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Artificial insemination is a well-established and widely used method for genetic
improvement in cattle breeding industry. Recently, researchers have shown an increased
interest in the cryoprotective effects of minerals and antioxidants on semen. Previous studies
on calcium (Ca) and magnesium (Mg), two main macro-minerals, have mainly investigated
their roles in mammalian spermatogenesis and fertility. In addition, the experimental data
examining the semen content regarding these minerals and antioxidants from different
animal species are rather controversial and there is no general agreement about their
associations with semen quality. Therefore, this study was conducted to assess the seminal
plasma concentrations of Ca, Mg and total antioxidant capacity (TAC) in first and second
ejaculations of dual-purpose Fleckvieh bulls and to link them to the sperm characteristics of
fresh and frozen-thawed semen. Sperm progressive motility after thawing was used to
classify the data into three groups: < 40.00%, 40.00 to 50.00% and > 50.00%. The
measurements of two minerals and TAC were carried out using spectrophotometry and
enzyme-linked immunosorbent assays, respectively. The results showed that there were
significant differences in several parameters of semen quality between first and second
ejaculations. No significant differences were also found on Ca and Mg concentrations and
Ca/Mg ratio. The TAC level was significantly higher in the first ejaculation than the second
one. The findings of this study suggest that TAC is a potential marker for bull semen quality
assessment in the frozen semen production industry.

© 2019 Urmia University. All rights reserved.

Introduction

Semen

banking (cryopreservation or

spermatozoa transportation from testis to female
reproductive tract.45 For example, the macro- and micro-

semen minerals have been shown to affect sperm longevity and

freezing) is the process of collecting, storing and using
semen for breeding, population control, therapeutic and
scientific research purposes.! This method has been
previously used for animal species such as bull, stallion,
and ram. Of available parameters for semen quality
assessment, some studies have suggested sperm
motility and semen concentration as key factors for
frozen-thawed samples.23 Seminal plasma, the fluid
medium in semen providing nutrients and protection
for suspended sperm cells, has become the center of
attention for studying the effect of its components on
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fertility suggesting their levels as indicators for sperm
function and post-thawed viability.6-8

Calcium (Ca) is one of the main minerals in seminal
plasma mainly associated with sperm capacitation.?1 In
testis, Ca is involved in steroid hormone production. A
study on the cryoprotective potential of Ca testing
different concentrations in fresh and frozen-thawed
semen has indicated that its equilibrium is effective in
cryodamage prevention.” Nevertheless, the relation
between Ca levels and semen quality is controversial
and previous findings have been inconsistent.
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Magnesium (Mg) is another important mineral in
seminal plasma mainly secreted by seminal vesicles. It
is known to affect sperm quality through maintaining
osmotic balance essential for sperm function and
fertility as well as cooperating with enzymes such as
Ca?*-dependent Mg?*-ATPase.l? The reproductive
system could also be indirectly affected by Mg as a
result of homeostatic balances between calcium,
phosphorus and magnesium. This is particularly the
case for Mg deficiency due to losing appetite.13 The Mg
level has been reported to be correlated with
spermatozoa viability in ram 14 and it was found to be
significantly higher in seminal plasma of a group of
brown bear with high testosterone level.15

Oxidative stress is formed by reactive oxygen
species over-production or antioxidant mechanisms
exhaustion.!® It contributes significantly to male
infertility due to membrane damage of sperm affecting
its motility and binding ability concomitant with
mitochondrial DNA damage interfering ATP synthesis.
Such high susceptibility is caused by poor endogenous
antioxidants storage in low cytoplasm content of sperm.
Therefore, seminal plasma protects gametes via its
intracellular and antioxidant enzymes.1718 One of the
reliable, inexpensive and easy to use marker for
biological fluid oxidation status is the total antioxidant
capacity (TAC). It was recommended to estimate total
seminal fluid antioxidant level.1?

In recent years, there has been growing interest in
studying the relation between the concentrations of
macro- and micro-minerals and oxidation-reduction.
Moreover, some studies have investigated the
association between these seminal plasma biochemical
markers and semen quality in human, cattle, and
buffalo.19-21

There are a few studies regarding the first and
second ejaculations in bulls. However, it has been
reported that first ejaculation in men is rich in sperm
and contains epididymal and prostatic secretions such
as acid phosphatase, citric acid, Mg and zinc, promoting
the disulfide bridges formation, preventing premature
chromatin decondensation and inhibiting endonuclease
activity. In comparison, the second ejaculation exhibits
a low sperm count and primarily contains secretions
from the seminal vesicles.2223 Considering this, it can be
inferred that sperm characteristics could be different in
the first and second ejaculations which is the main
hypothesis of this research.

To our knowledge, there is no report regarding the
association between two frequent ejaculates in
Fleckvieh bulls. Therefore, the aim of the present study
was to measure the seminal plasma Ca, Mg and TAC in
first and second ejaculations of dual-purpose Fleckvieh
bulls and to link them to the sperm characteristics of
fresh and frozen-thawed semen.

