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Abstract
The present study aims to evaluate correlation between the testosterone hormone, seminal characteristics and sexual activity
in Holstein Friesian bulls that used as the main source of semen production for artificial insemination in Iraq. Totally, 15 adult
bulls of 3-4 years old were subjected initial measurement of testosterone serologically using the competitive enzyme-linked
immunosorbent assay and for twice-weekly collection of semen to be examined macroscopically and microscopically during
October 2019 to March 2020. The findings detected that the concentration of testosterone hormone elevated significantly
(P<0.043) in high sexuality bulls and reduced in poor sexuality bulls; whereas, time-interval between ejaculates were decreased
in high sexuality bulls and increased in poor sexuality bulls. Significantly, the highest value of time-intervals among study
bulls were showed in January and the lowest in November (P<0.036). Seminal characteristics of high sexuality bulls showed
significant increases (P<0.05) in values of volume, mass motility, individual motility and live sperms when compared to
medium and poor sexuality bulls. For concentration, though there no significant differences (P>0.05) were reported between
high and medium sexuality bulls, however both groups reported significantly (P<0.05) higher values than poor sexuality
bulls. Statistically, the highest percentage of dead and abnormal sperms was recorded in poor and medium sexuality bulls;
whereas, the lowest were seen in high sexuality bulls. Association of seminal characteristics to month of semen collection
revealed on significant improvement in some monthly ejaculates and vice versa.
Key words: Holstein Friesian bulls, Testosterone, Semen, Artificial insemination, Iraq.

Introduction
Artificial insemination is a very common practice in

the agriculture world. It involves using collected semen
to breed an animal, versus using a live bull to provide the
breeding services (Foote, 2010). The semen is kept frozen
in straws and then a vet or artificial insemination tech
deposits it in the animal at the proper time, depending on
their heat (ovulation) cycle (Cseh et al., 2012). Holstein
Friesian cattle, known as the world’s highest-production
dairy animals, are a breed of dairy cattle originated in the
Netherlands approximately 2,000 years ago. Two breeds
of cattle, white animals from the Dutch provinces of North
Holland and Friesland and black animals from the
Schleswig-Holstein in Northern Germany, were crossed
to create a new breed of cattle. This crossbreeding led
to a high milk producing animal that was able to do on

limited feed sources, originally named as Holstein-Friesian
(Ajmone Marsan et al., 2010; Danchin-Burge et al.,
2011). After that, this breed is raised in Scandinavian
countries (Philipsson and Lindhé, 2003), Britain (Albarrán-
Portillo and Pollott, 2013), North America (Djemali and
Berger, 1992), Africa (Kim and Rothschild, 2014) and
Asia particularly Middle East due to its adaptability to
hot weather and high production (Ajmone-Marsan et al.,
2010). In addition, the animal of this breed is calm, easily
managed and the male can be raised for beef production
with a good dressing percentage (Kadokawa and Martin,
2006). Morphologically, Holstein Friesian characterized
by its black and white or white and red colors and that
the red color is a recessive and undesirable character
(Robinson et al., 1993). Among cattle livestock, this breed
is considered as the largest dairy one with an average
weight of 600-650 kg, 800-850 kg and 35-45 kg for cow,
bull and calf at birth, respectively. Regarding to milk yield,*Author for correspondence : E-mail: d.jaafer@yahoo.com



Holstein Friesian cow can produce approximately 5000kg
within 305 days of production with 3.5-3.8% of butter fat
that comparatively is low due to a large quantity of milk
production (Shamiah et al., 2007; Kuczyñska et al.,
2011). For a purpose of improving the productivity of the
local cattle livestock, Holstein Friesian breed that
introduced to Iraq in 1950, reporting 2500-3000kg an
average quantity of milk production during 305 days
(Kassir et al., 1969).

Bull fertility plays a very important role in bovine
reproduction since selection intensity of bulls chosen for
breeding programs in both beef and dairy industry is high
and since they can produce high numbers of offspring
relative to females (Han and Peñagaricano, 2016). Bulls
that are sub-fertile lead to prolong calving season due to
delay pregnancy, reducing calf crop weights and in turn
increasing culling of females. Therefore, problems created
by sub-fertile or infertile bulls are of great economic
importance to the cow-calf producer (Carpenter and
Sprott, 2007). There are several different factors
influence on reproductive performance of bulls such as
testicular development, seminal quality, libido, mating ability
and physical soundness (Smith et al., 1981; Singh et al.,
2018). However, reproductive capability of the bulls is
often difficult to assess, because successful reproduction
requires the integration of several biologic systems
(Petherick, 2005). The evaluation of mature male for
breeding soundness requires careful examination of not
just the ejaculate, but the entire animal (Chacon et al.,
1999). Seminal quality is a good predictor of the male
fertility and predicting the results of semen analysis is
very useful in early diagnosis of seminal disorders,
selection of semen donor candidates and prioritization of
further infertility treatment (Gil et al., 2012; Girela et al.,
2013; Wang et al., 2014). Hence, this study aims to
assessment the levels of testosterone hormone among
study bulls that used as the main source of semen
production for artificial insemination in Iraq, As well as,
estimation the efficiency of fresh semen macroscopically
and microscopically. Also, relationship between seminal
parameters and period of sample collection is targeting
in current study.

Materials and Methods
Study animals

This study was carried out at the Artificial
Insemination Center in Abu Ghraib, located just the west
of Baghdad’s city center in Baghdad province, Iraq, from
October 2019 until March 2020 on a total 15 sexually
adult Iraqi-born Holstein Friesian bulls that have been
used as the only source of semen production for artificial
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insemination straws in Iraq. Age of all study bulls is ranged
3-4 years and all animals the Artificial Insemination Center
are existed under identical environmental and
management factors and are received a high health care.
Samples collection

• Blood: An overall 5ml of jugular venous blood were
drained from each study bull under aseptic conditions
using a disposable syringe into a free anticoagulant tube.
All blood samples were centrifuged at 3000rpm for 5
minutes and the sera were kept into labeled 1.5 ml
eppendorf tubes at -4°C until be used for measuring of
testosterone hormone.

