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Abstract
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Ejaculate specific conductivity ¢ (S.m™") was measured for 10 breeding stallions. The set of measurings
was performed three times for native ejaculate and three times for ejaculate stored for 24 hours at 4 °C.
The average value of specific conductivity of native ejaculate was found to be 1.22 + 0.11 S.m"!, the same
quantity for stored ejaculate was calculated to be 1.11 + 0.11 S.m™". The values of coefficients of variation
have been calculated for several quantities, and qualitative (ejaculate volume, sperm concentration, and
sperm motility) and quantitative parameters have been compared by way of phenotype coefficients of cor-
relation. Two dependencies, namely specific conductivity vs. sperm concentration (rp =-0.79; P <0.99)
and specific conductivity vs. motility (rp =-0.78; P < 0.99), have been evaluated as relevant and enabling
supplementary description of stallion ejaculate quality by means of other (physical) quantity.
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Measuring and especially evaluating and standar-
dizing physical properties of stallion’s ejaculate must
face one major obstacle — huge variation in ejaculates
from different stallions, and even among ejaculates
collected from the same stallion (Rousset, 1987 and
Katila, 1997). Procedures for correct handling fresh
stallion semen and assessing the quality of raw semen
is broadly described e.g. in (Malmegren, 1997).
Physical properties of semen (as a testing material)
change very quickly with time (Shi et al., 2004) and
their comparison and evaluating is thus complicated.
Livestock ejaculate electric and dielectric proper-
ties have been studied for quite a long time (Brandt,
1963; Machal and Ktivanek, 2000) and ejaculate was
found to be, in most cases, a substance considerable
as imperfect dielectric with some conductivity arising
in time variating electric field. This arising is associ-
ated with molecule oscillation, deformation, polariza-
tion, etc. Measuring of electric and dielectric proper-
ties of animal tissues and animal products has been
performed by many investigators (e.g. Jain and Woss,
1987; Kiivanek and Buchar, 1993; Kent, 1987; Tran
and Stuchly, 1987; Welti-Chanes, 2002; and others).
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The conductivity values of boar ejaculate were
classified by (Kozumplik and Kudla¢, 1980). Rela-
tion between relative permitivity, conductivity, and
qualitative parameters of boar and bull ejaculate were
monitored by (Machal et al., 1997). Following values
of phenotype correlation were found for native bull
ejaculate: ejaculate volume and observed electric and
dielectric properties (r ranged from —0.17 to —0.72);
sperm concentration and ejaculate electric and die-
lectric properties (r, ranged from —0.09 to —0.74); and
sperm motility and specific conductivity (rp ranged
from 0.08 to 0.48). Thus negative correlation values
were found for ejaculate volume and sperm concen-
tration while positive correlation values for sperm
motility. Concerning boar ejaculate, positive values
of correlation were calculated in all cases.

The aim of presented paper consists in describing
of stallion ejaculate specific conductivity, determi-
ning the changes induced by one-day storing, and
finding possible relation between qualitative parame-
ters (such as concentration and motility) and specific
conductivity.
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MATERIAL AND EXPERIMENTAL
PROCEDURE

Ejaculate specific conductivity was observed for
10 breeding stallions of different breeds (hereinaf-
ter denoted as numbers 1-10) housed in horse-bree-
ding farm in Tlumacov, Czech Republic. The stallions
were actively employed in production of insemination
doses and were considered to be clinically healthy.
The ejaculate collecting was performed on a regular
base — two times a week. Monitored samples of ejacu-
lates were collected in April and May in 3 stages (with
2 weeks interval), hereinafter denoted as on site I, on
site I1, and on site III. Measuring was performed on site
(in the laboratory conditions) in compliance with fresh
ejaculate handling rules (Katila, 1997). The samples
were tested 20 minutes after ejaculation and ejaculate
volume and concentration were determined as a com-
plementary biological measuring and factor possibly
influencing the physical properties. The sperm con-
centration was determined by means of Biirker’s cells
method. The sperm motility was determined by sub-
jective evaluation method. The temperature of each
sample was 38 + 1 °C. The second day measuring was
performed on ejaculate stored at 4 °C in the physical
laboratory of Mendel University of Agriculture and
Forestry in Brno. The temperature was measured and
recorded before each measurement.

Specific conductivity ¢ was determined by use of
bio-impedance spectroscopic analyzer ZO1 designed
by OMNI BIO. This apparatus allows measuring
conductivity as a function of frequency. The measu-
rements ranged between 10 Hz and 100 kHz. Thus
determining of any potential phase shift in the electric
signal inside the sample and the capacity component
of conductivity was possible.

Special four-contact coaxial probe was used to per-

form the measurements in order to eliminate the er-
rors induced by transition impedance.