Materials and Methods

Animals. The semen collection was carried out over
a three-month period from the middle of January to the
middle of March of 2017. Eight healthy service bulls of
the Fleckvieh breed aged between two to four years
were used. The samples were taken during routine
weekly semen collection at the Iran Simmental Cattle
Breeding Center (height above sea level: 47 m,
longitude: 52° 23'57.76" E and latitude: 36° 30’ 18.55" N)
between 8 and 12 AM. Animals were fed three times a
day with the following formula: Silage 18.00 kg,
concentrate 9.00 kg, alfalfa 3.00 kg, straw, and water ad
libitum, Ca 0.74%, P 0.53%, sodium (Na) 0.49%, Mg
0.29%, zinc (Zn) 375.00 ppm, manganese (Mn) 381.44
ppm, cobalt (Co) 1.01 ppm, selenium (Se) 2.75 ppm plus
mineral and vitamin supplements.

Semen collection and processing. Sires' ejaculates
were routinely collected by artificial vagina twice a week,
both on the same day and a duplicate every time at 15-30
min intervals. The sexual preparation of bulls was
performed by standing them in a collection area for 10 min
after two false mounts. The artificial vagina was pre-
warmed in the oven (Memmert, Schwabach, Germany) at
46.00 °C for 10 hr before usage. Each ejaculation was
analyzed and frozen separately. Immediately after
collection, semen volume was measured by a sterile
graduated glass vial and then it was placed in a water bath
at 34.00 °C. Sperm concentration of semen was
determined using aSDM photometer (Minitube, Tiefenbach,
Germany) calibrated for bull sperm cell counting.

To estimate fresh sperm motility, two small drops of
diluted semen were put on a glass slide and analyzed using
a binocular phase contrast microscope (Minitube)
equipped with a warm stage at a magnification of 200x.
Only the progressive motile spermatozoa were
considered. The sperms with abnormal motility such as
non-progressive, spherical or twisted movement patterns
were neglected. Viability of spermatozoa was estimated by
observing 200 spermatozoa at a magnification of 400x
using Eosin-Nigrosin staining technique (Minitube). To
determinate sperm morphology, Spermac staining kit
(Minitube, Onderstepoort, South Africa) was used.
Abnormal heads (detached, decapitated and micro- and
macrocephalic), mid-piece and tails as well as cytoplasmic
droplets (proximal and distal) were considered as
abnormal morphological characteristics (Figs. 1 and 2).

The seminal plasma was then separated by
centrifugation of 2.00 mL of each ejaculate for 10 min at
3000 rpm followed by pipetting into 1.50 mL microtubes
(Eppendorf, Hamburg, Germany). Subsequently, semen
samples were re-centrifuged to eliminate the remaining
cells. Right after careful microscopic examination for
obtaining cell lysate-free seminal plasma, samples were
frozen (- 80.00 °C).
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Semen freezing. Bulls’ ejaculates were frozen
according to the routine method of Iran Simmental Cattle
Breeding Center, Amol, Iran, based on one step dilation
method (semen packaging at room temperature). In
short, immediately after semen collection and above-
mentioned primary measurements, Steridyl CSS one-step
extender (Minitube) was gently added (ratio of 1:1) to
make pre-dilution solution and then it was kept in a
water bath at 34.00 °C for 10 min. The following formula
was used to calculate the number of semen doses and
total extender volume:

Number of doses = (semen volume x semen concentration x
progressive motile sperm x morphologically normal sperm)

/

Fig. 1. a: Unstained sperm head considered as an alive
spermatozoa; and b: Red-colored head regarded as a dead
sperm, (Eosin-Nigrosin staining; 400x).
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Fig. 2. Spermac® staining for detecting sperm abnormal morphology (400x). A) Normal spermatozoa; B) Microcephalic sperm; C)
Macrocephalic sperm; D) Pyriform head; E) Double head; F) Detached heads; G) Elongated head; H) Broad head; I) Coiled-tail; J)
Detached tail from mid-piece; K) Distal reflex; L) Terminally coiled tail; M) Shoe-hook tail; N) Proximal droplet; 0) Distal droplet;
P) Tail-stump defect; Q) Bowed mid-piece; R) Tail rotation until the mid-piece; S) Simple bent tail; and T) Dag defect (mid piece
reflexes and coiled tail).
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After 10 min, the pre-dilution solution was added to
the final calculated extender. The mixture was then left at
room temperature (20.00 - 24.00 °C) for 15 min. Finally, a
MPP Uno automated filling and sealing apparatus
(Minitube) was used to pack the diluted semen in 0.50 ml
straws (Minitube). The freezing process was done by
three-step procedure: Cooling in a refrigerator at 4 °C for 3
hr followed by freezing in a freezer at - 120 °C for 10 min
and then placing in liquid nitrogen.

Computer-aided sperm analysis (CASA). For
motility assessment of sperms after freezing, CASA
system (Hooshmand Fanavar, Tehran, Iran) was used.
The sperm progressive motility along with other
motility-related parameters including curvilinear
velocity (VCL), straight-line velocity (VSL), average path
velocity (VAP), lateral head displacement (ALH), beat
cross frequency (BCF), degrees of deviation (MAD) and
linearity (LIN [VSL/VCL]) were measured. Prior to
analysis, the semen was frozen-thawed by putting the
straws in a water bath at 37.00 °C for 40 sec.

Measurements of Ca, Mg and TAC. The concentrations
of Ca and Mg in seminal plasma were detected by atomic
absorption spectrophotometry (Varian Spectra AA-240FS,
Palo Alto, USA). The TAC was measured with TAC
commercial kit (ZellBio, Berlin, Germany) based on the
manufacturer’s instructions. Ascorbic acid action was
regarded as a standard in the assay, which could detect
TAC with 0.10 mM sensitivity (100 pmol L1). The
absorbance of the sample was determined calorimetrically
in wavelength of 490 nm.

