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The weaning stress response in lambs of different age

Stressova reakce na odstav u jehiiat rozdilného véku

J. Sowndska', H. BRzosTowskr’, Z. TaNsk1?, K. CzaiA®

1 University of Warmia and Mazury, Department of Animal and Environmental Hygiene, Olsztyn, Poland
2Universiry of Warmia and Mazury, Department of Sheep-farming, Hunting and Goat Breeding, Olsztyn, Poland
3 University of Warmia and Mazury, Faculty of Veterinary Medicine, Department of Animal Anatomy,

Olsztyn, Poland

ABSTRACT: Responses to weaning were studied in 50- and 100-days-old lambs. Blood samples were collected before weaning
(sampling I) and 15 h after weaning (sampling II). Levels of cortisol and glucose as well as haematocrit were determined in the
collected blood samples. Weaning caused a significant increase in cortisol levels in both groups of lambs. More sensitive than
100-days-old lambs were 50-days-old lambs in which an increase in cortisol level from 14.45 to 52.69 nmol/l was found. On the
contrary, in 100-days-old lambs the cortisol level increased from 9.13 to 11.57 nmol/I. The level of glucose in 50-days-old lambs
(2.79 mmol/l) was significantly higher than the level in 100-days-old lambs (2.39 mmol/l). Weaning stress caused an increase in
glucose content in 50-days-old lambs while in 100-days-old lambs it remained on the same level (3.11 and 2.34 mmol/l, respecti-
vely). Neither age of lambs nor weaning stress influenced the haematocrit value.

Keywords: lambs; weaning; stress; cortisol; glucose; haematocrit

ABSTRAKT: Reakci na odstav jsme sledovali u jehiiat ve véku 50 a 100 dni. Vzorky krve byly odebrany pfed odstavem
(I. odbgr) a za 15 hodin po odstavu (I1. odbé&r). V odebranych vzorcich krve jsme zjistovali hladinu kortizolu, glukézy a hod-
notu hematokritu. Odstav zpiisobil u obou skupin jehiiat vyznamné zvy3eni hladiny kortizolu. Citlivéji nez jehiiata ve véku
100 dni byla jehiiata ve v&ku 50 dni, u nichZ jsme zjistili zvy$eni hladiny kortizolu z 14,45 na 52,69 nmol/l. Naproti tomu u
jehnat ve v&ku 100 dni se hladina kortizolu zvysila z 9,13 na 11,57 nmol/l. Hladina glukézy u jehiiat ve véku 50 dni (2,79
mmol/l) byla vyznamn& vy33i neZ u jehiiat ve véku 100 dni (2,39 mmol/l). Stres z odstavu pfinesl zvySeni obsahu glukézy u
jehtiat ve v&ku 50 dni, zatimco u jehiiat ve v&ku 100 dni zistal na stejné vysi (3,11 resp. 2,34 mmol/I). Hodnotu hematokritu
neovlivnil ani v&k jehiat, ani stress z odstavu.

Kli¢ova slova: jehiiata; odstav; stress; kortizol; gluk6za; hematokrit

INTRODUCTION the repercussions of those stress factors (Danzer and

Mormede, 1983; Apple ef al., 1995; Fitko, 1996).

Generally approved nutritive and taste attributes of the
young mutton provoke slaughter of younger and young-
er lambs. The previous studies showed favourable pa-
rameters of slaughter performance and meat quality
obtained from sucking lambs slaughtered at the age of
both 50 (Tanski et al., 1999) and 100 days (Brzostowski
et al., 1999). In the case of so young animals, except for
routine pre-slaughter handling, weaning and pre-slaugh-
ter starvation are also significant stress factors. Stability
of the internal environment of the body influencing im-
munity debilitation, decrease in productivity, and in the
case of slaughter animals decrease in meat quality, are

The estimation of stress response magnitude by means
of physiological parameters may be very helpful in the
evaluation of the load of handling procedures (Danzer
and Mormede, 1983; Fenwick and Green, 1986; Broom
et al., 1996; Mears and Brown 1997; Sowifiska et al.,
1998a, b, 1999). In many experiments the levels of the
following substances were estimated as stress response
parameters: cortisol (Hargreaves and Hutson, 1990;
Wronska et al., 1991; Apple et al., 1995; Broom et al.,
1996; Niezgoda et al., 1996), glucose (Wronska et al.,
1991; Apple et al., 1995; Niezgoda et al., 1996;) as well
as the haematocrit (Fenwick and Green, 1986; Hargreaves
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and Hutson 1990; Knowles ef al., 1993; Broom ef al.,
1996).

Therefore the goal of the present study was to evaluate
the magnitude of stress response by means of measure-
ments of cortisol, glucose and haematocrit levels in lambs
weaned at 50 and 100 days of age.

MATERIAL AND METHODS

The study was carried out on ten lambs of Pomeranian
sheep weaned twice. For the first time the animals were
weaned at the age of 50-days, and for the second time at
the age of 100-days. Every time at about 5 p.m. the lambs
were separated from ewes and placed to pens located in
the same sheepfold, their vocal and visual contacts with
mothers being maintained. Feed and water were supplied
ad libitum. The lambs were kept under standard housing
and feeding conditions. The next day at about 9 a.m. the
lambs returned to the flock.

To evaluate the sensitivity of lambs to stress factors
the levels of cortisol and glucose as well as haematocrit
were determined in the collected blood samples. Blood
samples were collected from the jugular vein just before
weaning and 15 h after weaning. Blood collection was
made by the experienced staff trying to minimise the in-
fluence of stress and to reduce the handling time to 40
seconds. The total number of blood samples was 40 in
the group of 10 studied lambs. The full blood was used
to estimate haematocrit (a micromethod) and glucose
(Biochemtest, Poland) while cortisol was determined in
the blood serum by means of a radioimmunological meth-
od (Orion Diagnostic, Finland).

The results of the present study were analysed statisti-
cally applying the orthogonal two- and one-way variance
analysis by means of Fisher’s test.

In the experiments, the principles of laboratory care as
well as the specific national laws on the protection of
animals were followed.

RESULTS AND DISCUSSION

The results of the present experiment are shown in Ta-
ble 1 and in Figures 1 and 2.

The data presented in Table 1 show that the level of
cortisol in the studied lambs (50- and 100-days old lambs
taken together) increased from 11.79 to 32.13 nmol/l
(P £0.01) after 15-hour period of weaning. The standard
variance values, in particular, show significant individu-
al variability of the weaning stress response. The age of
lambs was also an important factor influencing the level
of cortisol (Table 1). The higher concentration of the stud-
ied hormone was found in 50-days-old lambs than in 100-
days-old animals (33.57 and 10.35 nmol, respectively).
Also the standard variance values show significant indi-
vidual variability of the hormone concentration in the
blood of younger lambs.

Data presented in Figure 1 confirm that weaning, found
as the psychical factor, was stress inducing for both
groups of animals. More sensitive were the younger ani-
mals that had 3.64 times higher level of cortisol while
100-days-old lambs had only 1.27 times higher level of
the studied hormone, f

Sheep are the animals with very well developed social
instincts and high sensitivity to the emotional and envi-
ronmental factors (Stephens, 1980; Moberg, 1987). There
are many data dealing with the influence of different stress
factors on the level of cortisol in the blood of sheep. Ir-
respective of the fact that the previous studies were car-
ried out on different breeds of sheep, at different age and
sex, and also the time of stress exposition was different,
it was found that the stress factors stimulated the pitu-
itary-cortical-adrenal axis to produce cortisol (Fordham
etal., 1989; Parrot et al., 1994; Apple ez al., 1995; Broom
et al., 1996). The magnitude of the response measured
by the level of released hormone was influenced not only
by the type of stress factor (Hargreaves and Hutson, 1990;
Niezgoda ef al.,1996; Mears and Brown, 1997 ) but also
by the age of animals (Mellor and Murray, 1989; Kent

nmol/l nmol/l
60 -
35 4
50 4 3.0
40 25 4
2.0 A
0 289 £ an
- : 219 e 234
1.0 4
10 4
1445 9.13 1157 l 0541
0 0
I I 1 1I sampling 1 1 1 II sampling
50 100 days 50 100 days

Figure 1. The level of cortisol in 50- and 100-days old lambs (n = 10) after
blood sampling I and II
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after blood sampling I and IT
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Table 1. Levels of cortisol, glucose and haematocrit in the blood of lambs in relation to the time of blood sampling and age of lambs (n = 10)

Blood sampling

Blood parameters Age of lambs (days)

I - before weaning

IT - after weaning

Cortisol (nmol/l) 50
100
Glucose (mmol/l) 50
100
Haematocrit (/1) 50
100

14.45+5.16 52.69+ 33.40*
9.13£235 11.57+3.56
2.79+0.54 3.11+1.08
2.39+0.81 2.34+0.82
0.28+0.02 0.30+ 0.02
0.30+0.03 0.29+ 0.02

*in rows P = 0.05

and Molony, 1993) and the breed (Mellor and Murray,
1989; Sowinska ef al., 1998a, b, 1999). Niezgoda et al.
(1996) revealed that the isolation of lambs was even a
greater stress than blood collection. Mellor and Murray
(1989) found different levels of cortisol after physical
stress (castration and tail docking) depending on the age
and breed of lambs. Kent and Molony (1993) reported
that the stress response after castration and tail docking
decreased according to the age of lambs. Mears and
Brown (1997) found that the isolation with visual and
vocal contacts was less stressogenic than the full isola-
tion. Our previous studies (Sowinska et al., 2000a)
showed that the weaning response of 50-days-old lambs
was stronger than the response after transport to slaugh-
terhouses. However 100-days-old lambs showed the same
stress response after both weaning and transport (So-
winska e al., 2000b). Some other data (Sowinska e al.,
1998b) indicate that the stress response after pre-slaugh-
ter transport, estimated by the level of cortisol, was stron-
ger in 100-days-old lambs than in 50-days-old animals.

Weaning stress caused an increase in glucose level from
2.59 to 2.73 mmol/l but it was not confirmed statistically
(Table 1). The data presented in Figure 2 show higher
sensitivity of younger lambs to the studied factor. They
had 1.11 times higher concentration of glucose while the
level of the studied substance in older lambs decreased
from 2.39 to 2.34 mmol/l.

The previous studies carried out on 50- and 100-days-
old lambs of different genetic groups did not show any
significant changes in the glucose level after weaning and
pre-slaughter transport (Sowiriska et al., 1999, 2000b).
Some data document an increase in the glucose level af-
ter full isolation, depending also on the duration of this
isolation (Pierzchata et al., 1985; Wrorniska et al.,1991;
Apple et al.,1995; Niezgoda ef al., 1996). During the 6-
hour isolation the level of glucose was increasing during
the whole period (Apple er al., 1995; Niezgoda et al.,
1996). After the 24-hour isolation of Polish Mountain
Sheep Pierzchata er al. (1985) found that the level of glu-
cose increased from 2.87 to 4.20 mmol/l during the 4th
hour of experiment but during the next hours (8th and

14th) it decreased (3.80 and 3.70 mmol/l, respectively).
Wronska et al. (1991) reported an increase in glucose lev-
el during the 5-hour isolation of Polish Mountain Sheep
(from 4.20 to 6.50 mmol/l) and a decrease to 2.80 mmol/l
within 4 hours from the end of experiment.

The haematocrit value, 0.28 in 50- and 0.30 in 100-
days-old lambs, was not influenced by the age of lambs
nor by the handling at weaning.

Changes in the haematocrit value show the response
of the sympathetic nervous system to the stress factors.
Many experiments suggested that after the initial increase,
as the emotional response (Fenwick e al., 1986; Knowles
et al., 1993), a decrease in the haematocrit value was re-
corded after isolation (Parrot et al., 1988; Hargreaves and
Hutson, 1990) and transport (Knowles et al.,1993; Broom
et al., 1996). The previous studies carried out on the 50-
and 100-days-old lambs of different genetic groups did
not show any significant changes in the haematocrit val-
ue after weaning and pre-slaughter transport (Sowinska
et al., 1999, 2000b). ’

Drawing a conclusion from the results of the present
study we can state that weaning although vocal and vi-
sual contacts with mothers were maintained was a strong
stress factor for the lambs. The magnitude of the stress
response was related to the age of lambs. More sensitive
to weaning in similar environmental conditions were
younger animals. This fact was demonstrated by a sig-
nificant increase in the cortisol level in the blood of 50-
days old lambs after weaning.
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The effect of 2-phenoxyethanol, clove oil and Propiscin
anaesthetics on perch (Perca fluviatilis) in relation to water
temperature

Utinek anestetik 2-phenoxyethanol, hiebitkovy olej a Propiscin
u okouna fi¢niho (Perca fluviatilis) v zavislosti na teploté vody

J. HAMACKOVA!, M. A. SEDOVAZ, S. V. PiaNova?, A. LEPICOVA'

L University of South Bohemia in Ceské Budéjovice, Research Institute of Fish Culture and Hydrobiology
at Vodriany, Czech Republic
2 Russian Federal Research Institute of Fisheries and Oceanography, Moscow, Russia

ABSTRACT: The goal of a laboratory experiment was to study the onset of the respective phases of anaesthesia and its recovery
in perch of 32.2-40.4 g mean body weight using solutions of the following anaesthetics: 2-phenoxyethanol (0.4 ml/l), clove oil
(0.033 ml/I) and Propiscin (1.0 ml/l) at 10 min exposure at 4 different water temperatures (12.5; 15.0; 17.5 and 20.0°C). The study
was focused on the phases of onset (I, IIa, IIb a 1II) and recovery of anaesthesia. Terminal phase III of anaesthesia was attained by
all specimens under study. The longest time to attain phase III of anaesthesia was registered for clove oil (6.98-7.57 min) under all
temperatures studied, compared to Propiscin (4.38-6.06 min) and 2-phenoxyethanol (3.73-6.05 min). Much longer time of
anaesthesia recovery was attained using Propiscin: 15.16 min (20°C) to 42.66 min (12.5°C) compared to clove oil (6.06 min at
12.5°C to 9.21 min at 15°C) and 2-phenoxyethanol (3.69 min at 20°C to 7.44 min at 12.5°C), related to water temperature with
significance ranging from P < 0.05 to P < 0.005.

Keywords: laboratory trial; onset of the respective phases; anaesthesia; recovery of anaesthesia

ABSTRAKT: V laboratornich podminkéch byl sledovan néstup jednotlivych fazi anestezie i jejiho odeznivéni pfi pouZiti ane-
stetik 2-phenoxyethanol (0,4 ml/l), hfebitkovy olej (0,033 ml/l) a Propiscin (1,0 ml/l), pfi expozici 10 min v roztocich aneste-
tik pfi &tyfech riznych teplotach vody (12,5; 15,0; 17,5 a 20,0 °C) u okouna fi&niho o prim&mé kusové hmotnosti 32,2 az
40,4 g. Sledovany byly faze nastupu (I, I1a, 1Tb a III) shodné i odeznéni anestezie. U viech sledovanych jedinct bylo dosaZeno
kone¢né III. faze anestezie. NejdelSi ¢as pro dosazeni I1I. faze anestezie byl zjistén s hiebickovym olejem u viech sledovanych
teplot, a to od 6,98-7,57 min, oproti Propiscinu (4,38—-6,06 min) a 2-phenoxyethanolu (3,73-6,05 min). Nékolikandsobné& delsi
¢as odeznéni byl ale dosaZen s anestetikem Propiscin, a to 15,16 min (20 °C) az 42,66 min (12,5 °C) oproti hfebickovému oleji
od 6,06 (pfi 12,5 °C) do 9,21 (15 °C) nebo 2-phenoxyethanolu od 3,69 min (pfi 20 °C) do 7,44 min (12,5 °C) v zavislosti na
teplot& vody byly statisticky vyznamné rozdily v rozmezi od P < 0,05 do P < 0,005.

Klitovi slova: laboratorni podminky; po&atek jednotlivych fézi; anestezie; odezn&ni

INTRODUCTION cial propagation, marking and tagging the fish, biometric
measurements, administration of hormonal preparations,
Anaesthetics are more and more used in fish culture in  health checks, etc., as well as due to application of regu-
order to decrease fish stress and to prevent mechanical lations for animal protection against cruelty.
injury of fish while handling them, mainly during artifi-

Supported by the Ministry of Agriculture of Czech Republic (Project No. EP9392) and the Ministry of Education, Youth and Sports of Czech
Republic (Project No. ME453).
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Woynarowich and Horvath (1980) report 2-phenoxy-
ethanol in doses of 0.3-0.4 mV/I to be an appropriate an-
aesthetic for fish. Kaminski et al. (1999) dealt with the
effect of water temperature on the survival of cyprinid
fry exposed to various concentrations of 2-phenoxyeth-
anol for 15 min. Soto and Burhanuddin (1995) report the
clove oil to be a cheap and very effective anaesthetic for
fish, easily available in Indonesia. The Propiscin prepa-
ration was used by Trzebiatowski ef al. (1996) as an an-
aesthetic for wels under three different water temperatures
at two different doses and it was recommended as a safe
anaesthetic. Hamackova ef al. (2000) dealt with assess-
ment of the effect of anaesthetics 2-phenoxyethanol, Pro-
piscin and clove oil on marketable tench under various
water temperatures. Koufil ez al. (2001) reported on the
results of the effects of these anaesthetics on various fish
species. Koufil et al. (1998) used 2-phenoxyethanol in
concentration of 0.5 ml/I for 2 min prior to artificial prop-
agation of perch.

In our experiments, we used these three anaesthetics
(2-phenoxyethanol, clove oil and Propiscin) that were
also presented by Svoboda and Koléfova (1999) in a re-
view of anaesthetics used in fish culture. The goal of this
study was to compare the effectiveness of these anaes-
thetics on females and males of perch under four differ-
ent water temperatures and to assess the onset of the
respective phases of anaesthesia and its recovery.

MATERIAL AND METHODS

Experiments were carried out under laboratory condi-
tions in 100 litre aquaria. Anaesthesia was carried out on

bisexual population of perch (Perca fluviatilis L.) from a
pond culture. Ten fishes (5 females and 5 males) were
used for every temperature and anaesthetic under study.

The experiment was always carried out synchronously
on two specimens registering individual reactions to the
anaesthetics used. Anaesthetics tested (commercial phar-
maceutical products) were dosed as followed: 2-phenox-
yethanol (France) 0.4 ml/l, clove oil (Czech Republic)
0.033 mV/I and Propiscin (Poland) 1.0 ml/l. Concentra-
tions of the preparations were chosen according to gen-
eral recommendations, appropriately corrected upon
results of pilot tests. Experiments were carried out under
the following four different water temperatures 12.5; 15,
17.5 and 20°C after previous several days long adapta-
tion of fish to the given temperatures. Water tempera-
tures for the study were chosen according to temperatures
at which the perch is handled most frequently under prac-
tical conditions. The use of anaesthesia is relevant to such
conditions.

An exposure to anaesthesia was chosen in advance to
be 10 min, the respective phases of anaesthesia (0, I, ITa,
IIb and III) were studied individually on all specimens
during this exposure period. Fish were then put into clean
aerated water of the same temperature and similarly, the
phases of anaesthesia recovery were observed. A descrip-
tion of the respective phases of anaesthesia and of its re-
covery is given in Table 1. A slightly modified scale given
by Kazun ef al. (1999) was used.

Mean values and standard deviations of the onset of
the respective anaesthesia phases and of'its recovery were
computed for all temperatures and anaesthetics used. The
results were processed statistically by means of F-test
and two-sample z-test.

Table 1. Description of the respective phases of anaesthesia and their recovery in fish (according to Kazun et al., 1999)

Anaesthesia phase 0

Quiet behaviour

phase I
Excitation

physiological position, increased activity, restl
the obstacles when swimming, strong withdrawal reflex, irregular respiratory motion,

physiological position, regular respiratory motion, normal locomotor activity,
effortless evading obstacles when swimming

fast swi not evading

in some species shallow respiratory motion or wide opened opercula

phase Ila

Total superficial
anaesthesia
phase I1b

Total complete
anaesthesia

phase I11
Respiration block

decreased activity, slight tilting on the flank, weakened or no withdrawal reflex,
respiratory motions regular, slower and deep

flank position, loss of motility, none of the withdrawal reflexes but the acoustic one,
respiratory motions regular, deep, retarding

flank position, respiratory motions blocked or superficial to involuting,
no withdrawal reflex, neither the acoustic one

Anaesthesia recovery phase IIb
phase lla

phase I

flank position, regular respiration, acoustic reflex
flank position changed to physiological one, uncoordinated motions, regular respiration

physiological position, slow swimming initiated, uncoordinated motions, not evading the

obstacles when swimming (impinging against them)

phase 0

physiological position, normal locomotor activity, normal swimming, evading the

obstacles when swimming
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RESULTS

Randomly sampled fish were used for the experimental
groups. Their biometric data are given in Table 2.

