal models,
when the milk production in different lactations is consid-
ered as a repetition of the same trait. Repeatability and
multi-lactation (multi-trait) animal models for breeding
value for milk production estimation have some presump-
tions (Henderson, 1987). The first type of model is useful
if genetic correlation between all pairs of lactation is 1,

phenotype correlation between all pairs of lactation is
constant and variability of all lactations is constant. Milk
production fulfils none of these presumptions. Calcula-
tion is more complicated in the second type of model, and
fewer contemporaries for each parity in a herd are avail-
able which reduces reliability. Both methods were com-
pared on simulated data by Pfibyl and Piibylova (1992).
Multi-lactation model is theoretically better, but repeat-
ability model allows a higher number of contemporaries
within herd. Differences of breeding value estimations
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according to both models depend on differences i real
genetic parameters.

Strabel and Misztal (1999) analysed heritability and ge-
netic correlation during the first and second lactations.
Based on test days they found higher heritability during
the second lactation. Genetic correlation between the same
stage of the neighbouring lactations varies from 0.52 to
0.90 according to test day, with maximum in the middle of
lactation. Stranden et al. (2000) in comparison test days in
the first, and average of later lactations found the genetic
correlations only 0.66 to 0.79. Dédkova and Wolf (2001)
found high genetic correlation between the second and
third lactation, but the first lactation to the second and
third lactation is less correlated, for different milk traits
practically did not exceed 0.90.

As the actual genetic correlation between lactations
does not equal 1 and especially relation of the first lacta-
tion to the others differs, in a number of countries there-
fore a theoretically better “multi-lactation” model is used.
In this model the single lactations are considered as dif-
ferent traits (Interbull Bulletin No.24, 2000). In this case
the selection index is used and partial breeding values for
single lactations are given weights according to their im-
portance, which fluctuates between countries. Breeding
value estimation according to the first lactation only, or
first three lactations was compared by Jagusiak and
Zarnecki (1998). Correlation between both evaluations was
high, when looking at top animals, only 48 to 79 % of the
best animals were found in both ranks, depending on the
intensity of selection. In connection with international
comparison (Interbull ), Canavesi et al. (1999) preferred to
use the first three lactations for breeding value estimation
rather than all the lactations.

The aim of selection is the maximum possible produc-
tion on average for lactation during the lifetime of the
cow. Single lactation manifestations of production do not
occur with the same frequency. Each consecutive lacta-
tion is delayed by a calving interval compared with the
previous lactation. McClintock and Cunningham (1974)
introduced “discounted expression per cow” which takes
into consideration both number of realisation units and
discounting of values in time and allows for a more objec-
tive comparison. In those years several authors came with
the discounting methodology in application to animal
breeding (Brascamp, 1975; Hill, 1974; Niebel, 1974; Pe-
tersen et al., 1974), which results in the G-flow method for
simulation of animal breeding procedures (Brascamp,
1978). Newly this methodology used Filistowicz et al.
(1996). For estimation of the breeding value, the first few
lactations are decisive, on which bases the lifetime pro-
duction is predicted. The weights of lactations in the re-
duced index based on the first three lactations were
introduced by Dempfle and Ponzoni (1986). They took
into consideration several variants of the age structure of
the herd, discounting and genetic correlation between lac-
tations. The weight of the first lactation was practically

twice as much as that of second one. The weight of the
third lactation reached, depending on the entry -parame-
ters, 70% to 361% of the first lactation weight. They do
not recommend to use constant weights for all lactations,
but to determine weight coefficients for every case sepa-
rately.

The principle of using the BLUP method in prediction
of the breeding value based on the correlated traits for
the traits which are not directly observed, was genera-
lised by Schneeberger et al. (1992). The weights of ob-
served traits in the index (combination of breeding values
from a multidimensional evaluation) are determined on the
basis of the economic weights and genetic covariance
matrices.

Together with the development of the population, also
genetic parameters have been changed which influences
the methods of the breeding value estimation, construc-
tion of selection indices and a consequent strategy of
selection. Genetic parameters of the milk production for
national dairy cattle populations have been newly set by
Dédkova and Wolf (2001).

The aim of the present work is to determine the opti-
mum weight coefficients of breeding values in the first
three lactations for selection on the average lifetime milk
production, based on age structure and genetic parame-
ters in local populations of dairy cattle.

MATERIAL AND METHODS

Databases of milk recording of the Czech Pied and Hol-
stein cattle for the 1980—1997 period have been used for
determination of the age structure of cows (PL). Discount-
ed methodology is adapted from Brascamp (1978). Based
on the length of calving interval equal to 398 days (the
present average value) and 365.days (ideal length) and
the interest rates of 0%, 5% and 10%, there have been
determined discounted values (OH) of single orders of
lactations.

OH; = PL; /(1 + )™ - m) )

where: OH, — discounted value of lactation i
PL, — proportion of cows in lactation
J - interest rate
i —lactation order 1 to 10
m  —duration of calving interval

The economic value of lactation was set as a propor-
tion of the discounted value to the total sum of discount-
ed values.

EH;= OH{/Z OH; 2)

Based on the standard methodology of construction of
selection indices and consequently, by using of the eco-
nomic value and genetic covariance matrices, there have
been determined the weight coefficients for breeding val-
ues of the first lactations, determined by means of MT-
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AM, with the aim to select on the average of lifetime milk
production.

Grb=GyEH 3)

where: G, —genetic covariance matrix of lactation in the index
(multi-lactation AM)
b —vector of weights in the index
G, —genetic covariance matrix of lactation in the index to
all lactations
EH — vector of economic values

Reliability of prediction of the average lifetime milk pro-
duction on the basis of partial index is determined accord-
ing to:

r2 = (b’Gy EH)Y((b"Gr b) (EH G¢ EH)) e))

where: G . —genetic covariance matrix of all lactations

Genetic parameters for the first three lactations have
been taken over from Dédkova and Wolf (2001). The oth-
ers are, based on variability in population, modelled in
two variants (Table 1). In the first variant, genetic correla-
tions decrease with the lactation distance. In the second
one, genetic correlations between the second and further
lactations are constant with the exception of neighbour-
ing two lactations. The second variant has on average
higher genetic correlations between lactations.

RESULTS

Age

Age structure was determined on the basis of 9.8 mil-
lion of Czech Pied and 5.1 million of Holstein lactations.
The data set consists of cows calved between 1980 and

Table 1. Genetic parameters — genetic corrclations between lactations in % (above the diagonal variant 1), below the diagonal variant 2) and

genetic standard deviation (Czech Pied - C, Holstein — H)

Lactation 1 2 3 4 5 6 7 8 9 10 LA C o, H
1 91 90 85 80 75 70 65 60 55 324 485
2 91 98 95 90 85 80 75 70 65 372 589
3 90 98 98 95 90 85 80 75 70 387 586
4 920 95 98 98 95 90 85 80 75 388 544
5 90 95 95 98 98 95 90 85 80 386 526
6 90 95 95 95 98 98 95 90 85 385 495
7 90 95 95 95 95 98 98 95 90 377 487
8 90 95 95 95 95 95 98 98 95 373 468
9 90 95 95 95 95 95 95 98 98 361 450

10 90 95 95 95 95 95 95 95 98 361 446

Table 2. Age structure of dairy cows in %
Calving period 19801997 Calving period 1996-1997

Lactation Czech Pied Holstein Czech Pied Holstein

order cumulative cumulative cumulative cumulative

% frequency % frequency % frequency % frequency
1 33.9 33.9 33.2 332 29.0 29.0 343 343
2 21.3 55.2 22.1 55.3 223 51.3 24.0 58.3
3 15.5 70.7 16.0 71.3 16.0 67.3 15.6 73.9
4 11.0 81.7 11.2 82.5 11.8 79.1 11.0 84.9
5 1.5 89.2 7.4 89.9 8.6 87.7 7.0 91.9
6 4.8 94.0 4.7 94.6 5.6 93.3 4.1 96.0
7 29 96.9 2.7 97.4 3.4 96.7 2.2 98.2
8 1.6 98.5 1.5 98.8 1.8 98.5 1.0 99.2
9 0.8 99.4 0.7 99.5 0.9 99.4 0.5 99.7

10 0.4 99.8 0.3 99.8 0.4 99.8 0.2 99.9

11 0.2 99.9 0.1 99.9 0.1 99.9 0.1 100.0

12 0.1 100 0.0 100 0.0 100.0 0.0 100.0
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1997, with majority of observations from the 19841996
period (Table 2). The first lactations represent 1/3 of all
lactations, while the first three lactations more than 70%
of all lactations. The twelfth and further lactations ac-
count only for up to 0.1% of all lactations. In an analysis
of longer time sequences, the age structure for both
breeds is practically the same. The age structure of cows
on the basis of the most recent calving periods in 1996
and 1997 (667 thousand lactations of Czech Pied and
322 thousand lactations of Holstein cattle) is different for
breeds. Holstein breed participated in the first two lacta-
tions by 7% more lactations than Czech Pied breed in
comparison of the corresponding lactation orders (in both
breeds). Holstein breed accounts for 1.18 times higher
number of cows in the first lactations and for 1.08 times
more in the second lactations than in Czech Pied breed.
These figures may be connected with the change of lon-
gevity in both breeds, but also with the intentional inter-
vention of breeders following the numerical change in cattle
populations. For the basis of the following calculations
we use the average age structure resulting from a long-
term analysis with reduction to 10 lactations (10th and
higher lactations).

Total variability of milk production for closed lactations
exceeding 200 days and 1 700 kg milk for the last period is
given in Table 3. The difference in production between
orders of lactations is connected with maturity and rea-
lised genetic trend. The maximum production is, from this
viewpoint, in Czech Pied breed between the 3rd and 5th
lactation, in Holstein breed in the 2nd and 3rd lactations.
With lactation order, Holstein breed shows lower produc-
tion growth and probably the change of production type
is more manifested in younger individuals due to selec-
tion. With the order of lactation, the differences between
breeds decrease. The changed average is related to the
change of variability, which is the highest in the same
lactations.

Discounted values

As it follows from the table of age structure, the first
lactations are the most important. The economic value of
single lactations in the total index is given by the age
structure with consideration of the interest rate which
takes into consideration delayed expression of produc-
tion compared with the initial investments into selection.
This results in a further disadvantage for the later lacta-
tions. For the purposes of mutual comparability, we dis-
counted the frequency of later lactations to the first
lactation. Table 4 gives the discounted economic values
in dependence on the calving interval in the long-term
age structure of the 1980-1997 period. Consideration of
the interest rates increases the importance of the first lac-
tations. At a 0% interest rate, the first lactation has a
33.9% relative importance, at 5% interest rate, the impor-
tance of the first lactation increased to 37% and at a 10%
interest rate, it reaches 40% of all the observed lactations
(1.18 multiple compared with the variant without the dis-
counted interest rate). At a 5% interest rate, the impor-
tance of two first lactations is 59% in the sum and of the
first three lactations it is 74% of the total number of the
observed sum of lactations. At a 10% interest rate, these
values are approximately 62% and 77%. Both in ideal calv-
ing interval equal to 365 days and the actual calving inter-
val, the discounted economic values are practically the
same. It is because majority of lactations are discounted
within the range of a few years from the first calving and
therefore the difference in the calving period duration did
not play an important role in discounting.