Statistical analysis. Statistical analysis was
performed using SPSS for Windows (version 24.0; SPSS
Inc.,, Chicago, USA). Spearman’s correlation coefficient
(two-tailed) test was used to examine the inter-
correlation between fertility parameters, different
ejaculations and Ca/Mg ratio. Progressive motility of
frozen-thawed (PMFT) semen was considered as the
main marker for bull fertilization capacity as it was
shown to be a good candidate for a range of variations.2
Accordingly, all data classified into three groups: <
40.00%, 40.00 - 50.00% and > 50.00%. In the present
study, Ca ratio to Mg (4.90 on average) was chosen as
an independent factor and two groups were defined
hence: > 4.90 and < 4.90.

Multivariate analysis of covariance (MANCOVA) was
used for different ejaculates analyzing with all parameters
except Lin, MAD, BCF and ALH as dependent variables,
first and second ejaculates as a fixed factor and other
factors as covariates. Mann-Whitney tests and Student t-
test were performed for nan-parametric and parametric
data comparison between two frequent ejaculations in
which revealed results were similar to those reported here
except in TAC status. Multivariate analysis of variance
(MANOVA) was used to determine between-subject effects
of first and second ejaculations compared to post thawing

motility and different Ca/Mg ratios. Prior to executing
statistical tests, data for volume, frozen-thawed semen
viability (VFT), morphology before freezing, LIN and
morphology after freezing were normalized using
Johnson translation in Minitab (version 16.0, Minitab Ltd,
Coventry, UK). A p value of < 0.05 was considered
significant. The total motility before freezing (TMBF) and
progressive motility before freezing (PMBF) were
excluded from MANOVA and MANCOVA evaluation
because the visual based examination was performed in
assessment procedure and data were not normalized by
Johnson translation procedure.

Results

The data and abbreviations for all parameters in
different ejaculations are summarized in Table1l.0ne
way MANCOVA test revealed significant differences
between two frequent ejaculates (Pillai's T = 0.78, F =
5.52 and p = 0.00) and LIN (Pillai's T = 0. 93, F = 22.75
and p = 0.00), ALH (Pillai's T = 0.76, F = 4.86 and p =
0.00), MAD (Pillai's T = 0.69, F = 3.58 and p = 0.00) and
BCF (Wilk’s L =0.88, F = 11.42 and p = 0.00) main effect
on first and second ejaculations.

Table 1. Distribution of sperm quality characteristics in the first
and second ejaculations of dual-purpose Fleckvieh bulls (n =
42). Data are presented as the mean # standard error.

Parameters First ejaculate Second ejaculate

Ejaculate volume (mL) 8.16 +3.35 6.93 £ 2.15
Concentration (x106 mL1) 1438.25+270.32 957.75 + 259.87

TMBF (%) 79.20 £5.05 79.52 £4.35
PMBF (%) 73.20£6.93 74.52 +435
AMBF (%) 7.54+394 8.00 = 3.06
VBF (%) 85.16 +3.27 85.44 + 534
PMFT (%) 48.59+11.38 46.09+11.71
VAPFT (pm sec'1) 4478 +10.31 42.86+10.85
VCLFT (um sect) 6297 £13.59 6157 +16.44
VSLFT (um sect) 39.19+9.78 36.86 +9.86
LIN (%) 49.50 £ 840 48.11 +8.67
ALHFT (pm) 2.61+0.52 2.67+0.74
BCFFT (Hz) 1.03+0.26 0.93+0.29
MADFT 2720+ 6.07 2657 +9.51
AMFT (%) 8.84 £ 4.54 822+3.77
VFT (%) 64.55 +13.85 68.56 +11.72
Calcium (mg dL1) 20.81+5.20 1843 +5.45
Magnesium (mg dL1) 422+0.77 417+0.71
TAC (mmol L1) 1.22+0.18 1.10+0.13
Ca/Mg ratio 5.15+1.70 4.51+1.39

TMBF: Total motility before freezing, PMBF: Progressive motility
before freezing, AMBF: Abnormal morphology before freezing,
VBEF: Viability before freezing, PMFT: Progressive motility frozen-
thawed, VAPFT: Average path velocity frozen-thawed, VCLFT:
Curvilinear velocity frozen-thawed, VSLFT: Straight-line velocity
frozen-thawed, LIN: Linearity, ALHFT: Lateral head displacement
frozen-thawed, BCFFT: Beat cross frequency frozen-thawed,
MADFT: Degrees of deviation frozen-thawed, AMFT: Abnormal
morphology frozen-thawed VFT: Viability frozen-thawed, and
TAC: Total antioxidant capacity.
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Also, Student t-test and Mann Whitney were
conducted to clarify exact differences between groups,
which only TAC significant level (p = 0.52 versus 0.97)
was different compared to MANCOVA evaluation. Based
on MANCOVA analysis, significant difference was only
observed in semen concentration between two
repetitive ejaculations (df: 1, F: 19.17 and p: 0.00).

The semen quality differed in ejaculate to PMFT and
ejaculate to Ca/Mg ratio (Table 2) indicating different
factors influence sperm quality after thawing and different
ejaculates might solely have a direct effect on sperm
motility after cryopreservation process. Significant
differences were observed in viability before freezing
(VBF; df: 2, F: 2.07 and p: 0.14), volume (df: 2, F: 5.03 and
p: 0.01) and TAC (df: 2, F: 7.23 and p: 0.002) in different
PMFT groups.