Table 2. Total length (TL) in mm, standard length (SL) in mm and
individual weight (W) in g of perch in the respective experimental
groups

Anaesthetics Parameter TL (mm) SL (mm) W (g)
2-phenoxyethanol Mean 149.1 125.5 40.4
SD 23.0 19.8 21.2
Min 108.0 92.0 17.0
Max 222.0 193.0 140.0
Propiscin Mean 140.2 119.0 32.2
SD 18.5 16.8 14.2
Min 117.0 95.0 16.0
Max 195.0 168.0 74.0
Clove oil Mean 143.7 122.5 345
SD 15.9 14.7 13.0
Min 120.0 100.0 17.0
Max 180.0 165.0 75.0

Under all water temperatures studied, anaesthesia phase
IIb was always attained first with Propiscin followed by
2-phenoxyethanol and clove oil. For attaining anaesthe-
sia phase III, this sequence was maintained in the case of
12.5°C temperature only. With all three remaining tem-
peratures studied, this phase was attained first using
2-phenoxyethanol followed by Propiscin and clove oil. It
could be stated for all studied cases that with clove oil,
both phase IIb and phase I1I of anaesthesia were attained
in the latest time compared with the other anaesthetics.

Table 3. The percentage of fish when attaining the respective phases

OPhase 0
BPhase IIb

@Phase I M Phase Ila

ElPhase IlI

Erecovery

20 4

Timee (min)

150
Temperature (°C)

Figure 1. Anaesthesia and recovery time for perch (Perca fluviatilis)
using clove oil at different water temperatures

On the contrary, when observing the anaesthesia re-
covery, expressively longer times were registered for the
Propiscin anaesthetic under all temperatures studied, com-
pared with other anaesthetics. The duration of anaesthe-
sia recovery with Propiscin ranged from 15.16 + 3.14 min
at 20°C to 42.33 + 11.89 min at 12.5°C (Figure 1). With
2-phenoxyethanol, the recovery ranged from 3.69 £+ 0.79
min at 20°C to 7.44 £ 1.77 min at 12.5°C (Figure 2). It is
evident from the values reported that with Propiscin and
2-phenoxyethanol the duration of anaesthesia recovery
was longer with falling temperature. This was not valid
for clove oil (Figure 3) where the duration of anaesthe-
sia recovery was 6.06 + 1.08 min at 12.5°C, the longest
recovery 9.21 & 2.17 min was at 15°C while at the other

O
Anaesthetics E’ The onset of anaesthesia (%), x = SD Recovery of anaesthesia (%), x = SD
(Concentration) g. phase phase
5 0 I Ia m 0 mb Ila I 0
2-phenoxyethanol (0.4 m/l) 12.5 100 100 80 90 100 100 50 70 100
15.0 100 100 100 100 100 100 100 100 100
17.5 100 100 100 100 100 100 100 100 100
20.0 100 100 87.5 100 100 100 100 100 100
Propiscin (1.0 ml/I) 12.5 100 70 40 80 100 100 90 80 100
15.0 100 100 90 90 100 100 100 100 100
17.5 100 70 100 100 100 100 100 100 100
20.0 100 100 80 100 100 100 100 100 100
Clove oil (0.033 ml/l) 12.5 100 0 90 100 100 100 90 90 100
15.0 100 40 70 90 100 100 100 80 100
17.5 100 80 70 100 100 100 100 100 100
20.0 100 90 90 100 100 100 100 100 100
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OPhase 0 [@Phase | W Phase Ila
2 BPhase IIb B Phase 111 Erecovery
E 154
E
3
E
= 104
54
04 .

Temperature (°C)

Figure 2. Anaesthesia and recovery time for perch (Perca fluviatilis)
using 2-phenoxyethanol at different water temperatures

temperatures studied the recovery ranged from 6.38 +£2.21
(17.5°C) to 7.77 + 2.30 min (20°C).

No statistically significant differences were found in
the time interval for attaining phases IIb and III with clove
oil under the temperatures studied. On the contrary, for
the recovery of anaesthesia with clove oil significant dif-
ferences at (P < 0.005) were found between temperatures
15°C and 17.5°C; 12.5°C and 15°C.

Using 2-phenoxyethanol, significant differences in at-
taining phase IIb were found between temperatures 15
and 17.5°C as well as between 15 and 20°C (P <0.05). For
attaining phase III of anaesthesia it was between temper-

OPhase 0 @Phase I B Phase Ila

EPhase IIb B Phase 111 Erecovery

Timee (min)

Temperature (°C)

Figure 3. Anaesthesia and recovery time for perch (Perca fluviatilis)
using Propiscin at different water temperatures
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atures 12.5 and 20°C (P < 0.01). Testing the recovery of
anaesthesia, statistically significant differences were
found between the temperature 12.5°C and all other tem-
peratures studied, at P <0.005.

With the Propiscin anaesthetic, statistically significant
differences were found in time for attaining phase IIb of
anaesthesia between the temperature 20°C and tempera-
tures 12.5 and 15°C (P < 0.05). For attaining phase III it
was between temperatures 12.5 and 17.5°C (P < 0.01).
When testing the duration of the time interval from fish-
ing the specimens out of the anaesthetic solution into
clean water, statistically significant differences were found
at (P <0.05) between the temperature 17.5°C and temper-
atures 15 and 20°C, at (P < 0.005) between the temperature
12.5°C and other temperatures studied, as well as between
15 and 20°C temperatures.

When assessing statistically the attainment of phases
IIb and III of anaesthesia and its recovery with the re-
spective anaesthetics it can be stated that at water tem-
perature 12.5°C and assessment of phase IIb, there was a
statistically significant difference between 2-phenoxyeth-
anol and Propiscin (P < 0.01) or clove oil (P < 0.05). At
15°C water temperature, a statistically significant differ-
ence was obtained only between Propiscin and clove oil
(P <0.005). At 17.5°C water temperature, significant dif-
ferences were determined at P < 0.005 between Propiscin
and 2-phenoxyethanol, as well as between Propiscin and
clove oil. Differences at the same level (P < 0.005) were
also found at 20°C water temperature between all anaes-
thetics tested.

When assessing the duration of the time interval till the
recovery of anaesthesia, statistically significant differences
(P <0.005) were found between all anaesthetics at 15 and
20°C, and at temperatures of 12.5 and 17.5°C between Pro-
piscin and clove oil or between Propiscin and 2-phenoxy-
ethanol.

The percentage of fish that could be visually detected
to progress from one phase to another one is given in
Table 3. If phase 111 was attained by all specimens, it was
obvious that all of them passed through the respective
phases but they could not be registered visually by chang-
ing the fish behaviour. It can be stated that with anaes-
thesia recovery this case happened at 12.5°C using all
anaesthetics studied and at 15°C in the case of clove oil.
Checking the onset of anaesthesia the changes could not
be registered most frequently using clove oil, followed by
Propiscin and 2-phenoxyethanol.

Regardless of the water temperature, the fastest recov-
ery of fish from anaesthesia was with 2-phenoxyethanol
(3.69-7.44 min), followed by clove oil (6.06-9.21min) and
the longest recovery was found with Propiscin (15.16—
42.66 min). The most rapid attainment of phase I1I of ana-
esthesia at 15; 17.5 and 20°C was with 2-phenoxyethanol,
followed by Propiscin and the slowest one with clove oil.
At 12.5°C, Propiscin was the fastest anaesthetics followed
by 2-phenoxyethanol and clove oil.
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DISCUSSION

Assessing the respective positions compared to the cited
review of Kazun (1999) it can be stated that with perch,
phase I of anaesthesia with 2-phenoxyethanol was char-
acterised by a wide opening of the opercula and, appro-
priately opening the mouth. The females that had not
spawned yet did not take the flank position at phase IIb.

In our experiment, phase 111 of anaesthesia was attained
by all specimens under study using all anaesthetics stud-
ied, contrary to the results of Koufil ez al. (2001) where
the last phase of anaesthesia was not attained with 2-phe-
noxyethanol at the same concentration 0.400 ml/l and
water temperature 15°C.

For the reason that anaesthesia was not attained at lower
temperatures, we used a higher concentration of 2-phe-
noxyethanol (0.4 ml/l) in our experiment with perch than
recommended (0.2-0.3 ml/l) by Svoboda and Kolafova
(1999). Comparing the results obtained in this way with
these anaesthetics used for tench at two temperatures
nearly identical to those used for perch, it was conclud-
ed that the time necessary for attaining the anaesthesia
as well as for its recovery was longer for tench (Hamag-
kové et al., 2000) compared with perch for all anaesthet-
ics studied.

Identically to Munday and Wilson (1997), comparing
the recovery of anaesthesia with clove oil and 2-phenoxy-
ethanol, twice longer time was attained in the case of us-
ing the clove oil but at higher temperatures (15, 17.5 and
20°C) only. At 12°C water temperature the time was com-
parable. Using the Propiscin preparation at all tempera-
tures, much longer time for the recovery of anaesthesia
was necessary compared with the other anaesthetics used.
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Impact of incorrect weighting of traits in the aggregate genotype
of pigs on genetic gain

Vliv neadekvatniho vdZeni znakl v agregovaném genotypu prasat
na geneticky zisk

M. WorrovA', J. WoLF', G. NITTER?

1 Research Institute of Animal Production, Prague-UhFinéves, Czech Republic
2Institute of Animal Breeding and Husbandry, Hohenheim University, Stuttgart, Germany

ABSTRACT: Genetic gain for the traits in the aggregate genotype of pig breeds used in a three-way crossing system and total
return from one round of selection within an 8-year investment period were calculated for five aggregate genotypes (AG). The
AG differed in the relative weighting of the traits included. For AG 1, “true” economic weights were used calculated as the
product of marginal economic values and the number of discounted expressions (NDE) for each trait and each selection group
in all breeds; in AG 2, the differences in NDE between the selection groups within breeds were neglected; in AG 3 and AG 4
the differences in NDE between dam breeds were omitted using the weights for breed A or B, respectively; marginal economic
values were used for all breeds in AG 5. The traits in the aggregate genotypes were average daily gain (ADG), weight of va-
luable cuts in half-carcass (VC) and number of piglets born alive (NBA). The differences in total return between the alternati-
ves were small (maximally 2.5%). But compared with “true” weighting in AG 1, there were substantial losses (up to 25%) in
genetic gain for ADG in dam breed B (using AG 3), for NBA in dam breed A (using AG 4) and for NBA in both dam breeds
(AG 5).

Keywords: pig; economic weights; aggregate genotype; genetic gain; gene flow

ABSTRAKT: Byl vypoéten geneticky zisk znaku v &istokrevnych populacich prasat uzivanych pro trojplemenné kfiZeni a cel-
kovy vynos z jednoho cyklu selekce za osmileté investi¢ni obdobi pro pét souhrnnych genotypii (AG). Tyto AG se lisily v relativnim
vazeni znakl. U AG 1 byly pouzity ,,spravné“ ekonomické vahy znaku stanovené jako sou€in mezni ekonomické hodnoty znaki
a pottu odirokovanych projevii znakil (NDE) pro kaZdou selekéni skupinu u viech plemen; u AG 2 byly zanedbény rozdily
v NDE mezi selek&nimi skupinami uvnitf plemen; u AG 3 a AG 4 byly zanedbany diference v NDE mezi obéma matefskymi
plemeny a bylo pouZito vaZeni jako u plemene A (AG 3) nebo B (AG 4); u AG 5 byly k véZeni pouZity mezni ekonomické
hodnoty znaki pro vechna plemena. Znaky v agregovaném genotypu byly: priimérny denni pfiristek (ADG), hmotnost hlav-
nich masitych &asti (VC) a podet Zivé narozenych selat (NBA). Diference v celkovém vynosu selekce mezi alternativami byly
malé (maximaln& 2,5 %). Doslo v3ak k vyznamnému sniZeni genetického zisku pro ADG u plemene B (pfi pouziti AG 3), pro
NBA u plemene A (AG 4) a pro NBA u obou plemen (AG 5) aZ 0 25 % ve srovnani s pouzitim ,,spravnych* ekonomickych vah
vAG 1.

Kli¥ova slova: prasata; ekonomické vahy; agregovany genotyp; geneticky zisk; tok genll

INTRODUCTION

Production systems in pigs often consist of different
levels such as nucleus, multiplier and commercial herds.
Furthermore, purebred animals of several breeds from
nucleus herds are used in different crossing systems.

Depending on the crossbreeding scheme, the genetic su-
periority of animals in individual traits is transferred to
the commercial level with different frequency and time
delay. As shown in several papers (Wilton and Danell,
1981; Wiinsch, 1998; Wolfova et al., 2001), the relative
economic importance of traits in the aggregate genotype

Supported by the Ministry of Agriculture of the Czech Republic (Project MZE-M02-99-02).

474



Czech J. Anim. Sci., 46, 2001 (11): 474480

Original Paper

differs between breeds according to their position in a
specific crossing system. Differences in the relative eco-
nomic importance of traits can also occur between the
selection groups (sires, dams) within a breed (Danell et
al., 1976; Dekkers, 1994). The question is if the magni-
tude of these differences in the relative importance of
traits is large enough to be of practical importance for
breeding companies.

Genetic gain per time unit obtained for all traits in the
aggregate genotype and total return per animal in the
population are the main indicators of the efficiency of a
selection program. Considering the genetic gain and re-
turn from selection of animals in the breeding herds for a
special crossing system, the aim of the present investiga-
tion was to study the consequences of not taking into
account different frequencies and time delays in the trans-
fer of the genetic superiority of a trait through different
selection paths.

MATERIAL AND METHODS
Population structure and breeding program

The pig production system in the Czech Republic con-
sists of three tiers — breeding, multiplier and commercial
herds. Genetic evaluation is carried out for two dam
breeds — Large White (breed A) and Landrace (breed B)
— and six sire breeds (breeds C). Young boars and gilts
from the breeding herds of breeds A and B are sold to
multiplier herds where they produce reciprocal F,-dams.
These are used in commercial herds for the production
of terminal hybrids that are mostly three- and four-way
crosses. Dams and sires of breed C in breeding herds are
kept to produce the terminal sires for crossing.

Wolfova et al. (2001) have shown that there is hardly
any difference in the impact of three- and four-way cross-
ing systems on the relative weighting of production and
reproduction traits in the aggregate genotype for dam
breeds. Therefore, only the three-way crossing system
was considered in this study. For simplicity, all sire breeds
were taken as one breed C. The numbers of sows and
boars in all tiers are given in Table 1. Biological and tech-
nical parameters used in the calculations (Table 2) were

set to values representing the situation in the Czech Re-
public in 2000 (Prazak et al., 2001), The basic time unit
for all calculations is half a year, referred to as “season”.

Young boars and gilts reared in breeding herds are field
tested for their own performance. The traits measured
are average daily gain calculated as weight at the end of
test divided by age at the end of test (ADG) and lean
meat content at the end of test. Information about fatten-
ing and carcass performance is collected on stations with
the traits weight of trimmed valuable cuts in half-carcass
(VC) and average daily gain on station from 30 to 100 kg
live weight. Four groups of full sibs (one gilt and one
castrate each) are tested per sire. For dam breeds only,
the trait number of piglets born alive (NBA) is available
for all parities in the breeding herds.

After the field test, the animals are pre-selected for their
conformation and health. On the basis of their total breed-
ing value, the boars suitable for breeding are further di-
vided into two groups — into sires for breeding herds and
sires for the lower tiers of the production system. The
best 700 dams of breed A and the best 400 dams of breed
B from all gilts and sows kept in the breeding herds are
selected as sires’ dams. The best 70 sires of breed A and
40 sires of breed B from all boars used in the breeding
herds are selected as sires’ sires (Table 3).

Calculation of genetic gain and return
from selection for differently weighted traits
in the aggregate genotype

The aggregate genotype for the j-th genetic groups of
breed b can be described as follows:
Tip = Wip BV
where: w;, = the row vector of economic weights with the
elements w,
BV, = the column vector of breeding values for the
individual traits with the elements BV,

The index ¢ refers to the trait (ADG, VC or NBA).

The “correct” economic weight w, of trait 1 in the ag-
gregate genotype for the selected group j in breed b was
obtained for breeding herds as

Table 1. Population structure assuming a three-way crossing system with reciprocal crossing in dam breeds A and B

; Breed A Breed B Breed C F-cross Total
Production level
dams sires dams sires dams sires dams dams
Breeding herds 5 640 430 1830 230 1750 140 9220 (3.3%)
Multiplier herds 20250 400 6750 730 27 000 (9.7%)
Commercial herds 1710 240 800 240 800 (87%)
Total 25 890 830 8 580 960 1750 1850 240 800 277 020
(9.3%) (3.1%) (0.6%) (87%) (100%)
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Table 2. Biological and technical p s for the Czech pig popula- Weip = NDE,jba,
tion in 2000
where: NDE = the number of discounted expressions (NDE)
Parameter (Unit) Value for trait ¢ in selection group j of breed b
Number of offsprings reared per sow and season' a, = the marginal economic value of trait #
— dam breeds in breeding and multiplier herds 9.8 The marginal economic values are given in Table 4. The
~ sire breeds in breeding herds 8.0 selection groups in breeding herds are sires to breed sires,
~F,-sows in commercial herds 9.8 sires to breed dams, dams to breed sires and dams to breed
Farrowing interval (seasons) 1.0 dams, i.e. there are 12 groups altogether (4 groups for each
breed).
i hen their first offspring is bo: 2.0 . 5
A of mtials whes thele frst offspeing 1y bom (scasons) The variable NDE , defines the amount of expressions
Productive lifetime of animals in breeding herds ) of the genetic superiority of selected group j in breed b
— sires’ dams of breeds A and B 2 for trait # discounted to its year of birth with interest rate
— sires’ sires of breeds A and B 2 r and investment period S. The equation for the calcula-
— dams’ dams of breed A 3 tion of NDE was given by Nitter ez al. (1994):
~ dams’ dams of breed B 4 e =
— dams’ sires of breeds A and B 4 NDEﬂb =h, ; m s 1+7)
— sires” sires and sires’ dams of breed C 25 where: h; = row vector whose elements are the realizations of
— dams’ sires and dams’ dams of breed C 25 trait ¢ in the individual sex-age classes
Productive lifetime of animals in multiplier herds (seasons) my, = column vector whose elements are the gene pro-
— dams of breed A 4 portions that the animals of various age-sex classes
— dams of breed B 5 of breed b carry from selection group  in season s
—sires of breed A 2 The NDE,, were calculated by the gene-flow method using
~ sires of breed B 3.5 S and » from Table 2.
Productive lifetime of Is in cial herds ( ) Five different aggregate genotypes (AG) were consid-
~F, dams 5 ered:
< siresiof breed © 23 AG1- “cor{ect” weights wy; as shown above; NDEs
: specific for each path (reference AG)
Investment period (seasons) 16

AG 2 — different economic weights between breeds but
Interest rate for return per season 0.03 not between paths within breeds; NDEs for the
path sires to breed sires were used

!season = half a year

Table 3. Number of tested and selected animals per season (half a year), number of parents for production of the next generation of sires and selection
proportion in the breeding herds

Group of animals Breed A Breed B Breed C
Gilts

- performance tested 10 900 2850 1440

— suitable for breeding' 7200 1850 710
Young boars

- performance tested 1400 850 2300

— suitable for breeding' 325 210 900

— suitable for use in breeding herds? 110 60 140
Number of sires’ dams 700 400 1750
Number of sires’ sires 70 40 140
Selection proportion in the path (in %)

— sires to breed sires 10.8 9.5 6.2

— dams to breed sires 4.9 10.8 98.6

— sires to breed dams 331 274 6.2

~ dams to breed dams 26.1 247 98.6
Mean generation interval (seasons) 2.88 3.00 2.80

lafter selection on conformation and health, 2on the basis of breeding values
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Table 4. Genetic | and marginal ic values (from Wolf et al., 1999)
S 2 -
Trait (Unit) Standard deviation Heritability Correlation Marginal values
genetic phenotypic ADG vC NBA (CZK/unit)

ADG (g/day) 25.8 61.9 0.17 -0.08 -0.09 8

VC (kg) 0.83 1.1 0.59 0.06 0.13 270

NBA (piglets) 0.67 1.9 0.13 -0.01 0.03 440

!genetic correlation above, phenotypic below the diagonal

ADG = average daily gain in the field test, VC = weight of valuable cuts in the half-carcass, NBA = number of piglets born alive

AG 3 - equal economic weights for both dam breeds;
NDEs for the path sires to breed sires of breed A

AG 4 - equal economic weights for both dam breeds;
NDEs for the path sires to breed sires of breed B

AG 5 - marginal values a, not corrected for NDEs for all
traits in all breeds and paths

The program ZPLAN (Karras et al., 1993) was applied
for the calculation of NDEs, genetic gain and return from
selection. In this program, the classical theory of index
selection is used.