• Semen: As a routinely work in the Artificial
Insemination Center, the samples semen is collected twice
in a week using an artificial vagina. Immediately, all
ejaculates were brought to the laboratory of the Artificial
Insemination Center to ensure their quality through
evaluation of the semen parameters macroscopically and
microscopically and subsequently subjected for dilution
and straw packaging to be cooled and frozen.
Testosterone measurement

According to manufacturer ’s instruction
(Elabscience, USA), the kit of competitive enzyme-linked
immunosorbent assay (ELISA) was used to measurement
of testosterone hormone in sera of study bulls. The
principle of this kit involves the competing reaction
between the testosterone that coating the microplate and
the testosterone in the sample or Stander for sites on the
Biotinylated Detection Ab specific to testosterone. The
procedure of analysis was include the initial pre-warming,
preparation and dilution of all reagents and Standard and
then, the Standard and sera were loaded to the wells of
microplate and incubated (37°C / 45min). Excess
conjugate and unbound samples or Standers were washed
three times from the plate and Horseradish Peroxidase
(HRP) was added, incubated (37°C / 30min) and washed
three times. TMB-Substrate Solution was added to each
well and incubated (37°C / 15 min). The Enzyme-
Substrate reaction was terminated by addition of the Stop-

Fig. 1: Reference Standard Curve.
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Solution and incubation (37°C / 10min) in a dark place to
avoid over-reaction. The optical density (OD) value for
the wells of Standard and sera was measured at a
wavelength of 450nm by the microplate ELISA reader
(BioTeK, USA). The concentration of testosterone in
the sera was determined by comparing the ODs of the
samples to the Standard Curve (Table 1, Fig. 1).
Macroscopic and microscopic evaluation of semen

• Volume: The volume for each ejaculate of each
study bulls was recorded directly through a graduated
tube of collected semen (Henkel, 2012).

• Mass Motility: A drop of fresh semen was applied
on a warm slide, covered and examined microscopically
at 10× magnification. The scores of mass motility were
classified as following (Table 2), (Fiaz et al., 2010).

• Individual motility: It was recorded by mixing a drop
of fresh semen with two drops of sodium citrate solution
on a warm slide at a 37°C, to be covered and examined
microscopically at a 40× magnification. The scores of
individual motility were classified as following (Table 3),
(Kharche et al., 2013).

• Live and Dead sperms: According to manufacturer
instruction (RAL Diagnostics, France), Eosin and Nigrosin
stain was used to calculate the percentage of live and
dead sperms under 40× magnification of the bright field
microscope.

• Sperm abnormality: It was performed using the slide
prepared previously for counting of live and dead sperm,
but using an immersion oil of the light microscope under
a 100× objective lens. Any defects in head and/or tail of

the sperm are considered abnormality. The percentage
of abnormality was recorded after counting at least of
200 sperms (Freneau et al., 2010).
Statistical analysis

All data were introduced, arranged and analyzed using
the computerized programs; Microsoft Office Word and
Excel, Paint and SPSS. One-Way Analysis of Variance
(ANOVA) was applied to detect statistical association
between the serological results of testosterone hormone
of study bulls, macroscopic and microscopic seminal
findings and relationship to period of semen collection.
Differences in compared findings were considered
significance at a level of P<0.05 (George and Mallery,
1999; Neyeloff et al., 2012).

Results
Testosterone hormone

Based on their sexuality, the Artificial Insemination
Center of Iraq divided the study bulls into high, medium
and low activity bulls. Hormonal measurement revealed
on significant elevation (P<0.043) in values of

Table 1: Reference Standard Concentrations and their ODs.

Concentration (ng/ml) OD (nm)
20 0.199
10 0.413
5 0.592

2.5 0.901
1.25 1.126
0.62 1.491
0.31 1.874

0 2.158

Table 2: Score for classification of mass motility in semen of
study bulls

Characteristic (%)
No wave, total immobility 0

No wave, individual movement 10
No wave, very slow movement 20-40

Wave appearance, slow amplitude of wave 45-65
Wave appearance, rapid wave motion, no eddies 70-85
Wave appearance, rapid wave motion with eddies 90-100

Table 3: Score for classification of mass motility in semen of
study bulls.

Characteristic (%)
No motile sperms 0

1/5 of sperms are motile 10
2/5 of sperms are motile 20-40
3/5 of sperms are motile 45-65
4/5 of sperms are motile 70-85
5/5 of sperms are motile 90-100

Fig. 2: Concentration of testosterone hormone according to
sexual activity. [(**) and (****) referred to significant
differences between groups as p<0.01 and p<0.0001
respectively].



± 4.61 and 81.75 ± 5.01) sexuality bulls
(Table 6).

• Relation to month of semen
collection: Statistically, the highest
significant (P<0.05) values for time-
intervals required for ejaculation were
detected in values of January [76.43 ±
13.78 (51.26-98.72)]; whereas, there no
significant differences (P>0.05) were
showed between values of other study
months; November [57.53 ± 14.18
(32.65-81.75)], December [69.19 ±
14.92 (40.61-90.93)] and February
[69.44 ± 14.14 (44.12-93.02)],
respectively (Fig. 3).

Table 4: Concentration of testosterone hormone regarding to sexual activity of
study bulls.

Parameter
Total Sexual activity

P valueNo. High (No: 5) Medium (No: 5) Poor (No: 5)
Testosterone

15
9.78 ± 0.29 A 6.28 ± 0.73 B 4.8 ± 0.1 C

P<0.043(ng/ml) (9.3-10) (5.1-7.1) (4.7-4.9)
Value: M ± SD (R), variation in horizontal large letters referred to

significant differences (P<0.05) between groups

Table 5: Time-interval regarding to sexual activity of study bulls.