The MANOVA comparison between two frequent
ejaculations and Ca/Mg ratio revealed non-significant
differences in Ca/Mg ratio analyzing. However, a
meaningful difference was shown in ejaculate x Ca/Mg
ratio analysis (Table 2) and between-subject effect
parameters including concentration (df: 1, F: 7.35 and p:
0.01), abnormal morphology before freezing (AMBF; df:
1, F: 7.09 and p: 0.01), straight-line velocity of frozen-
thawed semen (df: 1, F: 4.14 and p: 0.04), beat cross
frequency of frozen-thawed semen (df: 1, F: 5.60 and p:
0.02), linearity of frozen-thawed semen (df: 1, F: 4.22
and p: 0.04) and TAC (df: 1, F: 8.64 and p: 0.00) which
might indicate Ca/Mg ratio as a factor influencing first
and second ejaculates quality.

The correlation coefficients evaluated between all data
are presented in Table 3. A negative correlation was
observed between volume and TMBF, PMBF, TAC and all
CASA parameters excluding MAD which might indicate the
negative effect of semen volume on sperm quality.
Furthermore, a positive correlation was detected between
volume and seminal plasma Mg content.

All sperm parameters after thawing excluding MAD
had a significant and positive correlation with TMBF and
PMBF as well as TAC. Also, a strong positive correlation
was detected between CASA parameters after thawing.

Sperm concentration with AMBF and VBF as well as
abnormal morphology of frozen-thawed (AMFT) semen
and VBF with sperm characteristics did not have a
meaningful correlation. Whereas, correlations with other

Table 2. Significant multivariate effects (at p < 0.05 level).
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semen parameters were observed. This might be related
to the high semen quality of the bulls considered for
semen production in our investigation.

The Ca/Mg ratio did not correlate with any sperm
quality characteristics (p > 0.05), but Ca and Mg were
correlated with volume and VFT, respectively.

Discussion

Development in methods of semen freezing procedure
has caused sperm number reduction used for artificial
insemination with acceptable conception rate and has
increased the importance of each ejaculate characteristics.
Moreover, semen quality parameters are different even at
repetitive ejaculates from individual sire and investigation
into diverse animal species has declared that there are
differences in repetitive ejaculates.20.2425

Sperm quality reduction was detected by increase
collection frequency in boar and human.2>26 In human, first
ejaculation presents a lower volume, higher sperm
concentration, higher motility rates, and lower sperm DNA
fragmentation.?’ Although the semen concentrations of
first to third jets of jackasses’ sperm-rich fractions were
decreased, no differences in vigor, semen volume, and
sperm motility were observed.

On the other hand, the best sperm morphologies of this
species were belonged to the first ejaculation?® which is in
contrast with the report about tomcats showing that first
ejaculates contain significantly higher proportions of
sperm morphological abnormalities as well as lower
sperm count and motility.2? But, it was believed that this
differences may be due to the aging of spermatozoa in the
epididymis of the tomcats.2°

Previously, first and second ejaculates differences and
chemical profile in different cattle breeds have been
examined.243031 Seminal osmolarity, pH and amino acid
constitute of Holstein bulls’ repetitive ejaculates have been
examined and reduction of these parameters in seminal
plasma from first to the fourth ejaculate was found.32

Pickett and Komarek have detected the higher amount
of lipid content and dry mater in the first ejaculation, but
the higher content of dry matter and lipid was measured in
second ejaculate spermatozoa.33 Sperms in the first
ejaculate have been shown to exhibit similar34 or higher
motility3035 compared to those in the second ejaculate.

Group Pillai's trace F df p Eta2 Observed power*
PMFT ratio 0.93 2.19 20.00 0.01 0.46 0.96
Ejaculate 0.72 6.19 10.00 0.00 0.72 0.99
PMFT x ejaculate 0.88 1.99 20.00 0.02 0.44 0.94
Ca/Mg ratio 0.53 1.63 15.00 0.14 0.53 0.67
Ejaculate 0.81 6.26 15.00 0.00 0.81 1.00
Ejaculate x Ca/Mg ratio 0.61 2.21 15.00 0.04 0.61 0.83

* Computed using alpha = 0.05
PMFT: Progressive motility of frozen-thawed.
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Table 3. Correlation coefficients of sperm quality characteristics in seminal plasma.

Vol Conc TMBF PMBF AMBF BF PMFT VAP VCL VSL LIN ALH BCF MAD AMFT VFT Ca Mg TAC Ca/Mgratio

