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Effect of activation treatments
on the in vitro developmental potential
of porcine nuclear transfer embryos

M. Samiec, M. Skrzyszowska, Z. SMORAG

Department of Animal Reproduction, National Research Institute of Animal Production,
Balice/Krakow, Poland

ABSTRACT: In this study the effect of either chemical or physical activating agents was examined as exerted on the
in vitro developmental potential of porcine embryos reconstructed by direct microinjection of cumulus cell nuclei
into the cytoplasm of enucleated oocytes. In group A reconstituted oocytes were exposed to ionomycin and then to
cycloheximide (CHXM), and in group B the oocytes were treated with electrical pulses. The reconstituted oocytes
activated electrically showed a higher survival rate than those activated by ionomycin + CHXM (82.2% vs. 71.5%;
P <0.01). Cleavage activity and blastocyst formation rates tended to be slightly higher in the chemical activation
group than in the electroporation group (61.4% vs. 58.4% and 11.3% vs. 6.2%, respectively), but the differences
were not statistically significant (P> 0.05). However, the in vitro developmental rate of nuclear transferred embryos
to the morula stage was significantly higher in group A than in group B (57.7% vs. 43.1%; P < 0.05). The blastocyst
cell numbers in both experimental groups were comparable (approximately 26.0). In conclusion, the results of the
present study indicate that both artificial activation protocols were efficient for the production of porcine nuclear

transferred blastocysts to a similar extent.

Keywords: nuclear microinjection; ionomycin; cycloheximide; electroporation; iz vitro culture

Nuclear transfer (NT) techniques have advanced
in the last five years, and cloned offspring have
been obtained from somatic cells in several species
of farm animals including pig (Wilmut ez 2/, 1997;
Baguisi e al., 1999; Wells et al., 1999; Yin et al.,
2002). However, the efficiency of somatic cloning
technology in pigs remains still lower than in other
livestock species.

Development of the studies on pig somatic clon-
ing has been inspired especially in recent years not
only by the necessity of quick improvement of
nuclear transfer technique efficiency in this species
but also above all by the possibility of its practical
application to multiplication of transgenic piglets,
on the grounds of important implications for trans-
plantation medicine and immunology and also
pharmacy as well as animal breeding (Betthauser

et al., 2000; Polejaeva ez al., 2000). The shortage
of organs for human allotransplantation became a
stimulus to the search for new, alternative sources of
grafts. Therefore the possibility of using transgenic
pig organs in xenotransplantation is a particularly
attractive aspect of pig somatic cloning (Polejaeva ez
al., 2000; Dai et al., 2002; Lai et al., 2002).

An extremely important factor influencing the
developmental potential of reconstructed por-
cine oocytes is their activation procedure. In pig
somatic cloning technology, the most often used
activating stimuli are physical agents such as DC
pulses (Onishi ez /., 2000; Polejaeva ez l., 2000;
Kuhholzer et al., 2001; Lai et al., 2001; Park ez
al., 2001; De Sousa et al., 2002; Yin et al., 2002,
2003; Samiec et al., 2003) or chemical agents such
as ionomycin (Betthauser ez /., 2000; Boquest ez
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al., 2002; Yin et al., 2002; Samiec et al., 2003) or
thimerosal in combination with dithiothreitol {Tao
et al., 1999a,b; Kuhholzer ez 2/., 2000). The current
intensive studies on improving artificial activation
methods of porcine cytoplasmic hybrids are chiefly
aimed at optimising technical parameters of electri-
cal field (strength, duration of DC pulses, number
of pulses and time interval between them; Koo ez
al., 2000; Onishi et al., 2000; Verma ez al., 2000;
De Sousa et al., 2002; Martinez Diaz et al., 2002;
Zhu et al., 2002) or, more frequently, at associating
an activating stimulus (most often ionomycin or
Ca** ionophore A23187 or DC pulses) with agents
blocking the activity of cyclin-dependent protein
kinases (CDK) such as 6-dimethylaminopurine
(6-DMAP; Betthauser ez al., 2000; Boquest ez 4l.,
2002; Roh and Hwang, 2002; Yin ez /., 2002),
butyrolactone (Yin ez al., 2002) or agents inhib-
iting protein synthesis (translation), for example
cycloheximide (CHXM; Cheong ez al., 2000;
Martinez Diaz et al., 2002; Yin ez al., 2002; Samiec
et al., 2003).

The basic aim of our study was to investigate
the effect of activation protocols (with chemical
or physical agents) on the iz vitro developmental
potential of porcine embryos reconstructed by the
intraooplasmic injection of cumulus cell nuclei.

MATERIAL AND METHODS
Oocyte collection and maturation

Unless otherwise mentioned, all chemicals used
in this study were purchased from Sigma Chemical
Co. (St. Louis, MO).

Slaughterhouse ovaries were collected from pre-
pubertal and postpubertal gilts as well as sows.
Cumulus-oocyte complexes (COC’s) were recov-
ered by aspiration of follicular fluid from 2- to
6-mm antral follicles using an 18-gauge needle at-
tached to a 10-ml disposable syringe. COC’s were
collected into HEPES-buffered Tissue Culture
Medium 199 (TCM 199-HEPES; Gibco BRL,
Life Technologies Inc., Grand Island, NY) sup-
plemented with 50 IU/10 ml heparin, maintained
at 39°C. COC’s with evenly granulated ooplasm
and several uniform layers of compact cumulus
cells were selected for in vitro maturation. Ten
to fifteen COC’s were transferred in 10 pl of this
medium and placed into 40 pl-droplets of matura-
tion medium in 35 x 10 mm? Petri dishes (Falcon,

500

Becton, Dickinson and Co, Lincoln Park, NY) that
had been overlaid with paraffin oil and equilibrated
at 38.5°C in the atmosphere of 5% CO, in air for
1 to 3 hours. The maturation medium comprised
25 mM HEPES and 26 mM sodium bicarbonate-
buffered Tissue Culture Medium 199 (Gibco
BRL, Grand Island, NY) supplemented with 20%
heat-inactivated estrus porcine serum (EPS), 10%
porcine follicular fluid (pFF), 1 mM L-glutamine
and 75 pg/ml kanamycin monosulphate (kanamy-
cin A). The oocytes were cultured for 42 to 44 h
at 38.5°C in a 100% water-saturated atmosphere
of 5% CO, in air. After maturation, expanded
cumulus cells and corona cells were completely
removed by vigorous pipetting COC’s without or
in the presence of 0.1% hyaluronidase in 500 pl
of HEPES-buffered TCM-199 for 1 to 2 minutes.
In vitro matured, metaphase II oocytes, selected on
the basis of accepted morphological criteria, and
first of all with evenly granulated, dark cytoplasm
and intact plasma membrane, and with distinctly
expelled first polar bodies provided a source of re-
cipient cells for exogenous cell nuclei in the somatic
cloning procedure.

Preparation of donor cells

To prepare karyoplasts, the cells were dissoci-
ated from COC’s by vortexing matured COC’s
for 1 min in TCM 199-HEPES with addition of
4 mg/ml BSA (fraction V) or by centrifugation
for 10 min at 300 x g in the same medium. After
centrifugation, the supernatant was removed and the
cell pellet was resuspended in 500 pl of TCM 199-
HEPES/BSA until use. Immediately before micro-
injection, a single cell suspension of the cumulus
cells was prepared by vigorous pipetting.

Nuclear transfer

Cumulus-free oocytes were stained with 5 pg per
ml DNA fluorochrome — bisbenzimide (Hoechst
33342) for 15 to 20 min in TCM 199-HEPES/
BSA medium supplemented with 7.5 pg/ml cyto-
chalasin B (CB), and then transferred into a glass
micromanipulator chamber filled with TCM-199
containing 4 mg/ml BSA, and 7.5 pg/ml CB.
Enucleation was accomplished by gently aspirat-
ing the first polar body and the metaphase II plate
in a small amount (10-20% of the volume of the
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oocyte) of surrounding cytoplasm with the aid of
a bevelled micropipette of 20- to 25-pm external
diameter. Completeness of enucleation was visually
ascertained in every case by UV light identifica-
tion of blue fluorescence emitted by both labelled
chromatin of the polar body and metaphase II
plate chromosomes of the removed karyoplast,
while still inside the enucleation pipette, keeping
exposure to a minimum. Following enucleation,
the resulting cytoplasts were washed extensively in
TCM 199-HEPES + 0.4% BSA and held in this
cytochalasin B-free medium until microinjection
of donor nuclei. Intracytoplasmic injection of cu-
mulus cells was performed in TCM 199-HEPES/
BSA containing 2.5 pg/ml CB. Donor cells were
selected under differential interference contrast
(DIC) oprtics according to their size and shape.
Small cells (10-15 pm diameter) with the smooth,
intact plasma membrane surface were chosen as
donor nuclei to be injected directly into enucle-
ated oocytes. By using an injection pipette whose
sharp bevelled tip had an external diameter about
half smaller than the diameter of the selected cu-
mulus cells (7-8 pm), the plasma membrane was
broken by gentle repeated aspiration of the entire
cells into and out of the pipette. Then the injec-
tion pipette was introduced mechanically through
the zona pellucida (using the same slit as made
during enucleation) and up ro halfway into the
ooplasm of each cytoplast and the tiny karyoplast
was quickly deposited with the cytoplasm. Cell nu-
clei were transplanted between 47 and 49 h after
the initiation of oocyte maturation, and the recon-
structed preembryos were incubated in NCSU-23
medium (Petters and Wells, 1993) with 4 mg/ml
BSA (fraction V) at 38.5°C in a 100% humidified
atmosphere of 5% CO, in air for 1 to 1.5 h before
activation.

Activation protocol

After a preincubation period, cytoplasmic clonal
hybrids were artificially activated with two differ-
ent activating agents: either chemical or physical
ones. For two-grade chemical postactivation, clonal
cybridic zygotes were exposed to 15 pM ionomycin
in NCSU-23/BSA medium for 5 to 6 min, then
washed three times in 500 pl of NCSU-23 medium
containing 0.4% BSA, and incubated in 10 pg/ml
cycloheximide (CHXM) and 5 pg/ml cytochalasin B
for 1.5 to 2 h in NCSU-23 medium with 4 mg/ml

BSA at 38.5°C in humidified air with 5% CO,.
Afterwards reconstituted zygotes were transferred to
the same medium supplemented only with 10 pg/ml
CHXM for additional 2 to 2.5 hours.

For electrical poststimulation, reconstructed
preembryos were equilibrated in 500 pl of electro-
poration medium for 5 min at 39°C and then trans-
ferred to an electroactivation chamber with two
wire electrodes 0.5 mm apart overlaid with 10 ml
of the same medium. Activation was induced with
two consecutive DC pulses of 1.2 kV/cm for 60 ps
each, delivered by a BTX Electrocell Manipulator
200 (BTX, San Diego, CA). Immediately after
electrostimulation, cybridic clonal zygotes were left
once more in the electroporation medium for 5 min
at 39°C, before being transferred to the NCSU-
23/BSA medium supplemented with 5 pg per ml
CB for 2 hours. The electroporation medium was
an isotonic dielectric solution consisting of 0.3 M
D-mannitol, 0.05 mM CaCl,, 0.1 mM MgSO,,
and 0.2 mg/ml fatty acid free BSA (FAF-BSA).

In vitro culture of embryos

After activation treatments, surviving reconstruct-
ed embryos (with intact plasma membrane) were
cultured in 50-pl droplets of NCSU-23 medium
containing 4 mg/ml BSA (fraction V) at 38.5°C,
in a 100% water-saturated atmosphere of 5% CO,
in air. After 72 to 96 h of in vitro culture, cleav-
age-stage embryos were selected. Twenty to forty
cleaved embryos were cultured together in a 50-pl
drop of NCSU-23 medium supplemented with
10% FBS at 38.5°C in an incubator with 100% hu-
midity and 5% CO, in air for additional 72 hours.
At the end of the in vitro culture period (Days
6-7), embryos were evaluated morphologically for
blastocyst formation and subsequently stained with
5 pg/ml bisbenzimide (Hoechst 33342) to analyse
the number of nuclei on an epi-fluorescent micro-

scope (Olympus IMT-2, Tokyo, Japan).

Experimental design

In the first series of experiments, the effect of cu-
mulus cell nuclei microsurgical transfer operation
on the viability of reconstructed embryos depend-
ing on the applied postactivation procedure was
estimated. Reconstituted oocytes were divided into
two experimental groups according to the type of
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activating stimulus: group A (two-grade chemical
activation) and group B (electroactivation).

In the second series of experiments, developmen-
tal competences of iz vitro cultured embryos re-
constructed with cumulus cell nuclei, but exposed
to two different activating agents: either chemical
(ionomycin and cycloheximide; group A) or physi-
cal ones (electric pulses; group B) were compared.
After 6 to 7 days of in vitro culture, the quality of
blastocysts obtained in both experimental groups
was compared, taking the cell number in blasto-
cysts as the estimation criterion.

Statistical analysis

In order to compare the number of embryos
surviving the cell nuclei microinjection operation,
the number of cleaved embryos and the number of
embryos at morula and blastocyst stages between
both groups of reconstructed oocytes, exposed to
two different activating stimuli: either physical
(electrical pulses) or chemical ones (two-grade
activation with the use of ionomycin and CHXM
combination), Chi-square test was used.

RESULTS

The qualitative and quantitative composition of
the medium prepared in our studies for in vitro
maturation of porcine oocytes turned out to be
optimal and in the established culture conditions
allowed reaching nuclear and cytoplasmic maturity
for approximately 50 to 70% of recipient oocytes.

The efficiency of enucleation operation verified
under UV light after staining the oocytes with bis-
benzimide (Hoechst 33342) was 87.7% (221/252
oocytes) and 88.1% (304/345 oocytes) in groups A
and B, respectively.

In group A, 221 enucleated oocytes were sub-
jected to direct intracytoplasmic microinjection of
cumulus cell nuclei. After chemical activation, 158
reconstructed embryos (71.5%; Table 1) kept the
integrity of plasmolemma intact and were classified
into in vitro culture.

In group B, microsurgical nuclear transfer was
performed on a total of 304 enucleated oocytes.
From this initial number of micromanipulated
cytoplasts, after electrical activation viability was
maintained by 250 reconstructed embryos (82.2%;
Table 1), which were then cultured in vitro.

The data in Table 1 clearly show that significant
differences in percentages of favourably recon-
structed oocytes were found (P < 0.01) according
to the artificial activation protocol used. Cleavage
and blastocyst formation (Figure 1) rates tended to
be higher in the ionomycin/CHXM group than in
electroactivation group, but the difference was not
significant (P > 0.05). However, the in vitro devel-
opmental competences to the morula stage were
significantly higher in group A than in group B
(P<0.05).

The results given in Table 1 show comparable
cell numbers in blastocysts produced from oocytes
reconstructed by the microsurgical transfer tech-
nique of cumulus cell nuclei, but treated with
two different activating agents: either chemical
(25.5 cells on average) or physical ones (26.7 cells
on average).

Table 1. Comparison of in vitro developmental competences of porcine NT embryos reconstructed with cumulus

cells, exposed to two different activating agents

_ No. injected/ e Mo No. moru-  No. blasto- Elionoeyer
Activation treatment N : cultured cleaved lac (9%)* %) mean nuclear
o. repl. %)™ %) ae cysts (% it
Ionomycin + CHXM 221/5 158/221 97/158 56/97 11/97 25.5
(71.5)* (61.4)* (57.7)* (11.3)?
Electrical pulses 304/6 250/304 146/250 63/146 9/146 26.7
(82.2)° (58.4) (43.1)° 6.2

* b the values with different superscript letters within columns are significantly different (P < 0.05)
*+ 25 the values with different superscript letters within columns are significantly different (P < 0.01)
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Figure 1. A day 7 expanding blastocyst reconstructed
with cumulus cell nucleus

DISCUSSION

The results of the present studies show conclu-
sively that it is possible to obtain compact morulae
and blastocysts, and even hatching blastocysts from
in vitro cultured porcine oocytes reconstructed with
cumulus cell nuclei and postactivated chemically
or physically.

In our study, two protocols of reconstructed
porcine oocyte artificial activation were used. The
first of the used activating agents were electrical
pulses. Although the derivation of Ca?* ions dur-
ing electroactivation is generally considered to be
extracellular, it is suggested that electroporation
also stimulates Ca®* release from intracellular
stores (Ozil, 1990). The application of single DC
pulses leads to a single mobilization of intracellular
calcium reservoirs. On the contrary, the strategy
of electric pulse multiplication allows for genera-
tion of long series of oscillatory Ca®* peaks, many
times raising the concentration of these cations in
ooplasm (cit. according to Fissore ez al., 1999).
That is why the protocol based on multiplication
of electrical stimulation partially imitates physi-
ological activation caused by single sperm pen-
etration into oocyte. In the studies on pig somatic
cloning (Verma et al., 2000; De Sousa et 4l., 2002;
Zhu et al., 2002), multiplication of electrical pulse
was positively correlated with higher developmen-
tal ability of reconstructed oocytes to the morula

stage and higher percentage of formed blastocysts.
In our experiments, the application of two succes-
sive DC pulses of 1.2 kV/cm for 60 ps each led to
obtaining 43.1% morulae and 6.2% blastocysts.
Similar results in the way of in vitro developmental
potential of reconstructed oocytes were obtained
by Onishi ez /. (2000) as well as by De Sousa ez 4.
(2002), Martinez Diaz et /. (2002) and Yin et al.
(2002). However, in the studies directed by Onishi
(2000), optimisation of electrical field parameters
led to adumbrating of an inverse tendency in the
in vitro developmental competences of porcine
clonal zygotes. The higher developmental abili-
ties were characteristic of oocytes reconstructed
by microinjection of foetal fibroblast nuclei that
were activated with a single electrical pulse com-
pared to those stimulated with three DC pulses.
However, a decrease in DC pulse number in the
electroactivation protocol from three to one was
accompanied by a prolongation of their duration
from 60 to 100 ps and an increase in the electri-
cal field strength from 1.3 to 1.5 kV/cm. Thus
elaborated physical parameters of electroporation
led to obtaining 2.4% blastocysts in the same in
vitro culture conditions, which were used in our
own experiments. However, we suppose that in the
experiments by Onishi ez /. (2000) only a single
DC pulse proved sufficient for stimulating the
developmental program of reconstructed oocytes
and for maintaining it to the blastocyst stage.
Microsurgical transfer of somatic cell nuclei di-
rectly into cytoplasm might provide reconstituted
oocytes with sufficiently strong signals stimulat-
ing intracellular calcium deposits, supporting
appropriate activating stimuli, applied during
electroporation. Another reason for premature
mobilization of endogenous Ca** ion release chan-
nels in the calcium intracellular stores can be the
aging process of reconstructed porcine oocytes as
a result of their overlong (3- to 4-h) incubation in
the medium of low ionic strength before electrical
activation (Onishi ez /., 2000; Park ez /., 2001).
The high intensity of ionic signals in reconstructed
porcine oocytes brought about by interference of
Ca? oscillation effects induced by two different
factors: spontaneous autoactivation by aging of
oocytes and electroporation led to an increase in
developmental abilities of iz vitro cultured embryos
to the blastocyst stage. In turn, in our own stud-
ies (Samiec ez 4/, 2003) the incubation time of
reconstructed porcine zygotes before the activation
procedure was shortened to approximately 1 to
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1.5 h in order to avoid the negative side effects of
premature autoactivation of aging cloned zygotes.