Equal information sources were used for the indices of
all selection groups and breeds. These were the own per-
formance of the selected animal, the performances of sire,
dam, sire’s sire and sire’s dam, dam’s sire and dam’s dam,
halfsibs of the sire and dam, fullsibs of the sire and dam,
paternal halfsibs and fullsibs. In dam breeds, the infor-
mation on both reproduction and production traits (from
field and station tests) was included in the index where-
as only production traits were included in the sire breed.

The genetic superiority of trait 7 in breed b and selec-
tion groupj achieved in one round of selection with se-
lection intensity i, was calculated as follows:

AG,, =ib,G

» /b;P.b

b 16" b

where: G, = the t-th column of genetic covariance matrix G,
between the traits in the aggregate genotype and
the information sources in the index

l"b = phenotypic covariance matrix between the informa-
tion sources of the index

, = the column vector of index weights and the prime
stands for the transposition of the vector

All quantities refer to selection group j of breed b. The
genetic superiority of the aggregate genotype is then sim-
ply calculated by weighting the genetic superiority of the
individual traits with the appropriate marginal economic
values. The parameters required for the construction of
genetic and phenotypic covariance matrices are sum-
marised in Table 4.

The genetic gain per time unit for trait # in breed b (AG,,)
was obtained analogically to the formula of Rendel and
Robertson (1950):

AGy =(2‘1ijqu ]{Z q vl b ]
J J

where: g,= the proportion of selection group j of breed b contri-
buted to the next generation

1,,= the generation interval of selection group j of breed &

The present value of overall return (R) from one round

of selection was obtained by summing the returns over

breeds, traits and selection groups from all tiers (breed-

ing, multiplier and commercial herds) within the invest-
ment period (16 seasons = 8 years):

R=3Y 3 Y AG; NDEa,
bt j
For further details see also Nitter ez al. (1994).

b,

Table 5. Numbers of discounted expressions for production and reproduction traits in the four selection paths in breeding herds (summarised within the
investment period of 16 seasons, discounted to the birth year of selected groups by a discounting rate of 3% and expressed per sow in the whole

population)

Numbers of discounted expressions

Selection group dam breed A dam breed B sire breed C
ADG, VC NBA ADG, VC NBA ADG, VC NBA
Sires’ sires 0.120 0.238 0.088 0.154 0.273 0.004
Sires’ dams 0.120 0.238 0.088 0.154 0.273 0.004
Dams’ sires 0.106 0.221 0.072 0.129 0.273 0.007
Dams’ dams 0.115 0.238 0.072 0.129 0.273 0.007

For abbreviations of traits see Table 4
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Table 6. Relative economic weights in aggregate genotype 1 (true
weighting) for selection groups in nucleus herds for all involved breeds

Table 7. Relative economic weights in aggregate genotypes 2 to 5 (in-
correct weighting) for all involved breeds

Economic weight for NBA expressed as the
proportion of economic weight for ADG'

Selection group

Aggregate genotype  Economic weight for NBA expressed as the
proportion of economic weight for ADG'

dambreed A  dam breed B sire breed C dam breed A dam breed B sire breed C
Sires’ sires 109.33 96.43 0.87 2 109.33 96.43 0.87
Sires’ dams 109.33 96.43 0.87 3 109.33 109.33 0.87
Dams’ sires 114.51 98.50 1.42 4 96.43 96.43 0.87
Dams’ dams 113.78 98.50 1.42 5 55.00 55.00 55.00
IThe relation of the economic weights for VC and ADG is 33.76 to 1 For footnotes see Table 6

for all aggregate genotypes and all breeds
For abbreviations of traits see Table 4

RESULTS

The numbers of discounted expressions for the produc-
tion traits (ADG and VC) and the reproduction trait NBA
for the four paths in each breed are summarised in Ta-
ble 5. In dam breeds, NDE for the reproduction traits is
about twice as high as NDE for the production traits;
whereas, as expected, it is negligible in the sire breeds. A
difference in NDE between the sexes in the paths sires to
breed sires and dams to breed sires or sires to breed dams
and dams to breed dams occurs only if there is a differ-
ence between the productive lifetime of sires and dams.

The economic weights for the traits were obtained by
multiplying these NDEs by the marginal values of the
traits. For comparing the economic weights of different

aggregate genotypes or different paths within an aggre-
gate genotype, not the absolute values of the weights but
only their relations are of interest. The economic weights
for NBA were therefore expressed as proportions of the
economic weights for ADG (Tables 6 and 7). As NDE
for the traits VC and ADG was assumed to be equal, the
relation of the economic weights for VC and ADG was
constant (33.76 to 1) over all aggregate genotypes and all
breeds. In AG 1, the reproduction trait NBA had a higher
relative economic weight in dam breed A than in dam breed
B (Table 6). The relation of weights for breeds A and B
differed little between the four paths, which justifies the
use of NDE values for the sire to sire path as reference
when comparing the various alternatives. Because of the
high marginal value of NBA and the low marginal value

Table 8. Genetic gain per season and return from the selection program per sow in the whole population for different aggregate genotypes

Genetic gain per season (in the unit

of the given trait) for aggregate genotype

Genetic gain per season (in %, relatively to
aggregate genotype 1) for aggregate genotype

Trait (Unit)
1 2 3 4 5 2 3 4 5

Breed A

ADG (g/day) 2.01 2.06 2.06 231 3.89 102.5 102.5 114.9 193.5
VC (kg) 0.08 0.08 0.08 0.09 0.10 100.0 100.0 112.5 125.0
NBA (piglet) 0.12 0.12 0.12 0.10 0.09 100.0 100.0 833 75.0
Breed B

ADG (g/day) 2.13 2.15 1.92 2.16 3.63 100.9 90.1 101.4 170.4
VC (kg) 0.09 0.09 0.08 0.09 0.09 100.0 88.9 100.0 100.0
NBA (piglet) 0.10 0.10 0.11 0.10 0.08 100.0 110.0 100.0 80.0
Breed C

ADG (g/day) 4.57 4.57 4.57 4.57 4.14 100.0 100.0 100.0 90.6
VC (kg) 0.03 0.03 0.03 0.03 0.04 100.0 100.0 100.0 133.3
NBA (piglet) -0.007 -0.007 -0.007 -0.007 -0.005 100.0 100.0 100.0 714
Return/sow! (CZK) 66191 661.89 669.59  646.65 645.81 100.0 101.2 97.7 97.6

! Return/sow: total return from one round of selection per one sow in the whole population after an investment period of 16 seasons

For abbreviations of traits see Table 4
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of ADG, the relative weighting of NBA and ADG in the
sire breed was nearly 1 to 1 despite of the very low val-
ue of NDE for the reproduction trait in this breed.

The relative weighting of the traits in aggregate geno-
types 2 to 5 is summarised in Table 7. As expected from
the results of correct weighting in AG 2 (with NDEs for
the sire to sire path only), in AG 3 the relative weight for
the trait NBA was overestimated for breed B whereas in
AG 4 it was underestimated for breed A. The AG 5 dif-
fered substantially from all other alternatives.

For each of the three breeds, genetic gain per season
obtained for the individual traits and for the aggregate
genotype as well as total return per one sow in the whole
population are given in Table 8. The values calculated
for aggregate genotypes 2 to 5 were additionally ex-
pressed as percentage of the corresponding values for the
AG 1 (the genotype with the correct weighting).

As expected, due to the minor differences in NDE be-
tween sires and dams within a breed, there were practi-
cally no differences between AG 1 and AG 2 for all
values. For all five aggregate genotypes, there were also
negligible differences in the total return per sow (from
—2.4% to + 1.2%). But a lower genetic gain for produc-
tion traits in dam breed B was observed, if the weighting
that was calculated for breed A was also used for breed
B. On the other hand, a lower genetic gain for the repro-
duction trait in dam breed A was observed if the weight-
ing calculated for breed B was also inserted for breed A.

If the position of the breeds in the crossing system was
not taken into account (i.e. no weighting with NDE-val-
ues in AG 5), there were losses up to 25% in the genetic
gain for the reproduction trait NBA in both dam breeds
in comparison with AG 1. But these losses were com-
pensated by a higher genetic gain in production traits (es-
pecially in growth rate) so that the total return per sow
was only slightly reduced. In the sire breed, the genetic
gain in ADG and NBA decreased in AG 5 in compari-
son with genotype 1.

DISCUSSION

The impact of different factors (production system, sex
of animals being selected, population and technical pa-
rameters that influence the population structure) on the
number of discounted expressions of a trait and there-
fore on the relative economic importance of traits in the
aggregate genotype was investigated in several papers
(Danell et al., 1976; Wilton and Danell, 1981; Pfibyl et
al., 1999; Wiinsch et al., 1999). Based on these investi-
gations, some authors recommended to consider the dif-
ferences in the relative expressions of the traits when
defining selection objectives and criteria for different
breeds used in different crossing systems or for groups
of animals used at different production levels (Wiinsch
et al., 1999; Wolfova et al., 2001). Wilton and Danell

(1981) proposed to define separate selection objectives
even for both sexes within a line used for crossbreeding
in beef cattle.

However, the bias in economic weights due to omit-
ting NDE for the traits should be considered in its effect
on the selection response. The loss of efficiency in index
selection due to biased estimates of parameters describ-
ing the production circumstances (prices, costs, produc-
tion limitations) that enter into the calculation of the
marginal economic values has already been referred by
Rénningen (1971), Brascamp (1977), Groen (1990) and
Ptibyl and Pfibylova (2001). A common suggestion of
all these studies was that the loss in the overall monetary
genetic gain was not probably too serious for moderate
deviations ( 50 %) from the true economic weights for
one trait at a time. This was confirmed in our study where
decreasing the relative economic importance of repro-
duction versus production traits by 50% (aggregate gen-
otypes 1 to 3 versus AG 5) led to a loss in total revenues
of 2.5% only.

As mentioned by Danell (1980), the relative stability
of the actual overall return can be explained by mutual
compensation between gains in the various traits. This
was demonstrated by Brascamp (1977) who concluded
that, although the overall return was rather insensitive,
the best individuals differed to some extent, thus causing
different gains in individual traits. The same outcome was
found by Dekkers (1994) when comparing the response
for the traits direct and maternal calving ease using sin-
gle or dual indices for sires mated to primiparous versus
multiparous dams. These results were confirmed in our
study where the incorrect weighting (omitting the NDE
for the individual traits in the given production system)
led to losses in genetic gain for the reproduction trait
(NBA) in dam breeds up to 25%, but to an increase in
the genetic gain of production traits up to 93%.

Giving the same relative weighting of reproduction and
production traits for both dam breeds in the three-way
crossing system (AG 3 and AG 4), the loss in the genetic
gain for the reproduction trait in these breeds was lower
than when omitting NDE (AG 5). In this case, the differ-
ence in the relative NDE for reproduction and produc-
tion traits between both dam breeds was lower than if no
reciprocal crossing was used (Wolfova ef al., 2001). If
the dam breeds were strictly distinguished as a grandam
and a grandsire breed, a higher loss than that given in
Table 8 in the genetic gain for the reproduction traits
could be expected for equal weighting of traits in both
breeds. These losses would not have to be accepted by
producers of F -dams in multiplier herds.

CONCLUSIONS

The overall monetary genetic gain and total return from
selection seem to be relatively robust to deviations from
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the “true economic weighting” of traits in the aggregate
genotype. But the genetic gain of an individual trait can
be substantially influenced by incorrect economic weights.

Therefore, the weighting factors for the traits in the
aggregate genotype of pig breeds used in crossing sys-
tems should be obtained by weighting the marginal eco-
nomic values with the numbers of discounted expressions
(NDE) for each trait and breed separately. But the differ-
ences between NDEs for the four selection paths within
a breed can be omitted and an equal aggregate genotype
can be formulated for all the paths.

If only one aggregate genotype for both dam breeds is
demanded, the “true” economic weights of the breed used
in the grandam position (breed A) can be applied for both
dam breeds to avoid a loss in genetic gain for reproduc-
tion traits.
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Studies on the relationship between body weight, trunk length
and pelt size in common foxes (Vulpes vulpes)

Studium zavislosti mezi télesnou hmotnosti, délkou trupu a velikosti
kozek u liSek obecnych (Vulpes vulpes)

M. O. Lorek, A. GUGOLEK, A. HARTMAN

Department of Fur-bearing Animal Breeding, University of Warmia and Mazury in Olsztyn, Poland

ABSTRACT: The aim of the present research was to determine the relationship between live body weight, trunk length and pelt
size in foxes. The studies were conducted on 134 silver foxes. Measurements of body weight and trunk length were made
directly before slaughter. After slaughter pelts were subjected to standard processing. Dried pelts were measured and the values
were compared with those concerning the body weight and trunk length of a given animal. Statistical differences between males
and females were determined. The multiple regression method was employed to calculate the coefficients of correlation between
body weight, trunk length and pelt length. Multiple regression formulas were derived to estimate the pelt size (trait ¥) before
slaughter on the basis of body weight (trait X;) and trunk length (trait X;). Those equations make it easier for breeders to
determine the expected size of pelts in a given season before animals are slaughtered and to estimate their market value.

Keywords: common fox; body weight; size; pelt; correlation

ABSTRAKT: Cilem tohoto vyzkumu bylo stanoveni zavislosti mezi Zivou té€lesnou hmotnosti, délkou trupu a velikosti koZek
u lidek. Sledovani jsme provadéli na 134 stfibrnych li$kach. T&lesnou hmotnost a délku trupu jsme méfili tésné pied usmrce-
nim zvifete. Kozky pak byly zpracovany standardnim zplsobem. UsuSené koZzky jsme zméfili a naméfené hodnoty jsme po-
rovnali s hodnotami télesné hmotnosti a délky trupu daného zvifete. Stanovili jsme statistické rozdily mezi samci a samicemi.
K vypoétu korelagnich koeficienti mezi télesnou hmotnosti, délkou trupu a délkou kozky jsme pouzili metodu vicenasobné
regrese. Pro odhad velikosti koZky (znak Y) na Zivém zvifeti na zdkladé jeho télesné hmotnosti (znak X,) a délky trupu (znak
X>) byly odvozeny rovnice vicendsobné regrese. Chovatelim tyto rovnice usnadiiuji stanovit oéekavanou velikost koZek
v dané sezoné dfive, neZ jsou zvifata usmrcena, a odhadnout jejich trzni hodnotu.

Kli¥ov4 slova: li¥ka obecn4; télesnd hmotnost; velikost; koZka; korelace

INTRODUCTION

Fur-bearing animal breeding is aimed at obtaining large
pelts of good quality. Size and quality parameters are
important as they provide the basis for estimating the
commercial value expressed as a sales price. The quality
of fur covers depends on numerous factors that may be
divided into genetic and environmental ones. The price
of pelts depends first of all on their size (length). It is
common knowledge that the pelt size is connected with
the size and body weight of animals, so those traits are
taken into account in the course of selection. The research
on the correlation between those traits was conducted on
foxes, raccoon dogs and minks (Nurominen and Sep-

ponen, 1996; Piérkowska, 1996, 1998). The results indi-
cate that such relationships exist, but may take different
forms in different species or sexes. The correlation be-
tween the trunk length and pelt length has been confirmed
more frequently than that between the body weight and
pelt length. It seems that the fattening of animals after
they have reached certain body measurements does not
result in obtaining longer pelts. On the contrary, it may
lead to some defects (e.g. signs of damage/wear in ab-
dominal parts) and decrease their market value. In order
to compare and evaluate pelts produced in different coun-
tries and by various manufacturers, the size and shape of
blocks for pelt forming have been standardized. The size
of pelts depends not only on the trunk length and body
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weight of animals, but also on the stretching force and
way of forming on the blocks. The length of pelts is also
affected by the way of making cuts during the process of
fur cover removal.

The aim of the present paper was to calculate the coef-
ficients of correlation between body weight, trunk length
and pelt length in common foxes. Multiple regression
equations were derived to determine the expected size of
pelts in a given season before animals are slaughtered,
and to estimate their market value on the basis of zoo-
metric measurements carried out for a representative
group of farm animals.

MATERIAL AND METHODS

The aim of the research was to determine the relation-
ship between live body weight, trunk length and pelt size
in foxes. The studies were conducted at the beginning of
December on a commercial fox and mink farm in Olsz-
tyn. 134 silver foxes: 62 males and 72 females constitut-
ed the experimental material. Measurements were taken
during two working days and concerned the foxes slaugh-
tered on those days, that means the experimental animals
were selected at random. It follows that they were repre-
sentative of the farm and their selection was consistent
with production conditions.

Measurements of body weight and trunk length were
made directly before slaughter that was carried out at the
optimum time, i.e. when fur covers were fully developed.
The foxes were measured with a measuring tape, to the
nearest 1 cm, from the tip of the nose to the base of the
tail. Their body weight was determined to the nearest
10 g. The pelts were marked permanently with numbered
metal ear studs and subjected to standard processing. They
were formed on openwork blocks designed for the form-
ing and drying of pelts of arctic and common foxes, type
P-14. When the process of drying (2 days) was over, the
pelts were measured with a measuring tape, to the near-
est 1 cm, from the tip of the nose to the base of the tail.
The values were compared with those concerning the
body weight and trunk length of a given animal. The re-
sults were processed statistically, taking into account the
sex of the animals. At the first stage, statistical differ-
ences between males and females were determined em-
ploying an analysis of variance for one-factor
non-orthogonal designs (Ruszczyc, 1981). This allowed
to find out if coefficients of correlation can be calculat-
ed, and regression equations formulated, for the whole
population or males and females separately. At the next
stage, the multiple regression method was applied to de-
termine the coefficients of correlation between body
weight, trunk length and pelt length, separately for males
and females. Multiple regression formulas were also de-
rived to estimate the pelt size (trait Y) before slaughter
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on the basis of body weight (trait X)) and trunk length
(trait X).

RESULTS AND DISCUSSION

Table 1 presents the characteristics of live measure-
ments concerning the body weight, trunk length and pelt
length in foxes. The material subjected to a statistical
analysis (males and females separately) indicates highly
statistically significant differences between males and
females in all the traits examined. Foxes do not show
such clear sexual dimorphism as minks, but statistical
differences in the body weight between males and fe-
males have been confirmed. The average body weight of
males was equal to 7.41 kg; it was somewhat higher than
the standard values given by Jarosz (1993). According
to this author, males of this species achieve in November
the body weight of 7.0 kg. Cholewa (1988) claims that
in the case of common foxes the body weight of adult
males amounts to 6.0-8.5 kg. In the experimental group
of animals, the heaviest male achieved the weight of 10.1
kg while the lightest — 4.90 kg. The average body weight
of females in the studied population turned out to be by
ca. 0.5 kg lower than that quoted by Jarosz (1993). The
heaviest female achieved the weight of 6.80 kg while the
lightest — 4.0 kg. According to Cholewa (1988), in late
autumn females should weigh from 5.0 to 7.0 kg.

