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Effects of different formulae for oral and parenteral administration
of iron on somatic growth and selected haematological indexes
in piglets

Vliv rozdilné aplikace Fe na somaticky rist a vybrané hematologické
hodnoty selat

V. KOTRBACEK

University of Veterinary and Pharmaceutical Sciences, Faculty of Veterinary Medicine, Brno, Czech Republic

ABSTRACT: Effects of oral administration of two types of iron-containing pastes and parenteral administration of dext-
rane-bound iron on somatic growth and selected haematological indexes were compared in 140 piglets, crosses of the
Large White and Landrace breeds. The growth rate of piglets treated orally with pastes containing 40 or 90 mg of lactate-
bound iron or 100 mg of fumarate-bound iron per dose (1 ml) equalled that of their littermates treated intramuscularly
with 200 mg of Ferridextran. The dose of 40 mg of lactate-bound iron was insufficient for maintaining all haecmatological
indexes at the level observed in piglets treated intramuscularly with Ferridextran. A single dose of 90 mg of lactate-bound
iron was necessary to induce an effect equal to that of Ferridextran. Mean corpuscular volume and mean corpuscular
haemoglobin content were the most sensitive indicators of the level of iron intake. The effect of oral administration of
100 mg fumarate-bound iron on haematological indexes was equal to that of parenteral administration of 200 mg Fe and
even stronger on some indexes in the 2nd week of life. It is concluded that oral treatment with iron ions can be as effecti-
ve as parenteral treatment provided that intestinal functions are normal.

Keywords: iron intake; piglets; growth; haematological indexes

ABSTRAKT: Ve tfech experimentech, na celkovém poétu 140 selat plemene BU x LA, jsme sledovali vliv dvou rozdil-
nych Fe past a injekéni aplikace Fe na somaticky rust a hematologické hodnoty pokusnych jedinct. Jednodenni selata
dotovana Zelezem per os ve formé pasty obsahujici 40, pfipadn& 90 mg laktatového Fe a pasty obsahujici 100 mg fumara-
nového Fe v 1 ml, tzn. v jedné aplika¢ni ddvce, rostla se stejnou intenzitou, jako jedinci z téhoZ vrhu o3etfeni 200 mg /.
m. aplikovaného Ferridextranu. Vyvoj hematologickych parametri ukédzal, Ze 40 mg laktatového Fe nestatilo k trvalému
udrZeni viech hematologickych hodnot na trovni selat dotovanych Zelezem injekéné. K vyrovnéni sledovanych tdaji v
obou jmenovanych skupinach doslo teprve po zvySeni koncentrace Fe na 90 mg v jednorazové aplikaéni dévce. Na (ro-
ven dotace Fe nejcitlivéji reagoval stfedni objem erytrocytu a stfedni obsah hemoglobinu v erytrocytech. Aplikace 100 mg
fumaranového Fe na sele se co do u¢inku na hematologické ukazatele nejen vyrovnala injekci 200 mg Fe, ale ve druhém
tydnu Zivota ji v nékterych hodnotach i pfevy3ovala. Z pokusi uzavirame, Ze utilizace Fe ionti podavanych per os muze
byt stejné G¢inné jako forma parenteralni. Pfedpokladem je plné funkéni sliznice stieva.

Klicova slova: pfijem Zeleza; rist selat; hematologické hodnoty

INTRODUCTION

Although parenteral administration of iron to piglets is
a well-tried method for assuring sufficient iron intake, alter-
native treatments are sought currently for reasons that are
not limited to commercial interests only. The dose of iron
administered parenterally may, in some cases, exceed the

capacity of the transport, protein and free iron ions induce
toxic effects including impairment of blood coagulation,
haemorrhages, or circulatory failure. Sudden “oversa-
turation” of lymphatic tissues by iron can also affect re-
sponsiveness of the immune system (Kovait, 2000 — pers.
com.). Although beneficial effects of parenteral treatment
prevail, the hazard exists and must be considered.
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One of the alternatives is enrichment of prestarter
diets with readily absorbable forms of iron. The efficacy
of such supplementation has been found insufficient be-
cause the consumption of prestarters in the first two
weeks after birth is low. Insufficient supply of iron resulted
in spending of iron reserves, development of anemia,
growth retardation, immunodeficiency, and increased
mortality rate (Dubansky et al., 1997a, b).

Another alternative source of iron for piglets is an
iron-containing paste. Such product can contain also a
probiotic assuring the colonisation of the digestive
tract by beneficial lactacidogenic bacteria and can be
used as a source of selected minerals and vitamins.
Since opinions on the efficacy of such pastes are con-
troversial, we decided to test them under experimental
conditions.

The objective of our three consecutive experiments
was to obtain data on physiological effects of two
iron-containing compounds included into pastes for
oral administration and to compare the results of such
treatments with those of the conventional parenteral
treatment with Ferridextran.

MATERIAL AND METHODS

A group of day-old piglets (Large White x Landrace)
received orally iron bound in the unconventional lactate
form. In addition to Fe**, amino acids and lactic acid n-
hydrate, the paste also contained 8% of the unicellular
green alga Chlorella kessleri. The latter component
was included into the paste by the manufacturer (Medi-
pharm CZ, Ltd., Hustopete u Brna, Czech Republic)
largely to improve its dietetic value. The administered

Figure 1.

Experiment No.

Number of sows
in experiment

dose contained 40 mg of iron. Although organic iron
was present also in the alga, the contribution to the ad-
ministered dose was negligible.

Another group of piglets was treated with a paste
containing Fe?* bound in fumarate. The administered
dose contained 100 mg of iron. The content of iron in
the lactate form was limited by initial difficulties in con-
centrating iron in the excipient. After mastering this
problem, the per dose amount of iron could be in-
creased considerably (see experiment 3).

The design of Experiment 1 is shown in Figure 1.
Equal litters of two sows (n = 20) were divided into
halves and half-litters of the two sows were pooled into
two treatment groups. The two groups were treated with
a single dose of the pastes containing lactate-bound
iron and fumarate-bound iron, respectively.

The design of Experiment 2 is shown in Figure 2.
Again, litters of four sows were divided into halves (n = 5)
and groups were formed by pooling half-litters like in
Experiment 1. One group was treated orally with a single
dose of the paste containing lactate-bound iron and the
other parenterally with a single dose of Ferridextran.
The same design was applied in litters of another 4 sows
(Figure 3). One group was treated orally with the paste
containing fumarate-bound iron and the other parenter-
ally with Ferridextran.

The doses of the products corresponded to 40 mg of
lactate-bound iron, 100 mg of fumarate-bound iron, and
200 mg of dextrane-bound iron, respectively.

The design of Experiment 3 is shown in Figure 4.
Again, equal day-old litters (n» = 10) of four sows were
divided into halves and treatment groups were formed
like in Experiments 1 and 2. One group was treated orally
with the paste containing increased concentration of
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Number of piglets 5 » 5 5 ®e © 5 5 %@ ©° o © 5
per sow in experiment
Way of Fe Paste, Paste, Paste, Ferridex- Paste, Ferridex- Paste, Ferridex-
application lactate Fe  fumarate Fe  lactate Fe tran inj. fumarate Fe tran inj. lactate Fe  tran inj.
Fe application 40 100 40 200 100 200 90 200
dose (mg/piglet)
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lactate-bound iron and the other parenterally with
Ferridextran. The doses corresponded to 90 mg (oral
form) and 200 mg (parenteral form) of iron. In all the
three experiments, the pastes were administered to day-
old piglets that had been let to suck colostrum several
times.

Blood samples were collected from the piglets for the
determination of haemoglobin (Hb), packed cell volume
(PCV), erythrocyte count (Ery) and blood serum iron
concentration. The data were used to calculate mean
corpuscular volume (MCV), mean corpuscular haemo-
globin content (MCH), and mean corpuscular haemo-
globin concentration (MCHC). Further, leukocyte count
and phagocytary activity were determined as indicators
of nonspecific resistance. The age at sampling is given
in the corresponding tables. The obtained data were
subjected to Student’s #-test.

RESULTS AND DISCUSSION “

Experiment 1

No significant between-group differences in growth
rate (Table 1) or haematological values (Table 2) were

Table 1. Development of mean live weights of piglets (g) in Ex-
periment 1

Age (days)
Treatment n 1 10 21
Faste; 10 1810+296 3750+ 704 6510+ 974
lactate Fe
Paste; 10 1790265 3840+ 672 65301 091
fumarate Fe
Significance NS NS NS

of differences

NS=P>005 *P<0.05 **P<00l

Table 2. Development of haematological values in Experiment |

found in Experiment 1. However, the general downward
tendency with advancing age was more pronounced in
the group treated with lactate-bound iron.

Experiment 2

The results were similar to those obtained in Experi-
ment 1. Growth rate in the piglets treated with the lac-
tate form was comparable with that in the piglets treated
with Ferridextran (Table 3). Two piglets of the group
treated with Ferridextran died during the experiment.
Therefore, the total weight of the group at weaning was
lower by 11%.

No difference in growth rate was found between the
group treated with the formula containing fumarate-
bound iron and that treated with Ferridextran. One pig-
let died in each group. Therefore, group weights at
weaning were equal.

No significant differences in haematological values
were found in 13-day-old piglets between the group
treated with lactate-bound iron and that treated with
Ferridextran, although Hb, PCV, and blood serum iron
concentration were somewhat lower in the former. How-
ever, this group showed significantly lower MCV and
MCH at the age of three weeks. No between-group dif-
ferences were found for Ery and blood serum iron con-
centration.

Haematological values in 13-day-old piglets were
generally higher in the group treated with fumarate-
bound iron than in that treated with Ferridextran. The
differences in Hb and PCV were significant (Table 4).
Although the blood serum iron concentration was
somewhat higher in the group receiving fumarate-bound
iron, the difference was nonsignificant.

No between-group differences were found in 21-day-
old piglets. The only exception was a higher iron con-
centration in blood serum in the group receiving
fumarate-bound iron.

ai;) Treatment Hb (/1) Ht (/1) Ery (T/I) MCH (pg) MCV (fl)  Fe (mmol/l)

Paste, lactate Fe 151 + 15.8 0.34 + 0.031 5.60 £ 0.600 27+£23 61 6.5
1 Paste, fumarate Fe 151 + 27.6 0.34 = 0.060 5.86 = 1.100 26+ 4.0 58 % 10.6

Significance of differences NS NS NS NS NS
Paste, lactate Fe 125 + 28.0 0.32 £ 0.055 4.15 £ 0.590 30 £ 4.1 77 + 6.2

10  Paste, fumarate Fe 132 + 27.8 0.32 £ 0.054 4.36 = 0.360 30 + 6.1 72 £ 9.1
Significance of differences NS NS NS NS NS
Paste, lactate Fe 95 + 20.4 0.30 + 0.036 4,97 = 0.580 19+ 2.1 60 +3.5 6.2+0.84

21  Paste, fumarate Fe 97 £ 15.5 0.31 + 0.039 4.99 £ 0.520 20 1.5 62+33 6.4 +180
Significance of differences NS NS NS NS NS NS

NS =P >0.05
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Experiment 3

The two groups did not differ in growth rate until
weaning (Table 5). The somewhat lower haematological
values in 14-day-old piglets treated with lactate-bound
iron did not differ significantly from those found in the
group treated with Ferridextran (Table 6). The only sig-
nificant between-group difference was a higher concen-
tration of iron in blood serum at the age of 14 days in
the group treated with Ferridextran.

It should be noted, however, that blood serum iron
concentration decreased significantly towards the end
of the first month of life in the group treated with
Ferridextran, while an opposite tendency was observed
in the group treated orally. No between-group differ-
ences were found in haematological values in 28-day-
old piglets.

Worth mentioning is the phagocytary activity of leu-
kocytes indicating the level of nonspecific resistance
which was higher by 10% in 14-day-old and by 11.5% in
28-day-old piglets of the orally treated group; the differ-
ence was nonsignificant, however (Table 6).

The high growth rate in the first weeks of life in-
creases the demand for iron which is necessary for ha-
emopoiesis and myoglobin synthesis. Such situation
can lead to a decrease in some haematological values
even in piglets treated with iron-containing drugs. An
example thereof is a decrease in erythrocyte count and
haemoglobin concentration observed in piglets between
days 10 and 20 after birth in spite of standard treatment
(200 mg of iron) with Ferridextran (Dubansky et al.,
1997a, b). Haematological values in the piglets suffering
from iron deficiency and showing low growth rate re-
mained at a low, but more or less constant level.

Similar age-dependent changes were also observed
in our rapidly growing piglets in Experiment 1. No signifi-
cant differences were found between the groups treated
with lactate-bound or fumarate-bound iron. Lower values
of all indexes under study towards the end of week 3 indi-
cate that a single dose of 40 mg of lactate-bound iron
would not apparently meet the demand for iron in rapidly
growing piglets for a longer period.

This assumption was confirmed by results of Experi-
ment 2. Growth effects of the treatment with the same

Table 3. Development of mean live weight (g) of piglets in Experiment 2

Age (days)

SERABIETR n 1 13 21 33 Index

Ferridextran inj. 20 1 747 = 317 4166 =1 092 5526 =1 400 9194 £ 1 826 100.0

Paste, lactate Fe 20 1 808 = 289 4 053 = 836 5637 =1 404 9200 = 1 787 100.5

Significance of differences NS NS NS NS

Ferridextran inj. 20 1 555 + 287 3 955 + 613 5660 + 1 028 9205 £ 1282 100.0

Paste, fumarate Fe 20 1716 + 267 4116 = 713 5863 + 1 082 9158 £ 1 759 100.3

Significance of differences NS NS NS NS

NS =P >0.05

Table 4. Development of haematological values in Experiment 2

aigaeys) Treatment Hb (g/1) Ht (11) Ery (T/) MCH (pg) MCYV (fl) Fe (mmol/l)
Ferridextran inj. 81 £ 10.7 0.29 = 0.033 344 £ 0343 24+28 83+ 74 6.7 £ 1.44
Paste, lactate Fe 79+ 9.5 0.28 + 0.029 3.40 £ 0.397 24+ 3.1 84+98 6.0 = 1.80

13 Significance of differences NS NS NS NS NS NS
Ferridextran inj. 79 £ 10.8 0.28 + 0.037 3.57 £ 0330 2227 79+ 7.0 6.4 = 1.68
Paste, fumarate Fe 87178 0.31% 0.022 3720333 23%16 83 £ 6.6 75+221
Significance of differences * ko NS NS NS NS
Ferridextran inj. 87 + 134 0.27 = 0.033 3.89 £ 0489 22+25 70+ 54 8.1 %291
Paste, lactate Fe 80 + 12.6 0.26 + 0.030 3.92 £ 0417 20+2.1 66 + 5.4 8.0 +3.00

21 Significance of differences NS NS NS . * NS
Ferridextran inj. 94 x 16.1 0.28 £ 0.035 426 £ 0.510 22+24 65+ 3.4 8.6 £291
Paste, lactate Fe 94 + 14.5 0.28 = 0.031 425+ 0397 22+22 66 + 5.3 12.2 + 4.46
Significance of differences NS NS NS NS NS L

NS =P >0.05, *P < 0.05, **P < 0.01
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dose of lactate-bound iron apparently equalled those of
Ferridextran. However, haematological values of the two
groups were comparable only in 13-day-old piglets.
MCYV and MCH were significantly lower in 21-day-old
piglets treated with lactate-bound iron. Also lower was
Hb which is considered a significant indicator of iron
availability (Devasthali ef al., 1991). However, the differ-
ences were nonsignificant owing to a high variance. It
is therefore apparent that calculation of MCV and MCH
can allow early recognition of shifts in haematological
values. As stated by Dubansky et al. (1997a), the devel-
opment of microcytary anaemia is one of the typical
manifestations of iron deficiency.

The results of Experiment 2 further indicate that the
growth promotion effect of oral administration of fuma-
rate-bound iron was equal to that of parenteral adminis-
tration of Ferridextran and had even stronger favourable
effects on haematological values in 13-day-old piglets.
The differences in most of the values disappeared to-
wards the end of 3rd week. Nevertheless, this finding
deserves attention considering the fact that the paren-

terally administered amount of iron was twice as high as
the amount administered orally. This result was con-
firmed in Experiment 3 in which the oral treatment with
90 mg of lactate-bound iron was found equivalent to
parenteral treatment with 200 mg of iron as far as weight
gains and haematological values were concerned. No
significant between-group differences were found in
phagocytary activity of leukocytes. However, the
causes of increases by 10% in 14-day-old and by 11.5%
in 28-day-old piglets treated with the paste containing
lactate-bound iron and Chlorella should be examined.
Our results contradict the generally accepted opinion
that oral treatment with 100 mg of iron is not usually as
effective as parenteral treatment with 200 mg of iron and
the conclusion derived therefrom is that oral treatment
should be repeated. In this connection, some differ-
ences in the absorption of iron ions in the organism
should be emphasised. The key regulator of absorption
and distribution of parenterally administered iron is the
blood plasma protein transferrin which transports ab-
sorbed iron to bone marrow for direct consumption, i.e.