The second activating factor, which was used
in our studies, was ionomycin. The incubation
of reconstructed porcine oocytes with ionomycin
generates a prolonged rise of intracellular calcium
ion concentration ([Caz*]i), which partially assimi-
lates this artificial chemical activation strategy with
the physiological pattern of calcium concentration
changes in cytosol of porcine oocytes, observed dur-
ing fertilization. In the case of exposure of porcine
reconstituted oocytes to ionomycin, the source of
Ca** cations present in cytoplasm probably has both
endogenous and extracellular derivation (Fissore et
al., 1999). The mechanism of stimulation of recon-
structed oocytes to further development consists
in inducing two-phase changes in the cytoplasmic
concentration of calcium ions. Instead of direct
action upon the plasmolemma ultrastructure and
facilitation of transmembrane Ca?* transport, iono-
mycin first mobilizes intraoocytic calcium deposits,
which in turn, by virtue of positive feedback stimu-
lates diffusion of exogenous calcium cations into
reconstituted porcine oocytes (probably, generation
of two waves of [Caz*]i increase; cit. according to
Prather ez al., 1999; Morgan and Jacob, 1994)

In comparison with the standard chemical acti-
vation systems commonly used for cattle somatic
cloning (Dominko ez a/., 1999; Wells et al., 1999)
in which the incubation of reconstructed zygotes
in 5 pM ionomycin solution for 4 to 5 min is rec-
ommended, in pig cloning the strategy consisting
in an increasing of ionomycin concentration to
15 pM (Betthauser ez al., 2000; Yin et al., 2002)
yields considerably better results in terms of both
the increase in developmental potential of in vitro
cultured cloned porcine embryos and the enhance-
ment of morphological quality of obtained blas-
tocysts. We suppose that such an advantageous
influence of high ionomycin concentration on fur-
ther embryonic development of reconstituted por-
cine oocytes probably results from the fact that the
increase in this activating agent concentration from
5 to 15 pM induces rapid appearance of two inter-
ference [Caz*]i rise waves of increasing amplitude
or outpouring of single progressive (translational)
wave of Ca®* increase enhanced with extracellular
Ca** signal transduction (wave with two ampli-
tudes of deflections from [Caz"]i homeostasis state,
probably). However, it results from our previous
unpublished observations that prolongation to
20 min of exposure time of reconstituted porcine
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oocytes to increased ionomycin concentration
causes a considerable decrease in embryo viability.
But a slight modification of this experimental sys-
tem led to improvements of i vitro developmental
competences of reconstructed embryos. In our
experimental protocol the shortening of exposure
time to 5 to 6 min while simultaneously preserv-
ing the same concentration (15 pM) of activating
agent allowed us to increase the viability of recon-
structed embryos (Samiec ez 2/, 2003). We suggest
that 20-min incubation in the ionomycin solution
of such a high molar concentration could lead to
a rapid increase in intracellular Ca?* cation release
(Ca** excytotoxicity phenomenon), which caused
irreversible cellular metabolism changes, resulting
in inevitable degeneration of porcine oocytes. This
hypothetical hyperactivation of oocytes as an effect
of excessive mobilization of intracellular calcium
deposits of oocytes in combination with partial
loss of cell membrane integrity and drastic dis-
placements of cytoskeleton and membrane skeleton
microfilaments during nuclei microinjection could
impair the viability of reconstructed embryos to a
higher extent. The results of the present studies also
show that the two-step activation procedure with
ionomycin and CHXM is a more invasive method
than double electrostimulation because above
80.0% of reconstructed cybrids preserved viability
after microsurgical nuclear transfer and treatment
with DC pulses compared to approximately 70.0%
of microinjected oocytes treated with chemical
activating agents.

Betthauser ez a/. (2000) showed that using the
combination of ionomycin (in the variant of in-
creased concentration in prolonged incubation
time) with 6-DMAP was positively correlated with
the development rate of porcine nuclear transferred
zygotes to the blastocyst stage, and also with cell
number in the obrtained blastocysts. However, in our
previous studies (unpublished data) we did not ob-
serve any similar relationships. Accurate repetition
of these chemical activation parameters was limited
to the minimum percentage of in vitro developing
embryos. In this connection we undertook tests to
modify the original variant of this two-grade activa-
tion (proposed by Betthauser ez 4/., 2000) through
replacement of 6-DMAP by a protein synthesis
(translation) inhibitor — cycloheximide (Samiec
et al., 2003). Only such an experimental system
allowed us to obtain satisfactory results as for the
in vitro developmental potential of porcine cloned
zygotes. Therefore it cannot be ruled out that it
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was not the increase in ionomycin concentration
to 15 pM that contributed to obtaining approxi-
mately 11% blastocysts, but above all the combina-
tion of the action of this activating agent with 4-h
incubation of oocytes with cycloheximide. In turn,
Boquest et al. (2002) received a considerably higher
blastocyst percentage (23.0%) after decreasing the
ionomycin concentration to 5 ptM and maintaining
the same reconstructed oocyte incubation period
as in our experiments. The results of both stud-
ies carried out by Boquest ez /. (2002) and our
experiments (Samiec ez a/., 2003) suggest that the
increase in ionomycin concentration may also have
an inhibiting effect on the in vitro developmental
potential of clonal embryos. However, the use of
the high ionomycin concentration—induced activa-
tion method as an alternative protocol to artificial
stimulation by a low concentration of ionomycin
will require further comparative investigations into
factors responsible for the generation of calcium
oscillations/transient elevations in the cytosol of pig
nuclear transferred oocytes.

In conclusion, the present study has demonstrat-
ed that reconstructed porcine oocytes exposed to
the two-grade chemical activation treatment with
ionomycin and CHXM showed significantly higher
in vitro developmental competences to the morula
stage and only slightly higher ones to the blastocyst
stage, compared to those exposed to electropora-
tion. In contradistinction to these results, Yin ez 2/
(2002) reported that neither developmental abil-
ity of nuclear transferred zygotes to the blastocyst
stage nor morphological quality of reconstructed
blastocysts was different in different methods of ac-
tivation (physical, chemical and combined, physic-
ochemical). In our experiments, the cell numbers of
the blastocysts obtained from reconstituted oocytes
treated with either activating agents were relatively
low. That is why we suggest that improvements of
in vitro culture conditions may result in blastocysts
with higher cell numbers, thus being competent for
further in vivo development after transfer into sur-
rogate recipient sows. Future experiments are also
needed to establish whether the use of artificial ac-
tivation protocols elaborated in our laboratory can
lead to producing viable cloned piglets.
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Vliv zpiisobu aktivace na vyvojovy potenciél in vitro prasetich embryi z nukledrniho transferu

Byl sledovdn vliv chemickych a fyzikalnich aktivaénich stimulii na in vitro vyvojovy potencidl prasecich embryi,
ziskanych pfimou mikroinjekei jader kumuldrnich bunék do cytoplasmy enukleovanych oocytti. Ve skupiné A byly
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rekonstruované oocyty vystaveny piisoben{ ionomycinu a cykloheximidu (CHXM), ve skupiné B piisobeni elek-
trickych impulsii. Elektricky aktivované rekonstruované oocyty vykazovaly vyssi procento preziti nez ty, které byly
aktivovdny kombinaci ionomycinu a cykloheximidu (82,2 % vs. 71,5 %; P < 0,01). Aktivita déleni a rychlost tvorby
blastocyst byly o néco vy3si ve skupiné s chemickou aktivaci nez ve skupiné s elektroporact (61,4 % vs. 58,4 % resp.
11,3 % vs. 6,2 %); rozdily nebyly statisticky vyznamné (P > 0,05). Vyvojové rychlost iz vitro embryi z nukledrniho
transferu do stadia moruly byla vyznamné vy33i ve skupiné A nez ve skupiné B (57,7 % vs. 43,1 %; P < 0,05). Pocty
bunék blastocyst byly v obou pokusnych skupindch srovnatelné (pfiblizné 26,0). Vysledky této studie ukazuji, ze

oba aktiva¢ni protokoly, zaméfené na produkci prasecich blastocyst po pfenosu jader, byly srovnatelné G&inné.

Kli¢ov4 slova: mikroinjekce jader; ionomycin; cykloheximid; elektoporace; kultivace in vitro
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Laparoscopic and non-surgical transfer of fresh
and frozen porcine embryos

J. Rfual, J. VEjNar?
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2Research Institute for Animal Production, Prague-Uhfinéves, Kostelec nad Orlici workplace,
Czech Republic

ABSTRACT: This paper is aimed at studying factors affecting the success rate of porcine embryo transfers. The
results of experiments conducted until now allow to evaluate effects of transfer methods (laparoscopic vs. non-surgi-
cal), effects of recipient parity (sows vs. gilts) and effects of embryo types (fresh vs. frozen-vitrified). Embryos in the
stage of expanded, hatching and hatched blastocyst were recovered post mortem from superovulated donors — selected
breeding gilts in 5.5 to 6.0 days after oestrus and artificial insemination with homospermic doses. Recipients were
synchronized either by feeding Regumate and treatment with PMSG and HCG (gilts) or by piglet weaning (sows
— 1st and 2nd parity). Recipients showing standing reflex at the time of donor insemination were used for laparo-
scopic and non-surgical ET on day 5.5-6.0 of the cycle. The vitrification method of putting embryos into liquid
nitrogen in a medium containing 30% v/v of glycerol, 20% v/v of foetal calf serum and 50% v/v of 2M sucrose in
tridistilled water (max. 1.5 min) was used for cryopreservation of porcine embryos; H-MEMD medium with 10%
vlv of glycerol (10 min) was used for equilibration. Thawing and washing were carried out in H-MEMD medium
with 0.8M sucrose (8 min). Laparoscopic transfers were realised in anaesthetised recipients by three insertions

+ (Wolf laparoscope, Germany). An insemination probe was used for non-surgical transfers. A silicone (adequately
rigid) catheter with an injection syringe containing approximately 5 ml of culture medium was passed through the
Al catheter. In total, 36 ET were evaluated, 19 recipients were pregnant (55%), 4 of them aborted. No significant
differences (P > 0.05) were found between gilts and sows in success rates of the laparoscopic transfer of fresh and
frozen embryos, differences in birth rate were statistically significant in some experimental groups (P < 0.01). ET
of fresh embryos and ET of vitrified embryos resulted in 48.0% (12/25) and 63.6% (7/11) pregnancy rate, resp.
(P > 0.05). The birth rate resulting from vitrified embryo transfers was significantly higher (7 > 0.01), but on
average a higher number of thawed embryos was transferred (10.8 + 2.10 fresh and 13.1 + 4.22 thawed embryos
per pregnant recipient). Pregnancy rate in recipients of non-surgically transferred embryos ranged from 25.0% to
50.0%. The rate of surviving embryos out of transferred embryos ranged from 36.1% to 69.2% and amounted to
approximately 50%, the rate of weaned piglets oscillated at 95% level in all experimental groups. The evaluated set
is adequately representative, therefore the results of the analysis are valuable and convincing.

Keywords: pig; embryo; transfer; cryopreservation; recipient; gilt; sow

Nowadays embryo transfer is applied routinely in
the reproduction process and selection schemes in
cattle, sheep and goats.

The application of this progressive method in pigs
is associated with many problems resulting from
specific physiological and morphological functions
and specific build of porcine reproductive organs
and from characteristics of porcine embryos.

Embryo recovery

In most cases, a surgical method is used for
embryo recovery — total anaesthesia induced
with barbiturates or with halothane, laparotomy
at the /inea alba (back position). The mentioned
procedure cannot be carried out under practical
conditions. Methodical principles for the surgi-
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cal embryo recovery published by Hancock and
Hovell (1962) and Dzuik ez al. (1964), Konig
et al. (1989), Brussow and Konig (1992), Modl
(1994) were modified — Oberfranc ez 2/. (1992),
Oberfranc (1994), Niemann (1991, 1995), Riha
et al. (1997a), Gordon (1997) and others. In em-
bryos recovered on Day 5.5-6 after insemination
the recovery rate amounts to 80-90% (Gordon,
1997). The length and structure of the cervix and
uterine horns complicate development and ensuing
application of the non-surgical recovery method.
Hazeleger et al. (1989) shortened uterine horns
to 20 cm approximately. Embryos were recovered
from 4 sows. These sows were not, however, utilis-
able in the normal routine reproductive system. In
general, porcine embryos for experimentation are
recovered post mortem.

Embryo cryopreservation

Brussow and Kénig (1992), Niemann (1991)
specified problems associated with cryopreserva-
tion of porcine embryos and characterised the
actual situation as an experimental stage of embry-
otechnology application. Problems associated with
cryopreservation and long-term storage of porcine
embryos, developmental competency of vitrified
embryos, and success of laparoscopic transfers of
fresh and vitrified embryos were published and
discussed in papers of Riha et al. (1996, 1997a,b),
Riha and Vejnar (2000). In spite of positive and
favourable results numerous problems still charac-
terise cryopreservation of porcine embryos.

Ceullo ez 4l. (2002) published the results of ex-
periments studying procedures of vitrification and
non-surgical transfer of porcine embryos. Expanded
blastocysts recovered on Day 5-5.5 after the 1st in-
semination were used for vitrification. The popu-
lation issuing from 20 vitrified embryos recovered
from three donors was transferred asynchronously
(24 h) with a catheter used for deep intracornual
insemination into 10 cyclic sows (Meishan breed).
Pregnancy was diagnosed with an ultrasonic probe
on Day 23 post ET in five recipients. Dinnyes ez
al. (2003) also tested cryopreservation of porcine
embryos. They used expanded or expanding blas-
tocysts and two types of vitrification media — they
put drops of media containing embryos on the
metal cooled to —180°C. Thawing was made by
inclusion of microdrops into the culture medium
containing trehalose. The testing of embryo de-

velopment in culture medium (24 h) documented
a reduction in the embryo survival rate of frozen
embryos as compared to unpreserved ones: 15 and
16% vs. 41% (expanding blastocysts) and 24 and
25% vs. 58% (expanded blastocysts). According
to Esaki et al. (2003) the success of vitrification
could be improved by pre-vitrification delipidisa-
tion of IVP porcine embryos. Fujino ez a/. (2003)
studied the cryotoleration of expanded blastocysts
and hatched blastocysts recovered on Day 6 after
the 1st insemination under a slow freezing regi-
men (by 0.4°C from —7°C to —30°C before their
transfer into liquid nitrogen). The embryos were
divided into three groups (low, medium and high
tolerance to low temperature). Survival rates
found in specific groups (after in vitro cultiva-
tion as well as after ET) differed. Conception rate
amounted to 78%, 22%, and 0%, respectively. In
total, 9 recipients were pregnant and 46 piglets
were born, i.e. 15.3% survival rate and 3.2%
survival rate characterised highly tolerant and
medium tolerant groups, respectively. Kobayashi
et al. (2003) used two methods for vitrification
of blastocysts (B), expanded blastocysts (EB) and
hatched blastocysts (HB) by OPS (open pulled
straw) procedure. According to their results, a
minimum concentration of cryoprotective agent is
necessary for successful vitrification. Vitrification
of EB and HB was more successful than vitrifica-
tion of B. In total, 87 embryos (EB and HB) were
transferred after 20-23 days of storage. Three of
4 recipients were pregnant — 8 and 4 piglets were
born (one pregnant recipient aborted). Ushijima
et al. (2003) froze 5-day embryos (morula stage).
Development of morulae (delipidised before
freezing) after in vitro culture was comparable to
development of fresh morulae. The mentioned au-
thors recommended to use the smallest possible
quantity of medium.

Embryo transfer

Embryos are transferred predominantly by surgi-
cal methods — the laparotomic one or the laparo-
scopic one (less invasive procedure). The latter
method described by Oberfranc (1994) was applied
in our experiments mentioned above. First surgical
transfers of fresh embryos were characterised by a
very low and variable pregnancy rate and by a very
small litter size. These results were summarised by

Gordon (1997).
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With regard to the mentioned problems ET has
been applied only in U.S. clinical experimentation
and in curative programs. Nowadays, an approxi-
mately 75% pregnancy rate characterises surgical
transfers of 3 to 7-day embryos (Day 0 = day of
the 1st insemination). This rate is reduced signifi-
cantly in embryos transferred on Day 8 and Day 9.
Embryos are transferred in a small pipette into the
lumen of the uterine horn incised slightly at the
utero-tubal junction. The trauma of endometrium
and haemorrhage affect significantly the success of
transfers. Riha et al. (1997a,b) reported relatively
favourable pregnancy rate and litter size in the case
of fresh and vitrified embryos transferred by the
laparoscopic procedure.

Similarly like in sheep and goat, surgical pro-
cedures of embryo recovery and embryo transfer
are limiting factors reducing the development and
commercial utilization of ET in pig production. A
very low success rate (3%) was mentioned in the
case of non-surgical transfer of porcine embryos
(Polge and Day, 1968).

The anatomic structure of the cervix and the
small orifice of the cervical channel complicate the
penetration of catheter into the lumen. Sims and
First (1987) used a non-surgical method without
any success. Reichenbach ez al. (1993), Galvin ez al.
(1994), Modl (1994), Hazeleger ez al. (1995a,b),
Wallenhorst and Holz (1995) successfully used
non-surgical methods for transcervical transfers of
fresh porcine embryos. Li et al. (1995), Gordon
(1997) mentioned the necessary construction of
the catheter. Development of a complex method
for porcine ET is still in the experimental phase.
Cameron and van der Lende (1998) presented a
more successful non-surgical procedure ET pro-
gram in spite of some achievements in the transfer
of fresh porcine embryos. According to Yonemura
et al. (2003) the application of a routinely used in-
semination catheter and 15 ml of transfer medium
for non-surgical transfer to a standing anaesthetised
recipient was associated with the highest pregnancy
rate of recipients. Cuello ez 2/. (2002) used a cathe-
ter for deep intrauterine insemination for successful
transfer of vitrified embryos — five of 8 recipients
were pregnant. Caamano ez 2/. (2003) studied the
effects of the day of sexual cycle at recovery and
transfer on success rates of transfers. Differences
in pregnancy rate and in embryo survival were
insignificant.

The evaluation of factors affecting the success rate
of porcine embryo transfer is the principal objective
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of this study. The results of conducted experiments
enable to evaluate ET type (laparoscopic vs. non-
surgical), parity of recipients (sows vs. gilts) and
types of transferred embryos (frozen vs. fresh).

MATERIAL AND METHODS
Animals

Donors. Selected puberal breeding gilts (Czech
Super Meat and Landrace) superovulated accord-
ing to the schemes described by Riha and Vejnar
(2000) were used as embryo donors (feeding of
Regumate for 15 days and treatment with 750 L.U.
PMSG and 300 I.U. HCG). Homospermic doses
were used for insemination.

Recipients. Weaning of piglets was used for syn-
chronization of recipients — sows after the Ist and
2nd weaning, between Day 28 to Day 32 post par-
tum (5.5 days after the controlled oestrus). Sexual
cycles of puberal gilts-recipients were synchronized
by feeding Regumate (active agent: altrenogest,
producer: Hoechst, doses recommended by the
producer) for 15 days and treatment with 500 L.U.
PMSG (Sergon, ad us. vet., Bioveta Ivanovice in

Hand, C.R.) and 300 I.U. HCG (Praedyn, Lé&liva

~ Prague, C.R., or Werfachor, Austria). Recipients

showing standing reflex at the time of donor in-
semination were used for ET only.

Embryo recovery, cultivation and transfer

Procedures of post mortem embryo recovery, cul-
tivation, morphological classification, vitrification,
thawing and laparoscopic transfer were specified
complertely in our previous studies (Riha ez al,
1996, 1997a,b; Riha and Vejnar, 2000). The non-
surgical intubation (transfer) was made with an AL
probe — a silicone (adequately rigid) catheter com-
pleted with a syringe containing culture medium
(5 ml approx.) was drawn through the probe. Sows
of different colour were mostly used as donors and
recipients.

Transferred embryos
Fresh embryos stored in complete conditioned

medium MEMD completed with 20% foetal calf
serum for 0.5-2.0 h at 22°C min and cryopre-



Czech J. Anim. Sci., 48, 2003 (12): 508-518

Original Paper

served embryos (vitrified according to procedures
described by Riha et al, 1997a) were used for
transfers.

Analysis and evaluation of data

The results of ET carried out in the period
1998-2001 were compiled and analysed. The fol-
lowing criteria were used for analyses: pregnancy
characteristics of recipients (ultrasonic probe
— 2nd month after oestrus and ET, born piglets
in total, piglets born alive, weaned piglets) and
parameters characterising the embryo survival rate

Table 1. General results of porcine embryo transfers

(born piglets from transferred embryos, born alive
piglets/born piglets in total, weaned piglets/born
alive piglets). Routine statistical methods (chi-
square test, Student’s z-test) were used for analysis
and evaluation of data (Unistat, version 6.0).