Parameter
Total Sexual activity

P valueNo. High (No: 5) Medium (No: 5) Poor (No: 5)
Time-interval

15
42.16 ± 3.21 68.93 ± 4.13 91.11 ± 5.23

P<0.036(Second) (18 - 74) (41 - 98) (64 - 112)
Value: M ± SD (R), variation in horizontal large letters referred to

significant differences (P<0.05) between groups

Fig. 3: Concentration of testosterone hormone in relation to
month of semen collection. [(*) referred to significant
differences between groups as p<0.05].

testosterone hormone among the high sexuality bulls (9.78
± 0.17) in comparison to medium (6.28 ± 0.42) and poor
(4.77 ± 0.07) sexuality bulls respectively (Table 4, Fig. 2).
Time-interval of ejaculates

• Relation to sexual activity: Among groups of study
bulls, the high sexuality bulls showed the lowest time-
interval required to ejaculate (42.16 ± 3.21); whilst, bulls
of poor sexuality were recorded the longest time-interval
required to ejaculate (91.11 ± 5.23), at a significance value
of P<0.036 (Table 5).

• Relation to month of semen collection and sexual
activity: Concerning to month of semen collection among
groups of study bulls, the highest and lowest time-interval
required for ejaculation were seen in January and
November of high (51.26 ± 3.02 and 32.65 ± 2.98),
medium (79.31 ± 3.54 and 58.20 ± 4.27) and poor (98.72

Table 6: Time-interval regarding to month of semen collection.

Month
Sexual activity

High Medium Poor
Nove- 32.65 ± 2.98Cc 58.20 ± 4.27Bc 81.75 ± 5.01Ad

mber (18 - 46) (49-87) (66-97)
Dece- 40.61 ± 3.55Cb 67.02 ± 3.90Bb 90.93 ± 6.28Ac

mber (28 - 51) (41 - 83) (64 - 103)
Jan- 51.26 ± 3.02Ca 79.31 ± 3.54Ba 98.72 ± 4.61Aa

uary (38-74) (53-98) (75-112)
Febr- 44.12 ± 3.29Cb 71.18 ± 4.82Bb 93.02 ± 5.03Ab

uary (23-67) (51-95) (64-108)
Large horizontal and small vertical letters refer to significant

differences (P<0.05), Value: M ± SD (R), Unit: Second

Association of seminal findings to bull’s sexuality
Seminal characteristics of high sexuality bulls were

showed significant increases (P<0.05) in volume, mass
motility, individual motility and live sperms when compared
to medium and poor sexuality bulls. For concentration,
though there no significant differences (P>0.05) were
reported between high and medium sexuality bulls, both
groups were significantly (P<0.05) higher than poor
sexuality bulls. Statistically, the highest percentage of dead
and abnormal sperms was recorded in poor and medium
sexuality bulls; whereas, the lowest were seen in high
sexuality bulls (Table 7).
Association between month, seminal parameters
and sexual activity

• Volume: Among three study groups, the highest
significant (P<0.05) value for volume of collected semen
was reported in January (5.98 ± 0.17) and December
(5.85 ± 0.18) for high sexuality bulls and during November
(5.53 ± 0.3 and 4.43 ± 0.29) in medium and poor sexuality
bulls, respectively (Table 8).

• Concentration: Significantly, the highest value
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(P<0.05) for concentration of ejaculate sperms was
recorded in February (1.85 ± 0.09), February (1.45 ±
0.07) and January (1.41 ± 0.09) and February (1.25 ±
0.18) for high, medium and poor sexuality bulls,
respectively (Table 9).

• Mass motility: During February (62.5 ± 2.5) and
December (58.75 ± 4.27), there are significant increases
(P<0.05) in mass motility of high sexuality bulls and in
February for medium (58.75 ± 6.25) and poor (50 ± 6.77)
sexuality bulls (Table 10).

• Individual motility: In high sexuality bulls, significant

increases (P<0.05) in individual motility of semen were
seen in February (70.16 ± 5.04), December (68.75 ± 3.15)
and January (66.25 ± 4.27), respectively. For medium
and poor sexuality bulls, the highest value of individual
motility was detected in February, 66.25 ± 5.15 and 58.75
± 5.54, respectively (Table 11).

• Live sperms: The highest significant increases
(P<0.05) in values of live sperms were reported in
February (89.10 ± 0.98) and January (87.29 ± 1.36)
among high sexuality bulls; November (74.59 ± 2.81),
February (73.51 ± 2.10) and December (70.16 ± 1.80)

Table 7: Results of seminal parameters among different sexual activity study bulls.

Parameter Unit
Sexual activity

High Medium Poor
Volume ml 5.54 ± 0.25 A(4.8 - 6.3) 4.94 ± 0.23 B(3.8 - 6.1) 4.07 ± 0.19 C(3.2 - 5.1)

Concentration 109 / ml 1.73 ± 0.15 A(1.19 - 2.38) 1.37 ± 0.09 A(0.87- 1.69) 1.12 ± 0.17 B(0.52 - 1.39)
Mass motility % 58.12 ± 3.1 A(50 - 65) 49.69 ± 6.37 B(30 - 65) 43.19 ± 5.87 C(25 - 60)

Individual motility % 66.29 ± 3.98 A(55 - 80) 58.13 ± 6.34 B(35 - 75) 52.81 ± 5.71 C(35 - 70)
Live sperms % 85.29 ± 1.54 A(65 - 91) 71.55 ± 2.02 B(60 - 85) 66.14 ± 3.1 C(55 - 80)
Dead sperms % 15.13 ± 1.54 C(9 - 35) 28.63 ± 1.84 B(15 - 40) 33.77 ± 1.37 A(20 - 45)

Abnormal sperms % 12.51 ± 1.32 C(5 - 25) 27.33 ± 1.89 A(11 - 40) 22.02 ± 1.36 B(13 - 36)
Large horizontal letters refer to significant differences (P<0.05), Value: M ± SD (R)

Table 8: Seminal volume of different sexuality bulls during
months of study.