In the case of fox populations, the most common zoo-
metric measurement is the length of the trunk, taken dur-
ing the appearance evaluation in order to determine the
size of a given animal. The average trunk length in the

Table 1. Characteristics of live measurements (body weight and trunk
length) and pelt length in common foxes

Specification Statistical measures  Males Females
Body weight (kg) n 62 72
x 7414 6.078
Range (4.9-10.1) (4.0-6.8)
v 18.29 19.10
Trunk length (cm) n 62 72
x 72.194 67.008
Range (59-82) (59-79)
v 9.65 10.60
Pelt length (cm) n 31 36
x 104.42A 97.448
Range (94-118) (93-115)
v 831 8.07
x=mean

v = coefficient of variation (%)
a,b=P<0.05
A,B=P<0.01
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Table 2. Coefficients of correlation between body weight, trunk length and length of pelts obtained from male and female foxes
Trait Body weight - X, Trunk length - X, Pelt length - ¥
Male foxes
Body weight - X 1.000 0.907** 0.762**
Trunk length - X, 1.000 0.877x%
Pelt length— Y 1.000
Female foxes
Body weight - X, 1.000 0.844%x 0.681**
Trunk length — X, 1.000 0.897%
Pelt length - ¥ 1.000

*P £0.05; P <0.01

group of males was 72.19 cm (it ranged from 59 to
82 c¢m), while in that of females — 67.00 (from 59 to 79).
According to the Standards of the Appearance Evalua-
tion in Common Foxes, issued in 1998 by the Central
Station for Animal Evaluation, the trunk length should
exceed 73 cm in males and 68 in females. It follows that
the trunk length of common foxes in the examined pop-
ulation oscillated around the maximum values. The av-
erage length of pelts amounted to 104.42 cm in males.
This allowed to classify them to the commercial catego-
ry 0(97.1-106.0 cm). The maximum pelt length was 118
cm — the commercial category 000 (115.1-124 cm) while
the minimum — 94 cm, classified to the category 1 (88.1—
97.0 cm). As concerns females, the average pelt length
was 97.44 cm (the commercial category 0). The maxi-
mum pelt length in this group amounted to 115 cm (cate-
gory 00) while the minimum — to 93 cm (category 1).

An interesting problem is an increase in the length of
“raw” pelt in relation to the length of the trunk (Table 1).
The results show that pelts of male and female foxes be-
came longer, on average by 32.23 and 30.44 cm, respec-
tively, compared with the average length of their trunks.
Expressed as percentage (assuming that the trunk length
constitutes 100%), the increase in the pelt length would
be equal to 45% in both males and females.

Table 2 presents the coefficients of correlation between
live body weight, trunk length and length of pelts obtained
from male foxes. All the above coefficients of correlation
are characterized by positive values and statistically sig-
nificant differenges. The highest correlation coefficient
was determined between the body weight and trunk length
—0.907. The coefficient of correlation between the trunk
length and pelt length amounted to 0.877, while that be-
tween the body weight and pelt length to 0.762. Those
values indicate that both parameters (body weight and trunk
length) influence the final length of pelts, which may sug-
gest that the length of “raw” pelts increases with an in-
crement in the trunk length and body weight.

As regards females (Table 2), the coefficients of corre-
lation between individual traits were somewhat different

than those recorded in the group of males. Their values
were lower for the relationship between the body weight
and trunk length (0.844), as well as the body weight and
pelt length (0.681), but higher for that between the trunk
length and pelt length (0.897). It seems that the body
weight of female foxes has a slight effect on the pelt
length while there is a significant correlation between the
trunk length and pelt length.

In the studies on arctic foxes, conducted by Piorkows-
ka (1996), the coefficient of correlation between the body
weight and trunk length was 0.520 while that between
the body weight and pelt length was 0.620. As concerns
raccoon dogs, the coefficient of correlation between the
body weight and pelt length was 0.227, and that between
the trunk length and pelt length — 0.449. So they were
relatively low, compared with those calculated for foxes.
This is probably connected with a different constitution
of raccoon dogs. Those animals are rather stocky and
capable of depositing fatty tissue in autumn (Piérkows-
ka, 1998).

The correlation coefficients included in Table 2 pro-
vided the basis for deriving multiple regression equations
(Table 3), in which the value estimated was the length of

Table 3. Regression equations for estimating the pelt length (cm) in foxes
on the basis of live measurements: body weight and trunk length

Equation

No Multiple regression equation S, R

3.

Common foxes — males

1 =-1.231 X, + 1.311 X, + 18.870 4.25 0.881
Common foxes — females
2 =-1.798 X, + 1.242 X, +25.123  3.39 0.908

Y= pelt length (cm)

X, = body weight (kg)

X, = trunk length (cm)

Sy = standard error of estimation (cm)

R = coefficient of multiple correlation between Y, X; and X,
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dried pelts (variable Y), determined by means of live
measurements: body weight (X)) and trunk length (X).
The paper presents two equations calculated for males
and females separately. The usability of regression equa-
tions depends on: the degree of difficulty connected with
the measurement of the traits constituting their variables,
possibility to repeat measurements and to make them in
live animals, effect of the trait measurement on the fu-
ture commercial value of pelts. The equations discussed
in the present paper are easy to apply as they require
making two simple measurements only that does not de-
crease the quality of fur covers in any way. Another ad-
vantage of those equations is the possibility to use them
in breeding work, especially while selecting animals for
herd replacement.

The standard error of estimation in the equations var-
ied from 3.39 cm in the group of females to 4.25 in that
of males. The coefficients of multiple correlation (R) be-
tween Y, XI and X2 amounted to 0.881 in males and 0.908
in females.

CONCLUSIONS

High values of the correlation coefficients allow to
derive multiple regression equations that may be applied
to determine the pelt length in foxes on the basis of live
measurements of their body weight and trunk length.

These equations make it easier for breeders to determine
the expected size of pelts in a given season before slaugh-
ter, and to estimate their market value.
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Nutrient digestibility and nitrogen retention in arctic foxes fed
a diet containing cultures of probiotic bacteria

Stravitelnost Zivin a retence dusiku u polarnich lisek krmenych smési
obsahujici kultury probiotickych bakterii

O. M. Lorek, A. GUGOLEK, A. HARTMAN

Department of Fur-bearing Animal Breeding, University of Warmia and Mazury in Olsztyn, Poland

ABSTRACT: The studies on the effect of cultures of probiotic bacteria such as Lactobacillus acidophilus and Enterococcus
Jfaecium on nutrient digestibility and nitrogen retention in growing arctic foxes were conducted on 8 females aged ca. 4 months.
The animals were placed in individual cages adapted for digestibility-balance analyses and feces/urine collection. A five-day
research period was preceded by a preliminary one. Experimental animals were given probiotics in the amount of 1 g per 600 g
of feed mixture. The results show that the addition of probiotic bacteria cultures resulted in better utilization of both carbohydra-
tes and gross energy from the ration. A slightly higher level of nitrogen retention was also observed in the experimental group.

Keywords: arctic fox; digestibility; nitrogen retention; probiotic bacteria

ABSTRAKT: Vliv kultur probiotickych bakterii, Lactobacillus acidophilus a Enterococcus faecium, na stravitelnost Zivin
a retenci dusiku jsme sledovali u rostoucich polarnich lidek, a to u osmi samic ve véku asi &tyf mésic. Zvifata jsme umistili
do individudlnich kleci upravenych pro provadéni bilan¢nich analyz a pro sbér exkrementi/mogi. Pétidennimu pokusnému ob-
dobi pfedchézelo pfipravné obdobi. Pokusna zvifata dostdvala probiotika v ddvce 1 g na 600 g krmné smési. Vysledky nazna-
&uji, ze pridavek kultur probiotickych bakterii vedl k lepdimu vyuZiti jak uhlohydratd, tak energie z krmné davky. U pokusné

skupiny jsme rovnéZ zjistili nepatrné vy3si hladinu retence dusiku.

Kli¢ovi slova: polarni lidka; stravitelnost; retence dusiku; probiotické bakterie

INTRODUCTION

Probiotics are living microorganisms which have a
positive effect on the organism, manifested by an im-
provement in the microbiological equilibrium of the ali-
mentary tract. This phenomenon is known as probiosis.
Some strains of bacteria and yeasts are considered pro-
biotics. The most valuable among them are lactic acid
bacteria. The main function of this kind of bacteria is
protection of the alimentary tract against its colonization
by pathogenic strains. This is especially important in the
nutrition of fur-bearing carnivorous animals, due to the
kind of feed they receive, because environment acidifi-
cation is a barrier to the development of putrefactive bac-
teria. It should also be mentioned that these bacteria
produce natural substances — bacteriocins — whose ef-
fect is similar to that of antibiotics.

The digestibility of particular nutrients in fur-bearing
animals depends on numerous factors. This problem has
not been fully investigated yet and still constitutes the
subject of scientific research (Szymeczko and Podkéw-
ka, 1994; Lorek et al., 1994, 1997; Oleinik, 1994; Gugo-
lek et al., 1997; Barabasz et al., 1999).

The activity of digestive enzymes in particular segments
of the alimentary tract depends on the rate of food trans-
portation, diet composition and individual predisposition
of animals. A high degree of activity of some enzymes
in lower parts of the intestine is characteristic of carniv-
orous animals (Oleinik, 1994). It seems that also bacteri-
al microflora may affect the level of digestibility in these
animals, although its influence is much lower in this case
than in ruminants. Some bacteria, e.g. bifidobacteria, have
a beneficial effect on the processes of maturation and re-
generation of enterocytes in the alimentary tract. They
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also stimulate the immune system, preventing infections.
Cultures of probiotic bacteria are used in clinical prac-
tice to treat patients with lactose intolerance. They pro-
vide additional amounts of lactase — an enzyme
indispensable for milk sugar digestion.

A positive influence of probiotics on the production
results of foxes and minks was already confirmed by
many authors (Touson, 1986; Skrede and Ness, 1989;
Gugolek et al., 1999).

The aim of the present investigations was to determine
the effect of probiotic bacteria cultures on nutrient di-
gestibility and nitrogen retention in growing arctic fox-
es.

MATERIAL AND METHODS

The experimental factor in the studies on the effect of
probiotic bacteria cultures on nutrient digestibility and
nitrogen retention in polar foxes was the preparation
ALL-LAC (manufacturer — Alltech Biotechnology Cen-
ter Inc., USA). It was added to rations in the amount of
lg per animal. This preparation contains lyophilized,
micro-capsulated strains of probiotic bacteria Lactoba-
cillus acidophilus 10° cfu and Enterococcus faecium 10°
cfu per gram of probiotic preparation. It is produced in a
friable form.

The experiment was carried out in September, on 8 fe-
males aged ca. 4 months. They were taken from two lit-
ters, placing 2 females selected at random from each litter
in each of the groups. The animals were clinically healthy
and characterized by similar body weight.

They were put into individual cages adapted for digest-
ibility-balance analyses and feces/urine collection. A five-
day research period was preceded by a preliminary one
to let the animals adapt to new environmental conditions.
The foxes were fed once a day, at the same hour. Each
time both groups were given 600 g of feed. The ration
was prepared using typical feed components: beef, pluck,
slaughter offal (wastes, by-products), hard poultry offal,
steamed ground barley, green forage, vegetables and
wheat bran; they were supplemented with Polfamix L-N
(a vitamin-mineral preparation commonly applied in Po-
land as diet supplementation in fox and mink feeding).
The animals had free access to drinking water. Feed
wastes and excreted feces were collected every day and
weighed to the nearest 10 g. One half of the feces was
preserved in concentrated sulfuric acid. The nitrogen
content was determined after taking the average sample
for the whole collection. The other half was partly dried,
and the content of the other nutrients was determined.
Urine was preserved in 20% sulfuric acid, and the vol-
ume of the whole collection was determined after the re-
search period. The nutrient content of feed and feces, and
the nitrogen content of urine, were determined by the
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method described by Skulmowski (1974). The balance
method, commonly used in this type of studies, was em-
ployed to estimate nutrient digestibility and nitrogen re-
tention.

Numerical data, in the form of nutrient digestibility
coefficients and results of nitrogen retention, were pro-
cessed statistically applying the analysis of variance for
one-factor orthogonal designs (Ruszczyc, 1981).

RESULTS AND DISCUSSION

Table 1 presents the chemical composition and energy
value of the diet applied during digestibility-balance ex-
aminations. An addition of the preparation ALL-LAC in
the amount of 1g per 600 g of feed did not change the
chemical composition of rations. Its dry matter content
was equal to 32.52%, and — according to other authors —
it was typical of wet feed.

The crude ash content was 4.97%. This component may
affect the digestibility of other nutrients (Stawon, 1987).
Its relatively high content was caused by the fact that
hard poultry offal, containing large amounts of bones,
was used for feed preparation. The organic matter con-
tent was at a level of 27.55%, including 12.50% of crude
protein, 4.09% of crude fat, 0.74% of crude fiber and
10.22% of N-free extractives.

The gross energy value was 6.033 MJ per kg of feed.
This satisfies the needs of growing foxes at the age of 4
months (Stawon, 1987).

Table 2 presents the coefficients of nutrient and ener-
gy digestibility in the case of feed containing the above-

Table 1. Chemical composition of the ration for foxes

Specification* %
Dry matter a 32.52
b 100.00
Crude ash a 497
b 15.28
Organic matter a 27.55
b 84.72
Crude protein a 12.50
b 38.44
Crude fat a 4.09
b 12.58
Crude fiber a 0.74
b 227
N-free extractives a 10.22
b 31.43
Gross energy (MJ/kg) a 6.033
b 18.552

*see Material and Methods for ingredients
a = in fresh matter, b = in dry matter
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Table 2. Coefficients of nutrient and energy digestibility (%) in control
and experimental foxes

g Statistical Group
Specification %
variables trol—1  experi *~11
4 4
Dry matter x 74.06 75.26
v 0.84 0.72
Organic matter x 85.27 87.01
v 0.74 0.89
Crude protein x 86.25 87.67
v 0.62 0.54
Crude fat x 92.30 92.59
v 0.24 0.23
Crude fiber x 18.64 21.23
v 10.12 8.03
N-free extractives  x 56.798 60.97 A
v 321 4.01
Gross energy x 87.978 89.044
v 0.84 0.76

*The probiotic preparation ALL-LAC was added to the diet of experi-
mental animals

a,b=P<0.05

A,B=P<00l1

X = mean

v = coeflicient of variation (%)

Table 3. Daily nitrogen balance and retention

o Statistical Group
Specification A
variables  conrol 1 experimental* — I
Nitrogen (g/animal) n 4 4
Intake x 10.31 10.49
v 0.10 0.07
Excretion:
in feces x 1.35 1.32
v 12.51 10.17
in urine x 6.13 5.61
v 7.18 5.12
Digestion x 8.96 9.17
v 4.02 3.15
Retention x 2.83 3.56
v 27.15 20.19
Retention in relation to:
nitrogen intake (%) x 27.45 33.93
v 25.18 21.13
nitrogen digestion (%) x 31.58 38.82
v 29.77 21.01

X =mean
v = coefficient of variation (%)
No statistically significant differences

mentioned preparation. No statistical differences were
found in the level of dry matter digestibility between the
groups although the value of the digestibility coefficient
was higher in the experimental one.

Also the digestibility of organic matter was higher by
1.74% in the experimental group, but this difference was
not confirmed statistically. The difference in the organic
matter digestibility was affected by the digestibility of
particular nutrients. A higher digestibility level was de-
termined in group II for crude protein, crude fat, crude
fiber and N-free extractives.

There were no statistically significant differences in the
utilization of crude protein between the groups. In group
I (control) it was equal to 86.25% while in group II (ex-
perimental) to 87.67%. The coefficient of crude protein
digestibility was 86-87%, which is considered an aver-
age value. A similar level of digestibility (84-85%) was
observed by Lorek et al. (1997). In the studies conduct-
ed by Lorek et al. (1994) crude protein digestibility
amounted to 93-94%. Szymeczko and Podkéwka (1994)
reported nitrogen digestibility in foxes at a level of 87 to
95%. Lower protein utilization, compared with the re-
sults obtained by Lorek et al. (1994), may be connected
with the use of hard poultry offal contained in rations.
Barabasz et al. (1999) found out that in the case of mink
nutrition protein digestibility rapidly decreases when large
amounts of these wastes are included in the diet.

In the present paper the coefficients of crude fat di-
gestibility were at a similar level, i.e. 92.30% in group I
and 92.59% in group II.

The coefficients of crude fiber digestibility were slight-
ly higher in group I (21.23% vs. 18.64% in group I), but
the difference was not statistically significant. Fur-bear-
ing carnivorous animals are characterized by low utili-
zation of crude fiber. Until quite recently it was believed
that they are not able to use this nutrient. However, ac-
cording to the latest investigations, the digestibility of
crude fiber varies from 25 to 35% (Skrede and Eldegard,
1989; Lorek et al., 1994).

The digestibility of N-free extractives, the main frac-
tion of carbohydrates, was equal to 56.79% in group I
and 60.97% in group II. The difference was statistically
highly significant. Also in the studies carried out by
Gugotek ez al. (1999), where the experimental factor was
a preparation containing probiotic bacteria cultures, an
improvement was observed in the digestibility of N-free
extractives. This suggests that probiotics have a positive
effect on the digestibility of carbohydrates. Maybe they
cause quantitative and qualitative changes in bacterial
microflora, conducive to carbohydrate decomposition.
There is also a hypothesis of changes in the count of bac-
teria participating in starch assimilation in relation to that
of bacterial flora performing other functions. This may
lead to better utilization of N-free extractives contained
in feed due to activation of cells of intestinal villi (Tou-
son, 1986; Skrede and Ness, 1989).
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Animals from the experimental group were character-
ized by higher utilization of gross energy. The difference
between the groups was statistically highly significant —
1.07%. This was caused by higher nutrient digestibility
in this group, especially N-free extractives.

Table 3 shows daily nitrogen balance and retention. The
daily nitrogen intake was similar in both groups (10.31 g
in group I and 10.49 g in group II), which was related to
similar chemical composition of both diets.

Average nitrogen excretion in feces was at a level of
1.35g in group I and 1.32 g in group II.

It was found that animals from the control group ex-
creted in urine by 0.52 g of nitrogen more than those from
the experimental group.

Nitrogen digestion amounted to 8.96 g and 9.17 g in
groups I and II, respectively.

Nitrogen retention was higher in the experimental
group (3.56 g) than in the control one (2.83 g) but no
statistically significant differences were determined. The
level of nitrogen retention may be connected with the
coefficient of crude protein digestibility, which was some-
what higher in the experimental group (Table 2).

The percentage ratio between nitrogen retention and
intake, and its retention and digestion, was higher in group
II. In group I the ratio between nitrogen retention and
intake was 27.45% while that between its retention and
digestion was 31.58%. In group II it was equal to 33.93%
and 38.82%, respectively. In the studies conducted by
Lorek et al. (1997), where foxes were fed a diet contain-
ing a whey-fat concentrate, the results were as follows:
23.96%-27.50% for the retention-to-intake ratio, and
28.14%—-32.49% for the retention-to-digestion ratio. In
the research carried out by Gugotek et al. (1997), in which
foxes were given pelleted feed, the ratios were at a level
of 30.72% and 43.74% respectively.

CONCLUSIONS

The addition of probiotic bacteria cultures resulted in
a higher level of utilization of both carbohydrates and
gross energy from the rations.

A slightly higher level of nitrogen retention was ob-
served in the group of foxes fed a diet containing cul-
tures of probiotic bacteria.
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Optimum digestible threonine and sulphur amino acid
requirements of high-lean growing pigs

Optimélni potfeba stravitelného threoninu a sirnych aminokyselin
pro rostouci prasata masného typu

L. Kiizova', K. Simecek', M. Sustara’, J. HEGER?

| Research Institute of Animal Nutrition, PohoFelice, Czech Republic
2Biofczktory Praha, s. r. 0., Research Centre of Feed Additives, Prague-Horni Pocernice, Czech Republic

ABSTRACT: Two balance experiments involving a total of 24 high-lean growing gilts (mean body weight 47.9 + 0.36 kg) were
carried out to estimate the optimum requirements for threonine and sulphur amino acids. In each experiment, six semisynthetic
diets based on casein and crystalline amino acids were prepared in which threonine or sulphur amino acid concentrations ranged
from deficiency to excess while the other essential amino acids were maintained at levels exceeding the requirement. N retention
was used as a response criterion. In both experiments, N retention increased linearly as the dietary concentration of the limiting
amino acid increased up to a presumed optimum and then remained relatively unchanged. N digestibility gradually increased
with increasing N intake. Using a linear model, the requirements for true ileal digestibie threonine and sulphur amino acids were
estimated to be 12.1 and 9.5 g/day, respectively. These values were approximately 0.69 and 0.54 relative to ileal digestible
lysine, respectively.