Table 5. Development of mean live weight (g) of piglets in Experiment 3

Age (days)
Treatment n 1 14 28 Index
Ferridextran inj. 20 1 645 + 389 4 635 + 805 8 111 £ 1 252 100.0
Paste, lactate Fe 20 1 695 £ 276 4716 £ 880 8 100 = 1 493 99.9
Significance of differences NS NS NS
NS =P >0.05
Table 6. Development of haematological values in Experiment 3
Age (days) Treatment Hb (g/1) Ht (/1) Ery (T/) MCH (pg) MCV (1)
Ferridextran inj. 99 + 14.4 0.32 £ 0.037 4.15 £ 0.441 2419 71 +£35.1
14 Paste, lactate Fe 93 £ 17.5 0.30 £ 0.053 4.06 = 0.606 23 £2.1 74 £ 5.7
Significance of differences NS NS NS NS NS
Age (days) Treatment MCHC (gN) Fe (mmol/l) Le (G/) FA (%) FL
Ferridextran inj. 309 £ 15.9 12.9 + 5.85 10.0 £ 232  38.0 £ 11.38 1.27 £ 0.746
14 Paste, lactate Fe 307 £ 17.5 8.2 % 3.07 10.7 £ 242  37.6 + 17.04 1.40 = 1.161
Significance of differences NS =k NS NS NS
Age (days) Treatment Hb (g/1) Ht (/1) Ery (T/l) MCH (pg) MCV (fl)
Ferridextran inj. 91 + 16.0 0.31 + 0.040 4.54 + 0.500 20 = 2.1 68 + 3.8
28 Paste, lactate Fe 89 + 18.5 0.30 £ 0.050 4.45 £ 0.675 20 £ 2.0 67 + 4.3
Significance of differences NS NS NS NS NS
Age (days) Treatment MCHC (g/) Fe (mmol/l) Le (G/l) FA (%) FL
Ferridextran inj. 293 + 21.1 82 % 3.31 13.1 + 4.64 854 £ 15.6 8.50 £ 4.266
28 Paste, lactate Fe 298 = 23.1 9.0 £ 5.40 120+ 344 874 + 877 9.80 = 5689
Significance of differences NS NS NS NS NS
**p < 0.01
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incorporation into erythrocytes. Excess iron is then
stored in the form of ferritin in the bone marrow, the
liver and the spleen as a readily utilisable resource. The
binding to the protein carrier is necessary because free
iron ions would induce toxic effects on tissues and
would be removed by glomerular filtration.

Orally administered iron is absorbed by mucosa of
the cranial part of the small intestine. Enterocytes bring
iron to the blood where it binds with transferrin or albu-
min. Its further fate is the same as that of parenterally
administered iron (Huebers et al., 1986). However, a part
of the absorbed iron is retained in enterocytes in the
form of reserve mucosal ferritin. Iron present in sponta-
neously desquamating enterocytes can be reabsorbed
from the intestinal contents (Silbernagel and Des-
popoulos, 1993). These facts emphasise the extraordi-
nary importance of normal intestinal functions in the
utilisation of orally administered iron. This does not
pertain only to the topical state at the time of treatment,
but also to the subsequent four to seven days which
are the period of physiological turnover of erythro-
cytes. During this period, iron bound in intestinal fer-
ritin can be utilised, or lost if diarrhoea develops. These
facts must be considered when deciding whether and
when oral administration of an iron-containing paste is
appropriate. Our decision to treat day-old piglets after
several drinkings of colostrum was not a random
choice. Le Dividich et al. (1997) demonstrated that co-
lostrum intake induces an almost immediate increase in
the weight of the small intestine and changes in its
structure and functions. The highest relative gain oc-
curred during the first six hours after birth and the major
part of this gain comes to the intestinal mucosa. Longi-
tudinal and in-the-width growth of intestinal villi in-
creases the absorption area up to a twofold size. It is

apparent that the intestinal mucosa of a day-old piglet
can absorb iron. Later treatment is also possible, but we
assume that intestinal disorders, which may develop in
the postnatal period, affect the utilisation of orally ad-
ministered iron. Such disorders may also have been the
cause of discrepancies between data published by au-
thors who investigated the efficacy of oral iron formu-
lae.
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Effect of karyotype polymorphism on reproduction of arctic fox
(Alopex lagopus L.)

Vliv karyotypového polymorfismu na reprodukei polarni lisky (4/opex
lagopus L.)

A. Fiistowicz', P. PRzySIECK?, M. ZATON-DOBROWOLSKA', A. ZAJACZKOWSKA', M. SwiToNskr®

! Department of Genetics and Animal Husbandry, Agricultural University in Wroctaw, Poland
2Fox Farm, Eubnica, Poland
. Department of Genetics and Animal Breeding, Agricultural University, Poznan, Poland

ABSTRACT: Relations were defined between the values of reproductive traits of females (easiness and effectiveness of
matings, reproduction maturity age, littering date, length of littering interval, number of pups born and reared in litter and
pup losses during rearing) in successive reproduction seasons, considering polymorphic forms (2n = 50, 49 or 48), caused
by Robertsonian translocation, of karyotype of arctic fox females. The type of vagina mucus resistiveness curve in fema-
les during oestrus in successive reproduction seasons was additionally examined. Repeatability indexes of reproduction
traits of females were low (0.191 — number of matings, 0.215 — number of pups born, 0.246 — number of pups reared,
0.248 - littering date, 0.277 — length of littering interval) and medium (0.434 — pup losses, 0.487 — type of vagina mucus
resistiveness curve). The frequency of polymorphic karyotype forms in analysed animals differed from its average values
on other farms and reached: 10.6% (2n = 48), 38.2% (2n = 49) and 51.2% (2n = 50). Females with fusion karyotype (2n = 48
and 2n = 49) were characterized by better reproductive performance, especially by better fecundity and lower pup losses.

Keywords: arctic fox; karyotype polymorphism; Robertsonian translocation; reproduction; 4/opex lagopus

ABSTRAKT: Sledovali jsme zavislosti mezi hodnotami reproduk&nich znaku lisek (snadnost a efektivnost pafeni, vek pfi
dosaZeni reprodukéni zralosti, termin vrhu, délka intervalu mezi vrhy, po&et lii¢at narozenych a odchovanych na jeden
vrh a ztraty li§¢at pfi odchovu) b&hem po sob& jdoucich reprodukénich obdobi, pti¢emZ jsme brali v ivahu polymorfnf
formy (2n = 50, 49 nebo 48) karyotypu samic polarnich li¥ek zpusobené Robertsonovou translokaci. Dale jsme zjistovali
typ kfivky mé&rného odporu vaginélniho hlenu u li¥ek v fiji b&hem po sob& jdoucich reproduké&nich obdobi. Indexy opako-
vatelnosti reprodukénich znaku liSek byly nizké (0,191 — pocet pafeni, 0,215 — potet narozenych lis¢at, 0,246 — pocet
odchovanych lid¢at, 0,248 — termin vrhu, 0,277 — délka intervalu mezi vrhy) a stfednf (0,434 — ztraty lis&at, 0,487 — typ
ktivky m&rného odporu vaginalnfho hlenu). Cetnost polymorfnich karyotypovych forem u sledovaného chovu se lidila od
jejich primérnych hodnot u jinych chovi a doséhla téchto hodnot: 10,6 % (2n = 48), 38,2 % (2n = 49) a 51,2 % (2n = 50).
Lidky s fazi karyotypu (2n = 48 a 2n = 49) dosahovaly lep3i reprodukéni G&innost, zejména vy33i plodnost a niZ3i
ztraty lid¢at.

Kli¢ov4 slova: polarni li¥ka; karyotypovy polymorfismus; Robertsonova translokace; reprodukce; Alopex lagopus

INTRODUCTION

Arctic fox is an important fur-bearing species. World
annual production of arctic fox skins exceeds 4 min
pieces. In the arctic fox population, there exists karyotype
polymorphism, caused by Robertsonian translocation,
which includes two pairs of acrocentric chromosomes.

The distribution of polymorphic karyotype forms of arc-
tic fox in European countries is quite similar. The lowest
percentage is represented by animals with 48 chromo-
somes (on average 21.6%, ranging from 9.8% to 26.2%)
and the highest by animals with 49 chromosomes (on
average 46.5%, ranging from 38.8% to 48.1%). The fre-
quency of polymorphic forms in the Polish population
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of arctic fox was: 22.9% (2n = 48), 46.1% (2n =49) and
31.0% (2n = 50) (Switonski er al., 1991a).

Polish studies (Switonski, 1981; Switonski and
Nowakowska, 1984; Switonski et al., 1991b) showed
that the females homozygous for the translocation (2»n =
48 chromosomes) delivered statistically larger litters
whereas generally lower fertility characterized the het-
erozygote (2n = 49) ones. Similar results were obtained
in Finland and Norway (Christensen and Pedersen,
1982; Mékinen and Lohi, 1987) and Denmark
(Christiansen et al., 1986), where larger litters were ob-
tained from parents with karyotypes of 48 and 50 chro-
mosomes than from heterozygous parents.

Norwegian studies (Moller et al., 1985) did not con-
firm the relation between the number of chromosomes
and fertility of arctic foxes. Differences in the number of
pups in litters from females of different karyotypes
turned out not to be significant while the smallest litters
were obtained from females of 2»n = 48 karyotypes and
the largest from 50 chromosome karyotype females. Dif-
ferent results were presented by Parkanyi et al. (1988) in
Slovakia; the largest litters were delivered by females of
49 chromosome karyotype, the smallest by females with
2n = 48 chromosomes and the lowest number of reared
pups was observed in females with 50 chromosomes.

This evident lack of univocal results made the au-
thors undertake the studies on a relation between
karyotype polymorphism and reproduction performance
of arctic fox. It is presumed that the 2n = 48 chromo-
some form, as evolutionary younger, should show ad-
vantage over the other polymorphic forms. On the other
hand, its lower frequency in bred populations of arctic
fox suggets that animals with 2» = 48 chromosomes
might be characterized by lower survivability or de-
creased fertility.

The scope of the study was to analyse fertility traits
of females with karyotypes: 2n = 48, 2n =49 and 2n =50
chromosomes in successive reproduction seasons, con-
sidering easiness and effectiveness of matings, littering
dates, age of reproduction maturity, number of pups
born and reared, pup losses during rearing and littering
interval.

MATERIAL AND METHODS

Females of arctic fox, with known karyotype and ori-
gin, born, reared and used in reproduction (in 1985-
1993) on fox farm Sniaty (RKS Lubnica), were included
into analyses.

Breeding registers gave information about the follow-
ing traits of each female: birth date, conformation note,
number of matings, littering date (number of days since
the beginning of the year), number of pups born and
reared in litter in successive reproduction seasons. Ad-
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ditionally, age of reproduction maturity (days), littering
interval (days) and pup losses recorded. Moreover a
part of the females was included in analyses of the
curve of electrical resistiveness of vagina mucus during
the reproduction season, using an omometer. Measure-
ments of electrical resistiveness of vagina mucus, con-
ducted on four pre-oestrus days, during oestrus and on
four post-oestrus days, allowed to determine the type
of electrical resistiveness of vagina mucus in succes-
sive reproduction seasons. Four types of the curve
were distinguished (Przysiecki et al., 1991): A — very
high resistiveness on oestrus day, compared to pre- and
post-oestrus time; B — clearly higher resistiveness on
oestrus day, but decidedly lower than in type A; C — simi-
lar level of electrical resistiveness of vagina mucus on
oestrus day and the days preceding the oestrus day
and on the first post-oestrus days and D — nontypical
curve, characterized by two days of high resistiveness
(two peak curve). The type of vagina mucus resistive-
ness curve was expressed by a discrete scale: type A —
1 point, type B — 2 points, type C — 3 points and type D
— 4 points.

Estimation of reproduction performance included:
easiness and effectiveness of mating, type of vagina
mucus resistiveness curve, littering date and number of
pups born and reared, pup losses during rearing and lit-
tering interval. The estimation was performed separately
in each of the first three reproduction seasons and co-
herently — for seasons 4th to 6th and coherently for all
six seasons.

The effect of karyotype polymorphism on the estima-
tion of female reproduction performance was determined
using the following constant model:

Yik=p+ai+bj+ep

where: p — mean trait value
a, - effect of i birth season
b, — effect of j polymorphic form
e, — effect of random error

Repeatability for analysed traits of reproduction per-
formance was assessed according to:

r= of/(af +a'f)

where: 67 — variance of factors common for all individuals® per-
formances
o? - variance of effects specific for respective perfor
mances of the individual

Variance components were estimated using REML
(Restricted Maximum Likelihood Method). Calculations
were performed using the VARCOMP procedure of SAS
system (SAS, 1998), applying the mixed model:

Yijuim = p + @i + bj + sk + cjki + ejjkim

where: p - population mean
a, - constant effect of i year
b~ constant effect of j polymorphic group

s, — constant effect of k sire group

i
J
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¢,y — random effect of / individual within j polymorphic

group and k sire group

€, — effect of random error
The estimated values of repeatability were trans-
formed from discrete to continuous scale using probit

transfiguration (Zuk, 1989).

RESULTS AND DISCUSSION

The frequency of polymorphic karyotype forms in
the analysed herd (285 females) significantly differed
from average distribution of these forms in other
analysed populations (Switonski et al., 1991a). In the
present study the frequency of polymorphic forms was
as follows: 10.6% (2n = 48), 38.2% (2n=49) and 51.2%
2n=50).

Females with 48 chromosomes conceived for the first
time significantly easier than females of other karyo-
types (Table 1). In the first reproduction season, on av-
erage 1.63 matings were sufficient to conceive females
with 48 chromosome karyotype while other females
needed on average 2.05 and 2.09 matings, respectively.
In the 2nd and 3rd reproduction seasons, more (but not
significantly) matings were needed to conceive females
with 49 chromosomes. In the first reproduction season,
90.0%, 78.0% and 76.0% of females with karyotypes 2n
=48, 2n =49 and 2n = 50, respectively, were conceived.

Table 1. Mean values (; ) and standard deviations (SD) of the
number of matings in successive reproduction seasons, consider-
ing the chromosome number

In the second reproduction season, the highest percent-
age of conceived females (97.0%) was in the group of
females with 50 chromosome karyotype and the lowest
(92.5%) in the group of females with 49 chromosomes.
In the third reproduction season, all females with 48 and
49 chromosomes and 98.0% of females with 2n = 50 con-
ceived. At older age (seasons 4-6), females with 2n = 48
got pregnant harder than other polymorphic groups
(Table 1), but all females from the three polymorphic
groups were conceived. Totally, in 6 reproduction sea-
sons, the lowest number (1.96) of matings needed to
conceive was determined in females with karyotype 2n =
48, which differed them significantly from females with
2n = 49 karyotype and insignificantly from females with
karyotype 2n = 50. Females with 48 chromosomes
showed the highest fertility during 6 reproduction sea-
sons (92.5%) and females with 50 chromosomes the low-
est (88.0%).

Table 2 shows the curves of vagina mucus resistive-
ness in successive reproduction seasons. It should be
underlined that only a small number of females being
used in the 80s was included in this study (Przysiecki ez
al., 1991). In the first and third seasons, females with ka-
ryotype 2n = 48 had vagina mucus resistiveness curves
of type B and C, significantly more frequently than fe-
males of the other two polymorphic forms (Table 2). Due
to these reasons, the mean value of vagina mucus resis-
tiveness in females with 48 chromosomes over 6 seasons

Table 2. Mean values (; ) and standard deviations (SD) of the
type of vagina mucus resistiveness curve in successive reproduc-
tion seasons, considering the chromosome number

Season Raryotype Total
2n =48 2n=49  2n=50
x 1.63AB 2.054 2,098 2.01
I SD 0.61 0.68 0.71 0.70
N 30 109 146 285
x 2.11 2.16 2.04 2.10
11 SD 0.47 0.50 0.57 0.53
N 18 56 65 139
x 2.12 2.27 2.10 2.17
111 SD 0.34 0.55 0.54 0.52
N 16 40 50 106
x 2.20 2.15 2.13 2.15
IV-V  SD 0.41 0.46 0.52 0.47
N 20 53 54 127
x 1.96A 2.134 2.09 2.08
I-vl  SD 0.55 0.58 0.62 0.60
N 84 258 315 657
N = group size

A = mean values in rows denoted by the same letters differ sig-
nificantly at P < 0.05

Season Kayotype Total
2n =48 2n=49  2n1=50
x 1.7348 1.254 1248 132
I SD 0.80 0.49 0.48 0.56
N 15 40 46 101
X 1.57 1.35 1.64 1.53
11 SD 0.79 0.49 0.84 0.73
N 7 20 31 58
x 1.67AB 1.294 1238 129
111 SD 0.71 0.59 0.43 0.48
N 6 17 22 45
¥ 1.50 1.51 1.42 1.46
IV-V  SD 0.55 0.60 0.58 0.57
N 6 22 26 54
x 1.56A8 1.334 1.378  1.38
-Vl SD 0.76 0.53 0.62 0.60
N 34 99 125 258
N = group size

A = mean values in rows denoted by the same letters differ sig-
nificantly at P < 0.05
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differed significantly from the mean values of the other
two polymorphic forms (Table 2). Type A of vagina mu-
cus resistiveness curve allows to find an accurate date of
mating (Przysiecki et al., 1991). Nevertheless, significant
differentiation between the polymorphic forms (Table 2)
suggests that females with 2» = 48 chromosomes, which
had less typical curves, also got pregnant easily and in
the first season and totally in all six reproduction sea-
sons, got pregnant significantly more easily than fe-
males with the other two karyotypes (Table 1).

