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THE EFFECT OF AGE AND BREED ON SELECTED
PARAMETERS OF THE HEMATOLOGICAL
AND IMMUNOLOGICAL PROFILE OF PIGS

VPLYV VEKU A PLEMENNE] PRISLUSNOSTI NA VYBRANE
PARAMETRE HEMATOLOGICKEHO A IMUNOLOGICKEHO PROFILU
U PRASIAT

J. Mattova, J. Buleca

University of Veterinary Medicine, KoSice, Slovak Republic

ABSTRACT: Selected characteristics of the hematological and immunological profile in the blood of pigs of various breeds
and their crossbreds were analyzed: Large White (LW), Vietnamese and Large White x Landrace (LW x L). The age dynamics
was studied from day 14 to 56. The statistically significant differences were found (P < 0.05, P < 0.01) in the parameters of
the hematological and immunological profile in favour of the LW breed and crossbreds LW x L in comparison with Vietnamese
breed. The values of the metabolic activity of the INT test are statistically significant (P < 0.01) on day 42 and 56 in favour
of Vietnamese pigs (compared to the LW breeds and their crossbreds).

Keywords: pigs; breeds; age; phagocytic activity; index of metabolic activity; leucogram

ABSTRAKT: Analyzovali sme vybrané charakteristiky hematologického a imunologického profilu krvi prasiat rdznych
plemien a ich kriZencov: biele ulachtilé (BU), vietnamské (Vietnam) a biele uslachtilé x landrase (BU x L). Vekovii dynamiku
sme sledovali od 14. do 56. diia. Zistili sme Statisticky preukazné (P < 0,05, P < 0,01) rozdiely u ukazovatelov hematologic-
kého a imunologického profilu v prospech plemena BU a kriZencov BU x L v porovnani s vietnamskymi prasatami. Hodnoty
metabolickej aktivity INT-testu boli Statisticky vyznamné (P < 0,01) na 42. a 56. defi v prospech vietnamskych prasiat

(v porovnani s plemenami BU a kriZzencami BU x L).

Klacova slova: prasatd; plemena; vek; fagocytarna aktivita; index metabolickej aktivity; leukogram

INTRODUCTION

In the previous works (Mattova et al., 1997, 1998),
the activity of lactate dehydrogenase and its isoenzymes
in pig blood serum was studied and serum proteins and
their fractions were analyzed in the pig blood. Exami-
nations were carried out in various breeds and their
crossbreds at the age of 14 to 56 days. In this part,
selected parameters of the hematological and immu-
nological profile are analyzed in pigs of various breeds
and their crossbreds at the age of 14, 28, 42 and
56 days.

In countries with advanced breeding, the control of
animal health, healthy harmless products and also the
people health are emphasized. Buschman et al. (1975,
1985) analyzed the inter-breed differences in pigs in
genetic markers of the health resistance and a relation-
ship to immunological paramaters and different envi-
ronmental factors.

The literature data on the immunological profile in
pigs and effect of immunomodulators on parasitoses
are available (Soltys, 1992). Interdependences of the

CZECH J. ANIM. SCI., 44, 1999: 337-342

immune system in pigs on conditions of environmental
load are described by Raszyk et al. (1997).

The effect of different concentrations of T-2 toxin
on the immune system and growth intensity in pigs is
reported by Rafai et al. (1995). Araki et al. (1993)
observed changes in the parameters of phagocytic activity
of neutrophils in pigs after administration of AEWP
(active egg white product). Tornero et al. (1995) inves-
tigated the immune response to administration of lactic
acid bacteria in pigs of younger age categories. Results
of some immunological parameters in pigs in depen-
dence on the age dynamics after application of vitamin
E are reported by Mudroii et al. (1996). Lyntinskii et
al. (1993) observed the effects of peptidic bioregulators
on the parameters of cellular immunity at bronchopneu-
monia in 3-5-month-old piglets. Kondracki (1988)
evaluated the parameters of cellular immunity in pigs
of various age categories under the effect of stimulating
preparation Biovetadin. Granitova (1989) tested the
optimal conditions for the INT-test in pig phagocytiz-
ing cells and found changes in the phagocytic activity
in normal and stressed pigs.
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The goal of the present paper was to study the inter-
breed differences in some parameters of the hemato-
logical and immunological profile in pigs of various
age categories.

MATERIAL AND METHODS

The same breeding material as in our previous works,
in which feed mixtures and breeding technology are
reported (Mattova et al., 1997, 1998), was used for the
examination of selected parameters of the hematologi-
cal and immunological profile. Pigs of the following
breeds were examined: Large White (LW) n =42, Viet-
namese n = 15 and crossbreds of Large White x Lan-
drace (LW x L) n = 24. The age dynamics was observed
on days 14, 28, 42 and 56. The method of blood sampl-
ing from the ophthalmic venous sinus was used.

The values of leucogram were determined by the
standard hematological methods. The phagocytic acti-

vity of leucocytes (PA Le) and index of phagocytic
activity (IPA Le), values of phagocytizing neutrophils
(PA Ne, IPA Ne) were assayed in relation to the differ-
ential count of leucocytes. The modified method (To-
man et al., 1985; Toman, PSikal, 1985) was used for
the test of phagocytic activity. The index of metabolic
activity (IMA) was calculated from the activity of stimu-
lated and non-stimulated cells, which were found by the
INT-test according to the modified method of Mareiek
and Prochazkova (1986).

The mean values and characteristics of variability
were calculated. The significance of differences between
the sets was tested by F-test and 7-test.

RESULTS
The variational-statistical evaluation of the observed

hematological and immunological examinations is pre-
sented in tables. In the observed period of 14 days old

I. Selected characteristics of hematological and cellular immunity of breeds and crossbreds of 14 days old pigs

P = LW n=42 -LW xLn=24 \_/ietnnmese n=15 Differences t-test

x s v x s v X K v 132 I:3 | 243
Leucocyte (10°.01Yy | 17.21| 3.01 | 17.49 | 16.88 | 3.99 | 23.63 | 1521 | 3.88 [ 2550 | 033 | 2.00 | 1.67
Lymphocyte (%)| 60.03| 7.11 | 11.84 | 5971 | 632 | 1098 | 51.60| 400 | 7.75 | 032 | 8.43" 811"
Monocyte (%)| 3.00| 088 |2933| 276] 084 | 3043 | 3.50| 1.05 | 30.00 [ 0.24 |-050 |-0.54
Neutrophil rod (%)| 4.00| 1.20 | 3000 | 3.56| 099 |27.81 | 3.28| 099 |30.18 | 0.44 | 022 | 0.28
Neutrophil segment )| 31.17| 633 | 2031 | 3097 | 588 | 1891 | 39.02 | 4.81 | 1232 | 020 |-7.85""| -8.05""
Eosinophil %)| 1.80| 066 | 3666 | 3.00| 078 | 2600 | 2.60| 0.86 | 33.08 [-1.20""| 0.80" 0.40
Phagocytizing leucocyte (%) | 21.14 | 2.67 | 12.63 | 20.18 | 388 | 19.22 | 16.85| 3.12 | 1852 | 0.96 | 4.29" 3.33"
Leucocyte phagoc. index 393 | 069 | 1756 | 3.67| 075 | 2043 | 3.00| 066 | 2200 | 026 | 093" 067"
Phagocytizing neutrophil (%) | 44.18 | 6.38 | 14.44 | 41.00| 8.00 | 19.51 | 40.80| 7.63 | 1870 | 3.18 | 3.38 | 0.20
Neutrophil phagoc. index 418 | 078 | 1455 | 4.02| 090 | 2239 | 3.60| 0.61 | 1034 | 0.16 | 058" 0.42°
Metabolic activity index 1.38 | 0.18 | 13.04 140 [ 0.18 | 12.86 1.30 [ 0.28 | 21.53 [ -0.02 0.08 0.10

‘P<005 " P<00l

II. Selected characteristics of hematological and cellular immunity of breeds and crossbreds of 28 days old pigs

T _ LWn=42 _LW xLn=24 \_/ietnamcse n=15 Differences r-test

X s v X K v x K v 1:2 3 )| 233
Leucocyte 10%1 Yy | 1575 3.67| 2330 | 17.44 | 446 27.13 | 16.02| 3.99 | 2491 |-1.69 |-0.27 | 1.42
Lymphocyte (%) | 5460 | 549 1005 | 5288 | 6.99 | 13.22 | 48.80| 6.65| 13.63 | 1.72 | 5.80""| 4.08
Monocyte (%)| 287 087]3031| 3.10| 090[29.03 | 3.64| 105/ 28.84|-023 [-0.77" |-0.54
Neutrophil rod (%)| 354 0812570 | 3.00| 0882933 | 380| 1.12|29.47 | 0.54""|-0.26 | 0.80
Neutrophil segment (%) | 39.99| 5.54| 1385 | 3885| 560 1441 | 39.76 | 4.88 | 12.27 | 1.144 | 023 [-091
" Eosinophil (%) | 200| 067[3350| 217 0783594 | 400| 1.38]|34.50 | 0.17 |-2.00""[-1.83""
Phagocytizing leucocyte (%) | 25.40 | 4.44 | 17.48 | 22.86 535(23.40 | 2000 4822410 | 254 | 540"| 2.86
Leucocyte phagoc. index 428 | 1.02]2383| 500 1.09(21.80 | 344| 0942732 072" | 0.84"| 1.56"
Phagocytizing neutrophil (%) | 58.80 | 10.22 | 17.38 | 60.52 | 12.81 | 21.16 | 50.46 | 11.02 | 21.83 |-1.72 | 834 [10.06"
Neutrophil phagoc. index 48| 085|17.48 | 494 088|17.81 | 385| 080[ 2077 [-0.08 | 1.01°"| 1.09"
Metabolic activity index 144 | 020 13.84 138 | 0.16 | 11.59 1.50| 022 14.67 | 0.06 |[-0.06 | 0.12

‘P <005 " P<001
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piglets (Table I), statistically significant differences
(P < 0.01) were recorded in the differential count of
leucocytes between the breeds and crossbreds. Similar
differences were also determined in selected immunologi-
cal parameters (between the LW and Vietnamese breeds
as well as crossbreds LW x L and Vietnamese).

In the age category of 28 days (Table II) there was
a statistical significance (P < 0.05, P < 0.01) of differ-
ences in the hematological and immunological parame-
ters between the breeds. In the age category of 42 days
(Table III), the values of some hematological parameters
were relatively balanced. But there were also statisti-
cally different values (P < 0.05) between some breeds.
Statistically significant differences (P < 0.01) were re-
corded in selected parameters of the cellular immunity
(in favour of LW breed and its crossbreds compared to
Vietnamese). The values of INT-test were statistically
significantly higher (P < 0.01) in favour of Vietnamese

pigs.

Testing of inter-breed differences at the age of 56 days
(Table IV) revealed statistically significant differences
(P < 0.05, P < 0.01) in the differential count of lym-
phocytes, neutrophil granulocytes. Similar differences
were observed in the immunological parameters (in fa-
vour of LW breed and crossbreds LW x L versus Viet-
namese pigs). The MA index values in this age cate-
gory were also statistically highly significant (P < 0.05)
in favour of Vietnamese pigs.

As it follows from Table V, differences between the
age categories in selected hematological and immu-
nological parameters were statistically evaluated in
various breeds, and they were statistically significant in
many cases (P < 0.05, P < 0.01).

DISCUSSION

The individual variation of the morphological com-
position of blood within the species regarding the de-

I11. Selected characteristics of hematological and cellular immunity of breeds and crossbreds of 42 days old pigs

T _ LW n =42 -LW xLn=24 \_/iemamese =15 Differences r-test

x K v X & v x s v 122 133 | 243
Leucocyte (10%1"") | 1590 | 3.11| 19.56 | 1620 | 3.78 | 23.33 | 17.00| 4.01 | 23.59 |-0.30 |-1.10 | 0.80
Lymphocyte (%)| 5130 4.08| 7.95| 48.00| 522 1087 | 4738 | 538 11.35 | 331" | 3.92" | 0.62
Monocyte (%)| 3.00| 0923067 | 3.10| 1.01|3258| 4.00| 1.56]|39.00 [-0.10 [-1.00" |-0.90
Neutrophil rod (%)| 2.00| 0.86|43.00| 220| 098|4454 | 3.00| 1013369 [-020 [-1.00" |-0.80
Neutrophil segment (%)| 4120 466 | 1131 | 4470 | 506| 11.32 | 4212 | 5.3 12.18 |-3.50""| 092 | 2.58
Eosinophil %)| 250| 081]3240| 200| 051|2550| 350| 1203428 | 050 |-1.00""|-1.50""
Phagocytizing leucocyte (%) | 26.48 | 3.98 | 15.03 | 23.64 | 4.88 | 2064 | 21.62| 5422507 | 2.84° | 4.86""| 2.02
Leucocyte phagoc. index 448| 0881964 | 490| 1.02[2081 | 370| 0992676 [-0.42 | 0.78""| 1.20"
Phagocytizing neutrophil (%) | 68.35 | 11.60 | 16.97 | 7091 | 12.18 | 17.20 | 60.20 | 13.01 | 21.61 |-2.46 | 8.15" [10.61"
Neutrophil phagoc. index 498 | 1.02]| 2048 | 508 1.11|21.85| 4.02| 1.00( 2487 [-0.10 | 0.96""| 1.06"
Metabolic activity index 145| 015] 1034 | 150 0147|1133 | 1.58| 018 11.39 |-0.05 |-0.13""[-0.08

"P<0,05 " P<00l

IV. Selected characteristics of hematological and cellular immunity of breeds and crossbreds of 56 days old pigs

S— _ LW n =42 _LW xLn=24 ‘:’i-- n=15 Differences t-test

x K v x s v x s v 1421 1:3 | 2133
Leucocyte (0% | 1420 2922056 | 1293 | 2.88| 2227 | 15.61 | 4.64 | 29.72| 1.27 |-1.41 |-2.68
Lymphocyte (%) | 45.62| 512 11.28 | 4780 | 5.48| 11.46 | 42.80 | 433 | 10.12|-2.18 | 2.82" | 5.00"
Monocyte (%)| 255| 1.05|41.17 | 260| 1.02]3923 | 1.94| 080 | 41.24|-0.05 | 0.61° | 0.66"
Neutrophil rod %)| 222| 095[4279| 260| 1.10|4230 | 2.78| 099 | 35.61|-038 |-0.56 |-0.18
Neutrophil segment (%)| 4633 | 5601209 | 44.10| 632 1433 | 49.10| 6.88 | 1401 | 223 |-2.77 [-5.00"
Eosinophil (%)| 328 1.10[3354 | 290| 1.02]3517| 338| 1.10 | 32.54| 038 |-0.10 |-0.48
Phagocytizing leucocyte (%) | 21.61 | 3.88 | 17.95 | 20.86 | 4.82| 23.11 | 16.80 | 3.67 | 21.84 | 075 | 4.81"°| 4.06™
Leucocyte phagoc. index 458 | 087)1899 | 489| 1.142331| 326| 088 | 26.99-031 | 1.32"| 1.63"
Phagocytizing neutrophil (%) | 60.70 | 11.02 | 18.15 | 62.66 | 11.08 | 17.68 | 48.46 | 8.20 | 16.92 [-1.96 |12.24""|14.20""
Neutrophil phagoc. index 502 0921832 | 554| 1021841 | 345| 0.68 | 19.71 |[-0.52 | 1.57"7| 2.09"
Metabolic activity index 136 | 018 [ 13.23 | 1.25 | 0.14 | 1120 | 1.75 | 034 | 1943 | 0.11 [-0.39""|-0.50""

‘P <005 " P <00l

CZECH J. ANIM. SCL., 44, 1999: 337-342
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V. Age dynamics of selected par: of h logical and cellular immunity in blood of pigs of breeds and crosbreds

Leucocyte 10%1" Age of animals (days)

[ E::.eur::;:‘glii:;’;ﬁﬁcms ﬁz; 14 : 28 14 : 42 14 : 56 28 : 42 28 : 56 42 : 56
leucocyte A n » n n n,
Iymphocyle * * * % * % * % * *x * ¥
monocyte N N » N N N
neutrophil rod N e *x N * N
neutrophil segmentn *x * * * N * % * x

il eosinophil N * * * % * * * * %
phagocytizing leucocyte *x * N N * * %
leucoc. phagoc. index N o * N N N
phagocytizing neutrophil * % * % * * * % * % * %
neutrophil phagoc. index e e N N N N
metabolic activity index N N N N N N
leucocyte N N * % N * % *
lymphocyte * x * % * % * x * * P
monocyte N N N N N N
neutrophil rod N * % * * N N
neutrophil segment *x LR * * * * *

LWxL
eosinophil N x N N N .
phagocytizing leucocyte % L N N N N
leucoc. phagoc. index *x * x * x N N N
phagocytizing neutrophile L ** * x * N * %
neutrophil phagoc. index % *x *x N N N
metabolic activity index N * * * * * *
leucocyte N ¥ N N N N
lymphocyte N * * x N * x * *
monocyte N N * N * % *
neutrophil rod N N N N » N

N — neutrophil segment N N * N N * %
eosinophil * % * * N * N
phagocytizing leucocyte » i N N N o
leucoc. phagoc. index N * N N N N
phagocytizing neutrophil ** LR * * N x %
neutrophil phagoc. index N N N N N N
metabolic activity index * * * % N * % *

*P<005 " P<00l

gree of ontogenetic development is considered physio-
logical. Differences are caused by numerous factors, of
which the most important is age, sex, breed, method of
breeding, health status and so on (Sodomkov4, 1985).
The age dynamics of leucogram confirms that the va-
lues of leucocytes and lymphocytes are higher in pigs
of younger age categories. The differential blood count
in older age categories is characterized by higher values
of neutrophil granulocytes. This knowledge confirmed
that the analogous changes in the differential count (as
far as the numbers of lymphocytes and neutrophils are
concerned) occur also in pigs during their growth like
in other species. Our values are in agreement with the

340

data of other authors (Gabris, 1973; Schalm et al., 1975;
Jagos, Bouda, 1981).

Recently, the elements of the immune system have
become a more frequent object of observation. Phago-
cytosis during the phylogenetic development has be-
come an important part of the protective mechanisms
of the organism. In addition to its basic function, i.e.
destruction of antigens, phagocytizing cells play an im-
portant role also in the specific immune responses
(Roitt, 1981).

Knowledge of the phagocytic activity in healthy pigs,
regarding inter-breed differences and age dynamics, is
very sporadic. It is very difficult to compare our data

CZECH J. ANIM. SCL., 44, 1999: 337-342



with those of other authors, whose data are mostly aimed
at the application of different preparations, immuno-
modulators, probiotics, vitamins and so on. Sutiakova
et al. (1993) and Mattova et al. (1997, 1998) described
a considerable variability of the values of components
in serum proteins and isoenzymatic spectrum of LD in
pigs (in relation to inter-breed differences and age dy-
namics in sheep and pigs). Buleca et al. (1994) found
differences in selected parameters of the cellular immu-
nity in sheep-dogs of European and Asian type.

We have found statistically significant differences in
some parameters of the immunological profile in fa-
vour of the LW breed, and crossbreds LW x L in com-
parison with Vietnamese pigs in all age categories. It
follows from the results that it is necessary to present
also the breed and age categories of animals for correct
interpretation of the reference values of the immunologi-
cal parameters.

Up to now, only little attention has been paid to the
inherent immunological mechanisms of animals in the
disease prevention (Axford, Owen, 1991). Lojda (1987)
drew our attention to this fact; he reported that the most
substantial part should be genetic prevention in the health
protection in farm animals.

During the observation of the age dynamics in rela-
tion to the phagocytic activity, its pronounced increase
was found at the age of 28-42 days with a subsequent
decrease on day 56 in the given breeds or crossbreds.

We have found that only neutrophil granulocytes
and monocytes phagocytized. The cells with one phago-
cytizing hemaparticle were evaluated, which is in agree-
ment with the observation described by Toman and
Pikal (1985). Soltys (1992), who tested the effect of
glucan on selected parameters of the immunological
profile in ascariasis-affected pigs, reported in the con-
trol group of 14-24 day-old LW pigs higher values of
the phagocytic activity and PA index than those found
by us. It follows from the findings of Toman et al.
(1985) and Paulik et al. (1987) that different results
were also provided by observation of the age dynamics
of the immunological profile in calves.

The values of the metabolic activity index are bal-
anced on days 14 and 28 in the groups presented, but on
days 42 and 56 there was a statistical increase in favour
of Vietnamese pigs in comparison with LW breed and
crossbreds LW x L. Granétové (1989) tested the opti-
mal conditions for the INT test in pig phagocytizing
cells. Changes in the metabolic activity index were as-
certained in normal and stressed pigs weighing about
60 kg. Comparison of her results of the MA index in
the control pigs before stress (1.80) revealed that they
are in agreement with ours at the age of 56 days in
Vietnamese breed (1.75).

Based upon the performed analyses we may con-
clude that variability of the values of the hematological
and immunological profile depends on the breed and age
category of animals. The functional status of phago-
cytizing cells in the blood is one of the parameters of
the organism immunocompetence. Application of the

CZECH J. ANIM. SCL, 44, 1999: 337-342

obtained knowledge enables us to estimate the animal
resistance in the given multifactorial action of agents.
Results of examinations give a preliminary picture of
the scale of the reference range for the categories pre-
sented. The effects on the phagocytic activity are necess-
ary to be further observed or enlarged by other cellular
and humoral factors of immunity.
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VLIV OBDOBI OTELENI NA MLECNOU UZITKOVOST
DOJNIC CESKEHO STRAKATEHO SKOTU"

THE INFLUENCE OF THE SEASON OF PARTURITION ON MILK
PERFORMANCE IN THE CZECH PIED CATTLE

J. Kutera', J. Hyének?, J. Miksik', V. Cermak’

' Mendel University of Agriculture and Forestry, Faculty of Agronomy, Brno, Czech Republic
2 Research Institute of Animal Production, Prague-UhFinéves, Czech Republic
3 Czech Union of Beef Cattle Breeders, s.r.o., Prague, Czech Republic

ABSTRACT: The data on 376 076 lactations of Czech Pied cattle were analysed and the production of milk, milk protein,
milk fat and percentage of milk protein and fat were calculated. First (n = 166 739), second (n = 117 071) and third (n = 92 269)
lactations were included. Average production in the first lactation was 3 642 (s = 807.3) kg of milk, 119.3 (s = 27.52) kg of
protein, 3.31 (s = 0.194) % of protein, 4.22 (s = 0.389) % of fat and 153.48 (s = 36.64) kg of fat. Cows in their second
lactation produced on average 4 106 (s = 911.7) kg of milk, 135.6 (s = 30.23) kg of protein, 3.34 (s = 0. 192) % of protein,
4.24 (s = 0.419) % of fat and 173.68 (s = 41.86) kg of fat. Average production in the third lactation was 4 328 (s = 954.7)
kg of milk, 142.3 (s = 32.9) kg of protein, 3.31 (s = 0.187) % of protein, 4.23 (s = 0.426) % of fat and 184.78 (s = 44.37)
kg of fat. The average age at first calving was 28 months and 22 days (s = 3 months and 9 days). The month of calving had
a significant effect on milk production per lactation. The maximum production of milk was found in cows which calved in
winter months (December-March), the lowest production was found in cows which calved form June to September. The milk
production of cows which calved in these two groups of months was similar, the most of the differences was not statistically
significant. A similar trend was found in the second and third lactations. However, the maximum and minimum production
per lactation was reached by cows which calved in slightly different groups of months. Therefore it is suggested that months
should be grouped into seasons (for the purpose of estimation of breeding values) on different basis for cows in the first
lactation and for cows in the second and third lactation.