Keywords: growing pigs; digestible threonine; digestible sulphur amino acids; optimum requirement

ABSTRAKT: Ve dvou bilan¢nich pokusech na 24 prasni¢kach masného typu (primérna hmotnost v bilanci 47,9 + 0,36 kg)
byla studovana optimalni potfeba stravitelného treoninu a sirnych aminokyselin. Pro kazdy pokus bylo pfipraveno 3est polo-
syntetickych pokusnych smésf, v nichZ byl pouZit kazein a krystalické aminokyseliny jako zdroj dusiku. V t&chto dietich se
obsah treoninu nebo sirnych aminokyselin postupné zvySoval od suboptimélnich hodnot aZ po hodnoty presahujici oéekdvané
optimum, zatimco obsah ostatnich esencialnich aminokyselin byl vyrovnan na drovefi pfesahujici optimum potfeby. Sledova-
nym ukazatelem byla retence dusiku. V obou pokusech se retence N zvy3ovala linearné s rostouci koncentraci limitujici ami-
nokyseliny ve smési az k hodnotdm odpovidajicim pfedpoklddané optimélni potiebé dané aminokyseliny a poté se jiz dile
nezvy$ovala. Optimalni potfeba skute&né stravitelného treoninu a sirnych aminokyselin byla uréena pomoci linearniho modelu
a ¢inila 12,1 respektive 9,5 g/den. Pomér stravitelného threoninu a sirnych aminokyselin ke stravitelnému lyzinu ¢inil 0,69
a0,54.

Kli¢ova slova: rostouci prasata; stravitelny treonin; stravitelné sirné aminokyseliny; optimélni potieba

.

INTRODUCTION 1994). Thus, good knowledge of threonine and sulphur
amino acid needs is important for the formulation of well-

In practical diets for growing pigs based on cerealsand  balanced pig diets. While the optimum requirement of
soybean meal, threonine is usually the second-limiting growing pigs for lysine has been studied extensively, the
and methionine the third-limiting amino acid (Taylor er experimental data on the requirements for threonine and
al., 1981; Giinther and Badewein, 1987; Askbrant et al., sulphur amino acids as well as on their relations to the

Supported by the Grant Agency of the Czech Republic (Grant No. 523/00/0292).
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requirement for lysine are scarce and conflicting. The
optimum ratio of threonine to lysine suggested by vari-
ous authors ranges from 0.60 to 0.72 (ARC, 1981; Fuller
et al., 1989; Chung and Baker, 1992; Cole and Van Lunen,
1994). Even more uncertainty exists about the relative
requirement for sulphur amino acids. The estimates of
the ratio of methionine + cystine to lysine vary widely
from 0.47-0.50 ( ARC, 1981; Knowles ez al., 1998) up
to 0.70 (Chung ez al., 1989; Baker and Chung, 1992).
This variability may be due to various factors such as
body weight, lean growth potential or the availability of
amino acids in experimental diets. Current estimates sug-
gest that the ratio of both threonine and sulphur amino
acids to lysine increases with animal weight and the as-

sociated increased maintenance requirements (Baker and
Chung, 1992). This increase is most dramatic during the
50- to 115-kg growth period, when feed intake and main-
tenance requirements continue to increase but the pro-
portional rate of lean gain declines. Since the availability
of amino acids measured as ileal digestibility varies wide-
ly among feedstuffs (Lenis et al., 1990), the calculations
based on ileal digestible amino acids may improve the
precision of diet formulation. To date, there is only a lim-
ited number of studies focused on the requirements for
digestible amino acids. Therefore the objective of the
experiments described here was to estimate the optimum
requirements of growing pigs for true ileal digestible thre-
onine and sulphur amino acids.

Table 1. Composition of experimental diets and calculated nutrient content (g/kg) — Experiment 1

Diet

Ingredient

TH1 TH2 TH3 TH4 THS TH6
Casein 55.00 85.00 110.00 140.00 170.00 200.00
Cellulose 55.00 55.00 55.00 55.00 55.00 55.00
Polyethylene 10.00 10.00 10.00 10.00 10.00 10.00
Sucrose 250.40 250.10 250.20 250.40 250.40 250.30
Soybean oil 50.00 50.00 50.00 50.00 50.00 50.00
Mineral mix! 61.50 61.50 61.50 61.50 61.50 61.50
Premix? 5.00 5.00 5.00 5.00 5.00 5.00
Wheat starch 501.60 471.20 441.60 407.20 374.10 341.60
Chromic oxide 4,00 4,00 4.00 4.00 4.00 4.00
L-lysine HCI 2.24 2.76 4.74 6.24 7.49 8.61
L-threonine 0.93 1.30 1.87 224 2.61 298
DL-methionine 0.99 1.06 1.28 1.69 2.02 2.32
L-tryptophan 0.37 0.42 0.54 0.71 0.85 0.97
L-arginine 0.50 0.55 1.08 1.44 1.72 1.96
L-valine 0.45 0.35 0.54 0.79 0.92 0.99
L-leucine 0.53 0.38 0.66 0.98 1.13 1.19
L-isoleucine 0.43 0.39 0.57 0.81 0.95 1.04
L-histidine 0.27 0.40 0.54 0.74 0.88 0.98
L-cystine 0.42 0.53 0.67 0.86 1.04 1.21
Phenylalanine + tyrosine 0.42 0.06 0.19 0.40 0.42 0.34
Total 1 000.00 1 000.00 1 000.00 1 000.00 1 000.00 1.000.00
Nutrient content
cp 53.15 78.93 104.46 133.75 161.94 189.58
Lysine 5.65 8.17 11.50 14.80 17.90 20.90
Threonine 3.00 4.50 6.00 7.50 9.00 10.50
Methionine + cystine 3.05 4.14 5.24 6.74 8.16 9.52
Tryptophan 1.00 1.40 1.80 232 2.80 327

'Amounts per kg of diet: Cay(PO,), 40 g; salt 4 g; NaHCO, 7.5 g: MgO 3 g; K,CO;7.5¢

2Amounts per kg of diet: retinol 1.2 mg; cholecalciferol 25 mg; a-tocoph
biotin 0.1 mg; cy in 30 pg;

hal hal:
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MATERIAL AND METHODS
Animals and procedures

A total of twenty-four high-lean growing gilts, the prog-
eny of Hampshire boars and Large White x Landrace
sows, with the initial body weight of 44.7 kg (SE =0.34),
were used in two experiments of twelve animals each.
The pigs were divided into six pairs of similar body
weight. During three successive experimental periods,
each pair received three diets in such a way that none of
the animals had the same diet twice. Thus each diet was
given to six pigs. The pigs were placed into metabolic
cages 7 days before the start of the experiment for adap-

tation. For the first 5 days, they were fed a commercial
diet A2 ad libitum while experimental diets were offered
on days 6 and 7. The last day of the adaptation period,
the pigs were fitted with sterile bladder catheters, drain-
ing into carboys containing 50 ml 5M HCI.

Each experimental period consisted of a 3-day prelim-
inary period followed by two successive 48 h collection
periods during which urine was collected quantitatively.
At the end of every collection period aliquots of urine
were taken and immediately analyzed for total N. Faeces
were collected for 5 days by random sampling, starting
on the last day of the preliminary period. They were stored
at —20°C, freeze-dried and finely ground for subsequent
analysis of N and Cr,0,.

Table 2. Composition of experimental diets and calculated nutrient content (g/kg) — Experiment 2

Diet

Ingredient

SA 1 SA2 SA3 SA4 SAS SA 6
Casein 55.00 85.00 110.00 115.00 135.00 160.00
Cellulose 55.00 55.00 55.00 55.00 55.00 55.00
Polyethylene 10.00 10.00 10.00 10.00 10.00 10.00
Sucrose 250.00 250.00 250.00 250.00 250.00 250.00
Soybean oil 50.00 50.00 50.00 50.00 50.00 50.00
Mineral mix' 61.50 61.50 61.50 61.50 61.50 61.50
Premix? 5.00 5.00 5.00 5.00 5.00 5.00
Wheat starch 501.90 471.60 448.60 431.80 406.40 377.00
Chromic oxide 4.00 4.00 4.00 4.00 4.00 4.00
L-lysine HCI 220 2.80 4.60 4.40 5.60 6.60
L-threonine 1.74 2.05 2.95 3.24 4.03 4.79
DL-methionine 0.38 0.22 0.55 0.87 1.14 1.36
L-tryptophan 0.37 0.42 0.65 0.74 0.93 1.11
L-arginine 0.50 0.55 1.07 1.87 2.36 2.80
L-valine 0.45 0.35 1.12 1.57 2.08 2.48
L-leucine 0.53 0.38 1.51 1.85 2.52 3.01
L-isoleucine 0.43 0.39 1.03 0.59 0.87 1.04
L-histidine 0.27 0.40 0.80 1.70 2.14 2.54
L-cystine 0.27 0.32 0.45 0.58 0.71 0.84
Phenylalanine + tyrosine 0.42 0.06 1.18 0.29 0.70 0.84
Total 1 000.00 1 000.00 1 000.00 1 000.00 1 000.00 1 000.00
Nutrient content  *
cp 53.27 78.83 99.20 114.38 136.55 161.96
Lysine 5.65 8.17 10.68 11.56 13.92 16.52
Threonine 3.80 5.24 6.70 7.55 9.09 10.78
Methionine + cystine 2.30 3.10 4.00 4.90 5.90 7.00
Tryptophan 1.00 1.40 1.80 2.06 2.48 2.94

! Amounts per kg of diet: Ca;(PO,), 40 g; salt 4 g; NaHCO, 7.5 g; MgO 3 g;K,CO; 7.5g
2 Amounts per kg of diet: retinol 1.2 mg; cholecalciferol 25 mg; a-tocopherol 10 mg; d-panthothenic acid 10 mg; niacin 20 mg; folic acid 0.5 mg;

biotin 0.1 mg; cy

balamin 30 pg; choline 500 mg; Fe 92 mg; Zn 103 mg; Mn 40 mg; Cu 9 mg; Co 0.5 mg; Se 0.16 mg
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Diets and feeding

For each experiment, six semisynthetic diets contain-
ing casein and crystalline amino acids as sources of N
were prepared in which threonine (Experiment 1) or sul-
phur amino acids (Experiment 2) ranged from severe
deficiency to levels exceeding the expected optimum re-
quirement. All other essential amino acids were given in
a 30% excess relative to the level of the limiting amino
acid to avoid their possible deficiency. Casein and ami-
no acids were added to the diets at the expense of wheat
starch. The composition of diets and their calculated nu-
trient contents are shown in Tables 1 and 2. To ensure
the accuracy of amino acid additions, the diets were pre-
pared without amino acids which were weighed for each
animal and each feeding separately and mixed to the food
allowance by hand. Pigs were fed twice a day, at 7:30 and
15:00 h in two equal parts at a daily rate of 80 g/kg®”.
Water was provided according to a total feed : water ra-
tio of 1 : 2.5, both before and after each feeding.

Chemical analyses

Amino acid composition of casein was analysed by ion
exchange chromatography (Llames and Fontaine, 1994),
chromic oxide content of diets and faeces by atomic ab-
sorption spectroscopy (Petry and Rapp, 1970/71) and total
N of urine, freeze-dried faeces and diets by macro-Kjel-
dahl methodology (AOAC, 1984).

Statistical analysis
The Statgraphics 7.0 package was used to compute the

analysis of variance and to assess the differences between
means by Tukey’s test. Where applicable, the results were

expressed as means with pooled standard errors. The
optimum requirements for threonine and sulphur amino
acids were estimated by a linear regression model relat-
ing N retention to the intake of the respective amino acid
(Robbins et al., 1979). The optimum requirement was
estimated as the amino acid intake equivalent to the break-
point in the response (Heger ef al., 1987).

The experiments were conducted in accordance with
the standards of the Ethics Committee for Animal Ex-
periments of the Research Institute of Animal Nutrition.

RESULTS

Experiment 1

The results of Experiment 1 are summarized in Table 3.
Addition of different levels of dietary threonine to the
basal diet resulted in a significant (P < 0.05) linear in-
crease in N retention up to maximum (24.5 g/day) found
in group TH 4 which corresponded to the daily dietary
threonine intake of 12.4 g/day. Further increase in daily
threonine intake did not influence N balance markedly.
Urinary N output gradually increased with increasing
dietary threonine. N output in faeces was affected only
slightly. N digestibility significantly increased (P < 0.05)
with increasing dietary threonine. Based on data obtained
in the experiment, regression equations describing the
relation between N balance and digestible threonine in-
take were calculated. These equations together with cal-
culated breakpoints describing the optimum requirement
are given in Table 5. A linear model fitted to the experi-
mental data is shown in Figure 1. The calculated opti-
mum digestible threonine requirement was 12.1 g/day.

Table 3. The effect of increasing dietary threonine on nitrogen balance — Experiment 1

Experimental group
TH 1 TH2 TH3 TH 4 THS TH6 Pooled SE

Threonine intake  (g/d) 5.09 7.69 10.10 12.40 14.90 17.24

Live weight (kg) 49.1 49.7 50.4 48.4 473 473 0.46
N intake (g/d) 15.0° 21.3° 28.2¢ 35.44 42.9¢ 49.87 0.14
Faecal N (/d) 1.6* 1.9% v b 2.1 2.3% 2.6° 0.06
Urinary N (g/d) 1.4° 2.5° 5.1% 8.9° 17.3¢ 22.4¢ 0.23
N digestibility (%) 89.3* 91.1% 92,7¢4 94,2 94,70 94,80 0.17
N retention (/d) 12.00 17.0 21.0° 24.5¢ 23.4d 24.8¢ 0.28

sbedefl within rows, the means followed by the same superscript are not significantly different P < 0.05
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Table 4. The effect of increasing dietary sulphur amino acids on nitrogen balance — Experiment 2

Experimental group

SA1 SA 2 SA3 SA4 SAS SAG6 Pooled SE
Sulphur AA intake (g/d) 3.89 5.18 6.70 8.03 9.63 11.23
Live weight (kg) 45.7 46.9 473 484 47.3 473 0.55
N intake (g/d) 15;12 20.8° 26.8° 29.9¢ 35.6° 41.5° 0.15
Faecal N (g/d) 2.0% 1.8¢ 2.0% 2.3be 2:2% 2.1% 0.04
Urinary N (/d) 212 2.58 6.3% 7.3% 9.3¢ 15.54 0.21
N digestibility (%) 86.7° 91.1° 92,799 92,24 93.8%¢ 94.8° 0.11
N retention (g/d) 11.0 16.5° 18.5b¢ 20.3¢ 24.14 23.84 0.23
abedelwithin rows, the means followed by the same superscript are not significantly different P < 0.05
30 30
25 4 25
3; 205 3 20
g 15 35 p
£ £
E 10 | B 10 *
z z
5 s
0 . : - - - - - - 0 - -
0 2 4 6 8 10 12 14 16 18 20 0 5 10 15

Digestible threonine intake (g/day)

Figure 1. Relation of nitrogen balance to digestible threonine intake

Experiment 2

The effect of different levels of sulphur amino acids
on N retention of pigs is presented in Table 4. Nitrogen
retention increased linearly as the intake of dietary sul-
phur amino acids increased up to 9.63 g/day (group SA 5)
and then remained relatively unchanged. Maximum N
retention was found to be 24.1 g/day. Similarly like in
Exp. 1, there was an increase in urinary N output and
N digestibility as the sulphur amino acid concentration
increased. Regression equations with calculated break-
points are presented in Table 5. The breakpoint of the
Table 5. Pairs of regression equations relating N retention (y, g/d) to ami-
no acid intake (x, g/d) in pigs receiving different levels of threonine or
sulphur amino acids and the calculated breakpoints

Aminoacid Regression equation  R? SE  Breakpoint

Threonine  y, =3.39+ 1.73x 0.98 0.95 12.05
y,=2423

Sulphur AA  y, =4.00 +2.11x 0.94 1.22 9.47
¥, =23.99

Digestible sulphur amino acid intake (g/day)

Figure 2. Relation of nitrogen balance to increasing digestible sulphur
amino acid intake

response was equivalent to the intake of 9.5 g/day di-
etary sulphur amino acids (see Table 5). Pairs of regres-
sion lines showing the relation between the N balance
and the intake of digestible sulphur amino acids are giv-
en in Figure 2.

DISCUSSION

In these experiments, basal diets were supplemented
by amino acids in order to be sure that no other amino
acids than the amino acids studied were limiting.

Maximum values of N retention obtained in both ex-
periments ranged from 24 to 25 g/day, which correspond-
ed to daily protein deposition of 150 to 156 g. This shows
a high genetic capacity of pigs to deposit body protein.
These results are comparable with those achieved in oth-
er studies with the high-lean genotypes in the same weight
category. The results showed that the ileal digestible thre-
onine and sulphur amino acid level required to support
maximum N retention of pigs of 50 kg live weight was
12.1 and 9.5 g/day, respectively. The finding for threo-
nine is higher than the values recommended by NRC
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(1998) being 9.7 g/day for pigs of the live weight range
20 - 50 kg and 11 g/day for pigs from 50 to 80 kg live
weight (true digestible basis). The value found for di-
gestible sulphur amino acids is close to NRC recommen-
dation (1998) for pigs of 50-80 kg live weight, being
10 g/kg.

Literature data on the daily ileal digestible threonine
or sulphur amino acid requirement of growing pigs are
scarce and the requirement of pigs is often expressed as
a dietary concentration of individual amino acids. There-
fore it is necessary to know the daily feed intake of pigs
of particular live weight. However, voluntary feed intake
varies considerably from day to day and among individ-
ual genotypes. Thus, the estimation of the requirement
based on daily basis is more reliable than that based on
the concentration of amino acids in the diet. The recom-
mendation of nutrition commission (Simetek et al., 2000)
suggested a regression equation for calculating the daily
feed intake of pigs of high-lean genotype. It is possible
to derive from this equation that the optimum digestible
threonine or sulphur amino acid concentration for pigs
of live weight 50 kg is approximately 5.6 and 4.4 g/kg
diet, respectively. The value calculated for threonine is
in accordance with data presented by Berende and Ber-
tram (1983), Taylor et al. (1982) and Schutte et al. (1990)
being 5.5, 5.6 and 5.7-6 g/kg, respectively. Similar val-
ues are recommended by Degussa (2000) — 5.7 g/kg.
Lower requirement values, however, are reported by
Schutte e al. (1997) — 4.0 to 4.1 g/kg for the live weight
from 50 to 95 kg. The latter authors reported that these
estimates were mainly based on the results for food con-
version efficiency rather than on those for weight gain.
To achieve maximum weight gain, the requirement was
found to be somewhat higher. However, amino acid re-
quirements based on N balance are generally higher than
the requirements based on growth performance and car-
cass characteristics (Baker, 1986). Lenis ef al. (1990) and
Lenis and Van Diepen (1990) also derived the require-
ment for ileal digestible threonine of boars and gilts to-
gether in the live weight range 35-105 kg as amounting
to 4.2 g/kg. It is important to note that in the latter re-
ports the average daily feed intake of pigs was consider-
ably higher than that calculated in our study. On the other
hand, Saldana et al. (1994) estimated that the dietary di-
gestible threonine content required to maximize the
growth rate of finisher pigs (initially 58 kg) was 2.8 g/kg,
which is substantially lower than 5.6 g/kg suggested in
our study.

The requirement for ileal digestible sulphur amino ac-
ids found in the present experiment (4.4 g/kg) is close to
the results reported by Lenis et al. (1990) and Taylor et
al. (1983): 4.2 and 4.4-4.8 g/kg, respectively. A consid-
erably higher concentration of digestible sulphur amino
acids is recommended by Degussa (2000) — 5.3 g/kg.

The requirement for threonine and other essential ami-
no acids is often expressed relative to the dietary level of
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lysine. To determine the ratios of individual amino acids
to lysine, it is important that animals are fed diets con-
taining no excess lysine. Feeding excess lysine would
result in a lower ratio than the ratio determined if the
lysine level fed was in agreement with the requirement
(Knowles ef al., 1998). In one of our previous experi-
ments studying the optimum lysine requirement carried
out on gilts of the same genotype and weight category
(Heger et al., 1997) the requirement for true ileal digest-
ible lysine was estimated to be 17.6 g/day. Based on this
data, the ratio of digestible threonine and sulphur amino
acid to lysine was calculated to be 0.69 and 0.54, respec-
tively.

_The ratio calculated for threonine is close to the values
recommended by NRC (1998) and Degussa (2000) —
0.65. On the other hand, Lenis and Van Diepen (1990)
found the optimum ileal digestible threonine : lysine ra-
tio for maximum growth performance to be 0.58. In the
latter experiment, dietary lysine supply was considered
to be slightly above the lysine requirement of pigs (Le-
nis and Van Diepen, 1990). If the requirement for ileal
digestible lysine of growing-finishing pigs in that trial
was supposed to be in the range 7-6.5 g/kg diet, the di-
gestible threonine : lysine ratio should be between 0.61
and 0.66. This is in agreement with the optimum threo-
nine : lysine ratio on the ileal digestible basis found in
similar experiments on young pigs (Schutte et al., 1990,
Lenis ef al., 1990) being between 0.63 and 0.66-0.63,
respectively. The data cited above are in accordance with
our estimates but they are higher than the ileal digestible
threonine : lysine ratio of approximately 0.58 found by
Schutte et al. (1997) who, however, based this ratio on
data for food conversion efficiency, and 0.59 on the total
basis estimated by Taylor ez al. (1982).