At the age structure of the most recent calving periods
in 1996 and 1997, the discounted values dependent on
the breeds are shown in Table 5. Based on age structure,
the economic values in Czech Pied breed are lower both in
comparison with a long-term structure and with Holstein
breed. The total of economic values for the period of two

Table 3. Variability of milk production in dependence on age. Calving period 1996-1997

: Czech Pied Holstein
Lactation order
average (kg) proportion c average (kg) proportion ]
1 4 082 1.00 1024 5 064 1.00 1 346
2 4 633 1.13 1176 5742 113 1634
3 4 830 1.18 1223 5780 1.14 1625
4 4 828 1.18 1226 5567 1.10 1510
5 4 812 1.18 1222 5424 1.07 1458
6 4785 1.17 1217 5236 1.03 1374
7 4713 1.15 1192 5074 1.00 1351
8 4623 1.13 1 180 4 875 0.96 1297
9 4 496 1.10 1141 4 691 0.93 1225
10 4 397 1.08 1141 4 550 0.90 1236
11 4 366 1.07 1135 4 404 0.87 1212
12 4170 1.02 1105 4 491 0.89 1223
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Table 4, Discounted economic values of 1

1980-1997 period

d dent on the i

P

rate and calving interval, at a longterm age structure for the

Lactation Calving interval of 365 days Calving interval of 398 days
0’

order A‘ 5% 10% 5% 10%
1 0.339 0.369 0.396 0.371 0.401
2 0.213 0.221 0.226 0.221 0.227
3 0.155 0.153 0.150 0.153 0.149
4 0.110 0.103 0.097 0.103 0.095
5 0.075 0.067 0.060 0.067 0.059
6 0.048 0.041 0.035 0.040 0.034
7 0.029 0.024 0.019 0.023 0.019
8 0.016 0.012 0.010 0.012 0.009
9 0.010 0.007 0.005 0.007 0.005
10 0.005 0.003 0.002 0.003 0.002

Total 1 1 1 1 1

Table 5. Discounted economic values of lactations, dependent on the interest rate and calving interval, at the age structure for the 1996-1997

period
Czech Pied Holstein
1 calving interval calving interval
I;::;:""“ of 365 days of 398 days of 365 days of 398 days
0, 0,

i 5% 10% 5% 10% % 5% 10% | 5% 10%
1 0290 | 0318 0344 | 0320  0.349 0343 | 0370 0396 | 0373  0.400
2 0223 | 0233 0241 | 0234 0242 0.240 | 0247 0252 | 0247 0252
3 0.160 | 0.159  0.157 | 0159  0.156 0.156 | 0.153 0.149 | 0152 0.148
4 0.118 | 0112  0.105 | 0111  0.104 0.110 | o0.103 0.095 | 0.102 0.09
5 0.08 | 0078 0070 | 0.077  0.068 0.070 | 0.062 0.055 | 0061 0.054
6 0.056 | 0.048  0.041 | 0.047  0.040 0.041 | 0.035 0.029 | 0034 0.028
7 0034 | 0028 0023 | 0027  0.022 0.022 | 0.018 0.014 | 0017 0.014
8 0018 | 0.014 0011 | 0014  0.010 0.010 | 0.008 0.006 | 0.007  0.006
9 0.009 | 0.007  0.005 | 0.006  0.005 0.005 | 0.003 0.003 | 0004 0.003
10 0.006 | 0.003  0.003 | 0.005  0.004 0.003 | 0.001 0.001 | 0.002 0.001

Total 1 1 1 1 1 1 1 1 1 1

first lactations are by 6.5% higher for Holstein breed than
for Czech Pied breed. Only the economic values for the
ideal calving interval were included into the following cal-
culations.

Weights of lactations in the index

Into the index there are incorporated partial breeding
values for the early lactations determined by means of a
multi-lactation model. Using the index, selection is done
for the lifetime production on average for the period of 10
lactations. Alternatively there are included into the index
first 1, 2 or 3 lactations. The indices are determined in
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dependence on the economic values (Tables 4 and 5) and
two variants of genetic parameters (Table 1). The results
for the indices, only with the first lactation are shown in
Table 6, while Table 7 gives indices with two first lacta-
tions and Table 8 with three first lactations. The weights
are determined for various variants of indices, dependent
on the breed and age structure, the interest rate and ge-
netic parameters.

The total sum of weights in the index for separate lacta-
tions comes close to the value of 1. The age structure is
manifested in weight coefficients of single lactations,
but in the total reliability of production prediction it is
reflected only a little. In the indices with two lactations,
the second lactation has almost a double weight com-
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Table 6. Weights of the 1st lactations in the index and reliability of prediction of breeding values of the

age lifetime p

Tidex Vaiiaiie Genetic parameters 1 Genetic parameters 2
bl r bl r?
C, age 80/97, interest rate 0% 1.000 0.885 1.040 0.921
C, age 96/97, interest rate 0% 0.998 0.868 1.044 0.911
H, age 80/97, interest rate 0% 0.988 0.891 1.024 0.922
H, age 96/97, interest rate 0% 1.001 0.896 1.000 0.922
C, age 80/97, interest rate 5% 1.005 0.898 1.039 0.927
C, age 96/97, interest rate 5% 1.003 0.881 1.042 0.917
H, age 80/97, interest rate 5% 0.997 0.902 1.027 0.928
H, age 96/97, interest rate 5% 1.008 0.906 1.032 0.927
C, age 80/97, interest rate 10% 1.008 0.908 1.037 0.932
C, age 96/97, interest rate 10% 1.007 0.892 1.040 0.922
H, age 80/97, interest rate 10% 1.004 0.912 1.029 0.933
H, age 96/97, interest rate 10% 1.013 0.914 1.034 0.932

Table 7. Weights of the first two lactations in the index and reliability of prediction of breeding value of the ge lifetime producti
Tidex visiaat Genetic parameters 1 Genetic parameters 2
bl b2 > bl b2 r

C, age 80/97, interest rate 0% 0.306 0.664 0.974 0.419 0.594 0.989
C, age 96/97, interest rate 0% 0.253 0.713 0.968 0.379 0.636 0.987
H, age 80/97, interest rate 0% 0.311 0.613 0.977 0.412 0.553 0.990
H, age 96/97, intcrest rate 0% 0.320 0.616 0.982 0.410 0.562 0.992
C, age 80/97, interest rate 5% 0.342 0.634 0.979 0.441 0.572 0.991
C, age 96/97, interest rate 5% 0.287 0.686 0.974 0.398 0.616 0.989
H, age 80/97, interest rate 5% 0.346 0.589 0.982 0.435 0.536 0.992
H, age 96/97, interest rate 5% 0.352 0.594 0.986 0.430 0.545 0.993
C, age 80/97, interest rate 10% 0.374 0.607 0.983 0.460 0.552 0.992
C, age 96/97, interest rate 10% 0.318 0.660 0.979 0.416 0597 0.991
H, age 80/97, interest rate 10% 0.377 0.567 0.986 0.455 0.519 0.993
H, age 96/97, interest rate 10% 0.381 0.572 0.988 0.450 0.528 0.994

pared with the first one. The variant of genetic parame-
ters No.1 presumes the decrease of genetic correlations
with the more distant lactation orders. No. 2 variant of
genetic parameters (Table 1) is with higher values of
genetic correlations between lactations (constant value
of genetic correlations between the second and higher
lactations). This results in the increased weights in the
index for the first lactation at the expense of the following
lactations.

In the second variant, the first lactation in the index
with three lactations has the weight between 0.357 to 0.442.
In the first variant of genetic parameters the first lactation
has the weight between 0.215 to 0.356. In the indices with
three lactations, the second lactations have considerably

lower weights than the third one, which is connected with
prediction of the following lactations.

The above mentioned weight coefficients are in accor-
dance with the data given by Dempfle and Ponzoni (1986).

Reliability of prediction of lifetime production accord-
ing to the first three lactations in the index reaches more
than 99%. In selection based only on the first lactation in
the index, the reliability reaches according to the index
variant only the values between 87 to 93%.

The second variant of genetic parameters shows a mar-
ginally higher reliability of prediction of the average life-
time production.

Here it is to be taken into consideration that prediction
of the breeding value for a particular lactation, dependent
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Table 8. Weights of the first three lactations in the index and the reliability of prediction of breeding value of the average lifetime production

Index variant Genetic parameters 1 Genetic parameters 2
bl b2 b3 7 bl b2 b3 7

C, age 80/97, interest rate 0% 0.272 0.072 0.607 0.992 0.399 0.236 0.368 0.996
C, age 96/97, interest rate 0% 0.215 0.063 0.667 0.990 0.357 0.252 0.394 0.995
H, age 80/97, interest rate 0% 0.279 0.095 0.555 0.993 0.392 0.230 0.347 0.996
H, age 96/97, interest rate 0% 0.291 0.139 0.511 0.995 0.390 0.248 0.337 0.997
C, age 80/97, interest rate 5% 0.311 0.101 0.548 0.994 0.421 0.237 0.345 0.997
C, age 96/97, interest rate 5% 0.252 0.095 0.606 0.992 0.377 0.254 0.372 0.996
H, age 80/97, interest rate 5% 0.317 0.120 0.503 0.995 0.416 0.231 0.327 0.997
H, age 96/97, interest rate 5% 0.325 0.161 0.465 0.997 0.412 0.250 0.317 0.998
C, age 80/97, interest rate 10% 0.345 0.122 0.498 0.996 0.442 0.236 0.324 0.997
C, age 96/97, interest rate 10% 0.286 0.121 0.553 0.994 0.396 0.256 0.351 0.997
H, age 80/97, interest rate 10% 0.351 0.139 0.460 0.996 0.437 0.232 0.308 0.998
H, age 96/97, interest rate 10% 0.356 0.177 0.423 0.997 0.433 0.252 0.297 0.998
*C, age 80/97, interest rate 5% 0.333 0.333 0.333 0.992 0.333 0.333 0.333 0.995
*C, age 96/97, interest rate 5% 0.333 0.333 0.333 0.988 0.333 0.333 0.333 0.995
*H, age 80/97, interest rate 5% 0.333 0.333 0.333 0.993 0.333 0.333 0.333 0.996
*H, age 96/97, interest rate 5% 0.333 0.333 0.333 0.995 0.333 0.333 0.333 0.996

*all three lactations in the index equal weights

on the amount and distribution of records, reaches only a
certain reliability (R). The total reliability of prediction of
the lifetime production therefore is

ond and all further lactations. In the case where the ge-
netic correlations between lactations were low, bigger
changes could be expected.

Breeding value estimation in different countries is done

ri=Rev? (5)  according to different number of lactations per cow, dif-
T " T ferent methodology and different weighting of lactations
where: R —reliability of isolated breeding value estimation ft : A :
s :; e lfy e i i (Interbull Bulletin No. 24, 2000). The majority of countries
e particular lactation

r?—reliability of prediction of lifetime production from
the breeding value of the particular lactation

From which follows that even in the most accurate pre-
diction of the breeding value for the first lactation, reli-
ability of prediction of the average of the lifetime
production cannot practically exceed the level around 90%.
If the higher lactations are also included in the index, the
reliability increases.

The procedure shown in the equations (3), (4) and (5) is
general and it is valid also for the multi-lactation model,
where the breeding value of the early lactations (first three
lactations) is, in gradually available information, deter-
mined only on the basis of the 1st lactation. The lifetime
production is predicted in two steps, i.e. from the 1st lac-
tation to the first three, and in the second step from first
three lactations to all the others. The final reliability is the
same, corresponding with the expression (5).

In case we substitute to the index with three lactations
the same weight to all lactations (last lines of the Table 8),
reliability of prediction of the lifetime production is not
practically changed, compared with the optimal index. It
is caused by a high genetic correlation between the sec-
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use the repeatability animal model, and evaluation accord-
ing to the first three to five lactations. According to our
analysis (Table 2) first three lactations represent about
70% of all observations and first five lactations about
90% of all observations. Some countries use only the first
lactation, some countries all lactations. Under this condi-
tion the breeding value for the same trait (milk produc-
tion) in different countries cannot be considered as the
same parameter and ranking of the animals in the interna-
tional evaluation differs. Repeatability model produces
the breeding value for an average of known observations,
which, according to the number of evaluated lactations,
has a different relation to the average of lifetime produc-
tion. In multi-lactation (multi-trait) evaluation, the predic-
tion of the average of lifetime lactation depends on weights
in index. Weight factors differ according to countries.

The aim of similarity in the international evaluation mo-
tivated some countries to reduce the number of evaluated
lactations (Canavesi et al., 1999). This can yield higher
correlation between countries in Interbull evaluation (sim-
ilarity of procedures applied in different countries), but
not to higher genetic progress in average of lifetime pro-
duction.
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CONCLUSIONS

1. Economic value of the 1st lactation increases with the
interest rate up to 40% of all lactations.

2. Multi-lactation index of the animal model allows predic-
tion of the lifetime breeding value of milk production
based only on the st lactation with reliability around
90%. At the first two and more lactations, the conver-
sion is within a 97-99% of reliability.

3. Total reliability of prediction is a multiple product of
reliability of partial breeding value for concrete lacta-
tions and reliability of conversion from the given lacta-
tions for the lifetime production.

4. In the optimal index with three lactations, the weight of
the first lactations is between 0.23 and 0.44 dependent
on the interest rate and genetic parameters (from 23 to
44% of the total of weights of all three lactations). The
weight of the third lactations exceeds significantly the
second lactations.

5. A higher interest rate, as well as higher genetic param-
eters, increase the importance of the 1st lactation at the
expense of the later lactations.

6. The differences in age structure according to breeds
have a small influence on total reliability of breeding
value prediction.