Vol 1 011 -044** -0.51** 0.01 -0.17 -0.47**-0.47** -0.42** -0.47** -0.48** -0.38* -0.38* -0.21 -0.04 -0.39* -0.03 0.32* -0.36* -0.18
Conc 1 -0.08 -0.17 032* -008 008 0.07 011 007 003 010 0.15 020 019 -0.14 0.04 0.00 0.25 0.06
TMBF 1 084** -0.16 0.35* 0.84** 0.79** 0.69** 0.80** 0.80** 0.50** 0.77**0.45** -0.17 0.63** -0.16 -0.21 0.25 -0.03
PMBF 1 -000 0.28 0.80** 0.74** 0.62 0.76** 0.79* 0.44** 0.67** 0.33* -0.05 0.65** -0.18 -0.09 0.16 -0.12
AMBF 1 -012 -0.03 -009 -0.07 -010 -0.09 -0.00 -0.12 -0.04 0.34* -0.08 0.16 0.17 -0.32 0.05
BF 1 034 023 017 023 036* 015 023 0.14 -0.08 0.31* -0.25 -0.02 0.02 -0.16
PMFT 1 095* 0.86** 0.96 0.95** 0.66**0.94**0.62** -0.02 0.60** -0.13 -0.08 0.41** -0.07
VAP 1 0.94* 0.99* 0.89** 0.78** 0.97**0.73** 0.02 0.53** -0.07 -0.04 0.46** -0.05
VCL 1 0.90* 0.73* 0.93**0.91*0.90** 0.07 0.40** -0.03 -0.07 0.48** -0.00
VSL 1 0.92* 0.70** 0.96** 0.66** 0.01 0.56 -0.08 -0.03 0.45** -0.06
LIN 1 049**0.86**0.42* -0.08 0.66** -0.23 -0.05 0.46** -0.15
ALH 1 0.73*%*0.94* 012 024 001 -0.09 0.40** 0.04
BCF 1 0.76** -0.01 0.46* -0.07 -0.02 0.48** -0.05
MAD 1 007 014 0.00 -0.04 0.41** 0.01
AMFT 1 -026 0.19 019 -0.05 0.03
VFT 1 -0.32* -0.02 0.25 -0.26
Ca 1 -0.04 -011 0.82**
Mg 1 -002 -0.58*
TAC 1 -0.18
Ca/Mgratio 1

Vol: Ejaculate volume, Conc: Concentration, TMBF: Total motility before freezing, PMBF: Progressive motility before freezing, AMBF:
Abnormal morphology before freezing, VBF: Viability before freezing, PMFT: Progressive motility frozen-thawed, VAPFT: Average path
velocity frozen-thawed, VCLFT: Curvilinear velocity frozen-thawed, VSLFT: Straight line velocity frozen-thawed, LIN: Linearity, ALHFT:
Lateral head displacement frozen-thawed, BCFFT: Beat cross frequency frozen-thawed, MADFT: Degrees of deviation frozen-thawed,
AMFT: Abnormal morphology frozen-thawed, VFT: Viability frozen-thawed, Ca: Calcium, Mg: Magnesium,TAC: Total antioxidant capacity.

However, the second ejaculate showed higher fertility
than the first one when used for artificial insemination
without freezing.35 It has been reported that no significant
differences are observed in VSL, VCL or VAP between the
first and second ejaculates in Japanese black bulls’ fresh
semen. However, the first ejaculates had higher ALH and
lower BCF than the second ones. In visual inspections, no
differences were detected in sperm motility between the
first and second ejaculates in all bulls or between bulls.24
In the present study, significant differences were detected
between first and second ejaculations which is in
consistent with Kanno and co-workers report.2* Moreover,
same result was reported in rams except in ejaculation
volume alteration.3¢ Furthermore, PMFT groups showed
significant differences between two frequent ejaculations
in our study which seems to be an original result and there
is no report in this field.

Seminal plasma Mg content in the present study was
detected as 4.22 + 0.77 mg dL-! and 4.17 £ 0.71 mg dL!
in first and second ejaculations respectively, which
there was no significant difference between them. A
positive correlation was detected between semen
volume and Mg content which same correlation was
reported in Nili-Ravi buffalo bull semen.3? Besides,
buffalo bulls were reported to have correlation between
Mg concentration and sperm characteristics which
could be a possible reason for different previous
studies.2137 Also, a correlation between stallion semen
quality and Mg content wasn’t observed in fresh and
frozen-thawed semen quality assessment.3839 Tvrda et
al, have reported higher seminal plasma Mg in
Fleckvieh bulls (7.65 * 0.90 mg dL!) and significant

positive correlation between visual basic detected
motility and Mg content, not supporting our study.
However, the difference between first and second
ejaculations wasn’t considered in their study.”

Seminal Ca concentration in different species such as
ram (10.60 + 1.02 mg per100 g), bull (44.10 + 2.55 mg
per 100 g), human (20.60 + 1.65 mg per 100 g), dog (0.80
+ 0.260 mg per 100 g), rabbit (8.00 + 1.63 mg per 100 g),
fowl (10.40+1.39 mg per 100 g), rooster (6.52 + 0.40 mg
dL1), diverse boar breeds (mean concentration of 0.994
mmol per L) and water buffalo (22.36 + 0.52 mg dL1)
was detected in previous studies.21,40-43

In the current study, Ca concentrations of Fleckvieh
bulls’ seminal plasma were detected as 20.81 * 5.20 mg
dL1 and 18.43 * 5.45 mg dL! in the first and the second
ejaculations, respectively. Interestingly, the controversial
correlation was reported between Ca and semen quality
in various animal species. It was reported that there is a
positive correlation between fresh seminal plasma Ca
concentration and sperm motility, concentration and
volume in bull,4445 water buffalo, 2! stallion, 546 salmon
fish.47 Nevertheless, a negative correlation has also been
reported between them.848

Also, a significant correlation was observed between
poor sperm motility and low seminal plasma Ca level in
the stallion.#® Based on the current study, seminal plasma
Ca concentration didn’t show a significant difference
between first and the second ejaculation. Although, tempt
to be significant was observed in ejaculate x PMFT
assessment. A negative correlation was detected between
Ca concentration and VFT. In agreement with our results,
positive correlation between impaired tail membrane
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integrity and seminal plasma Ca concentration has been
shown in boar semen assessment.8

Liang et al, have suggested the greater importance of
the Ca/Mg ratio of seminal plasma compared to semen
quality in repetitive ejaculates. They have illustrated that
lower than 2.50 proportions of Ca/Mg ratio, Mg and total
Ca concentration are associated with human sperm quality
reduction.® Based on our investigation, a significant
reduction wasn't detected in Ca and Mg contents in
different analyses. However, the meaningful difference
was observed in ejaculate x Ca/Mg ratio assessment
demonstrating that Ca/Mg ratio might be one of the
factors influencing sperm quality between first and second
ejaculations.