RESULTS AND DISCUSSION
Summarised ET results
In total, 577 embryos were transferred into

36 recipients (14.36 + 3.58 embryos per recipient
on average). Pregnancy was diagnosed (ultrasonic

Item n Xtsd %
ET 36

Transferred embryos in total 577 14.36 + 3.58

Pregnant recipients 19* - 55.0
Embryos transferred to pregnant recipients 222 14.8 + 3.26 38.5
Born piglets 112 7.47 +3.18 50.0
Born alive piglets 105 7.00 +2.80 93.8
Weaned piglets 100 6.67 +2.10 95.2

*4 recipients aborted

Table 2. Results of ET — comparison of parity of embryo recipients (sows vs. gilts)

Parity of recipients

Item
SOWS gilts
ET (n) 16 18
Transferred embryos (7/% + sd) 258 16.13 £4.75 259 14.39 + 5.57
Pregnant recipients (/%) 9 56.3 10 55.6
Birth rate (n) 9 6*
Embryos transferred to pregnant recipients (/% + sd) 130 14.4 + 4.37 92 1533+ 5.6
Born piglets
total (7/x + sd) 70 7.78 + 1.82 42 7.00 + 1.83
percentage of transferred embryos 53.8 45.7
born alive (n/X + sd) 65 7.22 £ 2.16 40 6.67 + 1.67
percentage of all piglets 92.8 95.3
weaned piglets (7/x + sd) 60 6.67 + 1.67 40 6.67 + 1.67
percentage of born alive piglets 92.3 100

*4 recipients aborted, N.S., P > 0.05
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Table 3. Results of ET — laparoscopic method. Effect of recipient parity

Parity of recipients

Item
gilts SOWs
ET (n) 2 6
Transferred embryos (n/x + sd) 36 18.0 + 9.00 79 13.20 + 3.62
Pregnant recipients (/%) 2 100 5 83
Birth rate
Embryos transferred to pregnant recipients (7/x + sd) 36 18.00 + 9.00 65 13.00 + 3.58
Born piglets
total (#/x + sd) 13 6.50 + 0.50** 45 9.00 + 0.89**
percentage of transferred 36.1 69.2
born alive (n/x + sd) 12 6.00 £ 0.00** 42 8.40 + 1.62**
percentage of all piglets 92.3 93.3
weaned piglets (7/x + sd) 12 6.00 + 0.00** 37 7.40 + 1.02**
percentage of born alive piglets 100 88.1
P> 0.05, **P <0.01
Table 4. Results of non-surgical transcervical method. Effect of recipient parity
Parity of recipients
Item
sows gilts
ET (n) 12 16
Transferred embryos (n/x + sd) 179 14.9 + 5.64 223 13.9 + 4.86
Pregnant recipients (7/%) 4 33 8; 4% 505:25*
Birth rate: (n) 4 4
Embryos transferred to pregnant recipients (n/x + sd) 65 16.3 + 5.86 56 16.0 + 5.20
Born piglets
total (n/x + sd) 25 6.3 + 1.65 29 7.3 £ 3.60
percentage of transferred embryos 38.5 51.8
born alive (/X + sd) 23 5.8+ 1.27 28 7.0 £ 3.10
percentage of all piglets 92 97
weaned piglets (2/X + sd) 23 5.8 +1.27 28 7.0 £ 3.10
percentage of born alive piglets 100 100

*4 recipients aborted, N.S., P> 0.05

probe during the 2nd month after ET) in 19 recipi-
ents (55%, Table 1). The mentioned result is better
or comparable with data recorded by Reichenbach
et al. (1993), Galvin ez l. (1994), Modl (1994),
Hazeleger et al. (1995a,b), Wallenhorst and Holtz
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(1995), Gordon (1997), Ceullo ez al. (2002),
Fujino ez 4l. (2003). Similar results were also found
in our previous studies (Riha ez 2/, 1996, 1997a,b;
Riha and Vejnar, 2000). Four recipients aborted
during the third trimester of pregnancy.
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Utilisation of sows and gilts as embryo
recipients

Table 2 presents the results of ET as related to
the parity of recipients — sows (synchronised by
piglet weaning, # = 16) and gilts (synchronised by
feeding Regumate, » = 18). Differences between
the mentioned groups (pregnancy rate, embryo sur-
vival, birth rate, percentage of weaned piglets) are
minimal and statistically insignificant (P > 0.05)
regardless of the type of transferred embryos (pre-
served or fresh ones). The mentioned results are
interesting — the above-cited sources present data
on recipients — synchronised gilts in most cases. It
is evident that the two categories are utilisable - sat-
isfactory success rate of ET is conditioned by the
precise control of oestrus (onset and intensity) fol-
lowing piglet weaning or synchronization treatment
(Gordon, 1997, and our results not published until
now). Tables 3 and 4 present the results of ET as
related to the parity of recipients after laparoscopic
and non-surgical ET methods. Pregnancy rates after
laparoscopic ET are high (100 and 83%, gilts and
sows, resp.) in relation to the results presented in
the introductory part of this paper. Birth rate in the
sow group is statistically higher in relation to birth
rate in the gilt group (P < 0.01, Tables 5 and 7).

Utilisation of fresh and frozen embryos

General results. Data illustrating the transfer
of vitrified and fresh embryos are presented in
Table 5.

In total, 11 transfers of frozen-thawed embryos
recovered post mortem on Day 5.5-6 after oestrus
and Ist insemination into recipients were made
(Table 5). Seven recipients were pregnant (63.6%),
in total 92 embryos were transferred to all pregnant
recipients. In total, 57 piglets (61.9% of trans-
ferred embryos) were born, i.e. 8.14 + 2.03 piglets
on average; 53, i.e. 7.57 + 1.78 piglets (93.0%
of born piglets) were born alive, 49 piglets, i.e.
7.00 + 1.28 piglets on average (92.5% of born
piglets) were weaned. The same data on ET fresh
embryos were: 25 transfers, 12 pregnant recipients
(48%), 130 embryos transferred to the pregnant
recipients, 55 born piglets (42.3%), 52 born alive
(94.5%) and 52 weaned piglets (100%). Differences
between the experimental groups were not statisti-
cally significant (P > 0.05, Table 5).

The first successful non-surgical transfer of vitri-
fied embryos in our laboratory was reported in the
paper of Riha and Vejnar (2000). Two transfers of
vitrified embryos were carried out. The transfer of
19 embryos to a gilt synchronized with Regumate

Table 5. Results of ET — survival rate of fresh and frozen porcine embryos

e embryos
fresh frozen
ET (n) 25 11
Transferred embryos (n/x + sd) 380 15.20 + 4.73 137 12.45 + 3.42
Pregnant recipients (/%) 12* 48.0 7 63.6
Birth rate
Embryos transferred to pregnant recipients (n/x + sd)) 130 10.8 +2.12 92 13.1 + 4.22
Born piglets
total (7/X + sd) 55 6.88 + 1.78 57 8.14 + 2.03
percentage of transferred embryos 42.3 61.9
born alive (/X + sd) 52 6.50 + 1.57 53 7.57 £1.78
percentage of all piglets 94.5 93.0
weaned piglets (7/% + sd) 52 6.50 + 1.57 49 7.00 + 1.28
percentage of born alive piglets 100 92.5

*4 recipients aborted, N.S., P > 0.05
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and hormonal preparations mentioned above was
not successful. The transfer of 11 thawed embryos
(expanded blastocysts) to a sow synchronized by
weaning (1st parity) was successful. The sow gave
birth to 6 piglets born alive, all the piglets were
weaned. The available literature sources do not
mention any similar success, so it can be considered
as the 1st successful non-surgical transfer of cryo-
preserved porcine embryos. In total, 25 transfers
of fresh embryos and 11 transfers of vitrified em-
bryos were made in the evaluated experiments — no
significant difference was found in survival rates.
Pregnancy rate amounted to 48.0% and to 63.3%,
resp. — 4 abortions were recorded in recipients of
fresh embryos. A somewhat higher birth rate was
found in recipients of vitrified embryos (Table 3).
As for survival rates (surviving embryos out of the
transferred ones), an insignificantly higher rate was
found in vitrified embryos (61.9% vs. 42.3%). The
mentioned results are surprising with regard to
problems associated with cryopreservation of por-
cine embryos and to literature data. The evaluated
set is representative (as compared to the above-cited
sources). It is possible to support trends outlined
by Caamano ez al. (2003) — it is advisable to go on
with experimentation leading to commercialisation
of porcine ET. In spite of indisputable significance
of these experimental results it is evident that the

studies of porcine ET realised until now character-
ise the phase of fundamental research.
Laparoscopic transfer. In total, 5 laparoscopic
transfers of frozen embryos recovered post mortem
on Day 5.5-6 after oestrus and 1st insemination
into recipients were made (Table 6). Five recipients
were pregnant (100%), in total 65 embryos were
transferred to all pregnant recipients. In total, 45
piglets (69.2% of transferred embryos) were born,
i.e. 9.00 + 0.89 piglets on average (10, 10, 9, 8,
8 in individual recipients), 42, i.e. 8.40 + 1.62
piglets (64.6% of transferred embryos, 93.3% of
born piglets) were born alive (10, 10, 9, 8, 7), 37
piglets, i.e. 7.40 + 1.02 piglets on average (56.9%
of transferred embryos, 82.2% of born piglets,
and 88.1% of piglets born alive) were weaned (9,
8,7, 7, 6 in individual recipients) — Table 6. The
laparoscopic method (3 ET, 50 fresh embryos) was
also used for the transfer of 36 fresh embryos to 2
pregnant recipients. The two recipients were preg-
nant and gave birth to 6 and 7 piglets, resp. One of
the 7 piglets was born dead. All piglets born alive
were weaned. Gordon (1997) reported higher preg-
nancy rate (75%) in the case of surgical transfers.
As compared to small ruminants, the laparoscopic
procedure in pigs is complicated by the recipient’s
body weight and by different characteristics of the
uterine wall and musculature. Therefore, literature

Table 6. Results of laparoscopic ET method. Effect of the type of transferred embryos

Type of transferred embryos

Item
fresh frozen
ET (») 3 5
Transferred embryos (n/x + sd) 50 16.7 £ 6.71 65 13.0 + 3.58
Pregnant recipients (7/%) 2 67 5 100
Narality
Embryos transferred to pregnant recipients (/X + sd) 36 18.00 £ 9.00 65 13.00 + 3.58
Born piglets
total (n/x + sd) 13 6.50 + 0.50** 45 9.00 + 0.89**
percentage of transferred 36.1 69.2
born alive (n/x + sd) 12 6.00 + 0.00** 42 8.40 + 1.62**
percentage of all piglets 92.3 93.3
weaned piglets (n/x + sd) 12 6.00 + 0.00** 37 7.40 + 1.02**
percentage of born alive piglets 100 88.1

P> 0.05, **P < 0.01
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sources dealing with the application of laparoscopic
ET in pigs are less numerous. The above-mentioned
rates are, however, substantially higher than those
found by Riha ez al. (1997b), Riha and Vejnar
(2000) in smaller sets of recipients (10%-50%).
Birth and weaning rates are comparable to the
rates found by Gordon (1997) in the case of fresh
embryos transferred surgically. The application of
laparoscopic procedures in porcine ET schemes
has not been mentioned in available literature
sources. Thirteen laparoscopic transfers of vitrified
embryos (the method specified by Riha ez al., 1996,
1997a,b) to the recipients — sows inseminated by
a phenotypically different (different colour) boar
during oestrus following weaning — were made in
previous experiments. Seven recipients (54%) were
pregnant, 4 sows gave birth to own piglets only
(produced by insemination). In total 37 piglets
were born, 35 piglets were born alive, 35 piglets
were weaned. One sow gave birth to 10 piglets
— 5 of them were produced by insemination, five
piglets were born after the transfer of 12 vitrified
embryos. All piglets were weaned. The second and
the third recipient gave birth to 9 and 10 piglets,
or produced by ET of 16 and 11 vitrified embryos,
respectively. In total, three recipients were pregnant
after ET of 39 vitrified embryos, 24 piglets were
born alive and weaned, the embryo survival rate
amounted to 62% (Riha and Vejnar, 2000). Our

previous paper (Riha et al., 1997a) reported the
birth of first piglets produced by ET of cryopre-
served embryos. Cryopreservation of porcine em-
bryos is characterised by many problems (Niemann,
1995; Gordon, 1997, our previous studies). The
mentioned experiment can therefore be considered
as a very successful one.

Non-surgical transfer. A more detailed analysis
of non-surgical transfer (fresh and frozen embryos)
made by intubation with an A.L intra-cervical
probe is illustrated in Table 7. As for frozen em-
bryos, on average 12.0 + 2.84 were transferred
to recipients. In the case of fresh embryos, on
average 15.0 + 5.72 were transferred to recipients.
Pregnancy rate ranged from 33.0 to 45%. A high
abortion rate was found in the group of recipients
of fresh embryos — 30% recipients gave birth to
live piglets. The parameters of birth rate were sta-
tistically different between the experimental groups
(P < 0.05, Table 7). In our previous study (Riha and
Vejnar, 2000) four non-surgical transfers of fresh
embryos to gilts (age 8 months) treated according
to the analogical scheme (Regumate, PMSG, HCG
regimen) were made. Pregnancy was diagnosed in
two gilts on Day 28 after oestrus. Four and 10 vi-
able embryos (of 10 and 12 transferred embryos,
resp.) were found in gilts slaughtered on Day 30.
A sow (1st and 2nd parity) was synchronized by
weaning — 19 embryos were transferred non-sur-

Table 7. Results of non-surgical transcervical method. Effect of the type of transferred embryos

Type of embryos
Irem
fresh frozen
E (n) 22 6
Transferred embryos (/% + sd) 330 15.0 £ 5.72 72 12.00 + 2.84
Pregnant recipients (7/%) 10; 6* 45; 30* 2 33
Natality 6 2
Embryos transferred to pregnant recipients (/% + sd) 94 15.7 + 5.42 27 13.5 + 3.54
Born piglets
total (n/x + sd)) 42 7.0 £ 2.00 12 6.0 £+ 0.00
percentage of transferred embryos 44.7 44.0
born alive (n/x + sd) 40 6.7 + 1.93* 11 5.5 + 0.50*
percentage of all piglets 95.2 91.7
weaned piglets (#/x + sd) 40 6.7 £ 1.93* 11 5.5 + 0.50*
percentage of born alive piglets 100 100

*4 recipients aborted, P > 0.05, *P < 0.05
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gically to this recipient. Pregnancy was diagnosed
by a sonographic control on Day 26. The abortion
of 10 piglets terminated this pregnancy at the end
of the 2nd month. Non-surgical transfers did not
include sedation of recipients. The results of this
experiment are relatively favourable as compared
to the data published in the above-cited sources.
Polge and Day (1968) published the first results
(very low, approx. 3%) of non-surgical transfers.
Sims and First (1987) used a non-surgical method
without any success. Reichenbach ez /. (1993),
Gavin et al. (1994), Modl (1994), Hazeleger ez 4l.
(1995a,b), Wallenhorst and Holz (1995) success-
fully used non-surgical methods for transcervical
transfers of fresh porcine embryos using a catheter
similar to the catheter in our experiment. Li ez
al. (1995), Gordon (1997) reported the impor-
tance of catheter construction. Development of
a complex method for porcine ET is still in the
phase of experimentation. Cameron and van der
Lende (1998) presented a more successful non-
surgical procedure ET program in spite of some
achievements for the transfer of fresh porcine em-
bryos. Yonemura ez al. (2003) found the highest
pregnancy rate after non-surgical transfer using a
conventional catheter and 15 ml transfer medium
(to standing anaesthetised recipients). Cuello ez
al. (2002) transferred vitrified embryos with a
catheter used for deep intrauterine insemination.
This method was successful — five of eight recipients
were pregnant. The use of the mentioned catheter
could be effective (results of our experiment not
published until now).
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ABSTRAKT
Laparoskopicky a nechirurgicky pfenos ¢erstvych a zmrazenych embryi prasat

Cilem préce bylo vyhodnoceni vlivu faktorii na ispénost pfenosu embryi u prasat. Na zdkladé zatim provedenych
experimentt bylo mozné vyhodnotit vliv zpiisobu prenosu (laparoskopicky vs. nechirurgicky), vliv parity pijemkyn
(pouziti prasnic na 1. resp 2. vrhu a prasnicek jako recipientek) a typ embryi (pouziti mrazenych vitrifikovanych
a Cerstvych embryf). Embrya ve stadiu expandované blastocysty v obdobi okolo opusténi zony pellucidy byla zisk4-
vina post mortem od superovulovanych dérkyn — vytazenych plemennych prasni¢ek plemene landrace a ¢eské vyrazné
masné 5,5 az 6 dni po fiji a inseminaci homospermnimi insemina¢nimi ddvkami. OSetfeni ddrkyn zahrnovalo
zkrmovin{ piipravku Regumate (Hoechst) podle névodu vyrobce a ofetfeni PMSG (Sergon, Bioveta Ivanovice na
Hané) a HCG (Praedyn, Léliva Praha nebo Werfachor, Rakousko). Recipientky — prasni¢ky byly synchronizovédny
zkrmovanim pripravku Regumate a ofetfeny preparaty PMSG a HCG; recipientky — prasnice po 1. a 2. vrhu byly
synchronizovédny odstavem selat mezi 28. a 32. dnem po porodu. Pouze recipientky, které vykdzaly fiji a reflex
nehybnosti v ¢ase inseminace darky, byly poutity k ET. Pro kryokonzervaci embryf byla pouzita metoda vitrifikace
nakapdnim embryi{ do tekutého dusiku v médiu slozeném ze 30 % glycerolu, 20 % fetdlniho teleciho séra a 50 %
2M sacharézy v tridestilované vodé (max. 1,5 min); k ekvilibraci embryi bylo pouzito médium H-MEMD s 10 %
glycerolu po dobu 10 minut. Rozmrazovéni embryi bylo providéno v kondiciovaném médiu H-MEMD s 0,8M
obsahem sacharézy po dobu 8 minut. Laparoskopické pienosy byly provddény u recipientek v anestezii tfemi vpichy
(Laparoskop Wolf); pro nechirurgicky ptenos byl pouZit katetr pro intracervikln{ inseminaci, kterym byla provle¢na
silikonov4 priméfené rigidni hadi¢ka naplnénd embryi a napojend na injekéni stitka¢ku s cca 5 ml média. Celkem
bylo provedeno 36 ptenosi, zabiezlo 19 recipientek (55 %) a u &tyf pak doslo v pribéhu posledniho trimestru
k abortu. Byly zjiStény statisticky nepritkazné rozdily (P > 0,05) pti pouzit{ prasnicek a prasnic jako recipientek pfi
celkovém hodnoceni i po laparoskopickém a nechirurgickém pienosu. Parametry natality byly v nékterych expe-
rimentdlnich skupindch statisticky pritkazné (P < 0,01). Pfenos &erstvych a konzervovanych embryi byl Gspésny

517



Original Paper Czech J. Anim. Sci., 48, 2003 (12): 508-518

u 48,0 % (12/25) a 63,3 % (7/11) recipientek. Byla dosazena vyssi natalita po ptenosu vitrifikovanych embryf
(P <0,01), protoze byl ptendsen vyssi poler rozmrazenych embryi (10,8 + 2,10 &erstvych a 13,1 + 4,22 rozmraZe-
nych embryi) na jednu zabfezlou recipientku. Zabfezdvini recipientek po nechirurgickém pfenosu se pohybovalo
od 33 do 50 %. Podil pieZivajicich embryi z pfenesenych zabrezlym recipientkdm se pohyboval od 36,1 do 69,2 %
a v priméru dosahoval okolo 50 %; podil odstavenych selat z Zivé narozenych se pohyboval v experimentilnich
skupindch na trovni okolo 95 az 100 %. Rozsah hodnoceného souboru je v porovnani s ostatnimi citovanymi
autory vice ne? reprezentativni, ale dosazené vysledky piekvapivé. Je mozné souhlasit s ndzorem uvedenym v prici
Caamano et al. (2003), kde autofi doporuuji, i pies znaény zdjem o ET u prasat, pokradovat v experimentech, aby
se i tato metoda dala komercializovat.

Kliov4 slova: prase; embryo; transfer; kryokonzervace; piijemkyné; prasnicka; prasnice
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ABSTRACT: The objective of this study was to estimate breeding values for 12 beef breeds (Aberdeen Angus, Bel-
gian Blue-White, Blond d’Aquitaine, Charolais, Galloway, Gasconne, Hereford, Highland, Limousin, Piemontese,
Salers and Simmental) and their crosses with Czech Pied (dual-purpose) and dairy breeds. Data collected in the last
12 years consisted of 125 482 records on calving ease and birth weight, 57 863 records on weight at 120 days of
age, 56 947 records on weight at 210 days of age, and 22 410 records on yearling weight. The complete pedigree
included 183 754 animals. Evaluation was made by Multiple-breed Multi-traits Animal model with maternal effect.
Fixed effects included in the model were sex, dam age and regressions on calf and maternal heterosis. Random effects
were herd x year x season herd-mate group, direct and maternal genetic and maternal environmental effects. Direct
effects were highest for all traits in Charolais followed by Simmental. Maternal effects were highest for weight at 120
and 210 days of age in Czech Pied followed by Salers and Simmental, and for yearling weight in Salers followed by

Simmental. The lowest effects were determined for all traits in Highland followed by Galloway.

Keywords: beef; breeding value; Animal model; Maternal effect; breeds

Beef breeds in the Czech Republic is a new in-
dustry that has expanded especially since 1990.
Herds of beef cattle were constituted by imports
of pure-bred animals and by absorptive crossing
on dual-purpose inland cattle (Czech Pied cattle)
and some culled cows of dairy breeds (Black-Pied
cattle). Twelve beef breeds in total and their crosses
are kept. The number of animals included in per-
formance testing has increased every year, currently
about 25 000 cows and their offspring are tested.
Out of this number, approximately a half of the
animals is pure-bred ones or with the genetic share
of beef breed above 88%. The other cows under
performance testing are products of crossing with
the other higher genetic share of beef breeds. These
elite breeding herds produce sires for the needs of
elite and commercial herds. Only pure-bred sires of
beef breeds are used for breeding.

The objective of this paper is an estimation of
breeding value for animal growth.