7. Substitution of the same weight to all the lactations
into the index with three first lactations did not influ-
ence reliability of conversion compared with the opti-
mal index.

8. Different variants of genetic parameters influenced reli-
ability of prediction of the lifetime production only if it
was estimated according to the 1st lactation alone. If
more parities per animal are available, the influence of
difference between genetic parameters decreases.
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The effect of age of pre-ruminant calves on starch digestibility

Vliv véku telat na stravitelnost Skrobu

D. VRZALOVA', J. ZELENKA®

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

ABSTRACT: Apparent starch digestibility (ASD) was studied in an experiment with five male calves of Czech Red Pied breed at
the age of 9 to 91 days. Animals were fed on a milk replacer containing 5% of wheat starch. Digestibility was determined in
23 three-day balance periods using the chromic oxide indicator method. The average estimated value of ASD was 0.934 + 0.00536.
Starch digestibility changed highly significantly (P < 0.01) with the age of calves. The dependence of determined values (¥) on age
in days (X) was expressed by the 2nd degree parabola equation with a maximum on Day 54. The most marked increase was
observed in the first weeks of the experiment, from Day 9 to Day 28, by 0.0064 per day (P < 0.05). It is of interest that even in
very young animals starch was more digestible than it was expected.

Keywords: calves; effect of age; starch digestibility

ABSTRAKT: Vliv véku na bilan&ni stravitelnost krobu byl sledovén u péti byckii eského strakatého plemene od 9. do 91.
dne v&ku. Stravitelnost byla zjistovana indikatorovou metodou s oxidem chromitym ve 23 tfidennich bilanénich periodach.
Telata byla krmena mlé&nou krmnou smési obsahujici 5 % p3eni¢ného Skrobu. V pokusu byla zji§téna priméma stravitelnost
0.934 + 0.00536. Bilan&ni stravitelnost Skrobu se s v€kem telat vysoce pritkazné ménila (P < 0.01). Zavislost naméfenych
hodnot (Y) na v&ku ve dnech (X) byla vyjadfena rovnici paraboly 2. stupné s maximem v 54. dni v&ku. Nejvyraznéjsi vzestup
byl zaznamenén v prvnich tydnech pokusu, od 9. do 28. dne v&ku denné o 0.0064 (P < 0.05). Skrob v pouzité davce byl

pomé&mé dobfe stravitelny i u velmi mladych zvifat.

Klitov4 slova: telata; vliv véku; stravitelnost $krobu

INTRODUCTION

In calves, the digestibility of nutrients is influenced by
a number of factors. The starch digestibility is probably
limited by pancreatic production of amylase which incre-
ases with the age of calves during the first weeks of their
life. The total production of this enzyme in milk-fed calves
highly significantly increased (P < 0.001) in the study of
Ternouth et al. (1971), in twelve-hour monitoring inter-
vals from 9.4 mg to 57.5 mg and 240.0 mg on Days 7, 24
and 63 of age, respectively. In calves fed on milk replacer,
the daily increase in twelve-hour amylase production was
0.972 mg in the period starting on Day 16 and ending on
Day 37 (P < 0.001). Edwards and Barre (1977) fed wheat
starch (200 g per 1 kg of milk replacer) to calves older than
17 days. They found that the values of starch digestibility

were 0.627-0.707 and 0.711-0.792 in 4th-5th and 9th-10th
weeks of age, respectively. Toullec ef al. (ex Assan and
Thivend, 1976) mentioned that from birth to the age of
8 weeks, calves were able to digest starch from the milk
replacer fed in the amount of 100—150 g/kg of dry matter.
Veira et al. (ex Assan and Thivend, 1976) found in an
experiment with weaned calves of the age 912 weeks fed
on the maize-soybean meal diet that the values of starch
digestibility ranged from 0.863 to 0.897. In older animals,
microbial digestion of starch takes place above all in the
proventriculum and caecum. Streeter et al. (1989) deter-
mined in heifers that 82.7, 2.9 and 5.7% of starch were
digested in rumen, small intestine and large intestine,
respectively. In ruminants, the capacity to digest starch
in the intestine ranged from 45 to 85% of starch entering
the duodenum; this capacity was apparently limited by

Supported by the Ministry of Agriculture of the Czech Republic (Grant No. EP0960996548) and Ministry of Education, Youth and

Sports (Grant No. 432100001).
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the supply of pancreatic amylase (Huntington, 1997). The
pancreatic secretion of amylase can be influenced by feed
intake. The quantity of the pancreatic secretion was mar-
kedly lower when the calves were fed only once, not twi-
ce a day (Ternouth et al., 1977).

The objective of this experiment was to determine how
the digestibility of starch from the milk replacer varied in
the course of fattening of pre-ruminant calves. To evalua-
te the effect of age as exactly as possible, it is necessary
to carry out a great number of estimations in short time
intervals during a longer period of life.

MATERIAL AND METHODS

Effect of age on the apparent digestibility of starch was
studied within 23 three-day balance periods from Day 9 of
age to Day 91 using five male calves of Czech Red Pied
breed. Two subsequent three-day balance periods were
followed by one-day pause every week. Calves were fed
on a milk replacer containing spray-dried skim milk, but-
termilk and whey, soya-protein concentrate HP 100, fat,
feed additive premix and wheat starch. Milk replacer con-
tained 206 g crude protein, 154 g crude fat, 8 g crude fibre,
558 g nitrogen-free extract, 51 g starch, 7.8 g Ca, 7.3 g P,
1.4 gMg, 18.7 g K and 4.4 g Na per 1 kg of dry matter. The
milk replacer was diluted with water in ratiosof 1:9,1: 8,
1:7and 1 : 6till Days 18, 36, 71 and 91 of age, respectively.
Milk drink of the temperature of 38-40°C was supplied
ad semi-libitum three times a day.

The digestibility was estimated using the chromic oxide
indicator method. The calves received 1 gelatine capsule
(size 20 mm, diameter 6 mm; INTERCAPS, Ltd. Zlin) con-
taining 1 gram of chromic oxide just before every feeding.
Excrements were collected every 24 hr and samples were
prepared from the pooled excrements collected within a
period of 3 days. The content of chromic oxide in freeze-
dried faeces was determined by the atomic absorption
spectrophotometry (Williams et al., 1962). The content of
starch in feed and freeze-dried faeces was estimated pola-
rimetrically after hydrolysis with hydrochloric acid and

Table 1. Effect of age on apparent digestibility of starch

removal of proteins using Carres’s agents. Optical turn,
measured in the apparatus Polamat (Carl Zeiss Jena), was
corrected for the content of optically active substances
soluble in the mixture ethylalcohol-water (Decree No. 222/
1996 of the Czech Ministry of Agriculture).

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

RESULTS AND DISCUSSION

The average value of starch digestibility in the trial (114
metabolic experiments) was 0.934 +0.00536 (mean + stan-
dard error of the mean). We determined higher starch di-
gestibility than expected during the whole trial. The values
measured in our experiment were higher than those pub-
lished by other authors (Edwards and Barre, 1977; Veira et
al., 1980). This can be caused by a relatively low starch
content in the milk replacer used in our experiment. Diges-
tibility varied highly significantly (P < 0.01) with the age
of calves. The dependence of starch digestibility (Y) on
age in days (X) was expressed by means of linear and 2nd
degree parabola regression equations. The reduction in
the sum of squares of deviations was tested against the
mean square remaining after curvilinear regression by
F-test (Snedecor and Cochran, 1967) and was highly sig-
nificant in all calves (P < 0.01). Parameters a, b and c,
correlation index, F-values and extreme coordinates of
parabola equations are presented in Table 1. When invol-
ving the values measured in all calves into the mean, the
apparent digestibility of starch varied in the period of
Day 9 to Day 91 by the linear equation

Y=0.908 + 0.00053 X; r = 0.215; P < 0.05
and parabola equation

Y =0.756 + 0.0082 X — 0.00007567 X2; r = 0.674;
P < 0.01; Xextr, = 53.9; Yextr, = 0.976

with a maximum on Day 54 (Figure 1). The parabolic ex-
pression described the examined dependence significantly
more accurately than the linear regression (P <0.01).

LTl Y=a+bX+cX?
ek ehrf::no: the mean
a b c r P X Yo
1 0.942 + 0.0123 0.781 0.0074  -0.00006883 0.590 < 0.01 53.8 0.980
2 0.944 + 0.0065 0.845 0.0046  -0.00004408 0.710 < 0.01 52.5 0.966
3 0.915 + 0.0181 0.613 0.0138  -0.00012667 0.833 < 0.01 54.4 0.988
4 0.926 + 0.0114 0.763 0.0081  -0.00007976 0.721 < 0.01 50.9 0.969
5 0.945 + 0.0073 0.823 0.0053 —-0.00004695 0.734 < 0.01 56.2 0.972
1-5 0.934 + 0.0054 0.756 0.0082  -0.00007567 0.674 < 0.01 53.9 0.976
X - age in days r — correlation coefficients a, b, ¢ — parameters of equation

Y — apparent digestibility of starch

P — significance of the deviation from linearity

311



Original Paper

Czech J. Anim. Sci., 46, 2001 (7): 310-312

0.90 1

0.80

Digestibility

0.70 1

0.60 T T T ™ ]
40 60 80 100
Age in days

Figure 1. Apparent digestibility of starch

The most marked increase was observed within the first
weeks of life. The apparent starch digestibility in the peri-
od of Day 9 to Day 28 was expressed by means of linear
regression equation

Y=0.751 + 0.0064 X; r = 0.486; P < 0.05

The daily increase of 0.0064 was significant (P < 0.05).
This could be caused by an increase in the production of
pancreatic amylase (Ternouth et al., 1971). Wheat starch
in the amount of 50 g per kg of milk replacer was digested
well even by very young calves. Assan and Thivend
(1976) also considered wheat starch as a suitable source
of energy even for very young calves.

In older calves, the apparent starch digestibility
decreased highly significantly after the 54th day (P < 0.01)
of our trial. When expressed by means of a linear
regression equation the starch digestibility decreased
highly significantly within the period of Day 54 to Day 91;
this was described by the equation

Y =1.045-0.0015 X; r=0.418; P <0.01

For calves feeding only on milk replacer till the age of
3 months is not physiological. Under natural conditions
the calf starts with roughage intake rather early and the
major part of starch is digested by the rumen microbial
population (Streeter et al., 1989). The capacity to digest
starch in the intestine is probably limited by the level of
pancreatic amylase (Huntington, 1997).

The average values of starch digestibility in the peri-
ods from Day 9 to Day 28 and from Day 54 to Day 91 were

0.875 £0.0142 and 0.936 + 0.0054, respectively. In our
trial starch was more digestible in the older calves; howe-
ver, it was more digestible than expected even in very
young animals.
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Frequency of feeding with TMR in dairy cows in summer season

Frekvence krmeni dojnic smésnou krmnou dadvkou (TMR) v letnim obdobi

V. KubprNA, P. LANG, P. MLAZOVSKA

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

ABSTRACT: The observation was focused on the effect that a feeding frequency using TMR twice or three times a day has on
the parameters of performance, dry matter intake (DMI), rumen fluid composition, chewing activity and behaviour of animals if
they were given feeds in a summer season. 13 Holstein and 5 Czech Red Pied dairy cows, which were on average 70.5 days after
calving, were used in a periodical experiment. Ifa feeding ration with a considerable ratio of corn starch was given three times a day,
statistically significantly higher DMI (P < 0.05) by 1 310.74 g/head/day and higher daily milk yield by 1.24 kg/head (= 1.33 kg of
FCM) were reached. Differences in milk protein and milk fat contents were minimal (0.02 and 0.04%, respectively). Differences
in rumen fluid parameters and chewing activity were also statistically insignificant (P > 0.05).