All three groups of females were characterized by
good fecundity (Table 3). The smallest litters were deliv-
ered by primiparous females. When including sterile
and aborting females (3 females with 48 chromosomes,
24 with 49 chromosomes and 35 with 50 chromosomes),
mean litter sizes delivered by primiparous females dif-
fered significantly and were: 7.83, 6.70 and 6.44 pups
born per litter. Mean sizes of litters delivered by older
females were significantly larger than in primiparous fe-
males (Table 3), which was caused by intensive culling of
females with insufficient fertility and fecundity after the
first two reproduction seasons, especially after the first
one. After the first reproduction season, 12 (49.0%), 53
(48.6%) and 80 (54.8%) of females with karyotypes of 48,
49 and 50, respectively were fit for further breeding.

The higher values of litter size delivered by females
with 48 chromosomes than by females with 49, and es-
pecially, with 50 chromosomes were not confirmed sta-
tistically, mostly due to high variability of the trait (high
SD values) in all three polymorphic groups.

Mean numbers of pups (Table 4) reared by primipa-
rous females with 48, 49 and 50 chromosomes were:
5.63, 6.17 and 5.61. When calculated per one breeding

female, the values were 5.07, 4.82 and 4.27. Rate of cull-
ing after the first and second season clearly improved
the mean size of litters reared in successive reproduc-
tion seasons. In the third season and in subsequent
seasons (4-6) and totally over six seasons, females with
48 chromosomes reared significantly more pups than
their contemporaries with 50 chromosomes (Table 4).
Clear differentiation of litter size in the third and subse-
quent reproduction seasons was caused mostly by the
improvement of pup rearing indexes in litters of all fe-
males in successive reproduction seasons.

Primiparous females started oestrus distinctly later
than older females, which is documented by littering
dates (Table 5). Generally, females with 48 chromosomes
started oestrus earlier than their contemporaries with
other chromosome numbers in each reproduction sea-
son, but the differences were not confirmed statistically.

Table 6 shows the values of repeatability of repro-
ductive traits, before and after probit transformation. A
comparatively low, but clearly differing from zero, value
of repeatability characterized: number of matings, num-
ber of pups born and reared, littering date and length of
littering interval whereas higher repeatability was esti-
mated for pup rearing losses and type of vagina mucus
resistiveness curve. Repeatability values show that
early culling of females with insufficient fertility and fe-
cundity is effective and also, that selection based on
the original litter size is reasonable and might favour ef-
fective selection towards fecundity improvement.

Comparison of the results presented in this study
with quite divergent results of other authors suggests a
distinct relation between polymorphic karyotype forms
and reproductive performance, but their expression

Table 3. Mean values (x ) and standard deviations (SD) of the number of pups delivered by fertile females (a) and calculated per one
breeding female (b) in successive reproduction seasons, considering the chromosome number

Kaigetie Season | Season 11 Season III Seasons 1V-V1 Seasons I-VI
a b a b a b a b a b
X 8.70 7.83 10.00 9.44 10.56 10.56 10.25  10.25 9.38 9.27
2n =48 SD (4.59) (5.09) (3.33) (4.00) (3.63) (3.63) (3.27) (3.27) (3.85) (4.30)
N 27 30 17 18 16 16 20 20 80 84
X 8.60 6.70 9.69 9.00 10.37 10.37 9.53 9.53 9.37 8.35
2n =49 SD (3.59) (4.78) (2.99) (3.82) (3.23) (3.23) (2.60) (2.60) (3.23) (4.22)
N 85 109 52 56 40 40 53 53 230 258
x 8.48 6.44 9.30 9.01 10.00 9.80 9.00 9.00 9.04 7.95
2n =50 SD 3.46 (4.72) (3.13) (3.47) (3.17) (3.44) (3.24) (3.24) (3.230 (4.29)
N 111 146 64 66 49 50 54 54 278 316
x 8.55 6.69 9.54 9.06 10.23 10.13 9.42 9.42 9.26 8.28
Total SD (3.65) (4.78) (3.09) (4.00) (3.24) (3.37) (3.00) (3.00) (3.37) (4.28)
N 223 285 133 140 105 106 127 127 588 658
N = group size
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Table 4. Mean values (;c ) and standard deviations (SD) of the number of pups delivered by females littering (a) and calculated per one

breeding female (b) in ive reproducti considering the chromosome number
Rhryeiyhe Season | Season II Season 111 Seasons IV-VI Seasons I-VI
a b a b a b a b a b
x 5.63 5.07 8.59 8.11 9.694 9.694 8.604 8.604 7.814 7.44A
2n =48 SD (4.74) (4.56) (2.60) (3.23) (3.61) (3.61) (2.28) (2.28) (3.78) (4.05)
N 27 30 17 18 16 16 20 20 80 84
x 6.17 4.82 8.15 7.57 8.758 8.758 7.968 7968  7.48B 6.678
2n =49 SD (3.52) (4.03) (2.75) (3.39) (2.99) (2.94) (2.51) (2.51) (3.19) (3.81)
N 85 109 52 56 40 40 53 53 230 258
x 5.61 4.27 7.76 7.53 7.844 7.684 6.854  6.854  6.76A 5.97A
2n =50 SD (3.39) (3.81) (2.90) (3.16) (3.04) (3.21) (2.60) (2.60) (3.22) (3.73)
N 111 146 64 66 49 50 54 54 278 316
x 5.83 4.56 8.02 7.62 8.47 8.39 7.59 7.59 7.18 6.41
Total SD (3.58) (3.97) (2.80) (3.25) (3.19) (3.23) (2:59) .(2.59) (3.31) (3.83)
N 223 285 133 140 105 106 127 127 558 658
N = group size

A = mean values in rows denoted by the same letters differ significantly at P < 0.05

probably depends on the level of herd performance and
on direction and intensity of selection.

From the genetical point of view, there are two prob-
able reasons of polymorphic effect of karyotype on re-
productive performance of arctic fox. First, females
heterozygous for the translocation might show distur-

bances in chromosome segregation in anaphase of
meiosis I, as it was shown for cows and bulls with
59 chromosomes (Gustavsson, 1969; Refsdal, 1976;
Dyrendahl and Gustavsson, 1979). This effect had no
place in our studies and was not revealed in previous
works. On the contrary, Parkanyi et al. (1988) and

Table 5. Mean values (;’ ) and standard deviations (SD) of littering dates of females in succession reproduction seasons, considering the

chromosome number

Karyotype Total
Season
2n =148 2n =49 2n=0

X 145.93 149.15 147.01 147.70
1 SD 17.86 17.30 16.45 16.93

N 29 89 113 231

x 134.53 135.58 133.69 134.53
1 SD 12.49 13.35 11.78 12.44

N 17 52 64 133

X 134.69 135.35 136.65 135.86
111 SD 14.11 11.11 11.04 11.49

N 16 40 49 105

X 136.75 138.77 140.76 139.30
IV-VI SD 9.46 11.40 16.19 13.39

N 20 53 54 127

x 139.13 141.42 140.94 140.88
1-VI SD 15.01 15.49 15.52 15.43

N 82 234 280 596

N = group size
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Table 6. Values. of repeatability coefficients of traits characteris-
ing the female reproduction performance

Repeatability coefficient

Trait
; d after probit
sstimate transformation

Number of matings 0.147 0.191
Type of vagina mucus

resistiveness curve 0.326 0.487
Littering date 0.248 0.248
Number of pups born 0.215 0.215
Number of pups reared 0.246 0.246
Pup losses 0.325 0.277
Length of littering interval 0.277 0.434

Moller et al. (1985) reported that females with 49 chro-
mosomes had better reproductive performance than fe-
males with 2n = 48 or 50.

The second aspect, related with karyotype polymor-
phism, is associated with potential gene linkage caused
by centric fusion. The linkage of genes coming from
two acrocentric chromosomes, which in karyotype 2n =
50 segregate independently, might result in the fact that
karyotype with fusion (2 = 48 or 2n = 49) might be ad-
vantageous in the case of selection towards traits con-
trolled by these linked genes. Numerous studies, which
indicated distinctly better fertility and fecundity of fe-
males carrying 48 chromosomes (Switonski, 1981;
Switoniski and Nowakowska, 1985; Switonski ez al.,
1991b; Christensen and Pedersen, 1982; Mikinen and
Lohi, 1987; Christiansen ef al., 1986) or 49 chromosomes
(Moller et al., 1985; Parkanyi et al., 1988), and the re-
sults of our study (Tables 1-5) support this explanation.
If we appreciate that selection towards fertility and fe-
cundity, at least partly effective, has been conducted in
the analysed herd for several years, then better fertility
and fecundity of both groups with centric fusion
(Tables 1-5) is another argument for this speculation.
However, the assumed explanation was not supported
by distribution of the polymorphic forms, since the
highest frequency was of female with 2n = 50.

The newest results in mapping human, dog, silver fox
and arctic fox genomes are very helpful in searching of
genes potentially influencing reproductive performance.
Yang et al. (2000) performed comparative studies on
chromosome localisation of microsatellite markers in
dog and silver fox genomes. But specially important is the
method of comparative chromosome painting, which al-
lows to reveal existing homology between chromosomes
of humans, dog, arctic fox and silver fox (Yang et al., 2000;
Graphodatsky e al., 2000). It has been shown that human
chromosomes 23 and 24 correspond to chromosome
15 and part of chromosome 1 of the dog (Graphodatsky et
al., 2000). Canine chromosome 1 contains fragments ho-
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mologous to parts of human chromosomes 6, 9, 18 and
19, while dog chromosome 15 includes fragments ho-
mologous to parts of human chromosomes 1, 4 and 12
(Yang et al., 1999). These results allow to analyse also
human genes, the presence of which is expected in
chromosomes 23 and 24 of arctic fox, in the context of
their potential effect on traits associated with reproduc-
tion.

CONCLUSIONS

The frequency of polymorphic karyotype forms
(10.6% — 2n = 48; 38.2% —2n =49 and 51.2% — 2n=50)
in the analysed animals distinctly differed from distribu-
tion of these forms in animals on other farms. Females
homozygous for the centric fusion (2n = 48) and het-
erozygous ones (2n = 49), were characterised by better
reproductive performance.

The authors tend to explain better fertility and fecun-
dity of females with centric fusion by a favourable
group of linked genes, coming from two acrocentric
chromosomes, which segregate independently during
oogenesis in females with 50 chromosomes. Karyotypes
carrying fusion (27 = 48 and 2n = 49) turned out to be
more favourable in the analysed herd, in which for years
selection has been based on birth date and original litter
size and where the main criterion of female culling was
lowered fertility, insufficient fecundity and big losses of

pups.
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ABSTRACT: We used both in vitro and in vivo models to study immuno- and neuroimmunomodulator effects on cell signalling
at the cellular or organ level of brain (glioma cells) or lymphoid systems. We studied immunostimulators — interleukin 2 (IL2) or
ergot alkaloid agroclavine, dopaminergic (D1) agonist, in comparison with psychotropic drugs — antidepressant fluoxetine or
citalopram of selective serotonin reuptake inhibitor group (SSRI). We assayed signal transduction via heterotrimeric
GTP- binding (G) proteins, and their o subunits Gag/11, Gas and Gail,2 as well as GB subunit levels. The profiles of
Go protein subunits were analyzed using rat natural killer (NK) lymphocytes of RNK16 cell line (CD45+/-), rat C6
glioma cell line and C6 glioma cells transfected (t) with lymphocyte phenotypic markers, prepared by us. We demonstra-
ted similar inhibitory effects of IL2, agroclavine or fluoxetine on RNK16 CD45(-) and C6 glioma cell Gag/11 subunit
levels. Furthermore, adenosine receptor agonist [5'-(N-ethylcarboxamido) adenosine, NECA] effects on Ga subunit pro-
files of C6 glioma- and RNK16 CD45(-) cells were comparable with fluoxetine action. Different Ga profiles of (1)C6
glioma cells or RNK16 CD45(+) lymphocytes were detected, supporting the idea about microdomain rearrangement role
in G protein mediated cell signalling. Finally, antidepressant citalopram induced Ga profile changes of both C6 glioma
cells and brains of in vivo treated rats were comparable. Furthermore, citalopram induced changes of Ga profiles in the rat
brain and the spleen were similar in contrast to distinct thymus response. We can conclude our in vitro and in vivo study,
based on various experimental approaches, that the immune system and the brain can share common properties of mole-
cular regulations during neuro-immunomodulator signal transduction.

Keywords: cell signal transduction; neuroimmunomodulation; G proteins

ABSTRAKT: Na modelu potkana in vitro a in vivo byly studovény zmény hladin heterotrimernich GTP-vazebnych (G)
proteinu. Byl studovan vliv imunostimula&niho interleukinu 2 (IL 2) nebo agroklavinu, ndmelového alkaloidu, a také pu-
sobeni psychofarmak — antidepresiv fluoxetinu nebo citalopramu ze skupiny selektivnich inhibitord serotoninového re-
uptake (SSRI). Byly sledovéany dal3f cile: 1. profily Ga subjednotek bun&k jak mozku (C6é gliomovych), tak imunitniho
systému (pfirozeni zabije¢i — NK, linie RNK16) po ovlivnéni antidepresivem in vitro, vedle pusobeni agonisty adenosi-
nového receptoru (5°-N-etylkarboxamido-adenosin, NECA); 2. moZnost alterace exprese G subjednotek po piisobeni
modulatoru na modifikované povrchové struktury buné&énych linii C6 gliomovych bunék transfekci (t) povrchovymi zna-
ky lymfocytu [(t) C6 gliomové buiiky], tak i RNK16 linie s deficitnim CD 45 znakem vedle RNK16 CD45(+). Prokazali
jsme podobny inhibi&nf vliv IL2, agroklavinu a také fluoxetinu zvla§t¢ na Gag/11 subjednotku RNK16 CD 45(-) a C6
gliomovych buné&k. Pusobeni fluoxetinu nebo NECA na pokles Gag/11 subjednotky bylo srovnatelné u RNK16 CD45(-)
i C6 gliomovych bunék. Profily Ga subjednotek u (t) C6 gliomovych a RNK16CD45(+) byly odli3né po pusobeni modu-
latorti vzhledem k vychozim liniim. Byly také prokézany podobnosti v expresi zvlait¢ Galfa (s) subjednotek jak u C6
gliomovych bungk, tak i in vivo v mozku a slezin& vyvolanych citalopramem. Lze uzavfit, Z¢ uvedené neuro-imunomodu-
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MSM J03/98:412100003, Int. Sci. Progr. CEZ: J16/98:161700001 FVL VFU Brno.
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latory mohou piisobit podobné zmé&ny pfi pfenosu buné&éného signédlu G proteiny do funkné& odli$nych bun&k nebo orga-
novych systému. Na pfenosu signéalu v kaskadé z receptoru pfes G proteiny na efektorové systémy se podili i dalsi

kooperujici membranové struktury.

Klitovi slova: pienos bun&ného signélu; neuroimunomodulace; G proteiny

INTRODUCTION

It is evident that cell cultures represent alternative bio-
assay models to animal experiments. In vitro experiments
employing established cell lines are used in various im-
munological, neurobiological or psychopharmacological
studies to simulate physiological states. There are many
types of effector cells in the immune system, but our at-
tention is focused on natural killer (NK) cells as the
most sensitive effector of the immune response. Fur-
thermore NK cells can be involved in pathophysiologi-
cal mechanisms induced by stress or depression, when
NK cytotoxic activity or NK cell levels are decreased
(Reynaert et al., 1995). On the other hand, interleukin 2
(IL2) stimulates also NK cell mediated immune events
(Al-Aoukaty er al., 1996). Ergot alkaloid agroclavine,
dopamine (D1) receptor agonist, participates in stimula-
tory effects on NK lymphocytes (Fiserova et al., 1997).
On the other hand, C6 glioma (astrocytoma) cell line of
rat origin is used in neurobiological and psychopharma-
cological studies as a model of postsynaptic changes
induced by psychotropic drugs such as antidepres-
sants (Chen and Rasenick, 1995). Antidepressant ef-
fects on C6 glioma cells are studied in acute (up to 24 h)
or in chronic assays, representing drug treatment for
5 days, which is adequate to antidepressant administra-
tion to rats for 3 weeks (Chen and Rasenick, 1995).