Maternal effect influences the expression of many
production traits. A general genetic model for ma-
ternal effect estimation was presented by Willham
(1980). Diop ez al. (1999) reported that maternal
effect in the growth of beef cattle was still impor-
tant at the age of 18 months. Boldman ez a/. (1991)
calculated the estimates of direct and maternal ef-
fect on the growth of beef cattle in crossbred and
pure-bred animals. Heritability of direct and mater-
nal effect was estimated by Waldron ez al. (1993).
Their model comprised correlations between direct
and maternal effect, and permanent maternal envi-
ronment, and they developed an algorithm to de-
termine the components of variance. They stated
that animal model ignoring maternal effect tended
to overvalue direct heritability. Janss ez a/. (1994)

Supported by the Ministry of Agriculture of the Czech Republic (Project No. QC1235).
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used a similar model for sheep. A similar model was
also applied by Muniz ez 2/. (2002), who assumed
that direct genetic and maternal effects were not
correlated. Dodenhoff ez /. (1998, 1999), Diop ez
al. (1999) and Choi ez al. (2000) included grand-
maternal effect in the model in addition to the
above-mentioned effects. The correlation between
maternal and grandmaternal effect is usually op-
posite (Alenda ez 2/., 1980), which accentuates the
theory that the environment of dam rearing influ-
ences their own mothering abilities. Quintanilla ez
al. (1999) stated that the correlation between non-
genetic maternal environments of related dams was
important for the estimation of the components of
variance. Lee and Pollak (1997) included a year x
sire interaction in the model considering it an im-
portant factor to calculate the correlation between
direct genetic and maternal effect. Hagger (1998),
who used a sire x herd interaction, drew a similar
conclusion.

Crump et al. (1994) described BLUP evaluation
of beef cattle for several mutually correlated traits
with maternal effect. They used direct effect for
birth weight, 200 and 400 days weight, backfat
thickness, lean meat content and maternal effects
for birth and 200 days weight. The model com-
prised the effects of the group of herd mates, sex,
course of calving, month of birth, embryo transfer,
dam age, mother at birth and at weaning and the
level of crossing. Similar effects used for multi-
traits evaluation Hoon and Chesnais (1994). Klei
et al. (1996) included the curve of dam age in
the model and they composed the groups of herd
mates on the basis of sex and management system.
Robinson (1996) compared several methods of beef
cattle evaluation. He used fixed effects — number
of calves (single calves, twins), year, sex, group of
herd mates, dam age, calf age at weighing, and
random effects — direct genetic, maternal effects
and permanent maternal environment. A similar
method was used by Groeneveld ez /. (1997), who
employed fixed effects — herd x year x season, sex,
dam age, calf age at weighing, and the same three
random effects as the preceding author. Hagger
(1998) compared twelve models for the processing
of data on maternal effect in a flock of sheep with
meat production. Nombre e al. (2002) compared
multi-traits model and random regression model to
evaluate the growth of beef cattle.

It is often necessary to compare animals of dif-
ferent breeds including crosses in the breeding
process in practice. Arnold ez /. (1992) evaluated
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multi-breed data taking into account interbreed
differences and heterosis effects. They categorised
heterosis into a fixed and random component and
derived a system of equations for animal model.
Klei er al. (1996) applied specific heterosis for
direct and maternal effect for each pair of breeds
in multi-breed evaluation. Estimation of breeding
value with exploitation of crosses information was
described by Cantet and Fernando (1995) through
heterogeneous additive genetic variability. Pfibyl
et al. (2000) included the effect of crossing in the
model as the effect of breed cross combination.
When Jakobsen ez al. (1996) evaluated the growth
of bulls on the basis of dairy breeds, they included
the effect of regression on the share of genes of
original breeds and regression on general hetero-
zygosity directly in the model. As a part of multi-
breed evaluation Elzo and Wakeman (1998) used
a sire-maternal grandsire model for two parallelly
evaluated traits (birth weight and weaning weight)
where they estimated direct and maternal effects
for additive and non-additive genetic effects. Multi-
breed genetic evaluation for weights in Gelbvieh
cattle with inclusion of maternal effects is described
by Legarra ez al. (2003). Different lines are included
in the calculation through genetic groups, external
information is also involved.
Renand et al. (2003) and Bullock ez /. (2003)
described system of international beef evaluation.
In general, the models used for estimation of
breeding value in beef cattle are identical in the
cited authors. They mostly take into account fixed
effects — groups of herd mates, calf sex, dam age, ge-
netic groups, heterosis effects during crossing, and
random effects — correlated direct and maternal ef-
fects and permanent maternal environment. Multi-
traits models are applied, increasing the reliability
of estimation of breeding values for particular traits
and coping with problems due to missing data.
Evaluated traits in the above-cited authors are
birth weight, weaning weight, yearling weight or
weight at older age and weight gains. Another trait
is calving ease for which a threshold model is used
(King et al., 1993; Wiggans et al., 2002). The reli-
ability of evaluating the calving ease will increase
significantly with parallel multi-traits evaluation
with birth weight (Ramirez-Valverde ez /., 2001).
Besides the above-mentioned authors, other au-
thors (Meyer, 1994; Ferraz et al., 2002; Ortiz Pefia
et al., 2002; Oyama et al., 2002; Rosales-Alday et
al., 2002) determined population-genetic param-
eters necessary for breeding value estimation in beef
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cattle. The results are considerably influenced by
the choice of statistical model and evaluated popu-
lation. The range of published values is large, cor-
relations of identical parameters assume the values
from negative to positive ones. It documents how
difficult is to determine these parameters, particu-
larly if the action of direct and maternal effects is

parallel.

MATERIAL AND METHODS

Production records since 1990 are summarised
in Table 1. The evaluated traits are calving ease
(ce), birth weight (birth), weight at the age of 120
days (120), 210 days (210) and at one year of age
(365). Production recording was carried out in
12 beef breeds and crosses with dairy breeds (HI
— Highland, GA — Galloway, PI — Piemontese, HE
— Hereford, GS — Gasconne, BB — Belgian Blue-
White, CP — Czech Pied (dual-purpose breed), LI
— Limousin, SA — Salers, BA — Blonde d’Aquitaine,
AA — Aberdeen Angus, SI — Simmental, CH
— Charolais, Others — dairy breeds). As the breeds
are very different, the range of the maximum and
minimum values of measured data is large.

The evaluated set including the generations of
ancestors comprises 183 754 evaluated animals in
total. Out of this number, 1 142 sires are currently
used for breeding. Besides other crossbred cows the
number of living cows of particular breeds (above
88% of the breed concerned) is 12 119 animals.
The total number of evaluated animals belonging
to the particular breeds except crosses is 104 838
individuals.

Fixed effects included in the evaluation are tested
by the least-squares method (GLM/SAS). Breeding
value is determined by MT-AM, programme
BLUP90IOD (Tsuruta et al., 2001) according a

model equation:

Table 1. Production recording of beef cattle

Y =HYS + CS + DAG + BVD + BVM + PE +
HEC + HED + ¢
where: ¥ = measured performance (Ce, Birth, 120,
210, 365)
HYS = group of herd mates within herd-year-
season. Pure-bred animals, sometimes
several breeds, and crosses encounter

each other within HYS
CS = calf sex — bullocks, heifers/single calves,
wins

DAG = dam’s age at calving — below three years,
four-years, five- to seven-years old
dams, above seven years

BVD = an individual, breeding value for direct
effect

BVM = an individual, breeding value for mater-
nal effect. Direct effect and maternal
effect are correlated with each other,
with common matrix of relationship
and genetic groups (28 groups accord-
ing to breeds and genetic shares of
crossing)

PE = permanent maternal environment for
cows

HEC = heterosis of calves — regression according
to calf heterozygosity

HED = heterosis of dams — regression according
to dam heterozygosity

e = random uncontrollable environment

The population-genetic input parameters from
Tables 2—5 were used for the calculation of breed-
ing values. Data are based on the breakdown of
the values of variabilities in Table 6 into particular
effects and on our own other calculations (Pfibyl ez
al., 2000) while literary data were also taken into
account. Direct and maternal effects of an indi-
vidual and permanent maternal environment were
used as random effects. As the number of offspring

Number Mean s Minimum Maximum
Calving ease (points) 125 482 1.10 0.40 1.00 4.00
Birth weight (kg) 125 482 34.58 6.04 10.00 99.00
Weight at 120 days (kg) 57 863 161.79 31.11 65.00 293.00
Weight at 210 days (kg) 56 947 244.95 49.49 90.00 464.00
Weight at 365 days (kg) 22 410 361.90 87.84 150.00 749.00
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Table 2. Standard deviations substituted in the calculation

e HYS PE BVD BVM
Calving ease (points) 0.29 0.17 0.07 0.11 0.07
Birth weight (kg) 2.28 4.87 0.88 1.70 1.25
Weight at 120 days (kg) 14.13 19.90 6.24 12.20 9.75
Weight at 210 days (kg) 20.39 35.60 8.99 17.60 14.05
Weight at 365 days (kg) 35.80 63.90 9.27 26.31 10.34

Table 3. Residual correlations in % substituted in the calculation

Ce Birth 120 210 365
Calving ease (points) 25 5 2 0
Birth weight (kg) 20 15 6
Weight at 120 days (kg) 80 55
Weight at 210 days (kg) 65

Weight at 365 days (kg)

Table 4. Permanent maternal environment, correlations in % substituted in the calculation

Ce Birth 120 210 365
Calving ease (points) 30 5 2 2
Birth weight (kg) 24 20 11
Weight at 120 days (kg) 76 60
Weight at 210 days (kg) 75

Weight at 365 days (kg)

Table 5. Genetic correlations in % substituted in the calculation

Direct effect Maternal effect

Ce Birth 120 210 365 Ce Birth 120 210 365

Direcr effect

Calving ease (points) 30 15 15 10 -17  -10 -7 -7 -5
Birth weight (kg) 33 29 28 -9 -14 4 -5 -3
Weight at 120 days (kg) 70 63 —4 -9 -18 -15 -10
Weight at 210 days (kg) 72 =5 -4 -15 -18 -14
Weight at 365 days (kg) —4 -5 -14 -13 -18
Maternal effect

Calving ease (points) 30 15 13 8
Birth weight (kg) 29 17

Weight at 120 days (kg) 81 45
Weight at 210 days (kg) 62

Weight at 365 days (kg)
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is low in some herds within HYS, this effect was
also used as a random one.

RESULTS AND DISCUSSION
Performance level

Table 1 shows the results of performance test-
ing for the period of observations. The achieved
performance documents a high average growth
rate. The recorded average values are in accordance
with those reported by Woodward ez a/. (1992),
Crump et al. (1994), Quintanilla ez /. (1999) and
Rossales-Alday ez al. (2002). Lower values were giv-
en by Alenda ez al. (1980), Waldron et al. (1993),
Meyer (1994) and Ferraz et al. (2002).

The variability of the data is high, with a wide
range of maximum and minimum values for the
particular animals; it is related with the individual-
ity of animals and with the fact that extreme breeds
from highly intensive (Charolais, Simmental) to
extensive (Highland) ones are kept. Very contrast
breeds were also used in intentional experiments by
Gregory et al. (1991). Moreover, the recorded data
are influenced by sex, litter size and other system-
atic effects of the external environment. The lower
level of achieved performance is in agreement with

literary data (Diop ez al., 1999).

Effects in the model

Linear model with fixed effects (LSM) was used
to test the effects included in the evaluation. The
results are shown in Table 6. All effects — HYS, CS,
DAG, breed and cross combination were statistically
highly significant. The effects jointly explained 26%
of variability for the calving ease. For growth they

explained a higher portion of variability from 56%
at 120 days of age to 78% at the age of one year. It is
evident that the importance of the effects of external
environment increases with animal age (cumulative
growth). The high effects of external environment
and breed were also observed for birth weight where
the coefficient of determination was 75%.

It is evident from a more detailed analysis that
the effect of HYS is the most important of all be-
cause it explains a major portion of variability and
increases the percentage of explained variability in
comparison with the separately used effects herd,
year and season (Pribyl ez al, 2000). Residual
standard deviations and standard deviations of
recorded performance are consistent with the pre-
sented data. The importance of particular effects of
external environment that should consequently be
included on the model of breeding value estimation
was tested also by Szabo ez 4/. (2002).

The results presented in tables below were ob-
tained by animal model.

In Table 7 the effect of calf sex is presented in
comparison with single bullocks. The expression
of the effect of sex as well as of litter size was ob-
served. Dystocia and highest weights were recorded
in single bullocks. Twin bullocks had lower weights
than single heifers until weaning. Twin bullocks ex-
ceeded these heifers as late as by yearling weight.
Szabo ez al. (2002) reported considerably smaller
differences in weaning weight between bullocks and
heifers than were our values.

Table 8 shows the effect of dam age. Dystocia
and slowest growth were recorded in calves of the
youngest dams. Calves delivered by five- to seven-
year dams had the fastest growth. Calves of the
oldest dams had the highest birth weight, but the
differences were small.

The results are analogical to those of Klei ez al.
(1996), who reported the highest weaning weight

Table 6. Variability explained by systematic factors of the environment HYS, CS, DAG, breed and cross combina-

tion (all fixed effects)

S R explained variability (%)
recorded adjusted total HYS
Calving ease (points) 0.40 0.35 26 23
Birth weight (kg) 6.04 3.16 75 66
Weight at 120 days (kg) 31.11 21.61 56 48
Weight at 210 days (kg) 49.49 31.02 64 57
Weight at 365 days (kg) 87.84 43.10 78 69
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Table 7. The effect of calf sex, comparison with single bullocks

Twin bullocks Single heifers Twin heifers
Calving ease (points) -0.06 -0.08 -0.07
Birth weight (kg) —6.30 -2.98 -8.02
Weight at 120 days (kg) -24.96 -11.36 -33.37
Weight at 210 days (kg) -29.37 -19.87 —45.69
Weight at 365 days (kg) -30.97 —67.66 -94.89
Table 8. The effect of dam age, comparison with dams at three years of age and younger
Four years Five to seven years Eight years and older
Calving ease (points) -0.05 -0.09 -0.09
Birth weight (kg) 0.39 0.60 0.64
Weight at 120 days (kg) 9.28 16.24 13.63
Weight at 210 days (kg) 12.35 21.12 18.15
Weight at 365 days (kg) 13.05 21.76 16.89
in seven years old dams. The numerical values Table 9. Heterosis effects
of differences correspond to our data. Klei et 4l.
(1996) also reported the highest birth weight in Ce Birth 120 210 365
dams at 7 to 10 years of age, in relation to breed. ;. 003 029 179 218 5.00
Szabo ez al. (2002) found out the highest weaning
Maternal -0.02 0.05 3.36 533 1.85

weight in Simmental breed in dams on the 3rd and
4th parturition, which corresponds to our data.
Dams at the age above 5 years had the easiest
parturitions. King ez a/. (1993) described a relation-
ship between the calving case and calf weight.

Heterosis

Breeds and groups of crossbreds are included in
the model directly as genetic groups in the relation-
ship matrix that also involve a portion of non-ad-
ditive genetic variability. Nevertheless, heterosis
effects are still expressed in calves and dams. They
are considered for the model as average direct (calf)
and average maternal heterosis. The calculated val-
ues are given in Table 9. The average heterosis effect
for the calving ease is negative —0.03 points, which
is approximately -2 to —3% of point evaluation.
This effect is —0.29 kg for birth weight (less than
—1% of average weight). Heterosis for maternal ef-
fect is highest at calf age of 210 days, +5.33 kg. For
direct effect, heterosis increases with age absolutely
up to 5 kg at yearling weight. Heterosis effects for
weights at 120 days, 210 days and 365 days range
about +2% of average performance.
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These heterosis effects are applied mainly to the
adjustment of breeding values and they are not the
main objective of evaluation. Measured perform-
ance is evaluated in pure-bred animals and prod-
ucts of absorptive crossing, so it does not provide
the best data for the evaluation of hybridisation
effects (Klei et al., 1996). For the combinations
of British, Continental and Zebu breeds these
authors reported maximum direct heterosis effects
for birth weight from 0 to about +2 kg and maxi-
mum maternal heterosis effects for weaning weight
from +6 to +17 kg. In an intentional experiment
of breed crossing Alenda ez 4l. (1980) determined
higher values for maternal heterosis than for direct
heterosis. Heterosis effects for birth weight were
in the range from about +0.5 to +1.0 kg and for
weaning weight from about —12.0 to +15.0 kg. Also
in an intentional experiment Gregory ez al. (1991)
recorded heterosis effects of about 2.0 kg for birth
weight, +15.0 to +20.0 kg for weaning weight and
+23.0 to +29.0 kg for yearling weight. All these val-
ues are considerably higher than our “in the model
residual” results.
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Improvement of the results could be by apply-
ing the specific heterosis for each combination of
breeds, but with disadvantage of decreasing number
of observation for each regression coefficient ac-
cording heterozygosity. Various crossbreds, and at
a high number, can be present in herds in practical
conditions, so the evaluation is difficult. Therefore
Elzo and Wakeman (1998) recommended to
include the breeds in groups according to their
combining abilities.

Model

Models of breeding value estimation tend to have
too many parameters, and it makes the interpre-
tation of results difficult. Therefore the goal is to
include important effects in the model, but their
lowest number possible. The above-mentioned
effects were used in the model of breeding value
estimation.

In accordance with literary data (e.g. Crump ez
al., 1994; Hoon and Chesnais, 1994) the evalua-
tion was made by multi-traits model that enables
to make a more exact prediction of breeding value
especially for traits with a lower number of meas-
urements. The evaluated traits are calving ease and
weights at different age of animals. The number
of recorded data decreases with age in a herd in
practical conditions due to transfers and sale of
animals (Table 1). The reliability of breeding value
for weight at older age that is very important for
breeders can be increased by the use of considerably
larger sets of data on previous weights determined
at a lower age of animals.

Different crossbreds are present as herd mates in
herds, therefore multiple-breed evaluation is used.
Klei ez al. (1996) believed that this method facili-
tated easier formation of herd mate groups within
herds and that it was not necessary to take into
account different cross combinations separately.
Currently, crossbreds are generally included in
the evaluation as documented by the cited authors
(Arnold ez 4l., 1992; Woodward et al., 1992; Klei et
al., 1992; Elzo and Wakeman, 1998; Legarra et al.,
2003). In our study the cross combinations were
included in genetic groups through the relation-
ship matrix. These were 12 beef breeds + 2 original
dairy breeds and products of absorptive crossing.
Pure-bred sires of beef breed were always used,
groups of crossbreds were therefore in the range of
50-87% of the given breed. A total of 28 genetic

groups was used. As the time of performance test-
ing was relatively short, time was not considered in
the genetic groups.

Maternal effect is very important in beef cattle. It
is an indicator of dams” milking capacity. Its influ-
ence in cumulative growth outlasts to a very old
age (Diop et al., 1999). The importance of mater-
nal effect in the evaluation of weaning weight was
accentuated by Lee and Pollak (1997). Therefore
maternal effect was used in all evaluated traits.

In practical conditions breeding values must be
determined for all tested animals although there
need not be a sufficient number of herd mates
in some small herds. This is the reason why the
groups of herd mates in a herd (HYS) were used
as random effect; it allowed to determine nonzero
breeding values for individuals in small groups of
herd mates on the basis of variance ratios. Random
HYS selected like suitable effect in the model
Grotheer (1996) for beef and Wolf et 2l. (2001)
for pig population.

Pribyl et al. (2002) evaluated the stability of
breeding values (rank of sires within breeds) using
the applied model. Stability was evaluated on the
basis of repeated evaluations in a six-month inter-
val, after further data on performance testing were
received. Changes in the rank occurred among the
adjacent animals within the breed, without any
leaps. Genetic gain for the studied, relatively short
period showed a positive trend of direct effects in
the particular breeds, in maternal effects the genetic
level did not change systematically and was practi-
cally stable with random fluctuation (Seba, 2002).

Breed differences

On the basis of inclusion of animals in genetic
groups average breeding values were determined
for direct and maternal effect in each breed.
Comparisons were made with HE breed, which
had the highest number of animals in the evaluated
database (Table 10). Contrast breeds were evalu-
ated, therefore the differences are large. Breeds are
permanently in the process of improvement. Most
important are therefore results for the youngest
generation of living animals.

Table 11 shows average breeding values accordmg
to the breeds for sires currently used for breeding.
'The breeds are arranged in an ascending order ac-
cording to the breeding value of direct effect for
yearling weight. The results of yearling weight are
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Table 10. Standard deviations of breeding values within breed

Direct effect Maternal effect

Breed No.