Keywords: dairy cows; feeding frequency; DM consumption; milk yield; physiological parameters

ABSTRAKT: V periodickém pokusu na 18 dojnicich holtynského (13 ks) a &eského strakatého plemene (5 ks), v priméru
70,5 dne po oteleni, byl sledovan vliv frekvenci krmenf TMR 2% a 3x denné v letnim obdobf na parametry uZitkovosti, pfijem
susiny, sloZeni bachorové tekutiny, Zvykaci aktivitu a chovéni zvifat pfi krmeni. Krmna dévka byla tvofena vojt&Skovou silaZi,
silaZovanou drti kukufi¢nych palic, siliZovanou drti p3enice a hrachu, luénim senem, pivovarskym mlatem, suSenymi cukro-
varskymi fizky, sjovym extrahovanym Srotem a jadmou smési pro dojnice (DO). Pfi zkrmovani dévky s vyraznym podilem
kukufi¢ného $krobu bylo pfi frekvenci krmeni 3x denn& dosaZeno statisticky prikazn& (P < 0,05) vy3siho pfijmu susiny
(o 1310,74 g/ks/den) a vy$3i prim&mé denni produkce miléka o 1,24 kg (1,33 kg FCM). Rozdily v obsahu mlé&né bilkoviny
a mlééného tuku byly minimalni (0,02, resp. 0,04 %). Pfi krmeni 3x denné doséhla priim&ma denni uZitkovost 33,45 kg, zatim-
co pfi frekvenci krmeni 2x denné to bylo pouze 32,21 kg. Zji$téné hodnoty pH bachorové tekutiny se v pribé&hu pokusu
pohybovaly v rozpéti 6,03—6,50, pfi krmeni 3% denné bylo v priibéhu dne pH vyrovnanéjsi (6,08—6,38). Obsah amoniaku
v bachorové tekutiné byl v ramci fyziologickych hodnot nejvyssi vétsinou pfi vedernim odbé&ru. Celkovéa doba Zvykéni za den
pfi krmeni 2x denné byla o 23,41 minut del3i, neZ pti krmeni 3x denné. Vzhledem ke zvySenému pfijmu susiny a vy3si mlécné
uZitkovosti je podle nadich vysledkidl vyhodn&jsi krmit vysokouZitkové dojnice TMR v letnim obdobi 3x denné, neZ 2x denné.

Kli¢ova slova: dojnice; frekvence krmeni; spotfeba susiny; mlé&né uZitkovost; fyziologické parametry

INTRODUCTION

A feeding technique can influence the feed intake, milk
yield and health condition of dairy cows in an expressive
way. The feeding frequency and the way of feed adminis-
tration are among the most important factors of feeding
technique. Opinions on the number of feedings in the course
of one day varied. The feeding system twice a day is used
most frequently in regular practice. If we were to decide on
the number of feedings during one day, apart from other
things, it is necessary to take into consideration the com-

position of feeding ration, quality of feeds and performance
of the barn. According to the contemporary conception
and in view of the maximum feed intake, i.e. of DMI —it is
necessary that the dairy cow may eat whenever it feels like
eating. It could be said that more feedings during one day
which often involve the accumulation of offered feeds, meet
these demands. On the other hand, it is necessary to im-
prove labour productivity and so possibly to reduce feed-
ing to once a day system. The once a day variant makes it
possible to use a “total mixed ration” (TMR) as a homoge-
neous mixture of all feeds that are chosen.

The experiment was carricd out as Project No. MO2-99-04 of Ministry of Agriculture of Czech Republic.
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Kaufmann (1976) states that the higher feeding frequen-
cy facilitates higher intake of concentrates without a de-
crease in the rumen pH value, and the ratio of acetic to
propionic acid is 3 : 1, and no decrease in milk fat occurs.
If the automatic dosing systems of concentrates and high-
er frequency of feeding were used, it was possible to in-
crease milk performance without a decrease in milk fat and
an increase in metabolic disorders. Johnson e? al. (1966)
did not find any differences in milk yield and feed intake
that would be caused either by changes in the feeding
frequency or by similar differences in the forage intake of
dry cows. Due to the unusually hot weather (26.7°C) in
summer time the feed intake and milk yield were reduced
approx. by 10%. Nocek and Braund (1968) fed TMR of the
constant composition at the following frequencies: 1-, 2-,
4- and 8- times a day. They found if the dairy cows stand-
ing in the first lactation period received TMR ad libitum
at different frequencies, the consumption of dry matter
and water differed, nevertheless the course of changes in
the rumen fluid composition was similar. DMI was higher
by 3% and milk performance by 2% in the cows fed once
a day in comparison with the animals fed four times a day.
The higher feeding frequency in the case of feeding ra-
tion with a low portion of forage increased the milk fat
production in experiments of Sutton ez a/. (1985). Similar-
ly, Johnson (1979) reported that if the feeding ration was
given five times a day, there was a higher percentage of
milk fat in comparison with feeds administered just twice.
The effect of the concentrate feeding frequency on pH
level, volatile fatty acids production and performance was
also investigated (Kaufmann et al., 1980). Gill and Castle
(1983) confronted the feeding of protein concentrate 2-,
4- or 22- times a day. The feeding frequency did not influ-
ence either the intake of silage, total intake of nutrients,
milk performance or live body weight in that experiment. If
the feeding frequency was risen, the concentration of milk
fat rose up too, but the animal’s behaviour concerning
the time of eating and chewing of dairy cows was not
influenced. Different variants of the feeding frequency of
hay before or after concentrate administration were in-
vestigated by Macleod et al. (1994). Shabi et al. (1999)
evaluated the effect of two feeding rations — both were
given at two feeding frequencies (2- and 4- times a day) in
Israel. Li (1999) found as the optimal feeding frequencies
to administer forage 5 times a day and concentrates 6
times a day.

Possible physiological problems which have to do with
separate feeding of higher portions of concentrates are
solved in such a way that the concentrates and roughage
are fed together in form of TMR. McCullough (1994) stat-
ed that there is a uniform progress of fermentation inside
the rumen as a result of several daily feeding rations, and
in this time there occurs an increase in DMI, better utilisa-
tion of energy and proteins, elimination of digestive prob-
lems and improvement of milk fat percentage.
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MATERIAL AND METHODS

A periodical experiment with 13 Holstein and 5 Czech
Red Pied dairy cows (7 of them were primiparous) was
carried out in a summer season to find out the effect of
changes in the TMR feeding frequency in the course of
one day on feed intake, milk yield and some physiological
parameters. Dairy cows were on average 70.5 days after
calving at the beginning of the experiment and their aver-
age body weight was 625.9 kg. The following feeding fre-
quencies were investigated while the cows were given
TMR ad libitum:

Ist period — twice a day
2nd period — three times a day
3rd period — twice a day

Each period lasted for 21 days and the first 7 days were
as a preparatory period when the animals were adapted to
a new frequency of feeding. The feeding ration (Table 1)
consisted of alfalfa silage, silage from ground corn cobs,
silage from a ground mixture of wheat and pea, meadow
hay, draff, dried sugar beet pulps, extracted soybean meal
and concentrate mixture for high-yielding dairy cows
(CM). CM contained extracted soybean meal again, corn
grain, fish meal, dicalcium phosphate, salt, limestone,
magnesium dioxide and mineral-vitamin supplement VPDz.

Administration of feeds in form of TMR was carried out
from a mixing wagon Luclar at 6:45 AM and 16:45 PM if
fed twice a day, but if fed three times a day, another TMR
was given at 12:00 AM. The values of consumption were
taken from a list of values which were put down by a
supported software. This software controlled troughs
standing on tensiometric scales. Samples of rumen fluid
were taken with a gullet probe twice for 6 animals, namely
at 2!4, 6 and 10%2 hrs after morning feeding during the 1st
and 3rd period and the same was done four times for the
same animals and at the same time during the 2nd period.

Table 1. Composition of feeding ration

Feeds % of DM
Alfalfa silage 18.11
Ground corn cob silage 34.48
Ground mixture of wheat and pea 5.71
Meadow hay 7.92
Fresh draff 4.98
Dried sugar beet pulps 4.03
Extracted soybean meal 16.82
Corn grain 2.36
Fish meal 3.18
Dicalcium phosphate 0.39
Salt 0.30
Limestone 1.07
Magnesium dioxide 0.40
Mineral-vitamin supplement VPDz 0.25
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The cows that were selected for rumen fluid samplings
got feed in the evening before rumen fluid sampling. pH
value, NH, content and contents of single and total fatty
acids were determined in the rumen fluid.

Chewing activity was examined in 10 animals in the
course of one day at each period. Total time of chewing,
length of chewing periods and their number during 24 hrs
were also monitored.

Cows were milked twice a day in a milking parlour with
10 milking boxes, at the same time — in the morning be-
tween 4 and 5 o’clock and in the afternoon between 16
and 17 o’clock. They were stalled in a fre barn with sleep-
ing boxes. Milk draw was measured every day. Samples of
milk were taken once a day and contents of milk fat, milk
proteins and lactose were determined. Dairy cows were
weighed at the beginning and at the end of each period.

All results of measurements and analysis were pro-
cessed by common statistical methods while — after basic
array and arrangement in alphabetical order of a data file -
Charlier’s test for correctness of putting of values and
partial calculations was used. Then two tests for elimina-
tion of possible extreme values (Grubbs’ and Dixon’s) fol-
lowed and at the end some statistical parameters were
calculated (e.g. arithmetic means, standard errors, range
of statistical classes and their character and so on). Then
these parameters were used in F-test for testing the sig-
nificance of differences between mean squares of data
files. In order to test the results of the previous test one of
t-tests was chosen, by means of which the significance of
possible differences in means of these two monitoring
data files was tested. The results of testing were used to
express the level of significance of differences or confor-
mity between two monitoring data files.

RESULTS AND DISSCUSION

Effects of experimental intervention — the change in the
feeding frequency — on the intake of dry matter (DMI)
and simple organic and inorganic nutrients are shown in
Table 2. While in the 1st and 3rd periods, when fed twice
a day, dairy cows took 23 206.27 g of DM/head/day, in the

2nd period (the feeding frequency three times a day) DM
consumption amounted to 24 517.01 g/head/day. The es-
tablished difference of 1 310.74 g/head/day was statisti-
cally significant (P < 0.05) and it points to more frequent
feeding of TMR to high-yielding dairy cows in the sum-
mer season. DMI in the 2nd period matched up to 3.83%
of body weight, whereas this value matched up to 3.59%
of body weight in the control period. Average tempera-
ture in the periods of our experiment was 20.04°C, and the
maximum temperatures reached 31.9°C, 27.2°C and 27.7°C,
respectively, at the relative humidity of 82.75, 88.62 and
96.24%, respectively. Although no changes occurred in
the feed intake in some experiments with different feeding
frequency (Klusmeyer et al., 1990; Macleod et al., 1994),
in other experiments (Shabi et al., 1999), if the feeding
frequency increased, there occurred an increase in DMI,
namely if feed rations with the higher portion of starch
were used likewise in our experiment. Shabi et al. (1999)
considered more frequent feeding of this type of feeding
ration as more advantageous because of increasing the
postruminal digestibility of organic substances (by 28.9%),
nonstructural hydrocarbons and crude protein. More fre-
quent feeding, in this case, was more advantageous also
for the increase in milk yield and milk composition. Ruiz
and Mowat (1987) found in the cows fed ad libitum only
minimum differences in the intake and conversion of feeds
for the feeding frequency once and four times a day, whilst
if the consumption was reduced to the level 90% of the
maximum, more frequent feeding was a reason for the in-
crease in DMI, digestibility of organic substances and
nitrogen retention.

The content of protein (nitrogenous substances — NS)
was 19.45 or 20.14% (on the basis of feed dry matter).
Chamberlain and Wilkinson (1996) recommended NS con-
tents 17.5-18% (on the basis of feed dry matter) for per-
formance of 40 I/day and 18—19% for performance of 50 I/
day. If the cows consumed more than 200 g of crude pro-
tein/kg DM, these authors concluded that a considerable
amount of proteins is deaminized, which can damage the
liver function to such an extent that the fertility is de-
creased. The intake of P, including the values of PDI, was
also higher than the benchmark recommendation of Som-

Table 2. Average consumption of organic nutrients and macro-clements (g/head/day)

Nutrients
Period
DM P PDIE PDIN NEL (MJ)  crude fibre ADF NDF
2nd 24 517.01 4 770.29 2 532.65 2 976.72 149.09 4 031.62 4 844.66 7 533.34
(1st+3rd)/2 23 206.27 4 673.76 2 437.07 2 916.53 140.22 4 017.94 4 545.62 7 350.19
Macro-elements
Ca P Na K Mg

2nd 244.2 108.18 72.33 239.71 87.61
(1st+3rd)/2 226.96 106.6 70.02 235.08 86.13
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mer ef al. (1994). The difference in NS-intake during the
assessed period was 96.53 g and was related — similarly
like the higher intake of some other nutrients (NEL, miner-
al elements) — to higher DMI if the cows were given meal
three times a day. The energy intake during our experi-
ment was higher, according to the recommendation of
Sommer et al. (1994). The content of crude fibre was oth-
erwise higher than the recommendations mentioned
above, but, in terms of its percent of feed dry matter, it
was basically at its optimum level (16.44% during the 2nd
period and 16.38% on average for the 1st and 3rd period).
The ADF rate (19.77% and 19.58% DM of feed ration) was
optimal for the attained lactation level, analogous to NDF
contents. The content of calcium (Ca) was higher than
the recommendation of Sommer et al. (1994) while the con-
tent of phosphorus (P) was within the recommended val-
ues. Ca : P ratio was 2.26 : 1 in the 2nd period and average
ratio for both control periods was 2.10 : 1. Potassium (K)
to sodium (Na) ratio was approximately 3.3 : 1, and the
intake of mineral elements was roughly the same for all
investigated periods.