The mentioned immunomodulators or antidepres-
sants represent external signals for cells. Signal trans-
duction by GTP- binding proteins (G proteins) is one of
the most widely recognized mechanisms of information
signal transfer across the cell membrane induced by
first messengers, hormones, cytokines, psychoactive
drugs, etc. G proteins are membrane- associated hetero-
trimeric proteins composed of o and By subunits. They
couple membrane receptors (seven transmembrane span-
ning types) to ligands, bioactive molecules, and G pro-
teins affect effector systems directly, then the signal is
processed via signalling pathways within the cell
(Spiegel, 1996). Thus various Go. subunits regulate cell
signal transduction pathways via effector enzymes,
adenylyl cyclase (Gas, Gail,2) and phospholipase C
(Gaqg/11) (Milligan, 1989, 1993; Spiegel, 1996). Function-
ally important is Go subunit with intrinsic GTPase activ-
ity but now B subunit and its active role in signalling
are suggested in relation to phospholipase C (PLC)
(Bristol and Rhee, 1994).

In the family of G protein-coupled receptors, adenos-
ine receptors (P1 purinoceptors) are involved (Loren-

zen, 1997; Jacobson, 1998). In both immune system and
CNS, adenosine is involved in regulation of growth and
differentiation events (Rathbone ef al., 1992). Anxiolytic
activity and psychiatric or neurological relationship to
modulated adenosine receptors have been described
(Lorenzen, 1997).

Our aim was to study in vitro effects of both immu-
nostimulators and neuromodulators — psychoactive
drugs. We estimated effects of neuroimmunomodulators
(IL2 or agroclavine) or antidepressant fluoxetine or cita-
lopram (selective serotonin reuptake inhibitors, SSRI)
on Ga and G subunit profiles of rat C6 glioma cells or
rat NK lymphocytes of RNK 16 line, CD45(+). Common
leucocyte phenotypic CD 45 marker is phosphatase,
regulating signal information processed by protein de-
phosphorylations. Furthermore we used cell lines with
transfected (t) lymphocyte markers, (t) C6 glioma cells,
or RNK 16, CD45 deficient to study the microdomain
arrangement effect on G protein-linked signalling. Pos-
sible role of adenosine receptor agonist (5'-N-ethyl-
carboxamido-adenosine, NECA) on these events was
also analysed. Comparative study of antidepressant ef-
fect in vitro and in vivo using a rat model was per-
formed to study changes in the brain, spleen and

thymus.

MATERIAL AND METHODS
Animals

We used male Wistar rats with initial weight 180-200 g
fed standard ST1 diet and water ad libitum. An antide-
pressant was administered orally each day (Smg/kg) for
3 weeks.

C6 glioma cells

Cells were cultured in MEM medium, pH 7.3 with 5%
fetal calf serum under standard conditions. Confluent
cultures were exposed to an antidepressant (final 1pM)
for 24 h (acute model) or 5 days (chronic model). Then
the cells were washed with PBS, harvested by scraping
with rubber policeman in PBS, containing proteolytic in-
hibitors and cholate membrane extracts were prepared
as described previously (Mare§ et al., 1991; Kovafi et
al., 1997, 1998a).
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Transfected (t) C6 glioma cells. The (t) C6 glioma
cells were prepared by fusion of original C6 glioma cells
with lymphocyte cell surface phenotypic markers from a
microsomal fraction of pig thymus origin (postnatal day
60). Fusion was performed by PEG method (Schramm,
1978). Cells were stabilized up to 85th passage and as-
sayed for inserted lymphocyte determinants every two
weeks (Kovéfil ef al., 1994, 1998c). Treatment of cells
was the same as described for original C6 glioma cells.

NK cells

RNK 16, CD45(+) and RNK 16 CD45(-) mutant NK
cell line were derived from spontaneous rat leukemia
(F344 strain) and were a gift of Dr. Reynolds (NIH,
Bethesda). Cells were cultured under standard condi-
tions in supplemented RPMI 1640 medium and 10% fetal
calf serum. The presence of CD45 membrane marker on
the cell line was repeatedly checked by fluorescence ac-
tivated cell sorter. The modulators were added to cell
suspensions (2.10%ml) in the following final concentra-
tions: r IL2 — 100 U/ml (Sigma), 1pM agroclavine (Ga-
lena, Czech Republic) and 1pM fluoxetine (Elli Lily),
0.1 pM NECA (Sigma) for 17 hours. Cholate membrane
extracts of cell cultures were prepared as described
above. For other details see (Fiderova et al., 1997; Ko-
vétl et al., 1997).

Ga subunit estimation
Ga changes were analyzed by ELISA technique with

our rabbit antibodies to C-terminal dekapeptides of o
chains of Gs, Gil,2 and Gg/11 ( Milligan, 1988, 1993) as a

% of control

Interleukin 2

Agroclavine

B Gag/11 O Gas

commonly used immunoassay based on proportional
comparison of various G alpha subunits. ELISA method
of competitive inhibiton was performed (Ransnas and
Insel, 1989; Lesch and Manji, 1992) and modified by us
using Maxisorp microtitration plates (NUNC) for
noncovalent peptide binding. ELISA estimations were
compared with Western immunoblotting (Kovafi ef al.,
1997, 1998a).

Statistical analysis

The data are expressed as mean values £ S.D. The
differences between experimental samples were evalu-
ated by Student’s r-test for unpaired values.

RESULTS

Figure 1 summarizes Go profiles of both RNK16 CD45
(+) and RNK 16 CD45(-) cells when they were influenced
by IL2 or agroclavine. Both IL2 or agroclavine affected
a marked decrease of Gag/11 (IL2 p = 0.05, agroclavine
p <0.05) and elevation of Gas subunits of RNK16 CD45
(=) (p <0.05). On the other hand, agroclavine induced
an increase of Gag/11 (p = 0.05) and Gas levels of
RNK16 CD45 (+) (p < 0.01). Results show that the in-
crease of Gas in all assays is not CD45 marker depen-
dent. Besides this, minor changes contribute to total
shape of Ga—Gp subunit profiles of both cell models in-
duced by IL2 and agroclavine.

Figure 2 summarizes effects of fluoxetine and NECA
on Cé6 glioma or (t) C6 glioma cells (acute model) and
lymphocytes of RNK 16 CD45(-) line. We estimated fluo-
xetine or NECA induced decrease of Gaq/11 level of

Y
>

=]
[

% of control
o0
o

404

Interleukin 2

Agroclavine

BGa il,2 NGB

Figure 1. Effect of immunomodulators on RNK16 cells C45(-) — a) and RNK 16 CD45(+) - b) on Ga and GP subunit profiles; each

result is the mean of 7-9 ELISA measurements in quadruplicates
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both C6 glioma (p < 0.05) and RNK16 CD45(-) cells
(fluoxetine p < 0.05, NECA p = 0.05) in contrast to
slightly changed Gag/11 or stimulated Gas subunit lev-
els (p < 0.05) of (t)Cé6 glioma cells. Fluoxetine induced
increase of C6 glioma cell G level (p < 0.01) and no
change of G subunit of (t)C6 glioma cells was found.

We analyzed certain lymphocyte phenotypic markers
on (t) C6 glioma cells by fluorescence activated cell
sorter analysis with the following results (%): CD4 9.8,
MHC I1 9.7, pan T 16.1 whereas background of original
C6 glioma cells was at the range 0-0.5%. Modified (t)C6
glioma cells were CD2 or CD8 lymphocyte marker nega-
tive.

Comparative analyses of Ga profiles, summarized in
Figure 3, show citalopram effects (SSRI antidepressant)
on in vitro and in vivo brain, spleen and thymus. /n
vitro and in vivo analyses of citalopram induced
changes in C6 glioma cells or rat brain exhibited a similar
increase of Gas subunit level (p < 0.05). The citalopram
induced effect was similar in brain and spleen Gas sub-
unit profiles (p < 0.05). A different response in both
lymphoid organs was evident, i.e. spleen Ga subunit
profile, as a secondary lymphoid organ was quite differ-
ent from Ga changes in the thymus as a primary lym-
phoid organ.

DISCUSSION

Immunostimulator effects on RNK 16 cells. We
demonstrated immunostimulator (IL2 or agro-clavine) ef-
fects on a marked decrease of Gag/11 level in transmem-
brane signalling of RNK16 CD45 deficient (-) cells in
contrast to elevated Gog/11 subunit of RNK16,

% of control

(t)C6 glioma cells RNK16 CD45(-)
lymphocytes

O Gas

m Gag/ll

CD45(+). Thus the results can indicate that Go.q/11 sub-
unit changes could be related to some influence by
CD45 phenotypic marker, whereas the increased Gou(s)
level in both cell systems was not probably CD45 de-
pendent. The CD45 marker is phosphatase, regulating
protein dephosphorylations and phosphatase inhibitors
involve also okadaic acid (Ramamoorthy ef al., 1998). In
our preliminary experiments, we studied okadaic acid ef-
fects on an immunostimulator (agroclavine or IL2) influ-
encing Ga subunit expression of RNK 16 CD45(+/-)
cells in possible relation to the CD45 role.: In spite of
okadaic acid evoked differences in Ga subunit levels in
both cell line subtypes the problem is not resolved and
membrane and cytosolic proportion of okadaic acid in-
duced inhibitions could be assayed (Kovati and Fige-
rova, in preparation).

Antidepressant effects on RNK 16 and C6 glioma
cells. The fluoxetine effect on C6 glioma cells or RNK 16
CD45(-) was associated with markedly decreased Gog/11
level. On the other hand, transfected (t) C6 glioma cells
and RNK16 CD45 (+) displayed different Ga. changes.
Differences in Go subunit profiles between fluoxetine
evoked C6 glioma- and (t) C6 glioma cells as well as
RNK16 CD45(+) vs CD 45(-) cells as postreceptor
events can be related to altered Ga subunits containing
membrane microdomains. Differences between fluoxe-
tine evoked C6 and (t) C6 glioma cell Ga subunit pro-
files as postreceptor events can be related to altered Go
subunit containing membrane microdo-mains, as sug-
gested recently (Kovari et al., 2000).

The effect of fluoxetine on lower membrane Gog/11
content of C6 glioma cells was confirmed by both trans-
location of this subunit into cytosol and decreased 1,4,5
IP3 formation by phospholipase C of C6 glioma cells
(Kovatt, 1997, 1998b). Effector phospholipase C is regu-

160

120 |

80 |

% of control

40 |

0 - T
C6 glioma cells  (t)C6 glioma cells RNK16 CD45(-)
lymphocytes

B Gail,2 N GB

Figure 2, Effect of fluoxetine — a) and NECA - b) on Ga. and G subunit profiles; each result is the mean of 8-10 ELISA measurements

in quadruplicates
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lated by Gag/11 but Gf subunit can also be involved in
modulation of this enzyme (Bristol and Rhee, 1994).

Fluoxetine or adenosine agonist NECA effects. An
other mechanism of neuroimmunomodulation in relation
to Ga profiles can be related to adenosine receptor, as
analyzed by NECA. Our results (Figure 2) indicated simi-
lar effects of fluoxetine or NECA on decreased Gag/11
subunit of C6 glioma or RNK 16 CD45(-) cells. These
agents can act on a similar effector system, because
both NECA or fluoxetine effect on C6 glioma cells
evoked similar levels of decreased Gag/11 subunit and
lower 2nd messenger 1,4,5 IP3 formation produced by
PLC (Kovatt ef al., 1997). Recently NECA was esti-
mated as agonist of A3 adenosine receptor and this re-
ceptor subtype is able to regulate signalling via PLC
(Abracchio et al., 1995; Palmer ez al., 1995).

We also studied consequences of fluoxetine affected
cell signalling into C6 glioma cells and apoptosis was
demonstrated in some cells in contrast to no change in-
duced by the antidepressant amitriptyline (Spanova et
al., 1997). Furthermore, dose dependent NECA concen-
trations eliminated the fluoxetine induced Goig/11 inhibi-
tion of C6 glioma cells but an amplifying NECA effect
on fluoxetine evoked apoptosis was observed (Kovari
et al., in preparation).

Neuroimmunomodulation induced by citalopram.
Citalopram was able to induce similar Go profiles in rat
brain and spleen. Results indicate that antidepressant
induced changes in cell signalling via Go profiles can
be similar in functionally different organ systems. Com-
parison of Ga profiles in the spleen, secondary lymphoid
organ, and in the thymus, primary lymphoid organ, re-
flects probably T-B cell dichotomy. In agreement with
this study, we also demonstrated different Go subunit
profiles in the spleeen and thymus during ontogenetical
pig development (Kovéfi et al., 1998a). We conclude
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Figure 3. Effect of citalopram in vitro,
each result is the mean of 7-9 measure-
ments, in vivo, n = 6 animals. For other
details see Fig. 1

Thymus in vivo

our in vitro and in vivo study, based on various experi-
mental approaches, that immune system and brain can
share common properties of molecular regulations during
transducing neuro-immunomodulator signal(s). Further-
more, our results indicate that membrane microdomain re-
arrangement involving structures with coregulatory
properties can participate in neuro-immunomodulator me-
diated G protein signalling in cells of brain or immune
system. Thus a convergence principle in relation to ex-
pression of changes in Gaq/11 mainly of different cell or
organ systems to modulatory action by various agents-
immunostimulators or antidepressant fluoxetine can be
taken in account in our study. In spite of our findings
more detailed knowledge remains to be elucidated in
this area.
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Fattening performance and slaughter value of the offspring
of Black and White cows and Welsh Black bulls

Vykrmnost a jate¢nd hodnota potomstva po ¢ernobilych dojnicich
a velSskych €ernych bycich

Z. NoGALSKI, Z. KIJAK

Warmia and Masuria University, Department of Cattle Breeding, Olsztyn, Poland

ABSTRACT: The fattening performance and slaughter value of Welsh Black and Black and White crossbred young bulls
and heifers were compared to Black and White young bulls and heifers. Fattening was conducted from 181 to 540 days of
age, then the animals were slaughtered. The crossbreds had lower daily weight gains and lower final body weight compa-
red to the Black and White cattle, but they also consumed more nutrients per 1 kilogram of weight gain. The crossbree-
ding of the Black and White breed with bulls of the Welsh Black breed was found to have a positive effect on the
slaughter value of crossbreds: they achieved higher dressing percentage and larger eye-muscle area; the shoulders dissec-
ted from these animals had a superior tissue composition.

Keywords: beef cattle; crossbreeding; Welsh Black breed; fattening performance; slaughter value

ABSTRAKT: Porovnévali jsme vykrmnost a jategnou hodnotu by&ku a jalovic — kfiZzencu plemene vel3ské ¢erné a Cerno-
bilého plemene — s bytky a jalovicemi &ernobilého plemene. Vykrm se uskute¢nil mezi 181. a 540. dnem vé&ku, potom
byla zvitata poraZena. K¥iZenci méli ve srovnani s éernobilym skotem niZ&i denni hmotnostni piristky a niz3i kone¢nou
télesnou hmotnost, a pfitom také spotfebovali vice Zivin na 1 kg pfirastku. Zjistili jsme, Ze kiiZenim &ernobilého plemene

INTRODUCTION

Since the Polish Black and White cattle are improved
by crossing them with the Holstein-Friesian breed, the
primary method to increase beef production, and espe-
cially the quality of meat, is by fattening more F, cross-
bred animals.

Good quality beef is tender, juicy, red in colour and
good in taste. Dry or tough meat of insufficient acidity
is more perishable, and as such it is less suitable for
processing or trade (Neumann and Martin 1991; Schwark,
1993). Meat that does not hold water efficiently is also
imperfect as it loses much weight during heat treatment
and goes off more quickly (Zieminski et al., 1982). Pure
beef breed animals or crossed with dairy breeds pro-
duce better quality meat compared to dairy breeds
(Klupczynski et al., 1985; Meller and Wronski, 1991;
Neumann and Martin, 1991). The decision which beef
breed should be selected for mating with dairy cattle de-
pends on economic and natural conditions as well as on
the production system and its objective.

68

The Welsh Black breed is a semi-intensive beef
breed. It is kept mainly in the south-west of Great Brit-
ain. In the 1970’s the British began exporting the Welsh
Black cattle to the USA, Canada, Germany, South
America and other parts of the world (Averbeck et al.,
1990). The Welsh Black, which was produced in the
rough climate of Wales, is a medium-sized, frequently
horned, hardy breed, with a high efficiency of fodder
conversion. The Welsh Black cows are high yielding, so
aided by their strong maternal instinct they are capable
of raising their offspring quickly and effectively
(Rottger, 1993). In Germany, the Welsh Black cattle are
reared in remote parts of the country, unsuitable for
more intensive agricultural production, or in parks and
nature reserves. This practice respects the natural envi-
ronment, but it also creates a possibility to produce
beef at minimum costs (Schwark, 1993; Weiher, 1980).
Easy calving is one of the obvious advantages of the
breed, so either the Welsh Black bulls are mated with
dairy breed heifers or the cows are used for producing
beef crossbreds (Frelich and Millar, 1993).
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This paper presents the results of one of many ex-
periments conducted at the Department of Cattle Breed-
ing of the University of Agriculture and Technology in
Olsztyn, Poland, to evaluate the use of beef breeds for
commercial crossing under the natural conditions in the
north-east of Poland. The objective of this study was to
assess the fattening performance and slaughter value of
male and female offspring produced by crossing the
Welsh Black with Black and White breeds.