In the literature, a wide range of optimum digestible
sulphur amino acids : lysine ratios is reported for diets
of growing pigs. The estimate found in the present study
(0.54) is in accordance with the ratio 0.58 (on the faecal
digestible basis) reported by Lenis ef al. (1990) and with
the NRC recommendation (0.57) but it is higher than the
other values reported by Loughmiller et al. (1998), Tay-
lor et al. (1983) and Knowles et al. (1998). On the other
hand, our estimate is considerably lower than the ratio
0.63 reported by Wang and Fuller (1989) or 0.62 recom-
mended by Degussa (2000).
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The influence of commercial types of bulls on fatty acid
composition in beef

Vliv uzitkového typu bykil na obsah mastnych kyselin v mase

J. Susrt, M. FiALOVA, V. DIv3

Mendel University of Agriculture and Forestry, Brno, Czech Republic

ABSTRACT: The objective of the present paper was to study the level of fatty acids in the intramuscular fat of crosses of the
domestic Czech Pied cattle with beef breeds of cattle. The level of unsaturated fatty acids (mono-, di-, tri- to hexaenic) was
significantly higher in the progeny of Piemontese (Pi) and Aberdeen Angus (Aa) bulls. In terms of PUFA the worst results were
discovered in the muscles of Hereford (He) and Blonde d’Aquitaine (Ba) cattle. As concerns the nutrition, the most important
group was the group with 3 to 6 double bonds (C18 : 3, C20 : 4, C20: 3, C20: 5, C20 : 6). The range of the level of linolenic acid
(C18 : 3) was significant, i.e. between 0.18 and 0.64%, with the highest value in the group of Pi bulls. Among the fatty acids the
level of C20 : 4 was 0.29% in the Hereford (He) and Belgian Blue (Bm) groups, and lower than 0.67% in the Pi group. The levels
of C20 : 5 and C20 : 6 were relatively low (on the level of the tenths of per cent) and the differences between the groups of bulls
were insignificant.

Keyword: crossing; beef bulls; beef; intramuscular fat; saturated and unsaturated fatty acids

ABSTRAKT: V préci je studovén profil mastnych kyselin ve vnitrosvalovém tuku u k¥iZencti domdci Eervenostrakaté popula-
ce skotu s masnymi plemeny. Vyznamné vy$3i obsah nenasycenych mastnych kyselin (mono-, di-, tri- aZ hexaenovych) byl
zaznamenén u potomstva po bycich piemontského (Pi) a aberdeen anguského (Aa) plemene. Pii hodnoceni polyenovych mastnych
kyselin byla nejhtife hodnocena svalovina jate&nych bykd herefordského (He) a plavého akvitdnského (Ba) plemene. Z nutri¢niho
hlediska ma nejvy3si vyznam skupina se tfemi aZ Sesti dvojnymi vazbami (C18 : 3, C20 : 4, C20 : 3, C20 : 5, C20 : 6). Signifikantni
rozpéti obsahu kyseliny linolenové (C18 : 3) se pohybovalo v rozsahu 0,18 az 0,64 %, s nejvy3si hodnotou ve skupin& byku Pi.
Kyselina C20 : 4 byla zastoupena v profilu mastnych kyselin v rozsahu 0,29 % u skupin He a belgického modrého (Bm) do
0,67 % u skupiny Pi. Pomérné nizké hodnoty obsahu (na trovni desetin procenta), s nesignifikantnimi diferencemi mezi skupi-
nami bykd, jsme stanovili i u kyselin C20 : 5 a C20 : 6.

Kli€ova slova: kfiZeni; byci masnych plemen; hov&zi maso; intramuskularni tuk; nasycené a nenasycené mastné kyseliny

INTRODUCTION

Meat is one of the basic human foodstuffs and its con-
sumption is the topic of frequent discussions and con-
siderations in the pursuit to provide nutrition conforming
to the physiological requirements of each individual. In
this respect an adequate portion of meat with intramus-
cular fat is a component of good human nutrition. Fat is
a necessary ingredient of food and no other component
can substitute it. Particularly the energy value and content
of essential fatty acids are basic components of human
nutrition. In terms of weight they represent approximately

19% of the nutrients and according to the recommenda-
tions of FAO their energy share in the daily consumption
should be 20-30% in the future (at present it is more than
35%). The basic components of fats are fatty acids, which
can have a positive effect on the consumer’s metabolism
provided that they are taken up in certain concentrations.
Therefore the proportion of fat lower than 20% would
not provide the recommended doses of some important
nutritional factors and would unfavourably affect the
consumer’s health (Strapdk, 1998).

The important properties of meat, i.e. the important
quality characteristics, are based on the chemical com-
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position of meat. Due to high heterogeneity, the content
of chemical substances of the respective cuts that are
analysed always shows a higher variability. It is charac-
teristic of animal fat that it contains a high amount of
saturated fatty acids that are considered as negative in
view of nutrition. Saturated and monounsaturated fatty
acids are not quite necessary in food because the body
itself is able to produce them from glycides, alcohol and
proteins. However, the body is not capable of producing
some polyunsaturated fatty acids (so called essential fat-
ty acids) and has to draw them from foodstuffs. Acids of
the n-3 series are of great importance, particularly eicos-
apentaenic and eicosahexaenic acids, which are impor-
tant antisclerotic factors in human nutrition and are
extremely scarce in our nutrition. Only fish oil, the fat of
mammals and of other edible animals contain higher
amounts of these acids, but the share of this meat in our
“overland” diet is wholly insufficient (Kopecky, 1995).
There are great differences in the composition of fatty
acids from one organism, which are based on the body
tissue from which the fat was isolated. A number of au-
thors studied the changes in the structure of fatty acids
as a consequence of changes in the nutrition of cattle
and when feeding a modified feed ration (Palanské et
al., 1993; Knight and Death, 1997; Niirberg et al., 1998;
Homik et al., 1998; Kirchneim et al., 1998 and others).
The number of analyses of differences between the lev-
els of fatty acids in muscles and fat of various commer-
cial types of cattle was lower. Subrt ef al. (1991)
analysed the spectrum of fatty acids in the muscles and
fat of crosses of the Czech Pied cattle with dairy breeds
fattened to a weight from 686 to 702 kg. In association
with the declining share of the Czech Pied cattle in the
crossings they found a significant trend towards a re-
duced proportion of the C14 : 0, C16 : 1 and C17 : 1
acids in the intramuscular fat. Mojto et al. (1996) com-
pared the proportion of fatty acids in the meat of Slova-
kian Pied, Slovakian Pinzgau and Black Pied Lowland
bulls. In their studies of the effect of the father, length of
fattening period and feeding strategy, Rule et al. (1997)
reported a higher proportion of some saturated fatty ac-
ids in steers — crosses of the Charolais, Angus, Hereford,

Red Angus and Tarentaise breeds. In meat samples from
crosses of the Black Pied cattle with Italian breeds (Pie-
montese, Marchigiana and Chianina) Weglarz et al.
(1999) observed important differences in the content of
intramuscular fat and of most of the mono and polyun-
saturated fatty acids. Mojto ez al. (1998) reported signif-
icant differences in the proportion of oleic acid and some
other less frequent fatty acids in the fat of Holstein and
Belgian Blue crosses.

MATERIAL AND METHODS

For intentional crossing of mothers of the Czech Pied
cattle we used special beef breed bulls; Aberdeen Angus
(Aa), Blonde d’Aquitaine (Ba), Belgian Blue (Bm),
Charolais (Ch), Limousine (Li), Hereford (He) and Pie-
montese (Pi). Czech Pied bulls were used as a control
group (C). Altogether 224 meat samples were analysed.
Table 1 gives the number of analyses carried out in each
group. The bulls were fattened under the same systems
of management and they were slaughtered at the same
age after fattening was terminated (497 to 501 days). The
slaughter weight ranged between 526 and 597 kg. Sir-
loin samples were taken from the 9th to 10th thoracic
vertebrae deprived of superficial fascias and intermus-
cular fat and chemical analyses were carried out. After
fat extraction in diethyl ether, the fat extracted from the
muscles was esterified and after transfer to methyl esters
it was analysed on a CHROM 5 gas chromatograph with
flame ionising detector (PID). The identification of the
analysed fatty acids was based on the elution times and
compared with elution times of the standards of methyl
esters of fatty acids. The CI-105 integrator was used for
quantitative evaluations of the chromatographic analy-
ses, resulting in the percentage content of fatty acids. In
the intramuscular fat we identified 21 fatty acids with at
least 12 carbon atoms. The differences in the data be-
tween the groups of animals were tested using Kruskal-
Wallis test in the Unistat 5.0 statistical programme.
Indications of fatty acids based on the type are given in
the following survey:

Saturated fatty acids Unsaturated fatty acids
C,:0 C,ul C,:2 C,23
12:0  lauric acid 14:1 myristoleic acid 12:2 lauroleic acid 18 :3 linolenic acid
14:0 myristic acid 16: 1 palmitoleic acid 14 : 2 myristeoleic acid 20:3 eicosatrienic acid
16:0 palmitic acid 18:1 oleic acid 16 : 2 palmitoleic acid 20:4 arachidonic acid
18:0  stearic acid 20:1 gadoleic acid 18 :2 linoleic acid 20:5 eicosapentaenic acid (EPA)
20:0 arachic acid 20:2 eicosadienic acid 20:6 eicosahexaenic acid
22:4 docosatetraenic acid
22:5 dokosapentaenic acid
22 :6 dokosahexaenic acid (DHA)
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RESULTS AND DISCUSSION

The percentage fat content in meat was within a rela-
tively wide range, i.e. between 0.98% (Pi) and 2.70% (He)
(Table 1). The differences between the groups of animals
were statistically significant, i.e. P > 0.05 — standard let-
ters and P> 0.01 —bold type. Significant differences were
recorded between Pi, Li, Bm, Ba, Ch and He, Aa, C.

Mojto et al. (1998) found an insignificantly higher level
of intramuscular fat (i.e. 1.10%) in the Holstein x Blue

Belgian crosses. Subrt and Schmidt (1994) discovered a
smaller proportion of intramuscular fat when the level of
bulls’ nutrition was lower.

The content of higher fatty acids in the meat charac-
terises the quality of fat in the meat. The fatty acids de-
fined in the present study were divided into saturated and
unsaturated acids. Table 2 gives a survey of the percent-
age content of saturated fatty acids in the respective
groups of bulls. The percentage level of lauric acid (C12
: 0) was low and the variability was medium to high. The

Table 1. The content of intramuscular fat in the lus I

is of bulls based on the breed of fathers (%)

Statistical 1-Aa 2-He 3-Li 4-Pi 5-Bm 6-Ba 7-Ch 8-C
parameters n=21 n=9 n=34 n=16 n=11 n=30 n=92 n=11
x 1.89 2.70 1.18 0.98 1.01 1.19 1.39 1.93
sz 0.629 1.265 0.697 0.271 0.500 0.711 0.840 1.078
V% 333 46.8 59.3 27.7 49.6 59.7 60.4 55.8
P<0.05
P<0.01 3,4,5,6,7 3,4,5,6,7 1,28 1,28 1,2,8 1,2,8 1,2,8 3,4,5,6,7,8
Table 2. Saturated fatty acids (C, : 0) in the meat of commercial cattle (%)
Fatty acids ~ Statistical Ciroup:no:—commercialdype
parameters 1-Aa 2-He 3-Li 4-Pi 5-Ch 6-Ba 7-Bm  8-C
Cl2:0 x 0.07 0.10 0.10 0.11 0.06 0.09 0.08 0.10
Sg 0.029 0.020 0.033 0.024 0.022 0.027 0.046 0.021
V% 4251 20.82 32.01 21.92 36.96 31.14 54.22 21.17
P<0.05 2,3,4,
P<001 23,468 1,7 1,5,6,7 1,5,6,7 3,4,7,8 1,3,4,7 56,8 1,57
Cl4:0 x 247 2.84 234 2.09 235 232 2.58 2.22
03 0.325 0.408 0.409 0.242 0.502 0.346 0.412 0.367
V% 13.15 14.35 17.45 11.59 21.35 14.88 16.00 16.54
P<0.05
P<0.01 2,4 1,3,4,6,7,8 2,4,5 1,2,3,5,6,7 3,4,6,8 2,4,5 2,4 2,5
Cl16:0 x 23.57 25.73 22.99 21.27 2291 2291 24.09 22.74
S; 1.626 2477 2.036 1.370 1.732 1.991 1.935 1.576
V % 6.90 9.63 8.85 6.44 7.56 8.69 8.03 6.93
P<0.05 1,2,3, 5,
P<0.01 2,4 1,3,4,6,7,8 2,4,5 6,7,8 3,4,6,8 2,4,5 2,4 2,4,5
C18:0 X 21.44 21.82 23.34 23.75 22.713 24.02 2243 23.23
Sz 2.398 1.888 2.827 2.761 3.583 2.986 2.783 3.115
V% 11.18 8.65 12.12 11.63 15.76 12.43 12.41 13.41
P<0.05
P<0.01 3,4,6 6 1 1 6 1,2,5 - -
C20:0 x 0.33 0.21 0.39 0.25 0.58 0.530 0.41 0.23
Sz 0.167 0.027 0.377 0.044 0.167 0.368 0.274 0.035
V% 50.74 12.89 96.97 17.61 29.09 69.88 68.23 14.71
P <0.05 2,4, 1,2,3, 1,2,3,
P<0.01 2,6,7 1,3,5,6,7 2,6,7 56,7 6,7,8 4,5,8 4,58 56,7
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Table 3. Monoenic fatty acids (C,j : 1) in the meat of commercial cattle (%)
Gi i ial
Fatty acids _ Statistical TR~ Semmenia e
parameters 1-Aa 2-He 3-Li 4-Pi 5-Ch 6-Ba 7-Bm  8-C
Cl4:1 x 0.86 0.64 0.66 0.44 1.04 0.85 0.92 0.44
5 0.285 0.138 0.293 0.047 0.190 0.322 0.314 0.083
V% 33.20 21.42 44.32 10.63 18.28 37.80 34.21 18.82
P <005 1,4,5, 1,2,3, 2,3,4, 1,2,3,
P<0.01 3,4,8 4,5,7,8 6,7,8 5,6,7 2,3,4,8 3,4,7,8 6,8 5,6,7
Cl6:1 X 4,07 2.91 321 2.66 4.75 4,01 4.18 2.69
s 1.375 0.389 0.973 0.484 0.724 1.201 1117 0.556
V% 33.71 13.35 30.29 18.16 15.22 29.93 26.72 20.64
P<0.05 2,3,4, 2,3,4,
P<0.01 2,3,4,8 1,5,6,7 1,5,6,7 1,567 2,3,4,8 7,8 6,8 1,5,6,7
Ci8:1 X 41.13 40.31 39.84 41.49 38.26 37.85 39.04 41.96
85 2.382 3.128 3.538 2.401 2310 2.656 3.162 3.164
V% 5.79 7.76 8.88 5.79 6.04 7.02 8.10 7.54
P<0.05 1,2,3,
P<0.01 5,6,7 6 6 5,6,7 1,4,6,8 4,58 1,4,8  5,6,7
C20:1 x 0.46 0.53 0.54 0.46 0.43 0.54 0.49 0.43
5z 0.097 0.300 0.404 0.038 0.106 0.421 0.231 0.039
V% 21.16 56.66 75.09 8.33 24.65 77.71 46.40 8.98
P<0.05
P<0.01 - = = = - - - -

group average of the content of myristic acid (C14 : 0)
ranged between 2.09% in bulls of Pi fathers and 2.84%
in crosses with He. The most frequently occurring satu-
rated fatty acids in the animal fat were palmitic and stearic
acid. The highest content of palmitic acid (C16 : 0) was
found in the progeny of bulls from He fathers, i.e. 25.73%,
and the variability was lower (6.4-9.6%). Mojto et al.
(1998) discovered higher levels of palmitic acid. The
highest significant proportion of stearic acid (C18 : 0)
was reported in Ba crosses and the lowest in Aa crosses
(i.e. 24.02 and 21.44%), respectively). Based on the anal-
yses it was evident that the ratio of palmitic to stearic
acid ranged between 1.00 and 1.18. According to Tsu-
neishi ef al. (1989) the ratio of C16 : 0/C18 : 0 in the
musculus longissimus thoracis was 1.65 to 2.25 and con-
siderably differed from our final values. Rule et al. (1997)
also reported higher proportions of myristic and palmitic
acid (2.8-6.6% and 25.2-30.0%, respectively) and a low-
er proportion of stearic acid (12.1-18.1%). Kirchneim et
al. (1998) stated that a higher amount of unsaturated fat-
ty acids in the feed ration reduced the proportion of palm-
itic and stearic acids in the meat. The proportion of arachic
acid (C20 : 0) was relatively low, between 0.57% (Ch)
and 0.21% (He).

Higher numbers were discovered in the group of un-
saturated fatty acids, which was divided on the basis of

double bonds into unsaturated fatty acids with one dou-
ble bond — monoenic (C, : 1), with two double bonds —
dienic (C, : 2) and with three or more double bonds —
tetra- to hexaenic (C 2 3).

The difference in the proportion of myristoleic acid
(C14 : 1) was significant and ranged between 0.44% (Pi,
C) and 1.04% (Ch) (Table 3). The level of palmitoleic
acid (C16:1), i.e. 4.75%, was highest in the group Ch.
As for the unsaturated fatty acids, the highest content was
that of oleic acid in all commercial types. The highest
percentage (41.96%) was reported in bulls from fathers
of breed C. The variability of this fatty acid was low and
ranged between 5.79% and 8.88%. Lawrie (1976) found
higher values for oleic acid, i.e. ca. 52%. Subrt ez al.
(1991) found the level of oleic acid in the meat and in
kidney fat to be 34.93 and 37.08%, respectively, and
Mojto et al. (1998) reported 41.49%.

The nutritive value of fat is largely dependent on the
content of PUFAs, frequently indicated as vitamin F. It
was found on the basis of the latest information that these
fatty acids have anticancerous effects and that they re-
duce the incidence of cancerous diseases of the thoracic
cavity, stomach and skin. As for the unsaturated fatty
acids with two double bonds (dienic) in the meat of com-
mercial types, the proportion of lauroleic acid (C12 : 2)
was lowest (Table 4). It was studied only exceptionally
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Table 4. Dienic fatty acids (C, : 2) in the meat of commercial cattle (%)

Group no. — commercial type

Fatty acids  Statistical
parameters 1-Aa 2-He 3-Li 4-Pi 5-Ch 6-Ba 7-Bm 8-C

Cl2:2 n 11 - 9 - 58 21 10 -

x 0.03 n.a. 0.05 n.a, 0.04 0.04 0.04 n.a.