The milk yield is shown in Table 3. During the 2nd peri-
od when the cows received feed three times a day, the

Table 3. Average values of milk performance parameters

daily milk yield (33.45 kg) was higher by 1.24 kg compared
with the average of both control periods (32.21 kg). The
difference is statistically significant (P < 0.05), analogous
to the difference (1.33 kg) in FCM production (P <0.05).
The improvement of milk production (feeding three times
a day) could be explained by the increased DMI. It did not
happen in experiments of Macleod et al. (1994) when the
frequency of concentrate feeding was increased. The re-
sults of experiments in which the effect of higher feeding
frequency on performance of dairy cows was studied are
often inconsistent (Gibson, 1984). Sutton et al. (1985) ex-
pected the effect on milk performance, and especially on
milk fat content, in the case of feed rations with low fibre
concentration. Percentual content of milk protein rose up
during progressive lactation from 3.27% in the 1st period
to 3.56% in the 3rd period, while the difference of 0.02%
between the experimental period and the average of both
control periods was not statistically significant in our ex-
periment (P> 0.05). Continuously rising values were also
recorded in the percentual content of milk fat, but with the
insignificant difference between experimental and both
control periods. Due to higher daily milk yield there was
also statistically significantly (P < 0.05) higher absolute

Parameters fed ! e o
st 2nd 3rd (1st+3rd)/2 2nd — (Ist+3rd)/2
Milk (kg/day) 33.22 33.45 31.2 3221 1.24
FCM (kg/day) 29.33 30.28 28.57 28.95 1.33
Protein (%) 3.27 3.43 3.56 3.41 0.02
Protein (kg/day) 1.09 1.15 1.11 8§ 0.05
Fat (%) 3.22 3.37 3.46 3.33 0.04
Fat (kg/day) 1.07 1.13 1.08 1.07 0.06
Lactose (%) 4.99 4.98 5.03 5.01 -0.03
Lactose (kg/day) 1.66 1.67 1.57 1.61 0.06
Table 4. Average composition of rumen fluid (mmol/l)
Parameter Tne .Of Y Acic.l = 7 5
sampling pH NH, fatty lactic acetic propionic  butyric  valeric
Morning  Ist period 6.39 18.31 127.26 0.71 71.50 36.07 13.55 5.44
2nd period 6.34 17.25 136.70 0.23 80.31 35.04 15.86 5.44
3rd period 6.41 20.60 129.96 0.00 76.55 33.39 14.20 5.82
(1st+3rd period)/2 6.40 19.46 128.61 0.35 74.03 34.73 13.87 5.63
Midday Ist period 6.26 18.15 130.89 0.18 73.47 39.05 13.61 5.09
2nd period 6.18 19.61 141.56 0.09 82.13 37.64 16.43 5.86
3rd period 6.30 18.34 122.69 0.22 72.60 32.42 13.03 4.41
(1st+3rd period)/2 6.28 18.25 128.79 0.20 73.04 35.74 13.32 4.75
Evening 1st period 6.03 24.28 139.51 0.96 76.35 41.54 22.92 5.62
2nd period 6.38 22.27 129.21 0.32 74.39 33.97 15.34 5.20
3rd period 6.50 20.31 112.73 0.10 66.90 29.07 12.12 4.54
(1st+3rd period)/2 6.27 22.29 126.12 0,53 71.63 35.31 17.52 5.08
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Figure 1. Total contents of ammonia in
rumen in the course of the whole experi-

24

ment

] morning

Amonia content (mmol/l)

B midday
D evening

2nd period 3rd period
Time of sampling

Ist period

daily milk protein and milk fat production when the cows
were given meals three times a day.

Mean values of rumen fluid parameters are shown in
Table 4. The values of pH ranged from 6.03 to 6.50, where-
as the range for the 2nd period was between 6.18 and 6.38
(difference of 0.2) and for the feeding frequency twice a
day the lowest mean value during the evening feeding
was 6.03 (difference of 0.47). During morning and midday
samplings the reaction of the rumen fluid was more acidic
for the three-times feeding frequency, whereas the same
effect could be observed in the twice a day feeding fre-
quency during the evening sampling. The above differ-
ences as well as differences in other parameters were not
statistically significant (P> 0.05). Similarly in a number of
other experiments no large changes in pH of the rumen
fluid, fatty acids content, including filling of simple fatty
acids were observed if different feeding frequencies were
used, including the feeding frequency of concentrates
(Malestein et al., 1981; Hardie ef al., 1985 and others).

Table 5. Chewing activity of dairy cows

1t + 3rd period

The content of total fatty acids was slightly above the
reference values, as indicated in Jagos (1985), which gave
evidence about the enhanced intake of carbohydrates in
feeding rations.

The content of total volatile fatty acids (VFA) was sta-
tistically insignificantly (P > 0.05) higher during the 2nd
period (feeding three times a day) than the average of the
1st and 3rd periods. Mainly the levels of acetic and propi-
onic acid increased. Content of butyric acid exceeded the
limits recommended by Jagos et al. (1985) just in one event
(the evening, 1st period). Increased content of propionic
acid confirmed an assumption about the higher intake of
concentrates, but simultaneously the high content of ace-
tic acid demonstrated that the feeding ration contained
enough fibre in its structural form. The concentrates that
were included in TMR, above all high moisture shell corn
(LKS), did not exert any adverse effect in this sense. Sut-
ton et al. (1985) reported that the effect of the higher feed-
ing frequency on the molar proportion of VFA inside the

Category Ind Period

(oumber of cows)  DOX 1st 2nd 3rd (1st+3rd)/2

Primiparous (5)  average time of chewing (24 hrs) 08:17:36 07:59:43 07:42:48 08:00:24
number of chew. periods (24 hrs) 15.00 14.00 12.80 13.90
duration of chewing period 00:33:10 00:34.16 00:36:09 00:37:17

Multiparous (5) average time of chewing (24 hrs) 08:51:49 07:32:01 07:34:00 08:12:54
number of chew. periods (24 hrs) 14.60 14.30 15.00 14.80
duration of chewing period 00:36:26 00:32:45 00:30:16 00:33:18

Total (10) average time of chewing (24 hrs) 08:34:42 07:45:52 07:38:24 08:09:33
number of chew. periods (24 hrs) © 14.80 14.15 13.90 14.35
duration of chewing period 00:34:47 00:32:55 00:32:59 00:34:07
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35 Figure 2. Chewing activity
(min) during 24 hours
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rumen is plain and insignificant although there was an
apparent tendency to increase the portion of acetic acid
and to decrease the portion of propionic acid. Content of
ammonia in the rumen fluid (Figure 1) was basically within
the reference values, the highest values being found most-
ly in evening samples. Its well-balanced level was during
midday sampling.

The process of changes in live weight (1st period — 636.69
kg, 2nd period — 640.01 kg, 3rd period - 655.00 kg) upheld a
gradual pass to positive energy balance. In the course of
the 3rd period, in which there was a decrease not only in
DMI but also in milk yield, there was an increase in live
weight by 14.99 kg in comparison with the 2nd period.

Chewing activity parameters in the experimental dairy
cows are shown in Table 5. No significant differences
between them were found. By feeding twice a day (1st
and 3rd period) chewing duration was about 8 hours, there-
withal it passed on average from 12.8 to 15 chewing peri-
ods, which continued from 00:30:16 to 00:36:26 hrs. The
period of chewing was generally by 00:23:41 hrs longer
by twice a day feeding than by three times a day feeding,
and the number of chewing periods, which were longer
by 00:01:52 hrs, was higher by 0.2 for 24 hrs. If primipa-
rous and multiparous dairy cows are compared, there were
not any substantial differences in the chewing activity,
but primiparous cows had less chewing periods, however
these periods were longer. Per 1 kg of ingested dry matter,
by feeding twice a day (1st + 3rd period) the time of chew-
ing was on average 00:21:09 and by feeding three times a
day (2nd period) only 00:19:00 hrs, which considering the
probably lower production of saliva, could have the ef-
fect on the above mentioned lower pH of the rumen fluid
during the 2nd period. The highest chewing activity took
place during the larger part of the experiment between
22:00 and 4:00 hrs (Figure 2). The feeding frequency was
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not probably decisive for the chewing activity, but the
physical and chemical parameters of the feeding ration
which were approximately the same all the time. A rela-
tively slight response to changes in the feeding frequen-
cy is coincident with conclusions of other authors, e.g.
Gill and Castl (1983), as well as Macleod ez al. (1994). In
view of the total time of chewing and duration of the chew-
ing period Brydl (1998) found similar values in experimen-
tal dairy cows, but in an experiment of Shaver et al. (1984)
where long hay was fed, the time of chewing was 704, for
chopped hay 668 and pelleted hay 219 minutes/day, where-
as the rumen pH values were 6.3, 6.4 and 5.6, respectively.

CONCLUSION

In the summer season there was a statistically signifi-
cant increase in DMI and also in milk yield if dairy cows
were given TMR ad libitum three times a day, in compar-
ison with the feeding frequency twice a day. On the other
hand, no significant differences were found in the com-
position of milk, rumen fluid quality or in the chewing
intensity. With respect to higher DMI and higher milk pro-
duction it is better, according to our results, to feed high-
yielding dairy cows with TMR in the summer season three
times a day, not twice a day.
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Intensive rearing of the common barbel (Barbus barbus L.) larvae
using dry starter feeds and natural diet under controlled conditions

Intenzivni odkrm larev parmy obecné (Barbus barbus L.) pfi pouziti
startérovych krmnych smési a Zivé potravy v laboratornich podminkéach

J. Fi1ALA, P. SPURNY

Department of Fisheries and Hydrobiology, Mendel University of Agriculture and Forestry Brno, Czech Republic

ABSTRACT: In an experiment we carried out intensive rearing of the fry of common barbel (Barbus barbus L.) up to the age of
25 days from the beginning of exogenous nutrition. The fish were fed 3 types of dry diets (recommended for initial feeding of
aquarium, freshwater and sea fish) containing different levels of nutrients (proteins 48—62%, fat 7-12%) and live food (4rtemia
salina nauplii). We studied the survival rate, individual weight (w), total body length (TL), specific weight growth rate (SWGR)
and condition of the fry (condition coefficient according to Fulton — Cf). The results were processed statistically using the method
of one-way analysis of variance (ANOVA). The highest survival rate (99.7%) and the statistically significant (P < 0.01) highest
growth rate were achieved in the barbel larvae fed live diet (TL = 25.7 mm, w = 144.5 mg, respectively). The cumulative survival
rate of larvae fed dry diets was 73.8-97.6%. The most satisfactory results of dry-diet-based feed were obtained when feeding
starter feeds for sea fish fry (TL = 21.0 mm, w = 101.6 mg). The Cr data for barbel fry initially fed dry diets were statistically
highly significantly higher (P < 0.01) than for larvae fed live diets (i.e. 0.95-1.02 and 0.85, respectively). These results showed that
intensive initial feeding of barbel fry under controlled conditions could be successful if suitable starter feeds were applied.