Ce Birth 120 210 365 Ce Birth 120 210 365
HI 679 0.022 095 4.79 6.61 11.16 0.010 0.55 3.00 442 1.86
GA 1281 0.024 1.41 6.08 9.24 12.71 0.013 0.56  3.34 493 256
PI 2226 0.100 1.39 5.58 8.32 12.31 0.060 0.72 3.90 5.66 3.19
HE 22 827 0.028 0.91 7.72  11.79 14.36 0.015 0.37 3.59 5.34 3.70
GS 414 0.046 1.08  7.06 9.68 12.04 0.037 0.46  3.88 454 274
BB 205 0.086 147  4.66 6.83 9.46 0.066 0.86 298 3.48 1.30
CP 14 777 0.026 0.59  3.39 5.79 7.98 0.019 030 3.17 448 242
LI 4902 0.053 1.06 7.34 10.09 14.32 0.029 0.68 4.54 6.16 3.67
SA 266 0.025 0.85 5.94 6.68 9.45 0.012 0.31 2.17 2.79 1.64
BA 2 899 0.095 113  6.39 8.71 12.66 0.059 0.71 3.79 573511301
AA 12 337 0.050 1.03 6.76 10.44 15.27 0.025 0.53 4.25 6.19  3.61
SI 9 330 0.043 0.75 5.34 7.66 11.90 0.026  0.45 3.87 5.68  2.88
CH 17 656 0.074 1.41 7.75 11.09 16.69 0.036 0.71 4.32 6.16 325
Others 15 039 0.049 0.37 3.06 4.02 4.65 0.038 0.37 3.03 4.24 1.96
Total 104 838 0.051 0.99 6.38 9.33 '13.12 0.029 0.50 3.79 5.42 3.16

HI — Highland, GA — Galloway, PI — Piemontese, HE — Hereford, GS — Gasconne, BB — Belgian Blue-White,
CP — Czech Pied, LI — Limousin, SA — Salers, BA — Blonde d’Aquitaine, AA — Aberdeen Angus, SI — Simmental,

CH - Charolais, Others — dairy breeds

represented in an ascending order according to the
breeds also in Figure 1. For direct genetic effect
the breeds Charolais and Simmental achieved the
highest values for weights at the age of 120 days,
210 days and 365 days. Belgian Blue-White and
Charolais had the highest values for birth weight.
Dystocia was recorded in Belgian Blue-White and
Piedmontese breeds.

For maternal effects, Salers breed (dairy breed until
recently) had the highest yearling weight; it was fol-
lowed by Charolais. The highest weights at 120 and
210 days were recorded in Czech Pied breed (dual-
purpose breed) while Simmental and Salers ranked

(kg)
80 -

60
40

O direct effect M maternal effect

Breed

as the second. The breeds Belgian Blue-White and
Piedmontese had the highest birth weight and dys-
tocia at the same time. For maternal effect, Galloway
breed had relatively high values of birth weight.
The lowest values of growth traits were recorded
in extensive breeds Highland and Galloway.
Differences between breeds are not necessary
similar for different sex due the different selection
intensity of parents. The category of living cows
(Table 12) comprises a group of cows of dairy
breeds (Others), but it does not include Belgian
Blue-White breed. Figure 2 shows the data on year-
ling weight of cows. The order of breeds in tables

GA PI HE GS BB CP LI SA BA AA SI CH

Figure 1. Bulls-direct and maternal
effects, yearling weight, comparison

with HE breed
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and graphs is the same as in Table 11. Differences
between the breeds are similar to those between the
bulls. The highest growth traits for direct effect were
recorded in Simmental and Charolais. If compared
with the table for bulls, the order within this pair
changed. As the cows of Belgian Blue-White breed
are not included here, its position in birth weight
and calving ease was taken by a successive breed,
Blonde d’Aquitaine. For direct effect CP breed
ascended to a higher position within the breeds in
weaning and yearling weight.

For maternal effect the highest yearling weight
was found out in Salers and Simmental, 120 and

Figure 2. Living cows above 88% of the breed
concerned — direct and maternal effects, year-
ling weights, comparison with HR breed

CH Oth.

210 days weight was highest in Czech Pied cattle,
followed by Simmental and Salers.

The differences between the breeds are similar to
those reported by Alenda et 4l. (1980) for weaning
weight in breeds AA, CH and HE in an intentional
hybridisation experiment. In experiment HE breed
was better than AA breed. Our differences in birth
weight between the breeds are smaller than in the
cited author. Our data on weaning and yearling
weight show the same trends of breed comparison
as the data of Gregory et al. (1991). Klei et al.
(1996) reported almost a twofold difference for
weaning weight between AA and CH breeds in

Table 11. Bulls — average breeding values of the particular breeds, comparison with HE breed

Direcr effect Maternal effect
Breed No.
Ce Birth 120 210 365 Ce Birth 120 210 365

HI 19 -0.008 —4.49 -23.54 -41.50 -76.01 -0.053 -1.56 —4.28 -3.69 -14.70
GA 29 -0.021 -1.63 -5.67 -5.89 -29.00 0.005 1.31 -0.88 -1.05 -9.32
PI 57 0.204 2.48 4.08 0.98 -1.37 0.171 1.52 3.88 527 1.69
HE 155 0.000 0.00 0.00 0.00 0.00 0.000 0.00 0.00 0.00 0.00
GS 16 -0.006 3.68 5.82 8.03 5.86 0.058 -0.46 10.38  10.55 6.73
BB 20 0.237 5.30 5.78 1772 15.92 152 2.94 6.92 =252 -1.52
CP 24 -0.004 2.11 7.61 11.48  25.60 0.023 -0.05 12.48 16.40 8.87
LI 95 0.070 2.53 13235 16.37  28.44 0.011 -0.74 3.60 8.17 595
SA 15 -0.059 2.59 14.08 26.38 35.70 0.022 0.29 10.79  15.68 16.83
BA 63 0.175 4.47 14.96 24.67 42.55 0.076 -0.15 10.98 11.57 10.26
AA 218 0.019 1.18 12.57 2539 50.02 -0.002 -0.68 8.56 1247 9.90
SI 154 0.046 2.42 17.95 32.46 63.78 0.004 -0.11 11.05 13.78 10.18
CH 277 0.139  4.70 22.24  35.58 64.27 0.050 -0.63 8.35 13.87 10.89
Total 1142

HI - Highland, GA — Galloway, PI — Piemontese, HE — Hereford, GS — Gasconne, BB — Belgian Blue-White,
CP — Czech Pied, LI — Limousin, SA — Salers, BA — Blonde d’Aquitaine, AA — Aberdeen Angus, SI — Simmental,

CH - Charolais
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Table 12. Living cows above 88% of the breed concerned — average breeding values of the particular breeds, com-

parison with HE breed

Direct effect Maternal effect
e Ce Bith 120 210 365  Ce  Bih 120 210 365
HI 122 0.010 —4.94 -18.24 -33.76 -66.82 -0.049 -1.85 —4.66 -4.86 -12.71
GA 204 -0.003 —4.25 2.16 5.23 -12.22 -0.001 1.21 -1.63 -2.04 -7.00
PI 280 0.197  3.69 9.45 9.88 9.27 0.172 1.59 5.18 6.01 4.68
HE 2238 0.000 0.00 0.00 0.00 0.00 0.000 0.00 0.00 0.00 0.00
GS 77 -0.011 470 1052 1749 19.87 0.062 -0.45 11.00 1191 9.85
CP 723 0.003 3.09 16.50 26.75 45.17 0.015 -0.22 13.79 1793 12.09
LI 503 0.061 3.17 17.66 21.08 33.85 0.004 -0.90 4.46 8.63 8.69
SA 51 -0.045 2.90 17.94 32.61 40.85 0.030 0.27 11.21 16.37 19.64
BA 339 0.157  5.07 20.80 32.89 50.44 0.096 -0.19 11.42 12.53 13.06
AA 1912 0.020 2.01 16.20 30.32 53.66 -0.001 -0.75 893 1223 12.11
SI 1099 0.042 3.10 22.22 3892 70.28 0.008 -0.06 12.82 15.60 13.74
CH 2325 0.130 5.27 2432 38.15 63.68 0.051 -0.58 9.35 14.52 13.18
Others 2 246 0.089 1.98 1496 2324 30.13 -0.006 0.33 11.18 14.18 9.87
Total 12119

HI - Highland, GA — Galloway, PI — Piemontese, HE —

Hereford, GS — Gasconne, CP — Czech Pied, LI — Lim-

ousin, SA — Salers, BA — Blonde d’Aquitaine, AA — Aberdeen Angus, SI — Simmental, CH — Charolais, Others

— dairy breeds

comparison with our results. Jakubec ez . (2003)

evaluated a part of the population kept in the Czech
Republic to compare breed differences on the basis
of pure-bred animals. Breeds were not compared
in the same herds, but each were kept in the wide
range of farm conditions and authors expected, that
results for breeds are comparable. Their results are
consistent with ours except of BA breed, which had
the highest value.

On the contrast of cited authors, there are in our
results the differences between breeds split into
direct and maternal components. The differences
between the breeds are in agreement with expected
values. They agree with expectations during the
whole evaluated period of growth. In our evalu-
ation AA breed took a relatively high position in
the order of breeds (a smaller deviation from the
breeding values of intensive breeds with large body
frame SI and CH). It can be explained by the ge-
netic value of used sires that can be significantly
different from the mean of the same breed kept in
other countries due to a low number of animals
and careful selection. This breed is young in the

conditions of the CR, so the individuals from old
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genetic groups are not represented. Breeds develop
continually and a selection aim of all breeds is ba-
sically identical. It is to expect that the differences
between the breeds will diminish.

Variabilities of breeding values

Table 13 shows standard deviations of random
effects calculated by animal model. The highest
variability was determined for HYS effect and
random residual from the model. The standard
deviation of direct genetic effect in all traits except
for the calving ease was several times higher than
that of maternal effect, which documents its higher
importance. The standard deviation of permanent
maternal environment is approximately 1/3 com-
pared to maternal effect.

Breed differences play an important role in es-
timated random effects. A linear model (GLM
method) was used to determine the variability of
estimated constants within breeds. The effect of
breed was statistically highly significant for all traits,
with the exception of PE for weight at 120, 210 and
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Table 13. Standard deviations of random effects in the model

Ce Birth 120 210 365
HYS 0.130 3.85 14.45 23.94 44,82
E 0.295 2.01 11.88 16.99 28.75
BVD 0.071 2.02 10.07 16.00 26.42
BVM 0.080 0.65 5.45 7.44 5.73
PE 0.020 0.31 1.97 2.82 2.33
BVD within breeds 0.051 0.99 6.38 9.33 13.12
BVM within breeds 0.029 0.50 3.79 5.42 3.16
PE within breeds 0.020 0.31 1.97 2.82 2.33
R? - BVD* (%) 49 76 60 66 75
R? - BVM** (%) 87 43 32 47 70
R? — PE*** (%) 5 1 0 0 0

*variability of breeding values for direct effect explained by breed
**variability of breeding values for maternal effect explained by breed
***variability of permanent maternal environment explained by breed

365 days. In the breeding value of direct effect the
breed explains 49% of variability for the calving ease
and from 60% to 76% of variability for weights. On
the contrary, in maternal effect breed differences ex-
plain the highest portion of variability for the calving
ease —87%, and from 43% to 70% for weights. In
the permanent maternal environment the interbreed
differences hardly play any role (from 0 to 5% of
variability) because it is a residual effect associated
with the individual within families.

Standard deviations of random effects within
breeds correspond with data on explained vari-
ability.

Table 10 shows standard deviations of breeding
values for each breed. Intrabreed standard devia-
tions calculated by a linear model (repetition of the
values from Table 13) are indicated on the last line,
they roughly correspond to the mean of standard
deviations for the particular breeds. There exist dif-
ferences in standard deviations within breeds, but
the trend of higher variability of breeding values in
breeds with higher performance was not observed.
Jakubec et al. (2003) observed different genetic
variability in dependency on body size and growth
intensity for different breeds.

CONCLUSION

Multiple-breed, multi-traits animal model allows
to make an objective evaluation of animals in an ac-

tive population of relatively small size and decreasing
amount of records with age of animals. The highest
portion of variability of recorded growth traits is ex-
plained by systematic factors of farm environment.
Direct genetic effects are more significant than ma-
ternal ones and genetic maternal effects are more sig-
nificant than the permanent maternal environment.
'The interbreed differences determined on the basis of
the mean of breeding values are an objective indica-
tor for breed comparison in field conditions.
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Spole&né hodnoceni masného skotu pro vice plemen a vice vlastnosti v Ceské republice

Predmétem price je odhad plemenné hodnoty pro 12 masnych plemen (angus, belgické modro-bil¢, blond d’aqui-
taine, charolais, galloway, gasconne, hereford, highland, limousin, piemontese, salers a masny simental) a jejich
kifZence s Ceskym strakatym (kombinovand uzitkovost) a dojnymi plemeny. Databize zahrnuje 12 let kontroly
uzitkovosti a obsahuje 125 482 (idajii o pribéhu porodu a hmotnosti telat pfi narozeni, 57 863 tidajii o hmotnosti
ve véku 120 dnii, 56 947 ve véku 210 dnit a 22 410 tidajit o hmotnosti v roce. Pocet hodnocenych jedincii véetné
rodokmenu je 183 754. Plemenn4 hodnota je stanovena Multitraits Animal modelem s materndlnim efektem. Model
vypoctu zahrnuje efekty: pohlavi telete (pevny), vék matky (pevny), heterézu telat (regrese), heterézu matek (regrese),
skupiny vrstevniktt — HYS (ndhodny), pfimy geneticky (ndhodny s matici piibuznosti a genetickymi skupinami
podle plemen a druhu kfiZen{), materndlni geneticky (nihodny s matici piibuznosti a genetickymi skupinami), trvalé
mateiské prostiedi (ndhodny). PHmy geneticky a materndln efekr jsou navzdjem koreloviny. Reseni programem
BLUP90IOD na osobnim po¢itati s frekvenci 1,4 GHz trv4 pfiblizné jednu hodinu. Systematické faktory chova-
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wvs

telského prostiedi vysvétluji pro pritbéh porodu 26 %, pro hmotnosti od 56 do 78 % proménlivosti. Nejvyssi hod-
noty v primych efektech u viech vlastnosti dosahuji plemena charolais a masny simental. U maternélnich vlastnosti
dosahuje ve véku 120 a 210 dnit nejvyssich hodnot &esky strakaty (kombinované plemeno) ndsledovany plemenem
salers a masny simental, ve véku jeden rok salersky skot, ndsledovin masnym simentalem. Nejniz3i hodnoty pro
viechny vlastnosti byly u plemen highland a galloway.

Kli¢ové slova: masny skot; plemennd hodnota; animal model; materndlni efekt; plemena
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Analysis of genetic variation of eight candidate genes
in two wild boar subspecies

M. Ernst"?, J. Kucier!, T. Ursan!

'Department of Genetics, “Department of Forest Protection and Game Management,
Mendel University of Agriculture and Forestry, Brno, Czech Republic

ABSTRACT: Genetic variability and diversity of two subspecies of wild boar (Sus scrofa scrofa [SSS] n = 67 and
Sus scrofa attila [SSA] n = 42) were studied by the PCR-RFLP method. Eight candidate genes with two-allele
polymorphisms were analysed. No polymorphism in genes encoding ryanodine (RYRI = CRC) and oestrogen
receptors (ESR) was found in either of the subspecies. In SSS, the frequencies of alleles of individual genes were
as follows (frequency of one allele for each gene/locus is given): MYC protooncogene protein (MYC) A = 0.49;
growth hormone (locus GH-Haell)+ = 0.57 and (locus GH-Mspl)+ = 0.43; leptin (LEP) T = 0.79; heart fatty acid-
binding protein (H-FABP) H = 1.00; prolactin receptor (PRLR) A = 0.22 and follicle-stimulating hormone — beta
polypeptide (FSHB) A = 0.40. In SSS, average heterozygosity of genotypes was 0.295. The SSA subspecies showed
the following allele frequencies of individual genes: MYC A = 0.01; GH-Haell+ = 0.65 and GH-Mspl+ = 0.35;
LEP T=1.00; H-FABP H = 0.98; PRLR A = 0.33; FSHB A = 0.49. In SS4, the average heterozygosity of genotypes
was 0.216. Highly significant differences in genotype frequencies between these two subspecies were found in MYC
and LEP, PIC values of the polymorphic loci ranged from 0.023 to 0.375 in both subspecies. Differences between
both subspecies of wild boar on the one hand and compared to some breeds of domestic pigs were found in the
polymorphism of genes RYR1, ESR, and MYC.

Keywords: wild boar; candidate genes; RYRI; MYC; GH; LEP; H-FABP; ESR; PRLR; FSHB; heterozygosity; sub-

species diversity

Genetic polymorphism of candidate genes and
their association with performance traits of breed-
ing pigs is intensively studied in many laboratories
all over the world. The knowledge of polymorphism
of the same candidate genes in wild boars is only
marginal and has not been systematically studied
yet. The estimation of genetic diversity existing
between different wild boar subspecies and com-
parison of their polymorphisms of candidate genes
with that of domestic pigs is very important with
regard to taxonomic studies and potential use of
candidate genes in pig breeding.

Hartl ez al. (1993) studied the diversity of isoen-
zymes within a population of 155 wild boars in
South-western and Central Europe. Altogether
11.6% of 40 evaluated isoenzymes were polymor-

Supported by the Ministry of Education, Youth
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phic and genetic distances helped to reveal some
differences between wild boar populations.

Tikhonov and Bobovich (1997) compared blood
group systems in five wild boar subspecies in
Eurasia and found very marked differences within
and between individual subspecies and populations
of wild and domestic pigs. Results of the analysis
enabled to differentiate between those existing sub-
species that could not be identified exactly on the
basis of their phenotypic traits.

Based on the values of creatine phosphokinase
activity and testing of RYRI genotypes, Miiller
et al. (2000) presented data about homozygous
stress resistance of wild boars of European type as
measured in 7 males and 3 females. Okumura ez /.
(2001) analysed genetic relationships between wild

and Sports of the Czech Republic (Grant No.
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boars originating from East Asia and some breeds
of domesticated pigs on the basis of major non-cod-
ing regions of mtDNA.

Because of their higher degree of polymorphism,
microsatellite markers (MS) are often used to esti-
mate genetic distances between different popula-
tions of pigs and their wild ancestors (Laval et 4l.,
2000; Rajeev et al., 2001; Behl ez al., 2002).

The aim of this study was to describe intra-
population and inter-population genetic poly-
morphism of wild boar subspecies Sus scrofa scrofa
and Sus scrofa attila. Genetic analysis of wild boars
was performed on the basis of estimation of the
polymorphism of some known candidate genes as-
sociated with performance traits of breeding pigs.
'The second objective was to compare frequencies
of genes found in populations of wild boars with
those occurring in different breeds of domestic pigs.
An evaluation of genetic distances existing between
the two wild boar subspecies under study by means
of MS will be presented in another paper.

MATERIAL AND METHODS
Animals

The study involved 67 individuals of Sus scrofa
scrofa (SSS) originating from Northern Germany,
Northern Bohemia, Southern Moravia and Central
Slovakia and 42 individuals of Sus scrofa attila
(884) from the game preserve Sedlice in Southern
Bohemia and from Eastern Slovakia. In SSS, blood
was sampled immediately after shooting (or within
30 minutes at the latest) from the chest after an
incision of the diaphragm. If the animal was shot
into the digestive and excretory tract and there was
a risk of contamination, blood was sampled from
the neck after cutting carotids and jugular veins in
the region of clavicles. In SS4, peripheral blood was
sampled from jugular veins of living animals. Blood
was always sampled into test tubes containing an
anticoagulant solution (150 pl 0.5 M EDTA/5 ml
of blood).

Genotyping

Genomic DNA was isolated by means of a modi-
fied proteinase method (Nebola ez 2/, 1994). For
amplification of target DNA sequence involving a
potential polymorphic site, the polymerase chain
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reaction (PCR) was used. Synthetic primers of
oligonucleotides were used for the identification
of variants of individual genes. Genotypes were
detected by means of the RFLP method. A total
of 10-15 pl PCR product was digested with 5U of
restriction enzyme at 37°C for 12 hours. Fragments
were detected by electrophoresis in 1 x TAE buffer
(40 mM Tris-acetate; 1 mM EDTA, pH 8), voltage
max. 5 V/cm, on agarose gel containing ethidium
bromide.

The gene of ryanodine receptor 1 (RYRI) was
detected by using restriction endonucleases HinPI
and HgiAI (Fujii et al., 1991) (in our study isoschi-
zomers HinGl and Alw211). The gene MYC, which
is usually digested with Hpall (Reiner ez 4l., 2000),
was cut with isoschizomer Mspl in our experiment.
The polymorphism of growth hormone gene (GH-
Haell), usually revealed with Haell, was analysed
with isoschizomer Bsp143II and the second poly-
morphism of GH with Mspl (Kirkpatrick ez al.,
1992). The gene of heart fatty acid-binding protein
(H-FABP) was cut with Hinfl enzyme (Gerbens e#
al., 1997) as well as leptin gene (LEP) (Stratil ez
al., 1997). The ESR gene was digested with Poull
(Rothschild ez al., 1991). Prolactin receptor gene
(PRLR) was cut with Alul (Vincent et al., 1998;
Van Rens, 2001) and the gene of follicle stimulat-
ing hormone, beta polypeptide (FSHB) with BsuRI
(Zhao et al., 1998; Li et al., 1998).

Statistical methods

Frequencies of genes and genotypes were esti-
mated in both populations of wild boars under
study. Differences between genotype frequencies
of both wild boar subspecies were estimated by x>
test. The rate of genetic variance was determined
on the basis of non-biased degree of heterozygosity
(Nei, 1978) and polymorphic information content
(PIC; Botstein ez al., 1980).

RESULTS AND DISCUSSION

This study presents the first application of DNA
tests within a larger population of wild boars.
Frequencies of genotypes and alleles of candidate
genes found in both subspecies of wild boars and
in the whole population are presented in Table 1.