Month
Sexual activity

High Medium Poor
Nove- 5.23 ± 0.5 Ab 5.53 ± 0.3 Aa 4.43 ± 0.29 Ba

mber (5.1-5.5) (4.7-6.1) (3.8-5.1)
Dece- 5.85 ± 0.18 Aa 5.01 ± 0.14 Bb 3.78 ± 0.2 Cb

mber (5.4-6.2) (4.6-5.3) (3.2-4.1)
Jan- 5.98 ± 0.17 Aa 4.43 ± 0.31 Bc 4.13 ± 0.1 Ba

uary (5.6-6.3) (3.8-5.1) (3.9-4.3)
Febr- 5.1 ± 0.13 Ab 4.78 ± 0.18 Bb 3.95 ± 0.15 Ca

uary (4.8-5.4) (4.3-5.2) (3.7-4.3)
Large horizontal and small vertical letters refer to significant

differences (P<0.05), Value: M ± SD (R)

Table 9: Seminal concentration of different sexuality bulls
during months of study.

Month
Sexual activity

High Medium Poor
Nove- 1.61 ± 0.18 Ac 1.29 ± 0.09 Bb 0.98 ± 0.18 Cd

mber (1.22-2.31) (0.96-1.43) (0.52-1.15)
Dece- 1.74 ± 0.13 Ab 1.33 ± 0.12 Bb 1.09 ± 0.16 Cc

mber (1.31-2.09) (0.87-1.48) (0.69-1.24)
Jan- 1.71 ± 0.19 Ab 1.41 ± 0.09 Ba 1.15 ± 0.17 Cb

uary (1.19-2.38) (1.09-1.61) (0.74-1.31)
Febr- 1.85 ± 0.09 Aa 1.45 ± 0.07 Ba 1.25 ± 0.18 Ca

uary (1.42-2.26) (1.20-1.69) (0.78-1.39)
Large horizontal and small vertical letters refer to significant

differences (P<0.05), Value: M ± SD (R)

Table 10: Seminal concentration of different sexuality bulls
during months of study.

Month
Sexual activity

High Medium Poor
Nove- 53.72 ± 2.39 Ab 41.25 ± 7.18 Bd 38.75 ± 5.54 Bb

mber (50-65) (30-60) (25-50)
Dece- 58.75 ± 4.27 Aa 46.25 ± 4.27 Bc 41.25 ± 6.88 Cb

mber (50-65) (35-55) (25-55)
Jan- 57.5 ± 3.23 Ab 52.5 ± 7.77 Bb 42.75 ± 4.27 Cb

uary (50-65) (30-65) (35-55)
Febr- 62.5 ± 2.5 Aa 58.75 ± 6.25 Aa 50 ± 6.77 Ba

uary (50-65) (40-65) (30-60)
Large horizontal and small vertical letters refer to significant

differences (P<0.05), Value: M ± SD (R)

Table 11: Individual motility of semen among different
sexuality bulls during months of study.

Month
Sexual activity

High Medium Poor
Nove- 60 ± 3.54 Ab 51.25 ± 8.03 Bc 48.75 ± 5.54 Cc

mber (55-70) (35-65) (35-60)
Dece- 68.75 ± 3.15 Aa 55 ± 6.12 Bc 50 ± 6.45 Cb

mber (55-75) (40-65) (35-65)
Jan- 66.25 ± 4.27 Aa 60 ± 6.12 Bb 53.75 ± 5.54 Cb

uary (55-75) (45-70) (40-65)
Febr- 70.16 ± 5.04 Aa 66.25 ± 5.15 Aa 58.75 ± 5.54 Ba

uary (55-80) (55-75) (45-70)
Large horizontal and small vertical letters refer to significant

differences (P<0.05), Value: M ± SD (R)
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for medium sexuality bulls; and in February (68.85 ± 3.67),
November (68.31 ± 2.57) and January (64.28 ± 2.89) for
poor sexuality bulls (Table 12).

• Dead sperms: Significantly high (P<0.05)
percentage of dead sperms were observed during
November (19.68 ± 1.82) and December (15.94 ± 1.54)
for high sexuality bulls and in January (31.90 ± 1.68),
December (29.68 ± 2.06) and February (27.44 ± 1.39)

for medium sexuality bulls. However, there no significant
differences (P>0.05) were recorded between the values
of all study months of poor sexuality bulls (Table 13).

• Abnormal sperms: Although, the medium sexuality
bulls were showed no significant variation (P>0.05) in
percentage of abnormal sperms among all study months,
significant elevation (P<0.05) was detected in November
(16.30 ± 1.56) and December (14.64 ± 1.15) for high
sexuality bulls and December (27.92 ± 1.56) and
November (23.09 ± 1.31), respectively for the poor bulls
of sexual activity (Table 14).

Discussion
The ability to predict the fertility of bulls before semen

is released into the field has been a long-term objective
of the animal breeding industry and the recent shift in the
industry towards the intensive use of genomically selected
bulls has increased its urgency (Fair and Lonergan, 2018).
In this study, high sexuality bulls were showed a
significant elevation in concentration of testosterone
hormone that decreased in medium and more severely in
poor sexuality bulls. These findings are agreed with Aksoy
et al., (2002) and Chacur et al., (2013), but are
incompatible to that detected previously (Foote et al.,
1976; Mahmood et al., 2013) as there is no association
between sexual activity and testosterone. Hafez and
Hafez, (2013) reported that the concentration of
circulating testosterone in Holstein Friesian bulls is
unrelated to sexual activity or semen characteristics.
However, Foote et al., (1976) demonstrated that there
was a tendency for testosterone to increase with age in
Holstein bulls up to 6-7 years. Widyaningrum et al., (2015)
detected that the group housing management of young
bulls resulting in puberty acceleration through increasing
of testosterone hormone; and poor quality handling can
cause low libido, sperm quality and triggers. As the study
bulls were young and received similar management and
environmental conditions, we thought that the
concentration of other hormones such as GnRh, LH and
estrogen might influence on the testosterone secretion
as detected previously (Chacur et al., 2013; Monaco et
al., 2015). In addition, a recent study focusing on the
epigenetic profiles of young bulls highlighted that young
bulls have a different sperm DNA methylation pattern at
each specified age group (Lambert et al., 2018).