Keywords: barbel; larvae; initial feeding; growth; survival

ABSTRAKT: V experimentu jsme provad&li intenzivni odkrm pliidku parmy obecné (Barbus barbus L.) do véku 25 dnii od
zahé4jeni exogenni vyZivy. PouZitymi krmivy byly tfi typy suchych diet (doporu¢ené pro rozkrm akvarijnich, sladkovodnich
a mofskych druhil ryb) odliného nutri&niho sloZeni (N-latky 48—62 %, tuk 7-12 %) a Ziva potrava (drtemia salina
v naupliovém stadiu). Sledovanymi ukazateli byly Grovefi pfeZiti, individualni hmotnost (w), celkova délka téla (TL), specific-
ké rychlost hmotnostniho ristu (SWGR) a kondiéni stav plidku — koeficient vyZivenosti dle Fultona (K). Zjisténé vysledky
byly statisticky vyhodnoceny metodou jednocestné analyzy variance (ANOVA). Vysoké tirovné pieZiti 99,7 % a statisticky
vysoce pritkazn& (P < 0,01) nejvyssiho nistu u larev parmy (TL = 25,7 mm, w = 144,5 mg) bylo dosaZeno pfi aplikaci Zivé
potravy. Pfi pouZiti suchych krmnych smési Einila iroveit kumulativniho pfeZiti larev 73,8-97,6 %. Nejpfiznivéjsi produkéni
vysledky rozkrmu na bézi suchych diet byly zaznamendany pfi pouZiti startérové smési pro plidek mofskych druhii ryb (TL =
21,0 mm, w = 101,6 mg). Pliidek parmy, rozkrmeny suchymi dietami, vykazal statisticky vysoce pritkkazn& (P < 0,01) vy33i
hodnoty K¢ (0,95-1,02) v porovnéni s larvami rozkrmenymi Zivou potravou (Kr = 0,85). DosaZené vysledky ukazuji, Ze pfi
pouziti vhodného startérového krmiva lze Gisp&3né realizovat intenzivni rozkrm pliidku parmy v kontrolovanych podminkach.

Kli¢ov4 slova: parma; plidek; rozkrm; rist; pfeZiti

INTRODUCTION important component of the fish community under suit-
able conditions and was also a very popular object of

Common barbel (Barbus barbus L.) is an important ele-  interest for anglers (Baru$ et al., 1995). Anthropogenic
ment of the ichthyofauna of the running sections of riv-  effects (stream regulation, segmentation of rivers by wa-
ers with stony bottom. In the past, this species was an  terworks, worse quality of the water, modern methods of
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angling etc.) considerably reduced the abundance, or they
completely eliminated the common barbel in many of its
original biotopes (Bless, 1978; Penczak et al., 1998).

The reduction of the common barbel population in most
of the Central European rivers gradually resulted in the
development of technologies of stripping and rearing ear-
ly age categories, which were then let out in suitable sec-
tions of running rivers. In the Czech Republic (1963),
Krupka (1987) and Lusk and Kr&al (1988) studied this is-
sue.

Intensive rearing of fry and stock of higher weight per
individual is a promising method of increasing the num-
bers of the common barbel in running waters (Philippart,
1987). Philippart (1982) published experiments dealing with
initial feeding of barbel larvae in water of a temperature of
18-20°C based on a live diet. Wolnicki and Gérny (1993)
carried out a similar experiment in water of a temperature
of 22-28°C. An important condition for the successful
mastering the technology of intensive rearing of the com-
mon barbel in controlled conditions is to specify the die-
tetic requirements of the respective age categories. In his
study Pedersen (1997) focused on the nutritional and en-
ergetic requirements of the early fish fry. Labatzki and
Fuhrmann (1992) applied a diet combined of artemia and
starter feed for the initial feeding of barbel larvae. Wolnic-
ki and Gorny (1995) published results of the application
of dry and combined diets in the intensive rearing of bar-
bel larvae. The objective of our experiment was to com-
pare the survival rate, growth rate and condition of the
larval and juvenile stage of the common barbel intensive-
ly fed complete dry starter feed and natural feed.

MATERIAL AND METHODS

In an experiment we studied the intensive feeding of
the larval and juvenile stage of the common barbel from
the 1st to the 25th days of uptake of exogenous nutrition.
They received 3 types of dry feed mixtures with different
levels of nutrients (proteins and lipids) and live food Ar-
temia salina (further only artemia).

Water temperature (°C)

—— Temperature

-.M

The barbel fry, obtained by stripping of generation fish
from the river Jihlava in the T¥ebié locality, was partly
warmed up and at the age of 5 days after hatching was
placed in a non-flowing-through tank. Within 36 hours
the temperature in the tank was gradually increased from
19.5°C to 25.5°C and in this time interval the barbel embry-
os finished the stage of warming up. Fry at the age of
7 days after hatching was adapted in the rearing tanks
and the experiment began on the following day.

The experiment was conducted in 8 flow-through 9-litre
glass aquaria, each with 180 warmed up fry (the stock
density was 20 fry/l). The rearing tanks, placed in a com-
mon tempered tank, were parts of a closed re-circulation
system. The water flow of 0.2 I/min and O, saturation of
95-100% ensured that the entire content of the experi-
mental tanks was exchanged in 45-minute intervals. The
re-circulation facility contained a sprinkling biological fil-
ter placed in a separate sedimentation tank. The basic
physical parameters were controlled every day (Table 1
shows the average values, Figure 1 shows the curves of
the values).

Table 1. Basic hydro-chemical parameters of culture conditions dur-
ing 25 days of barbel larvae rearing

Parameters M £ §,
Water temperature (°C) 26.1 +0.3
0, content (mg/l) 6.58+ 0.2
0, saturation (%) 80.4 = 1.5
pH 7.42% 03

M = mean, S, = standard deviation

In the experiment we established 4 feeding variants in
two replications. In variant A we used commercial flaked
feed with a proportion of dried artemia, recommended by
the producer for aquarium fish. In variant B a starter mix-
ture was fed, recommended by the producer for initial feed-
ing of salmonids. The barbel fry in variant C was fed a dry

S3FId=288E
0, saturation (%)

n NN NN W W
bd@\lﬂoc"
’
T

{

1 3 5 7 9 11 13 15 17 19
Time (day)

Figure 1. Water temperature and oxygen
saturation level during 25 days of inten-
sive barbel larvac rearing
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Table 2. Nutritional characteristics and calculated total energy con-
tent of dry diets used during 25 days of barbel larvae rearing

Variables A B C
Crude protein (%) 48.0 50.0 62.0
Fat (%) 7.0 12.0 11.0
Carbohydrates (%) 22.5 19.8 6.2
Dry weight (%) 92.0 92.0 90.0
Fibre (%) 7.0 2.2 0.8
Ash (%) 7.5 8.0 10.0
Total energy* (MJ/kg) 18.1 20.0 20.2

Tenlated

*Total energy was
of Jobling (1994)

ding to the coefficient

starter mixture recommended by the producer for initial
feeding of sea fish. In variant D the fry was initially fed
live artemia in the nauplius stage (Table 2 gives the basic
characteristics of the dry feed).

The dry feed was applied manually from 8 a.m. to 8 p.m.
every two hours ad libitum. Retroactive calculations of
the daily feed rations of starter feeds during the experi-
ment ranged between 9.2 and 7.3% of the immediate total
weight of the fish of the respective variants. The artemia
were also fed from 8 a.m. to 8 p.m. but in 3-hour intervals.
The daily feed ration decreased during the experiment from
50% to 25% of the immediate total weight of the fish of
this variant.

In the course of the experiment, 30 fishes from each
variant (containing 15 individuals from both replications)
were sampled and fixed in 5-day intervals to define the
growth rate. The fry samples were taken in the evening, 2
hours after feeding. The samples were exposed to a 4%
solution of formaldehyde for 4 months and then the length
and weight of the larvae, total body length (TL; measured
to the nearest + 0.25 mm) and individual weight (w; £ 0.1

MW = — — — — —
160 - == === Exponential (D)
140 | Exponential (C)
120 4 = = = «Exponential (B)

Exponential (A)

Fish weight (mg)

mg) were determined. For orientation purposes the weight
of larvae of the fish of variant D (artemia diet) was as-
sessed immediately after killing to update the daily feed
ration. The following calculations were used for the as-
sessment of selected parameters:

Condition coefficient according to Fulton

Cr=——x100
TL
Specific weight growth rate

1
SWGR=[(H]' -1:|><100
wi

The data on the morphometric parameters of the fish of
the individual variants were statistically processed using
the method of one-way variance analysis ANOVA.

RESULTS

The growth rate of larvae of the common barbel fed dry
diets (SWGR = 5.98-8.67%/d) ranged between 60% and
85% of the value achieved with live food (SWGR =
10.22% per day, variant D). The parameters of the other
studied production factors were similar and are given in
Figure 2.

When live food was available (variant D), the survival
rate of the barbel fry was high (99.7%) and a similar value
was also recorded in variant A (97.6%). The survival rate
of the other experimental variants was about 25% lower
(73.8 and 77.9%, respectively — Table 3). Published data
include only the natural mortality of larvae and do not
include fish sampling. The mortality of the reared fry was
observed from the 8th to the 24th day of the experiment
(Figure 3). The daily mortality was the highest in variants
B and C (3.7%/d) on the 15th and 16th day from the begin-
ning of the uptake of dry feed.

J y =13.906e2961=
T R%=0.991
|

y = 13.755¢0.0808
+ R?2=0.9927

y = 13.092¢0072
R?=0.9963

y =11.966¢%0572«
R?=0.9881

Age (day)

Figure 2. Intensive growth rate of barbel larvae during 25 days of intensive rearing under controlled conditions
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Table 3. Values of selected parameters during a 25 days study period of intensive rearing of barbel larvae under controlled conditions

Variables A B C D
Beginning date - 7. 6. 1999
Number of fish 360 360 360 360
Stocking weight (g) 3.81 3.81 3.81 3.81
Mean weight (mg) 12.7 12.7 12.7 12.7
Mean of total length (mm) 12.9 12.9 12.9 12.9
Termination date — 1. 7. 1999
Number of fish 233 168 179 239
Stocking weight (g) 19.13 21.54 30.38 51.88
Mean weight (mg) 54.2 74.8 101.6 144.5
Mean of total length (mm) 17.8 19.6 21.0 25.7
Duration of experiment (day) 25 23 25 25
Survival rate (%) 97.6 73.8 77.9 99.7
Weight increment (mg) 41.5 62.1 88.9 131.8
Daily weight increment (mg/d) 1.66 2.48 3.56 5.27
Relative daily weight increment (%/d) 13.07 19.56 28.00 41.51
FCR 1.42 1.39 1.17 2.69
SWGR (%/d) 5.98 7:38, 8.67 10.22

4.0 1

3.5 1

3.0 A
R 251
2
-g 2.0
S
2 15 -

1.0 1

0.5 4

0.0 T n. T4

1 2 3 4 5 6 7 8 9 1011

12 13 14 15
Age (day)

16 17 18 19 20 22 23 24 25

Figure 3. Relative mortality rate of barbel larvae during 25 days of intensive rearing using live food and dry dicts

Tables 4-6 show the values of the basic morphometric
data of the barbel larvae, including their statistical eval-
uation. Fish fed live artemia (variant D) showed the high-
est individual weight (w = 144.5 mg) and total body length
(TL =25.7 mm), but the lowest value of C.=0.85 (a highly
significant difference in all parameters, P <0.01). Com-
parisons of dry-diet-based feed variants showed that

fry of variant C (feed for sea fish) had the highest value
of w (101.6 mg — statistically highly significant differ-
ence, P<0.01), TL (21.0 mm) and C, (1.02). Table 4 shows
the length and weight parameters of barbel larvae de-
fined at the beginning of the experiment and at its end.
Tables 4 and 5 show data achieved in the course of the

experiment.
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Table 4. Basic length, weight parameters and Fulton coefficient of barbel larvae at the beginning of larval period and after 25 days of intensive
rearing (M + Sp, V)

Variables A B C D
Beginning of experiment End of experiment

w (mg) 12.7£0.9 54.2+10.4€ 74.8+21.4€ 101.6+ 35.78 144.5+19.0A
v, 7.1 19.2 28.7 33.0 13.1

TL (mm) 12.9+0.4 17.8+ 0.9€ 19.6+ 1.58 21.0+ 2,18 25.7+ 1.2
v, 2.8 4.8 5 11.7 4.6

Cr 0.59 +0.04 0.95 +0.078 0.96 + 0.09AB 1.02 +0.084 0.85 +0.04¢
V. 6.1 7.9 9.5 8.0 4.3
n=30

M = mean, S, = standard deviation, ¥, = coefficient of variation
A, B, C = no statistically significant differences were found between similar letters (P < 0.01)

Table 5. Barbel larvac weight (M + S;;) and weight increment during 25 days of intensive rearing

Day Variables A B C D
1 W (mg) 12.7£0.9 12.7£0.9 12.7+£0.9 12.7£0.9
5 W (mg) 16.0£1.6 18.6+2.0 21.3£2.8 25.7£2.0
Increment per day (mg/d) 0.66 1.18 1.72 2.60
10 W (mg) 20.1%1.7 27.2+4.7 32.9+6.6 34.6+4.5
Increment per day (mg/d) 0.82 1.72 2.32 1.78
15 W (mg) 26.6x4.7 40.9+ 8.4 49.4%12.0 58.9+6.3
Increment per day (mg/d) 1.30 2.74 3.30 4.86
20 W (mg) 36.5+£7.5 56.4+15.0 64.7+24.4 101.5%15.6
Increment per day (mg/d) 1.98 3.10 3.06 8.52
25 W (mg) 54.2+10.4 € 74.8421.4¢ 101.6+35.78 144.5+19.04
Increment per day (mg/d) 5.52 6.78 10.44 17.12