In Holstein bulls, Ca and Mg contents were measured
as 40.22 = 1.35 and 6.32 * 0.86 mg dL! respectively, and
Ca was positively correlated with sperm concentration,
but Mg was negatively correlated with concentration and
seminal plasma volume.** Semen in different ram breeds
was collected by electro-ejaculation and no significant
correlation was reported between seminal plasma Ca and
Mg and semen quality.1# The Mg and Ca contents were also
measured as 22.36 + 0.52 mg dL-1and 11.94 + 0.36 mg dL!
in water buffalo respectively, and significant differences
were shown between high and other motility groups and
Ca and Mg contents.2! Moreover, a strong correlation was
shown between sperm viability and Mg in Nili-Ravi buffalo
seminal plasma.3” Marwari stallions and Poitou jack’s
semen analyses have explored the correlation between
visual-based sperm motility, pH, volume, concentration
and hypo-osmotic swelling test percentage and seminal
plasma Ca concentration. Talluri and co-workers have
reported that there is no significant correlation between
seminal plasma antioxidant status and Ca content.5
Although, visual-based analysis of frozen-thawed semen
has indicated no significant differences between Ca
content and semen quality parameters and positive
correlation between Ca and seminal volume in the stallion.
Moreover, no correlation was observed between Mg and
other sperm characteristics.*

Although Ca and Mg have critical roles in
spermatogenesis and fertility, our findings demonstrated
that measuring these elements in seminal plasma couldn’t
be markers for bull sperm quality assessment, supporting
several former studies mentioned before.>1446 However,
Ca/Mg ratio might be a good indicator for semen quality
assessment. Further studies are required to clarify the
latter value and correlation with sperm parameters.

Recent studies have indicated a mutual relationship
between the electrolyte and oxidative capacity of seminal
plasma.” The strong relation between sperm quality
characteristics and seminal plasma TAC was reported
previously in buffalo,?? so that, TAC had been chosen as a
marker of ROS/TAC status in this study. Tvrda et al, have
examined the protective potential of seminal plasma

against oxidative stress and the correlation between Ca
and Mg and antioxidant capacity in which high correlation
was reported between Ca and Mg and the antioxidant
indicator and motility.” Holstein bulls eight consecutive
ejaculates (four times in each day) were measured based
on oxidative markers. The TAC as a key marker wasn’t
fluctuated in individual sires, but altered among different
bulls.2% According to our findings, TAC status in ejaculation
and ejaculate x PMFT assessment tempt to be significant.
Moreover, PMFT and ejaculate x Ca/Mg ratio analyses
illustrated the significant effect of TAC status indicating
that TAC could be suggested as the main marker for semen
quality evaluation and post freezing quality prediction.
Meaningful negative correlation was detected between
seminal volume and abnormal sperm morphology and
TAC. No correlation was detected between Ca, Mg and
Ca/Mg ratio and TAC in seminal plasma. Eghbali et al,
have reported that TAC could be a valuable marker for
semen quality evaluation which our study confirmed its
influence even at first and second ejaculations.?!

In conclusion, our study represented complex
interactions and associations between the two frequent
ejaculates based on Ca and Mg contents, spermatozoa
CASA assay and TAC status in the dual purpose Fleckvieh
bulls’ semen. Our results revealed that TAC could be
suggested as the main indicator for semen quality
examination in the frozen semen production industry.
With the exception of seminal plasma Ca and Mg
concentration correlation respectively with volume and
VFT, no correlation was detected between other sperm
quality parameters and these minerals. Due to the fact that
Fleckvieh breed has recently attracted many breeders
worldwide and on the other hand, there is no
comprehensive information about biochemical properties
of this breed semen, further studies are suggested for
evaluation of micro-minerals and enzymes, especially in
seminal plasma and spermatozoa and their correlation
with semen quality and conception rate.

Acknowledgements

This research has been supported by a research
grant from the Amol University of Special Modern
Technologies, Amol, Iran. We would like to thank the
authorities in Iran Simmental Cattle Breeding Center,
Amard-dam Company (ADT), Amol, Iran, especially Mr.
Heshmat Allah Jamali, chief executive officer of the ADT. In
addition, we sincerely thank the employees of Iran
Simmental Cattle Breeding Center: Mr. Masoud Babaei, Mr.
Morteza Fani, Mr. Armin Khaki, Mr. Abed Zarghami and
Mr. Adel Alinezhad for their cooperation in semen
collection and freezing procedure. At last, we would like to
extend our sincere gratitude to Dr. Mazyar Yazdani and
Mehrdad Sami for their guides in scientific writing and
statistical design guidance, respectively.



340 A. Khaki et al. Veterinary Research Forum. 2019; 10 (4) 333 - 341

Conflict of interest

The authors declare no conflict of interest was involved
in this study.