MATERIAL AND METHODS

The study was conducted on 22 F, crossbreds of the
Black and White cows and the Welsh Black bulls (wb x
cb; 11 young bulls and 11 heifers) and 28 Black and
White purebreds (cb; 14 young bulls and 14 heifers).
The calves were purchased at the age of 3—4 months
and the control fattening was carried out from 181 to
540 days of age. The animals were fed grass silage con-
sumed ad libitum and supplemented with 2 kg of con-
centrate and 2 kg of meadow hay. The animals were kept
in tie stalls with bedding. The troughs were adjusted to
individual feeding. The animals had a continuous ac-
cess to water and salt lick. The fodder and the leavings
were weighed. The nutritive value of fodder was
analysed in a laboratory once a month. The body
weight and daily gain were checked once a month, by
weighing the young bulls and heifers in the morning be-
fore feeding. On day 540 of age the following measure-
ments were made: height at withers, width at chest,
depth at chest, chest girth, diagonal body length, spiral
thigh circumference measure and cannon bone circum-
ference. Massiveness index was computed from the for-
mula: chest girth x 100/ height at withers.

Table 1. Body weight, daily gain and average intake of nutrients per 1

When the fattening was terminated, the animals were
fasted for one day and then slaughtered. The carcasses
were left to cool for 24 hours and then dissected into
cuts according to the method of Chrzaszcz and Janicki
(1962). Between thoracic vertebras X and XI the eye-
muscle area was taken. The right-side shoulder was dis-
sected in great detail. The quality of meat was evaluated
by examining the musculus longissimus dorsi in the
three-rib region, sampled 24 hours after slaughter. The
following parameters were determined: the content of
dry matter, fat, crude protein and crude ash, physical,
chemical and sensory properties according to the com-
monly applied methods (Grau and Hamm, 1963; Wajda et
al., 1992/93). Sensory analysis was carried out by a
panel commission; the test included aroma, juiciness,
palatability and tenderness at a 5-point scale (Baryiko-
Pikelina, 1975).

The data were processed statistically by one factor
analysis of variance in a nonorthogonal design, using
Winstat computer software.

RESULTS AND DISCUSSION

The initial body weight of the animals, at 180 days of
age, did not differ between the groups (Table 1, Figure 1).
During fattening we could observe some effects of the
genotype and sex on the rate of growth. The pure Black
and White bulls and heifers had higher weight gains, so
their body weight at 540 days of age was higher in com-
parison with the wb x cb crossbreds. Mean differences
between the bull groups were 0.074 kg in daily gain and
33.4 kg in final body weight. The differences were sta-
tistically significant. Mean energy consumption per
1 kg of gain during 365 days of the fattening period was

kg weight gain

Specificati Bulls Significance Heifers Significance
peclitcation wb x ¢b cb of difference wh % cb cb of difference
Sample size 11 14 11 14
Body weight at 180 days of age (kg) x 154.3 160.7 - 145.8 149.0 -
v 16.72 3.91 10.36 10.40
Body weight at 540 days of age (kg) x 420.2 453.6 X 394.6 408.7 -
v 10.55 5.97 8.63 9.13
Daily gain from 181 to 540 days x 0.728 0.802 X 0.687 0.711 -
of age (kg) v 8.52 8.83 11.50 10.27
Intake per 1 kg weight gain B
net energy (MJ) x 5.59 52.4 - 61.9 59.9 -
v 10.36 12.18 16.70 14.49
crude digestible protein (g) X 802 780 = 869 829 =
v 10.32 11.71 15.98 16.10
dry matter (kg) x 9.53 9.19 - 10.6 10.22 -
v 10.39 12.51 16.23 14.77

x = significance of difference at p < 0.05
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higher in the case of the crossbreds, but the differences
were not confirmed statistically. As regards the sex, the
heifers had lower gains (especially in the second stage
of fattening) and higher energy consumption. The rela-
tionship between the genotype or sex and the consump-
tion of digestible protein or dry matter per 1kg weight
gain resembles the analogous relationship for energy
consumption.

Two measurements: height at withers and diagonal
body length, were different for the two genotypes irre-
spective of the sex. The Black and White pure cattle
were significantly longer and taller. In the male cattle,
the Black and White bulls had significantly larger chest
girth and chest depth compared to the crossbred bulls.
But as for the heifers, the Black and White animals ob-

tained a significantly higher massiveness index (Table 2),
which confirms the massiveness of the body frame of
the Welsh Black breed described by other authors
(Frelich and Millar, 1993; Rottger, 1993). Sex had an ef-
fect on the growth of the animals — the heifers were
lower, their bodies were shorter and narrower, and their
bones were thinner when compared to the bulls. The
differences have confirmed the well-known fact that
heifers have a lighter frame and are smaller than bulls.
The results concerning some characteristics of
slaughter value reveal large differences between the ge-
netic groups and between the sexes (Table 3). Differ-
ences in body weight before slaughter corresponded to
differences in weight at the end of fattening. A highly
significantly higher slaughter value (3.56%) for bulls

Table 2. Body measurements and massiveness index at 540 days of age

Specificati Bulls Significance Heifers Significance
pecitication wb x cb cb of difference wh X cb cb of difference
Sample size 11 14 11 14
Height at withers (cm) x 118 122 XX 117 120 X
v 2.82 2.36 3.53 1.85
Width of chest (cm) x 36 37 = 36 36 -
v 8.60 6.75 10.90 8.11
Depth of fore chest (cm) X 60 64 XX 59 61 -
v 10.04 3.17 8.62 3.58
Chest girth (cm) x 169 175 X 168 169 -
v 6.28 2.29 4.89 3.82
Diagonal body length (cm) x 133 136 X 131 134 X
v 3.87 2.59 5.03 1.95
Spiral thigh circumference (cm) X 174 174 - 170 169 -
v 4.38 3.23 4.96 3.39
Cannon bone cirumference (cm) x 20.2 19.7 - 17.8 17.8 -
v 2.23 5.26 6.31 2.50
Massiveness index (%) x 143.2 143.4 = 143.6 140.8 x
v 3.87 2.45 5.03 3.52

x = significance of difference at p < 0.05, xx = significance of difference at p < 0.01
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and 3.60% for heifers) was recorded in the case of the
cross-breds. The sex did not cause any variations in
slaughter value, but was related to the fat content. The
heifers had a higher deposition of internal fat than the
bulls, which can be attributed to the fact that female
cattle mature earlier and deposit larger amounts of fat.
According to Jasiorowski et al. (1993), the eye-muscle
area is positively correlated with the content of inter-
muscular fat, which plays an important role for the
evaluation of meat for cooking. The eye-muscle area

Table 3. Parameters of slaughter value

was significantly larger for the crossbred cattle than for
the purebred animals, and for the heifers the difference
(9.4 cm’) was statistically confirmed. The tissue compo-
sition of the dissected shoulders was more favourable
in the cross-breds. Significant differences were ob-
served between the heifers, where the shoulders of the
crossbreds (wb x cb) contained 2.26% more meat and
1.27% more fat, but 0.99% less bone than the shoulders
of the pure Black and White breed.

Specificati Bulls Significance Heifers Significance
pESIRARON wh X ¢cb ¢cb of difference wh X ¢cb cb of difference
Sample size 11 14 11 14
Weight before slaughter (kg) x 388.58 423.9 XX 364 368.9 -
v 8.58 6.38 8.11 8.40
Dressing percentage (%) ¥ 56.54 52.98 XX 56.90 53.30 XX
v 2.78 2.64 2.50 2.83
Internal fat (kg) x 11.63 11.26 - 16.33 16.2 -
v 24.50 12.72 21.40 18.75
Eye-muscle area (cm?) X 79.7 76.3 - 68.9 59.5 X
v 13.10 13.15 8.86 12.20
Proportion of 5 valuable cuts x 64.14 63.44 - 63.12 61.98 -
in half-carcass (%) v 1.93 3.81 4.62 4.83
Proportion in shoulder (%) 3 77.25 76.26 - 76.61 74.35 XX
lean v 2.34 13.11 4.11 2.16
fat (MJ) X 5.54 5.92 = 7.43 8.70 -
v 21.00 14.17 15.78 14.15
bones x 17.21 17.82 - 15.96 16.95 X
v 6.25 7.64 4.82 4.71
x = significance of difference at p < 0.05, xx = significance of difference at p < 0.01
Table 4. Physico-chemical properties and content of dry matter, fat, protein and ash in muscles longissimus dorsi
. . Bulls Significance Heifers Significance
Specification wb % cb ¢b of difference wb x cb ¢cb of difference
Sample size 11 14 11 14
Dry matter (%) % 24.53 24.31 - 25.47 26.36 X
v 3.42 1.97 4.58 3.75
Fat (%) x 1.69 1.48 - 2.26 3.07 XX
v 18.34 19.59 22.12 14.66
Crude protein (%) X 21.49 20.97 - 21.94 21.81 -
v 3.77 2.34 237 3.30
Ash (%) x 1.13 111 - 1.12 1.10 -
v 4.42 2.70 5.36 1.82
Water retention (%) x 7.55 5.80 - 9.08 8.56 =
v 37.88 24.23 18.39 16.94
Colour (%) x 12.10 8.30 XX 13.60 11.90
v 18.84 16.06 19.04 20.92
pH x 6.37 6.36 - 5.82 5.52 X
v 5.49 6.60 5.33 4.53

x = significance of difference at p < 0.05, xx = significance of difference at p < 0.01
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Table 5. Sensory characteristics of meat, points

Specificati Bulls Significance Heifers Significance
PECLIEAION wb x cb cb of difference wb x cb cb of difference
Sample size 11 14 11 14
Aroma — intensity x 4.70 4.75 = 4.35 4.60 =
v 7.45 8.84 7.82 8.48
Aroma — desirability X 4.75 4.85 2 435 4.65 X
v 7.37 7.01 7.82 7.10
Tenderness x 4.45 4.80 - 4.10 4.10 -
v 14.38 5.21 14.88 9.51
Juiciness X 4.40 4.80 x 4.25 4.15 =
v 11.59 5.21 11.29 7.95
Palatability — intensity x 4.50 4.85 - 4.20 4.10 -
v 12.67 4.95 13.81 5.12
Palatability — desirability x 4.55 4.80 = 4.25 4.20 -
v 12.97 5.20 13.65 8.10

x = significance of difference at p < 0.05

The meat produced by the crossbred heifers had a
significantly lower dry matter content relative to the
meat of the purebred heifers (Table 4). Higher dry matter
content is related with higher fat content, which is sug-
gested by the results quoted by other authors (Mielnik,
1990; Wajda et al., 1992). The meat of the Black and
White heifers contained 0.81% more fat than the meat of
the crossbreds; the difference was highly significant.
As regards the bulls, the crossbreds showed a slightly
higher fat content. According to Doroszewski’s results
(1972), the content of fat determined in the experiment
was sufficient to maintain the desired culinary value of
the meat. No significant differences in the content of
protein or ash were recorded. The content of protein
was similar to the values cited by Meller and Wronski
(1991) and Wajda et al. (1992/93). The concentration of
the components in the tissue did not vary as much as in
some other studies (Klupczynski et al., 1985; Wajda et
al., 1992/93).

Acidity and colour of meat are also important indica-
tors of its quality. The meat of the crossbreds had a
higher pH value and brighter red colour than the meat
of the Black and White purebred cattle. It can be hy-
pothesized that one of the causes of the differences in
pH and colour was different sensitivity to stress before
slaughter. Regarding the sex, the meat of bulls, regard-
less of the genotype, was darker in colour and its pH
exceeded 6.2, which is the commonly assumed limit
value between normal meat and meat with DFD defect
(dark, firm, dry meat). Water retention was less favour-
able in the case of the meat of heifers because the lower
pH of this meat impairs electrostatic forces which bind
particles of water, so consequently it impairs the capac-
ity of meat to retain water (Klupczynski et al., 1985).
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Organoleptic indicators of meat quality were over
4 points, which means the meat was of a very high qual-
ity (Table 5). Statistically confirmed differences were
found out only for the juiciness of meat from bulls and
the aroma of meat from heifers. The meat from the Black
and White bulls was significantly more juicy than the
meat from the crossbreds, and the meat from the pure-
bred heifers had a more desirable aroma than the meat
from the crossbred heifers. As regards the sexes, the
meat from bulls scored better in all the sensory tests.

CONCLUSIONS

1. The results failed to prove a favourable effect of
crossing the Black and White cattle with the Black
Welsh bulls on the fattening performance of the cross-
bred cattle. The crossbred animals produced lower
weight gains and lower slaughter weight. They also
consumed more nutrients per 1 kg of weight gain.

2. Slaughter value of crossbred cattle was slightly
higher. Relative to purebred cattle, the crossbred ani-
mals had a higher dressing percentage, larger eye-
muscle area and better tissue composition of the
shoulder. No improvement in meat quality was observed
in crossbred versus purebred animals.
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Changes in ewe milk composition depending on lactation stage
and feeding season

Zmeény ve sloZeni ov¢iho mléka v zavislosti na fazi laktace a krmném
obdobi

Z. ANTUNOVIC!, Z. STEINER', P. SENCIC', M. MANDIC, T. KLAPEC

Ig, aculty of Agriculture, zFaculty of Food Technology, University of J. J. Strossmayer in Osijek, Croatia

ABSTRACT: Ewe milk contains relatively a high amount of total solids, fats and proteins but milk composition changes
depending on breed, stage of lactation, climatic conditions, feeding, health and herd. The aim of these investigations was
to find out the impact of lactation stage and feeding season on ewe milk composition during the lamb sucking period.
Biological investigations were carried out with 15 ewes of Wiirtemberg breed till the 60th lactation day (all ewes were in
the fourth and fifth lactation). The investigations comprised two feeding seasons (winter and summer). The winter fee-
ding period started on 1 October whereas the summer one started on 1 May, i.e. in the third month of ewe pregnancy. It
finished by their dryness. The ewes were housed in stable boxes and fed grains mixture (300 g daily) containing 60% of
oats, 30% of maize and 10% of soybean meal as well as meadow hay (ad libitum). The ewes grazed in the summer
feeding period. The stage of lactation and feeding season (winter and summer) considerably affected ewe milk compositi-
on in the lamb sucking period (2nd to 60th day). The highest concentrations of basic constituents of ewe milk (fats,
proteins, total solids and solids non-fat) were in colostrum (2nd day), except lactose, followed by their decrease on 10th
and 30th lactation day and increase on 60th lactation day. The content of macro (Ca, P, K, Na and Mg) and microele-
ments (Fe, Zn and Cu) was also highest in colostrum (2nd day) followed by their milk concentration decreasing and
increasing on the 60th lactation day. Ca and Mg concentrations considerably differed depending on the feeding season. In
general, higher K and Fe concentrations were determined in the summer whereas P and Na in the winter feeding season.
Significant variations were also determined for Zn and Cu concentrations.

Keywords: ewe milk; milk composition; macroelements; microelements; colostrum; stage of lactation; feeding season

ABSTRAKT: Ov¢i mléko obsahuje relativng vysoké mnoZstvi celkové susiny, tuki a bilkovin, ale sloZeni mléka se mé&ni
v zévislosti na plemeni, fazi laktace, klimatickych podminkéch, vyZivé, zdravotnim stavu a chovu. Cilem na8ich Setfenf
bylo zjistit vliv faze laktace a krmného obdobi na sloZeni ov&iho mléka b&hem séani jehiiat. Biologickd pozorovani jsme
provadéli na 15 bahnicich plemene wiirtemberg aZ do 60. dne laktace (v8echny bahnice byly ve 4. a 5. laktaci). Pozorova-
ni zahrnovala dv& krmné obdobi (zimni a letni). Zimni krmné obdobi zacalo 1. fijna, letni krmné obdobi zadalo 1. kvétna,
tj. ve 3. mé&sici gravidity bahnic. Skon¢ilo jejich zaprahnutim. Bahnice byly ustdjeny ve stajovych boxech a dostavaly
koncentrovanou krmnou smés (300 g denng), kterd obsahovala 60 % ovsa, 30 % kukufice a 10 % extrahovaného sojového
Srotu. Déle dostavaly luéni seno (ad libitum). V letnim krmném obdobi byly bahnice na pastv&. Faze laktace a krmné
obdobi (zimni i letni) ovlivnily do zna¢né miry sloZeni ov&iho mléka b&¢hem sani jehiiat (od 2. do 60. dne). Nejvyssi
koncentrace zakladnich sloZek ov&iho mléka, s vyjimkou laktézy (tuku, bilkovin, celkové suiny a beztukové susiny),
jsme zjistili v kolostru (2. den), potom 10. a 30. den laktace do3lo k jejich poklesu a 60. den laktace nésledoval jejich
vzestup. Obsah makroprvkid (Ca, P, K, Na a Mg) i mikroprvki (Fe, Zn a Cu) byl nejvy3si rovnéZz v kolostru (2. den),
poté nasledoval pokles jejich koncentrace v mléku a 60. den jejich vzestup. Koncentrace Ca a Mg byly zna¢né odli¥né
v zavislosti na krmném obdobi. Obecné Fe€eno, vy33i koncentrace K a Fe jsme zjistili v 1ét€, zatimco v zimnim krmném
obdobi byly zjistény vy3si koncentrace P a Na. Vyznamné kolisani jsme zaznamenali u koncentrace Zn a Cu.