Keywords: milk production; effect of month of calving

ABSTRAKT: Na souboru 376 076 laktaci Ceského strakatého plemene byla sledovina produkce mléka, kg bilkovin, kg tuku
a procentudlni obsah bilkovin a tuku v zivislosti na kalenddinim mésici oteleni. Celkem bylo na prvnich laktacich hodnoceno
166 739 dojnic, na druhych 117 071 dojnic a na tfetich 92 269 dojnic. Primé&ma produkce na prvni laktaci dosdhla 3 642
(s = 807,3) kg mléka, 119,3 (s = 27,52) kg bilkovin, 3,31 (s = 0,194) % bilkovin, 4,22 (s = 0,389) % tuku a 153,48
(s = 36,64) kg tuku. Na druhé laktaci bylo dosaZeno 4 106 (s = 911,7) kg mléka, 135,6 (s = 30,23) kg bilkovin, 3,34 (s = 0,192) %
bilkovin, 4,24 (s = 0,419) % tuku a 173,68 (s = 41,86) kg tuku. Primé&rné hodnoty tietich laktaci byly: 4 328 (s = 954,7) kg
mléka, 142,3 (s = 32,9) kg bilkovin, 3,31 (s = 0,187) % bilkovin, 4,23 (s = 0,426) % tuku a 184,78 (s = 44,37) kg tuku. V&k
pfi prvnim oteleni dosahl primé&rné hodnoty 28 mésicii 22 dnii (s = 3 mésice 9 dnii). Na produkci za celou laktaci se vyznamné
podili mésic oteleni. Maximdlni produkce mléka na prvni laktaci byla dosaZena u zvifata otelenych v zimnich mé&sicich —
prosinci aZ bfeznu, nejniz§i v mésicich Cerven aZ zafi. Uvnitf téchto skupin byly nej¢ast&ji nalezeny statisticky neprikazné
rozdily v produkcei. U druhych a tietich laktaci dochdzi k posunu maximalni produkce mléka mlé&nych sloZek v zévislosti na
mésici oteleni oproti laktacim prvnim. Pfi seskupovéni mé&sici do sezon bude vhodngjsi pouZit jiného modelu pro prvni laktace
a jiného pro laktace druhé a tfeti.

Klicovi slova: mlé&na uzitkovost; vliv mésice oteleni

UvVOD zvifat. Z tohoto divodu je nutné peélivé volit efekty
modelové rovnice pro odhad plemenné hodnoty.
Na uZitkovosti zvifat se podili celd fada vnéjSich Cilem préce bylo ovéfit vliv mésice oteleni na nasled-

a vnitinich faktord. Systematické vlivy prostiedi ovliv-  nou produkci mléka a mlé&nych sloZek za laktaci u doj-
fiuji uZitkovost silngji neZ samotné genetické zaloZeni  nic Ceského strakatého skotu na jednotlivych laktacich.

*  Préce byla feSena jako sou&ast grantovych tikolii EP 7166 a 8PD230.
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Roéni obdobi, resp. mésic oteleni se vyrazné podili
na dosazené uZitkovosti jak masnych, tak i dojenych
krav. Vlivem faktora vyZivy a v neposledni fadé¢ i ex-
trémnich hodnot klimatickych ukazateli se uZitkovost
zvifat otelenych v riznych mésicich roku vyrazné lisi
(Burfening et al., 1987; Do et al., 1994; Fimland et al.,
1972; Jakubec, 1990; Kadlegik et al., 1992; Zhang, 1994;
Zizlavsky et al., 1989). Pro odhady plemenné hodnoty
je tfeba zajistit dostatené mnoZstvi zvifat, které produ-
kuji ve stejnych nebo alespoii podobnych podminkéach.

Pfi odhadu plemenné hodnoty jsou uZitkovosti zvi-
fat porovnavany uvnitf skupin, u kterych predpoklada-
me stejné podminky vnéjsiho prostfedi — SRO — stado
x rok x obdobi (HYS - herd x year x season). Rok je
rozdélen do sezon, které jsou vétSinou zaloZeny na datu
oteleni hodnocené skupiny tak, Ze mésice s obdobnou
uZitkovosti jsou spojeny do sezon. Definovéni sezony
je pokusem o dosaZeni maximdalniho po&tu podobnych
pozorovani pro kazdou sezonu uvniti stida a roku.

Ve vétSiné modelt pro odhad plemenné hodnoty je
sezona uvnitf efektu HYS formovana jako seskupeni po
sobé nasledujicich mésict (Chauhan, Thompson, 1986;
Chauhan, 1987; Chauhan, Hayes, 1992). Problém se-
skupovéani sezon oteleni studoval také Zhang (1994),
ktery potvrzuje vliv rizného seskupeni na néslednou
velikost rezidualni variance odhadované plemenné hod-
noty.

Chauhan (1987) uvadi, Ze pokud je sezona dlouha 5 aZ
7 mésicu, setkdvame se s velkym podtem zvifat, ktera
produkuji ve zcela odliSnych podminkach. Kratsi sezo-
ny (2 aZz 4 mésice) proto povazuje za vhodnéjsi. Vy-
sledky dokazuji, Ze seskupovini do velmi krétkych ise-
ki (po jednom mésici) neni vhodné, je-li efekt stado x
rok x obdobi v modelu definovan jako pevny.

Dojivosti, trovni obsahovych sloZek a vztahii mezi
nimi se zabyvali Chladek (1993) a Macha (1986).

MATERIAL A METODA

Material tvorily tdaje o 376 076 laktacich dojnic po
1 895 otcich s podilem genotypu &eského strakatého
skotu 51 % a vice (podle fadu plemenné knihy ozna&o-
van jako C1 a C2). Jednalo se o plemenice otelené v le-
tech 1991 az 1993.

Pocty hodnocenych zvifat v jednotlivych mésicich
se pohybovaly v rozmezi 11 410 aZ 16 383, celkem
166 739 prvnich laktaci, od 8 384 do 11 315 kusu,
celkem 117 071 druhych laktaci, a 92 269 tfetich lak-
taci s minimélni Cetnosti 6 405 kusti a maximem 8 799 ku-
st v jednotlivych mésicich.

Byly zji§tény zakladni statistické hodnoty produkce
mléka v kg, bilkovin v kg, tuku v kg, tuku v % a bil-
kovin v % v zavislosti na mésici oteleni oddé&len& pro
L, IL. a III. laktaci. Pomoci t-testu byly stanoveny sta-
tisticky priikazné rozdily mezi produkci dojnic otele-
nych v riznych mésicich. Testovéan byl vZdy kaZdy mé&-
sic s kazdym, oddélené pro jednotlivé laktace.
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VYSLEDKY A DISKUSE

Primérna produkce na prvni laktaci dosahla 3 642 kg
(s = 807,3 kg) mléka, 119,3 kg (s = 27,52 kg) bilkovin
a 3,31 % (s = 0,194 %) bilkovin. Na druhé laktaci bylo
dosaZeno: 4 106 kg (s = 911,7 kg) mléka, 135,6 kg
(s = 30,23 kg) bilkovin a 3,34 % (s = 0,192 %) bilko-
vin. Primérné hodnoty tfetich laktaci byly: 4 328 kg
(s = 954,7 kg) mléka, 142,3 kg (s = 32,9 kg) bilkovin
a 3,31 % (s = 0,187 %) bilkovin. V&k pfi prvnim oteleni
dosahl primémé hodnoty 28 mésici 22 dnil (s = 3 mési-
ce 9 dnu).

L. laktace

U produkce mléka v zavislosti na mésici oteleni je
patrny trend, kdy zvifata otelend v letnich mésicich do-
sahovala niZ§i uZitkovosti oproti zvifatim otelenym
v zimnim obdobi. Maximalni produkce mléka na prvni
laktaci byla dosaZena u zvifat otelenych v mésici lednu
(x=3746 kg, s = 813,9). Nejnizsi produkce mléka byla
zjisténa u zvifata otelenych v mésici srpnu (x = 3 483 kg,
s =807,5 kg — tab. I). Varia¢ni koeficient se pohyboval
v rozmezi 21,49 do 23,25 %. K podobnym zavérim do-
spél u prvnich laktaci dojenych plemen i Candréak (1995).

Z vysledku t-testu je patrné, Ze statisticky neprukaz-
né rozdily Ize u produkce mléka na prvnich laktaci najit
mezi mésici leden — tnor, leden — bfezen, Gnor — biezen,
cerven — srpen, Cervenec — srpen, ¢erven — zafi, leden —
prosinec, tnor — prosinec, bfezen — prosinec (tab. II).

Statisticky nepriikazné rozdily v produkci dojnic ote-
lenych v mésicich prosinec aZ bfezen a Cerven aZ zari
ukazuji, Ze dojnice otelené v téchto mésicich produkuji
v podobnych podminkéch. Tato skute¢nost by méla byt
zohlednéna pfi sestavovani sezon pro potieby odhadu
plemenné hodnoty. Jak vyplyva i z dalSich vysledk,
byly podobné trendy prokdzany i na druhé a tieti lak-
taci. Produkce mléka u dojnic na prvni laktaci je zna-
zornéna na obr. 1.

U produkce bilkovin v kg byl zji§tén obdobny trend,
pouze doslo k mirnému posunu maximalni produkce do
mésice bfezna (x = 123,0 kg, s = 27,39 kg), minimalni
produkce bylo dosaZeno v srpnu (x = 115,5 kg,
s = 27,63 kg). Varia¢ni koeficient se pohyboval od
22,06 do 24,05 %. Produkce bilkovin se neliSila v mé-
sicich leden — tnor, leden — bfezen, unor — bfezen,
leden — duben, bfezen — duben, unor — duben a dale pak
fijen — Cerven, listopad — kvéten.

Obsah bilkovin vykazoval opany trend s minimem
v zimnich mésicich a maximalnimi hodnotami v 1ét&
a v zdvislosti na mésici oteleni v prib&hu roku kolisal
jenom nepatrné. NejniZ8i pramérné hodnoty 3,27 %
(s = 0,19 %) bylo dosaZeno u zvifat otelenych v pro-
sinci, nejvyssi u zvifat otelenych v letnich mésicich —
erven, Cervenec a srpen (shodné x = 3,33 %, s = 0,19).
Statisticky nepritkazné rozdily byly zjiStény mezi mésici
kvéten — srpen, erven — Cervenec, leden — fijen, brezen —
z4ri, listopad — prosinec. Vyrovnanost souboru byla potvr-
zena variacnim koeficientem, ktery nepfesahl 6,00 %.
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Procentualni obsah tuku v zavislosti na mésici oteleni
mél obdobny prubéh jako v pfipadé obsahu bilkovin
v mléce, kdy nejniZsi tuénosti bylo dosahovano v zimnich
mésicich leden aZ brezen — 4,17 %, a maxima v Cervenci
az zafi — 4,27 % (tab. I).

Produkce tuku byla nejniZsi u zvifat otelenych v srp-
nu — 148,84 kg tuku, a nejvyssi u krav otelenych v led-
nu - 156,18 kg (obr. 2).

Candrik (1995) popisuje u slovenské populace do-
jenych plemen shodny trend, kdy zvifata otelend v Cer-
venci aZz zafi dosahovala statisticky prikazné vy$§iho
obsahu bilkovin v mléce. Také Reyes (1998) potvrzuje
prikazny vliv mésice oteleni na uZitkovost u skupiny
dojnic holdtynského skotu. Vysoce priikazny rozdil zjistil
v produkci mléka u dojnic otelenych v letnich mési-
cich (7 999 kg) oproti plemenicim otelenym na podzim
(8 429 kg).

U skupiny dojnic pincgavského plemene zjistili ob-
dobné vysledky Uhlér er al. (1995) — nejvyssi uZitko-
vosti méla zvifata otelend v fijnu aZ bieznu. Vysoce
pritkazny vliv mésice oteleni uvadéji i Abdel-Bary er
al. (1992).
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1. Produkce mléka
v kg v zdvislosti na
mésici oteleni (I. aZ
III. laktace) - Milk
yield (kg) in relation to
the month of parturi-
tion (Ist-IIIrd lacta-
tion)

2. Produkce tuku
a mléénych bilkovin
v kg v zdvislosti na
mésici oteleni (I. aZ
I11. laktace) — Milk fat
and protein production
(kg) in relation to the
month of parturition
(Ist-IIIrd lactation)

II. laktace

Na druhé laktaci byla nejvyssi produkce zjisténa
u krav otelenych v listopadu, a to jak pro produkci mléka
(x = 4 263 kg, s = 904,9 kg mléka), tak pro produkci
bilkovin (x = 141,3 kg, s = 30,78 kg bilkovin). Nejniz§i
produkce mléka dosahovala zvifata otelena v kvétnu
(x =3 905 kg, s = 924,0 kg) a nejniZi produkce bilko-
vin zvifata otelena v &ervnu (x = 131,5 kg, s = 31,71 kg —
tab. III). Varia¢ni koeficient dosahoval hodnot 21,23 aZ
23,66 % pro produkci mléka v kg. Vliv obdobi oteleni
na produkci mléka a jeho sloZek potvrdili i Dédkova
a Bellér (1992), ktefi analyzovali vlivy pusobici na
uzitkovost dojnic.

Pii testovani prukaznosti rozdili mezi jednotlivymi
mésici do§lo u produkce mléka ke zmé&ndm a neprikaz-
né rozdily byly zjiStény mezi mésici leden — bfezen,
leden — duben, tinor — biezen, Cervenec — srpen, kvéten —
fijen (tab. IV).

Jesté patrnéjsi byl tento trend u kg bilkovin, kde
byly nepriikazné rozdily mezi mésici leden — tnor, le-
den — brezen, leden — duben, dnor — bfezen, tnor —
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3,39

duben, bfezen — duben, Cervenec — srpen, zafi — fijen,
Cerven — fijen, kvéten — prosinec (tab. IV).

Produkce tuku v kilogramech méla obdobny prabéh
jako v pfipadé produkce bilkovin — maximum (178,44 kg
tuku) u krav otelenych v dnoru a minimum (167,58 kg
tuku) u dojnic otelenych v ervenci.

Potvrdila se vyrovnanost procentudlniho obsahu bil-
kovin v mléce na druhych laktacich v prib&hu roku.
Nejnizsi primérny ro¢ni obsah byl zjiitén u zvifat ote-
lenych v lednu (x = 3,31 %, s = 0,19 %) a nejvyssi
u zvifat otelenych v kvétnu (x = 3,38 %, s = 0,20 %)
a dale pak v Eervnu a &ervenci (x = 3,37 %, s = 0,20)
(tab. III).

Obsah bilkovin v mléce u dojnic na druhé laktaci se
statisticky vyznamné neli$il u mésici leden — bfezen,
leden — fijen, unor — biezen, unor — fijen, bfezen — fijen,
Cerven — Cervenec, listopad — prosinec. Toto zjiSténi
koresponduje s vysledky, které zjistili Kadle¢ik et al.
(1992) u slovenského strakatého plemene — nejvyssi
obsah bilkovin uvadéji v intervalu &erven aZ fijen.

Obsah tuku se u dojnic na druhych laktacich nepa-
trné zvysil a nejvyssich hodnot dosahovala zvifata ote-
lend v srpnu — 4,30 %, a nejnizSich pak dojnice otelené
v bieznu - 4,17 % (obr. 3).

III. laktace

Obdobnych vysledkt bylo dosaZeno i na laktaci tfeti —
maximalni produkce mléka u zvifat otelenych v listo-
padu (x = 4 484 kg, s = 976,6 kg), minimélni v Servnu
(x = 4 150 kg, s = 951,6 kg), u kg bilkovin pak maxi-
mum v fijnu (x = 147,5 kg, s = 32,51 kg) a minimum
v gervnu (x = 138,4 kg, s = 32,50 kg) (tab. V).

Vysledky testovani rozdili v produkci na tfetich lak-
taci potvrdily nepriikazné rozdily v uZitkovosti u zvifat
otelenych v mésicich leden — tnor, leden — bfezen,
leden — duben, tnor — biezen, kvéten — listopad a &er-
venec — srpen pro produkci mléka v kg (tab. VI).
U produkce bilkovin pak byly neprikazné rozdily mezi
mésici leden — tnor, leden — bfezen, leden — duben,
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Jac. - & sloZek v mléce v zdvis-
) losti na mé&sici oteleni
=z 1. laktace - (I. az III. laktace) —
el Milk fat and protein
protein %) content in relation to
111, toktace - the month of parturi-
oL tion (Ist-IlIrd lacta-
protein %) tion)
| . laktaco -
% tuku, (1.
- fal %)
ot 1, Ikt CE -
% tuku, (1.
fac. - fat %)
= O Il laktace -
% tuku, (.
lac. - fat %)

leden — kvé&ten, tnor — duben, bfezen — kvéten, zafi —
&erven, listopad — fijen a Cervenec — srpen.

U trendu procentualniho obsahu bilkovin v mléce ke
zméné nedoslo (tab. V). NejvysSich primérnych hod-
not bylo dosaZeno v letnich mésicich kvéten aZ Cerve-
nec (x = 3,34 %, s = 0,19 %), nejnizZ¥ich v lednu a no-
ru (x = 3,28 %, s = 0,19 %). Variaéni koeficient se
pohyboval od 5,43 do 5,96 %. Obdobné vysledky po-
tvrzuje i Hanu§ (1995, 1996).

Stejny prib&éh mél i procentualni obsah tuku v mléce,
kdy maxima dosahovala zvifata otelend v srpnu a zé-
fi — 4,29 % tuku, a minima dojnice otelené v bieznu —
4,16 %.

Statisticky se obsah bilkovin neli$il u mésict leden —
unor, leden - listopad, Gnor — fijen, bfezen — fijen,
duben — zafi, kvéten — Cerven, Cerven — ervenec, &er-
ven — srpen, Cervenec — srpen a listopad — prosinec.

Produkce tuku na tfetich laktacich byla nejvy3si a do-
sdhla maxima u krav otelenych v Gnoru — 178,44 kg
tuku. NejniZ8i uZitkovost méla zvifata otelena v Cer-
venci — 176,88 kg tuku (obr. 2).

Zatimco prumérna produkce mléka i bilkovin v kilo-
gramech vykazovala se zvySujicim se pofadim laktace
narast, u procentudlniho obsahu bilkovin do$lo na tfeti
laktaci ke sniZeni pramérnych hodnot oproti laktaci
druhé — téméf na uroveii laktace prvni. V nékterych
mésicich bylo dosaZeno dokonce niZ$ich hodnot neZ
u laktace prvni. Szucs et al. (1997) a Screemannarayna,
Rao (1994) shodné potvrzuji zji§tény trend pro obsaho-
vé slozky mléka, jejichZ hodnoty jsou vy38i u dojnic
otelenych v letnich mésicich neZ u dojnic otelenych
v pribéhu zimy.

V tab. II, IV a VI jsou uvedeny pouze statistické
prukaznosti rozdili u produkce mléka a bilkovin v kg.
U dalSich proménnych nebyly zji§téné zavaznéjsi od-
chylky v rozdilech mezi jednotlivymi mésici.