A, B, C = no statistically significant differences were found between similar letters (P < 0.01)

Table 6. Barbel larvae length (M + Sp) and length increment during 25 days of intensive rearing

Day Variants A B C D
1 TL (mm) 12.9+0.4 129+ 0.4 12.9+ 0.4 129+ 0.4
5 TL (mm) 13.7+0.4 13.9+0.4 14.3+0.6 15.2+0.4
Increment per day (mm/d) 0.16 0.20 0.28 0.46
10 TL (mm) 14.3+0.5 15.3+0.7 15.9+0.7 17.1£0.5
Increment per day (mm/d) 0.12 0.28 0.32 0.38
15 TL (mm) 15.1£0.6 16.7+0.8 17.6+0.9 19.6+0.6
Increment per day (mm/d) 0.16 0.28 0.34 0.50
20 TL (mm) 16.3£0.8 18.2+1.3 18.8+1.8 22.3%1.0
Increment per day (mm/d) 0.24 0.30 0.24 0.54
25 TL (mm) 17.8+0.9€ 19.64 1.58 21.0+£2.18 25:7+11:24
Increment per day (mm/d) 0.54 0.58 0.68 1.22

A, B, C = no statistically significant differences were found between similar letters (P < 0.01)
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DISCUSSION

The growth rate of fry during rearing in controlled con-
ditions is primarily influenced by the water temperature
(Jobling, 1985). The present results were achieved in wa-
ter of a temperature of 26-28°C, in conditions that Wolnicki
and Gorny (1993) considered to be optimal for intensive
initial feeding of barbel. If live food was used (variant D),
the average individual weight of barbel after 15 days of
initial feeding (w = 58.9 mg) was comparable with the
weight published by Wolnicki and Gérny (1993),i.e. w=
66.3 mg, achieved in water of a temperature of 26°C, but
lower than Wolnicki and Gérny (1995) achieved in similar
conditions, i.e. w =95 mg. The difference was probably
caused by a lower intensity of feeding in our experiment.
Here the values of the daily feed ration after re-calcula-
tion did not exceed 50% of the weight of the stock com-
pared with the feed ration of 80% of the weight of the
stock applied by the above-mentioned authors. The low
mortality rate of barbel in the larval stage of ontogenesis
when feeding natural feed (0.3%, n =360 individuals) cor-
responds with literary data (Wolnicki and Gérny, 1993,
1995).

The average individual weight of the fry during initial
feeding based on dry feed ranged between 26.6 and
49.4 mg after 15 days of rearing. In the same period Wolnic-
ki and Gémny (1995) fed ALLER Krystal 1 and Ekvizo 1 and
reported similar results (w = 34 and 36 mg, respectively)
and the survival rate of larvae 73 and 99%, respectively.
In our experiments the survival rate of barbel larvae fed a
dry diet was 80-98% during 25 days. Fry mortality was
monitored from the 8th to the 24th day from the beginning
of feeding dry diets and culminated on the 15th and 16th
days. In starving barbel fry reared at a temperature of 20—
22°C Petidz (1971) found that larval mortality began on
the 9th day and the total mortality of larvae on the 21st
day of the larval period of ontogenesis (achieving 563 D°).
From this point of view it appears that mortality should be
monitored at least until the 25th day after the beginning
of exogenous feeding of the fry when it is quite evident
that all endogenous reserve substances have been re-
sorbed.

An important factor affecting the growth rate of fish
larvae fed on the basis of dry diets is the content of pro-
teins in the feed ration (Wilson, 1989). In our experiment
the highest SWGR (i.e. 8.67%/d) was achieved in the vari-
ant where a feed ration containing 62% of proteins was
fed. A similar proportion of proteins (61%) is contained in
the dry matter of live diets of the firm O.S.I Marine Lab.,
Inc. The growth rate of the barbel was 30% and 15% lower
if the protein content in dry diets was 48% and 50%, re-
spectively.

The C, value of the barbel fry fed dry diets was statisti-
cally highly significantly higher (P <0.01) than that of fry
fed live diets (0.95-1.02 and 0.85, respectively). The level
of metabolised energy of the feed apparently affected the

condition coefficients of the barbel fry. Paffenhéfer (1967)
observed that the energy value of live artemia was lower
than dry starter feeds (Jobling, 1994). The energy content
of live food is insufficient to ensure a high growth rate of
rheophile fish species under intensive initial feeding of
the fry. Labatzki and Fuhrmann (1992), who used com-
bined diets of live artemia and a starter feed ration in ex-
tensive initial feeding of barbel fry, confirmed this opinion.
In their experiment in 21°C water the individual weight of
barbel larvae at the age of 19 days was 220 mg.

Our present and previously published results proved
that barbel fry could be successfully fed dry diets during
intensive rearing. At the beginning of the larval stage, the
barbel shows signs of a relatively advanced ontogenetic
development (compared to other members of the Cypri-
nidae family) and its organism accepts the commercial start-
er feed of suitable size and composition.

In the case of intensive rearing of barbel fry based on a
dry diet in water of more than 25°C, feed rations contain-
ing approximately 60% of proteins should be fed. In this
water temperature the lower protein content in the diet
could depress the growth of the barbel larvae. It is how-
ever necessary to further increase and verify information
about the optimal content and suitable form of specific
effective substances in the recommended dry starter
feeds. The solution of this issue will result in a lower
mortality rate of the barbel fry in the crucial period be-
tween the 10th and 20th day of the larval period of onto-
genesis when rearing barbel fry on the basis of complete

dry diets.
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Influence of dietary vitamin E supplementation on antioxidative
status in muscle and meat quality of pigs

Vplyv pridavku vitaminu E v krmive na antioxoda¢nu kapacitu svalu
a kvalitu médsa oSipanych

R. Lanucky', P. Krdka', U. KOCHENMEISTER’, K. NURNBERG, I. BAHELKA', P. DEMO',
G. Kunn?, K. ENDER?

\Research Institute of Animal Production, Nitra, Slovak Republic
2Research Institute for the Biology of Farm Animals, Dummerstorf, Germany

ABSTRACT: The effect of feeding a high level of vitamin E on the antioxidative status of longissimus dorsi muscle and meat
quality of pigs was investigated. Treatments consisted of supplementation of vitamin E (200 mg/kg diet) for the last 60 days to
finishing pigs before slaughtering. Longissimus dorsi (LD) muscle was examined after 2 and 5 days of storage for colour (reflectan-
ce), drip loss and shear force. a-Tocopherol level, total protein, intramuscular fat and pH (45 min post mortem) were also
determined. Lipid peroxidation (thiobarbituric acid reactive substances - TBARS — measured as malondialdehyde equivalents) in
5 and 6 days after thawing of muscle samples and rate of oxidation by stimulation with Fe*'/ascorbate were estimated in LD
samples. o-Tocopherol level was higher (P < 0.05) in LD from pigs treated with higher vitamin E than in controls (1.71 vs.
2.73 mg/kg). There were observed tendencies to lower drip losses and higher shear force in LD pigs supplemented with vitamin E.
Inhibition of TBARS during storage (frozen and thawed) and rate of oxidation were positively influenced by vitamin supplemen-
tation. We concluded that dietary vitamin E supplementation (200 mg/kg diet) to pigs during the last 60 days of finishing increases
the a-tocopherol concentration of tissue, reduces lipid peroxidation and improves the antioxidative status of muscle tissue.

Keywords: pigs; vitamin E; o-tocopherol; lipid peroxidation; meat quality

ABSTRAKT: Cielom préce bolo zistit' vplyv pridavku vitaminu E (o-tokoferol acetit) v krmive na obsah o-tokoferolu vo
svale, antioxidadnii stabilitu a kvalitu mésa osipanych. Heterozygotné kriZzence bield mdsova x pietrain na vyskyt malignej
hypertermie (DNA test) sa rozdelili na skupinu kontroln (» = 12) a pokusni (#» = 10) s rovnakym zastlpenim prasnitiek
a bravcov. Aplikécia vitaminu E (200 mg/kg) v krmive sa robila 60 dni pred zabitim. Po zabiti sa vo vzorkéch svalu (m. longis-
simus dorsi — LD) stanovili hodnoty pH (45 min), farby, straty odkvapom a striznej sily (2. a 5. defi). Dalej sa vo vzorkach
LD stanovil obsah celkovych bielkovin, intramuskularneho tuku (Infratec) a obsah a-tokoferolu (HPLC). Peroxida¢n4 stabilita
(obsah latok typu malondialdehyd po reakcii s kyselinou tiobarbiturovou) sa zistovala na 5. a 6. deii z homogenétu rozmraze-
ného svalu LD po stimulovani oxidécie inkubaciou v zmesi Fe*'/askorbat. Zistili sme vy3§f (P < 0.05) obsah a-tokoferolu (1,71
vs. 2,73 mg/kg) v LD o3ipanych kimenych so zvySenym pridavkom vitaminu E. Zistené tendencie niZ$ich hodnét strat odkva-
pom a vys8ich hodn6t striznej sily v LD ofipanych so zvySenym pridavkom vitaminu E poukazuji na stabilizujici efekt
vitaminu E na membrany svalového tkaniva. Vyznamné zniZenie (P < 0.05) obsahu latok reagujicich s kyselinou tiobarbituro-
vou (vyjadrenych ako obsah malondialdehydu) v homogenate svalu LD po stimulécii oxidécie s Fe*'/askorbat poukazalo na
zvy3enie antioxidagnej kapacity svalu. Aplikdcia zvy$eného pridavku vitaminu E (200 mg/kg) do krmiva 60 dni pred zabitim
o¥fpanych ma pozitivny vplyv na zvyenie obsahu c-tokoferolu vo svale (m. longissimus dorsi), zniZenie oxidicie lipidov
a zvySenie antioxidagnej kapacity svalu.

KPuadové slovi: ofipané; vitamin E; a-tokoferol; peroxidécia lipidov; kvalita mésa
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INTRODUCTION

Dietary supplementation of vitamin E increases the con-
centration of a-tocopherol in muscle and reduces the sus-
ceptibility of the muscle to lipid oxidation (Buckley et al.,
1995). The recommended level of a-tocopheryl acetate
supplementation in growing pigs is 15 to 40 mg/kg of feed
(Albers et al., 1984), however, some meat quality parame-
ters and oxidative stability improve when dietary o-toco-
pheryl acetate levels are higher (200 mg/kg) as was shown
by several researchers (Asghar et al., 1989; Buckley et
al., 1995; Monahan et al., 1992; Turek et al., 1999; Lahutky
et al., 2000). Lipid oxidation may be delayed by the addi-
tion of antioxidants. Vitamin E is accepted as an effective
lipid-soluble free-radical scavenger in biological systems
(Morrissey et al., 1994). Inclusion of polyunsaturated fat-
ty acids (PUFA) in diets increases the risk for lipid oxida-
tion in the muscle and the carcass (Jakobsen, 1995).
Oxidation of PUFA in cell membranes leads to disruption
of normal membrane structure and function (Storrey, 1996).
Vitamin E and antioxidant enzymes present in skeletal
muscles are able to inhibit lipid oxidation in muscle foods.
During the post-slaughter metabolism of muscles the pro-
cess of lipid oxidation need no longer be tightly controlled
due to weakness of the antioxidative defence system, and
this may affect meat quality traits (Lauridsen ez al., 1999).

The aim of this study was to examine the effects of
dietary o-tocopheryl acetate supplementation on o-toco-
pherol content, antioxidative status and meat quality in

pigs.