Klitov4 slova: ov&i mléko; sloZeni mléka; makroprvky; mikroprvky; kolostrum; faze laktace; krmné obdobi
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INTRODUCTION

One of the main ewe products is certainly milk. Al-
though it cannot be compared with cow and recently
with goat milk regarding the world production level, its
importance is reflected in higher feeding value. Due to
ewe milk richness in fats, proteins and minerals it is an
especially valuable food of human nutrition. The high-
est content of fats, proteins, minerals and total solids in
ewe milk followed by goat and finally cow milk was de-
termined by Hadjipanayiotou (1995). Ramos and Juares
(1981) as well as Storry ez al. (1983) stated that ewe milk
contained more fat, proteins, Ca, Mg and P than cow
milk. Milk composition and quality are influenced by a
large number of factors such as: breed, climatic condi-
tions, feeding, health and growth of ewe (Bencini and
Paulina, 1997). Pugliese et al. (2000) stated that milk
composition depended on genetic and environmental
conditions. The effect of lactation stage on ewe milk
composition was determined by Peart (1975), Jelinek et
al. (1993), Maria and Gabina (1993), Gonzalo et al.
(1994), Fuertes et al. (1998) whereas the season effect
was observed by Carta et al. (1995).

Since lamb vitality and productivity at the initial in-
crease considerably depend on ewe milk composition,
this investigation was aimed at determination of the ef-
fect of lactation stage and feeding season on ewe milk
composition in the lamb sucking period.

MATERIAL AND METHODS
Selection, keeping and feeding of the ewes

Biological investigations were carried out with
15 ewes of Wilrtemberg breed till the 60th lactation day.
All ewes were in the fourth lactation in winter feeding
season whereas in summer feeding season they were in
the fifth lactation. Winter feeding period lasted from
1 October, when selected ewes were in the third preg-
nancy month, to 29 January when they were dry. Ewes
were inseminated on 20th day after dryness. Summer
feeding period started on 1 May, when ewes were in the

Table 1. Feed chemical composition (%)

third pregnancy month and finished on their dryness on
18 September. The ewes were at the average age of four
years, healthy and in good condition. In the winter feed-
ing season the ewes were housed in stable boxes and
fed grain mixture (60% of oats, 30% of maize and 10% of
soybean meal) 300 g daily and meadow hay (ad /ibitum)
whereas in the summer feeding season they were ex-
posed to rotation pasture. On their return to the stable
ewes consumed hay ad libitum. The ewes were given
salt lick and fresh water (ad /ibitum) in both (winter and
summer) feeding seasons.

Feed consumption and analysis

Feed samples (mixture of grains, meadow hay and
pasture green mass) were taken on 2nd, 10th, 30th and
60th lactation day prior to milk sampling for chemical
analysis. Contents of some feed nutrients (Table 1) were
analyzed by common chemical methods (AOAC — As-
sociation of Offical Agricultural Chemists, Method of
Analysis, 10th ed., Washington D. C., 1960).

Crude proteins were determined by Kjehldahl method
whereas crude fiber by Henneberg and Stochman
method. Ash content was determined by sample burn-
ing in a Muffol oven at a temperature of 550°C for two
hours and crude fats by Soxhleth method. Dry matter
content was determined by sample drying at a tempera-
ture of 105°C for 1 hour until constant weight was
reached. Then feed samples were destroyed by a wet
procedure (Vukadinovi¢ and Berti¢, 1988) and prepared
for determination of mineral composition. Feed mineral
composition (Table 2) was seen on an atomic absorption
spectrophotometer (Perkin Elmer 1100 B, Norwalk, Con-
necticut, USA) whereas phosphorus was determined by
a spectrophotometric “Blue method” with ammonium
molybdate (Vukadinovi¢ and Berti¢, 1988).

Milk sampling and its analysis

Ewe milk samples were taken two hours after the first
lamb sucking (about 10 o’clock a.m.), after ewe feeding,

Feeding season
Component winter summer
. " green herbage
mixture of grains  meadow hay
2nd day 10th day 30th day 60th day
Crude proteins 13.25 11.51 25.82 23.45 19.32 16.61
Crude fiber 6.19 29.87 11.80 13.34 20.45 21.20
Crude ash 232 8.42 9.06 8.51 9.33 8.59
Crude fat 4,51 4.27 2.11 241 2.76 3.30
Dry matter 90.23 91.99 21.14 16.56 18.61 21.00
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on 2nd; 10th; 30th and 60th lactation day when ewes
were gradually drying off. Prior to milk sampling udders
were washed in luke-warm water and disinfected with
the product “Plivasept” (Pliva, Croatia) before and after
milking. The milking was carried out in special small
bottles intended for field milk sampling amounting to
100 ml of milk per ewe during one sampling. Chemical
analyses of ewe milk taken in the stage of lactation
highly in the laboratory of the milk industry “Mia”
Osijek, two hours after sampling whereas the content of
some matters (fats, proteins, lactose, total solids and
solids non-fat) was determined on an apparatus MILCO
SCAN FT 120 (Foss Electric, Hilleroed, Denmark) that
was calibrated for ewe milk. Milk samples were digested
using a microwave system Star 2 (CEM Corporation,
Matthews, North Carolina, USA). On average 5 ml of
milk was pipetted into the 200ml cylindrical flask which
was then connected to the instrument. The digestion
programme given in Table 3 is an adaptation of the
programme for milk digestion found in the manual sup-
plied with the instrument. Initial reagents were concen-
trated HNO; (10 ml) and concentrated H,SO4 (3 ml).
Resulting digestate was diluted to 50 ml with water.
Mineral (Ca, K, Na, Mg, Fe, Cu and Zn) concentra-
tion was seen on an atomic absorption spectrophotom-
eter Perkin Elmer 1100 B whereas P concentrations were

Table 2. Feed mineral composition

determined by a spectrophotometric “blue method” with
ammonium molybdatae (Vukadinovié and Berti¢, 1988).

Statistical analysis

Finally, basic statistical processing (one-way analy-
sis of variance) of experimental data on the investigated
properties was carried out, using a computer program
for the analysis of variance (Vukadinovié¢, 1985).

RESULTS
Basic ewe milk composition

Results of the ewe milk chemical analysis depending
on the stage of lactation and feeding season are pre-
sented in Table 4.

Basic ewe milk composition during lactation. Statis-
tically highly significantly (P < 0.01) higher contents of
fats, proteins, total solids and solids non-fat were deter-
mined in ewe colostrum during the second lactation day
in both feeding seasons compared to measurings per-
formed on 10th, 30th and 60th lactation day. Only colos-
trum lactose concentrations were the lowest ones (2nd

Feeding season

Elements winter summer
mixture of grains  meadow hay greshechage —
2nd day 10th day 30th day 60th day
Macroelements (%)
Ca 0.624 0.654 1.201 1.093 0.945 1.038
32 0.543 0.349 0.470 0.461 0.526 0.458
0.571 2.670 2.395 2.687 2.704 2.191
Na 0.217 0.123 0.192 0.188 0.179 0.201
Mg 0.135 0.130 0.203 0.205 0.250 0.295
N 1.960 1.491 4.130 3.750 3.091 2.658
Microelements (mg/kg)
Fe 240.38 262.02 367.5 295.2 289.4 468.4
Zn 38.16 28.83 36.85 40.36 43.41 46.64
Cu 12.58 8.94 13.24 12.70 12.38 11.96
Table. 8, Misconnvs. digaation progianie d-ay). in both fe.eding seasons. Thus, statistically highly
significantly higher (P < 0.01) lactose concentrations
Step were determined on 10th, 30th and 60th lactation day.
1 2 3 A decrease in most the milk constituents (except lac-
Reagent = FNO, H,0, Fose) was recorded on 10th lactation day in both feed-
Volume (ml) = 0mlalm 20miaim 18 SCAsONS.
Temperature (°C) 120 240 200
Time (min) 0 4 8
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Ewe milk on 30th day had the lowest values of most
constituents (fats, proteins, total solids and solids non-
fat) in both feeding seasons.

Ewe milk analysis carried out on 60th lactation day
showed an increase in the investigated constituents in
both feeding seasons. The highest lactose content was
recorded at the end of lactation (60th day) in both feed-
ing seasons.

Basic ewe milk composition during the feeding sea-
sons. As for ewe colostrum analyses (2nd day), no sig-
nificant differences were determined in constituents
between the feeding seasons. Statistically highly sig-
nificantly (P < 0.01) higher content of lactose and solids
non-fat compared to winter feeding season was deter-
mined in ewe milk on 10th lactation day in summer feed-
ing season.

Statistically significantly (P < 0.05) higher content of
milk fat and total solids was found on 30th lactation day
in winter compared to summer feeding season.

By milk analysis carried out on 60th lactation day
highly significantly (P < 0.01) higher solids non-fat con-
tent was found out, it was also determined that signifi-
cantly (P < 0.05) higher lactose content occurred in
summer compared to winter feeding season.

Ewe milk mineral composition

Ewe milk mineral composition in both feeding sea-
sons is presented in Tables 5 and 6.

Minerals in ewe milk during lactation. Statistically
highly significantly (P < 0.01) higher concentrations of
macroelements (Ca, P, K, Na and Mg) compared to later
lactations (10th, 30th, and 60th day) were determined in
ewe colostrum (2nd day) during both feeding seasons.

Ca concentration decrease in the summer feeding
season was recorded by ewe milk analyses performed
from 10th to 60th day. A similar trend of Ca concentra-
tion decrease was recorded in winter season except
measurings on 60th lactation day. Milk P concentrations
on 10th day in the winter feeding season were statisti-
cally highly significantly (P < 0.01) higher compared to
30th and 60th lactation day. Statistically highly signifi-
cantly (P < 0.01) higher Mg concentration was deter-
mined in ewe milk on 60th day compared to 10th and
30th day in the winter feeding season. Also, statistically
significantly higher (P < 0.05) concentration of the same
element was found out on 60th day compared to 10th
lactation day in the summer feeding season.

Statistically highly significantly(P < 0.01) higher con-
centrations of microelements (Fe, Zn and Cu) were de-
termined in ewe colostrum (2nd day) compared to later
lactations (10th, 30th and 60th day) in both feeding sea-
sons. No statistically significant differences were deter-
mined depending on lactation day by ewe milk analyses
of microelements content (Fe, Zn and Cu) performed on
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10th, 30th and 60th lactation day in the winter feeding
season.

Minerals in ewe milk during the feeding seasons.
Similar concentrations of most minerals in both feeding
seasons, except statistically significantly (P < 0.05)
higher Mg and Zn concentrations in the summer feed-
ing season were determined by colostrum analyses be-
tween the feeding seasons.

Ca and Mg concentrations considerably differed de-
pending on the feeding season. Generally speaking,
higher K and Fe concentrations were determined in
summer whereas higher P and Na concentrations were
determined in the winter feeding season.

Important variations between the feeding seasons
were also determined for Zn and Cu concentrations. Sta-
tistically highly significantly (P < 0.01) higher Zn and
Cu concentration was determined in ewe milk on 10th
lactation day in the summer feeding season. Statistically
significantly (P < 0.05) higher Zn concentration in winter
as well as statistically highly significantly (P < 0.01)
higher Cu concentration in the summer feeding season
were determined by ewe milk analysis on 60th lactation
day.

DISCUSSION
Basic ewe milk composition

The highest content of all basic constituents, except
lactose, was determined in ewe colostrum. It is reason-
able since colostrum possesses the highest feeding
value. Lactose content appeared to be the lowest in co-
lostrum and increased with lactation stage being the
highest on 60th lactation day. The same data were de-
termined by Peart ef al. (1975) in their colostrum analy-
sis of crossbred ewes (Finnish Landrace x Blackface
ewe). Hadjipanayiotou (1995) obtained slightly lower
content of fat, proteins and total solids in ewe colos-
trum on 2nd day whereas lactose content was similar.
Colostrum proteins increase is reflected in higher globu-
lin fractions content, especially in gamma globulins
(Shubber et al. 1979). A decrease in most milk constitu-
ents (except lactose) was recorded on 10th lactation day
in both feeding seasons. The lowest values of most ewe
milk constituents (fats, proteins, total solids and solids
non-fat) appeared to be on 30th lactation day in both
feeding seasons. This decreasing trend as well as
slightly higher variation coefficient can be justified by
the highest milk production (Torres-Hernandez, 1980;
Fuertes ef al., 1998). An increasing trend of the investi-
gated constituents was shown by ewe milk analysis on
60th lactation day in both feeding seasons. An increas-
ing trend of ewe milk fat and proteins was also obtained
by Gonzalo et al. (1994) on 45th and 75th lactation day.
Higher fat content in ewe milk during winter and pro-
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Table 4. Content of basic ewe milk components (%)

78-S, (Z) 1002 9F 19§ ‘wpuy o 402z

Components Feeding season Significance of differences
winter summer winter : summer
2nd day 10th day 30th day  60th day 2nd day 10th day 30th day 60th day 2nd day 10th day 30th day 60th day

Fats X 10497234 7.02°**! 6.43°"14 8.0513 10.60°°2.3.4 6.34"°1.%4 =3 7:22°%*°13 ns ns a ns
s 1.49 0.54 0.50 0.52 1.57 0.35 0.71 0.69
v 14.20 7.69 7.78 6.46 14.81 5.52 12.86 9.56

Proteins X 10517234 4,831 4.73"" 5.01°"! 11.06"2.3.4 5.24™! 478" 5.27™"! ns ns ns ns
s 0.59 0.85 0.53 0.46 1.30 0.43 0.52 0.94
v 5.61 17.60 11.20 9.18 11.75 8.21 10.88 17.84

Lactose x 3.05%234 4.52! 4.47"! 4.63"1 3.20%234 5.03°*13 4.61°°124 49113 ns b ns a
5 0.41 0.37 0.47 0.45 0.34 0.18 0.27 0.29
v 13.44 8.19 10.51 9.72 10.63 3.58 5.86 591

Solids non-fat x  14.79%*23.4 10.31°"! 9.98""! 10.34°" 15.40%"23.4 11:13% 10.14% 11.12°! ns b ns b
s 1.02 0.66 0.47 0.30 0.99 0.33 0.28 0.65
v 6.90 6.40 4.71 2.90 6.43 2.96 2.76 5.85

Total solids ~ x  25.28"°234 17.33"*1  16.41"! 18.39*"! 26.00%"2.3.4 17.47°! 15.66°"14 18.34%°13 ns ns a ns
s 3.89 0.46 0.61 0.67 2.21 0.29 0.65 0.56
v 15.39 2.65 3.72 3.64 8.50 1.66 4.15 3.05

*(P < 0.05); **(P < 0.01) — depending on the stage of lactation
ns = nonsignificant; a = ( P< 0.05); b = (P < 0.01) — depending on the feeding season
1 — 2nd lactation day; 2 — 10th lactation day; 3 — 30th lactation day, 4-60th lactation day
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> Table 5. Content of ewe milk macroclements depending on the lactation stage and feeding season (mmol/l)

Macro- ) Feeding season Significance of differences
elements winter summer winter : summer
2nd day 10th day 30th day 60th day 2nd day 10th day 30th day 60th day 2nd day 10th day 30th day 60th day
Ca X 70.25°7234 47,6013 33.89%124 46,2813 66.50"°2.3.4 52.29*"134 48.35"1.24 39.68"1.23 ns b b a
K 2.28 1.74 0.90 0.80 2.06 1.61 0.98 313
v 3.24 3.66 2.67 1.73 3.10 3.08 2.03 7.90
P x 54887234 47227143 37.56°°124 43 77°°1°23 49 .99°°23.%4 4310 39.70™! 42.85"! ns ns ns ns
K 4.68 3.00 8.09 3.62 2.82 3.80 317 5.98
v 8.54 6.36 21.53 8.28 5.65 8.82 7.98 13.96
K x 42.29%234 3416 32.85"! 35.43""! 429477234 38.51™°L" 31.36°"14°2 38.07°*13 ns ns ns a
s 1.27 2.99 5.13 3.83 2.46 5.54 6.42 1.97
v 3.00 8.76 15.63 10.82 5.73 14.37 20.46 5.19
Na x 54.40°°234 29151 27.29*! 23.31°" 4831234 2411 20.31*! 23.30°"! ns ns a ns
K 11.00 6.06 5.20 5.70 4.10 6.91 3.52 4.70
v 20.22 20.77 19.07 19.07 8.48 28.67 17.31 20.15
Mg x 7.02%°2.34 4,071 4.57""1 5717123 7.81°23.%4 6.13°14 6.55! 6.47°°1.°2 a b b a
s 0.26 0.42 0.74 0.51 0.37 1.17 1.08 0.85
v 3.71 10.25 16.12 8.94 4.73 19.08 16.52 13.14
Table 6. Content of ewe milk microelements depending on lactation stage and feeding season (umol/l)
Wiacros Feeding season Signiﬁca.ncc of differences
elements winter summer winter : summer
2nd day 10th day 30th day 60th day 2nd day 10th day 30th day 60th day 2nd day 10th day 30th day 60th day
Fe % 8.49°°234 3.80""! 4.19*"! 438! 7.92°234 4.26™! 3T 4.67""! ns ns ns ns
s 1487 1.40 1.03 k37 2.58 0.52 0.76 0.65
v 18.45 36.99 24.51 3.32 32.54 12.25 20.20 13.81
Zn x 18.69"°23.4  10.01°"! 8.82°! 9.91°" 34.80""23.4 13.59°°1.3:4 7:95™2 8.49%"12 a b ns a
s 2.37 1.39 1.21 1.97 12.69 2.58 2.66 1.71
v 12.71 13.92 13.75 19.85 36.47 19.01 33.50 20.17
Cu x 2.62%"234 0.94"1 0.95™! 0.91°! 2.45"°23.4 1.57°%134 1122 1.22*%12 ns b ns b
s 0.69 0.24 0.37 0.22 0.35 0.17 0.23 0.29
v 26.55 25.60 38.75 23.90 14.35 11.03 20.11 24.23

*(P < 0.05), **(P < 0.01) — depending on the stage of lactation
ns = nonsignificant; a = (P < 0.05); b = (P < 0.01) - depending on the feeding season
1 - 2nd lactation day; 2 — 10th lactation day; 3 — 30th lactation day, 4 — 60th lactation day
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teins in summer feeding can be linked to different chemi-
cal of feed composition (Table 1) at ewe lactation.