Czister et al. (1997) dospéli k zavéru, Ze u prvnich
laktaci neni prukazny rozdil mezi uZitkovosti zvifat
v zavislosti na mésici oteleni. Rozdily zjistili aZ u dru-
hych a dal§ich laktaci.
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Q I. Produkce miéka a mléénych sloZek v zdvislosti na mé&sici oteleni (I. laktace) — Milk production in relation to the month of parturition (Ist lactation)

5 Leden Unor Biezen Duben Kvéten Cerven Cervenec Srpen Zafi Rijen Listopad Prosinec

= January February March April May June July August September October November December

2 n 15 904 15 667 13 413 13 102 13 691 12 659 11 410 12 318 13 379 15 287 13 523 16383

= Milk  (kg) % 3 746 3742 3738 3713 3 642 3538 3 498 3483 3 550 3652 3 697 3732

8 kg mléka 3 813,9 816,4 807,9 811,6 782,7 794,1 788,9 807,5 825,3 832,3 824,5 832,2

:k Protein (%) x 3,28 3,29 3,30 3,31 3,32 333 333 3,33 3,30 3,28 3,28 3,27

= % bilkovin Sz 0,191 0,189 0,187 0,187 0,188 0,190 0,195 0,195 0,198 0,197 0,196 0,192

ﬁ Protein (kg) x 122,5 122,8 123,0 1224 120,7 117,6 116,3 115,5 116,9 119,3 120,7 121,8

r kg bilkovin S5 27,75 27,65 27,39 27,71 26,63 27,14 27,04 27,63 28,12 28,45 27,85 27,84

E Fat (kg) x 156,18 156,03 155,71 155,37 153,40 150,27 149,42 148,84 151,73 154,70 155,55 155,84

© kg tuku S5 36,680 36,779 36,209 36,698 35,478 36,564 36,613 36,950 38,081 37,685 37,128 37,248
Fat (%) x 4,17 4,17 4,17 4,19 4,21 4,25 427 4,27 4,27 4,24 4,21 4,18
% tuku S5 0,377 0,382 0,379 0,392 0,390 0,389 0,396 0,386 0,391 0,384 0,387 0,376

II. Vyjadreni prikaznosti rozdili v produkci mléka a bilkovin za laktaci (kg) v zdvislosti na mésici oteleni (I. laktace) — Significance of differences in milk and protein production (kg) in relation to the month of
parturition (Ist lactation)

Mésic oteleni’

VII
VIII
IX
X
XI
XII

** P <0,01; * P<0,05
pod diagonilou kg mléka, nad diagonilou kg bilkovin
milk production (kg) below diagonal, protein (kg) production above diagonal

LyE

'month of parturition
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III. Produkce mléka a mlé&nych sloZek v zévislosti na msici oteleni (II. laktace) — Milk production in relation to the month of parturition (IInd lactation)

Leden Unor Biezen Duben Kvéten Cerven Cervenec Srpen Z4H Rijen Listopad Prosinec
January February March April May June July August September October November December
n 10 948 10 036 8 790 8 384 9 319 9 575 8 864 9 216 9 737 10 933 9 954 11 315

Milk  (kg) x 4158 4106 4053 4003 3905 3929 4 005 4116 4222 4252 4263 4228
kg mléka S5 921,9 916,7 923,5 926,5 924,0 897,3 889,2 895,6 918,8 910,5 905,0 932,6
Protein (%) x 3,31 3,32 333 3,35 3,38 3,37 3,37 3,35 3,34 3,33 3,32 3,32
% bilkovin S5 0,193 0,197 0,198 0,199 0,199 0,200 0,192 0,189 0,191 0,190 0,192 0,194
Protein (kg) x 137,3 135,7 134,2 133,6 131,5 132,0 134,6 137,6 140,5 141,1 141,3 139,7
kg bilkovin S5 31,11 31,31 31,91 31,84 31,71 30,79 30,43 30,77 31,15 31,10 30,78 31,84
Fat (kg) x 177,22 178,44 177,38 176,83 173,35 170,10 167,58 167,84 172,27 173,20 173,717 174,84
kg tuku S5 42,462 40,940 41,357 41,719 41,105 41,250 40,809 42,337 42,652 41,985 42,121 41,758
Fat (%) x 4,19 4,19 4,17 4,18 4,21 4,25 4,27 4,30 4,31 4,28 4,23 4,21
% tuku Ss 0,406 0,401 0,409 0,418 0,418 0,422 0,416 0,419 0,418 0,411 0,413 0,406

IV. Vyjédfeni priikaznosti rozdili v produkci miéka a bilkovin za laktaci (kg) v zavislosti na mésici oteleni (II. laktace) — Significance of differences in milk and protein production (kg) in relation to the month
of parturition (IInd lactation)

Meésic oteleni!

viI
i
IX
X
XI
XII

1

VI

VII

VIII

XI

XII

** P<0,01; *P<0,05

pod diagonélou kg mléka, nad diagondlou kg bilkovin
milk production (kg) below diagonal, protein (kg) production above diagonal

'month of parturition




g V. Produkce miéka a mléénych sloZek v zavislosti na m&sici oteleni (III. laktace) — Milk production in relation to the month of parturition (IIlrd lactation)

g Leden Unor Biezen Duben Kvéten Cerven Cervenec Srpen Zar Rijen Listopad Prosinec

o January February March April May June July August September October November December

2 n 8 389 7 699 6 822 6 405 7 398 7775 7 438 7 342 7 886 8 799 7 705 8611

< Milk  (kg) x 4 400 4357 4316 4 245 4152 4150 4198 4 366 4443 4 480 4484 4 461

,8 kg mléka Sz 973,7 981,5 974,7 1 005,7 965,3 951,6 937,0 953,3 959,4 962,6 977,0 983,8

“ﬁ Protein (%) x 3,28 3,28 3,30 3,32 3,34 3,34 3,34 3,33 3,31 3,30 3,29 3,29

‘5 % bilkovin S5 0,189 0,191 0,194 0,198 0,198 0,193 0,191 0,182 0,180 0,184 0,183 0,186

;3 Protein (kg) x 1438 142,6 141,8 140,5 138,6 138,4 139,9 1453 146,8 147,5 147,1 146,1

§ kg bilkovin 3 33,06 33,13 33,42 34,25 33,16 32,50 32,16 32,36 32,42 32,51 33,73 33,44

lg Fat (kg) X 186,67 187,21 186,40 185,52 183,74 177,85 176,88 178,33 182,15 183,91 183,73 184,25
kg tuku S5 44,775 45,128 44,069 44,043 43,761 43,388 44,101 44,918 46,685 45,046 44,940 44,571
Fat (%) x 4,18 4,17 4,16 4,18 4,21 4,24 4,26 4,29 4,29 4,26 4,22 4,19
% tuku 3 0,405 0,415 0,417 0,428 0,426 0,425 0,427 0,426 0,419 0,410 0,407 0,410

VI. Vyjéadfeni prikaznosti rozdild v produkci mléka a bilkovin za laktaci (kg) v zavislosti na mésici oteleni (III. laktace) — Significance of differences in milk and protein production (kg) in relation to the month
of parturition (IIlrd lactation)

M&sic oteleni'
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Vi
IX
X
XI
XII
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Z uvedenych vysledku je tedy patrné, Ze mésic ote-
leni se na dalsi produkci v prib&hu laktace vyznamné
podili, ale Ze u dojnic na druhé a tfeti laktaci doslo ke
zméné&. Zatimco na prvni laktaci bylo nejniZsi produkce
mléka dosaZeno u dojnic otelenych v srpnu, na druhych
a tfetich laktacich doSlo k posunu a minimélni uZitko-
vosti dosahovala zvifata otelend v mé&sici kvétnu. Stej-
n& tomu bylo i v pfipadé produkce bilkovin.

Mésice s nepritkaznym rozdilem v produkci byly po-
sunuty a obdobi s obdobnou produkci bylo u dalSich
laktaci tvofeno jinymi mésici neZ v pfipadé prvni lak-
tace. Na zdkladé této skute€nosti bude pfi seskupovéni
mésict do sezon vhodngjsi pouZit jiného modelu pro
prvni laktace a jiného pro laktace druhé a tfeti.
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THE EFFECT OF FATTY ACID CALCIUM SALTS IN DIETS
FOR CHICK BROILERS

UCINEK VAPENATYCH SOLI MASTNYCH KYSELIN VE VYZIVE
KURECICH BROJLERU

J. Mendlik, I. Kumprecht, P. Zoba¢, V. Prokop

Research Institute of Animal Nutrition, s.r.o., Pohorelice, Czech Republic

ABSTRACT: The effect of fatty acid Ca-salts (b;) (trademark BOVIPAL) was studied in two feeding comparative trials on
cockerels of ROSS hybrid; BOVIPAL was used in BR2 feed mixtures at three levels (a;b; - 0.80%, a,b; — 1.60%, asb; —
2.40%) and its effect was compared with the effect of an energy aliquot of rapeseed oil (by) at the levels (a;by — 0.64%, a,by —
1.28%, a3by — 1.93%) and of various contents of Ca®* in form of CaCO4 (b) - 0.07%, b, — 0.07-0.50%, b; — 0.50%). The
effect of different levels of rapeseed oil and BOVIPAL in BR2 mixtures on chick weight was not statistically significant at
35 and 42 days of age while BOVIPAL as an energy source in interaction with rapeseed oil increased daily weight gains at
4 weeks of age but they slightly decreased at 5 weeks of age. The effect of different levels of rapeseed oil and BOVIPAL
on the consumption of BR2 mixtures (in kg) per 1 kg weight gain was significantly (P < 0.05) positive in the experimental
period from 15th to 42nd day. Similarly like in trial 1, the different levels of BOVIPAL (a) and Ca?* (CaCOs;) (b) used in
feed mixtures BR2 for broiler production in trial 2 did not influence chick live weight statistically significantly at 35 and 42 days
of age while the group receiving 0.070% of feeding limestone had lowest weight gains and final weight. The effect of different
BOVIPAL levels on the consumption of BR2 mixture (in kg) per 1 kg weight gain was statistically significantly positive (P < 0.05);
total feed consumption was also positively influenced by this application. Study of BOVIPAL x different Ca®* levels
interactions indicated lower feed conversion in all cases. It is possible to calculate in energy terms that 1 000 g of rapeseed
oil are equivalent to 1 323 g BOVIPAL, or 1 000 g of BOVIPAL are equivalent to 756 g of rapeseed oil. It is obvious that
a recommended level of BOVIPAL applied to feed mixtures as an energy mineral source with positive effects on feed
consumption would be about 2.5%.

Keywords: chick broilers; fatty acid Ca-salts; rapeseed oil; CaCO5; growth; conversion

ABSTRAKT: Ve dvou krmnych srovnavacich pokusech s kohoutky hybrida ROSS byl sledovin Géinek Ca-soli mastnych
kyselin (b;) (obchodni nazev BOVIPAL), aplikovanych do krmnych smési BR2 ve 3 hladinich (a;b, — 0,80 %, a;b; — 1,60 %,
azb, — 2,40 %), oproti G¢inku energeticky alikvotniho podilu fepkového oleje (by) v hladinich a by — 0,64 %, a)by — 1,28 %,
asbg — 1,93 % — pokus 1 a oproti riznému mnoZstvi Ca®* ve formg CaCO; (b - 0,07 %, by — 0,07-0.50 %, by — 0,50 %) —
pokus 2. Do pokusi bylo zahrnuto 320 (pokus 1) a 480 (pokus 2) jednodennich kohoutki, ktefi byli umisténi v klecich
pokusné haly VUVZ Pohofelice do v&ku 14 dnit po 20 kusech a od 15. do 42. dne v&ku pak po 10 kusech v jedné kleci. Od
1. do 14. dne véku piijimali kohoutci v obou pokusech jednotnou kompletni krmnou smé&s BR1 pro pifedvykrm brojlerii a od
15. do 42. dne upravenou BR2. Voda a krmivo byly k dispozici ad libitum, osvétleni bylo nepfetrZité, teplota a vlhkost
vzduchu byly upravovany podle norem danych pro pfedvykrm a vykrm brojlerovych kufat. Odstupiiované hladiny fepkového
oleje a BOVIPALu ve smésich BR2 statisticky vyznamné neovlivnily hmotnost kufat jak v 35., tak i ve 42. dni v&ku, pfitemZ
Ca-soli mastnych kyselin jako energeticky zdroj v interakci s fepkovym olejem zvySily tydenni pfiristky kufat ve 4. tydnu
véku (o 25 g) a naopak sniZily (o 8 g) v 5. tydnu. Priikazn& (P < 0,05) pozitivn& ovlivnily odstupiiované hladiny fepkového
oleje a BOVIPALu spotiebu smési BR2 v kg na 1 kg pfiriistku kuiat v obdobi vykrmu od 15. do 42. dne. Statisticky vyznamn&
(P < 0,05) nejniZ3i spotfebu smési vykazovaly skupiny kufat s nejvy33i hladinou energetické sloZky (a;), kterd byla o0 4,18 %
nizi oproti skupiné kontrolni (ay). U¢inek BOVIPALu (b,) na spotfebu sm&si BR2 na 1 kg pfiristku byl vy3§i o 0,87 %.
Tak jako v prvnim pokuse i ve druhém pokuse odstupiiované hladiny BOVIPALu (a) a riznych hladin ca (CaCO;3) (b)
aplikovanych v krmnych smésich pro vykrm brojlerd BR2 statisticky vyznamné& neovlivnily hmotnost a tydenni pfiriistky
kufat ve 4. a 5. tydnu véku. Statisticky priikazné (P < 0,05) pozitivn€ byla ovlivnéna spotieba smési BR2 v kg na 1 kg
pfirlistku odstupiiovanymi hladinami BOVIPALu, coZ mélo také pozitivni vliv na celkovou spotiebu smési. Spotfeba smési
BR2 s Ca-solemi mastnych kyselin (a, a,, 43) byla 0 2,72 aZ 5,44 % niZ3i oproti skupin& kontrolni (ay). Rizné hladiny Ca®*
(bg. by, by) statisticky vyznamné neovlivnily spotiebu smési v kg na 1 kg pfiristku. V piipadé sledovani interakce vlivu
BOVIPALu a riiznych hladin Ca®* byla zaznamenéna ve viech pfipadech niZ§i konverze krmiva. Z energetického hlediska
Ize poditat, Ze 1 000 g fepkového oleje je srovnatelné s 1 323 g BOVIPALu, nebo 1 000 g BOVIPALu je srovnatelné se 756 g
fepkového oleje. Lze tedy konstatovat, Ze doporucend hladina BOVIPALu zafazeného do krmnych smési jako energetického
minerdlniho zdroje s pozitivnim i¢inkem na spotfebu smési by se méla pohybovat okolo 2,5 %.

Kli¢ova slova: kufeci brojlefi; Ca-soli mastnych kyselin; fepkovy olej; CaCOs; rist, konverze
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INTRODUCTION

Fatty acid salts are a product of the fat-and-oil in-
dustry, which responded to the demand of feed special-
ists who try to produce feed mixtures with a sufficient
content of energy in order to comply with increasing
requirements for energy need of animals. Fatty acid
salts can be an important energy source in diets for
monogastric animals as well as for ruminants. Papers
dealing with fatty acid metabolism as a supplemental
source of energy in feed for poultry more and more
frequently appear in professional literature (Vila, Esteve-
Garcia, 1996a, b, c; Wiseman et al., 1991; Blanch et
al., 1995). Zhadan et al. (1983) carried out research on
applications of fatty acid salts to diets for chickens and
pigs. The effect of fatty acid salts in cattle diets was
investigated in great detail (Sommer, 1997). Tomczyn-
ski et al. (1994) studied these problems in horses. It is
to state that we failed to find a satisfactory number of
papers dealing with the use of fatty acid salts in poultry
diets.

Physical and chemical properties of fatty acid Ca-salts
are their advantage as they indicate their high stability
under current storage conditions and good miscibility
with vegetable, animal and mineral-vitamin compo-
nents of complete feed mixtures.

The objective of this paper was to compare the ef-
fects of different energy sources — fatty acid Ca-salts
applied to feed mixture BR2 at three levels in form of
a commercial product BOVIPAL, with the effect of an
energy aliquot of rapeseed oil (trial 1) and to compare
the effects of fatty acid Ca-salts (BOVIPAL) as a Ca?t
source applied to feed mixtures BR2 with various pro-
portions of Ca®* in form of CaCOj (trial 2).

MATERIAL AND METHODS

Two extensive feeding comparative trials were con-
ducted on cockerels of ROSS hybrid supplied as
straight run chicks by the company Lihné& kufat MACH
at Litomy$l (MACH Chick Hatcheries). Feeding trials
with a factor design were carried out from 15th to 42nd
day of chick age. A total of 320 straight run cockerels
were included in feeding trial 1 while 480 straight run
cockerels were used in feeding trial 2; cockerels were
divided into groups at the beginning of the trial and
housed in cages of an experimental facility of the Po-
horelice Research Institute of Animal Nutrition, 20 birds
per cage until 14 days of age, 10 birds per cage from
15 to 42 days of age.

Cockerels in both trials received complete feed mix-
ture BR1 as a broiler pre-starter from 1st to 14th day
of age; its formulation is given in Table I. Water and
feed were available ad libitum, illumination was con-
tinuous, temperature and atmospheric humidity were
adjusted pursuant to standards for broiler chick starting
and feeding. Fatty acid Ca-salts were applied to feeds
in both trials; they were produced under the trademark
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1. Formulation and nutrient contents of feed mixtures BR1 in Trial
1 and 2

Ingredient Percentage proportion
Fish meal 5
Meat-and-bone meal 6
Soybean meal 18
Comn 42
Wheat 11
Soya extrudate 14

1) Biovitan BR1-Super 1

2) Mineral feed supplement DV 3
Total 100
Dry matter g 889.4
Crude proteins g 2423
Fat g 52.0
Crude fiber g 38.4
Ash g 80.8
Nitrogen free extract g 4759
ME MJ/kg 12.06

" Vitamin A 1 500 000 i.u., vitamin Dy 350 000 iu., vitamin E
5 000 mg, vitamin K5 300 mg, vitamin B, 300 mg, vitamin B, 600 mg,
vitamin B 450 mg, vitamin B, 2.5 mg, niacin 3 000 mg, calcium
pantothenate 1 250 mg, biotin 7.5 mg, folic acid 100 mg, choline
30 000 mg, DL-methionine 200 000 mg, L-lysine HCI 200 000 mg,
methichloropindol 10 000 mg + methylbenzoquate 835 mg

D Ca 265 g/kg, P 72 g/kg, Na 15.2 g/kg, NaCl 40 g/kg,
Cu 420 mg/kg, Fe 3 370 mg/kg, Zn 2 400 mg/kg, Mn 2 740 mg/kg,
Co 3.6 mg/kg, J 13.5 mg/kg, Se 5.3 mg/kg

BOVIPAL by the company SETUZA a.s. at Usti nad
Labem. BOVIPAL composition: dry matter 970 g; im-
purities 5.4 g; fatty acid Ca-salts 873.5 g; CaCO5 56.1 g;
ether extract 35 g. After hydrolysis — fat 78 g; ash 155 g;
Ca®* 100 g; CO;>~ 49.6 g; impurities 5.4 g; ME 27.67 MJ
(Calculation according to Zeman, 1991). Rapeseed oil
of this composition was used in trial 1: dry matter
999.0 g; fat 999.0 g; ME 33.96 MJ (Calculation accord-
ing to Zeman, 1991). Ca** content was adjusted by
addition of pulverized limestone in both trials (CaCO3).

It was calculated on the basis of chemical analyses
(VU Servis Pohofelice s.r.o.) and values reported by
Zeman (1991) that it held for both trials:

a) 1000 g of BOVIPAL are equivalent to 273.7 g CaCOj3
with regard to Ca>* content

b) 1 000 g of BOVIPAL are equivalent to 815 g of
rapeseed oil with regard to fat content and to 27.67 MJ
in terms of metabolizable energy content.

Trial 1 had a two-factor experimental design with
replication according to the formula A(4) x B(2) x (40)
for growth and A(4) x B(2) x (4) for determination of
feed consumption per 1 kg weight gain. Factor specifi-
cation:

Factor A: different levels of BOVIPAL and rapeseed oil
ay — control without experimental applications

a; — 0.640% rapeseed oil or 0.800% BOVIPAL in

BR2 mixtures
a, — 1.280% rapeseed oil or 1.600% BOVIPAL in
BR2 mixtures
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a3 — 1.920% rapeseed oil or 2.400% BOVIPAL in
BR2 mixtures

Factor B: rapeseed oil and BOVIPAL (energy source)

bg — rapeseed oil

b; - BOVIPAL

Trial 2 also had a two-factor design with replication
according to the formula A(4) x B(3) x (40) for growth
and A(4) x B(3) x (4) for determination of feed con-
sumption per 1 kg weight gain. Factor specification:
Factor A: different levels of BOVIPAL in BR2 mixtures

ay — control without experimental applications

a; — 0.800% BOVIPAL

a, — 1.600% BOVIPAL

a3 — 2.400% BOVIPAL
Factor B: different levels of Ca* in form of pulverized
limestone (CaCO3) in BR2 mixtures

by — 0.070% CaCO;4

b; — 0.500-0.070% CaCOj (in relation to BOVIPAL

level)

by — 0.500% CaCO4

Table II shows the formulation of feed mixtures BR2
and nutrient content in trial 1. The formulation of feed
mixtures BR2 and nutrient content in trial 2 are given
in Table III

I1. Formulation and nutrient contents of feed mixtures BR2 in Trial |

Chick live weight was checked by weighing each
bird at 1, 14, 21, 35 and 42 days of age. Feed consump-
tion (in kg) per 1 kg weight gain was recorded continu-
ally every day on the basis of a metered amount of feed
and feed intake in each cage. Feeding comparative
trials ended by control slaughtering in all experimental
groups while cockerels representing average weight of
the group were sacrificed.

Analyses of feed mixtures were carried out in labo-
ratories of the VU Servis Pohofelice, s.r.0., pursuant to
methodologies defined by the national standard CSN
467092 (1985).

Experimental data were processed by two-factor
analysis of variance (Snedecor, Cochran, 1969).