S 0.008 - 0.020 - 0.014 0.015 0.012 -

V% 26.91 - 38.77 - 35.60 35.12 29.68 -

P<0.05

P<0.01 3,5,6 - 1 - 1 1 - -
14:2 x 0.139 0.124 0.19 0.11 0.19 0.16 0.18 0.10

sz 0.061 0.068 0.119 0.033 0.048 0.052 0.236 0.036

V% 43.88 54,82 63.58 29.34 25.79 33.21 130.17 34.17

P<0.05 53

P <0.01 7,8 T 4,8 3,5,6,7 4,8 4,8 2,1,4,8 5,6,7
Cl6:2 x 0.57 0.57 0.55 0.57 0.56 0.51 0.52 0.58

Sz 0.092 0.068 0.075 0.069 0.141 0.088 0.101 0.072

V% 16.23 11.83 13.51 12.10 25.05 17.47 19.35 12.25

P <0.05 1,2;3;

P<0.01 6 6 5,6 5,6 3,4,8 4,7,8 6 5,6
Cl18:2 x 3.45 2.76 3.75 4.36 4.67 431 3.42 3.49

sz 0.812 0.754 1.380 0.826 0.976 1.941 1.032 0.986

V% 23.56 27.28 36.80 18.95 20.90 45.05 30.13 28.22

P <0.05 1,2, 1,2,

P <0.01 4,6,7 3,4,5,6,7 2,4,7 3,5,8 2,4,6,7 1,28 3,5,8 4,7
C20:2 x 0.26 0.09 0.37 0.20 0.26 0.46 0.44 0.14

5z 0.260 0.046 0.642 0.086 0.136 0.623 0.556 0.065

V% 100.18 51.08 171.49 4347 52.09 136.19 125.61 46.99

P<0.05 1,3,4,

P<0.01 2.5 56,7 2,5 2 1,2,3,8 2,8 2 56

n.a. = not analysed

in some animals (Table 4 shows the numbers of animals
in which lauroleic acid was studied). The average values
in the groups ranged between 0.03 and 0.05%. The pro-
portion of acids C14 : 2 and C20 : 2 was below 0.5%.
The acid C16 : 2 slightly exceeded this figure in the stud-
ied groups of bulls. As for the dienic fatty acids, the highest
significant proportion was that of linoleic acid (C18 : 2),
which ranged between 2.76% (He) and 4.67% (Ch).
From the nutritional point of view, the most important
group is the group with 3 to 6 double bonds (Table 5).
The most important acids are linolenic acid (C18 : 3),
arachic acid (C20 : 4) and other so called eicosa acids
with 20 C (C20: 3, C20 : 5, C20 : 6). The proportion of
polyenic acids in the total amount of fatty acids of the
intramuscular fat of cattle is relatively low. The level of
linolenic acid (C18 : 3) was significant and ranged be-
tween 0.18 and 0.64%; the value was highest in the group
of Pi bulls. The level of eicosatrienic acid (C20 : 3) ranged
between 0.09% in the Aa, He, Ch and Bm crosses and
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0.17% in the group of Pi crosses. Arachic acid (C20 : 4)
was also classified as an essential fatty acid with one com-
mon name — vitamin F. Within the profile of fatty acids
the proportion was highest in the Pi group (0.67%) and
lowest (0.29%) in the He and Bm groups. This value is
in accordance with data on this fatty acid reported by
Lawrie (1976). The levels of eicosapentaenic (C20 : 5)
and eicosahexaenic (C20 : 6) acids were relatively low
(tenths of per cent) and the differences between the groups
were insignificant. The highest levels were discovered
in the intramuscular fat of bulls of Ba fathers. The con-
tent of the C22 : 4 acid was also low. The limit of one per
cent content of the acid (0.1%) was exceeded in the Pi
group only. In the bulls of Pi, Li and C fathers the con-
tent of the C22 : 5 acid was significantly highest. Atten-
tion has recently been focused also on DHA (C22 : 6)
due to health reasons; its content in beef is very low and
ranges between 0.10 and 0.20%. The total levels of satu-
rated and unsaturated fatty acids and their correlations
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Table 5. Trienic to hexacnic fatty acids (C, = 3) in the meat of commercial cattle (%)

Group no. — commercial
Fatty acids ~ Statistical gt Timteiane

parameters 1-Aa 2-He 3-Li 4-Pi 5-Ch 6-Ba 7-Bm' ' _8§-=C
Cl8:3 x 0.36 0.53 0.51 0.64 0.18 0.32 0.32 0.56
Sz 0.279 0.090 0.244 0.086 0.069 0.261 0.242 0.149
V% 71.97 16.81 48.18 13.41 39.37 81.66 7574 2674
P <0.05 1,4, 1,3, 2,3, 2,3, 2,3, 1,5,
P<0.01 3,4,8 5,6,7 56,7 56,7 4,8 4,8 4,8 6,7
C20:3 ¥ 0.09 0.09 0.14 0.17 0.09 0.10 0.09 0.14
5 0.044 0.041 0.084 0.069 0.033 0.067 0.060  0.059
V% 50.46 43.03 61.66 41.31 37.69 67.76 67.65 40.92
P <0.05 1,4, 1,2,3, 1,5,
P<0.01 3,4, 8 4 56 56,7 3,4,8 3,4, 8 4,8 6,7
C20:4 x 0.30 0.29 0.45 0.67 0.41 0.43 0.29 0.42
s 0.182 0.200 0.359 0.310 0.272 0.406 0225 0279
Ve 60.76 70.11 79.78 46.45 66.38 94.62 7828 6631
P <0.05 1,2,3, 3,4,
P<0.01 4 4 4,5 56,78 6,8 4,5 4 4,5
C20:5 x 0.10 0.09 0.13 0.10 0.14 0.14 0.13 0.08
Sz 0.060 0.022 0.076 0.020 0.096 0.071 0.081 0.024
V(./_ ) 62.79 2497 59.91 19.31 66.98 49.63 63.57 28.96
P<0.05
P <0.01 3,5,6 6 ] 1 1,2,8 6
C20:6 x 0.04 0.06 0.05 0.05 0.05 0.06 0.05 0.05
Sz 0.016 0.033 0.018 0.012 0.016 0.082 0.027 0.016
V% 41.21 59.76 37.17 21.78 32.30 136.29 50.76  37.18
P <0.05
P<0.01 3,4,5 1 1 1
C22:4 x 0.05 0.04 0.09 0.11 0.08 0.08 0.06 0.06
s 0.026 0.027 0.044 0.050 0.034 ©0.046 0.030  0.030
V% 48.21 67.89 50.29 44.00 42.60 55.79 46.59 47.62
P<0.05 3,4, 2.1 2.1 2,3, 1,2,
P<0.01 3,4,6,7 5,6,7 58 56,8 4,6 4,5 1,2 3,4
C22:5 x 0.14 0.18 0.20 0.30 0.13 0.15 0.13 0.19
5: 0.089 0.076 0.106 0.115 0.075 0.091 0.075  0.098
V% 63.22 42,86 53.71 38.47 59.15 62.43 5842  50.87
P <0.05 1,4, 1,2,3,
P<0.01 34 4 56,7 56,7,8 3,4,8 3,4 3,4 4,5
C22:6 x 0.11 0.10 0.15 0.20 0.09 0.11 0.11 0.13
5 0.045 0.035 0.076 0.078 0.012 0.044 0.045  0.055
V% 44.44 36.63 49.49 39.07 13.13 39.45 41,58 43.76
P <0.05 1,2,5, 1,2,
P <0.01 3,4 3,4 6,7, 8 56,7 3,4 3,4 3,4 4

are important indicators of the nutritive value of fat. In  man nutrition in terms of health. Rumsey er al. (1972),
view of healthy nutrition it is desirable to increase the  Subrt ez al. (1991) and Mojto et al. (1995) reported that
proportion of linoleic, linolenic, arachic and other poly-  the changes in the proportions of saturated and unsatur-
enic acids because their uptake is very important in hu-  ated fatty acids were largely affected by the changes in
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the amount of stearic, oleic and linoleic acid. Yoshimura
and Namikawa (1985) also detected considerable differ-
ences in the content of fatty acids in the intramuscular
fat of carcasses.

CONCLUSION

The objective of the study was to investigate if specia-
lised breeds of cattle used for commercial crossing could
influence the proportion of fatty acids in the intramuscu-
lar fat. Based on the requirements for “healthy nutrition”
and good quality beef, unsaturated fatty acids are con-
sidered to be better. Higher contents of (mono- and poly)
unsaturated fatty acids were reported in the progeny of
Piemontese and Aberdeen Angus bulls. As for PUFA,
the least favourable results were determined in the mus-
cles of Hereford and Aquitaine Blond slaughter bulls. The
results have shown that it is well-founded to consider the
choice of the commercial type of fattened cattle when
evaluating the effect of the factors on the desirable struc-
ture of fatty acids.
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Analysis of genetic linkage in ovine ois;- and B-casein (CSNISI

and CSN2) loci

Analyza genetické vazby v lokusech os;- a B-kazeinu (CSNISI a CSN2)

u ovei

J. G. OrDAS

Department of Animal Production I, Faculty of Veterinary Medicine, University of Ledn, Spain

ABSTRACT: Using the restriction fragment length polymorphisms technique the genetic linkage of ovine 0,5~ and -Cn (CSN1S1
and CSN2) genes was analysed. The segregation of gametes was studied in families of double heterozygous males belonging to
the Churra and Manchega breeds. The lod-score value (Z) showed genetic linkage between the o~ and B-Cn genes.

Keywords: sheep; casein; RFLP; linkage

ABSTRAKT: Provedli jsme analyzu genetické vazby mezi geny 0~ a B-Cn (CSN1S1 a CSN2) za pouZiti metody RFLP (me-
toda polymorfismii délek restrikénich fragmenti). Stépeni gamet jsme sledovali u rodin otcii s dvojitou heterozygotnosti, kteti
nalezeli k plemeni Churra a Manchega. Hodnota lod-score (Z) naznatila genetickou vazbu mezi geny oy~ a -Cn.

Kli¢ova slova: ovce; kazein; RFLP; vazba

Studies on sheep casein polymorphisms are very scarce.
In particular, those concerning the analysis of linkage
between ovine casein genes involve only studies carried
out by Di Gregorio ef al. (1991) and Leveziel et al.
(1991). These studies point out that, like in the case of
other ruminants, ovine casein genes constitute a linkage
group. Ovine caseins were assigned to chromosome 6
(De Gortari et al., 1998).

This study aims to establish, using DNA polymor-
phisms, the possible linkage between the o - and §-Cn
(CSNIS! and CSN2) genes in Spanish dairy sheep breeds.

The o - and B-caseins from randomly chosen com-
plete families, belonging to the Churra and Manchega
breeds, were analysed using the restriction fragment
length polymorphisms (RFLP) technique. Six males, 14
ewes and 29 offsprings were studied.

The DNA samples were obtained from leukocytes ac-
cording to the technique of Goossens and Kan (1991),
and each DNA sample was digested with the following
endonucleases: EcoRl, Hindlll, and Tagl. C184 and C468
plasmids containing cDNAs from o, and 5’f bovine
caseins, respectively, were used as probes (Stewart et al.,
1984; 1987). Electrophoresis, DNA transfer to nylon
membrane, prehybridization, hybridization and autorad-

iography were carried out according to Di Gregorio et
al. (1991) and Ordas et al. (1997).

The lod-score method, developed by Morton (1955),
was used in family data analysis to detect genetic link-
age between ovine caseins. Z values: 3 = +3 and < -2
were taken as indicators of the presence or absence of
linkage, respectively.

The o;,-Cn locus showed fragments of 3.6 and 4.7 kb
with EcoRI and fragments of 5.0, 8.0 and 10.0 kb with
Tagl. The locus B-Cn presented fragments of 1.2 and
1.6 kb with HindIIlL. The size and number of fragments
shown by each locus and endonuclease are identical to
those described by Di Gregorio et al. (1991) in other Eu-
ropean ovine breeds, that means they are not specific to
the Churra or Manchega breeds. However, the identified
fragments differ from those detected by Leveziel et al.
(1991). They found bands of 4.0, 8.4 and 12.0 kb with
Taql in 0,;,-Cn and fragments of 1.4, 1.7, 4.4 and 7.0 kb
with Hindlll in B-Cn. This discrepancy is attributed to
the fact that the cDNA casein probes used in both stud-
ies are different.

The genetic linkage of the two casein genes was estab-
lished by segregation analysis of gametes in families of
double heterozygous rams. Table 1 shows the analysed
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Table 1. Analysis of the linkage between the o;- and B-Cn genes

3 Number of i
Relation Most probable phase by Segregation Lod-score value
Ram No . informative .

0,-Cn versus B-Cn for sire offsprings parental recombinant (Z)for8=0
ag,-Cn79! : B-Cnffindll ICH 8.0-1.6/10.0-1.2* 6 6 0 1.50®
Qg -CnfeoRl; B.Cpfindill ICH 47-1.6/3.6 -12° 8 8 0 2.11
0g)-Cn7edl : B-Cfindlll 2CH 8.0-1.6/10.0 -1.2* 4 4 0 0.90

M 8.0-1.6/10.0 -1.2* 2 2 0 0.30

M 8.0-1.6/10.0-1.2* 2 2 0 030

3.61°

® Cis (coupling)

b the ram 1CH is analysed twice for the 0,g,-Cn, but only one Z value is included in the cumulative lod-score

¢ cumulative lod-score for the pair of loci considered

relations (the endonucleases used to detect RFLPs are
indicated as exponents), the males analysed in each fam-
ily, the informative offspring, the segregation and lod-
score values (Z) for 6 = 0 (limiting values of Z when 6
tends to 0.00). The results obtained in the segregation of
the different families can be considered representative
of the Churra and Manchega breeds. In all cases the anal-
ysis of linkage leads to the determination of parental types
and the absence of recombinants in progeny. The cumu-
lative lod-score value (Z) is higher than 3. In conclusion,
the results suggest the existence of genetic linkage be-
tween the 0., - and B-Cn genes in the Churra and Manche-
ga breeds. This confirms what was stated by Di Gregorio
et al. (1991) and Leveziel et al. (1991) in other Europe-
an ovine breeds.
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Association of polymorphism in the IGF2 gene with litter size
in Black Pied Prestice pigs

Asociace polymorfismu v genu /GF2 s velikosti vrhu u ptestického
Cernostrakatého prasete

P. HorAK, G. MikovA, T. UrBAN, L. PutNnovA, A. KnoLL, J. DVORAK

Mendel University of Agriculture and Forestry Brno, Czech Republic

ABSTRACT: Insulin-like growth factor 2 (/GF2) is a member of the insulin-relaxin growth factor family that shows a signifi-
cant effect on reproductive traits in pigs. Single nucleotide polymorphism, caused by G — A substitution, was described in the
IGF2 gene. PCR based test and RFLP were used for the detection of mutant allele. The PCR product (~ 1.6 kb) was digested by
restriction enzyme Ncil to 0.9 kb fragment (allele 4, in which the restriction locus is absent) or 0.8 kb fragment (allele B) and
few undetectable fragments. We determined associations between the polymorphism in /GF2 and the total number of born
(TNB), number of born alive (NBA) and number of weaned (NW) piglets. The investigated population consisted of 90 Black
Pied Pietice (BPP) sows. The association between /GF2 genotypes and TNB, NBA and NW was evaluated by means of a
general linear model (GLM). We did not find any significant effect of polymorphism in /GF2 gene on TNB, NBA and NW in the
1st litters. In the 2nd-7th litters there was a highly significant (P < 0.001) effect of polymorphism of /GF2 gene on TNB. The
association with NBA (P < 0.05) was also found. Significant differences in TNB were observed between the sows of genotypes
AA and AB (P < 0.001), A4 and BB (P < 0.05), AB and BB (P < 0.05) and in NBA between the sows of genotypes A4 and AB
(P £0.05). In the 1st —7th litters the polymorphism of /GF2 gene was shown to exert a highly significant effect on TNB (P <
0.001) and a significant effect on NBA (P < 0.05). There are significant differences in TNB between the sows of genotypes 44
and AB (P <0.001), A4 and BB (P < 0.01), AB and BB (P < 0.05). Significant differences in NBA were determined between the
sows of genotypes 44 and AB (P<0.01), A4 and BB (P < 0.05). The effect of the polymorphism of /GF2 gene on TNB and NBA
in the 2nd-7th and the 1st—7th litters was detected. The sows of 4B and BB genotypes showed significant differences in TNB and
NBA in contrast to the sows of A4 genotypes.

Keywords: insulin-like growth factor; /GF2; PCR-RFLP; reproduction; pig

ABSTRAKT: Insulinu podobny ristovy faktor 2 (/GF2) je jednim z gen vyznamné podmifiujicich reprodukéni vlastnosti
prasat. Je &lenem rozsdhlé rodiny geni ristovych faktorl a ovliviiuje rist a diferenciaci bunék, embryonélni vyvoj a priib&h
gravidity. Sledovali jsme vliv polymorfismu genu /GF2 na podet viech, Zivé narozenych a odchovanych selat v souboru 90
prasnic prestického Cernostrakatého prasete. Uvedené ukazatele byly hodnoceny na 1., 2. az 7, a 1. az 7. vrzich. Detekci geno-
typl genu J/GF2 jsme provedli metodou PCR-RFLP. Vysledkem 3t&peni PCR-produktu (o délce 1,6 kb) je fragment dlouhy
0,9 kb (zaniklé restrik&ni misto — alela 4) nebo fragment dlouhy 0,8 kb (alela B) a nékolik kratkych fragmentu, které jsou
obtizné detekovatelné. Statistické vyhodnoceni vlivu polymorfismu genu /GF2 na velikost vrhu jsme provedli obecnym linear-
nim modelem (GLM). Nezjistili jsme Zadny vliv polymorfismu genu /GF2 na sledované znaky na 1. vrzich. Na 2. aZz 7. vrzich
byl vyhodnocen velmi vysoce pritkazny (P < 0,001) vliv polymorfismu genu /GF2 na poget viech narozenych selat a pritkazny
vliv (P £ 0,05) na po&et Zivé narozenych selat. Byly vyhodnoceny rozdily v po&tu viech narozenych selat mezi prasnicemi
s genotypy 44 a AB (P <0,001), A4 a BB (P < 0,05) a 4B a BB (P < 0,05). Prikazny rozdil byl také v poctu Zivé narozenych
selat u prasnic s genotypy 44 a 4B (P < 0,05). Pfi souhrnném hodnoceni sledovanych znaki na 1. az 7. vrzich jsme zjistili
velmi vysoce vyznamny (P < 0,001) vliv polymorfismu genu /GF2 na podet viech narozenych selat a vyznamny vliv

Supported by the Ministry of Education, Youth and Sports of the Czech Republic (FRVS — Project No. 1208) and Ministry of Agriculture of the
Czech Republic (Project No. EP 92 82).
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(P <£0,05) na podet Ziv& narozenych selat. V pottu viech narozenych selat byly shledany rozdily mezi prasnicemi s genotypy
AA a AB (P £0,001), A4 a BB (P <0,01) a AB a BB (P < 0,05) a v po&tu zivé narozenych selat mezi prasnicemi s genotypy A4
aAB (P <0,01) a A4 a BB (P < 0,05). V nasf préci byl zjistén prikazny vliv polymorfismu genu /GF2 na potet viech a Zivé
narozenych selat na 2. az 7. a 1. az 7. vrzich. Zaroveri byl zji$tén priikazné vy33i polet viech a Zivé narozenych selat u prasnic

s genotypem AB nebo BB oproti prasnicim s genotypem A4.

Kli¥ov4 slova: insulinu podobny rustovy faktor; /GF2; PCR-RFLP; reprodukce; prase

INTRODUCTION

Reproductive traits in farm animals are conditionally
polygenic with low heritability estimates. However, there
are some genes that determine the important part of vari-
ability in the investigated traits. Molecular genetics con-
tributes to the knowledge of factors influencing animal
reproduction by mapping the genes and studying their
effects. The knowledge of the mode of inheritance of
identified QTL is important for agricultural applications.
The numbers of known loci and genes in pigs are about
2 200 and 640, respectively, but imprinting has been re-
ported only for four QTLs (De Koning et al., 2000) and
one gene (Nezer ez al., 1999; Jeon et al., 1999).

One of the genes with a significant effect on reproduc-
tion in pigs is the insulin-like growth factor 2 (/GF2/IG-
FII). The gene IGF2 is a member of the insulin-relaxin
growth factor family and influences the growth and dif-
ferentiation of cells, embryonic development and progres-
sion of pregnancy (Ko ez al., 1994). Along with the other
members of the IGF-system it stimulates the epithelial
cell proliferation via the type II receptor (Badinga et al.,
1999).

The gene /GF2 in interaction with FSH (follicle-stim-
ulating hormone) or estradiol increases progesterone syn-
thesis (Garmey et al., 1993).

Lamberson ez al. (1996) examined the relation between
the concentration of IGF1 and IGF2 in the blood serum
of pigs in the age range of 9-21 weeks and their growth
and reproduction. The IGF1 and IGF2 concentration was
associated with higher backfat thickness and with fewer
days to 100 kg. Nevertheless IGF2 did not show any ef-
fect on growth nor on litter size nor age at puberty. Owens
et al. (1999) determined the concentration of plasma
IGF1, IGF2 and IGFBP3 in relation to postnatal growth
traits in pigs. Plasma IGF2 was positively associated with
backfat thickness.

The IGF2 gene was mapped to porcine chromosome 2
(SSC2p) by Nezer et al. (1999). The polymorphism of
IGF2 gene was described by Knoll et al. (2000). This
gene is linked with another candidate gene MYODI, the
polymorphism of which was described by Knoll et al.
(1997). The IGF2 gene as a candidate gene for muscu-
larity and fat deposition was reported by Nezer et al.
(1999). In the study of the F, population from Meishan
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boars and sows from the commercial Dutch pig lines, de
Koning et al. (2000) found no evidence for QTL affect-
ing the muscle thickness on SSC2.