Concerning to time-interval of ejaculates, we found
that high sexuality bulls have a significant lower values in
comparison to poor sexuality bulls that appeared with a
longer period. Also, the time was decreased significantly
in November and increased in January among all study
bulls of different sexuality. Kommisrud and Berg, (1996)

Table 12: Percentage of live sperms among different sexuality
bulls during months of study.

Month
Sexual activity

High Medium Poor
Nove- 81.05 ± 2.16 Ab 74.59 ± 2.81 Ba 68.31 ± 2.57 Ca

mber (65-85) (60-85) (60-75)
Dece- 83.71 ± 1.64 Ab 70.16 ± 1.80 Ba 63.10 ± 3.25 Cb

mber (76-88) (65-79) (55-75)
Jan- 87.29 ± 1.36 Aa 67.92 ± 1.37 Bb 64.28 ± 2.89 Ba

uary (77-90) (60-77) (60-72)
Febr- 89.10 ± 0.98 Aa 73.51 ± 2.10 Ba 68.85 ± 3.67 Ba

uary (83-91) (65-80) (60-80)
Large horizontal and small vertical letters refer to significant

differences (P<0.05), Value: M ± SD (R)

Table 13: Percentage of dead sperms among different
sexuality bulls during months of study.

Month
Sexual activity

High Medium Poor
Nove- 19.68 ± 1.82 Ca 25.51 ± 2.24 Bb 31.62 ± 1.28 Aa

mber (15-35) (15-40) (25-40)
Dece- 15.94 ± 1.54 Ca 29.68 ± 2.06 Ba 36.85 ± 1.49 Aa

mber (12-24) (21-35) (25-45)
Jan- 13.03 ± 1.62 Bb 31.90 ± 1.68 Aa 35.59 ± 1.12 Aa

uary (10-23) (23-40) (28-40)
Febr- 11.86 ± 1.17 Bb 27.44 ± 1.39 Aa 31.01 ± 1.60 Aa

uary (9-19) (20-35) (20-40)
Large horizontal and small vertical letters refer to significant

differences (P<0.05), Value: M ± SD (R)

Table 14: Percentage of abnormal sperms among different
sexuality bulls during months of study.

Month
Sexual activity

High Medium Poor
Nove- 16.30 ± 1.56 Ba 24.88 ± 2.37 Aa 23.09 ± 1.31 Aa

mber (10-25) (11-36) (20-31)
Dece- 14.64 ± 1.15 Ba 29.13 ±1.63 Aa 27.92 ± 1.56 Aa

mber (10-21) (20-35) (22-36)
Jan- 10.17 ± 1.31 Cb 28.96 ± 1.84 Aa 22.80 ± 1.25 Bb

uary (5-19) (21-40) (19-32)
Febr- 8.93 ± 1.24 Cb 26.34 ± 1.75 Aa 18.26 ± 1.30 Bb

uary (5-18) (16-34) (13-26)
Large horizontal and small vertical letters refer to significant

differences (P<0.05), Value: M ± SD (R)
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reported that time of sexual preparation have significant
effects on ejaculation profile (ejaculate volume, number
of doses per ejaculate and post-thaw motility). Previously,
beef and dairy producers have suggested that the sex
ratio of the calf crop varied among bulls. Chandler et al.,
(1998, 2002) demonstrated that there variations in the
percentage of Y chromosome-bearing spermatozoa (%Y-
CBS) between ejaculates within the same bulls are found.
Singh et al., (2015) showed that the poor libido bulls are
usually take a higher total time in mount that may or may
not be resulted in successful ejaculation. Mahmood et
al., (2013) mentioned that testosterone could be affected
the ability of males for erection and ejaculation, as well
as on the quality and quantity of semen. However, many
studies were detected that the ejaculate volume, sperm
concentration and total number of spermatozoa per
ejaculate can increase with increasing collection interval
and suggested that the optimum intervals of 3-5 days for
percentage of motile sperm (Igna et al., 2010; Murphy
et al., 2018). In relation to seasonal influences, study
bulls of different sexual activity were found to be almost
same since significant increase in time-interval were
showed in January. This might be attributed to increase
environmental stressful condition during this season, winter.
Worldwide, many studies have been estimated the effect
of season on time-interval and sexual activity with
conflicting results (Ahmad et al., 2005; Farooq et al.,
2013; Mahmood et al., 2013). Locally, AL-Badry et al.,
(2012) indicated that best sexual desire was in February
and best some semen parameters were in January and
February.