Effect of the season on milk fat content of Sarda ewe
breed was irregular and protein content varied less in
the investigation by Carta et al. (1995).

Ewe milk mineral composition

It is well known that ewe colostrum (from 1stto 3rd
day after lambing) is richest in all minerals
(Hadjipanayiotou, 1995) which is indicated by these in-
vestigations. Statistically highly significantly (P < 0.01)
higher concentrations of all macroelements (Ca, P, K, Na
and Mg) and microelements (Fe, Zn and Cu) were deter-
mined on which 10th, 30th and 60th lactation day. Some-
what higher variation coefficient was determined on
30th lactation day, which is probably due to highest
milk production in that period. Similarly to this investi-
gation, Snowder and Glimp (1991) reported P concentra-
tion decreasing from the beginning of lactation as well
as its slight increase at the lactation end (60th day).
Jelinek et al. (1993) determined a P concentration de-
crease at the beginning of the second lactation month
and the trend of a slight increase in Mg concentration.
Similar Ca, Na, Fe and K concentrations were deter-
mined by Gajdudek and Jelinek (1992).

Higher concentrations of Ca, K, Zn and Cu were de-
termined in milk during the summer feeding season
whereas slightly higher P and Na concentrations were
found out in winter feeding. On the contrary, Fe concen-
trations did not considerably vary in terms of the feed-
ing season. The reasons for these changes can be seen
in mineral composition of feed for ewes in lactation
(Table 2).

The most dominant milk microelement was Zn but its
concentration as well that of Cu decreased on 10th and
30th day and increased at the end of lactation (60th
day). Fe concentration considerably fluctuated. The
changes of microelement concentrations during lacta-
tion were in accordance with the results reported by
Jelinek ef al. (1993). The same authors stated that micro-
element concentrations in ewe milk depended on their
feed supply and this is probably cause in this investiga-
tion in terms of forage minerals variation (Table 2).
Apart from the feed effect on ewe milk microelement
concentration Coni ef al. (1996) pointed out a signifi-
cant impact of the season and environmental condi-
tions.

CONCLUSION

Lactation stage as well as feeding season (both win-
ter and summer) considerably influence ewe milk com-
position in the lamb suckling period (2nd to 60th day).

The highest concentrations of the basic ewe milk con-
stituents (fats, proteins, solids non fat and total solids)
were found in colostrum (2nd day) in both feeding sea-
sons, except lactose, followed by their decrease on 10th
and 30th lactation day and increase on 60th lactation
day. Concentrations of macroelements (Ca, P, K, Na and
Mg) and microelements (Fe, Zn and Cu) were found in
colostrum (2nd day) followed by their gradual decrease
in milk on 10th and 30th day and increase on 60th lacta-
tion day. Higher concentrations of Ca, K, Mg, Zn and
Cu were revealed in the summer feeding season whereas
higher concentrations of P and K were found out in the
winter feeding season. The summer feeding season is
characterized by slightly better milk composition, that
means also by higher lamb vitality and productivity.
Thus summer feeding is recommended if quality pasture
rich in highly valuable nutrients (proteins and minerals)
is available. However, a concentrated part of the ration
is required in warm summer months (when pasture is of
lower quality).
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Some carcass traits and chemical composition of different muscle
groups in Alpine and Saanen breed kids

Vybrané jateéné znaky a chemické sloZeni riznych skupin sval u kuzlat
alpského a sanského plemene

B. Mio¢, VESNA Pavié, A. IVANKOVIC

Department of Animal Production, Faculty of Agriculture, University of Zagreb, Croatia

ABSTRACT: The aim of the research was to determine the influence of breed on some carcass traits, as well as on the
chemical composition of different muscle groups in Alpine and Saanen breed kids. To that end, 29 male kids (15 Alpine
and 14 Saanen) of similar age were slaughtered, and shoulder, back and thigh muscles were taken for analyses. Alpine kids
had not only a significantly higher dressing percentage than Saanen kids (48.07% : 45.33%), but also their liver and
kidney weight was higher (P < 0.05). The basic chemical composition of kid meat varied depending on both the muscle
group and the breed. Water percentage ranged from 76.26 to 78.04%, protein percentage was from 19.94 to 20.65%, and
ash content from 1.16 to 1.47%. The average content of fat in back muscles of Saanen and Alpine kids was 1.01 and
1.16%, respectively; in thigh muscles it was 1.41 and 1.45%, while the highest fat content was found in shoulder muscles
(1.55 and 1.64%). Both breeds had a significantly higher fat content in thigh and shoulder muscles than in back muscles
(P <0.05). The two breeds showed no significant differences in the chemical composition of different muscle groups (P > 0.05).

Keywords: kids; Alpine; Saanen; carcass traits; muscle; chemical composition

ABSTRAKT: Cilem vyzkumu bylo stanovit vliv plemene na vybrané jate¢né znaky a na chemické sloZeni riznych sku-
pin svali u kuzlat alpského a sénského plemene. K tomu uéelu bylo poraZeno 29 kozliku pfibliZzng stejného veku (15 alp-
ského plemene a 14 sinského plemene) a k analyzdm byly odebrany vzorky ze svaloviny plece, hibetu a kyty.. Kozlici
alpského plemene méli nejenom vyznamné vy33i jateEnou vytéZnost neZ kozlici sanského plemene (48,07 % : 45,33 %),
ale také vy38i hmotnost jater a ledvin (P < 0,05). Zakladni chemické sloZeni kuzle¢iho masa se liSilo v z4vislosti na sku-
ping& svali a na plemeni. Obsah vody se pohyboval od 76,26 do 78,04 %, obsah bilkovin od 19,94 do 20,65 % a obsah
popelovin od 1,16 do 1,47 %. Primé&rny obsah tuku v zddové svaloviné sanskych a alpskych kizlat &inil 1,01 a 1,16 %;
ve stehenni svalovin& jeho hodnoty dosahovaly 1,41 a 1,45 %, zatimco nejvy38i obsah tuku jsme zjistili ve svalovin&
plece (1,55 a 1, 64 %). Ob& plemena mé&la vyznamng& vy33f obsah tuku ve stehennf svaloviné a ve svaloviné plece neZ
v zddové svaloving (P < 0,05). U Z4dného z obou plemen jsme nezjistili vyznamné rozdily v chemickém sloZeni riiznych
skupin svali (P < 0,05).

Kligovi slova: kuzlata; alpské plemeno; sanské plemeno; jate&né znaky; svalovina; chemické sloZenf

genetic potential for milk production, but also by high
fertility. A significant portion of income from the pro-
duction of goat milk is realized through the sale of meat
from male and non-breeding female kids. Since in the
majority of European countries goats are farmed for milk
production, kids are slaughtered at a very early age, with

INTRODUCTION

Following the lifting of a long-standing, legally im-
posed ban on goat breeding, this form of animal hus-
bandry is now becoming increasingly profitable in the
Republic of Croatia. The primary reason for goat farm-

ing is milk production, which is based on imported
breeds (Alpine, Saanen and the German improved
Fawen “DBE” breed) characterized not only by a sound

body weight of 6-12 kg. There is a high demand for
young kid meat in butchers’ establishments throughout
Europe and America. The modern consumer prefers
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meat with as high muscle content as possible, and as it
contains less fats and cholesterol, kid meat is a fine al-
ternative to lamb meat (Potchoiba et al., 1990). Kid car-
casses are light, delicate, narrow and shallow, with very
slight fat layer, as well as being less compact (Pavi¢ and
Mio¢, 1994). Several researchers (Gaili and Ali, 1985; Ca-
sey, 1987) have established that the carcasses of young
goats contain small quantities of fat which, together
with poor conformation, are the chief characteristics of
the carcass. Additionally, most breeds of European ori-
gin have a tendency to deposit visceral fat at the ex-
pense of carcass fat (Chilliard er al., 1981). However, a
distinctly low content of subcutaneous and intramuscu-
lar fat found in carcasses of most goat breeds ensures
satisfactory storage (Morand-Fehr ef al., 1985) and
makes some methods of processing difficult. Some au-
thors (Morand-Fehr et al., 1986; Sanz-Sampelayo et al.,
1990) believe that both the quality and chemical compo-
sition of carcass can be influenced by feed (through in-
creased energy content in meal), by increasing the age
of slaughter and by neutering. In other words, carcass
yield, as well as its structure and chemical composition
depend on a number of factors, the most important of
which are: feed, degree of fattening, slaughter age and
slaughter weight, breed, neutering, method of keeping
the animals, etc. Gall (1982) pointed out the high level of
heterogeneity of results with regard to the chemical
composition of carcasses in different goat breeds. The
chemical composition of individual parts of carcass, or-
gans, tissue and muscles is not the same, and accords
with their function. Hogg et al. (1992) state that the
chemical composition of a kid’s thigh differs signifi-
cantly from the chemical composition of carcass meat in
general. The aim of this research was to determine the
influence of the breed on some carcass traits of Alpine
and Saanen breed kids, as well as the chemical composi-
tion of different muscle groups.

MATERIAL AND METHODS

A total of 29 male kids (15 Alpine and 14 Saanen)
were slaughtered at the age of 70 days. Up to the mo-
ment of slaughter all the kids were kept in identical con-

Table 1. Chemical composition of feed in kid diet (% in D.M.)

Components Milk replacer Hay Pelleted feed
Protein 23.36 12.23 20.80
Fat 14.75 2.79 2.70
Ash 7.80 8.22 7.66
Fibre - 30.48 4.66
N-free extract 54.09 46.28 64.18
Ca 1.23 - -
NaCl 2.02 - =
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ditions with regard to feed and accommodation. Immedi-
ately after birth the kids were separated from their moth-
ers and were given colostrum pasteurised at 56°C for
one hour. The kids subsequently received a milk re-
placer, ranging from 0.2 litre at the beginning to 0.8 litre
per feeding at the end of the fattening period. For the
first two weeks the kids were fed three times daily (morn-
ing, noon and evening), and then twice daily (morning
and evening). Additionally, after 10 days the kids were
given meadow hay and pelleted feed mixture. Chemical
composition of feed is presented in Table 1.

Each kid was weighed immediately prior to slaughter.
Slaughter was performed by the classic method for kids
which includes blood letting by parallel cutting of major
neck blood vessels (v. jugularis externa and a. carotis
communis), skinning and severing of lower parts of
legs, extraction of offal (digestive tract, liver, lungs,
heart and spleen). Next, the empty tract, digestive tract,
skin with lower legs, lungs and heart, liver and kidneys
were weighed individually. Subsequent to weighing the
following muscles were removed from the left side of
each carcass: shoulder — m. deltoideus, m. subscapu-
laris and m. triceps brachii; back: m. longissimus dorsi,
m. spinalis et semispinalis, m. trapezius and m.
romboideus; thigh: m. biceps femori, m. semitendineus
and m. gastrocnemius. Using a clean knife, connective
membranes were removed, as were all parts of bone and
cartilage. The samples were then minced, homogenized,
marked, packed in plastic bags and deep-frozen until
needed for analyses. Chemical analyses of samples,
which included: supply and laboratory water, dry matter,
ash, proteins, fats and N-free extract, were performed in
accordance with the Weende method (AOAC, 1984).
The results were statistically processed by means of the
statistical package SAS STAT 1990. Differences in the
indicators manifested on the slaughtering line and in
the chemical composition of meat determined between
breeds and groups of muscles, corrected to age, were
evaluated on the basis of Harvey (1975) linear model:

Y, =blx

,_,-—x)+Pj+e,-j

were: Y, — value of observed characteristic
b —regression coefficient
X, —age
x — least square mean
P - breed influence
e, — unexplained influence

RESULTS AND DISCUSSION

It has been established that breed is the only one of
numerous factors having an influence on the yield and
quality of kid carcass. In addition to breed, the meat
yield in kids and other carcass traits, as well as carcass
appearance and quality, are significantly influenced by
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Table 2. Carcass traits of Saanen and Alpine breed kids

Saanen

Traits

LSM SE Min, Max. CV (%)
Body weight (kg) 17.02 0.54 15.00 20.8 11,78
Empty body weight (kg) 7.73 0.32 6.18 10.42 15.70
Stomach and intestines (kg) 4.57 0.22 3.05 5.81 18.31
Liver (kg) 0.34 0.02 0.27 0.50 19.96
Kidneys (kg) 0.064 0.002 0.05 0.075 11.14
Lungs and heart (kg) 0.41 0.02 0.24 0.54 21.77
Skin (kg) 1.76 0.04 1.3 1.85 11.22
Dressing percentage (%) 45.33 0.90 41.08 52.18 7.45

Alpine

Body weight (kg) 17.72 0.48 15.00 20.5 10.44
Empty body weight (kg) 8.54 0.30 6.30 10.28 13.68
Stomach and intestines (kg) 4.52 0.18 3.50 5.98 15.71
Liver (kg) 0.40* 0.02 0.29 0.51 17.74
Kidneys (kg) 0.071* 0.002 0.055 0.08 12.26
Lungs and heart (kg) 0.41 0.03 0.061 0.54 28.57
Skin (kg) 1.82 0.06 1.45 2.21 15.71
Dressing percentage (%) 48.07* 0.74 42.00 54.03 5.93

*P <0.05

diet, age of slaughter, method and age of weaning, pro-
cessing method, degree of fattening, conditions of
keeping, neutering, etc. (Colomer-Rocher et al., 1987;
Blanco ez al., 1994; Muir ef al., 1995). Alpine breed kids
were found to have a significantly higher (P < 0.05)
dressing percentage than Saanen kids (48.07% : 45.33%),

Table 3. Chemical composition of different muscle groups

as well as higher liver and kidney weight (Table 2). Our
research has shown a considerably lower dressing per-
centage for both breeds that the values given by
Manfredini e al. (1988) and Terzano et al. (1988). In
Saanen breed kids, stomach and intestines accounted
for 26.57%, lungs and heart 2.41%, liver 2.0%, kidneys

Saanen
Component leg back shoulder
LSM SE LSM SE LSM SE
Water 78.04 0.28 71.70 0.31 71.77 0.25
Dry matter 21.96 0.28 22.30 0.31 22.23 0.25
Protein 19.94 0.39 20.65 0.42 20.19 0.29
Fat 1.412 0.08 1.01® 0.006 1588 0.19
Ash 1.23 0.05 1.16 0.003 1.19 0.05
N-free extract 55.10 1.08 55.10 0.59 53.37 1.18
Alpine
Water 76.62 0.19 76.26 0.23 77.18 0.36
Dry matter 23.38 0.19 23.74 0.23 22.82 0.36
Protein 20.01 0.33 20.55 0.39 20.35 0.33
Fat 1.452 0.60 1.16° 0.04 1.64* 0.10
Ash 1.44 0.17 1.38 0.09 1.47 0.10
N-free extract 53.73 0.63 53.17 0.59 53.72 0.57

® = means within main effect with different superscripts differ (P < 0.05)
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0.3%, and skin with lower legs for 10.34% of total body
weight. In Alpine breed kids, stomach and intestines ac-
counted for 25.51%, lungs and heart 2.31%, liver 2.26%,
kidneys 0.4% and skin with lower legs for 10.27% of to-
tal body weight. The above percentages are compa-
rable, to some extent, with the results provided by Riley
et al. (1989) and Pralom et al. (1995), for different breeds
and ages of goat.