RESULTS

Trial 1

Table IV shows data on the effect of different levels
of rapeseed oil and fatty acid Ca-salts (BOVIPAL) on
weekly weight gains and live weight of chicks. The
effect of different levels of rapeseed oil and BOVIPAL
applied to BR2 mixtures on the live weight of chicks

Diet desigi

Ingredient by aby by a3y by by ab | ab,

percentage proportion
Fish meal 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Meat-and-bone meal 35 35 35 35 35 35 35 35
Soybean meal 13.6 13.6 13.6 13.6 13.6 13.6 13.6 13.6
Corn 44.5 445 44.5 44.5 44.5 44.5 445 44.5
Soya extrudate 15 15 15 15 15 15 15 15
Wheat 17 17 17 17 17 17 17 17
! Aminovitan BR2 Plus 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Dicalcium phosphate 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Feeding salt 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Feeding limestone 0.5 0.5 0.5 0.5 0.5 0.334 0.171 0.070
Feeding meal - 0.16 0.32 0.48 - 0.164 0.329 0.493
Wheat starch 32 240 1.60 0.80 32 2.40 1.60 0.80
Rapeseed oil - 0.640 1.280 1.920 - - - -
BOVIPAL - - - - - 0.800 1.600 2.40
Total 100 100 100 100 100 100 100 100
Dry matter g 887.5 888.1 888.7 889.3 887.5 887.8 888.2 895.5
Crude protein g 2013 201.5 201.6 201.8 201.3 201.4 201.7 2019
Fat g 49.3 55.7 62.2 68.6 49.3 55.4 61.5 67.6
Crude fiber g 37.7 37.8 37.8 37.9 37.7 37.8 37.9 38.0
Ash g 51.8 51.8 51.8 51.8 51.8 523 529 60.2
Nitrogen free extract g 547.4 5413 5353 529.2 547.4 540.9 534.2 527.8
ME M/kg 12.62 12.73 12.85 12.97 12.62 12,72 12.83 12.93
Ca g 8.66 8.66 8.66 8.66 8.66 8.82 9.00 11.80
P g 6.94 6.94 6.95 6.95 6.94 6.95 6.95 6.95

" Vitamin A 2 400 000 i.u., vitamin Dj; 500 000 i.u., vitamin E 7 000 mg, vitamin K3 500 mg, vitamin B, 400 mg, vitamin B, 1 000 mg,
vitamin B 600 mg, vitamin B, 4 mg, niacin 5 000 mg, calcium pantothenate 2 000 mg, choline 40 000 mg, antioxidant (Endox) 20 000 mg,
DL-methionine 360 000 mg, Co 66 mg, Cu 1 400 mg, Fe 6 800 mg, J 110 mg, Mn 14 400 mg, Zn 10 000 mg, Se 30 mg
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III. Formulation and nutrient contents of feed mixtures BR2 in Trial 2

Diet designation

Ingredient agby I a;by I asby l asby | agb, | ab, | ab, I asb, I b, | ajb, I by l a3by
percentage proportion
Fish meal 15 1.5 1.5 LS 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Meat-and-bone meal 35 35 35 3.5 35 35 3i5 35 35 35 35 35
Soybean meal 13.6 13.6 13.6 13.6 13.6 13.6 13.6 13.6 13.6 13.6 13.6 13.6
Corn 44.5 445 44,5 445 445 445 44.5 445 445 44.5 44.5 44.5
Soya extrudate 15 15 15 15 15 15 15 15 15 15 15 15
Wheat 17 17 17 17 17 17 17 17 17 17 17 17
") Aminovitan BR2 Plus | 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Dicalcium phosphate 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Feeding salt 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Feeding limestone 0.07 0.07 0.07 0.07 0.500] 0.334| 0.171| 0.070| 0.500( 0.493| 0.493( 0.493
Feeding meal 0.493( 0493 0.493] 0493 - 0.164| 0329 0.493| - 0.007| 0.007| 0.007
BOVIPAL - 0.800( 1.600| 2.400| - 0.800| 1.600| 2.400| - 0.800| 1.600| 2.400
Wheat starch 3.200{ 2.400( 1.600| 0.800{ 3.2 2.40 1.60 0.80 3.200{ 2.400( 1.600( 0.800
Total 100 100 100 100 100 100 100 100 100 100 100 100
Dry matter g |887.5 |888.1 |[838.6 |889.2 |[837.5 |887.8 |[888.2 |8955 |[887.5 |888.0 |888.6 |889.2
Crude protein g[202.0 (2019 |201.9 |201.9 [2019 (2014 |201.7 (2019 |201.3 |[201.2 |[201.2 (201.2
Fat g| 494 55.5 61.5 67.6 493 55.4 61.5 67.6 493 553 61.4 67.4
Crude fiber g| 377 379 38.0 38.0 37.7 37.8 379 38.0 37.7 37.7 37.7 37.8
Ash g| 477 499 520 54.1 51.8 523 529 535 51.8 53.8 56.0 58.1
Nitrogen free extract g |550.7 |[542.9 |5352 |527.6 |547.4 (5409 |5342 (5345 |547.4 |[540.0 (5323 |[524.7
ME Ml/kg | 12.67 | 1276 | 12.85 | 1293 | 12.62 | 12.79 | 12.83 | 1293 | 12.62 | 12.70 | 12.79 | 12.88
Ca g 7.04 7.83 8.62 9.42 8.66 8.82 9.00 9.18 8.66 942 | 10.22 | 11.00
P g 6.97 6.97 6.96 6.96 6.94 6.95 6.95 6.95 6.94 6.94 6.94 6.94

D The legend see Tab. II

IV. The effect of different levels of rapeseed oil (RO) and of Ca-salts of fatty acids (BOVIPAL) on broiler weight in Trial 1

Bramefer Unit RO and BOVIPAL levels Source

) a 3 ) by by
Broiler number 80 80 80 80 160 160
Weight on day | g 54 55 54 56 55 55
Weight on day 14 g 324 308 302 312 312 312
Weight on day 21 g 601 589 567 585 584 586
Weight gain at 3rd week g 277 281 265 273 272 274
S.D. g + 47 +73 t+44 +:51 +58 +52
Index % 100.00 101.44 95.67 98.56 100.00 100.74
Weight on day 35 g 1498 1457 1422 1461 1446 1473
Weight gain at 4th week g 897 868 855 876 862 887
S.D. g +113 + 163 + 126 + 145 + 148 +128
Index % 100.00 96.77 95.32 97.67 100.00 102.90
Weight on day 42 g 2034 1975 1937 1989 1974 1993
Weight gain at 5th week g 536 518 515 528 528 520
S.D. g 92 +133 + 138 +94 + 121 +112
Index % 100.00 96.64 96.08 98.51 100.00 98.48

Legend: a,— 0% RO and BOVIPAL
a; - 0.640% RO or 0.800% BOVIPAL by, — rapeseed oil
a, — 1.280% RO or 1.600% BOVIPAL b, - BOVITAL

a3 - 1.920% RO or 2.400% BOVIPAL
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V. The effect of interaction of different levels of rapeseed oil (RO) and of Ca-salts of fatty acids (BOVIPAL) on broiler weight in Trial 1

Parameter Unit A Belnron

by ajby aby a3by b, ab; b, a3b,
Broiler number 40 40 40 40 40 40 40 40
Weight on day 1 g 54 55 54 55 54 55 55 54
Weight on day 14 g 324 311 302 308 324 305 302 315
Weight on day 21 g 602 583 566 585 599 594 567 584
Weight gain at 3rd week g 278 272 264 277 275 289 265 269
Index I % 100.00 97.84 94.96 99.64 98.92 103.96 95.32 96.76
Index IT P 100.00 97.84 94.96 99.64 100.00 105.09 96.36 97.82
Weight on day 35 g 1493 1428 1423 1439 1503 1485 1422 1483
Weight gain at 4th week g 891 845 857 854 904 891 855 899
Index I %o 100.00 94.84 96.18 95.85 101.46 100.00 95.96 100.90
Index I1 % 100.00 94.84 96.18 95.85 100.00 98.56 94.58 99.44
Weight on day 42 g 2034 1947 1957 1958 2034 2001 1916 2021
Weight gain at S5th week g 541 519 534 519 531 516 494 538
Index I % 100.00 95.93 98.71 95.93 98.15 95.38 91.31 99.45
Index II o 100.00 95.93 98.71 95.93 100.00 97.18 93.03 101.32

The legend see Tab. IV

VI. The effect of different levels of rapeseed oil (RO) and of Ca-salts of fatty acids (BOVIPAL) on feed consumption (in kg) per | kg of

weight gain in Trial 1

il Unit RO and BOVIPAL levels Source
% a % a3 by b

Group number 8 8 8 8 16 16
BRI mixture consumption from day 1 to day 14 kg/kg 1.375 1.410 1.395 1.390 1.393 1.393
BR2 mixture consumption from day 15 to day 21 | kg/kg 1.690" | 1.605" | 1.640" | 1.658" | 1.648 1.648
S.D. kg/kg +0.043 +0.060 | +0.090 +0.019 +0.071 + 0.059
Index % 100.00 94.87 97.04 98.11 100.00 100.00
BR2 mixture consumption from day 15 to day 35 kg/kg 1.825 1.805 1.828 1.815 1.828 1.808
S.D. keg/kg +0.031 +0.038 +0.045 +0.073 +0.033 + 0.058
Index % 100.00 98.90 100.16 99.45 100.00 98.91
BR2 mixture consumption from day 15 to day 42 kg/kg 2.008" 1931 | 1.948" 1.924" 1.944 1.961
S.D. kg/kg +0.048 +0.076 + 0.062 + 0.035 +0.068 + 0.060
Index % 100.00 96.17 97.01 95.85 100.00 100.87

The legend see Tab. IV
Small letters designate significantly different values at P < 0.05

was not statistically significant either at 35 or 42 days
of age. The values were within the range of natural
variability. The identical effect of both rapeseed oil and
BOVIPAL on chick weight in the experimental periods
was confirmed by live weights achieved in the separate
groups evaluated as interactions (Table V) while fatty
acid Ca-salts as an energy source in interaction with
rapeseed oil increased live weight of chicks at 35 and
42 days of age. Variable weekly weight gains were
recorded in that period. The effect of different levels of
rapeseed oil and BOVIPAL was significantly (P <
0.05) positive on the consumption of feed mixture BR2
(in kg) per 1 kg weight gain in chicks from 15th to
42nd day. The significantly (P < 0.05) lowest feed con-
sumption was determined in the group of chicks receiv-
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ing the highest level of energy component (a3), it was
lower by 4.18% than in control group (ay). Table VI
shows the effect of different levels of rapeseed oil and
BOVIPAL on feed consumption (in kg) per 1 kg of
chick weight gain, including a comparison of the effect
of rapeseed oil and fatty acid Ca-salts. Lower consump-
tion of feed mixture BR2 per 1 kg weight gain was
calculated for chicks receiving different levels of both
rapeseed oil (a;by — a3by) and BOVIPAL (a;b; — asb,)
as documented by data in Table VII.

Trial 2

Table VIII shows data on the effect of different levels
of fatty acid Ca-salts (BOVIPAL) (a) and different
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VII. The effect of interaction of different levels of rapeseed oil (RO) and of Ca-salts of fatty acids (BOVIPAL) on feed consumption (in

kg) per 1 kg of weight gain in Trial 1

et Unit A x B interaction

aby | aby | aby | asby | aghy | aby | ab, | asb;
Group number 4 4 4 4 4 4 4 4
BRI mixture consumption from day 1 to day 14 kg/kg 1.375| 1.400| 1415 1.380( 1375 1.420| 1.375| 1.400
BR2 mixture consumption from day 15 to day 21 | kg/kg 1.690| 1.645| 1.595| 1.660| 1.690| 1.565( 1.685| 1.650
Index 1 % 100.00 | 97.33 | 94.38 | 98.22 [100.00 | 92.60 | 99.70 | 97.93
Index 11 % 100.00 | 97.33 | 94.38 | 98.22 |100.00 | 92.60 | 99.70 | 97.93
BR2 mixture consumption from day 15 to day 35 | kg/kg 1.825| 1.818| 1.840| 1.830| 1.825| 1.793| 1.815( 1.800
Index 1 % 100.00 | 99.62 |100.82 (100.27 [100.00 | 98.25 | 99.45 | 98.63
Index 11 % 100.00 | 99.62 [100.82 [100.27 [100.00 | 98.25 | 99.45 | 98.63
BR2 mixture consumption from day 15 to day 42 | kg/kg 2.008| 1.880| 1.950| 1.938| 2.008| 1.983| 1945 1910
Index 1 % 100.00 | 93.63 | 97.11 | 96.51 [100.00 | 98.75 | 96.86 | 95.12
Index 11 % 100.00 | 93.63 | 97.11 | 96.51 |100.00 | 98.75 | 96.86 | 95.12

The legend see Tab. IV

VIII. The effect of different levels of Ca-salts of fatty acids (BOVIPAL) and of different levels of Ca®* on broiler weight in Trial 2

Parameter Unit sl o )

a a 2 3 by b, by
Broiler number 120 120 120 120 160 160 160
Weight on day 1 g 54 55 54 54 54 55 54
Weight on day 14 g 319 311 313 311 312 312 317
Weight on day 21 g 595 577 582 580 582 584 583
Weight gain at 3rd week g 276 266 269 269 270 272 266
S.D. g * 50 + 61 +48 +57 53 + 58 +52
Index % 100.00 96.38 97.46 97.46 100.00 100.74 98.52
Weight on day 35 g 1475 1406 1441 1436 1428 1446 1445
Weight gain at 4th week g 880 829 859 857 846 862 862
S.D. g + 138 + 157 117 + 153 + 147 + 148 +133
Index % 100.00 94.20 97.61 97.39 100.00 101.89 101.89
Weight on day 42 g 1996 1924 1959 1949 1932 1974 1966
Weight gain at Sth week g 521 518 518 513 504 528 521
S.D. g +93 +123 =73 +95 + 89 + 121 +76
Index %o 100.00 99.42 99.42 97.39 100.00 104.76 103.37

Legend: a,— 0% BOVIPAL and CaCO;
a, - 0.800% BOVIPAL
a, - 1.600% BOVIPAL
ay - 2.400% BOVIPAL

by — 0.070% CaCO,

b, - 0.500% Ca®*

levels of Ca** (b) applied to feed mixtures BR2 for
broiler production on live weight of chicks.

Different levels of BOVIPAL in feed mixtures did
not have any statistically significant effects on chick
weight and weekly weight gains in any of the experi-
mental periods. The values were within the range of
natural variability. The effect of different levels of
Ca®* applied to BR2 mixtures in form of CaCOj; (b) on
chick weight was not statistically significant either in
any of the experimental periods.

Evaluation of the interactions of different BOVIPAL
levels and different Ca2* levels (Table IX) indicated
the statistically insignificantly (P < 0.05) lowest final
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by = 0.500-0.070% CaCO; (base quantity BOVIPAL)

weight of chicks in group (ajby) which received the
lowest level of BOVIPAL and CaCO;. Live weight of
chicks was comparable in the other groups. The same
group (alb0) also had the lowest weight gains at 4th
week of feeding, but the lowest weight gains at Sth
week of feeding were determined in groups (agb, and
asbg). On the contrary, the highest weight gains at 4th
week of age were recorded in the group without BOVI-
PAL but receiving 0.5% content of CaCO5 (agh,), and
at 5th week of age in the group without BOVIPAL but
with variable levels of CaCO;.

Table X shows the effect of different BOVIPAL
levels (a) and different Ca?* levels (b) applied to feed
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IX. The effect of interaction of different levels of Ca-salts of fatty aci
Trial 2

ds (BOVIPAL) and of different levels of Ca®* on broiler weight in

A x B interaction

Parameter Unit
aby | ajby | aby | asby

agb; | aby | aby | asb; | agh, | ab, | ab, | asb,

Broiler number 40 40 40 40

Weight on day 1 g 55 55 54 53
Weight on day 14 g

Weight on day 21 g

Weight gain at 3rd week | g

Index 1 % | 100.00[ 96.68 105.90( 96.68
Index II % 100.00| 96.68| 105.90| 96.68
Weight on day 35 g

Weight gain at 4th week | g | 848 800 879 858
Index I % 100.00{ 94.34| 103.66( 101.18
Index 11 % | 100.00] 94.34| 103.66| 101.18
Weight on day 42 g (1922 |1885 1998 1922 |2
Weight gain at 5th week | g 494 516 509 494
Index 1 % | 100.00| 104.45| 103.04| 100.00|
Index II % | 100.00[ 104.45 103.04| 100.00

309 307 323 308 324 311 302 309 324 316 314 315
580 569 610 570 602 583 566 585 602 578 569 584
271 262 287 262 278 272 264 276 278 262 255 269

1428 (1369 (1489 (1428 (1493 (1428 |1423 |1439 |1504 1422 (1411 |[1442

40 40 40 40 40 40 40 40
54 55 54 55 54 55 54 54

102.58| 100.37( 97.42| 101.85| 102.58| 96.68| 94.10| 99.26
100.00| 97.84| 94.96| 99.28| 100.00| 94.24| 91.73| 96.76

891 845 857 854 902 844 842 858
105.07( 99.65| 101.06| 100.70| 106.37| 99.53| 99.29( 101.18
100.00| 94.84 96.18( 95.85( 100.00( 93.57| 93.35| 95.12
034 |1947 |1957 |1958 |2032 |1939 |1924 (1968
541 519 534 519 528 517 513 526
109.51| 105.06( 108.09| 105.06| 106.88 104.66| 103.85| 106.48
100.00[ 95.93| 98.71| 95.93| 100.00| 97.92| 97.16| A 99.62

The legend see Tab. VIII

X. The effect of different levels of Ca-salts of fatty acids (BOVIPAL) and of different levels of Ca®* on feed consumption (in kg) per | kg

of weight gain in Trial 2

Parameter Unit BOVIEAL t8) Ca?t B)

) a L) a3y by b, b,
Group number 12 12 12 12 16 16 16
BRI mixture consumption from day 1 to day 14 | kg/kg | 1.380 1.407 | 1.385 1.387 1.393 1.393 1.384
BR2 mixture consumption from day 15 to day 21 | kg/kg [ 1.677 1.683 | 1.632 1.667 1.664 1.648 1.683
S.D. kg/kg |+ 0.058 | +0.060 [+ 0.067 +0.038 +0.058| £0.071| +0.041
Index % 100.00 100.36 | 97.32 100.00 100.00 99.04 | 101.14
BR2 mixture consumption from day 15 to day 35 | kg/kg [ 1.829 1.827 | 1.818 1.817 1.829 1.828 1.811
S.D. kg/kg [+ 0.041 | +0.060 |+ 0.033 + 0.036 +0.056 0.033| +0.035
Index % 100.00 99.89 | 99.51 99.34 100.00 99.95 99.02
BR2 mixture consumption from day 15 to day 42 | kg/kg [ 2.021"  1.913% 1.966b"%| 1.954"B| 1980| 1944 1.967
S.D. kg/kg |+ 0.048 | £0.077 [+ 0.072 + 0.041 +0.076| £0.068| +0.068
Index o 100.00 94.66 | 97.28 96.68 100.00 98.18 99.34

The legend see Tab. VIII

Capital letters designate highly significantly different values at P < 0.01

Small letters designate significantly different values at P < 0.05

mixture BR2 for broiler production in form of CaCO3,
as exerted on feed consumption (in kg) per 1 kg weight
gain.

The effect of different BOVIPAL levels on the con-
sumption of feed mixture BR2 (in kg) per 1 kg weight
gain was statistically significantly (P < 0.05) or statis-
tically highly significantly (P < 0.01) positive; as a re-
sult, total feed consumption (in kg) per 1 kg weight
gain was also positively influenced. The consumption
of BR2 mixtures with BOVIPAL (a|, a,, a3) was lower
by 2.72-5.44% than in control group (ag). The effect
of different Ca2* levels evaluated as factor (b) on feed
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consumption (in kg) per 1 kg weight gain was not sta-
tistically significant, the values were within the range
of natural variability. Feed consumption (in kg) per 1 kg
weight gain was lower in most cases when BOVIPAL x
Ca?* level interactions were evaluated, as shown in
Table XI.

DISCUSSION

As indicated by experimental results, applications of
fatty acid Ca-salts in form of BOVIPAL up to a con-
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XI. The effect of interaction of different levels of Ca-salts of fatty acids (BOVIPAL) and of different levels of Ca** on feed consumption (in kg) per 1 kg of weight gain in Trial 2

A x B interaction

Parameter Unit

agbo a1bg azbo a3bo b, by ab, b, by a,by azby asby
Group number x 10 4 4 4 4 4 4 4 4 4 4 4 4
BR1 mixture consumption from day 1 to day 14 kg/kg 1.390 1.420 1.380 1.380 1.375 1.400 1.415 1.380 1.375 1.400 1.360 1.400
BR2 mixture consumption from day 15 to day 21 kg/kg 1.650 1.700 1.625 1.680 1.690 1.645 1.595 1.660 1.690 1.705 1.675 1.660
Index I % 100.00 103.03 98.48 101.82 102.42 99.70 96.67 100.61 102.42 103.33 101.52 100.61
Index II Jo 100.00 103.03 98.48 101.82 100.00 97.34 94.38 98.22 100.00 100.89 99.11 98.22
BR2 mixture consumption from day 15 to day 35 kg/kg 1.838 1.848 1.820 1.810 1.825 1.818 1.840 1.830 1.825 1.815 1.793 1.810
Index I % 100.00 100.54 99.02 98.48 99.29 98.91 100.11 99.56 99.29 98.75 97.55 98.48
Index II % 100.00 100.54 99.02 98.48 100.00 99.62 100.82 100.27 100.00 99.45 98.25 99.18
BR2 mixture consumption from day 15 to day 42 kg/kg 2.048 1.888 2,013 1.973 2.008 1.880 1.950 1.938 2.008 1.973 1.935 1.953
Index I % 100.00 92.19 98.29 96.34 98.05 91.80 95.21 94.63 98.05 96.34 94.48 95.36
Index II %o 100.00 92.19 98.29 96.34 100.00 93.63 97.11 96.51 100.00 98.26 96.36 97.26

The legend see Tab. VIII




centration of 2.4% in feed mixtures BR2 can have posi-
tive effects on the consumption of feed mixtures for
broiler production per 1 kg weight gain. This evidence
is in agreement with the fact that feeds with higher
energy levels increase nutrient conversion. Our experi-
mental results are consistent with the conclusions of
trials with fatty acid Ca-salts applied to poultry and
pigs published by Zhadan et al. (1983) and of trials
with fatty acids and oils in turkeys reported by Leeson
and Atteh (1995). Comparisons of rapeseed oil and
BOVIPAL effects made it possible to state that it is
feasible to use 1 323 g BOVIPAL instead of 1 000 g
rapeseed oil with respect to ME content necessary for
poultry. Total energy metabolism can be influenced by
using an appropriate raw material for the production of
fatty acid Ca-salts. The results of comparing the effects
of fatty acid Ca-salts and vegetable oils on chick weight
are in agreement with conclusions drawn by Leeson
and Atteh (1995). A high Ca®* content is an important
factor of BOVIPAL application that will apparently limit
its amount in complete feed mixtures for broiler pro-
duction with respect to the need of minerals; it is also
in accordance with conclusions drawn by Georgievskij
et al. (1981), who document the adverse effect of Ca
excess on metabolism of other minerals. The hypothesis
in our trials was based on the experience of production of
fat-enriched complete feed mixtures and on a maximum
amount of pulverized limestone used for production of
these mixtures. Referring to the experimental results, it
is possible to recommend BOVIPAL doses increasing
to the level of 2.5% of the total proportion of complete
feed mixtures for broiler production. When this level is
reached, it is necessary to take into account mineral
supplements that will contain a minimum amount of
pulverized limestone.
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VPLYV OBSAHU VITAMINU E V KRMNE]J DAVKE
NA STABILITU TUKOVE] ZLOZKY BRAVCOVEHO MASA

INFLUENCE OF DIETARY VITAMIN E CONTENT ON THE STABILITY
OF PORK FAT

P. Turek, G. Kovaé, .. Korimova, D. Maté, P. Mudron

University od Veterinary Medicine, KoSice, Slovak Republic

ABSTRACT: Eighteen pigs with average body weight of 16 kg were used. Two groups (n = 6) of animals were fed with
vitamin E mixed in the diet. Six animals fed without vitamin E supplementation served as control (K). Effects of two
concentrations of vitamin E (group A — 200 mg/kg, group B — 100 mg/kg) on pork fat stability were evaluated. Lipid part
of meat and backfat was analyzed within 24 hours after slaughtering (Table I), fat component of meat (m. semimebranosus)
in the group A showed average acetic value (AV) 3.47 mg KOH/g and peroxide value (PV) 2.66 mmol 1/2 O/kg. In the group
B, an increase in the following values was recorded: AV — 4.76 mg KOH/g, and PV - 3.68 mmol 1/2 O/kg. In the control
group (K) AV - 6.17 mg KOH/g, and PV - 3.68 mmol 1/2 O/kg were determined. Back fat in the group A showed average
of AV - 0.29 mg KOH/g, and PV - 0.17 mmol 1/2 O/kg, 0.34 mg KOH/g and 0.18 mmol 1/2 O/kg in the group B, and 0.38
mg KOH/g and 0.31 mmol 1/2 O/kg in the group K, respectively. After 3 months of freeze-storage (Table II) fat component
of meat and back fat in the group A showed average of AV — 1.93 mg KOH/g, PV - 2.16 mmol 1/2 O/kg, and thiobarbituric
acid-reactive substances (TBARS) — 0.028. In the group B, AV — 1.91 mg KOH/g, PV — 2.86 mmol 1/2 O/kg, TBARS -
0.048 were observed. In the group K values of fat component were as follows: AV - 2.48 mg KOH/g, PV — 5.08 mmol
1/2 O/kg, and TBARS - 0.167. Feeding of vitamin E showed positive antioxidative effects on meat and back fat. These effects
were more pronounced after 3 months storage.