Following relation applies for conductivity probe:
c=K-G,

where K (m™) is conductivity parameter of the probe.
This parameter is determined by use of normal fluid
(20% solution of NaCl with specific conductivity
19.61 S.m™").

The principle of four-contact measuring consists in
following arrangement. Two electrodes are designed
as feeding ones (the electric signal of given frequency
is applied) and two as sensing ones. The sensing
electrodes measuring the intensity of electric voltage
inside the sample connected to alternating voltmeter
with very high input resistance. Thus the influence of
transition resistance between sample and sensing con-
tact is eliminated.

The sample’s frequency dependence of conductivity
was determined by means of apparatus Z01, which is
able to shift automatically the frequency in the range
of 10Hz—100 kHz with 10-s step.

RESULTS AND DISCUSSION

Immediate determining of breeding stallions’ (or
generally breeding animals) fertilization capability
without necessity of performing special, and often
time-consuming, quantitative or qualitative tests, is
a big challenge. Since the ejaculate is biological mate-
rial with highly variable physical properties, the most
precise description is needed.

Table I contains data on 3 sets of measuring of
ejaculate specific conductivity performed in the farm
laboratory (20 minutes after ejaculation) and univer-
sity laboratory (24 hours later).

I: Measured values of ejaculate specific conductivity for different stallions and different dates

Electric Conductivity 6 [Sm™]

Sample No. onsite]l 2ndday onsitell 2ndday onsitelll 2nd day
1 1.15 1.07 1.08 1.01 1.18 1.06
2 1.13 1.13 1.14 1.07 1.12 1.06
3 1.31 1.33 1.28 1.22 1.27 1.22
4 1.12 1.10 1.16 1.01 1.14 1.09
5 0.98 0.96 1.20 1.06 0.99 0.95
6 1.34 1.23 1.40 1.18 1.18 0.91
7 1.28 1.22 1.38 1.21 1.14 0.88
8 1.33 1.28 1.34 1.14 1.29 1.15
9 1.29 1.21 1.32 1.17 1.14 1.08

10 1.23 1.16 1.13 1.01 1.15 0.93
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Table data represent the average values of conducti-
vities measured under different frequencies, namely
0.1 kHz, 1 kHz, 10 kHz, and 100 kHz. Such com-

plete measurement set is shown in Table II, namely
for experiments performed on site I1. Similar data sets
are available for all experiments.

II: Example of detailed on site Il conductivity measuring

Electric conductivity ¢ [Sm™!]

Sample No. 0.1 kHz 1 kHz 10 kHz 100 kHz x
1 1.08 1.08 1.09 1.06 1.08
2 1.19 1.20 1.19 1.21 1.20
3 1.26 1.26 1.26 1.34 1.28
4 1.07 1.07 1.07 1.42 1.16
5 1.18 1.18 1.18 1.25 1.20
6 1.36 1.38 1.38 1.48 1.40
7 1.36 1.39 1.39 1.37 1.38
8 1.31 1.32 1.32 1.42 1.34
9 1.31 1.30 1.30 1.38 1.32
10 1.12 1.12 1.12 1.19 1.13

The value of average volume of stallion ejaculate
was found to be 41.1 + 27.0 cm?® (Table III). This
value corresponds with values quoted in the lite-
rature (Mdachal and Kfivanek, 2002). The value of
average sperm concentration 0.37 + 0.28 (10°.cm™)
was slightly higher than the average value mentioned

in literature (Machal and Kiivanek, 2002). The levels
of electric conductivity varied in accordance on moni-
toring time (either on site or 2nd day). The average
value of on site ejaculate conductivity was calculated
as 1.22 £ 0.11 S.m™! in comparison with 1.11 £ 0.11
measured 2™ day.

II: The average values of qualitative and quantitative parameters of stallion ejaculate and its specific

conductivity
n x S, V_[%]

Ejaculate volume [cm?] 60 41.10 27.0 66
Sperm concentration [10°.cm™] 54 0.37 0.28 76
Motility [%] 54 66.50 8.40 13
Temperature [°C] 60 21.70 0.80 3.6
Electric Conductivity on site o [Sm™'] 27 1.22 0.11 9
Electric Conductivity 2™ day ¢ [Sm '] 27 1.11 0.11 10

The average conductivity decrease between on
site and 2nd day measurement was 0.11 £ 0.07 Sm !,
which represents 8.9 + 6.03 %. Also the values of
ejaculate conductivity observed for individual stalli-
ons and individual comparable measurements (either
on site measurement or 2™ day measurement) ranged

to a certain extent. To be specific, variation coefficient
ranged from 1.0 to 8.3%. This value is much smaller
in comparison with variation of sperm concentration
value and slightly smaller in comparison with sperm
motility variation.