References

1. Frankel MS. Cryobanking of human sperm. ] Med Ethics
1975; 1(1): 36-38.

2. Li Y, Kalo D, Zeron Y, et al. Progressive motility-a
potential predictive parameter for semen fertilization
capacity in bovines. Zygote 2016; 24(1): 70-82.

3. Ibanescu I, Leiding C, Ciornei SG, et al. Differences in
CASA output according to the chamber type when
analyzing frozen-thawed bull sperm. Anim Reprod Sci
2016; 166: 72-79.

4. Caballero I, Parrilla I, Alminana C, et al. Seminal plasma
proteins as modulators of the sperm function and their
application in sperm biotechnologies. Reprod Domest
Anim 2012; 47(S3): 12-21.

5. Talluri TR, Mal G, Ravi SK. Biochemical components of
seminal plasma and their correlation to the fresh
seminal characteristics in Marwari stallions and Poitou
jacks. Vet World 2017; 10(2): 214-220.

6. Hamamabh S, Gatti JL. Role of the ionic environment and
internal pH on sperm activity. Hum Reprod 1998;
13(S4): 20-30.

7. Tvrda E, Lukac N, Schneidgenova M, et al. Impact of
seminal chemical elements on the oxidative balance in
bovine seminal plasma and spermatozoa. ] Vet Med
2013; 125096: doi.org/10.1155/2013/125096.

8. Pipan MZ, Mrkun ], Strajn BJ, et al. The influence of
macro-and microelements in seminal plasma on
diluted boar sperm quality. Acta Vet Scand 2017;
59(1):11.d0i.10.1186/s13028-017-0279-y.

9. Meseguer M, Garrido N, Martinez-Conejero JA, et al.
Role of cholesterol, calcium, and mitochondrial activity
in the susceptibility for cryodamage after a cycle of
freezing and thawing. Fertil Steril 2004; 81(3):
588-594.

10. Fraser LR. Minimum and maximum extracellular Ca?+
requirements during mouse sperm capacitation and
fertilization in vitro. ] Reprod Fertil 1987; 81(1): 77-89.

11. Henricks DM. Biochemistry and physiology of the
gonadal hormones. In: Cupps PT (Eds). Reproduction
in domestic animals. 4t ed. California USA: Elsevier
1991; 76-117.

12.Juyena NS, Stelletta C. Seminal plasma: An essential
attribute to spermatozoa. ] Androl 2012; 33(4):
536-551.

13. Yasothai R. Importance of minerals on reproduction
in dairy cattle. Int ] Sci Environ Technol 2014; 3(6):
2051-2057.

14. Abdel-Rahman H, El-Belely MS, Al-Qarawi AA, et al. The
relationship between semen quality and mineral

composition of semen in various ram breeds. Small
Rumin Res 2000; 38(1): 45-49.

15. Anel-Lopez L, Ortega-Ferrusola C, Martinez-Rodriguez
C, et al. Analysis of seminal plasma from brown bear
(Ursus arctos) during the breeding season: Its relation-
ship with testosterone levels. PloS One 2017; 12(8):
e0181776. doi.org/10.1371/journal.pone.0181776.

16.Yazdani M. Concerns in the application of fluorescent
probes DCDHF-DA, DHR 123 and DHE to measure
reactive oxygen species in vitro. Toxicol In Vitro 2015;
30(1 Pt B): 578-582.

17. Tremellen K. Oxidative stress and male infertility-A
clinical perspective. Hum Reprod Update 2008; 14(3):
243-258.

18. Pujol A, Obradors A, Esteo E, et al. Oxidative stress level
in fresh ejaculate is not related to semen parameters or
to pregnancy rates in cycles with donor oocytes. ]
Assist Reprod Genet 2016; 33(4): 529-534.

19. Smith R, Vantman D, Ponce ], et al. Andrology: Total
antioxidant capacity of human seminal plasma. Hum
Reprod 1996; 11(8): 1655-1660.

20.Gurler H, Calisici O, Bollwein H. Inter-and intra-
individual variability of total antioxidant capacity of
bovine seminal plasma and relationships with sperm
quality before and after cryopreservation. Anim
Reprod Sci 2015; 155: 99-105.

21.Eghbali M, Alavi-Shoushtari SM, Asri-Rezaei S, et al.
Calcium, magnesium and total antioxidant capacity
(TAC) in seminal plasma of water buffalo (Bubalus
Bubalis) bulls and their relationships with semen
characteristics. Vet Res Forum 2010; 1(1): 12-20.

22. Arver S. Zinc and zinc ligands in human seminal plasma
III. The principal low molecular weight zinc ligand in
prostatic secretion and plasma seminal. Acta Physiol
Scand 1982; 116(1): 67-73.

23. Mortimer D. Practical laboratory andrology. New York,
USA: Oxford University Press 1994; 89-109.

24. Kanno C, Sakamoto KQ, Yanagawa Y, et al. Comparison
of sperm subpopulation structures in first and second
ejaculated semen from Japanese black bulls by a cluster
analysis of sperm motility evaluated by a CASA system.
] Vet Med Sci 2017; 79(8): 1359-1365.

25.Frangez R, Gider T, Kosec M. Frequency of boar
ejaculate collection and its influence on semen quality,
pregnancy rate and litter size. Acta Vet Brno 2005;
74(2): 265-273.

26.Valsa ], Skandhan KP, Sumangala B, et al. Time bound
changes (in 24 h) in human sperm motility and level of
calcium and magnesium in seminal plasma. Alexandria
] Med 2016; 52(3): 235-241.