MATERIAL AND METHODS

Twenty-two Slovak White Meaty x Pietrain crosses were
used in this experiment. Control group C (n = 12) and
experimental group E (n = 10) were heterozygotes on ma-
lignant hyperthermia with equal number of gilts and cas-
trates. The genotype (mutation on ryanodine gene) was
determined by a DNA based test described by Lahucky et
al. (1997). The pigs were penned in double boxes at Insti-
tute (RIAP) facilities to minimise the influence of stress.
Control group was fed a diet supplemented with basal
level of o-tocopherol (Tables 1 and 2). Experimental group

Table 1. Gross composition of diet (%)

Item (%)

Wheat middlings 35
Barley 32
Soybcan meal
Oat

Wheat meal

N W b e o

Mineral and vitamin mix

Meat and bone meal
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Table 2. a-Tocopherol (mg/kg) and chemical p
(g/kg) of diet

a-Tocopherol 37.9
Crude protein 175
Lipids 23
Crude fiber 46.2
Ash 82.1
Lysine 9.1
Methionine 2.8
Treonine 6.4
Tryptophane 2.2

received a supplemental level of o-tocopherol (200 mg/
kg) for 60 days before slaughter. Vitamin E was provided
by Slovakofarma company (Hlohovec, Slovakia).

Animals were stunned, slaughtered and exsanguinated
in the slaughter house of RIAP Nitra (transportation about
200 m) with average live weight of 113 kg. Longissimus
muscle samples were collected immediately after exsan-
guination, frozen in liquid nitrogen and stored at —70°C
until used for estimation of oxidative stability. After
slaughter, the carcasses were chilled at 4°C for 24 h, then
longissimus dorsi (LD) muscle was removed from each
carcass. A portion of the sample was used immediately
(48 h) and the remaining sample was wrapped in alumini-
um film and stored in a refrigerator at 4°C for 5 days. A
portion of LD was also frozen in liquid nitrogen and stored
until analysed.

The concentration of vitamin E (0-tocopherol) in mus-
cle was measured by HPLC (Berlin et al., 1994) earlier de-
scribed in detail (Lahu¢ky et al., 2000). Lipid oxidation
was assessed by the 2-thiobarbituric acid method of Salih
et al. (1987). For evaluating the peroxidative stability of
longissimus homogenates the determination of thiobar-
bituric acid reactive substances (TBARS) was used.
TBARS were expressed in terms of malondialdehyde, a
breakdown product formed during peroxidation stimulat-
ed by Fe¥'/ascorbate. Protein content of homogenates
was estimated by a modified biuret method.

The pH value of the carcass (longissimus — between
13th and 14th rib) was determined in 45 min post mortem
using the combined pH electrode (Ingold). Colour chang-
es after refrigerated storage were measured on the freshly
cut surface of the sample by means of spectrophotometer
(Specol, Germany) at 580 nm as external reflectance. Total
protein and intramuscular fat were measured by the In-
fratec-Analyser. Drip loss analysis was made according
to Honikel (1998). Shear force was determined with War-
ner-Bratzler (W-B) apparatus. The experiments were in ac-
cordance with the institutional guidelines for animal care
(Research Institute of Animal Production, Nitra, 1999).

Statistical analyses were calculated as mean values and
standard deviations and differences were evaluated by
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t-test. Regressions were calculated between vitamin E level
and the values of malondialdehyde in muscle homoge-
nate after peroxidation stimulation.

RESULTS AND DISCUSSION

The content of vitamin E (c-tocopherol) of the longis-
simus dorsi muscles was determined and the results are
presented in Table 3. The levels of vitamin E in muscles
were found to be higher in the group of pigs supplement-
ed with vitamin E (P < 0.05). The amount of vitamin E in
longissimus dorsi in the present study when pigs received
vitamin E 200 mg/kg feed is comparable with previously
reported results (Buckley et al., 1995; O"Sullivan et al.,
1997; Wen et al., 1997; Honikel et al., 1998) but higher as
was reported earlier (Lahucky et al., 2000) when the basal
level of vitamin E in feed of control group was lower
(10 mg/kg). It is believed that incorporating vitamin E into
subcellular membranes increases the antioxidative status
of the system and possibly also increases their physical
stability (Buckley et al., 1995).

The effect of vitamin E supplementation on meat quali-
ty values depends on the muscle concerned (Den Hertog-
Meischke et al., 1997). The pH value in longissimus dorsi
muscle as follows from Table 3 was not influenced, which
is in agreement with others (Honikel et al., 1998; Turek et
al., 1999; Lahucky et al., 2000). There was a tendency of
improving drip loss in longissimus dorsi in 24 h post mor-
tem but the differences were not significant (P > 0.05).
Using a higher level of vitamin E supplementation (500 mg/
kg diet) administered for 46 days could reduces a drip
loss in unfrozen longissimus thoracis in heterozygotes
and in normal on malignant hyperthermia pigs as was
shown by Cheah et al. (1995). However, there are contra-

dictory results about positive effects of vitamin E supple-
mentation on drip loss (Buckley et al., 1995), or the amount
of fluid in muscles (Lauridsen et al., 1999). Some research-
ers were not able to find any significant differences be-
tween the drip loss of supplemented and control porcine
muscle (Jensen et al., 1997; Honikel et al., 1998) as was
also discussed earlier (Lahucky et al., 2000). The tenden-
cy of a higher level of shear force value in pigs supple-
mented with vitamin E as follows from our results (Table 3)
could influence the aging time of meat. There were report-
ed contradictory results on the shear force value (tender-
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1 5 (day) 6

Figure 1. Effect of dietary vitamin E supplementation on thiobarbi-
turic acid reactive subtances (TBARS) during storage of longissimus
dorsi at 4°C

Group C = control group (vitamin E 37.9 mg/kg diet)
Group E = group with vitamin E supplementation
(vitamin E 200 mg/kg diet)

Table 3. a-tocopherol content and biophysical traits of longissimus dorsi muscle

Group C (n=12)

Group E (n = 10)

Trait
mean SE mean SE

a-Tocopherol (mg/kg) 1.71 0.32 2:13* 0.26
pH 45 min 6.18 0.17 6.22 0.11
Reflectance (580 nm) 24 h 24.57 1.68 23.83 1.84
Total protein (%) 24 h 23.69 0.22 23.49 0.33
Intramuscular fat (%) 24 h 1.84 0.54 1.64 0.26
Drip loss (%) 24 h 4.98 1.19 4.17 0.73
Shear force (N) 24 h 5.30 0.88 6.05 0.53
Reflectance (580 nm) 5 day 25.14 2.23 26.08 4.24
Drip loss (%) 5 day 8.94 1.40 8.48 1.61
Shear force (N) 5 day 4.51 1.06 5.20 0.98

*P < 0.05

Group C = control group (vitamin E 37.9 mg/kg dict)

Group E = group with vitamin E (suplementation vitamin E 200 mg/kg diet)
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14 Figure 2. Effect of dietary vitamin E sup-
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ness of meat) after application of vitamin E (Cannon et al.,
1996; Mitsumoto et al., 1995; Maiorano ef al., 1999). Re-
cently, Mongomery et al. (2000) reported that dietary vi-
tamin D, given daily for 9 days before slaughter improved
the tenderness (lower W-B shear force values) of 14-days
post mortem aged beef, and in order to optimise the “co-
lour-tenderness relationship” of beef, supplementation of
both vitamin E and D, to finishing cattle is recommended
(Vargas et al., 1999).

Another finding was that vitamin E supplementation at
the levels 200 mg/kg of diet improved the carcass oxida-
tion stability (Figures 1 and 2). After 6 days of storage (at
4°C) of thawed muscle samples, thiobarbituric acid reac-
tive substances (TBARS) expressed as malondialdehyde
value (mg/kg of muscle) were reduced in the experimental
group (Figure 1), which agreed with several studies (Mona-
han et al., 1992; Corino et al., 1999). It is generally thought
that the incorporation of ct-tocopherol via the diet is prob-
ably due to the stabilisation of membrane lipids (Monah-
an et al., 1992). It follows from Figure 2 that the rate of
iron-induced lipid oxidation of LD homogenate was strong-
ly influenced by dietary vitamin E, which agreed with
earlier results (Lauridsen et al., 1999; Niirnberg et al., 2000;
Krska et al., 2001). There was an inverse relationship be-
tween TBARS levels in iron-induced muscle homogenate
and o-tocopherol in muscle (Figure 3). The highest val-
ues (R?=0.436) were obtained at 180 min incubation time.
The results are comparable with findings of correlation
between a-tocopherol in muscle and TBARS values after
6 days of storage reported by Corino et al. (1999). The
authors showed a higher correlation (0.66) between
TBARS and plasma o-tocopherol. We concluded that di-
etary vitamin E supplementation (200 mg/kg diet) to pigs
during the last 60 days of finishing increases the a-toco-
pherol concentration of tissue, reduces lipid peroxidation
and improves the antioxidative status of muscle tissue.
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roéniku.



CZECH JOURNAL OF ANIMAL SCIENCE

Volume 46, No. 7 July 2001
CONTENTS

ORIGINAL PAPERS
Physiology and Reproduction
VETERANY L., HLuchY S.: Effect of magnetic field on chicken hatching ..., 289

Genetics and Breeding

Dipkova L., WoLr J.: Estimation of genetic parameters for milk production traits in Czech dairy cattle
1107511 15157 | (A RPUTSRRREERSNIIRSISTIIE VRSSIOPIENTURCPOUuOUT U REBRSUPIOS LNDRRRRON RO NS ] C Ty 292

PriBYL J., PRiBYLOVA J.: Weight coefficients of lactations in animal model ... 302

Nutrition and Feeding

VrzaLovA D., ZELENKA J.: The effect of age of pre-ruminant calves on starch digestibility ............ccocooiiiiiiiiin 310
KubprNA V., LANG P., MLAZOVsKA P.: Frequency of feeding with TMR in dairy cows in summer season ..............ccceeeuee 313

FiaLa J., SPURNY P.: Intensive rearing of the common barbel (Barbus barbus L.) larvae using dry starter feeds
and'natural diet under controlled CONAILIONS .....ouimasmismnsssssisssmisissmsisssssssssniicosssisssissonisssssaisatsas sostivaios sl 320

Animal Products

LAHUCKY R., Kr$KA P., KUucHENMEISTER U., NURNBERG K., BAHELKA 1., DEMo P., KunN G., Enper K.: Influence
of dietary vitamin E supplementation on antioxidative status in muscle and meat quality of pigs ........cccccooeeeeneennes 327

OBSAH
PUVODNI PRACE
Fyziologie a reprodukce
VETERANY L., HLuchY S.: Uginok magnetického pola na liahnutie KUIGIAt ...........ov.ereeeseessseessssesssnerssessssessssesssssessnees 289

Genetika a §lechténi

Depkova L., WoLr J.: Odhad genetickych parametrii pro znaky mlééné uzitkovosti ¢eskych populaci
e {5 (-3¢ T30 o) 1) AR RER VBRI VRESIRRREETRRNII Vs U RNIND R U N oAt & o Il Ly el 292

PRIBYL J., PRIBYLOVA J.: Vahové koeficienty laktaci v animal modelu ........ccocueemieeierereeciecieeeieecaene e iessssesesnesssesesase 302

VyZiva a krmeni

VRzALOVA D., ZELENKA J.: VIiv véku telat na stravitelnost SKrobu .........coooieceieuiieieecec s 310
KuprNa V., LANG P., MLAZovskA P.: Frekvence krmeni dojnic smésnou krmnou davkou (TMR) v letnim obdobi ....... 313
FiaLa J., SPurNY P.: Intenzivni odkrm larev parmy obecné (Barbus barbus L.) pfi pouziti startérovych krmnych

smési a Zivé potravy v laboratornich podminKaACh ......c.ciiiiiiiiieiiciieecieeceee e eee e eae e sesssbebesesbabasasbebene 320
Zivoti¥né produkty

Lanucky R., Kr$ka P., KUcHENMEISTER U., NURNBERG K., BaHeLka 1., DEMo P, KunN G., Exper K.: Vplyv pridavku
vitaminu E v krmive na antioxoda¢nu kapacitu svalu a kvalitu mésa oSipanych .........ocooooeieirioiiecccins 327

Védecky &asopis CZECH JOURNAL OF ANIMAL SCIENCE (ZIVOCISNA VYROBA) @ Vydéva Ceské akademie zemédélskych véd
— Ustav zemédglskych a potraviniskych informaci @ Redakce: Slezski 7, 120 56 Praha 2, tel.: +420 2 27 01 03 52, fax: 44202 27 01 01 16,
e-mail: edit@uzpi.cz ® Sazba a tisk: UZPI Praha @ © Ustav zem&dglskych a potravinafskych informaci, Praha 2001

Rozgifuje Ustav zemédélskych a potravinafskych informaci, referat odbytu, Slezska 7. 120 56 Praha 2, tel.: +420 2 27 01 03 85,
e-mail: finance@uzpi.cz


mailto:edit@uzpi.cz
mailto:finance@uzpi.cz