The aim of this study was to determine the effect of
polymorphism in /GF2 gene on the total number of born
(TNB), number of born alive (NBA) and number of
weaned piglets (NW) in Black Pied Pfestice (BPP) sows.

MATERIAL AND METHODS

The investigated sample population consisted of 90
sows BPP from pedigree breeding. DNA was isolated
from the leukocytes of blood samples and amplified by
means of PCR.

To establish the genotypes of /GF2 gene we used the
PCR-RFLP procedure as described by Knoll et al. (2000).
IGF2 gene is characterised by single nucleotide polymor-
phism (G — A substitution) which causes disappearance
of restriction locus. The absence of restriction locus is
used for the detection of /IGF2 genotypes, when a frag-
ment of 0.9 kb and some few undetectable fragments are
produced by the digestion of the PCR-products (~ 1.6 kb)
by endonuclease Ncil (allele 4). If the restriction locus is
present, the fragment 0.8 kb (and several short fragments)
is produced (allele B). The obtained fragments are sepa-
rated in 2% agarose gel.

The association between /GF2 genotypes and TNB,
NBA and NW were evaluated by means of a general lin-
ear model-GLM (SAS, 2000), which contained the fol-
lowing fixed effects: genes OPN, ESRI, ESR2, MYF4,
IGF2; litter parity; herd; year of sow birth. Because of
the low significance of the 1st litters we examined the
effect of polymorphism in /GF2 gene separately for the
1st, 2nd-7th and 1st-7th litters.

RESULTS AND DISSCUSION

In the 1st litters no effect of the polymorphism of IGF2
gene on TNB, NBA and NW was detected.

In the 2nd-7th litters (Table 1) the polymorphism of
IGF2 gene influenced highly significantly TNB
(P <0.001) and NBA (P < 0.05). A significant difference
(P<0.001) in TNB was determined between the sows
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Table 1. A the total b

of born, number of born alive and number of weaned piglets and genotypes of IGF2 gene in the 2nd-7th

litters in Black Pied Pfestice sows (least-squares means, LSM + standard error, Sp)

IGF2 genotypes n NL TNB NBA NwW

AA 12 70 10.7742.+ 0.57 10.77*+ 0.50 9.78 + 0.44

AB 36 184 12.234b+ 0.47 11.68*+ 0.41 10.29 = 0.36

BB 42 204 11.65% + 0.45 11.31 +0.40 10.23 £ 0.35
Note:

n = number of sows, NL = number of investigated litters, TNB = total number of born piglets, NBA = number of piglets born alive, NW = number

of weaned piglets

Values with the same exponents in columns show significant differences: #° P <0.05; A P <0.001

Table 2. Associations bety the total number of born, number of born alive and number of weaned piglets and genotypes of /GF2 gene in the 1st-7th
litters in Black Pied Pretice sows (least-squares means, LSM = standard error, S)

IGF2 genotypes n NL TNB NBA NW

A4 12 82 104942+ 0.49 10.424% + 0.44 9.71+0.39

AB 36 220 10,9842 + 0.40 11.384 £0.35 10.23 £ 0.31

BB 42 246 114852 +0.38 1L11% 034 10.19+ 0.30

Note: see Table |

Values with the same exponents in columns show significant differences: °P < 0.05, 48P < 0.01, AP < 0.001

of A4 and AB genotypes. There was a significant
(P =0.05) difference in TNB between the sows of A4
and BB genotypes and also between those of AB and BB
genotypes. The heterozygotes 4B showed a more signif-
icant (P < 0.05) NBA than homozygotes 44.

No association between the polymorphism of /GF2
gene and NW in the 2nd-7th litters was observed nor
were any significant differences in this trait found be-
tween the particular /GF2 genotypes.

In a joint analysis of the reproductive traits in the 1st—
7th litters (Table 2), the effect of the polymorphism of
IGF2 gene on TNB (P < 0.001) and NBA (P < 0.05) was
similar to that of the 2nd—7th litters.

Highly significant differences in TNB were recorded
between the sows of 44 genotypes and 4B genotypes
(P <£0.001) and significant differences (P < 0.01) between
the sows of BB genotypes and 44 genotypes. TNB from
heterozygous 4B sows was also significantly higher
(P = 0.05) than that from homozygous BB sows. The sows
of 4B genotypes had significantly (P < 0.01) more live
piglets than the sows of A4 genotypes. A significant
(P £0.05) difference in NBA was also observed between
the sows of A4 and BB genotypes.

Neither the effect of polymorphism in /GF2 gene on
NW nor the differences in NW between the sows of the
particular JGF2 genotypes were demonstrated in the 1st—
7th litters.

The obtained results prove the association of polymor-
phism in /GF2 gene with the reproductive traits in pigs.

The polymorphism of /GF2 gene had a significant effect
on TNB and NBA in the 1st-7th and the 2nd-7th litters.
In the investigated sample population the sows with gen-
otypes AB or BB of IGF2 gene achieved higher TNB and
NBA. The relation between the polymorphism of IGF2
gene and NW was not proved nor were there any differ-
ences observed in this trait between the sows of the par-
ticular genotypes of IGF2 gene.

In this study the analysis of association was carried out
by the model supposing Mendelian expression of the
IGF?2 alleles. After the significant differences were iden-
tified, we did not analysed either paternal or maternal
imprinting. We do not consider the fact (Nezer ef al.,
1999; Jeon et al., 1999) that only paternal IGF2 allele is
expressed as a disagreement with our finding of the as-
sociation with the number of piglets if we assumed Men-
delian expression. A possible explanation is that this may
be due to specific imprinting for certain tissues and de-
velopmental stages (Morison and Reeve, 1998). The anal-
ysis of the effect of both sexes on daily weight gain in
twelve groups of full sibs (boars and sows) in two devel-
opmental stages indicates the possibility of expression
of maternal imprinting in the early and Mendelian ex-
pression in the late growth period (Dvofak, 2001, un-
published). The /GF2 gene may be imprinted in tissues
participating in meat production while we suppose Men-
delian expression in tissues playing a role in fertility.

For a more conclusive proof of the effect on litter size
it would be necessary to examine a larger sample popu-
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lation of different breeds and hybrid combinations used
in breeding programs.

REFERENCES

Badinga L., Song S., Simmen R.C., Clarke J.B., Clemmons
D.R., Simmen F.A. (1999): Complex mediation of uterine
endometrial epithelial cell growth by insulin-like growth
factor-II (IGF-II) and IGF-binding protein-2. J. Mol. Endo-
crinol., 23, 277- 285.

De Koning D.J., Rattink A.P., Harlizius B., van Arendonk
J.A., Brascamp E.W., Groenen M.A. (2000): Genome-wide
scan for body composition in pigs reveals important role of
imprinting. Proc. Natl. Acad. Sci., 97, 7947-7950.

Garmey J.C., Day R.N., Day K.H., Veldhuis J.D. (1993):
Mechanism of regulation of ovarian sterol metabolism by
insulin-like growth factor type II: in vitro studies with
swine granulosa cells. Endocrinology, /33, 800-808.

Jeon J.T., Carlborg O., Tornsten A., Giuffra E., Amarger V.,
Chardon P., Andersson-Eklund L., Andersson K., Hansson
I., Lundstrom K., Andersson L. (1999): A paternally ex-
pressed QTL affecting skeletal and cardiac muscle mass in
pigs maps to the /GF2 locus. Nat. Genet., 21, 157-158.

Knoll A., Nebola M., Dvoiak J., Cepica S. (1997): Detection
of a Ddel PCR RFLP within intron 1 of the porcine
MYODI (MYF3) locus. Anim. Genet., 28, 321.

Knoll A., Putnova L., Dvorak J., Cepica S. (2000): A Neil
PCR-RFLP within intron 2 of the porcine insulin-like
growth factor 2 (/GF2) gene. Anim. Genet., 3/, 150-151.

Ko Y., Choi I., Green M.L., Simmen F.A., Simmen R.C.
(1994): Transient expression of the cytochrome P450 aro-
matase gene in elongating porcine blastocysts in correlated
with uterine insulin-like growth factor levels during peri-
implantation development. Mol. Reprod. Dev., 37, 1-11.

Lamberson W.R., Sterle J.A., Matteri R.L. (1996): Relation-
ships of serum Insulin growth factor Il concentrations to
growth, compositional, and reproductive trait of swine. J.
Anim. Sci., 74, 1753-1760.

Morison I.M., Reeve A.E. (1998): A catalogue of imprinted
genes and parent-of-origin effects in humans and animals.
Hum. Mol. Genet., 7, 1599-1609.

Nezer C., Moreau L., Brouwers B., Coppieters W., Detilleux
J., Hanset R., Karim L., Kvasz A., Leroy P., Georges M.
(1999): An imprinted QTL with major effect on muscle
mass and fat deposition maps to the J/GF2 locus in pigs.
Nat. Genet., 2/, 155-156.

Owens P.C., Gatford K.L., Walton P.E., Morley W., Camp-
bell, R.G. (1999): The relation between endogenous insu-
lin-like growth factors and growth in pigs. J. Anim. Sci.,
77,2098-2103.

SAS.SAS/STAT (2000): User’s Guide (Release 8.01). SAS
Inst. Inc. Cary, NC.

Received: 01-07-12
Accepted after corrections: 01-10-16

Corresponding Author:

Prof. Ing. Josef Dvorék, CSc., Mendelova zemédé&lska a lesnicka univerzita, Zemédélska 1, 613 00 Brno, Ceska republika
Tel. +420 5 45 13 31 75, fax +420 5 45 13 3176, e-mail: dvorak)@mendelu.cz

508


mailto:dvorakJ@mendelu.cz

INSTRUCTIONS FOR AUTHORS

Original scientific papers, short communications, and selective
reviews (i.c. papers based on the study of agricultural literature
and reviewing recent knowledge in the given field) are published
in this journal. Papers are published in English. Each manuscript
must contain a English and a Czech (Slovak) summary (including
key words). Czech abstracts will be provided for foreign authors.
The author is fully responsible for the originality of his paper, for
its subject and format. The author should make a written
declaration that his paper has not been published in any other
information source. The board of editors of this journal will decide
on paper publication, with respect to expert opinions, scientific
importance, contribution and quality of the paper. The paper should
notexceed 10 typescript pages, including tables, figures and graphs.
Manuscript layout: paper of standard size (210 x 297 mm),
double-spaced typescript. A PC diskette should be provided
with separate text and graphic files. Tables, figures and photos
should be enclosed separately. The text must contain references
to all these appendices.

If any abbreviation is used in the paper, it is necessary to mention
its full form for the first time it is used, abbreviations should not
be used in the title or in the summary of the paper.

The title of the paper should not exceed 85 characters. Sub-
headings are not allowed.

Abstract should contain the subject and conclusions of the paper,
not a mere description of the paper. It must present all substantial
information contained in the paper. It should not exceed 170 words.
It should be written in full sentences and contain basic numerical
data including statistical data. It must contain keywords. It should
be submitted in English and, if possible, also in Czech.
Introduction has to present the main reasons why the study was
conducted, and the circumstances of the studied problems should
be described briefly.

Review of literature should be a short section, containing only
references closely related to the main topic of the paper.

Only original methods should be described, in other cases cite the
method used and any modifications. This section should also
contain a description of experimental material.

In the Results section figures and graphs should be used rather
than tables for presentation of quantitative values. A statistical
analysis of recorded values should be summarized in tables. This
section should not contain either theoretical conclusions or
deductions, but only experimental data.

Discussion contains an evaluation of the study, potential
shortcomings are discussed, and the results of the study are
compared with previously published results (only those authors
whose studies are closely related to the published paper should
be cited). The section Results and Discussion may be presented
as one section.

The References section contains citations arranged alphabetically
according to the surname of the first author. References in the text
include the author’s name and year of publication. Only the papers
cited in the text of the study should be included in the list of
references.

The author should give his full name (and the names of other
collaborators), academic, scientific and pedagogic titles, full
address of his workplace and postal code, telephone and fax
number or e-mail.

The manuscript will not be accepted by the editorial office in case
its format does not comply with these instructions.

Detailed instructions to authors are published in No. 2 of
this volume.

POKYNY PRO AUTORY

Casopis uvefejiuje piivodni védecké préce, kratka sdéleni
a vybéroveé i piehledné referaty, tzn. prace, jejichz podkladem
je studium literatury a které shrnuji nejnovéjsi poznatky v dané
oblasti. Prace jsou uvefejiovany v angli¢tiné. Rukopisy musi
byt doplnény anglickym a ¢eskym (slovenskym) abstraktem
(v&etné klicovych slov). Autor je pIné odpovédny za puvod-
nost price a za jeji vécnou i formalni spravnost. K praci musi
byt prilozeno prohlaseni autora o tom, Ze prace nebyla pub-
likovana jinde. O uverejnéni prace rozhoduje redak¢ni rada ¢a-
sopisu, a to se zietelem k lektorskym posudkim, védeckému
vyznamu a piinosu a kvalité prace. Rozsah védeckych praci
nesmi presahnout 10 strojopisnych stran véetné tabulek, ob-
razku a grafi. V praci je nutné pouzivat jednotky odpovidajici
soustavé mérovych jednotek SI (CSN 01 1300).

Vlastni dprava rukopisu: format A4, mezi fadky dvojité
mezery. K rukopisu je tieba pfilozit disketu s praci pofize-
nou na PC a s grafickou dokumentaci. Tabulky, grafy a fotografie
se dodavaji zvlast. Na vSechny pfilohy musi byt odkazy
v textu.

Pokud autor pouziva v praci zkratky jakéhokoliv druhu, je
nutné, aby byly alespon jednou vysvétleny (vypsany), aby
se predeslo omylim. V nazvu prace a v souhrnu je vhodné
zkratky nepouzivat.

Nazev prace (titul) nema piesahnout 85 thozi. Jsou vylou-
¢eny podtitulky élanki.

Abstrakt je informaénim vybérem obsahu a zavéru ¢lanku,
nikoliv v3ak jeho pouhym popisem. Mél by vyjadrit ve pod-
statné, co je obsazeno ve védecké praci, a ma obsahovat za-
kladni ¢iselné udaje véetné statistickych hodnot. Musi obsa-
hovat klicova slova. Nema prekrocit rozsah 170 slov. Je tie-
ba, aby byl napsan celymi vétami, nikoliv heslovité. Je uve-
fejnovan a mél by byt autory dodan v angli¢tiné a Cestiné.
Uvod ma obsahovat hlavni diivody, proé byla prace realizova-
na, a velmi stru¢nou formou ma byt popsan stav studované
otazky.

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

Metoda se popisuje pouze tehdy, je-li pivodni, jinak posta-
Cuje citovat autora metody a uvadét jen pfipadné odchylky.
Ve stejné kapitole se popisuje také pokusny material.
Vysledky — pfi jejich popisu se k vyjadieni kvantitativnich
hodnot dava prednost grafiim pied tabulkami. V tabulkach je
tieba shrnout statistické hodnoceni naméfenych hodnot. Tato
¢ast by neméla obsahovat teoretické zavéry ani dedukce, ale
pouze faktické nalezy.

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

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

Rukopis nebude redakci pfijat k evidenci, nebude-li po for-
maélni strince odpovidat témto pokynim.

Podrobné pokyny pro autory jsou uvefejnény v éisle 1 tohoto
ro¢niku.



CZECH JOURNAL OF ANIMAL SCIENCE

Volume 46, No. 11 November 2001
CONTENTS

ORIGINAL PAPERS
Physiology and Reproduction

Sowiiska J., Brzostowski H., TaNski Z., Czaa K.: The weaning stress response in lambs of different age ................. 465
HAMACKOVA J., SEDOVA M. A., Pianova S. V., Lericova A.: The effect of 2-phenoxyethanol, clove oil
and Propiscin anaesthetics on perch (Perca fluviatilis) in relation to water temperature ...............ceeervevrrersernrsnsennns 469

Genetics and Breeding
WorrovA M., WoLk J., NitTer G.: Impact of incorrect weighting of traits in the aggregate genotype of pigs

ON, PENELIC FAIN. duicanivassinsdins i tossiiakisissavinssiinisioassmssissavissasss s seashsnss dossassessrasatsssanasns T eRneRe s sopSssSPassssnssnnsassssasssnssmbassnalos 474
Lorek M. O., GuGolek A., HARTMAN A.: Studies on the relationship between body weight, trunk length
and pelt size in common foxes (Vulpes vulpes) ................................................................. 481

Nutrition and Feeding
Lorek M. O., GuGoiek A., HARTMAN A.: Nutrient digestibility and nitrogen retention in arctic foxes fed

a:diet:containing: cultures O PIODIOHIC DACIETIR . vurxsesersrssrimemisvonessssarssvnsarmsvassarssnsmeissrsanssusresssmonnsssssarsaossasssenissssasassonsusss 485

Krizova L., SiMecek K., SustaLa M., HEGER J.: Optimum digestible threonine and sulphur amino acid

réquireitienits of high-1ean GTOWITBIDIES .cccicsssissusisissasinivsisisionisivisensisisiisissssvossnssissssossossssisassosiasissssiosbisausissiasassiossss iaiats 489

Animal Production

Susrr J., FiaLovia M., Divis V.: The influence of commercial types of bulls on fatty acid composition in beef ............... 49

SHORT COMMUNICATION §

Orpas J. G.: Analysis of genetic linkage in ovine 0i,- and B-casein (CSN1S7 and CSN2) 10Ci ....c.c.evvvurreveenereicnerenenens 503

HorAk P., MikovA G., Ursan T., PutnovA L., KNoLL A., DVORAK J.: Association of polymorphism

in the /GF2 gene with litter size in Black Pied PTESHCE PIZS ...covvvirriiiiiiiciniiiinecisisisssssssessessessesssssesessssnes 505
OBSAH

PUVODNI PRACE

Fyziologie a reprodukce

Sowinska J., Brzostowski H., Tanski Z., Czaia K.: Stresova reakce na odstav u jehnat rozdilného véku ..................... 465
HAMACKOVA J., SEDOVA M. A., P1aNOVA S. V., Lericova A.: Uginek anestetik 2-phenoxyethanol, hiebickovy olej
a Propiscin u okouna fi¢niho (Perca fluviatilis) v zavislosti na teploté vody ...........cccccccveucivcucnnnne. 469

Genetika a Slechténi
WoLrrovia M., WoLr J., NiTTer G.: Vliv neadekvatniho vaZeni znakti v agregovaném genotypu prasat

DI ORI UCICY ZASKE. vexsveassnunmnsmaos somss s wes s s RO o RN RSP AN o S s o SRS 474
Lorek M. O., Gucotek A., HARTMAN A.: Studium zavislosti mezi télésnou hmotnosti, délkou trupu a velikosti
koZek u lisek obecnych (Vulpes vUIDES) ......cvovvverivereciicnciencscanieaeians 481

VyZiva a krmeni
Lorek M. O., Gucoiek A., HARTMAN A.: Stravitelnost Zivin a retence dusiku u poléarnich lisek krmenych

smési obsahujici kultury probiotickych bakterii .........c.cccoeviininiinninninniniinnnns 485
Krizova L., Simecek K., SustaLa M., HeGer J.: Optimalni potieba stravitelného threoninu a sirnych

aminokyselin pro rostouci prasata masného typu ... 489
Zivotisné produkty

Susrr J., FiaLova M., Divis V.: Vliv uzitkového typu byki na obsah mastnych kyselin v mase ...........cocveuvinierisnenenns 49
KRATKE SDELENI

OrpAs J. G.: Analyza genetické vazby v lokusech o~ a B-kazeinu (CSN1SI a CSN2) u ovci 503
HorAk P., Mikova G., Ursan T., Putnova L., KnoLL A., Dvorak J.: Asociace polymorfismu v genu /GF2

s velikosti vrhu u prestického cemostrakateho Prasete ...iiusossansses 505

Védecky &asopis CZECH JOURNAL OF ANIMAL SCIENCE (ZIVOCISNA VYROBA) @ Vydava Ceska akademie zem&délskych véd
— Ustav zemédélskych a potravinafskych informaci @ Redakce: Slezské 7, 120 56 Praha 2, tel.: +420 2 27 01 03 52, fax: +420227 0101 16,
e-mail: edit@uzpi.cz @ Sazba a tisk: UZPI Praha @ © Ustav zemé&dglskych a potravinafskych informaci, Praha 2001

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


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