66

L. Severa, I. Krivanek, L. Mdachal

IV: Calculated values of coefficients of correlation for specific conductivity and selected parameters, and veri-

fication test of correlation coefficient

Phenotype coefficients of correlation

Ejaculate volume  Sperm concentration Motility
[cm?] [10°.cm™] [%]
Electric Conductivity measured on site 0.39* —0.79* —0.78*

b

») test of correlation coefficient according to Student’s distribution

Tabulate values

Calculated value p 0.95 p 0.99

Ejaculate volume 1.187 1.860 2.896

Sperm concentration 3.719 1.860 2.896

Motility 3.644 1.860 2.896
*P < 0.01

Table IV shows the relation between 3 monito-
red parameters and electric conductivity. The rela-
tion was evaluated by means of phenotyte coeffici-
ent of correlation. The dependence intensity can be
identified (Stavkova, 1992) as ,,strong" in the case of
sperm concentration (rp = —0.79) and motility (rp =
—0.78), and ,,weak in the case of ejaculate volume
(rp =0.39). The sperm concentration and sperm moti-
lity exhibited negative values of correlation with
electric specific conductivity, while ejaculate volume
exhibited positive correlation. The verification test of
correlation coefficient proved the dependence rele-
vancy in case of sperm concentration and motility.
This finding is in partial agreement with several years
ago performed measurings (Machal and Kfivanek,
2000), where similar dependencies were monitored
for bull ejaculate. The bull ejaculate exhibited very
weak dependence in case of relation between ejacu-
late volume and motility. The sperm concentration,
on the other hand, shown middle strong dependence
(rp =-0.51). As compared with these results, stallion
ejaculate exhibited clearer dependencies, even in two
cases.

CONCLUSIONS

The average specific conductivity of native stal-
lion ejaculate (measured for 10 stallions) was calcu-
lated as 1.22 + 0.11 S.m™' with variation coefficient
9%. The same quantity measured after 24 hours exhi-

bited slight decrease to the value of 1.11 £0.11 S.m!
with 10% variation coefficient. Evaluated qualitative
parameters — ejaculate volume, sperm concentration,
and motility, varied with 66%, 76%, and 13% varia-
tion coefficient, respectively. When comparing varia-
tion of specific conductivity measured for ejaculate of
individual stallions, the value ranged between 1-8%.

Two correlations between qualitative and quantita-
tive parameters were found as evident and possibly
promising, namely the dependence between specific
conductivity and sperm concentration (rp = —0.79),
and specific conductivity and motility (rp = —-0.78).
The coefficients of correlation were tested for their
statistical evidence and have been found to be rele-
vant. When comparing similar measurings performed
for bull or boar ejaculate (Machal and Kfivanek,
2000), the dependencies observed for stallion ejacu-
late are markedly stronger.

It is possible to state that, these results are very pro-
mising and described measuring procedures could be
used as complementary measuring methods for eva-
luation of stallion ejaculate properties. But high vari-
ability of stallion ejaculate composition and physical
properties (see v_values stated above) is still limi-
ting factor and traditional qualitative methods are
necessary for its precise description. More detailed
investigation of electric and dielectric properties of
individual ejaculate components could lead to more
complex understanding of ejaculate characteristics
and their possible use in standard practice.

SOUHRN

Merna vodivost ejakulatu hiebctl

Byla métena a vyhodnocovana mérna vodivost 6 (S.m™') ejakulatu deseti plemennych hiebcti. Méte-
ni byla provedena v celkem tiech sériich — bezprosttedné po odbéru a po 24 hodinach, kdy byl ejaku-
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1at skladovan pti 4 °C. Dale byly stanoveny hodnoty objemu ejakulatu, koncentrace spermii a motilita.
Primérna hodnota mérné vodivosti Cerstvé odebraného ejakulatu byla vypoétena na 1,22 + 0,11 S.m™".
Priamérna hodnota mérné vodivosti 24 hodin skladovaného ejakulatu méla hodnotu 1,11 + 0,11 S.m™".
Pramérny objem ejakulatu byl 41,1 +£27 cm?, koncentrace spermii 0,37 0,28 10°.cm™ a motilita 66,5 +
8,4 %. Kvalitativni a kvantitativni parametry byly srovnavany pomoci fenotypového korela¢niho koefi-
cientu. Dv¢€ zavislosti, konkrétné mérna vodivost vs. koncentrace spermii (rp =-0,79; P<0,01) a mérna
vodivost vs. motilita (r,=-0,78; P<0,01), byly vyhodnoceny jako relevantni. V téchto pfipadech je
mozny doplikovy popis kvality ejakulatu hiebc pomoci dalsi (fyzikalni) veli¢iny.

hiebci ejakulat, mérna elektricka vodivost, koncentrace spermii, motilita spermii
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