Keywords: pig; vitamin E; pork; fat; acetic value; peroxide value; thiobarbituric acid-reactive substances

ABSTRAKT: Vitamin E bol priddvany do kimnej zmesi 12 o$ipanym rozdelenym do dvoch skupin. Ako kontrola (K) bolo
pouZitych 6 odipanych bez pridavku vitaminu E v kfmnej zmesi. Hodnoteny bol vplyv vitaminu E poddvaného v dvoch
roznych koncentracidch (skupina A — 200 mg/kg, skupina B — 100 mg/kg) na stabilitu tukovej zloZky mdsa. Material,
individudlne z kaZdej o3ipanej (mdso — m. semimembranosus a chrbtové slanina), bol podrobeny analyze do 24 hodin po
odporazeni zvierat a zmesné vzorky z kaZdej experimentilnej skupiny po trojmesaénom mraziarenskom skladovani pri
-18 °C. U skupin A a B bol zisteny pozitivny antioxidany d&inok vitaminu E priddvaného do kimnej zmesi na rozkladné
procesy tukovej zloZky mésa a chrbtovej slaniny.

Kliicové slovi: ofipané; vitamin E; brav€ové miso; tuk; &islo kyslosti tukov; peroxidové &islo; tiobarbiturové &islo

UVOD sa pri vyrobe misovych vyrobkov do spracovanej su-

roviny antioxidanty, alebo sa nimi fortifikuji kfmne

Senzorické vlastnosti potravin si determinované
roznymi faktormi. Tento kvalitativny ukazovatel je vy-
razne ovplyviiovany tukmi a ich chemickymi modifiké-
ciami (Bystricky, Di¢akova, 1998). Zhor3enie kvality
misa je dosledkom oxidacie lipidov a svalovych pig-
mentov. Dominantnid dlohu pri vyvoji neZiadicich or-
ganoleptickych vlastnosti potravin zohrdvaji oxidainé
produkty tukov (Imafidon, Spanier, 1994). Z faktorov
vplyvajiicich na rychlost a rozsah oxidacie tukov vo
svaloch je najdéleZitej§ia hladina nenasytenych mast-
nych kyselin pritomnych v tkanive (Williams et al.,
1992). Aby nedochéadzalo k oxid4cii lipidov, priddvaji

zmesi pre zvieratd urCené na vykrm (Arnold er al.,
1992). Niektoré antioxidanty pdsobia preventivne, che-
lataéné latky zniZuju redox potencial kovov, ktoré ka-
talyzuji oxidaciu lipidov, iné prednostne oxidujui, ¢im
zniZuji mnoZstvo kyslika v prostredi a tym aj tvorbu
volnych radikédlov. Siroké spektrum antioxidantov
mozZno rozdelit na dve skupiny — syntetické a prirodné.
Prirodné antioxidanty si vhodnejSie, pretoZe na rozdiel
od syntetickych nepredstavuji zdravotné riziko (Ham-
mer, 1997). VyuZiva sa antioxidaény ucinok niektorych
latok prirodzene sa vyskytujicich najma v rastlinnom
materidli. Okrem antioxidantov rastlinného pdvodu

* Priprava a spracovanie tohto &linku boli podporené grantom VEGA SK &. 1/5149/98.
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mdZu byt tuky chranené antioxidantami prirodzene sa
vyskytujicimi v Zivo€i§nych tkanivach. Z tejto skupi-
ny sa najCastejSie vyskytuji, resp. vyuZivaji vitaminy
rozpustné v tukoch, najmé vitaminy E a A, pripadne
ich analégy (Smith er al., 1996).

Prica sa zaoberd sledovanim antioxidaénych u&in-
kov vitaminu E priddvaného do kifmnej zmesi oSipa-
nych na tukovi zloZku brav€ového misa a chrbtovi
slaninu.

MATERIAL A METODY

V experimente bolo 18 oSipanych, ktoré boli rozde-
lené do troch skupin po Siestich ofipanych — A, B, K.
Priemernd Ziva hmotnost zvierat na zaCiatku pokusu
v jednotlivych skupinédch bola nasledovna: skupina A —
16 kg (15-17 kg), skupina B — 16 kg (15-18 kg), kon-
trolna skupina K - 15,7 kg (15-17 kg). Skupine A bol
do kimnej zmesi pridavany vitamin E (tokoferol acetit
50 % praskova forma od firmy Hoffman La-Roche)
v mnozstve 200 mg/kg kfmnej zmesi, skupine B bol
aplikovany vitamin E v mnoZstve 100 mg/kg kimnej
zmesi. Pokusné zvierata boli od prvého do desiateho
diia experimentu kimené kfmnou zmesou COS 2 tohto
zloZenia (v percentdch): rybia micka II 2,0, suSené od-
tuénené mlieko — spray 5,0, kvasnice melasové 2,0,
extrahovany Srot s6jovy 15,0, pSeni¢né otruby 8,0, pSe-
nica 24,3, jaémefi 30,0, ovos lipany 4,0, Laktamyl 5,0,
cukor rafinovany 2,5, sol kfmna 0,3, vapenec kimny
0,4, MKP 1 0,5, DB COS 1,0. Vyrobcom kfmnej zmesi
bola garantovana tato minimalna vyZivna hodnota: NL
— 180 g/kg, SNL - 160,0 g/kg, VSZ — 740 g/kg, vlak-
nina — max. 45,0 g/kg, lyzin — 10,0 g/kg, met. + cyst.
- 6,5 g/kg, Ca— 6 g/kg, P -5 g/kg, Na—- 1,5 g/kg, Mn
- 30 mg/kg, Fe — 100 mg/kg, Cu — 10 mg/kg, Zn —
70 mg/kg, vitamin A — 10 000 m.j./kg, vitamin D —
2 000 m.j./kg, vitamin E 20 mg/kg, vitamin B, 3 mg/kg.
Priemerna denné spotreba kimnej zmesi bola 1,04 kg.
Nisledne do hmotnosti 45-55 kg boli ofipané kimené
kfmnou zmesou A1 tohto zloZenia (v %): rybia micka II
0,9, misokostna macka MKT II 1,0, kvasnice sulf, —
Vitex A 3,0, kvasnice n-alkdnové 0,6, extrahovany §rot
séjovy 9,0, pSeni¢nd mika hruba 2,5, kukurica 15,0,
pSenica 50,1, jaémeii 13,0, hrach siaty 3,0, sol kfmna
0,3, vapenec kimny 0,4, MKP 4 1,0, DB 0,2, druh DB
P1-F. Vyrobcom bola garantovana tito minimalna vy-
Zivna hodnota: NL - 155,0 g/kg, SNL - 123,0 g/kg,
VSZ - 730 g/kg, vlaknina — max. 50,0 g/kg, lyzin —
8,0 g/kg, met. + cyst. — 6,5 g/kg, Ca — 7 g/kg, P —
5 g/kg, Na - 1,5 g/kg, Mn - 30 mg/kg, Fe — 100 mg/kg,
Cu - 8 mg/kg, Zn — 70 mg/kg, vitamin A - 2 000
m.j./kg, vitamin D — 400 m.j./kg, vitamin E — 12 mg/kg,
vitamin B, — 2 mg/kg. Priemerna denné spotreba
kfmnej zmesi Al bola 1,5 kg.

Pri hmotnosti od 45 do 55 kg boli o¥ipané aZ do
jatocnej hmotnosti kimené kimnou zmesou VUL tohto
zloZenia (v %): misokostnd miuc¢ka MKT II - 0,5, kvas-
nice n-alkanové — 0,7, extrahovany $rot slne&nico-
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vy IIT — 4,0, pSeni¢né otruby — 2,0, kukurica — 25,0,
pSenica — 48,5, jacmen — 10,0, hrach siaty — 3,7, dsusky
bielkovinové I - 3,0, kfmny kostny $rot — 0,3, sol
kimna - 0,3, vapenec kimny - 0,4, MKP 4 - 0,8, DB —
0,8, druh DB — CDP-F, s touto garantovanou minimal-
nou vyZzivnou hodnotou: NL — 123,0 g/kg, SNL —
98,0 g/kg, VSZ 730,0 g/kg, vlaknina — max. 60,0 g/kg,
lyzin — 7,0 g/kg, met. + cyst. — 4,5 g/kg, Ca - 6 g/kg,
P -5 g/kg, Na — 1,5 g/kg, Mn - 30 mg/kg, Fe —
100 mg/kg, Cu - 10 mg/kg, Zn — 70 mg/kg, vitamin
A -1 800 m.j./kg, vitamin D — 300 m.j./kg, vitamin
E - 10 mg/kg. Priemerna denna spotreba kfmnej zmesi
VUL bola 2,7 kg.

Pri skrmovani kimnej zmesi COS 2 prijimali o$ipané
priemerne denne vitamin E v mnoZstve v skupine A
228,8 mg, v skupine B 124,8 mg a v skupine K 20,8
mg. Skrmovanim kfmnej zmesi A1 bol priemerny den-
ny prijem vitaminu E v skupine A 318 mg, v skupi-
ne B 168 mg a v kontrolnej skupine 18 mg. Kimnou
zmesou VUL bol organizmus oSipanych denne saturo-
vany priemernym mnoZstvom vitaminu E v skupine
A 567 mg, v skupine B 297 mg a v skupine K 27 mg.

Po porazke pokusnych jato¢nych oipanych boli vy-
konané vySetrenia vplyvu vitaminu E na jatoénu vytaz-
nost (Sidor et al., 1971) a odmerana hodnota pH; v m.
longissimus dorsi digitilnym vpichovym mikroproce-
sorom WTW pH 90 za i¢elom vylicenia abnormélneho
priebehu postmortdlnych zmien v mise. V tukovej
zlozke misa (m. semimebranosus) a chrbtovej slanine
bol do 24 hodin od usmrtenia analyzovany stav hydro-
lytickych a oxidativnych procesov vyjadrenych Eislom
kyslosti tukov (CKT) a peroxidovym &islom (P.&.).

Po vykonani rozrabky vychladenych bravéovych po-
lovic bolo bravéové vyrobné miso — bravcové chudé
miso zo stehna (BCH), bravéové vyrobné miso bez
koZe (BV b.k.) a chrbtovi slanina (S) jednotlivych po-
kusnych skupin ofipanych (A, B, K) do 48 hodin od
pordzky zmrazené pri teplote =35 aZ —40 °C a tri me-
siace skladované pri teplote —18 °C. Zmrazena surovina
bola pred pouZitim na vyrobu trvanlivého tepelne ne-
opracovaného misového vyrobku analyzovand na roz-
kladné procesy tukovej zlozky misa v ukazovateloch
CKT, P.& a TBA (tiobarbiturové &islo). Analyza tuko-
vej zlozky misa a chrbtovej slaniny bola vykonani
podla veterinarnych laboratérnych metodik (Helclova
et al., 1990).

VYSLEDKY

Vysledky dosiahnuté v Case porazky oSipanych su
uvedené v tab. I. Po skonceni pokusu bola priemerna
Ziva hmotnost o$ipanych v skupine A 101,5 kg a jato¢-
nd vytaZnost dosiahla 76,99 %. V skupine B bola do-
siahnutd priemernd Zivd hmotnost 100,8 kg a jato¥na
vytaZnost 76,36 %. Kontrolna skupina dosiahla menej
priaznivé vysledky v obidvoch ukazovateloch (prie-
mernd Zivd hmotnost 96,5 kg a jatoéna vytaZnost
75,61 %). Podavanie vitaminu E neovplyvnilo vznik
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1. Vysledky jato¢nej vytaZnosti, pH, a stavu tukovej zloZky svaloviny a chrbtovej slaniny po pordZke ofipanych — Results of slaughter yields,
pH, and pork fat and fat back state after pig slaughter

Skupina! Cislo : Ziva hmotnost? | Jatond vytaZnost* oH, CKT (mg KOH.g™) P.& (mmol 1/2 O.kg™")
vzorky (kg) (%) miiso® slanina® miso slanina

A 1 98,5 71,15 578 2,81 0,35 2,53 0,15
A 2 95,0 78,94 6,22 2,09 0,30 6,40 0,09
A 3 98,0 72,46 6,16 4,74 0,24 0,98 0,20
A 4 100,0 74,00 6,57 4,81 0,28 2,08 0,29
A S 101,0 83,16 5,91 445 0,30 1,83 0,14
A 6 117,0 75,21 6,58 1,94 0,31 2,17 0,14

A pricmer’ 101,5 76,99 6,22 3,47 0,29 2,66 0,17
B i/ 93,0 76,34 6,12 3.27 0,38 6,30 0,14
B 8 115,0 78,26 6,67 6,52 0,39 3,29 0,14
B 9 97,0 77,31 6,00 6,70 0,35 1,25 0,29
B 10 121,0 77,68 6,24 543 0,26 5,24 0,26
B 11 90,0 73,88 6,54 3,40 0,30 4,01 0,14
B 12 89,0 74,71 6,08 3,24 0,33 1,99 0,16

B priemer 100,8 76,36 6,27 4,76 0,34 3,68 0,18
C 13 99,0 76,76 6,25 4,32 0,41 2,71 0,22
C 14 122,0 75,40 6,46 5,42 0,33 4,02 0,42
C 15 80,0 73,75 6,21 5,12 0,52 4,38 0,28
C 16 99.0 74,74 6,27 9,99 0,47 7,70 0,51
c 17 93,0 77,41 6,29 7,64 0,34 2,47 0,21
C 18 86,0 75,58 6,34 4,56 0,26 3,66 0,26

C priemer 96,5 75,61 6,30 6,17 0,38 4,15 0,31

CKT = ¢&islo kyslosti tukov — acetic value; P.&. = peroxidové &islo — peroxide value

! group, 2 humber of specimen, 3live weight, 44 Sham (m. i b ). Sback fat back, 7avemge

5 P =)

II. Stav tukovej zloZky bravEového vyrobného misa po troch mesiacoch mraziarenského skladovania — State of fat in pork for processing
after three months of freeze-storage

Skupina! Brav&ové vyrobné miiso? CKT? (mg KOH.g™) P.&.4 (mmol 1/2 Okg™!) TBAS
BCHS 2,63 4,67 0,022

A BV bk 0,76 0,88 0,009
st 0,72 0,94 0,054

A priemer’ 1,93 2,16 0,028

BCH 3,81 6,37 0,031

B BV bk. 0,79 0,99 0,021
S 1,13 1,31 0,083

B priemer 1,91 2,86 0,045

BCH 4,66 6,73 0,032

- BV b.k. 1,05 1,06 0,037
S 1,75 7,46 0,100

K priemer 2,48 5,08 0,167

BCH - brav€ové vyrobné miiso chudé zo stehna, BV b.k. — bravové vyrobné bez koZe, S — chrbtova slanina, CKT - &islo kyslosti tukov,
P.¢. — peroxidové &islo, TBA — tiobarbiturové &islo

'group, ?pork for meat processing, 3acetic value (AV), 4peroxide value (PV), *thiobarbituric acid-reactive substances (TBARS), *low-fat
pork, 7pork for processing without skin, ®back fat, 9avcmgc
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abnormélneho priebehu postmortélnych zmien v hod-
notach pH,, okrem vzorky &. 1, u ktorej bola hodnota
pH; tesne pod hranicou hodnoty diagnostického ukazo-
vatela (5,78), ale doplnkovym vySetrenim farby misa
a pritomnosti volnej vody sa nepotvrdilo PSE miso .

Skrmovanie vitaminu E pozitivne ovplyvnilo stav
tukovej zloZky misa a chrbtovej slaniny. U kontrolnej
skupiny boli do 24 hodin po usmrteni zaznamenané
vy$¥ie hodnoty ukazovatelov stavu tukovej zlozky vy-
jadrenych &islom kyslosti tukov (CKT) a peroxidovym
éislom (P.C.)

Vysledky po trojmesanom mraziarenskom sklado-
vani bravéového vyrobného misa z experimentalnych
o$ipanych su uvedené v tab. II. Z vysledkov vyplyva,
Ze tukova zlozka vyrobného misa od oSipanych kfme-
nych s pridavkom vitaminu E vykazuje vy$§iu stabilitu
oproti kontrolnej skupine. Vyrazne sa to prejavilo v ob-
lasti oxidagnych rozkladnych procesov lipidov, kde pero-
xidové Cislo dosiahlo u kontrolnej skupiny 5,08 mmol
1/2 O/kg, v skupine A 2,16 mmol 1/2 O/kg a v skupine
B 2,86 mmol 1/2 O/kg.

DISKUSIA

Kvalita vstupnych surovin sa vyrazne podiela na
kvalite findlneho mésového vyrobku. Vyznamnou zloZ-
kou podielajicou sa na tvorbe zmyslovych charak-
teristik s lipidy (Bystricky, Pipova, 1993). Vysledky
prezentované v naSej praci poukazuji na pozitivny
vplyv vitaminu E na zniZenie oxidécie lipidov.

Porovnanim c¢isla kyslosti tukov a peroxidového Cis-
la tukov v mise ako aj chrbtovej slanine sme zistili, Ze
najniz$ie hodnoty CKT a P.&. boli stanovené vo vzor-
kéch pochéadzajicich zo skupiny o$ipanych, ktoré priji-
mali najvysSie davky vitaminu E. Toto zistenie je v si-
lade s pozorovanim autorov Arnold et al. (1993).

Hodnoty CKT aj P.&. boli vo vSetkych analyzova-
nych skupindch vysSie v mise ako v chrbtovej slanine.
MbzZe to stvisiet so skutofnostou, Ze v midse okrem
oxidécie lipidov dochadza aj k oxidacii pigmentov
(Smith et al., 1996). Na zniZenie oxid4cie hemovych
farbiv, ktoré s hlavnou zloZkou svalovych pigmentov,
nemd pritomnost vitaminu E vplyv.

ZniZenie teploty prostredia spomaluje priebeh viet-
kych chemickych reakcii, vritane oxidéacie lipidov. Ak-
tivita lipdz sa vSak nespomaluje ani pri teplote —35 °C
(Stépének, 1960). Tvorba a hromadenie peroxidov

v ramci propagaénej fazy oxidécie lipidov prebieha po-
maly, bez toho, aby bol pozorovany vyraznejsi rozklad.
Po vyskladneni suroviny do teplejSieho prostredia do-
chédza v tukoch okrem zmien v hodnotéch P.&. a CKT
aj k vzniku hydroxykyselin, ¢oho odrazom je tiobarbi-
turové &islo (Bystricky, Di¢dkova, 1998). V naSom ex-
perimente boli hodnoty TBA nizke a v pokusnych sku-
pindch s pridavkom vitaminu E boli vyrazne niZ8ie ako
v kontrolnej skupine.
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INFLUENCE OF ANIMAL AGE ON THE QUALITY
OF DIFFERENT OSTRICH (STRUTHIO CAMELUS)
MUSCLES

VLIV VEKU ZVIRETE NA KVALITU JEDNOTLIVYCH SVALU
U PSTROSA (STRUTHIO CAMELUS)

J. Sales

University of Stellenbosch, Department of Animal Sciences, Matieland, South Africa

ABSTRACT: The influence of animal age on some physical and chemical characteristics of different ostrich muscles was
investigated. Differences (P < 0.05) were found in pH in the M. iliofibularis, and in Warner-Bratzler shear force as a measurement
of objective tenderness in the M. gastrocnemius pars interna between 8 and 12 months of age. Low (P < 0.05) values of
water content (75.73%) at 12 months in the M. iliotibialis lateralis and protein (20.05%) at 8 months in the M. iliofibularis
were detected, with the highest (P < 0.05) value of 1.20% ash in the M. femorotibialis medius at 12 months. However, it can
be concluded from this study that animal age within the age range 8 to 14 months did not have any practical influence on
any of the most important quality characteristics (pHg, cooking loss, objective tenderness, proximate analysis) of ostrich meat.

Keywords: ostrich muscles; animal age; quality

ABSTRAKT: Sledovali jsme vliv v€ku zvifete na nékteré fyzikalni a chemické vlastnosti jednotlivych svali pitrosa. Ve v€ku
mezi 8. a 12 mésicem jsme zjistili rozdily (P < 0,05) v pH; u svalu M. iliofibularis a v namédhéani ve smyku podle Warner-
Bratzlera, které slouZi jako méfitko objektivni kiehkosti, v M. gastrocnemius pars interna. Ve v€ku 12 mésicl jsme zazna-
menali nizké (P < 0,05) hodnoty obsahu vody (75,73 %) v M. iliotibialis lateralis a v 8 mé&sicich v obsahu bilkovin (20,05 %)
v M. iliofibularis, zatimco hodnota obsahu popelovin 1,20 % byla nejvyssi (P < 0,05) v M. femorotibialis medius ve véku
12 mésicl. Z tohoto pozorovani lze tudiZ vyvodit zavér, Ze vEk zvifete v rozpéti 8 aZ 14 mésici nemé&l vliv na Zadnou

z nejduleZit&jSich kvalitativnich vlastnosti pStrosiho masa (pHj, ztrata vafenim, objektivni kiehkost, ptibliZnd analyza).