Out of the eight genes studied, two were mono-
morphic in both subspecies (RYR! and ESR) and
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Table 1. Genotype and allele frequencies of candidate genes from SSS (7 = 67), SSA (7 = 42) and whole population
(109) of wild boar and differences between subspecies

Genes and populations Genotype frequencies X2 SSSISSA Allele frequencies
RYRI cc CcT L c T
SSS 1.00 0.00 0.00 1.00 0.00
SSA 1.00 0.00 0.00 L 1.00 0.00
WB 1.00 0.00 0.00 1.00 0.00
MYC AA AB BB A B
SS§ 0.19 0.60 0.21 " 0.49 + 0.04 0.51 + 0.04
SSA 0.00 0.02 0.98 0.01 + 0.01 0.99 + 0.01
WB 0.12 0.38 0.50 0.31 + 0.03 0.69 + 0.03
GH-Haell ++ +/— ~/- + -
S§§ 0.33 0.49 0.18 NS 0.57 + 0.04 0.43 + 0.04
SSA 0.38 0.55 0.07 0.65 + 0.05 0.35 +0.05
WB 0.35 0.51 0.14 0.61 + 0.03 0.39 +0.03
GH-Mspl +/+ +/— —/- + -
S8§ 0.18 0.49 0.33 NS 0.43 + 0.04 0.57 + 0.04
SSA 0.07 0.55 0.38 0.35 +0.05 0.65 + 0.05
WB 0.14 0.51 0.35 0.39 +0.03 0.61 +0.03
LEP TF c cc T Cc
ss§ 060 039 001 079£0.04  0.21+0.04
SSA 1.00 0.00 0.00 1.00 0.00
WB 0.75 0.24 0.01 0.87 +0.02 0.13 £ 0.02
H-FABP HH Hbh hh H h
§8§ 1.00 0.00 0.00 NS 1.00 0.00
SSA 0.98 0.00 0.02 0.98 + 0.01 0.02 + 0.01
WB 0.99 0.00 0.01 0.99 + 0.01 0.01 +0.01
ESR cc CD DD c D
88§ 1.00 0.00 0.00 1.00 0.00
SSA 1.00 0.00 0.00 e 1.00 0.00
WB 1.00 0.00 0.00 1.00 0.00
PRLR AA AB BB A B
8588 0.21 0.03 0.76 NS 0.22 + 0.04 0.78 + 0.04
S84 0.33 0.00 0.67 0.33 + 0.05 0.67 + 0.05
WB 0.26 0.02 0.72 0.27 + 0.03 0.73 £ 0.03
FSHB AA AB BB A B
88§ 0.10 0.60 0.30 0.40 £ 0.04 0.60 + 0.04
SSA 0.24 0.50 0.26 0 0.49 £ 0.05 0.51 +0.05
WB 0.16 0.56 0.28 0.44 + 0.03 0.56 + 0.03

Note: SSS — Sus scrofa scrofa; SSA — Sus scrofa attila; WB — wild boar; NS — non significant
***P<0.001
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Table 2. Genetic variability (heterozygosity, average heterozygosity and PIC) in SSS and SSA subspecies of wild

boar
i Bses Heterozygosity PIC

858§ SSA S8 SSA
RYRI 0.000 0.000 0.000 0.000
MYC 0.504 0.024 0.375 0.023
GH-Haell 0.493 0.458 0.369 0.350
GH-Mspl 0.493 0.458 0.369 0.350
LEP 0.333 0.000 0.276 0.000
H-FABP 0.000 0.047 0.000 0.045
ESR 0.000 0.000 0.000 0.000
PRLR 0.350 0.450 0.287 0.346
FSHB 0.485 0.506 0.365 0.375
Average 0.295 0.216

Note: SSS — Sus scrofa scrofa; SSA — Sus scrofa attila

the remaining six were polymorphic. In contradis-
tinction to the heterozygous genotype of one wild
boar described by Andersson-Eklund ez /. (1998)
T allele in RYRI gene was not detected among the
animals (7 = 109) included in our study. Results
presented by Miiller ez 4/. (2000) in 10 wild boars
of European type (all CC homozygotes) were thus
corroborated. Interestingly, Ciobanu ez a/. (2001)
also observed only RYRI CC homozygotes in two
local pig breeds in Romania. In our study the poly-
morphism of MYC gene showed a high frequency
of B allele. Reiner et al. (2000) also found a higher
frequency of B allele (0.73) in wild boar (n = 21).
The gene of growth hormone (GH) has not been
described in wild boars in available literature. As
far as the polymorphism of GH-Hzell was con-
cerned, the highest frequency was found in + allele
(0.61) while in the case of GH-Mspl the frequency
of + allele was 0.39. In the case of LEP gene, the
frequency of T allele was 0.87. This result could not
be compared with any findings in literature. When
evaluating the variability of H-FABP gene, the fre-
quency of H allele was 0.99. Gerbens ez al. (1997)
found one heterozygous animal (frequency of
H allele = 0.90) in wild boars (7 = 5). In our study
only homozygous genotype CC was demonstrated
in ESR gene. PRLR in our study was polymorphic,
the frequency of B allele being 0.27, while Putnovi
et al. (2002) observed only B allele in 10 wild boars
studied. The frequency of 4 allele of FSHB in our
study could not be compared with results published
by other authors.
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Polymorphic systems of individual subspecies
were compared on the basis of differences in geno-
type frequencies (Table 1). The highest frequency of
B allele of MYC gene was found in S84; in SSS its
value was not so high. There was a highly significant
difference between both subspecies in genotype
frequencies. For GH-Haell locus, the frequencies
of + allele were similar in S5S and SS4, similarly
like for GH-Mspl. No significant differences were
found between genotypes for both subspecies.
When evaluating the genotypes of LEP gene,
only the occurrence of 7 allele was detected in the
homozygous genotype 7T in SSA subspecies. The
difference between frequencies of genotypes in both
subspecies was highly significant. A non-significant
difference between both subspecies was detected in
H-FABP, PRLR and FSHB genotypes.

Values of heterozygosity, average heterozygos-
ity and PIC of individual genes are presented in
Table 2. The respective values of heterozygosity and
PIC ranged in a lower interval in S8 subspecies
than in SSA. A lower diversity in SSA corresponded
with lower numbers of animals kept in enclosures.
On the other hand, a higher diversity in SSS re-
sulted from the fact that the samples were obtained
from animals living in open landscape.

A comparison of allele frequencies in wild boars
(WB) and some pig breeds is presented in Table 3.
RYRI and ESR were monomorphic in wild boars,
while they are polymorphic in commercial breeds
of pigs. For MYC gene Urban ez a/. (2002a) found
a considerably lower frequency of B allele (0.18)
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Table 3. Comparison of allele frequencies in wild boar populations under study with those of other wild boar and

domestic pig populations

Allele frequencies

Genes Pigs n References
€ T
RYRI WB 109 1.00 0.00 present results
WB 10 1.00 0.00 Miiller ez a/. (2000)
A B
MYc WB 109 0.31 + 0.03 0.69 + 0.03 present results
LA 6 0.27 £ 0.12 0.73 £ 0.12 Reiner ez al. (2000)
DU 117 0.82 + 0.02 0.18 + 0.02 Urban ez al. (2002a)
+ 2t
WB 109 0.61 +0.03 0.39 + 0.03 present results
GH-Haell LW 77 0.53 + 0.04 0.47 + 0.04 Handler et al. (1996)
LA 269 0.16 + 0.02 0.84 + 0.02 Handler ez al. (1996)
DU 117 0.54 + 0.03 0.46 + 0.03 Urban ez a/. (2002a)
+ i
WB 109 0.39 +0.03 0.61 £ 0.03 present results
GH-Mspl LW 77 0.71 + 0.04 0.29 + 0.04 Handler et al. (1996)
LA 269 0.98 + 0.01 0.02 + 0.01 Handler et al. (1996)
DU 117 0.85 + 0.02 0.15 + 0.02 Urban ez al. (2002a)
T (64
LEP WB 109 0.87 +0.02 0.13 £ 0.02 present results
DU 117 0.65 + 0.03 0.35 + 0.03 Urban ez al. (2002a)
H h
WB 109 0.99 +0.01 0.01 + 0.01 present results
HLEABP WB 5 0.90 + 0.09 0.10 + 0.09 Gerbens et al. (1997)
LW 60 0.67 + 0.04 0.33 + 0.04 Urban ez al. (2002b)
LA 35 0.87 + 0.04 0.13 + 0.04 Urban ez al. (2002b)
DU 10 0.70 + 0.10 0.30 + 0.10 Gerbens et al. (1997)
c D
ESR WB 109 1.00 0.00 present results
LW 539 0.65 £ 0.02 0.35 + 0.02 Vrtkovd and Dvordk (2001)
LA 284 0.91 + 0.01 0.09 + 0.01 Vrtkova and Dvordk (2001)
A B
WB 109 0.27 +0.03 0.73 +£0.03 present results
PRLR Lw® 75 0.52 + 0.04 0.48 + 0.04 Putnovd et al. (2002)
Lw® 86 0.47 £ 0.04 0.53 £ 0.04 Putnovd et al. (2002)
LA 83 0.27 + 0.04 0.73 + 0.04 Putnova et al. (2002)
A B
WB 109 0.44 £ 0.03 0.56 + 0.03 present results
FSHB .
ER 75 0.62 + 0.05 0.38 + 0.05 Jiang ez al. (2002)
LA 113 0.27 + 0.03 0.73 + 0.03 Jiang ez al. (2002)

Note: DU — Duroc; ER — Erhualian; LA — Landrace; LW — Large White; WB — wild boar
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in Duroc breed (DU). In WB our observations of
B allele corroborated results published by Reiner ez
al. (2000). Some differences were also observed in
allele frequencies of other genes in wild boar and
some pig breeds.

FAO recommended microsatellite loci to be used
for the study of genetic relationships and/or dis-
tances between breeds (Barker ez 2/, 1998; Laval
et al., 2000). Ciobanu ez a/. (2001) suggested that
the analysis based on microsatellites might provide
more information if it is complemented with type 1
(gene) markers.
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Analyza genetické variability osmi kandidétnich genii dvou poddruhii divokych prasat

Metodou PCR-RFLP jsme vyhodnotili genotypové a alelové frekvence osmi strukturnich kandidatnich gent a analy-
zovali genetickou variabilitu a diverzitu mezi dvéma poddruhy divokych prasat Sus scrofa scrofa (SSS) pti n = 67 a Sus
scrofa attila (SSA) pii n = 42. Polymorfismus nebyl zji$tén u genti ryanodinového (RYRI = CRC) a estrogenového
receptoru (ESR) u obou poddruhi. Frekvence alel jednotlivych genii (pro kazdy gen/lokus je uvedena frekvence
jedné ze dvou alel) u SSS byla: protein MYC protoonkogenu (MYC) A = 0,49; riistovy hormon (GH-Haell)+ =
0,57 a (GH-Mspl)+ = 0,43; leptin (LEP) T = 0,79; protein vazajici mastné kyseliny (H-FABP) H = 1,00; prolak-
tinovy receptor (PRLR) A = 0,22 a beta polypeptid folikuly stimulujictho hormonu (FSHB) A = 0,40. Primérnd
heterozygotnost genotypti u SSS byla 0,295. Poddruh SSA mél frekvence alel jednotlivych gent: MYC A = 0,01;
GH-Haell+ = 0,65 a GH-Mspl+ = 0,35; LEP T = 1,00; H-FABP H = 0,98; PRLR A = 0,33; FSHB A = 0,49. Pri-
mérn4 heterozygotnost genotypii u SS4 byla 0,216. Vysoce pritkazné rozdily byly zjiStény mezi dvéma poddruhy
ve frekvencich genotyptt MYC a LEP. PIC hodnoty se pohybovaly v polymorfnich lokusech u obou poddruhi
v rozmezi 0,023 az 0,375. Rozdily byly zjistény v polymorfismu gentit RYRI, ESR a MYC mezi divokymi prasaty ve
srovnéni s nékterymi plemeny prasat.

Kli¢ov4 slova: prase divoké; kandidatni geny; RYRI; MYC; GH; LEP; H-FABP; ESR; PRLR; FSHB; heterozygotnost;
PIC; genetickd diverzita
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Composition and properties of milk in White
Short-haired goats on the third lactation

J. Kucurix, H. SEDLACKOVA

Department of Animal Breeding, Mendel University of Agriculture and Forestry, Brno,
Czech Republic

ABSTRACT: Evaluation of changes in milk composition and properties in the course of the third lactation was
carried out on the basis of analyses of milk samples obtained from nine goats of the White Short-haired breed. Milk
was sampled in the morning on the 35th, 68th, 100th, 135th, 163rd, 194th, 226th and 258th day of lactation.
Goats were milked by hand. Significant changes were found in contents of all milk components under study. These
changes were dependent on the day and/or stage of lactation and only milk fat gradually increased from 3.38 to
4.07%. Within the time interval from the 35th to the 163rd day of lactation average contents of protein and casein
were relatively stable (2.60-2.82% and 1.87-2.02%, resp.) but thereafter a marked increase was observed in both
cases. Average contents of dry matter (DM), SNE fat, protein, casein, calcium, lactose and urea nitrogen for the
whole lactation were 11.95%; 8.33%; 3.62%; 2.90%; 2.10%; 0.93 g/l, 4.47% and 23.62 mg/100 ml, respectively.
The values of titratable acidity and milk pH were relatively stable during the whole lactation; the only exception
was the value of milk pH on the 135th day of lactation (6.91). The shortest clotting interval was observed at the
beginning of lactation (58 and 50 s on the 35th and 68th day, resp.). The clotting interval increased highly signifi-
cantly (P < 0.01) from the 68th to the 135th day of lactation (up to 143 s). Thereafter, however, the rennetability
of milk stabilized and the clotting interval ranged from 125 to 135 seconds. Rennet curdling quality (RCQ) was
highly uniform within the whole experimental period (score 2.56-3.11). Correlations between all basic compo-
nents of milk (DM, SNE fat, protein and casein) were positive in all cases (P < 0.001). As far as the individual
milk properties were concerned, it was found out that correlations between pH and titratable acidity and/or milk
density were very highly negative (P < 0.001) while that between milk pH and its rennetability was very highly
positive (P < 0.001). As far as the relationships berween individual milk properties and RCQ were concerned, a
significant positive correlation (P < 0.05) was found only between milk rennetability and RCQ. The evaluation of
relationships between the contents of individual milk components and properties revealed a very highly positive
correlation (P < 0.001) between protein and titratable acidity and a very highly negative correlation (2 < 0.001)
between urea nitrogen and milk density.

Keywords: goat milk; milk composition; milk properties; rennet curdling quality; White Short-haired breed

rennet curdling quality (RCQ) belong to the most
important factors that influence the final quality of

Currently, Czech consumers have an increasing
interest in non-traditional foodstuffs. In contra-

distinction to e.g. France and Italy, in the Czech
Republic goat cheese is a non-traditional commod-
ity and is produced directly on farms. The White
Short-haired (WSH) goat is the most important
Czech breed used for production of milk processed
to goat cheese. Milk composition, its properties and
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goat cheese. Boro§ et al. (1985) studied changes in
goat milk composition in the course of lactation.
Rennetability of raw goat milk and its interactions
with titratable acidity, curd temperature and sup-
plements of calcium chloride in relation to the
optimum retention of pasteurised goat milk were

and Sports of the Czech Republic (Grant No.
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evaluated in a study by Boro§ and Stevonkové
(1987). Somatic cell counts in goat milk and their
relationship to the composition and properties of
milk were investigated by Gajdutsek ez /. (1996).
Effects of non-genetic factors on the production
and composition of milk in WSH goats were stud-
ied by Margetin and Milerski (2000). Khaled ez 4.
(1999) evaluated relationships between nutrition on
the one hand and metabolic blood profile and milk
composition of WSH goats on the other. Abroad,
Zeng et al. (1997) studied the composition of milk
produced by goats of the Alpine breed, Chornobai
et al. (1999) in Saanen goats and their crosses,
Antunac et al. (2001b) in Saanen and Alpine breed,
and Prasad and Sengar (2002) in Barbari goats and
their crosses. Hadjipanayitou (1995) and Jandal
(1996) compared the composition of goat and
sheep milk and Clark and Sherbon (2000) studied
coagulation properties of goat milk.

The main objective of our study was to evaluate
changes in the composition and properties of goat
milk and to analyse their mutual relationships in
WSH goats in the course of the third lactation.
Attention was also paid to changes in RCQ and in
milk performance in the course of lactation. The
main reason why the third lactation was chosen
is that milk yield usually culminates in this stage
of life so that this lactation is one of the most im-
portant as far as the impact of milk composition
and properties on final quality of goat cheese are
concerned.

MATERIAL AND METHODS

The evaluation of changes in milk composition
and properties was performed using milk samples
obtained from nine goats of WSH breed reared on
a farm in So$tivka in Moravian Karst. All goats were
on the third lactation and the following parameters
were investigated: contents of basic milk compo-
nents (dry matter — DM, solids non-fat — SNE fat
and lactose), N-compounds (protein, casein and
urea nitrogen) and calcium (Ca). These milk prop-
erties were evaluated: pH, titratable acidity, specific
density and rennetability. The evaluation of RCQ
and milk performance in the course of lactation
was an integral part of this study. Parturitions of all
experimental goats took place in the last decade of
February (i.e. from 19th to 27th February 2000).
At the time of the first milk sampling, the live body
weight of goats ranged from 47 to 56 kg and the

birth rate was absolutely uniform (200%). After
the birth all kids remained with their mothers and
were weaned at the average age of 21 days. Milk
was always sampled during the morning milking
that took place from 07.00 to 08.00 hours. Milk
performance was recorded not only in the morning
but also in the evening. The evening milking took
place regularly from 19.00 to 20.00 hours. In the
evening before sampling and on the day of sam-
pling, all experimental goats were milked manually.
Milk sampling was performed on the 35th, 68th,
100th, 135th, 163rd, 194th, 226th and 258th day
of lactation. Altogether 72 milk samples were ob-
tained. Milk samples were not conserved, but after
milking, all samples were cooled to 5 to 8°C and
transported in a thermo-box to a specialised milk
laboratory at Mendel University of Agriculture and
Forestry (MUAF) in Brno. Analyses always started
within an interval of 4 hours after sampling.

During the whole period of study, all experimen-
tal goats were reared in one group under identical
housing conditions and without any principal dif-
ferences in nutrition and management. All goats
were in a good condition and clinically healthy
(including their udders) during the whole experi-
ment. Their daily feed ration from the parturition
to the average 57th day of lactation consisted of
2.5 kg grass haylage, 1.5 kg sugar-beet silage,
meadow hay (ad libitum), straw (ad libitum), 1 kg
of concentrate mixture (30% wheat, 40% barley
and 30% triticale) and mineral lick (ad libitum).
From the average 58th day of lactation to the end
of experiment, the main part of daily feed ration
was ad libitum grazing on a clover-grass stand sup-
plemented with meadow hay (a4 libitum), mineral
lick (ad libitum) and 1 kg of the aforementioned
concentrate mixture.

Milk analyses were performed in a specialised
laboratory at MUAF Brno. DM content (%)
was estimated by a weighing method without
sand application at the temperature of 102 + 1°C
(Gajdtisek, 1999). SNF content (%) was calcu-
lated on the basis of total DM and fat content
(Gajdtisek, 1999). Fat content (%) was determined
by Gerber’s acidobutyrometric method (Czech
Standard CSN 57 0530). Contents of protein
and casein were determined using a PRO-MILK
apparatus (manufactured by the Danish Co. Foss
Electric). Ca content in milk (g/l) was determined
by complexometric titration with fluorexone as
an indicator (CSN 57 0530). Lactose content

(%) was determined polarimetrically according

541



Original Paper

Czech J. Anim. Sci., 48, 2003 (12): 540-550

Table 1. Evaluation of RCQ

Category  Curd and whey appearance
] Curd very good and hard, keeping its shape after its removal from the container. Whey is clear,
of yellow-greenish colour.
5 Curd good but a little softer, not keeping its shape quite perfectly. Excretion of whey not perfect.

Whey is greenish.

3 Curd not good, soft, partly not keeping its shape. Whey milky white.

Curd very bad, not keeping its shape. Whey milky white.

Flocculation of casein very weak or not visible.

to CSN 57 0530. Urea nitrogen (mg/100 ml) was
measured spectrophotometrically using the method
with p-dimethylaminobenzaldehyde (Gajdasek ez
al., 1996). Active acidity (pH) was measured with
the pH-meter WTW 95 with the electrode WTW
SenTix 97 (CSN 57 0530). Milk acidity ("SH) was
determined by titration using the Soxhlet-Henkel
method (Gajdisek, 1999). Milk density was
measured lactodensimetrically (g/cm?) (CSN 57
0530). Rennetability (in seconds) was expressed as
an interval between the application of the liquid
rennet Fromdza and the moment of milk clot-
ting. Clotting was performed at the temperature
of 35°C. Milk samples were clotted with stabilised
rennet that was stored in a concentrated form at the
temperature of 0—5°C. RCQ was evaluated after the
incubation of renneted milk (Gajdusek, 1999) in a
thermostat at 35°C for 1 hour. Subsequently RCQ
was evaluated by a score description of curd and
whey appearance (Table 1). Milk yield was weighed
to the nearest 0.1 kg,

Statistical analysis was preformed on the basis
of the results of laboratory analyses. Dynamics of
changes occurring between two subsequent sam-
plings was evaluated by means of one-factor analy-
sis of variance followed by multiple comparisons.
Correlation coefficients were calculated by Pearson’s
method. The program UNISTAT version 5.1 was
used for the statistical analysis.