Regarding to seminal profiles, the findings of our study
showed that there are significant increases in seminal
quality among high sexuality bulls when compared to
medium and poor sexuality bulls. Several studies have
analyzed the relationship between serum testosterone
concentration, sperm quality and fertility in bulls with a
few reporting a strong association (Javed et al., 2000; de
Brito, 2006; Rajak et al., 2014). These reports were in
agreement with that detected in this study as the high
sexuality bulls have a high serum testosterone
concentration as well as a high seminal quality. Based on
previous reports, the findings showed that the optimum
testosterone concentration with larger sized scrotal
circumference and seminal vesicles plays an important
role in enhancing the bull productivity of spermatozoa
per gram testicular tissue (Almquist and Amann, 1961)
and semen quality (Pant et al., 2003). Moreover, relations
across gender suggested that there certain genes may
affect some critical reproductive mechanisms in both

males and females such as reproductive organ size (testis
and seminal vesicles) that is an indicator of fertility and
marker of the timing of puberty (Argyropoulos and Shire,
1989; Foote, 2003). Mahmood et al., (2018) concluded
that there is a significant positive correlation between
scrotal circumference and fertility parameters related to
seminal vesicles weight and its secretion: fructose, citric
acid, protein and testosterone and suggested that this
approach along with certain semen quality attributes
reflecting epididymis function could be used as a
predictive fertility marker for grading and selection of
breeding bulls and their progenies to develop outstanding
bull mother farm.

Association of seminal parameters to month of semen
collection in present study was revealed a significant
variation in their findings. The effect of season on bovine
semen production has been widely assessed but with
conflicting data perhaps due to the range of climatic
conditions under which these studies have been carried
out (Gadea, 2005). However, many studies reported that
seasonal variation in semen characteristics have mainly
attributed these changes to compromised scrotal
thermoregulation and heat dissipation mechanisms, as
well as the endocrine profile and differential response of
bulls testes to gonadotropins (Jiménez-Severiano et al.,
2003; Menegassi et al., 2011). Seasonal variation
associated with photoperiod, in particular luteinizing
hormone (Chandolia et al ., 1997), testosterone
concentration (Souza et al., 2011) and melatonin levels
(Li et al., 2019), can affect spermatogenesis. Moreover,
the adaptability of a bull to local microclimatic conditions
may have consequences for semen quality and therefore,
could account for differences in their reproductive
capacity throughout the year (Brito et al., 2002, Herbut
et al., 2018). Other reports observed that increase in
seminal quality and quantity is associated with increasing
bull age and increase in sperm motility and viability is
driven increases in ejaculate volume up to 4 years of age
(Bhakat et al., 2011; Baliæ et al., 2012). Murphy et al.,
(2018) reported a correlation between season, bull age
and seminal characteristics since there was a tendency
for summer and autumn to increase ejaculate volume,
sperm concentration, total sperm number and gross
motility. Therefore, increasing in ejaculate volume with
age may be related to an increase in activity of the
hypothalamic-pituitary-testicular axis and the concurrent
development of the testis and accessory glands with sexual
maturity, which believed to continue to develop for up to
5 years post-puberty (Almquist, 1978; Murphy et al.,
2018).
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Conclusion
Our findings confirmed that the concentration of

testosterone hormone in addition to macroscopic and
microscopic seminal characteristics correlate positively
with the sexual activity of Holstein Friesian bulls. Also,
there is relationship between

Contribution of Authors
Jaafar J.A. Al-Chaabawi and Hayder A. Hasan were

responsible for blood sampling, measurement of
testosterone hormone and assessment of some seminal
parameters; whilst, Khitam J.Y. Alazawe and Faris F.I.
Mohammed were responsible for collection of semen and
evaluation of some semen parameters. All authors read
and approved the final manuscript.

Acknowledgment
The authors are thankful to College of Veterinary

Medicine, University of Baghdad, Baghdad / Iraq; and to
the Department of Artificial Insemination, Directorate of
Animal Resources, Ministry of Agriculture, Baghdad /
Iraq, for providing the necessary facilities for this study.

References
Ahmad, M., M.T. Asmat and N. Rehman (2005). Relationship

of testicular size and libido to age and season in Sahiwal
bulls. Pakistan Veterinary Journal, 25(2): 67-70.

Ajmone Marsan, P., J.F. Garcia and J.A. Lenstra (2010). On the
origin of cattle: how aurochs became cattle and colonized
the world. Evolutionary Anthropology: Issues, News and
Reviews, 19(4): 148-157.

Aksoy, M., A. Kaya, H. Vatansev and T. Tekeli (2002).
Testosterone secretion and semen plasma enzyme activity
in rams with genital pathology stimulated with GnRH.
Theriogenology, 57(7): 1907-1916.

AL-Badry, K.I., A. AL-Ani and F.F. Ibrahim (2012). Effect of
Glycyrrhizin glabra in nutrient on sexual desire and semen
parameters of bulls born in Iraq during winter. The Iraqi
Journal of Veterinary Medicine, 36(spcial issue (1)): 98-
104.

Albarrán-Portillo, B. and G.E. Pollott (2013). The relationship
between fertility and lactation characteristics in Holstein
cows on United Kingdom commercial dairy farms. Journal
of dairy science, 96(1): 635-646.

Almquist, J.O. and R.P. Amann (1961). Reproductive Capacity
of Dairy Bulls. II. Gonadal and Extra-Gonadal Sperm
Reserves as Determined by Direct Counts and Depletion
Trials; Dimensions and Weight of Genitalia1. Journal of
Dairy Science, 44(9): 1668-1678.

Almquist, J.O. (1978). Bull semen collection procedures to
maximize output of sperm. In Proc. 7th Tech. Conf. Artificial
Insemination Reprod. Natl Assoc Anim Breeders,
Columbia, MO. 33-36.

Argyropoulos, G. and J.G.M. Shire (1989). Genotypic effects on
gonadal size in fetal mice. Reproduction, 86(2): 473-478.

Balić, I.M., S. Milinković-Tur, M. Samardžija and S. Vince (2012).
Effect of age and environmental factors on semen quality,
glutathione peroxidase activity and oxidative parameters
in simmental bulls. Theriogenology, 78(2): 423-431.

Bhakat, M., T.K. Mohanty, V.S. Raina, A.K. Gupta, H.M. Khan,
R.K. Mahapatra and M. Sarkar (2011). Effect of age and
season on semen quality parameters in Sahiwal bulls.
Tropical animal health and production, 43(6): 1161-1168.