Kli¢ova slova: svaly pStrosa; v&k zvifete; kvalita

INTRODUCTION

Traditional ostriches were slaughtered in South Af-
rica at approximately 14 months of age to obtain so-
called “optimal leather quality” and a second feather
harvest (Swart, 1981). With the expansion of the ostrich
industry outside South Africa and a shift of increased
attention to the ostrich as a meat producer, slaughtering
at a younger age is practiced. This is especially because
of a decline in feed efficiency of the ostrich after the
age of 10 months (Smith, Sales, 1995). It is a well-
known fact that meat quality is influenced by animal
age. Meat from cattle and sheep becomes more tough
as animal age increases, while moisture content of mus-
cles decreases with the result of an increase in other
chemical components (protein, intramuscular fat). The
rate of these tendencies, however, is different for indi-
vidual muscles, resulting in different times for the ma-
turing of these components (Lawrie, 1990). Further-
more, characteristics differ between different muscles
from the same carcass, also in the ostrich carcass
(Sales, 1996).
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Because of the frequent question that is asked whether
the slaughtering of ostriches at a younger age of
14 months might have an influence on meat quality,
this study was conducted to evaluate the influence of
animal age on some of the most important characteristics
of meat related to quality.

MATERIAL AND METHODS

Thirty-one South African Black (Struthio camelus
var. domesticus) ostriches of 8, 10, 12 and 14 months
old from four different farms were slaughtered in the
Oudtshoorn ostrich abattoir. The South African slaugh-
tering procedures for ostriches (Sales, Oliver-Lyons,
1996) comprise that birds are kept for 24 hours at the
abattoir with water but without feed before hooded and
brought to the stunning ramp. Birds are stunned by
electrical means (90 volts and 0.3 amps current applied
to the head through two electrodes) and lifted to an
upper floor by both legs with chains hanging from the
ends of an upturned horizontal bar. After bleeding for
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10 minutes through an incision of the blood vessels just
under the head feathers are removed manually. When
skinning, initiated with three major incisions through
the skin, is completed, the carcass is hooked to the
overhead rail system by the wings and the feet are
removed by severing the tibial-tarsal joint. The sternum
is split at given points along the butchering line, the
linea alba cut and the thoracic and abdominal cavity
eviscerated. Thighs are removed within 30 minutes after
bleeding from the carcass, hung by the distal epiphysis
of the tibia and transferred to the cooling room. The
rest of the carcass is processed into bone meal.

After chilling of legs for 12 hours at 0 to 4 °C six
muscles (M. gastrocnemius pars interna, M. femoroti-
bialis medius, M. ambiens, M. iliotibialis lateralis,
M. iliofibularis, M. iliofemoralis) were excised from
the left leg of each carcass. Final pH values (pHy) were
determined 24 hours post-mortem at a depth of 25 mm
with a calibrated (standard buffers at pH 4.0 and 7.0)
portable pH meter. Cooking loss was measured by heat-
ing of steaks (25 mm thick) wrapped in polyethylene
bags for 50 minutes in a water bath maintained at 75 °C
and determining the weights before and after cooking
(Honikel, 1987). Three cores of 12.7 mm diameter from
two steaks from each muscle were removed parallelly
to the muscle fibres from the centre portion for Warner-
Bratzler shear force evaluation after cooking loss deter-
mination. Moisture content was determined by drying
a5 to 10 gram sample at 105 °C to constant weight in an
air convection oven, protein by the block digestion

method, intramuscular fat content by Soxhlet solvent
extraction with petroleum ether (boiling range 40 to
60 °C) and ashing was performed at 650 °C for 2 hours
(AOAC, 1995).

Results were evaluated by analysis of variance tech-
niques. Farm of origin was used as a block to remove
variation due to rearing environment from the error
sum of squares. Means for individual age groups were
compared by least significant differences where appro-
priate (Snedecor, Cochran, 1991).

RESULTS AND DISCUSSION

Animal age has a decreasing influence (P < 0.05) on
pHj values between the ages of 8 and 12 months in the
M. iliofibularis (Table I). This muscle represents 6.38 and
10.24% of the carcass weight and total carcass lean,
respectively, in the ostrich carcass (Morris et al., 1995).
A high pH; value results in dark colour and high water
binding capacity of muscles, but it is undesirable for
readiness to take up cure, keeping quality and flavour
(Hofmann, 1988).

In the M. gastrocnemius pars interna, which repre-
sents together with the M. gastrocnemius pars externa
7.99% of the ostrich carcass weight (Morris et al., 1995),
a toughening effect (P < 0.05) was found between 8 and
12 and between 10 and 14 months of age (Table I).
Although there were no differences (P > 0.05) in ob-
jective tenderness, Mellett and Sales (1997) found that

1. Influence of animal age on some physical characteristics of different ostrich muscles (mean + SD)

Parameter Muscle Age (nooths)
8 (n = 10) 10 (n=5) 12 (n=11) 14 (n=5)
M. gastrocnemius pars interna 6.01 £0.162 6.00 £0.191 5.99 £0.163 597%0.110
M. femorotibialis medius 5.94 + 0.248 5.98 + 0.150 5.88 £ 0.109 5.95 +0.100
pH, M. ambiens 5.89 + 0.059 5.91 +0.094 5.87 +0.076 5.86 + 0.037
M. iliotibialis lateralis 5.87 + 0.086 5.87 +£0.199 5.83 + 0.066 5.82 +0.074
M. iliofibularis 6.28" + 0.329 6.10" £ 0.282 6.01°+0.133 6.03"+ 0.153
M. iliofemoralis 5.80 £ 0.062 5.81 £ 0.083 5.78 £ 0.043 5.73 £ 0.101
M. gastrocnemius pars interna 34.88 + 4.086 33.96 * 4.602 37.06 + 2.129 35.93 £ 5.433
M. femorotibialis medius 37.26 £ 2911 35.63 £ 3.181 38.52 + 2.068 38.57 £ 3.509
Cooking loss M. ambiens 35.03 + 3.766 35.09 + 1.773 34.78 + 2.183 36.04 + 1.471
(%) M. iliotibialis lateralis 35.65 £ 3.620 35.01 +3.051 36.76 + 2.596 38.22 + 2,063
M. iliofibularis 35.22 £ 4.294 35.31 £4.427 37.23 £3.150 35.65 + 5.664
M. iliofemoralis 32.39 + 3.098 30.83 + 2.958 31.91 £3.123 32.63 £ 2.208
M. gastrocnemius pars interna 2.53°+ 0.489 2.79% + 0.351 3.13" + 0311 3.28"+ 0.829
M. femorotibialis medius 2.70 £+ 0.833 2.88 £ 0.286 2.98 +0.392 3.08 £ 0.791
WB shear force | M. ambiens 3.29 + 1.144 3.58 + 0.936 3.89 + 1.278 4.11 0976
(kg) M. iliotibialis lateralis 3.16 £ 1.157 3.35 £ 0.696 3.30+£0.815 3.73 £ 0.796
M. iliofibularis 3.85+ 1.136 4.88 +0.941 4.93 + 0.567 4.18 + 1.371
M. iliofemoralis 2.62 + 1.096 2.53 +0.998 2.69 + 0.995 291 +0.828

a, b, ¢ - values in rows with different superscripts differ (P < 0.05)
WB - Warner-Bratzler
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IL. Influence of animal age on proximate composition of different ostrich muscles (mean + SD)

Age (months)
Parameter Muscle
8 (n=10) 10 (n = 5) 12 (n=11) 14 (n=5)
M. gastrocnemius pars interna 77.73 £ 1.426 77.77 £ 0.559 77.57 £ 0.537 77.72 £ 0.831
M. femorotibialis medius 77.61 £ 1.190 77.20 £ 0.766 77.11 £ 0.995 78.04  1.071
Moisture M. ambiens 76.16 £ 1.142 75.67 £ 0.433 75.82 £ 1.071 76.17 £ 0.691
(%) M. iliotibialis lateralis 7659+ 1.222 | 7591+ 1.292 75.73°+ 1.349 77.39" £ 0.832
M. iliofibularis 77.79 £ 1.438 77.52 £ 0.491 77.37 £ 0.753 78.01 £ 0.735
M. iliofemoralis 75.70 £ 0.969 75.01 £ 1.987 7491 = 1.509 75.44 £ 1913
M. gastrocnemius pars interna 20.63 £ 1.653 20.44 £ 1.095 20.72 £ 1.462 19.91 + 1.583
M. femorotibialis medius 20.34 £ 1.375 20.71 £ 0.927 20.42 * 1.083 20.17 £ 1.210
Protein M. ambiens 21.55+0.719 21.23 £ 1.038 21.51 £ 0.671 21.47 £ 0.476
) M. iliotibialis lateralis 21.07 £ 1.151 21.36 + 0.686 21.37 £ 0.832 20.50 £ 1.242
M. iliofibularis 20.05" + 1.493 21.85"+ 1.190 20.99" + 0.978 20.97" + 1.343
M. iliofemoralis 21.53 £ 1.094 22.22 + 0.853 21.94 + 0.807 22.02 £ 1.196
M. gastrocnemius pars interna 0.26 £ 0.122 0.20 £ 0.085 0.21 £ 0.147 0.29 + 0.198
M. femorotibialis medius 0.33 +£0.170 033 +0.129 0.28 * 0.095 0.35+0.153
Intramuscular fat M. ambiens 0.35 £ 0.275 0.53 £ 0.349 0.47 £ 0.212 0.41 £0.177
(%) M. iliotibialis lateralis 0.33 £ 0.160 0.36 + 0.086 0.45 + 0.254 0.36+0.118
M. iliofibularis 0.39 + 0.282 0.42 +0.242 0.50 £ 0.258 0.31 £0.121
M. iliofemoralis 0.71 £ 0.279 0.66 + 0.492 0.66 £ 0.292 0.73 £ 0.222
M. gastrocnemius pars interna 1.15 £ 0.147 1.21 £ 0.122 1.17£0.118 1.12 £ 0.057
M. femorotibialis medius 1.09®+0.118 | 106"+ 0.086 1.20"+0.170 0.98"+ 0.143
Ash M. ambiens 1.10 £ 0.140 1.16 £ 0.089 1.11 £ 0.209 1.11 £0.183
*) M. iliotibialis lateralis 1.20 £ 0.128 1.20 £ 0.131 1.24 £ 0.182 1.17 £ 0.096
M. iliofibularis 1.09 £ 0.120 1.16 £ 0.130 1.11 £ 0.097 1.08 + 0.048
M. iliofemoralis 1.10 £ 0.148 1.23 £0.137 1.19 + 0.099 1.20 + 0.064

a, b, ¢ — values in rows with different superscripts differ (P < 0.05)

subjective overall tenderness of ostrich meat (M. femo-
rotibialis medius, M. iliotibialis lateralis, M. iliofibu-
laris) decreased (P < 0.05) over time (8 to 14 months).
The latter study, however, did not include the effect of
breeding season as was done in the present study. Ani-
mal age did not have any influence (P > 0.05) on cook-
ing loss, a pragmatic approach to predict the yield of
cooked meat (Trout, 1988) in any muscle investigated.

While water content in the M. iliotibialis lateralis
reached the lowest (P < 0.05) value at 12 months of
age, ash content in the M. femorotibialis medius pre-
sented the highest (P < 0.05) value at this age (Table II).
Protein content in the M. iliofibularis decreased
(P < 0.05) between 8 and 10 months of age. Intramus-
cular fat content was not influenced (P > 0.05) by ani-
mal age in any muscle investigated.

The conclusion from the present study is that animal
age within the range 8 to 14 months does not have any
influence on pHy, cooking loss, objective tenderness or
proximate analysis of the majority of muscles from the
ostrich carcass. Although some differences (P < 0.05)
were found, it would not have any practical value to
implement it into the slaughtering procedures of os-
triches. However, this study has to be extended to in-
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clude the influence of animal age on colour and odour
of ostrich meat, especially in coordination with re-
search on nutrition of ostriches. It is doubtful whether
ostriches will be slaughtered outside the age range of 8 to
14 months in the near future, seen the reaching of prac-
tical slaughtering weight below this range, and the pro-
duction costs of keeping ostriches after it.
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OBSAH JODU VE VAJECNEM ZLOUTKU PRI JEHO
NADMERNEM PRIJMU NOSNICEMI

IODINE CONTENT IN EGG YOLK DURING ITS EXCESSIVE INTAKE
BY LAYING HENS

V. Kroupov4, J. Travnicek, J. Kursa, P. Kratochvil, I. Krabacova

University of South Bohemia, Faculty of Agriculture, Ceské Budéjovice, Czech Republic

ABSTRACT: Table eggs purposefully enriched with iodine on the basis of its luxury intake by laying hens can occasionally
supplement the human need of iodine. The objective of the present paper was to define the level of iodine load of layers
compatible with the animal health and with the aim to achieve the required iodine content in egg yolk. Iodine load was studied
in four groups of layers of the type Brown Hisex. All hens received complete feed mixture for layers N; ad libitum that
contained 0.3-0.7 g I/kg of mixture N;. In the first experimental stage, groups B, C, D received complete feed mixture N,
enriched with other iodine supplements containing 1.3-20 mg/kg of mixture N; for 129 days within the time schedule shown
in Table L. Todine in form of potassium iodide was applied to mixture N;. The response to iodine load of layers was evaluated
by comparing iodine contents in the egg yolk of control group A and of experimental groups B, C and D (Figs. 2, 3 and 4).
Group B received another 24-day load of 20 mg I per 1 kg of mixture N; in the second experimental stage following 60-day
interruption of additive iodine application. To determine iodine content in egg yolk a colorimetric method according to
Sandell-Kolthoff (1937) as modified by Bednaf et al. (1964) was used after alkaline digestion. The range of average iodine
content in egg yolk was recorded in group A — control without any iodine addition to mixture N; — at the time intervals
shown in Table II (from 870 * 217 to 4 767 * 234 ng/kg fresh yolk). An increase in iodine content in the basic diet from
0.3 to 0.7 mg/kg of mixture N, between 28th and 95th day of experiment was accompanied by an increase in iodine content
in egg yolk in group A (Fig. 1). Iodine content in egg yolk of groups B, C and D was significantly higher (P < 0.01) than
in group A at the separate stages of iodine additive application (Table II). The maximum value 43 076 + 5 738 pg/kg yolk
was calculated as a result of addition of 15 mg I per kg mixture N, (Fig. 4). The rate and the curve of iodine content increase
in egg yolk are related to the preceding iodine load (Figs. 2, 3, 4, 5). A significant increase in iodine content in egg yolk was
determined in layers without any preceding load or with a load below 7 mg I per 1 kg of mixture in the first week after iodine
additive application. Another stepwise increase continued to maximum values between 3rd and 10th week of luxury iodine
intake. This stage was followed by a decrease in iodine content in egg yolk to the level that significantly exceeded the values
of control group A (Table II). No further increase in iodine content in egg yolk was observed after addition of 20 mg I per
1 kg of mixture N, in layers with a preceding load of 15 mg I per 1 kg mixture N; (Fig. 4). A delayed increase in iodine
content in egg yolk was recorded in 11 and 24 days after iodine application in the second experimental stage in group B with
a load of 20 mg I per 1 kg mixture N, (Fig. 5) following the two-month interruption of iodine additive application. An
addition of 3.5 mg I per 1 kg of mixture N, (Fig. 2) to diets for layers without any previous iodine load was found best for
the production of iodine-enriched eggs as an occasional supplement to cover the iodine need of humans. Following a 10-week
load of layers it is possible to produce eggs with an average content of 5 000 pg I per 1 kg fresh yolk in the first three weeks
and of 17 000-20 000 pg I in the next seven weeks.

Keywords: iodine excess; iodine-enriched eggs; egg yolk; adaptation

ABSTRAKT: Obsah jodu ve vaje¢ném Zloutku byl sledovédn u &tyf skupin nosnic (n = 11). V3echna zvifata pfijimala ad
libitum kompletni krmnou smés N, s obsahem jodu 0,3 aZ 0,7 mg I/kg smési N,. U skupiny kontrolni A nebyl po celou dobu
pokusu aplikovén dalsi pfidavek jodu. U skupin pokusnych B, C a D byly v prvé fazi pokusu aplikoviny po dobu 129 dni
pfidavky 1,3 aZ 20 g I/kg smé&si N;. V druhé fazi pokusu byl skupiné B poddvan po dvoumési¢nim pferudeni aplikace jodu
opétovné pfidavek 20 mg/kg smési N; po dobu 24 dni. U nosnic v prvé fazi pokusu bez pfedchozi jodové zét&Ze doslo jiZ
b&hem prvniho tydne ke statisticky vyznamnému naristu obsahu jodu ve Zloutku. Maximalni hodnoty byly u viech skupin
zaznamenany mezi 3. aZz 10. tydnem aditivniho pfijmu jodu. Pfi aplikaci 15 mg I’kg smési N, byla pfechodn& dosaZena
maximélni hodnota obsahu jodu ve Zloutku 43 076 + 5 738 mg/kg. Po 10. tydnu jodové zitéZe doSlo ve viech pokusnych
skupinach v souvislosti s uplatnénim homeostatickych mechanismii k poklesu obsahu jodu ve Zloutku na drovefi, kterd

* Reseno v ramci grantu &. 524/96/0853 Grantové agentury Ceské republiky.
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vyznamné prevySovala obsah jodu ve Zloutku kontrolni skupiny (P < 0,01). V prvé fazi pokusu se pfidavek 20 mg jodu
(u skupiny D) po pfedchozi zat&%i 15 mg jodu neuplatnil na zvySeni obsahu jodu ve Zloutku, v druhé fazi pokusu — po
dvoumé&si¢nim prerudeni aditivni aplikace jodu u skupiny B — doSlo pfi aditivni aplikaci 20 mg I/kg smési N; ke zvySeni
obsahu jodu (P < 0,01) opozdéné, po 11 a 24 dnech. Pro produkci vajec obohacenych o jod jako pfileZitostny dopln&k kryti
potfeby jodu u lidi se jako nejvhodngjsi projevil pfidavek 3,5 mg I/kg smési N, nosnicim pfedem nezatiZenym jodem. Pfi
10tydenni z&t8%i nosnic 1ze produkovat v prvnich tfech tydnech vejce s primérnym obsahem 5 000 pg I a v dalSich sedmi

tydnech 17 000-20 000 pg I na kg Cerstvého Zloutku.

Kli¢ovi slova: nadbytek jodu; jodem obohacena vejce; vaje¢ny Zloutek; adaptace

UVOoD

Pretrvavajici nedostatek jodu u znacné Casti lidské
populace oZivuje i v Evropé zdjem o zvySeni obsahu
jodu v konzumnich vejcich. Snasenlivost nosnic pfiji-
mat nékolikandsobné davky jodu bez zjevnych poruch
zdravi a prubéhu snaSky umoZiiuje produkci , jodem obo-
hacenych vajec*. Pro komeréni ucely je pfi produkci
tohoto specidlniho sortimentu nezbytné detailné vyme-
zit podminky aplikace nadbytku jodu, pfi jejichZ splnéni
je mozné pocitat s dosaZenim poZadovaného mnoZstvi
jodu ve vajeéném Zloutku. PfedloZena préace je zaméfe-
na na vymezeni urovné jodové zatéZe u nadmérného
pfijmu jodu u nosnic vyhovujici z hlediska zdravi zvi-
fat i docileni poZadovaného obsahu jodu ve vajeéném
Zloutku.

Rizené zvySovani obsahu jodu ve vejcich vychazi
z experimentalnich poznatki o faktorech uplatiiujicich
se na pomérné snadném piestupu jodu do oocytu (Pena
et al., 1967; Robinson et al., 1978; Schjeide, Prahlad,
1977).

Na pfednostni vychytavéni jodu ve vajeéniku slepic
a na tisicindsobné zvySeni jeho obsahu ve vejcich nos-
nic pfijimajicich 100 az 500 mg jodu na kus a den
upozornila, jak uvadéji Underwood (1977) a McDowell
(1992), jiz pred tiiceti lety fada autori. Tato extrémné
vysoka zatéZ jodem byla jiZ spojena s narufenim snas-
ky, a proto nepfipada v dvahu pfi cileném zvySovéni
jodu v konzumnich vejcich. Pozornost na obohacovani
vajec o jod se aktualizuje v poslednich deseti letech
v souvislosti s nedostatkem jodu u lidi v zemich stfedni
Evropy (Kammerlehner, 1995; Eber er al., 1990; Za-
mrazil, 1989) a s hleddnim jeho vhodnych zdroju v sor-
timentu b&Znych potravin.

Pfi normovaném kryti potfeby jodu u nosnic 0,35-
0,50 mg I/kg krmné smési (Zelenka et al., 1993) je jeho
obsah v 1 kg Cerstvé hmoty Zloutku 807 + 392 g
a u bilku 52 + 2 pg (Arkuszewska et al., 1997). Podle
Kaufmannové (1997) je obsah jodu ve Zloutku 1 135 +
205 pg a v bilku 49 * 14 pg/kg Cerstvé hmoty. Oboha-
covani minerélnich dopliikti vy$§imi ddvkami jodu ves-
més prispivd ke zvySeni obsahu jodu ve vejcich. Ve
vychodnich zemich Némecka (Anke et al., 1994) doslo
v roce 1985 po zafazeni minerélnich dopliikii v mnoZstvi
10 mg/kg k nékolikandsobnému zvySeni obsahu jodu
v konzumnich vejcich. Richter (1995) ovéfil experimen-
taln& nérist obsahu jodu ve vejcich béhem osmitydenniho
obohacovani kompletnich krmnych smési o 0,540 mg
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I/kg v podobé jodi¢nanu draselného. Nérist obsahu jodu
byl imérny pouZitym davkam aZ do pfidavku 20 mg/kg
smési, pfi kterém dosdhl obsah jodu ve Zloutku
18 500 mg/kg &erstvé hmoty. Dalsi nartst koncentrace
jodu ve Zloutku pfi obohaceni krmné smési o 40 mg
jodu nebyl jiZ vyznamny. Pi této zatéZi jodem byla jiz
pozorovéana tendence k poklesu snasky, coZ autor uvadi
v mozné souvislosti se zvy$enim bazalniho metabolis-
mu, s itlumem ovulace a se sklonem k zanétim vejcovo-
du. Podle Kaufmannové (1997) se obsah jodu ve Zlout-
ku zvysil na 3 253 + 48 nug/kg po &tyftydenni aplikaci
5 mg I/’kg krmné smési. Rys et al. (1997) porovnavali
efekt aditivniho pfidavku jodu v podobé mofskych fas
nebo jodidu vapenatého. Nariist obsahu jodu ve Zloutku
byl vyrazngj§i pfi jeho pfijmu z mofskych Fas. Kauf-
mannové (1997) naproti tomu zjistila, Ze vyuZiti jodu
z moiské fasy Euchema spinosum je pouze 50% ve
srovnani s jodi¢nanem draselnym. Pri pfidavku 4,4 mg
I’kg zakladni diety dosdhla koncentrace jodu v 1 kg
Cerstvé hmoty Zloutku po dvou tydnech aplikace 4 740 pg
a po 20 tydnech 5 840 pg/kg. Ve stejnych intervalech
se zvySovala i koncentrace jodu v bilku v priméru na

196 pg/kg.