RESULTS AND DISCUSSION

The evaluation of changes in contents of some
goat milk components in the course of the third
lactation (Table 2) revealed that there were sig-
nificant differences in these values in dependence
on the day and/or stage of lactation. This finding
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corresponded with data published by Zeng et 4l.
(1997) and Prasad and Sengar (2002). On the
other hand, Agnihotri ez 2/. (2002) reported that
they did not find any significant effect of stage of
lactation on the parameters they investigated. As
one can see in Table 2, a stable increasing tendency
in the course of lactation was found only in fat
content (from 3.38 to 4.07%), while the difference
between average fat contents recorded on the 35th
and the 258th day of lactation was (2 < 0.01). This
increasing tendency of fat content in dependence
on the day of lactation corresponds with data men-
tioned by Prasad and Sengar (2002). On the con-
trary, Antunac et al. (2001b) observed a relatively
marked decrease from the 50th to the 100th day
of lactation (from 3.60 to 3.23%) in goats on the
3rd lactation, followed by an increase from 3.26 to
3.68% between the 150th and 200th day of lacta-
tion. The average content of fat for the whole lacta-
tion was 3.62% and this value corresponded with
data published by Margetin and Milerski (2000)
but it was higher than that mentioned by Zeng ez
al. (1997). On the other hand, Boro$ ez al. (1985),
Khaled ez al. (1999) and Agnihotri et al. (2002)
found higher values of average fat content. As far
as DM and SNF were concerned, their contents
gradually increased till the 100th day of lactation.
On the 135th day of lactation, however, a non-
significant decrease to 11.59%, and 8.07%, resp.,
was observed. Thereafter their contents gradually
increased till the end of the experiment. Within
the whole experimental period, average contents
of DM and SNF were 11.95% and 8.33%. These
values were higher than those reported by Zeng ez
al. (1997) and comparable with data published by
Clark and Sherbon (2000) for goats of Oberhasli
and Toggenburg breeds. Chornobai ez al. (1999)
and Agnihotri ez al. (2002), however, mentioned
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Table 2. Evaluation of changes in some components of goat milk in the course of the 3rd lactation

Average day of lactation

Characteristic Average F-test
35 (A) 68 (B) 100 (C) 135 (D) 163 (E) 194 (F) 226 (G) 258 (H)

Degemsiter: 3, ¥ « 11418 11.5481 11.708%  11.59¢ 177 | 12,097 1245404k . 13:0695CRFE (11,95 8.61*
(%) 5 0.435 0.421 0.413 0.453 0.575 0.664 0.673 0.815 0.556

% 8.02CH 8.118H 8.22¢H 8.0781 8.19¢8H 8.39H 8.663bde 9 OQABCDEF 8.33 7.96**
SNF (%)

5 0.262 0.220 0.396 0.374 0.373 0.419 0.434 0.331 0.351

% 3.38H 3.43h 3.48" 3.52h 3.58" 3.70 3.79 4,07Abede 3.62 3.28**
Fat (%)

5 0.374 0.399 0.285 0.287 0.242 0.389 0.388 0.557 0.365

% 2.60FGH 9 78eH 2.675GH - goFeH 2.82fGH 3 0gABCDech 3 [gABCDER 3 43ABCDEf 2.90 12,58%
Protein (%)

5 0.123 0.180 0.217 0.191 0.322 0.279 0.280 0.326 0.240

X 1.87FGH 2.008H 1.978H 1.978H 2.02fH 2.24h¢ 2.30Abcde ) 43ABCDE 2.10 7.41%*
Casein (%)

S 0.132 0.145 0.206 0.141 0.368 0.249 0.191 0.205 0.205

; % 0.93 0.97 1.13FGH 1.13FGH 0.95 0.79¢P 0.765P 0.78€P 0.93 4.75%*

Ca (g/l)

5 0.328 0.273 0.205 0.152 0.134 0.143 0.147 0.152 0.192

% 4.56 4.48 4.63f 4.40 4.42 4.36° 4.41 4.48 4.47 2.36*
Lactose (%)

5 0.212 0.108 0.213 0.193 0.174 0.162 0.176 0.173 0.176
Urea nitrogen % 24,1806k 26,699FGH 26 6RIFGH ' 30 gpABEFGH 99 63D - 21 pGBCP  17.624BCD< 19,16**CD 23.62 14.71%*
(mg/100 ml) s 4.601 3.033 4.012 4.257 2.497 2.672 2.190 3.495 3.345

*abcdefghps 0.05

>k ABCDEFGHPS 0.01

0SS—0¥S (1) £00T ‘8% “10§ "wauy [ 422z)

42dvg (purdiiQ
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slightly higher average contents of DM. Average
contents of protein and casein were relatively bal-
anced from the 35th to the 163rd day of lactation
and thereafter they gradually increased till the end
of the experiment. Boro§ ez al. (1985) observed a
similar tendency in protein content. But Antunac
et al. (2001b) found the highest levels of protein on
the 50th and the 200th day of lactation (i.e. 2.86
and 2.90%, resp.) in goats on the third lactation;
the lowest content of protein was observed on the
150th day of lactation (2.71%). In our experiment,
the average content of casein was 2.10%; this value
was higher than that mentioned by Khaled ez al.
(1999) but comparable with data published by
Gajdtisek ez al. (1996). Clark and Sherbon (2000),
however, reported higher total levels of casein (be-
tween 2.16% and 2.77%) in all goat breeds under
study.

The evaluation of the dependence of changes in
the content of Ca on the day of lactation indicated
that there was a gradual but insignificant increase in
the content of this mineral in milk from the 35th to
100th day of lactation (i.e. from 0.93 to 1.13 g/I).
Thereafter, on the 135th day of lactation, the same
content of Ca was found out as on the 100th day
of lactation. Thereafter, a gradual decrease was re-
corded till the 194th day of lactation (0 0.79 g/l),
followed by a period of the relatively stable content
of this mineral that lasted till the end of the ex-
periment. The average content of Ca for the whole
period of study was 0.93 g/l; this value was lower
than those mentioned by Ben Goumi ez a/. (1996),
Antunac et al. (2001b) and Hejtmankov4 et al.
(2002). On the contrary, Hosek (2001) published
the values that were comparable with Ca contents
recorded in our experiment. The highest and the
lowest contents of lactose (viz. 4.63% and 4.36%,
resp.) were found out on the 100th and the 194th
day of lactation, resp., and the difference between
them was (P < 0.05). Boros ez /. (1985) observed
a similar tendency while Zeng ez al. (1997) and
Antunac et al. (2001a) recorded the highest levels
of lactose at the beginning of lactation, followed
by a gradual decrease till the end of lactation. In
our experiment, the average content of lactose for
the whole period of study was 4.48%. This value
was comparable with data published by Gajdiisek
et al. (1996), Zeng and Escobar (1996), Khaled ez
al. (1999) and Antunac et /. (2001b). Boro§ ez
al. (1985) and Prasad and Sengar (2002), how-
ever, found higher contents of lactose while Jandal
(1996) reported an average content of lactose only
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4.08%. The evaluation of the dependence of chang-
es in the content of urea nitrogen on the day of
lactation revealed that there was a gradual increase
in this parameter between the 35th and the 135th
day of lactation (from 24.18 to 30.92 mg/100 ml).
Thereafter, a gradual decrease was observed till the
226th day of lactation. In our experiment, the
average content of urea nitrogen in goat milk was
23.62 mg/100 ml and this value was higher than
that reported by Gajditisek ez al. (1996).

The evaluation of the dependence of changes in
milk pH and titratable acidity on the day of lacta-
tion indicated that the average values of milk pH
and titratable acidity were relatively stable within
the whole period of study (Table 3). The only ex-
ception was pH value recorded on the 135th day
of lactation (6.91). The average value of milk pH
for the whole experimental period was 6.77 and
this corresponded with data published by Gajdisek
et al. (1996), Chornobai ez al. (1999) and Hosek
(2001). On the other hand, Galina ez 2/. (1996)
and Agnihotri ez 4/. (2002) mentioned lower av-
erage values of milk pH. As far as the titratable
acidity was concerned, the highest values of this
parameter were recorded at the beginning of lacta-
tion, i.e. on the 35th day (5.97 °SH) and at the
end of lactation, i.e. on the 226th and 258th day
(6.06 and 6.24 °SH, resp.). The lowest, but insig-
nificantly different, value of titratable acidity was
recorded on the 100th day of lactation (5.14 °SH).
This tendency was very similar to that described
by Boro$ ez al. (1985) and Antunac ez 4/. (2001a).
The highest value of milk density was recorded on
the 258th day of lactation (1.028 g/cm?) while the
lowest one on the 135th day (1.025 g/cm?). The
average milk density for the whole experimental
period was 1.026 g/cm?. This value was lower than
those mentioned by Gajdt$ek ez al. (1996) and
Chornobai ez 2l. (1999).

When evaluating milk rennetability (Table 3), the
shortest clotting period was observed at the begin-
ning of lactation, on the 35th and the 68th day of
lactation (58 and 50 s, resp.). After the 68th day,
the clotting interval increased highly significantly
(P <0.01) till the 135th day of lactation (143 s).
Thereafter, this time interval was relatively uni-
form and ranged from 125 to 135 seconds. The
overall average length of clotting period was 109 s
and it was shorter than the time interval reported
by Gajdisek ez al. (1996). Boro§ and Stevonkov4
(1987) and Clark and Sherbon (2000) published
much longer clotting intervals but it should be
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Table 3. Evaluation of changes in some milk properties, RCQ and milk yield in goats on the 3rd lactation

Average day of lactation

Characteristic Average  Ftest
35 (A) 68 (B) 100 (C) 135 (D) 163 (E) 194 (F) 226 (G) 258 (H)

x 6734 6.73¢ 6.84 G.H1beh 6.724 6.76 6.78 6.68¢ 6.77 3.34**
pH

= 0.099 0.100 0.135 0.090 0.088 0.148 0.160 0.155 0.122

X 597 5.29 5.14 5.34 5.77 5.85 6.06 6.24 5.71 2.25
Titr. acidity (°SH)

S 0772 0.743 0.724 0.834 1.007 0.962 0.556 0.753 0.794

¥ 1.026" 1.026%" 1.026H 1.025%fGH 10274 1.026% 1.0270h 1.028%CPe 1026  5.63**
Density (g/cm?) -

¥ 0.002 0.001 0.001 0.001 0.002 0.001 0.001 0.001 0.001

% 58CDEFGH 50 CDEFGH 107AB 143}\8 125AB 129AB 135AB 1 25AB 109 8.49“
Rennetability (s)

% 37.495 12.004 32.396 48.925 54.741 27.487 35.343 21.949 33.793

2 x 2.67 2.56 2.89 3.11 2.89 2.78 2.89 3.00 2.85 0.46

Rennet curdling
quality S 0500 0727 0.928 0.782 0.928 0.667 0.782 0.866 0.675

% 4.12dEFGH 4.1 SdEFGH 3.84EFGH 3.603beFGH 3.1 3ABCdfGH 2‘68ABCDcGH 1'99ABCDEFH 1'27ABCDEFH 3, 10 5681 K
Milk yield (kg)

* 0.291 0.264 0.416 0.592 0.490 0.380 0.483 0.339 0.407

xabcdefgh p o 0.05

*k ABCDEFCHPS 0.01
RCQ = rennet curdling quality

0SS—0¥S *(ZT) £00T ‘8¢ “198 "wiuy [ 422z
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Table 4. Correlation coefficients of all goat milk parameters under study within the whole lactation

Characteristic = SNF Fat Protein Casein Ca Lactose Urc;cnnitro- pH Titr;;dd- Density Iz:;;:;— RCQ M. yield
Dry matter 0.882*** 0.842*** 0.841*** 0.799*** -0.188 0.169 -0.272*  0.083 0.182 0.156 0.223 0.055 -0.583***
SNF 0.499***  0.905*** 0.868*** —0.146 0.318** -0.231 -0.061 0.295* 0.288* 0.119 0.004 —0.584***
Fat 0.523***  0.496*** -0.199 -0.081 -0.243* 0.219 0.008 -0.066 0.266* 0.092 -0.406™**
Protein 0.914*** -0.277* -0.038 -0.350** -0.155 0.402*** 0.292* 0.135 0.018 —0.674***
Casein -0.175  0.024 -0.283* -0.099 0.322*  0.162 0.161 -0.045 —0.614***
Ca 0.331**  0.549*** 0.374** -0.375** -0.317** 0.030 -0.048  0.338**
Lactose 0.267* 0.089 -0.107 0.129 -0.133  -0.050 0.204
Urea nitrogen 0.337** -0.303** -0.396*** -0.112 -0.048  0.620***
pH 20.623%%%. —0.5220%" 0487 0,133~ 0.156
Titr. acidity 0.406 -0.281* -0.044 -0.261*
Density -0.078 -0.080 —0.399***
Rennetability 0.241* —0.470™**
RCQ -0.052
Milk yield

*P<0.05 **P<0.01; **P<0.001
RCQ = rennet curdling quality

dadpg 1ou13Li0)
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reminded that they used different types of rennet.
RCQ was relatively highly uniform within the
whole period of study. The best score was recorded
on the 68th day of lactation (2.56) while the insig-
nificantly worst RCQ was found on the 135th day
(score 3.11). The highest average milk yield (4.18 1
per day) was recorded during the second sampling,
i.e. on the 68th day of lactation. Thereafter, there
was a relatively uniform decrease in milk yield till
the end of experiment. The average milk yield for
the whole lactation was 3.10 1/day. This value was
significantly higher than the values mentioned
by Zeng et al. (1997), Hosek (2001), Prasad
and Sengar (2002) but comparable with results
obtained by Khaled et 2/ (1999) in experiments
with WSH breed. As to the data presented above,
it is necessary to emphasise that there were no sig-
nificant differences in the results obtained for the
first and the second sampling although there was a
change from winter to summer feed ration.

The evaluation of correlations between all pa-
rameters of goat milk under study for the whole
lactation is presented in Table 4. The evaluation of
relationships between contents of individual milk
components indicated that there were statistically
very high positive correlations (P < 0.001) be-
tween DM content on the one hand and contents
of SNE fat and protein on the other (r = 0.882;
r = 0.842 and r = 0.841, resp.). This observation
corresponds with data published by Zeng ez al.
(1997), Clark and Sherbon (2000) and Antunac
et al. (2001a). On the contrary, Prasad and Sengar
(2002) reported highly significant negative corre-
lations between DM content and those of fat and
protein in both cases. Further very high positive
correlations (P < 0.001) were found out between
contents of DM and casein (r = 0.799); content
of SNF and that of fat (r = 0.499), protein (r =
0.905) and casein ( = 0.868); content of fat and
that of protein (r = 0.523) and casein (r = 0.496)
and between contents of protein and casein (r =
0.914). Clark and Sherbon (2000) found similar
correlations between SNF and contents of protein
and casein as well as between contents of protein
and casein. Antunac e# /. (2001a) also found a very
high significant correlation (P < 0.001) between
contents of SNF and protein. Negative correlations
existed between Ca and contents of DM, SNE, fat,
protein and casein. A negative correlation between
contents of Ca and protein (r = —0.277) was statis-
tically significant (P < 0.05). On the other hand,
correlations between the content of Ca and that of

lactose (= 0.331; P < 0.01) and urea nitrogen (r =
0.549; P < 0.001) were both positive.

When evaluating the relationships between indi-
vidual milk properties it was found out that cor-
relations between pH and titratable acidity and/or
specific density were both highly significant and
negative (P < 0.001). Negative correlations, but not
significant, between milk pH and its titratable acid-
ity were also reported by Galina ez al. (1996) and
Khaled et al. (1999). The correlation between pH
and rennetability was, however, highly significant
and positive (r = 0.487; P < 0.001). This finding
corresponded with data on rennetability of cow
milk published by Gajdisek (1989) and Hanus ez
al. (1995). As far as the relationships between indi-
vidual milk properties on the one hand and RCQ
on the other were concerned, there was only one
significant positive correlation, viz. between rennet-
ability and RCQ (P < 0.05; » = 0.241).

The evaluation of correlations between milk
properties on the one hand and its individual
components on the other revealed a very highly
significant positive (P < 0.001) correlation between
protein content and titratable acidity (» = 0.402)
and a very highly significant negative (P < 0.001)
correlation between urea nitrogen content and milk
density (r= —-0.396). When evaluating the effect
of individual milk components on its rennetabil-
ity it was found out that a significant correlation
(P < 0.05) existed only between fat content and
milk rennetability (» = 0.226). On the other hand,
Clark and Sherbon (2000) calculated only an in-
significant correlation between these two variables.
As far as the effects of individual milk components
on RCQ are concerned, it is possible to conclude
that no significant correlations were found out in
our experiments. When evaluating the correlations
presented in Table 4, it is necessary to add that very
high negative relationships were found between
milk yield on the one hand and contents of DM,
SNE, fat, protein and casein on the other. Zeng
et al. (1997) also reported a negative correlation
between milk yield and fat content. Nevertheless,
these authors found a significant positive correla-
tion between milk yield and protein content.

CONCLUSIONS
The evaluation of changes in milk composition in
the course of the third lactation showed that there

were significant differences in contents of all com-
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ponents and that these changes were dependent on
the day and/or stage of lactation. A tendency of
gradual increase was found only in fat. As far as the
stability of contents of basic milk components was
concerned, it was found out that the contents of
DM and SNF were relatively stable from the 35th
to the 194th day of lactation and those of protein,
casein, calcium and lactose within the interval of
the 35th and 163rd day. Thereafter, a significant
increase was observed in contents of DM, SNE
protein and casein while contents of Ca were
significantly lower in the period to come. When
evaluating changes in individual milk properties it
was found out that the values of titratable acidity
and pH were relatively stable during the whole lac-
tation. The only exception was pH on the 135th
day of lactation. The shortest clotting interval was
recorded during the first two samplings; thereafter,
the time of clotting was markedly longer. But it
was concluded in general that the clotting interval
ranged within adequate time limits.