27.Hebles M, Dorado M, Gallardo M, et al. Seminal quality
in the first fraction of ejaculate. Syst Biol Reprod Med
2015; 61(2): 113-116.

28. Carvalho LE, Silva Filho JM, Palhares MS, et al. Physical
and morphological characteristics of the first three jets



A. Khaki et al. Veterinary Research Forum. 2019; 10 (4) 333 - 341 341

of Pega jackasses sperm-rich fraction. Arq Bras Med
Vet Zootec 2016; 68(4): 845-852.

29.Axnér E, Strom B, Linde-Forsberg C. Sperm
morphology is better in the second ejaculate than in
the first in domestic cats electroejaculated twice during
the same period of anesthesia. Theriogenology 1997;
47(4): 929-934.

30. Farrell P, Presicce GA, Brockett CC, et al. Quantification
of bull sperm characteristics measured by computer-
assisted sperm analysis (CASA) and the relationship to
fertility. Theriogenology 1998; 49(4): 871-879.

31. Gopinathan A, Sivaselvam SN, Karthickeyan SK, et al.
Influence of non-genetic factors on semen quality
parameters in crossbred Jersey (Bos taurus X Bos
indicus) bulls. Int ] Curr Microbiol App Sci 2018; 7(4):
2994-3004.

32.Kirton KT, Hafs HD, Hunter AG. Levels of some normal
constituents of bull semen during repetitive
ejaculation. ] Reprod Fertil 1964; 8(2):157-164.

33.Pickett BW, Komarek R]. Lipid and dry weight of
bovine seminal plasma and spermatozoa from first and
second ejaculates. ] Dairy Sci 1967; 50(5): 742-746.

34.Everett RW, Bean B. Environmental influences on
semen output. ] Dairy Sci 1982; 65(7): 1303-1310.

35.Davis HP, Williams NK. Evaluating bovine semen I.
Influence of the number of ejaculates upon various
physical and chemical characteristics and the
relationship between those factors. ] Anim Sci 1939; 1:
232-242.

36. Nel-Themaat L, Harding GD, Chandler JE, et al. Quality
and freezing qualities of first and second ejaculates
collected from endangered Gulf Coast Native rams.
Anim Reprod Sci 2006; 95(3-4): 251-261.

37.Kanwal, MR,, Rehman NU, Ahmad N, et al. Bulk cations
and trace elements in the Nili-Ravi buffalo and
crossbred cow bull semen. Int ] Agric Biol 2000; 2(4):
302-305.

38. Mrackova M, Zavadilova M, Sedlinska M. Assessment of
the effect of selected components of equine seminal
plasma on semen freezability. Mac Vet Rev 2015;
38(1): 91-96.

39. Usuga A, Rojano B, Restrepo G. Effect of seminal plasma
components on the quality of fresh and cryopreserved
stallion semen. ] Equine Vet Sci 2017; 58: 103-111.

40.Wong WY, Flik G, Groenen PM, et al. The impact of
calcium, magnesium, zinc, and copper in blood and

seminal plasma on semen parameters in men. Reprod
Toxicol 2001; 15(2): 131-136.

41.Quinn PJ, White IG, Wirrick BR. Studies of the
distribution of the major cations in semen and male
accessory secretions. ] Reprod Fertil 1965; 10(3):
379-388.

42.Ghaniei A, Eslami M, Babaei Marzango SS.
Determination of calcium, magnesium, phosphorus,
iron, and copper contents in rooster seminal plasma
and their effects on semen quality. Comp Clin Path
2018; 27(2): 427-431.

43.Zaja 1Z, Samardzija M, Vince S, et al. Influence of boar
breeds or hybrid genetic composition on semen quality
and seminal plasma biochemical variables. Anim
Reprod Sci 2016; 164: 169-176.

44. Gur S, Demirci E. Effect of calcium, magnesium, sodium
and potassium levels in seminal plasma of holstein
bulls on spermatological characters. Turk | Vet Anim
Sci 2000; 24(3): 275-281.

45. Garcia MA, Graham EF. Development of a buffer system
for dialysis of bovine spermatozoa before freezing. III.
Effect of different inorganic and organic salts on fresh
and frozen-thawed semen. Theriogenology 1989;
31(5): 1039-1048.

46.Pesch S, Bergmann M, Bostedt H. Determination of
some enzymes and macro-and microelements in
stallion seminal plasma and their correlations to semen
quality. Theriogenology 2006; 66(2): 307-313.

47.Bozkurt Y, Ogretmen F, Kokcu O, et al. Relationships
between seminal plasma composition and sperm
quality parameters of the Salmo trutta macrostigma
(Dumeril, 1858) semen: with emphasis on sperm
motility. Czech ] Anim Sci 2011; 56(8): 355-364.

48.Kaya A, Aksoy M, Tekeli T. Influence of ejaculation
frequency on sperm characteristics, ionic composition
and enzymatic activity of seminal plasma in rams.
Small Rumin Res 2002; 44(2): 153-158.

49. Barrier-Battut I, Delajarraud H, Legrand E, et al.
Calcium, magnesium, copper, and zinc in seminal
plasma of fertile stallions, and their relationship with
semen freezability. Theriogenology 2002; 58(2-4):
229-232.

50. Liang H, Miao M, Chen ], et al. The association between
calcium, magnesium, and ratio of calcium/magnesium
in seminal plasma and sperm quality. Biol Trace Elem
Res 2016; 174(1): 1-7.