Chemical composition of muscles in Alpine and
Saanen kids is fairly uniform, and there is hardly any
difference between the two breeds with regard to pro-
tein and fat content in all three groups of investigated
muscles (Table 3). The most noticeable difference is in
the water content, i.e. of dry matter, but the difference
was not significant (P> 0.05). The given data accords
with the findings of Johnson ef al. (1995), reporting that
the breed and sex have no significant influence on the
percentage of water, fat and proteins in m. longissimus
dorsi in young goats. The fundamental characteristic of
the chemical composition in the muscles is the low fat
quantity. The lowest fat content in both breeds was
found in the back muscles, and in comparison with
these the thigh and shoulder muscles were significantly
fattier (P < 0.05). Similar results with regard to the
chemical composition of kid meat from different breeds
were obtained by Hogg et al. (1989), and Popov-Relji¢
et al. (1995). In their analyses of factors influencing the
yield and quality of kid meat the majority of authors
agree that the age and slaughter weight, type and quan-
tity of feed, as well as sex, have a greater influence than
the breed (Thonney et al., 1987; Warmington and
Kirton, 1990; Matsouka ef al., 1992). Delfa et al. (1995)
drew attention to the existence of significant correla-
tions between the live weight of goats and carcass total
fat content, as well as between total fat content in the
carcass and total muscle quantity (0.94; 0.85; 0.95).

The average fat content determined in carcasses of
younger goats totals only about 4% (Owen et al., 1983),
and up to 18% in carcasses of adult goats (Anjaneyulu
et al., 1985). Similar chemical compositions of goat meat
were given by Naude and Hoffmeyer (1981) and
Colomer-Rocher ez al. (1992). The most outstanding
property of kid meat is its low content of intramuscular
and subcutaneous fat (Owen, 1975; Sanz Sampelayo et
al., 1987). Individual parts of the carcass, i.e. muscles,
have a different chemical composition. In research deal-
ing with the same matter (Hogg et al., 1992), results
showed that the chemical composition of thigh muscles
differed significantly from that of the carcass as a
whole. On the contrary, the level of protein in kid meat
varies much less, remaining almost unchanged in rela-
tion to an increase in age and slaughter weight.
Matsouka et al. (1992) found that the protein level in
muscles of adult castrates ranged from 20.3 to 22.2%.
Johnson et al. (1995) reported that 100 g of adult ram
meat contained 19.7% protein. Protein quantities in
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muscles of kid meat, determined in this research, are
fairly similar to the relevant values for adult goats.
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Long-term trends in sport fishery yield from selected reservoirs
in the Labe watershed (1958-1998)

Dlouhodobé trendy vylovu ryb sportovnim rybolovem ve vybranych
udolnich nadrzich v povodi Labe (1958-1998)

K. PrvnICKkA, M. RYBAR

Charles University, Faculty of Sciences, Institute for Environmental Protection, Prague, Czech Republic

ABSTRACT: The biomass of stock carp and its yield and yield of bream, pike, pikeperch, and perch (kg/ha/year) were
analyzed in three large (Slapy, Orlik and Lipno) and two small (Hostival, DZban) reservoirs in 1958-1998. The biomass
of stock carp exceeding 20 kg substantially increase the risk of lower yields in big reservoirs with low fishing pressure.
The yield of the common bream amounted 20 to 40 kg in small reservoirs and 10 to 20 kg in large reservoirs. The highest
yields of the pike were reported from the Hostivaf and Lipno reservoirs (34.6 kg and 12.4 kg, respectively). For pike-
perch, the highest yield in small reservoirs was 48 to 55 kg, in large reservoirs at most 5 to 14 kg. The yield of unstocked
fish, shows a common trend in different reservoirs since it is influenced by the same short-term as well as middle-term
changes of the climate. Synchronous cycles of similar shape were observed in perch yield in the Orlik, Slapy and Hosti-
vaf reservoirs, and for the perch and pikeperch in the Orlik Reservoir.

Keywords: reservoirs; yield; cyclic synchronous changes; carp; bream; pike; pikeperch; perch

ABSTRAKT: Velké nadrze na Vltavé byly postaveny koncem 50. let. Do soutasné doby jsou k dispozici vysledky hos-
podafeni s rybami (nasady, vylov). Podobné jsou k dispozici i vylovy a nasady ryb ze dvou malych nadrZi v Praze (Hos-
tivaf, DZban). Soustfedili jsme se pfedeviim na to jak vysazovéni ovliviluje vylov kapra obecného, a déle na dynamiku
vylovu dal8ich druht ryb (cejn velky, Stika obecnd, candédt obecny a okoun fi€nf). Hodnocen byl pouze vylov sportov-
nich rybafu. U druhu, které nejsou ovliviiovany vysazovanim (okoun, do jisté miry 3tika, candat a cejn) jsme ocekavali
jistou miru cykli¢nosti a synchronnosti vylovi, nebot nové roéniky by mély byt ovlivnény klimatem v pribéhu prvniho
roku Zivota v riznych nadrZich srovnateln&. Analyzovany byly nasady a Glovky ryb (kg/ha/rok) ze tii velkych nadrZi
(Slapy, Orlik a Lipno) a ze dvou malych nadrZi (Hostivaf, DZban) v povodi Vltavy za obdobi 1958 aZz 1998. Nasady
kapra vy35i neZz 20 kg u velkych nadrZi s nizkym rybéafskym tlakem zvy3uji riziko niZ8i navratnosti. Naopak z ma-
lych nadrzi (Hostivaf a Dzbén) pFi nasadach 300 kg bylo jest& uloveno 256 a 328 kg kapri z hektaru rotné&. Ulovky cejna
velkého dosahly v malych nédrZich 20 aZ 40kg, ve velkych nadrzich byly o polovinu men3i. Nejvice 3tik bylo uloveno
v nadrzich Hostivaf a Lipno v obdobi po jejich napudténi (34,6 kg a 12,4 kg). V malych nadrZich bylo maximalné vylove-
no 48 az 55 kg candati, ve velkych nddrZich maximaln& 5 aZ 14 kg. Celkovy vylov ryb bez kapra vykazuje oekdvané
spole¢né cyklické trendy. U okouna fi¢niho se tlovky cyklicky ménily v nadrZich Orlik, Slapy a Hostivaf s maximy
v zaCatku 70. a v prvni poloving 80. let. Spole¢ny trend vylovu okouna a candata byl zji$tén v nadrzi Orlik.

Kli¢ov4 slova: adolni nadrZe; vylov; synchronnf cyklické zmény; kapr obecny; cejn velky; Stika obecna; candat obecny;
okoun Fi¢ni

INTRODUCTION tween the production of rivers (in average 273 kg/ha/
year) and lakes (82 kg/ha/year) Randall ef al. (1995). The

From a set of 31 lakes and 62 rivers distributed biomass values estimated from a set of 248 reservoirs of
throughout the world it was ascertained that the values  North America in the 1960s to 1980s fluctuated between
of the fish production in reservoirs are intermediate be- 20 and 500 kg/ha depending on the MEI (morpho-

Expenses associated with the work were covered from Grant of the Ministry of Education, Youngth and Sports No. J13/98113100004.
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edaphic index — 1 to 100), yields from 294 reservoirs
fluctuated in average about 23.7 kg/ha/year (Jenkins,
1982). As mentioned by Cyr and Peters (1996), see also
Taub (1984), the fish biomass in world reservoirs ranged
between 6 and 1 109 kg/ha (data from the IBP Final Re-
port).

The values of fish biomass in reservoirs of the Czech
Republic range between 100 and 500 (600) kg (Kubetka
et al., 1998; Pivnitka, 2000), yield statistics are available
in papers by (Lusk and Kr&al, 1983; Lusk, 1984; Piv-
ni¢ka, 1985, 2000). Large reservoirs on the Vitava River
were built at the end of the 1950s and the fish statistics
are available for the last 40 years. The same is true of
two small reservoirs (Hostivaf and DZban), only the
number of years is shorter. Thus, in the present work,
we compared the biomass of stock carp and its yield
and yield of other fish species from large (Slapy, Orlik,
Lipno) and small (Hostivaf and DZban) reservoirs for
1958 to 1998. We particularly considered the relation-
ship between stock carp and carp yield and between the
yield of carp and other fish species (bream, Abramis
brama; pike, Esox lucius; pikeperch, Stizostedion
lucioperca and perch, Perca fluviatilis). In species not
influenced by stocking (perch and to some extent preda-
tors and bream) we expected certain synchronous yield
cycles since the YOY should be influenced by the cli-
mate in a comparable manner, particularly during climati-
cally extreme years.

MATERIAL AND METHODS

Statistical data on stock fish and fish yield were ob-
tained from the Secretariat of the Czech Sport Fishing
Association in Prague and Regional Sport Fishing As-
sociation of the City of Prague. For particular reservoirs,
data are available for 1958 to 1998 (Lipno, Slapy), 1962
to 1998 (Orlik), 1983 to 1998 (DZbén) and 1965 to 1998
(Hostivar). Only the fish caught by sport fishermen
were taken into consideration. The biomass of stock
and caught carp as well as the crop of other species
(bream, pike, pikeperch, perch) are always in kg/ha/year.
Two of the selected reservoirs are small and shallow
(Hostivaf 43 ha, maximum depth 12 m, DZban 18 ha,

maximum depth 7.5 m), other two reservoirs are large,
V-shaped (Slapy 1 390 ha, maximum depth 58 m, Orlik
2 732 ha, maximum depth 74 m), and one reservoir is
large and shallow (Lipno 4 870 ha, maximum depth 20 m)
(VIgek et al., 1984).

RESULTS AND DISCUSSION
Yield of carp

Carp yield is fully dependent on the amount of stock
carp, so in all reservoirs the yield linearly increases with
increasing biomass of stock carp. In large reservoirs,
the amount of stock carp exceeding 20 kg already in-
creases the risk of lower recapture. In the Orlik Reser-
voir per 20 kg of stock carp, it is possible to recapture in
average 18.7 kg, in the Slapy Reservoir 14.4 kg, and in
the Lipno Reservoir only 13.8 kg. Two years of large of
stock of carp were not taken into account when estimat-
ing the yield from the Lipno Reservoir (marked by large
open circles, Figure 1). If these values were included the
yield would decrease to 6.8 kg of carp per 20 kg of stock
fish. The yield in the Hostivaf Reservoir per 20 kg of
stock carp reached 77.6 kg in average (stock fish from
preceding years), and per 300 kg of stock fish it was
256 kg. The best results were achieved in the smallest
reservoir Dzban, where on average, 328 kg of carp were
recaptured per 300 kg of stock fish. In addition, the
slope of a straight line of the relationship between the
biomass of stock fish and fish crop is very close to one
(0.97). This means that the stock carp were completely
caught even at high values of the stocked biomass.
High fishing pressure in the small reservoirs is the main
reason for better results of carp recapture.

The yield of the carp during 40 years has been in-
creasing in large reservoirs stepwise from an average
value of 2 (4) kg up to 20 kg. The lowest yields were
achieved in the mid-1970s, when the amount of stock
fish was considerably reduced. Better results achieved
later were influenced by higher biomass of stock carp,
by their higher average individual weight, and probably
also thanks to higher fishing effort.

y =075 +367
r=0647,n =20, Orlik Rs

y =059 +2.64
r =0.759,n =30, Slapy Rs.
y =064x + 1.02
r =0.696,n =34, Lipno Rs.

(@)

Stock

Figure 1. Stock carp and yield — Orlik, Sla-

o py. and Lipno Reservoir (kg/ha/year)
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In the whole period examined the yields of the carp in
Hostivaf and DZbén reservoirs increased on average
from 50 kg up to 200 (300) kg (Figure 2). Carp yields in
small reservoirs are influenced by massive stocking and
by an essentially higher fishing effort. In small reser-
voirs, the fishing effort is about 2 500 hours, in large
reservoirs only 100 to 200 hours/ha/year (Pivni¢ka,
1985). No data on the growth of stock carp in the reser-
voirs are available, except for Hostivaf, where the an-
nual increments were about 200 g in the 1980s (Pivnitka,
1984).

Yield of other fish

The yield of the bream is shown in Figure 3. The
highest yields were observed in the DZban Reservoir in
1984 (107 kg), while in the Hostival Reservoir they
ranged between 30 and 37 kg at the end of 1970s. In
1980s, and at the end of 1990s yields decreased in both
reservoirs. In large reservoirs, it is possible to observe a

considerable stepwise increase in yields in the Orlik
Reservoir (maximum of 13.2 kg in 1983) and, in contrast
to this, a decrease in the Slapy Reservoir (maximum in
1960, 20.7 kg) to 1-2 kg in 1990s. The lowest yields of
bream were recorded in the Lipno Reservoir, maximum
values being achieved in 1977 (2.8 kg). A decrease in
bream yields in small reservoirs, starting from the 1980s,
can be associated with a stepwise increase in carp
yields. However, the decrease in the bream yields in the
Slapy Reservoir was accompanied by higher carp yields,
and in the Orlik Reservoir the carp and bream yields in-
creased simultaneously. The average individual weight
of bream caught in Orlik is significantly lower (0.39 kg)
in comparison with the Slapy Reservoir (0.57 kg).

The largest amounts of the pike were caught after fill-
ing the Hostivai' Reservoir (1965 — 34.6 kg/ha) and Lip-
no Reservoirs (1961 — 12.4 kg/ha). The yields from the
two large and deep reservoirs were much lower (Slapy
maximum of 1 kg, Orlik maximum of 5.4 kg in 1963) (Fig-
ure 4). A considerable decrease in yields about 5 to 10
years after filling were observed in the Lipno and Orlik.

40

+ 30

0 igure 3. Yield of bream in all reservoirs

20 2
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« "y = = wSlapy "\.'\ 5 l (Max. value 107 kg) Y
15 e— Lipno I \ \
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udied (kg/ha/year); the right y axis rep-
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Figure 4. Yield of pike — Orlik, Lipno,

1988

and Slapy Reservoir (kg/ha/year); the
right y axis represents Slapy Reservoir
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In contrast to this, the Slapy Reservoir shows cyclic
changes of the pike yields with maximum values after
filling, at the end of the 1970s, 1980s, and 1990s (how-
ever, always only up to 1 kg). Cyclic changes of the yield
can also be observed in the small reservoir DZban (maxi-
mum value in 1988 — 28.1 kg, five years after filling).

The pikeperch yields in both small reservoirs step-
wise increased. In the Hostivaf Reservoir, a maximum
value was achieved in 1992 (55.3 kg), in the DZban Reser-
voir in 1998 (48.1 kg). In Hostivat, it is possible to ob-
serve yield cycles with increasing amplitude, Out of the
large reservoirs, the best results were achieved in the
Orlik Reservoir in 1984 (13.7 kg) and in 1989 (13.2 kg) (Fig-
ure 5). A similar trend in the yield of the pikeperch and
perch in Orlik (Figure 6) is of interest. The lowest yield
was reported from Slapy (4.8 kg after filling). Fairly good
results were achieved in Lipno, maximum in 1985 (5.6 kg)
was shared with the maximum value in the Orlik Reservoir.

Synchronous trends of yields can be observed in the
perch in Orlik, Slapy and Hostivar reservoirs with maxi-
mum values at the beginning of the 1970s and in the
mid-1980’s (Figure 7). Maximum perch yields were
achieved in 1987 (10.3 kg, DZbén), in 1982 (6.5 kg,
Slapy), in 1983 (4.2 kg, Orlik), in 1983 (3.2 kg, Hostivar),
and in 1965 (1.4 kg, Lipno).

Total yield

In the Dzbéan Reservoir, the total fish yield increased
annually by 11 kg, however, the yield of the other fish
(all fish without carp) was maintained at a level of 75 kg.
The total fish yield in the Hostivaf Reservoir (Figure 8)
stepwise increased on average by 6.9 kg of fish annu-
ally, out of this the yield of other fish by 1.8 kg of fish
annually. Correlation coefficients of both relationships

Figure 5. Yield of pikeperch — Orlik, Lip-

0 no, and Slapy Reservoir (kg/ha/year); the
right y axis represents Slapy and Lipno
Reservoir

1958 1963 1968 1973 1978 1983 1988 1993 1998
Year
16
h §
12 4 - =@ - pikeperch
et perch

Figure 6. Yield of pikeperch and perch in

the Orlik Reservoir (kg/ha/year); the
right y axis represents perch

1958 1963 1968 1973 1978 1983 1988

Figure 7. Yield of perch — Orlik, Slapy,
and Hostival Reservoir (kg/ha/year)
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