Correlations between basic milk components
(DM, SNE fat, protein and casein) were all positive
and highly significant. As far as the relationship be-
tween the contents of individual milk components
and its properties were concerned, a highly signifi-
cant positive correlation was found only between
protein content and titratable acidity. Correlations
between pH and titratable acidity and between pH
and milk density were very negative and highly sig-
nificant in both cases while the correlation between
pH and rennetability was very highly positive. As
far as the relationships between RCQ on the one
hand and milk properties on the other were con-
cerned, a significant positive correlation was found

only between rennetability and RCQ.
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ABSTRAKT

Slozeni a vlastnosti mléka u bilych kratkosrstych koz v pritbéhu tieti laktace

Slozeni a vlastnosti mléka v pritbéhu tieti laktace byly hodnoceny na zékladé analyz vzork mléka
ziskanych od deviti koz plemene bild kritkosrstd koza. Byly sledoviny tyto ukazatelé: slozeni mléka — zak-
ladni slozky mléka (susina (S), tukuprostd susina (TPS), tuk (T) a laktdza (L)), dusikaté litky v mléce
(bilkoviny (B), kazein (K) a mocovinovy dusik (MN)) a obsah vdpniku (Ca); vlastnosti mléka — pH,
titraéni kyselost (TK), hustota mléka (HM) a syfitelnost (SYR). Nedilnou souésti sledovani bylo i hodno-
ceni jakosti syfeniny (JS) a dojivosti. Odbéry vzorka mléka byly realizoviny v primérném 35., 68., 100.,
135., 163., 194., 226. a 258. dni laktace z ranniho dojeni, které bylo provéddéno ruéné. Viechny kozy byly
po celou dobu sledovéni chovdny v rdmci jedné skupiny v identickych podminkach a mezi jednotlivymi
kusy nebyl rozdil v Grovni péée a vyzivy. Analyzy mléka byly providény ve specializované laboratofi pro
rozbory mléka na MZLU v Brné. Z hodnoceni zmén zdkladnich slozek koziho mléka vyplyvi, Ze ve viech
piipadech byly zjiftény priikazné rozdily v obsahu téchto létek v zdvislosti na dni, respektive obdobi lak-
tace, pouze u tuku byla zji$téna tendence postupného zvysovéni jeho primérnych obsaht (od 3,38 do
4,07 %). U S a TPS bylo zji$téno postupné zvysovini jejich obsahti do 100. dne laktace, ve 135. dni byl
zaznamendn nepriikazny pokles obou téchto litek na 11,59 % a 8,07 %. Poté viak u obou téchto ukazatelii
bylo opétovné registrovino postupné zvysovini jejich obsahl, a to az do konce sledovini. Nejvyssi (4,63 %)
a nejnizdi (4,36 %) obsah L byl zji$tén ve 100. a 194. dni laktace, kdyz rozdil mezi témito hodnotami byl
(P<0,05). Primérné obsahy B a K byly v intervalu od 35. do 163. dne laktace pomérné vyrovnané, aviak
v ndsledném obdobi doslo k postupnému zvysovini jejich obsahti az do konce sledovini. Z hodnoceni
zmén obsahti Ca vyplyvé, Ze v obdobi od 35. do 100. dne laktace byl zaznamendn nepritkazny ndriist
obsahtt Ca (od 0,93 do 1,13 g/l), pfi¢emz ve 135. dni laktace byl zjistén shodny obsah Ca jako ve 100.
dni laktace. Poté viak doslo k postupnému snizovani obsahti Ca, a to az do 194. dne laktace (0,79 g/1); od
194. dne byly obsahy Ca az do konce sledovini stabilni. Z hodnoceni zmén obsaht mo¢ovinového dusiku
v zdvislosti na dni laktace vyplyv4 postupné zvy$ovdni jeho obsahu od 35. (24,18 mg/100 ml) do 135. dne
laktace (30,92 mg/100 ml), kdy? rozdil mezi témito hodnotami byl (P < 0,01). Nésledné byl viak zjidtén
postupny pokles jeho obsahu, a to az do 226. dne. Primérné obsahy S, TPS, T, L, B, K, Ca a MN za
celou lakeaci byly: 11,95 %, 8,33 %, 3,62 %, 4,47 %, 2,90 %, 2,10 %, 0,93 g/l, a 23,62 mg/100 ml. Ze
zhodnoceni zmén vybranych vlastnosti mléka v zévislosti na dni laktace zejména vyplyvé, Ze hodnoty pH
a TK byly v priibéhu celého sledovini pomérné vyrovnané, s vyjimkou pH mléka ve 135. dni, kdy doslo
jednordzové ke zvy$eni na 6,91. Statisticky pritkazné (P < 0,05), respektive vysoce pritkazné (P < 0,01)
nejvy$si HM byla zjisténa u g)osledm'ho odbéru (1,028 g/cm?), kdy? nejnizé{ hustota byla stanovena ve
135. dni laktace (1,025 g/cm?’). Nejkratsi doba SYR byla zji§téna na po&itku laktace, v 35. (58 s) a v 68.
(50 s) dni. Od 68. dne se viak doba SYR statisticky vysoce pritkazné (P < 0,01) prodluzovala, a to az do
135. dne laktace (143 s). V nésledném obdobi viak byla doba sriZeni pomérné stabilni. Primérné hodnoty
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pH, TK, HM a SYR za celé sledované obdobi byly: 6,77 a 5,71 °SH, 1,026 g/cm? a 109 sekund. Jakost
syfeniny byla po celou dobu sledovéni vysoce vyrovnané (2,56-3,11). Ani u jednoho ukazatele nebyl za-
znamendn priikazny rozdil mezi prvnim a druhym odbérem, kdyZ mezi témito odbéry doslo k ptechodu ze
zimni na letn{ krmnou ddvku. Vzdjemné korelaén{ vztahy mezi zékladnimi slozkami mléka (S, TPS, T, B
a K) byly ve viech ptipadech pozitivni (P < 0,001). Z hodnoceni zdvislosti mezi jednotlivymi vlastnostmi
mléka zejména vyplyvé, ze mezi pH a TK, respektive HM byly zji$tény velmi vysoce negativni zdvislosti
(P <0,001). Naproti tomu v$ak mezi pH a SYR byla zji$téna velmi vysok4 pozitivni zdvislost (2 < 0,001).
U zdvislosti mezi jednotlivymi vlastnostmi mléka a JS byla zji§téna pritkazn4 pozitivni zdvislost (P < 0,05)
pouze mezi SYR a JS. Z hodnocen zévislosti mezi jednotlivymi slozkami mléka a jednotlivymi vlastnostmi
mléka predeviim vyplyvé velmi vysoce pozitivni zavislost (? < 0,001) mezi obsahem B a TK a velmi vysoce
negativni zdvislost (P < 0,001) mezi obsahem MN a HM.

Kli¢ov4 slova: kozi mléko; slozeni; vlastnosti; jakost syfeniny; bild krétkosrstd koza
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Hydroxymethylfurfural in Czech honeys

K. KaLAsovA!, L. VorLovA!, 1. Borkovcova®, M. SMUTNA?, V. VECEREK?

'Department of Milk Hygiene and Technology, 2Department of Biochemistry and Biophysics,
*Department of Veterinary Public Health and Forensic Medicine, Faculty of Veterinary Hygiene
and Ecology, University of Veterinary and Pharmaceutical Sciences, Brno, Czech Republic

“Centre for the Hygiene of Food Chains, Brno, National Institute of Public Health, Prague,

Czech Republic

ABSTRACT: In this study the method of HPLC for the determination of hydroxymethylfurfural (HMF) in honey
was introduced and validated. The comparison of the HPLC method with classical Winkler’s method indicated
significant differences in the results determined by both methods (2 < 0.05). It was also found out that the HPLC
method provided more accurate results than classical Winkler’s method. Employing the established HPLC method
we determined the content of HMF in the package of 56 samples of the honeys campaigned between the years
1999 and 2002 by Czech beekeepers. The ranges of the recorded values of HMF were: 24.8-66.1 mg/kg in the
samples from the year 1999, 15.2-38.7 mg/kg in the samples from the year 2000 and the samples from the year
2001 contained 5.7-38.4 mg/kg of HME HMEF in the honey samples campaigned in 2002 ranged between the
values lower than the limit of detection up to the concentrations of 24.2 mg/kg. There were significant differences
(P < 0.01) in the concentrations of HMF in the individual years, with the insignificant differences between the
years 2001 and 2002. The limit of 40 mg/kg determined by the Czech legislation for the HMF content in honey
was exceeded in 55.6% of the samples campaigned in 1999. The obtained results demonstrate that the limitation

of the minimal shelf life by three years is legitimate.

Keywords: honey; HMF; storage; HPLC; Winkler’s method

Hydroxymethylfurfural (HMF; 5-hydroxyme-
thyl-2-furankarbaldehyde) ranks among the sub-
stances with mutagenic activity. However, from
the human health point of view, the opinions on
its possible cytotoxic, genotoxic and carcinogenic
effects are not unified. However, it is obvious that
being able to enter other reactions, this highly re-
active compound can make the nutritional value
of honey lower by the degradation of its unstable
components, or possibly affect its colour if present
in higher concentrations (Surh ez 2/, 1994; Kubis
and Ingr, 1998; Gangolli, 1999; Janzowski ez 4.,
2000).

This cyclic aldehyde comes into the existence
either by the dehydration of hexoses in an acidic
medium or as a result of Maillard’s reaction.

Honey offers friendly conditions for the origin of
HME: high concentration of saccharides (mainly
hexoses), lower pH value, presence of organic
acids and low water activity. The HMF content
in fresh honey is very low, almost reaching zero.
However, it grows up during the heating or stor-
age processes. Considering all the facts mentioned
above, the content of HMF is an important pa-
rameter in the evaluation of honey quality. It
also enables to detect the damage of honey or its
adulteration by invert sugar or starch syrup (Kubis
and Ingr, 1998; Wunderlin ez al., 1998; Nozal ez
al., 2000).

In the Czech legislation Government Decree No.
76/2003 limits the content of HMF in honey to
40 mg/kg. In the international legislation this limit
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value is defined by the European Honey Directive
(2002) and Codex Alimentarius (2001).

There are three methods of HMF determination
in honey cited in Harmonized Methods of the
European Honey Commission. Two spectropho-
tometric ones — Winkler’s and White’s methods
(AOAC method) are used in dependence on the
type of spectrophotometer at various workplaces.
The determination of the HMF content using
HPLC with UV detection is the third possibility
(Bogdanov ez al., 1997).

The aim of this study was to introduce and vali-
date the method of HMF determination in honey
using HPLC and consecutively to compare this
method with classical Winkler’s one. Another aim
was to determine the HMF content in 56 honey
samples campaigned by Czech beekeepers in the
period of 1999-2002 using the newly introduced
HPLC method and to utilize the obtained results
to find out the way HMF increased its value during
4 years of storage.

MATERIAL AND METHODS

Material. We analysed 56 samples of Czech
honeys campaigned by the beckeepers during the
period of 1999-2002 (1999 — 9 samples, 2000
— 18 samples, 2001 — 19 samples, 2002 — 10 sam-
ples). Starting HMF concentrations of the samples
ranged from 0 to 5.1 mg/kg. Before the analysis the
honey samples coming from the individual years
were stored in shaded jars at a laboratory tempera-
ture of 20 + 2°C.

10 samples of honeys with the wide concentra-
tion ranges (0-132.6 mg/kg) were selected to
compare the HPLC and Winkler's methods. The
samples largely exceeding 40 mg/kg were also used
to cover the wide range of concentrations.

Methods. The HPLC method for HMF determi-
nation in honey on the ground of the method cited
in Harmonized Methods of the European Honey
Commission was used for validation (Bogdanov
et al., 1997): 10 g of the sample were diluted in
water and quantitatively transferred into a 50 ml
volumetric flask. The solution was filtered through
the membrane filter for HPLC (0.45 pm). Two
concurrent determinations were carried out for
each sample.

The HMF concentration was determined us-
ing an Alliance 2695 liquid chromatograph from
Waters (USA) with PDA 2996 detector. Separation
was run on the Nova-Pak C,; column with the
reverse phase of 3.9 x 150 mm, granularity of
the stationary phases 4 pm, at the temperature
of 25°C. Water (purity for HPLC) and methanol
mixed at the ratio of 90 : 10 and the rate of flow of
1.0 ml/min in an isocratic regime constituted the
mobile phase. Detection was carried out in UV
range at the wavelength of 285 nm. Measurements
were evaluated using Empower PDA software
(Waters, USA).

Concurrently the HPLC method was compared
with classical spectrophotometric Winkler’s method
(Bogdanov et al., 1997). After the reaction with
p-toluidine agent and barbituric acid the absorb-
ance of the diluted sample of honey was measured
at 550 nm on a single beam UV/VIS Lambda 11
spectrophotometer, from Perkin Elmer (USA). The
HMEF concentrations were obtained using calibra-
tion line and linear regression. The comparison of
both methods was carried out in 10 selected sam-
ples of honeys.

The results were processed by STAT Plus statistic
program (Matouskové et al., 1992). The compari-
son of HMF concentrations in the honey samples
campaigned in four different years was performed
using unpaired 7-test. The HMF contents meas-

Table 1. Summarisation of HMF concentrations in the analysed samples of honeys (¥ = average, SD = standard

deviation)

Year of Number HMF (mg/kg) Number of samples (%)
campaign of samples % min max SD HME > 40 mg/kg
1999 9 44.2 24.8 66.1 11.9 55.6

2000 18 25.0 15.2 38.7 7.4 0.0

2001 19 12.7 57 38.4 8.1 0.0

2002 10 10.3 belte 242 90 0.0

detection limit
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ured by both methods were compared by pair
T-test.

RESULTS AND DISCUSSION
Validation parameters of HPLC method

The linearity of the used HPLC method was
tested by the HMF standards in the concentration
range of 0.01-100 mg/l HME The detection limit
of this method was 0.034 mg/kg HME To mention
the parameters of the method repeatability, the co-
efficient of variation and the relative coefficient of
variation were 1.4 mg/kg and 6.8%, respectively at
the average HMF value of 20.8 mg/kg.

The results of the analysis of a package
of 56 honey samples

The results of HMF determination by the HPLC
method in the honey samples campaigned in the
period of 1999-2002 are shown in Figure 1. The
basic quantitative statistical characteristics of the
obtained results are given in Table 1. The individual
samples are divided into four groups depending on
the year of the campaign. The results indicate the
older the analysed samples, the higher the values of
HMF concentrations. This corresponds with the

HMF (mg/kg)

2000

1999

332
2006000060006
0000000000004
222 2332222

/122222222222

Year of campaign

fact that HMF concentration increases not only by
honey heating but also during its storage.

We miss literary data describing the relation
between the HMF content and long-term storage.
We can compare our HMF values in the samples
from 2002, the age of which is 1 year and less,
with the results cited by Kubi§ and Ingr (1998),
who stored honey samples from their own hives
for 1 year at the temperature of 18°C. Their HMF
values of 5.36; 5.85 and 7.66 mg/kg are the average
values of 10 samples of the same type of honey and
are comparable with our average concentration of
10 samples of 10.3 mg/kg from 2002.

Sancho ez al. (1992) stored honey samples from
Spanish beekeepers at the average laboratory tem-
perature of 20°C for 5 years. The average HMF
concentrations of the samples were 4.7 mg/kg after
four and 13.1 mg/kg after 16 months of storage.
These results can be compared with our average
HMF content of 10.3 mg/kg in the samples from
2002, the age of which is 11 months and less. The
value 10.3 lies between the values of 4.7 and 13.1,
which corresponds with the sample age that is more
than 6 and not more than 11 months. Our samples
from 2001, the age of which was between 18 and
23 months, showed the average HMF value of
12.7 mg/kg. This value is insignificantly lower than
13.1 mg/kg in Spanish honeys after 16 months of
storage. This fact confirms the comparability of
our measurements with those of Sancho ez 4l

> 1

IT
322

22223322
1822822240252 dM

2001

Figure 1. HMF content in honey samples from the individual years of campaign
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(1992). After 28-month storage of the Spanish
honeys Sancho ez al. (1992) determined the value
of 33.2 mg/kg as the average HMF concentration
in these samples. Our samples from 2000 of the age
from 30 to 35 months reached the average values of
25.0 mg/kg. This value is only by a few units lower
than 33.2 mg/kg in Spanish honeys after 28 months
of storage. A comparison of these values supports
the speculation expecting a faster increase in HMF
content in Spanish honeys. This hypothesis should
be tested by the determination of HMF content at
least after one more year of storage but Sancho ez 4.
(1992) did not carry out such an experiment.
White ez al. (1964) gave the HMF contents in
three honey samples with different initial concen-
trations of HMF at the temperature of 21°C during
274, 371 and 538 days of storage. The first sample
with the starting HMF concentration of 0.6 mg/kg
contained 6.6 mg/kg after 274 days and 9.6 mg/kg
of HMEF after 371 days. These values are compara-
ble with the average HMF value of 10.3 mg/kg in
our samples from 2002. After 538 days of storage
(1.5 year) the sample contained 14.3 mg/kg of
HME which is again comparable with the amount
of 12.7 mg/kg of HMF in the samples from 2001.
The second sample with the starting amount of
2.2 mg/kg contained more HME, namely 14.9
after 274, 21.9 after 371 and 32.2 mg/kg after
538 days. The increase was even more significant in

the third sample whose starting content increased
from 3.5 mg/kg to 16.2 after 274 days and to 22.4
after 371 days and to 35.7 mg/kg of HMF after
538 days. These results suggest that after certain
storage time the HMF concentration is also influ-
enced by the starting amount of HMF in honey.
Considering that the limit value of 40 mg/kg was
exceeded only by some samples from 1999, the age
of which was approximately from 3.7 to 4 years in
the time of the analysis, we can declare the period
of 3 years a legitimate minimal shelf life of honey.
Our numbers of above-limit samples are compa-
rable with those reported by Sancho et al. (1992).
None of their 115 analysed samples of Spanish
honey of the age below 1 year exceeded the limit
value of HMF 40 mg/kg. The same can be said
about our samples from the year 2002. There is
a slight difference between our honey samples
from the year 2001 where none exceeded the limit
value and the value 5.2% for the Spanish honeys
that exceeded this limit when being stored from
1 to 2 years. However, there is a great difference
between our samples from the year 2000 where
none of them exceeded the limit value again and
the Spanish samples where the limit value was ex-
ceeded by 89.6% of those stored for three years.
A similar although not so striking difference can
be found between the number of the above-limit
Spanish honeys stored for four years that amounted
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to 98.3% of the total of 115 analysed samples and
the value 55.6% of our samples from 1999 that
exceeded the limit of 40 mg/kg. These differences
support the above-mentioned hypothesis that there
is a comparable increase in the HMF content in
both our and Spanish honeys if they are stored
for 2 years. However, when this period is over, the
HMEF concentration grows faster in Spanish than
in Czech honeys with Spanish honeys exceeding
the limit value of HMF of 40 mg/kg not later than
during the third year of storage (probably thanks
to hotter climate) whereas in Czech honeys this
happens not sooner than during the fourth year of
their storage.

Table 2 summarizes the statistical evaluations of
HMF concentrations in the samples from indi-
vidual years of their campaigns. The HMF content
determined in the samples from 1999 shows a
highly significant statistical difference (P < 0.01)
from the amounts of HMF in honeys from the
years 2000, 2001 and 2002. The concentration of
HMEF in the samples from the years 2001 and 2002
is equally significantly different (P < 0.01) from the
HMEF content in the honeys from 2000. On the
contrary, the differences between the concentra-
tions of the samples from the years 2001 and 2002
are insignificant.

It is obvious from the results that honey will not
reach the limit value of HMF within the period of
its minimal shelf life if it is not damaged by mis-
handling. Currently it can be assumed that dur-
ing proper storage conditions of large amounts of
honey it is realistic to observe the stricter internal
standard for honey with the registered mark “Czech

Table 2. Statistical evaluation of HMF concentrations
in honey samples from the individual years of cam-

paign

Year 2000 2001 2002
1999 P <0.01 P <0.01 P <0.01
2000 X P <0.01 P<0.01
2001 X X x

Honey” that sets down the limiting value of HMF
content at 20 mg/kg (Guideline, 1999).

Comparison of HPLC and Winkler’s method

Using both methods we determined the HMF
content in ten selected samples of honey. The
obtained values are summarised in Figures 2 and
3. Figure 4 shows the correlations between the
concentrations obtained by HPLC and Winkler’s
method. We found out by pair 7-test that the dif-
ferences between the results determined by both
methods were significant (P < 0.05). The coeffi-
cients of variations show that the HPLC method
offers more accurate results compared to classical
Winkler’s method.

Considering the significant differences (P < 0.05)
of the results given by the two methods (HPLC and
Winkler’s method), the comparison of our results
and results obtained by other authors who used
other methods than HPLC to determine HMF is
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160 W O HPLC method
120 4 %‘%
ﬁﬁ-nn
®
2 w0 it
oo}
2 i i
e i HiH
i S
40 1 i 3333328
$iid s Figure 3. Comparison of HPLC
fg%gg ;;:8# and Winkler’s method in honey
04— RS hus 1 samples with HMF concentra-
9 o —— 10 tions above 90 mg/kg

555



Original Paper

Czech J. Anim. Sci., 48, 2003 (12): 551-557

140 -‘
120 A
100 4
80 4

60 4

HPLC method

40 4

20 4

Figure 4. The correlation
between HPLC and Win-
kler's method

¥ =0.9364x —0.5562
R*=0.9989

0 T T T

0 25 50 75
Winkler’s method

more or less informative. It has nothing to do with
the fact that the HMF content in honey increases
gradually during its storage to exceed the values laid
down by law. This is supported not only by our re-
sults but also by the results of other authors whose
values were compared with ours.
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ABSTRAKT
Hydroxymethylfurfural v &eskych medech

V této studii byla zavedena a validovdna metoda HPLC pro stanoveni hydroxymethylfurfuralu (HMF) v medu.
Porovndnim HPLC metody s klasickou metodou Winklerovou bylo zjisténo, Ze rozdily mezi vysledky stanovenymi
obéma metodami jsou statisticky vyznamné (P < 0,05) a Ze metoda HPLC poskytuje piesnéjsi vysledky oproti kla-
sické metodé Winklerové. VyuZitim zavedené metody HPLC byl stanoven obsah HMF v souboru 56 vzorkii medi
vyti¢enych v letech 1999 a2 2002 pochdzejicich ptimo od véelati z CR. Namétené hodnoty HMF se u vzorki
medut pochazejicich z roku 1999 pohybovaly v rozmezi 24,8-66,1 mg/kg, z roku 2000 v rozmezi 15,2-38,7 mg/kg a
vzorky z roku 2001 obsahovaly 5,7-38,4 mg/kg. HMF v medech vyti¢enych v roce 2002 se pohyboval v hodnotich
mensich nez mez detekce aZ po koncentrace 24,2 mg/kg. Koncentrace HMF se v jednotlivych letech statisticky
signifikantné (P < 0,01) lisily. Statisticky nevyznamné rozdily byly nalezeny mezi roky 2001/2002. Limit pro obsah
HMF v medu 40 mg/kg stanoveny ¢eskou legislativou byl prekrocen u medi z roku 1999 u 55,6 % vzorki. Ze
ziskanych vysledk je zfejmé, Ze ohrani¢eni doby minimdlni trvanlivosti tfemi roky je opodstatnéné vzhledem ke
zvySovain{ obsahu HMF béhem skladovéni.

Kli¢ova slova: HMF; skladovani; HPLC; Winklerova metoda; med
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