MATERIAL A METODY

Vliv aditivniho pfijmu jodu na jeho koncentraci ve
Zloutku byl ovéfovan u nosnic nosného hybrida Hisex
hnédy po dobu prvé snasky. Béhem celého pokusu ne-
doslo u nosnic k thynu ani ke klinickym projeviim ne-
mocnosti. Nosnice byly ustdjeny volné v boxech s fi-
zenym svételnym reZimem. VSechny skupiny pfijimaly
kompletni krmnou smés pro nosnice N ad libitum.
Obsah jodu v krmné smési kolisal v rozsahu 0,3-
0,7 mg/kg smési N, v zévislosti na dob& skladovéni
a obsahu jodu v jednotlivych komponentech krmné
smési N; (obr. 1).

Pokus byl rozdélen do dvou fazi. V prvé fazi byly
sledovany &tyfi skupiny nosnic (n = 11) po dobu 200 dnu.
Skupindm B, C, D byla od 10. do 139. dne pokusu
obohacovana zakladni dieta o pfidavky jodidu drasel-
ného v mnoZstvi odpovidajicim 1,3 aZ 20 mg jodu na kg
smési N1 v Casovém sledu uvedeném v tab. I a na
obr. 2, 3, 4.

Druhé faze pokusu pokrafovala po dvoumési¢nim
pferuSeni pouze u skupin A a B (n = 9). Pfidavek jodu
v mnoZzstvi 20 mg/kg smési N pfijimala skupina B po
dobu 24 dnu.
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1. Uroveii pfidavki jodu ke krmné smési N, a Easovy sled jejich
podavéni — The level of iodine additions to feed mixture N; and the
time schedule of their applications

Dny Pfidavek jodu (mg/kg smési N,)?
pokusu' A B c D
0-10 0 0 0 0
10-35 0 35 1.3 7
35-82 0 35 10 15
82-139 0 35 10 20
139-157 0 0 0 0
157-200 0 0 0 0

Pozn.: Mezi 28. aZ 95. dnem pokusu se v zikladni diet€ zvysil obsah
jodu z 0,3 na 0,7 mg kg smési N,

Note: Iodine content in the basic diet was increased from 0.3 to 0.7 mg
I per 1 kg of mixture N, between 28th and 95th day of experiment

ldnys of experiment, Ziodine addition (mg per 1 kg of mixture N,)

Obsah jodu ve Zloutku byl vySetfovén ve tfi- aZ dva-
néctidennich intervalech ve dvou aZ tfech vzorcich va-
jec. B&hem prvé faze pokusu byl obsah jodu stanoven
celkem ve 424 vzorcich vajecného Zloutku, ve druhé
fazi pokusu bylo vySetfeno 24 vzorku Zloutkd.

Pro vlastni stanoveni obsahu jodu v &erstvé hmoté
Zloutku byla po spéleni v alkalickém prostfedi zvolena
kolorimetrickd metoda podle autor Sandell a Kolthoff
(1937), modifikovana autory Bednéf et al. (1964).

Vyznamnost rozdili primérnych hodnot obsahu
Zloutku mezi skupinami byla testovéana t-testem v pro-
gramu Statplus (Anonym, 1992).

VYSLEDKY

V grafickém zndzornéni dynamiky obsahu jodu ve
vajeéném Zloutku je vliv kolisavého obsahu jodu v ba-
zalni dieté¢ patrny piedev§im u kontrolni skupiny A
(obr. 1). Pfi obsahu jodu 0,7 mg/kg krmné smési N, se
obsah jodu ve Zloutku postupné zvySoval aZ na mimo-
fadné maximum 6 899 + 2 031 pg/kg Cerstvého Zlout-
ku. PfestoZe se zmény obsahu jodu v bazalni dieté
(obr. 1) odrédZely i na dynamice obsahu jodu ve Zloutku
pokusnych skupin (obr. 2, 3, 4), doslo u nich pfi adi-
tivnim pfijmu jodu od 1,3 do 20 mg/kg krmné smési
ke statisticky vyznamnému néristu obsahu jodu ve
Zloutku v porovnani s hodnotami kontrolni skupiny A
(obr. 2, 3, 4, tab. II). Pfi nasazeni aditivni davky 1,3;
3,5; 7,0 a 10 mg/kg smési N nosnicim se standardnim
pfijmem jodu v pfedchazejicim obdobi doslo k vy-
znamnému (P < 0,01) vzestupu jodu ve vajeném Zlout-
ku do &tyf dni. Obdobné tomu bylo i ve skupiné C i pri
zvySeni pfidavku jodu z 1,3 na 10 mg/kg smési N,
(obr. 3). Pfi zvySeni davky jodu ze 7 na 15 mg/kg
krmné smési ve skupiné D (obr. 4) byl nartst k maximu
43 076 pg/kg prodlouZeny a dalsi zvySeni pridavku jo-
du na 20 mg/kg krmné smési zistalo bez odezvy.
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1. Obsah jodu ve vaje¢ném Zloutku bez aditivniho pfijmu jodu - kontrolni skupina A — Iodine content in egg yolk without iodine additive

intake — control group A

ug l.kg‘l Cerstvé hmoty Zloutku = pg I per 1 kg of fresh yolk; dny pokusu = days of experiment; obsah I v zékladni dieté (mg.kg'l smési

N)) = I content in basic diet (mg per 1 kg of mixture N,)
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2. Obsah jodu ve vajeZném Zloutku pfi jeho aditivnim pfijmu — skupina B — Iodine content in egg yolk at its additive intake — group B

HE l.kg" Zerstvé hmoty Zloutku = pg I per 1 kg of fresh yolk; dny pokusu = days of experiment; aditivni pfijem (mg.kg'l smési N)) =
additive intake (mg per 1 kg of mixture N,)
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Dny pokusu

3. Obsah jodu ve vajeéném Zloutku pfi jeho aditivnim pfijmu — skupina C - Iodine content in egg yolk at its additive intake — group C

Hg l,kg‘l Cerstvé hmoty Zloutku = pg I per 1 kg of fresh yolk; dny pokusu = days of experiment; aditivni pfijem (mg.kg’l smési N)) =
additive intake (mg per 1 kg of mixture N,)
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4. Obsah jodu ve vaje&ném Zloutku pfi jeho aditivnim pfijmu — skupina D - Iodine content in egg yolk at its additive intake — group D

ug Lkg™' Eerstvé hmoty Zloutku = pg I per 1 kg of fresh yolk; dny pokusu = days of experiment; aditivni pfijem (mg‘kg'l smési N|) =

additive intake (mg per | kg of mixture N;)

Pfi kontinualnim pfijmu pfidavku jodu 3,5 mg/kg
smési Ny (obr. 2) byl v prvnich 25 dnech aplikace jeho
pramé&rny obsah ve Zloutku 5 414 + 428 ng a v nésle-
dujicich 47 dnech 18 597 + 1 655 pg/kg (tab. II).

Po desetitydenni jodové zatéZi doslo ve vSech sku-
pinéch k postupnému poklesu obsahu jodu ve vaje¢ném
Zloutku na relativné stalou droveii. Vyznamna diferen-
ciace obsahu jodu ve vajeéném Zloutku mezi skupinami
(P < 0,01) vSak pretrvavala v pfimé zavislosti na drov-
ni pfijimaného jodu (tab. II).

Obsah jodu ve vaje¢ném Zloutku u pokusnych sku-
pin pievySoval hodnoty kontrolni skupiny jesté po do-
bu dvou aZ tfi tydnt po skonceni suplementace jodu.
Rozdily mezi pokusnymi skupinami nebyly b&hem to-
hoto obdobi jiZ vyznamné (tab. II).

Ve druhé fazi pokusu, ktera nasledovala u skupiny B
po dvoumési¢nim preruseni suplementace jodu, doslo
k vyznamnému vzestupu jodu ve Zloutku (P < 0,01)
teprve po 11 a po 24 dnech od zah4jeni aplikace 20 mg
I’kg smési N; (obr. 5, tab. III).

DISKUSE

Rychly a statisticky vyznamny narust obsahu jodu
ve vajeéném Zloutku, imérny vy$i aditivni dotace
(obr. 2 aZ 4), je ramcové v souladu s literarnimi ddaji
(Richter, 1995; Anke et al., 1994; Kaufmannova, 1997,
Bobek, 1998). Nami dosaZena troveii koncentrace jodu
ve vejcich je ve srovnani s ddaji ve vySe uvedenych
citacich vétsinou vy3§i. Tyto rozdily vznikaji uplatn&-
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nim vice faktorl pfi transovaridlnim prestupu jodu.
Richter (1995) zjistil po osmi tydnech zkrmovani 5 mg
I/kg krmné smési nérast obsahu jodu na 5 750 pg/kg
Zloutku, zatimco v naSem sledovani (obr. 2) vzrostl za
stejné obdobi obsah jodu po pfidavku 3,5 mg/kg krmné
smési na hodnotu 18 597 + 1 655 pg/kg Cerstvé hmoty
Zloutku. Také ve srovnini s vysledky Kaufmannové
(1997), ktera podéavala jod v podobé jodi¢nanu drasel-
ného, byl nami zjiSté€ny vzestup (obr. 2 a 3, tab. II) jodu
ve Zloutku po &tyftydenni aplikaci vyraznéj§i jak pri
pridavku 1,3 pg, tak pfi pfidavku 3,5 pg/kg krmné smé-
si. Rizna odezva vy§8ich davek jodu na jeho stavu ve
vajecném Zloutku je vétSinou pfisuzovana na vrub vy-
uZitelnosti rdznych forem jodovych zdroji (Bobek,
1998; Herzig, Suchy, 1996), plemenné prislusnosti nos-
nic (Ry$ et al., 1997) a pfitomnosti nutri¢nich substrati
ovliviiujicich resorpci jodu (Anke et al., 1994; Garber
et al., 1993; Garwin et al., 1992).

Pii interpretaci vlivu riznych faktorti na stav jodu
ve Zloutku je nutné pocitat se zakonitostmi homeostize
a homeorheze pii nadbytku jodu (Bobek, 1998). Ve
vztahu ke stilosti vnitfniho prostfedi se pfi nadby-
teCném pfijmu jodu muZe bezprostfedné uplatnit nejen
pohotové vychytavani jodu mlé¢nou Zlazou, slinnymi
Zldzami a vajeCniky, ale i jeho zvySend depozice do
svalové tkané (Kirchgessner, 1993; Kaufmannova,
1997; Herzig, Suchy, 1996). Lze pfedpokladat, Ze tento
mechanismus se uplatiioval u nosnic v prvni fazi poku-
su po nasazeni zvySenych davek jodu na jeho stupiio-
vitém vzestupu ve Zloutku pfedev§im u vSech pokus-
nych skupin (obr. 2, 3, 4). Po naplnéni depozi¢niho
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IL. Porovnéni obsahu jodu v Zerstvém Zloutku nosnic u skupiny A bez ptidavku jodu se skupinami B, C, D s riiznou trovni nadm&rého piijmu jodu — Comparison of iodine content in fresh yolk of group A layers
without any iodine addition to groups B, C, D with different levels of excessive iodine intake

Skupina A Skupina B Skupina C Skupina D
Potet dn a b c d
aplikace pfidavek | pg jodwkg Floutku? pfidavek | pg jodu/kg Zloutku pridavek | pgjodwkg Zloutku piidavek | pg jodukg Zloutku
jodu! 5 jodu n jodu . jodu " jodu
srlg‘?si‘,:g,)l % = sgggkrf b * = s:g\r:‘%‘;‘l,kNg ) = % s;::sgl/kNg b) * %=

10 11 0 870 217 11 0 1081 334 11 0 908 169 9 0 1020 366
25 18 0 2169%¢| 299 18 3,5 5414 628 18 1,3 4 289" 313 18 7 10 870° | 1728
47 36 0 47674 | 234 32 3,5 18597 | 1655 31 10 18 895* | 2607 31 15 30 642" | 3431
57 33 0 2864 893 27 3,5 10 698™¢ | 1647 27 10 13 576" | 1439 24 20 19938" | 1654
18 6 0 1258 | 478 6 0 4 584° 174 4 0 5300° 1017 4 0 5 066" 1413
43 16 0 944 121 1 0 785 67 11 0 880 266 11 0 1243 202

Vyznamnost rozdili primérmych hodnot obsahu jodu ve Zloutku: a, b, ¢, d = P < 0,01 - Significance of differences in the average values of iodine content in yolk: a, b, ¢, d = P < 0.01

!number of days of iodine application, Ziodine addition (mg per 1 kg of mixture N,), 3p.g iodine per 1 kg yolk



I11. Obsah jodu ve vaje¢ném Zloutku po aplikaci pfidavku 20 mg joduwkg smési N, (druhd fize pokusu) — Iodine content in egg yolk after
application of 20 mg iodine per 1 kg of mixture N, (second stage of experiment)

Skupina' Den pokusu? (ml;:fga:ﬂ(g J;?(l’:,)‘ - ng Jodu/k;g Floutku$ -
0 pfedJ 0 4 924 121
B pred 0 4 46" %,
. 1 & 4 1345 63
B 11 20 4 1960" e
& =4 0 4 1974 243
- z 20 4 19 022" 2539

** Statisticky vyznamné rozdily A : B, P < 0,01
** Statistically significant differences A: B, P < 0.01

'group, zday of experiment, 3before, “iodine addition (mg per 1 kg of mixture N,), sp.g iodine per 1 kg yolk

20000
18000

[@Skupina A bez pfidavku jodu
16000

O Skupina B s pfidavkem 20 mg jodukg
krmné smési N1

mg 1. kg-1 &erstvé hmoty Zloutku

°

5. Porovnini obsahu jodu ve vajecném
Zloutku nosnic kontrolni skupiny A se
skupinou B s pfidavkem 20 mg jodu na kg
smé&si N, — druhd fize pokusu — Comparison
of iodine content in egg yolk of control
group A layers to group B layers with an
addition of 20 mg iodine per | kg of mixture
N, - second stage of experiment

Skupina A bez pridavku jodu = group A
without iodine addition

Skupina B s pfidavkem 20 mg jodu/kg smési
N, = group B with addition of 20 mg iodine
per | kg of mixture N,

pied aplikaci jodu = before iodine applica-
tion; 11 dni po aplikaci jodu = 11 days after
iodine application; 24 dni po aplikaci jodu
= 24 days after iodine application

Pozn.: Statistickd vyznamnost rozdila
priamérného obsahu jodu ve Zloutku skupiny

11 dnf po
aplikaci aplikaci
Jjodu jodu

poolu se droveii obsahu jodu ve Zloutku pomérné rych-
le zvy$ovala na maximalni hodnoty, které vicendsobné
pfevySovaly obsah jodu ve stejném obdobi u skupiny A
(obr. 2, 3, 4, tab. II). Podle Kirchgessnera (1993) do-
chazi pfi nadbytku stopovych prvki postupné jak k je-
jich zvySené exkreci v ledvinich a triavicim traktu, tak
k omezeni resorpce. Z dynamiky obsahu jodu ve vajed-
ném Zloutku b&hem jodové zatéZe je patrné, Ze k uplat-
néni téchto mechanismt do$lo po 10tydenni jodové za-
t&Zi ve vSech skupinich. Lze predpokladat, Ze zvySena
rendlni exkrece, k niZ dochazi pfi dlouhodobém nad-
bytku stopovych prvki typu aniontid (Kirchgessner,
1993), potlacila ofekdvany nérist transovarialniho pre-
nosu jodu po zvySeni jeho pfidavku z 15 na 20 mg/kg
smési N; ve skupiné D (obr. 4). K obdobnému nilezu
dospél i Richter (1995) pfi zvySeni pfidavku jodu z 20 na
40 mg/kg krmné smési.

Ve druhé fazi pokusu (obr. 5, tab. III) doslo v po-
rovnani s prvni fazi k oddéleni vzestupu obsahu jodu
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A a B je uvedena v tab. 111

24 dni po Note: Statistical significance of differences
aplikaci in the average iodine content in egg yolk of
Jodu groups A and B is shown in Table III

ve Zloutku po pfidavku 20 mg jodu na kg smési N,.
Piipadna pfetrvavajici adaptace skupiny B na jodovou
z4t8Z v prvé fazi pokusu predstavuje namét pro dalsi
vyzkum. Na uplatnéni homeostatickych mechanismui
nebylo zatim ve studiich o G¢incich nadbyte¢ného piij-
mu jodu podrobné&ji poukaziano. V souvislosti s poho-
tovou profylaxi nedostatku jodu u lidi (Anke et al.,
1994; Eber et al., 1990; Hotya et al., 1994) a rychle se
roz§ifujici nabidkou potravin se zvy$enym obsahem jo-
du se zvlast€ ve vyspélych zemich zvy3uje riziko nad-
bytku jodu. DosaZené vysledky upozoriiuji na nezbyt-
nost hlubsiho studia funkéni adaptace predev§im na
tdrovni resorpce a rendlni, pfipadné intestinilni exkre-
ce, pfi¢emzZ se nosnice ukazuje jako vhodny model.
Pro cilenou produkci jodem obohacenych vajec jako
pfileZitostného dopliiujiciho zdroje jodu se jako nej-
vhodnéj¥i ukazuje aditivni pfidavek 3,5 mg I’kg kom-
pletni krmné smési pro nosnice. Tento pfidavek nepre-
kra¢uje hranici 10 mg I/kg krmné smési, danou smérnici
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EU (70/524 EWG) z roku 1997 (Kaufmannova, 1997),
a nebyl provédzen neZadoucimi zmé&nami v metabolic-
kém profilu testovanych nosnic (Kroupova et al.,
1998). V souvislosti s uplatnénim adaptacnich procesi
se doporucuje vyuZit uvedeného pfidavku k docileni
dvou tdrovni obsahu jodu ve vaje¢ném Zloutku. U nos-
nic bez ptfedchozi jodové zatéZe lze pfi 10tydenni apli-
kaci pfidavku 3,5 mg I’kg kompletni krmné smési pro-
dukovat v prvnich tfech tydnech vejce s primérnym
obsahem 5 000 pg jodu a v dalSich sedmi tydnech 17
000-20 000 pg/kg Cerstvého Zloutku. Celkovy obsah
jodu ve vejci o hmotnosti 56 g pfi koncentraci 5 000
ng/kg Zloutku odpovida hodnoté 94 pg. Pfi koncentraci
jodu 20 000 pg/kg Zloutku se jeho obsah ve vejci zvy-
Suje na 363 pg. Takto obohacené vejce miZe doplnit
50 % denni potfeby jodu pro &tyfi aZ pét osob.
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INFORMATION - STUDIES - REPORTS

WHICH MODEL TO CHOOSE FOR GENETIC
EVALUATION OF PRODUCTION TRAITS IN PIG?"

KTERY MODEL ZVOLIT PRO GENETICKE HODNOCENI
PRODUKCNICH ZNAKU U PRASAT?

J. Wolf, M. Wolfova

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

ABSTRACT: A short survey of production traits used in the genetic evaluation of pigs in different countries is given. The
nature of effects included in multitrait animal models is discussed (class effects versus covariables). Contemporary group
effects, genetic group effects and individual genetic effects are considered in greater detail. It is emphasized that a differen-
tiation should be made between interaction effects and combined effects. Problems connected with the use of covariables for
average daily gain or days on test are mentioned. A comparison of univariate with multivariate models is made. Possible
future ways for a more detailed analysis of the genetic effect are presented. Further problems discussed are: influence of
genotype x environment interaction on the genetic evaluation, possible standards for connectedness of management units,
fixed versus random effects, heteroscedasticity.

Keywords: pig; genetic evaluation; production traits; multitrait animal model

ABSTRAKT: Je podén kritky pfehled produkénich znakl pouZivanych pro genetické hodnoceni prasat v riznych zemich.
Dile je diskutovédna povaha efektii zahrnovanych do viceznakovych animal-modelu (efekty t¥id versus doprovodné proménné),
podrobnéji jsou probrany efekty skupin vrstevniki, genetickych skupin a individuélni genetické efekty. Je zdirazn&na nutnost
rozliSovat mezi efekty interakce a kombinovanymi efekty. Jsou diskutovany problémy spojené s pouZivinim doprovodnych
proménnych pro znaky primérny denni pfiriistek nebo vk pfi ukon&eni testu. Jsou srovniny jednoznakové a viceznakové
modely a naznaCeny moZné cesty pro podrobnéj§i analyzu genetického efektu. Dal3imi diskutovanymi problémy jsou vliv
interakce genotyp x prostfedi na genetické hodnoceni zvifat, moZna pravidla pro genetickou propojenost jednotlivych chovi,
rozhodnuti o volbé efektu jako ndhodného nebo pevného a heterogenita rozptylii.

Klicova slova: prasata; genetické hodnoceni; produk&ni znaky; viceznakovy animal model

INTRODUCTION attempt will be made to mention several selected prob-

lems of a more general nature.