Brito, L.F.C., A.E.D.F. Silva, L.H. Rodrigues, F.V. Vieira, L.A.G.
Deragon and J.P. Kastelic (2002). Effects of environmental
factors, age and genotype on sperm production and semen
quality in Bos indicus and Bos taurus AI-bulls in
Brazil. Animal reproduction science, 70(3-4): 181-190.

Carpenter, B.B. and L.R. Sprott (2007). Long Calving Seasons:
Problems and Solutions. Texas FARMER Collection.

Chacon, J., E. Perez, E. Müller, L. Söderquist and H. Rodriguez-
Martinez (1999). Breeding soundness evaluation of
extensively managed bulls in Costa Rica. Theriogenology,
52(2): 221-231.

Chacur, M.G.M., K.T. Mizusaki, L.R.A. Gabriel Filho, E. Oba
and A.A. Ramos (2013). Seasonal Effects on Semen and
Testosterone in Zebu and Taurine Bulls. Acta Scientiae
Veterinariae, 41(1): 1-5.

Chandler, J.E., H.C. Steinholt-Chenevert, R.W. Adkinson and
E.B. Moser (1998). Sex ratio variation between ejaculates
within sire evaluated by polymerase chain reaction, calving
and farrowing records. Journal of dairy science, 81(7):
1855-1867.

Chandler, J.E., A.M. Canal, J.B. Paul and E.B. Moser (2002).
Collection frequency affects percent Y-chromosome
bearing sperm, sperm head area and quality of bovine
ejaculates. Theriogenology, 57(4): 1327-1346.

Chandolia, R.K., A. Honaramooz, P.M. Bartlewski, A.P. Beard
and N.C. Rawlings (1997). Effects of treatment with LH
releasing hormone before the early increase in LH secretion
on endocrine and reproductive development in bull
calves. Reproduction, 111(1): 41-50.

Cseh, S., V. Faigl and G.S. Amiridis (2012). Semen processing
and artificial insemination in health management of small
ruminants. Animal reproduction science, 130(3-4): 187-
192.

Danchin-Burge, C., S.J. Hiemstra and H. Blackburn (2011). Ex
situ conservation of Holstein-Friesian cattle: Comparing
the Dutch, French and US germplasm collections. Journal
of dairy science, 94(8): 4100-4108.

de Brito, L.F.C. (2006). Nutrition, metabolic hormones and
sexual development in bulls. PhD Dissertation, University
of Saskatchewan, Saskatoon. 2-3.

Djemali, M. and P.J. Berger (1992). Yield and reproduction
characteristics of Friesian cattle under North African
conditions. Journal of dairy science, 75(12): 3568-3575.

8960 Jaafar Jabbar Abdulhameed Al-Chaabawi et al.



Fair, S. and P. Lonergan (2018). Understanding the causes of
variation in reproductive wastage among bulls.
animal, 12(s1): 53-s62.

Farooq, U., A. Ijaz, N. Ahmad, H. Rehman and H. Zaneb (2013).
Investigations on semen quality and freezability of
Cholistani breeding bulls-A preliminary study from
Cholistan desert of Pakistan. J. Anim. Plant Sci., 23: 359-
363.

Fiaz, M., R.H. Usmani, M. Abdullah and T. Ahmad (2010).
Evaluation of semen quality of Holstein Friesian and Jersey
bulls maintained under subtropical environment. Pak. Vet.
J., 30(2): 75-78.

Foote, R.H., N. Munkenbeck and W.A. Greene (1976).
Testosterone and libido in Holstein bulls of various
ages. Journal of dairy science, 59(11): 2011-2013.

Foote, R.H. (2003). Fertility estimation: a review of past
experience and future prospects. Animal reproduction
science, 75(1-2): 119-139.

Foote, R.H. (2010). The history of artificial insemination:
Selected notes and notables. J. Anim. Sci., 80: 1-10.

Freneau, G.E., P.J. Chenoweth, R. Ellis and G. Rupp (2010). Sperm
morphology of beef bulls evaluated by two different
methods. Animal reproduction science, 118(2-4): 176-181.

Gadea, J. (2005). Sperm factors related to in vitro and in vivo
porcine fertility. Theriogenology, 63(2): 431-444.

George, D. and P. Mallery (1999). SPSS® for Windows ® step by
step: A simple guide and reference. Allyn and Bacon. 35-
79.

Gil, D., J.L. Girela, J. De Juan, M.J. Gomez-Torres and M.
Johnsson (2012). Predicting seminal quality with artificial
intelligence methods. Expert Systems with Applications,
39(16): 12564-12573.

Girela, J.L., D. Gil, M. Johnsson, M.J. Gomez-Torres and J. De
Juan (2013). Semen parameters can be predicted from
environmental factors and lifestyle using artificial
intelligence methods. Biology of reproduction, 88(4): 1-
8.

Hafez, E.S.E. and B. Hafez (Eds.) (2013). Reproduction in farm
animals. John Wiley & Sons. 56-71.

Han, Y. and F. Peñagaricano (2016). Unravelling the genomic
architecture of bull fertility in Holstein cattle. BMC
genetics, 17(1): 143.

Henkel, R. (2012). Sperm preparation: state-of-the-art-
physiological aspects and application of advanced sperm
preparation methods. Asian journal of andrology, 14(2):
260-269.

Herbut, P., S. Angrecka and J. Walczak (2018). Environmental
parameters to assessing of heat stress in dairy cattle-a
review. International journal of biometeorology, 62(12):
2089-2097.

Igna, V.I.O.L.E.T.A., A. Moje, C. Mircu, M. Roman, C. Ghiurca,
D.E.L.I.A. Casalean and H. Cernescu (2010). The influence
of some environmental factors and age on semen

production of Fleckvieh bulls. Lucrãri Ştiinłifice Medicinã
Veterinarã, 43(2): 56-63.