The aim of this study is to touch upon some prob-
lems connected with the application of linear statistical
models to breeding value prediction (not only) for pro-
duction traits in pigs. As Bidanel (1998) pointed out,
“major improvements in pig genetic evaluation should
come from further improvements of the statistical mod-
els used,... and, above all, from the use of more real-
istic genetic models*. The choice of a good model is of
central interest in genetic evaluation of all livestock
species, as the genetic progress and the economic gain
connected with the genetic progress are strongly influ-
enced by the degree the model approximates the reality.

The present paper will not give an overview of models
for production traits used in different countries, but an

In the next section, a short summary of production
traits used in genetic evaluation will be given. This
section is followed by a discussion of the effects used
in models for production traits. The paper is concluded
by a discussion of further problems connected with
making models for genetic evaluation.

PRODUCTION TRAITS

Production traits are measured either at special test
stations or on farms (field test). The testing procedures
at test stations differ considerably between countries
and breeding programmes. In several countries young

* The research project was supported by the Grant Agency of the Ministry of Agriculture of the Czech Republic (Grant No. EP7123).
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boars are raised at central stations together with rela-
tives which are slaughtered for more or less detailed
carcass analyses (Netherlands — Knap, 1993; Norway —
Sehested and Ianssen, 1993; Denmark — Andersen et
al., 1993; Germany, Federal State Saxony — Miiller,
1997). In other countries all animals going through the
station test are slaughtered (Germany, Federal State North
Rhine-Westphalia — Tholen, 1993; Hungary — Groe-
neveld et al., 1996; Slovakia — Groeneveld and Pesko-
vi¢ova, 1999; Czechia — Groeneveld et al., 1998). Dif-
ferences occur also in the field test.

Growth traits

Growth traits measured for genetic evaluation in dif-
ferent breeding organizations can be summarized as
follows:

— feed intake per time

— feed intake per weight gain (feed conversion)

— time to reach a certain weight

— average daily gain as weight gain per time interval
or ratio between weight and age at the end of test

The growth period considered in station test is mostly
in the range from approximately 30 kg to approximately
100 kg. In the field test the whole life period until the
end of test is considered in most countries and the birth
weight is neglected in calculating the “average daily
gain* which is the ratio between weight and age at the
end of test. The two measures of average daily gain are
therefore to be considered as two different traits be-
cause they refer to different growth periods.

Feed intake and feed conversion are problematic
traits when they are measured in groups. They cannot
be treated exactly in the animal model by the existing
program packages for (co)variance estimation and
breeding value prediction. In a growing number of
countries and breeding organizations the test procedure
has been changed to individual recording.

Traits of carcass composition

Recently the main trait of interest has been lean meat
content in carcass. In live animals this trait is mostly
estimated from ultrasonic measurements of backfat and
muscle depth. In slaughtered animals the proportion of
valuable cuts is very closely correlated with lean meat
content. In genetic evaluation, backfat thickness is used
in most countries and breeding organizations as a trait
with a relatively close correlation to lean meat content.
From the mathematical point of view, backfat thickness
as a linear measure has a distribution closer to the nor-
mal distribution than traits representing ratios.

Meat quality traits

Meat quality traits recorded in different countries are
— pH of meat measured at different times
— water holding capacity of meat
— reflectance of meat
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— conductivity of meat
— intramuscular fat

Several measures of meat quality are often summa-
rized to meat quality indices (France — Bidanel and
Ducos, 1993; Germany, Baden-Wiirttemberg — Tholen,
1993; Hungary — Groeneveld et al., 1996). The impor-
tance of meat quality traits is growing and their inclu-
sion in the breeding goal can be expected in an increas-
ing number of breeding programmes.

EFFECTS IN THE LINEAR STATISTICAL MODEL

(Co)variance component estimation and breeding
value prediction are carried out using linear statistical
models in real-life situations. Therefore we will restrict
our considerations to linear models.

Effects occurring in linear models can be subdivided
in different ways. In this paper a first differentiation
will be made between “class* effects (discontinuous
effects, mostly of qualitative nature) and covariables
(quantitative effects, continuous effects). Class effects
will be further subdivided on the basis of their nature.

Effects which are continuous in nature may be treated
as discontinuous effects by creating more or less artifi-
cial classes. A basic problem in making “good* models
is the way how classes are created from originally quan-
titative variables.

A general rule should be to treat continuous effects
as continuous functions in the model whenever it is
possible. But there may be serious reasons which make
this impossible. Consider for example the time-effect.
Often it is very difficult to find an appropriate function
for modelling the time effect on a trait. If a function
can be stated, it is expected to be non-linear in its
parameters, which makes it impossible to use the metho-
dology of linear models. When considering only short
time intervals, the function can be approximated by
a linear function or a polynomial expression of low de-
gree. These functions can easily be handled in linear
models and preserve the nature of the effect.

But the situation is often more complicated: the in-
terval is too long and the function does not show a sim-
ple behaviour which can easily be approximated by
polynomial expressions. In these cases the effect has to
be transformed in a class variable. That means, the
originally continuous function is approximated by
a staircase polygon. The advantage of this method is
that any function can be approximated by a staircase
function. The main disadvantage is the jumps of the
function at the class limits.

Class effects
Contemporary group effects

Contemporary groups are created on the basis of the
distribution of animals in space and time. Effects used
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in models are for example (F — fixed effect, R — random
effect):

In station test:

— F, R herd of origin

year

herd — year — batch

station — year — month

station — year — quarter of the year

batch (When test stations are operated as all-
in all-out, a batch represents pigs tested con-
temporaneously at a given station.)

pen

herd — slaughter date

management system

quarter of the year

month of test

slaughter months within the year

slaughter day

slaughterhouse — slaughter day

station

- common litter

(Kovac, Groeneveld, 1990; Tholen, 1990; Bidanel, Du-
cos, 1993; Tibau i Font, Soler, 1993; Karras et al.,
1993; Knap, 1993; Sehested, Ianssen, 1993; Andersen et
al., 1993; Tholen, 1993, 1994; Groeneveld et al., 1996,
1998; Schmutz et al., 1994; Miiller, 1997; Gotz, 1997a;
Rittler, Niebel, 1997; Groeneveld, Peskovicova, 1999).

|
' ™™™

|
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In on-farm test:

- F,R herd

- F year

- F month of test

- F batch

- F pen

- F herd — year — batch

- F herd — year — season (visit)
- F herd — slaughter date

- F herd — month

- F litter size — parity group
- R common litter

(Tholen, 1990; Hofer et al., 1992a, b; Bidanel, Ducos,
1993; Estany et al., 1993; Karras et al., 1993; Knap,
1993; Sehested, Ianssen, 1993; Andersen et al., 1993;
Tholen, 1994; Groeneveld et al., 1996, 1998; Kennedy et
al., 1996; Gotz, 1997a; Rittler, Niebel, 1997; Groeneveld,
Peskovicové, 1999).

The space factors (herd, pen, station, slaughterhouse)
can easily be handled as discontinuous factors. The
levels of these factors are clearly defined. If the number
of observations at the individual levels is too low, several
classes can be summarized to one class. Such a proce-
dure is used in Bavaria (Gétz, 1997a).

The situation is more complicated for the time ef-
fects. When test stations are operated as all-in all-out,
the batch effect is a discontinuous effect. But other-
wise, time effects are continuous effects. As the ani-
mals are not informed on the human way to subdivide
time into years and months, no great differences can be
expected between the time effect say on December 31 at

CZECH J. ANIM. SCI., 44, 1999: 377-384

11 p.m. and January l1st of the following year at 1 a.m.
In our opinion, further research is necessary to find
optimal ways for creating seasons. There is no reason
that a season must start on the 1st day of the month and
that the year-effect must start on 1 January. Further-
more, seasons may differ in length and need not to be
of the same length. Seasons are included in the model
with the aim to increase the accuracy of the predicted
breeding value. The season effects as such are not of
interest. Therefore, seasons should be defined in a way
that is best for predicting breeding values. Probably
clustering procedures could be used in future to ensure
a certain optimization in creating season classes. The
algorithms of these clustering procedures should guar-
antee maximal homogeneity within a given level and
maximal differences between the individual levels. Fur-
thermore, the clustering procedures should take into
account the known physiological aspects.

Neglecting the common litter effect in the animal
model may cause a considerable loss of information.
This effect is of special importance for average daily
gain where values around 0.20 were observed in station
test (Tholen, 1990, 1993, 1994; Schmutz et al., 1994,
Bidanel, Ducos, 1996; Groeneveld et al., 1996, 1998;
Groeneveld, Peskovi¢ova, 1999). The values are even
higher in field test — up to 0.49 (Hofer et al., 1992a;
Grundy, 1994; Groeneveld et al., 1996; Groeneveld,
Peskovicova, 1999).

Culbertson et al. (1998) included the permanent effect
of the dam as another random effect into the model.
They calculated a variance ratio of about 0.01 for this
effect. The simultaneous inclusion of the common litter
effect and the permanent effect of the dam in the animal
model is, in our opinion, an unnecessary overparametri-
zation of the model. The permanent effect of the dam
is an average effect over all litters of the dam and does
not extract any additional information from the data. It
should therefore be neglected in models for production
traits, though it may be of importance for reproduction
traits when the litter effect is not included in these
models.

Genetic group effects

In this paper, “genetic group” will be defined as
a group of animals which are supposed to be similar in
certain genes. In this sense different sexes are different
genetic groups as the sex is clearly defined genetically
(as long as the animals are not castrated... — under this
point of view “sex can be dealt with as an environ-
mental factor as well, but originally it is genetic).

In the literature the following effects were found in
station and in field tests:
breed
sex
crossbred/purebred
breed x sex
genetic group in the sense as it is usually used
(grouping unknown parents)

|
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(Tholen, 1990, 1993, 1994; Bidanel, Ducos, 1993; Tibau
i Font, Soler, 1993; Estany et al., 1993; Karras et al.,
1993; Knap, 1993; Sehested, Ianssen, 1993; Andersen
et al., 1993; Groeneveld et al., 1996, 1998; Rittler,

Niebel, 1997; Miiller, 1997; Gotz, 1997a; Groeneveld,

Peskovicova, 1999).

As different breeds are expected to have different
genetic parameters, they should be treated in separate
runs whenever it is possible. The main reason for includ-
ing more breeds in one run is low numbers of tested
animals in these breeds. Gotz (1997b) proposed three
possible solutions for treating more breeds in one model:
(i) Tracing back different breeds to different genetic

groups and using only one set of genetic parameters,

(i1) Treating breeds as fixed effect in the model and
using only one set of genetic parameters,

(iii) Treating breeds as fixed effect in the model and
breeding value prediction with all data, but repea-
ted calculations with different genetic parameters
for different breeds.

Case (ii) is realized in the breeding value prediction in
North Rhine-Westphalia (Germany), case (iii) in Baden-
-Wiirttemberg (Germany). Case (i) fully accounts for
breed differences only in the base population. A first
simulation study showed that there are only minor
changes in the ranking of breeding animals between (ii)
and (iii); separate runs for individual breeds yielded
results close to those of (ii) and (iii) (Gotz, 1997b).

Not only different breeds, but also purebred and cross-
bred animals are sometimes analyzed jointly. Classical
production traits such as daily gain, backfat thickness
and lean meat content are assumed to be inherited follow-
ing an additive genetic model in a good approximation.
Brandt (1994), Fischer (1998) and Merks, Hanenberg
(1998) calculated genetic correlations between 0.6
(mostly 0.8) and 1.0 between crossbred and purebred
performance. From this point of view, the joint analysis
of purebred and crossbred animals in one run can be
carried out for practical purposes using an additive ge-
netic model until any better solution is found. A ques-
tion is to what extent it is valid for meat quality traits.
The inclusion of fixed non-additive genetic effects at
the population level in the animal model is possible
without considerably increasing the complexity of the
model. A clearly defined additive-dominance model for
all breeds and breed combinations should be preferable
to defining an effect purebred/crossbred which assumes
the same heterosis for all breed combinations. In any
case, further research is necessary for developing pro-
cedures for modelling these complex situations in a more
appropriate manner.

Individual genetic effects

Until recently, only the additive genetic effect of
the animal was included in breeding value prediction.
Culbertson et al. (1998) presented a very complex model
including dominance effects on the individual basis for
days to 104.5 kg and backfat at 104.5 kg:
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y=Xp+ZybA+Za+WE+Ml+Zp+e

where y is the vector of records, B is the vector of
contemporary group effects, A is the regression of y on
inbreeding coefficient, b is the vector of inbreeding
coefficients, a is the vector of additive animal effects,
f is the vector of parental dominance effects, 1 is the
vector of common litter effects, p is the vector of dam
permanent environmental effects, and X, Zy, Z,, W, M
and Z, are known matrices that relate records to the
respective effects. The corresponding variances are:

a| [Ac2 0 0 0 0
f 0 F6? 0 0 0
var|[l|=| 0 0 Is? 0 0
p 0 0 01 0
e 0 0 0 01l

where A is the additive relationship matrix, F is the
parental dominance relationship matrix, o‘% is the addi-
tive variance, 0'% is the parental dominance variance
(which is 1/4 of the total dominance variance oﬁ). 0‘12
is the litter variance, 62 is the dam permanent environ-
mental variance, 0‘3 is the residual variance.

The results of their investigations indicate that domi-
nance effects may be important for reproductive and
growth traits in swine. Therefore the authors conclude
that specific mating systems may allow for selection of
dominance effects for these traits and, subsequently,
increased phenotypic performance (Culbertson et al.,
1998).

No papers on the investigation of individual maternal
effects of production traits are known to the authors.

Interactions and combined effects

A clear distinction should be made between com-
bined effects and interactions. Combined effects are
used very often in the animal model, interaction effects
only rarely. Assume that y;; is the k-th observation
belonging to level i of factor A and level j of factor B.
Using small letters for the levels of the factors, the
linear model including main and interaction effects is

Yijk = H +a;+ bj + (ab);; + e

where (ab),-j is the interaction effect. A combined effect
ab,»j can then be defined as

abj; = a; + bj + (ab);;
so that the model can be rewritten in the form

Yk =H+ abij + e

Effects of the kind “herd — year — season* are typical
examples of combined effects. The breed x sex effect
in the Danish model presented by Andersen et al.
(1993) is an interaction effect as the model contains the
two main effects “breed** and “sex* too. A model with

main effects and interaction effects should be used if
the estimates of the effects of the main effects are of
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interest. Combined effects are preferable if the main
effects are not of interest and the only purpose to in-
clude the given effects in the model is to correct the
breeding values for these effects. The total number of
levels is lower when using combined effects than when
using main and interaction effects, but the “correction*
effect for the breeding values is the same.

Covariables

Initial weight, slaughter weight and live weight at
test are used as covariables in station test; slaughter
weight, age at test and live weight at test were found
in models for field test traits (Hofer et al., 1992a; Bi-
danel, Ducos, 1993; Knap, 1993; Tholen, 1993; Se-
hested, Ianssen, 1993; Estany et al., 1993; Groeneveld
et al., 1996). The correction of traits of carcass compo-
sition on weight is widely accepted. The use of a co-
variable for growth traits is controversial. Growth is
clearly no linear process. Average daily gain differs for
different growth periods. Average daily gain is a ratio
between weight or weight gain and age or time period
of test. According to Groeneveld et al. (1996), daily
gain has at least two distinct defects: firstly, the trait is
not linear in the objective, i.e. in the speed with which
a pig completes fattening. Secondly, being the ratio
with weight in the denominator adjusting for different
end weights is always a “messy affair”. The authors
continue that “on the other hand, adjusting the days on
test to a constant end weight is straightforward*.

But days on test are a ratio as well. Average daily
gain is weight (gain) over time period and days on test
means correctly time period over weight (gain). The
general problem remains. On station test, when the ani-
mals are weighed at least twice in the time before fin-
ishing the test, an individual precorrection can be car-
ried out. An interpolation between the two weights
flanking the initial and the final weight in station test
is carried out in France and in the Czech Republic. The
problem is important mainly in the field test where
great differences in weight may occur between the ani-
mals. A proper solution of the problem will involve
changes in the test procedure. Animals should be
weighed twice to interpolate for weight at constant age
or for age at constant weight.

When creating an animal model, it should be proved
if sex-specific and breed-specific regression is to be taken
into account or if one regression coefficient can be used
over sexes and breeds, if necessary. Similarly, the need
of quadratic or cubic regression should be tested if the
interval of the covariables is large. For small intervals
linear regression should be the method of choice.

DISCUSSION

Univariate versus multivariate models

Benefits from multivariate models are summarized
by Bidanel (1998). Multivariate models properly ac-
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count for selection bias when several traits are selected.
Multivariate models make it possible to use extra infor-
mation on correlated traits. They allow to cope with
genotype X environment interactions by considering
performance data measured in different environments
as different traits; data from crossbred animals can be
incorporated in genetic evaluation in a similar way.
Furthermore, improved accuracy and data structures
can be obtained from multivariate models.

It should be emphasized that all these benefits are
true only if the multivariate linear model approximates
the reality sufficiently well. The multivariate model as-
sumes linear relations between the traits. This assump-
tion can be seriously violated in subpopulations of ani-
mals with extreme values in a given trait. But
especially these animals might be of interest for selec-
tion (Andersen et al., 1993).

A disadvantage of complex multivariate models
might be that they contain a great number of parame-
ters; the estimates of these parameters are usually less
accurate for a given data set. Bidanel (1998) concludes
that “gains from using a more sophisticated and appro-
priate model can be reduced or annihilated by poor
parameter estimates“. The computational problems
connected with complex multivariate models are ex-
pected to be solved with the development of new algo-
rithms and the quick progress in computing speed of
new computers. A possible reduction of genetic vari-
ability and a quicker increase of inbreeding when ap-
plying multivariate methods in animal breeding can be
controlled by planned mating.

As the selection problem is in general multivariate,
multivariate methods are appropriate (Groeneveld,
1994). But a critical model check should be made be-
fore applying a given model for selection purposes.

More detailed analysis of the genetic effect

The basic animal model contains only one overall
genetic effect of the animal which is assumed to be
additive in the sense of quantitative genetics. Different
kinds of genetic effects defined at the population level
(see e.g. Wolf et al., 1995) can be defined at the animal
level too. A model including dominance effects was
presented above. In future these effects defined on the
basis of quantitative genetics theory are expected to be
supplemented by effects referring to known genes.
These genes may have either a direct influence on the
economically important trait under consideration or
represent marker genes which are assumed to be in
close linkage with quantitative trait loci.

Visscher and Haley (1998) expect that within the
next 5-10 years, DNA information and technology will
become an integral part of the data management in
commercial pig breeding companies. Such models of
mixed inheritance can be handled as linear models in
the sense of mathematical statistics as well. When
evaluating models with a whole complex of genetic ef-
fects, different genetic effects besides the classical
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breeding value will be estimated. All these effects
should be very carefully interpreted and analyzed in
relation to their use for selection. Nevertheless it can
be expected that “for the foreseeable future, genetic
improvement programs will likely continue to focus on
quantitative rather than molecular methods* (Webb,
1998).

Genotype x environment interaction

A pig breeding programme generally consists of dif-
ferent levels of a pyramid (nucleus, multiplier and
commercial herds). Selection for genetic progress is
carried out in the nucleus herds, the economic effect of
the genetic progress is mainly realized in the produc-
tion herds. Furthermore, animals are tested at central
test stations and in herds. That means that there are
differences in environmental conditions between the
three levels of the pyramid and between central test
stations and field conditions. Furthermore, nucleus
herds are made up by purebred animals whereas in
production herds crossbred animals are kept in general.

Interaction of genotype and level of the breeding
programme decreases the efficiency of pyramidal pro-
grammes to a large extent (for the review of literature
see e.g. Merks, van Oijen, 1994). The only reason to
select under conditions different from production con-
ditions is the higher accuracy of data from test stations
and the fact that certain traits cannot be measured under
field conditions. Furthermore, there are differences be-
tween production herds in management and nutrition,
so that no unique production conditions can be defined
(Busse, Groeneveld, 1986).

The problems connected with genotype x environ-
ment interactions can be overcome to a certain degree
by changes in the organization and management of the
breeding programme and by using adequate mathemati-
cal models. For example, in different countries group
housing has been introduced in station testing (Bidanel,
Ducos, 1993; Sehested, Ianssen, 1993; Andersen et al.,
1993; Merks, van Oijen, 1994; Miiller, 1997).

The exact way to take into account interaction ef-
fects is to include them directly in the model. It is
possible for interactions between genetic groups in the
broad sense as defined above and environmental ef-
fects. Such effects might be e.g. “breed x herd“,
“breed x test station“, “breed x year”. At the animal
level these effects cannot be included in the model in
a direct way, as each animal is tested only once for
production traits and no data from different environ-
ments are available. But animals in different environ-
ments are genetically linked via the relationship matrix.
Here the method of choice is to consider the same or
very similar traits in different environments as different
traits and to use a multitrait animal model (Tholen et
al., 1998). Genotype x environment interaction in these
traits will be reflected by a genetic correlation lower
than one.
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Miscellanea

For an effective prediction of breeding values, mini-
mum standards for connectedness between manage-
ment units should be fulfilled. Kennedy and Trus
(1993) proposed the average prediction error variance
(PEV) of differences in predicted breeding values be-
tween the animals in different management units as the
most appropriate measure of connectedness. When
PEV differences cannot be computed, one of three al-
ternative measures is proposed: the gene-flow method
that measures the exchange of genes between manage-
ment units, measurement of genetic drift variance based
on average relationships between and within manage-
ment units, and measurement of the variance of esti-
mated differences between management units effects.
Tholen (1993) recommended to use “reference sires
across herds to get more connectedness between herds.

All effects in the model can be assumed to be ran-
dom or fixed. The decision as to whether a given effect
is fixed or random is not immediately obvious in some
situations. Discussions are about the contemporary
group effect mainly. Visscher and Goddard (1993)
stated when using a sire model that treats contemporary
groups as random recovers some information among
contemporary groups but may cause bias in the predic-
tion of breeding values if non-random association
exists between sires and contemporary groups. For
practical reasons the contemporary group effect should
be assumed to be random when there is a great number
of levels with low numbers of observations in it. But
the decision if an effect is fixed or random must be
made for each concrete situation.

Heteroscedasticity is of importance when several
populations are considered in a single genetic evalu-
ation. Heterogeneous genetic and residual variances
can occur between herds or groups of herds within the
same breed too. The application of heterogeneous vari-
ances to pig genetic evaluation is still very limited (Bi-
danel, 1998).
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