Javed, M.A., A. Khan and M. Ali (2000). Influence of season
on seminal plasma testosterone and oestrogen in healthy
and abnormal buffalo bulls and their relationship with other
semen parameters. Veterinarski arhiv, 70(3): 141-150.

Jiménez-Severiano, H., J. Quintal-Franco, V. Vega-Murillo, E.
Zanella, M.E. Wehrman, B.R. Lindsey and J.E. Kinder
(2003). Season of the year influences testosterone secretion
in bulls administered luteinizing hormone. Journal of
animal science, 81(4): 1023-1029.

Kadokawa, H. and G.B. Martin (2006). A new perspective on
management of reproduction in dairy cows: the need for
detailed metabolic information, an improved selection index
and extended lactation. Journal of Reproduction and
Development, 52(1): 161-168.

Kassir, S.A., K.H. Juma and F.H. Al-Jaff (1969). Further study
on dairy characters in Friesian and crossbred cattle in
Iraq. Trop Agr St Augustine. 46: 359-363.

Kharche, S.D., S.K. Jindal, R. Priyadharsini, S.A.T.I.S.H. Kumar,
A.K. Goel, N. Ramachandran and P.K. Rout (2013). Fertility
following frozen semen artificial insemination in
Jamunapari goats. Indian J. Anim. Sci., 83: 1071-1073.

Kim, E.S. and M.F. Rothschild (2014). Genomic adaptation of
admixed dairy cattle in East Africa. Frontiers in
genetics, 5: 443.

Kommisrud, E. and K.A. Berg (1996). The influence of duration
of sexual preparation on bovine semen characteristics and
fertility rates. Reproduction in Domestic Animals, 31(2):
369-371.

Kuczyñska, B., K. Puppel, E. Metera, P. Kliś, A. Grodzka and T.
Sakowski (2011). Fatty acid composition of milk from Brown
Swiss and Holstein-Friesian black and white cows kept in
a certified organic farm. Annals of Warsaw University of
Life Sciences-SGGW, Animal Science, (49): 61-67.

Lambert, S., P. Blondin, C. Vigneault, R. Labrecque, I. Dufort
and M.A. Sirard (2018). Spermatozoa DNA methylation
patterns differ due to peripubertal age in bulls.
Theriogenology, 106: 21-29.

Li, C.Y., H.S. Hao, Y.H. Zhao, P.P. Zhang, H.Y. Wang, Y.W. Pang
and J.J. Wang (2019). Melatonin Improves the Fertilization
Capacity of Sex-Sorted Bull Sperm by Inhibiting Apoptosis
and Increasing Fertilization Capacitation via MT1
International journal of molecular sciences, 20(16): 3921.

Mahmood, S.A., A. Ijaz, N. Ahmad, H.U. Rehman, H. Zaneb
and U. Farooq (2013). Studies on libido and serum
testosterone concentration of Cholistani AI bulls under
stress free and stressful seasons. J. Anim. Plant Sci., 23:
1491-1495.

Mahmood, S., A. Kumar, R. Singh, M. Sarkar, G. Singh, M.R.
Verma and G.V.P.P.S.R. Kumar (2018). Scrotal circumference:
A predictor of testosterone concentration and certain
attributes of seminal vesicles influencing buffalo male
fertility. Veterinary World, 11(6): 739.

Seminal and Testosterone-Hormone Evaluation in Iraqi-Born Holstein Friesian Bulls 8961



Menegassi, S.R.O., J.O.J. Barcellos, E.A. Dias, C. Koetz, G.R.
Pereira, V. Peripolli and F.G. Lopes (2015). Scrotal infrared
digital thermography as a predictor of seasonal effects on
sperm traits in Braford bulls. International journal of
biometeorology, 59(3): 357-364.

Monaco, D., M. Fatnassi, B. Padalino, L. Aubé, T. Khorchani,
M. Hammadi and G.M. Lacalandra (2015). Effects of a GnRH
administration on testosterone profile, libido and semen
parameters of dromedary camel bulls. Research in
veterinary science, 102: 212-216.

Murphy, E.M., A.K. Kelly, C. O’Meara, B. Eivers, P. Lonergan
and S. Fair (2018). Influence of bull age, ejaculate number
and season of collection on semen production and sperm
motility parameters in Holstein Friesian bulls in a
commercial artificial insemination centre. Journal of animal
science, 96(6): 2408-2418.

Neyeloff, J.L., S.C. Fuchs and L.B. Moreira (2012). Meta-
analyses and Forest plots using a microsoft excel
spreadsheet: step-by-step guide focusing on descriptive
data analysis. BMC research notes, 5(1): 1-6.

Pant, H.C., R.K. Sharma, S.H. Patel, H.R. Shukla, A.K. Mittal, R.
Kasiraj and J.H. Prabhakar (2003). Testicular development
and its relationship to semen production in Murrah buffalo
bulls. Theriogenology, 60(1): 27-34.

Petherick, J.C. (2005). A review of some factors affecting the
expression of libido in beef cattle and individual bull and
herd fertility. Applied Animal Behaviour Science, 90(3-
4): 185-205.

Philipsson, J. and B. Lindhé (2003). Experiences of including
reproduction and health traits in Scandinavian dairy cattle
breeding programmes. Livestock Production Science,
83(2-3): 99-112.

Rajak, S.K., A. Kumaresan, M.K. Gaurav, S.S. Layek, T.K.
Mohanty, M.M. Aslam and S. De (2014). Testicular cell
indices and peripheral blood testosterone concentrations

in relation to age and semen quality in crossbreed (Holstein
Friesian× Tharparkar) bulls. Asian-Australasian journal
of animal sciences, 27(11): 1554.

Robinson, J.L., R.G. Popp, R.D. Shanks, A. Oosterhof and J.H.
Veerkamp (1993). Testing for deficiency of uridine
monophosphate synthase among Holstein-Friesian cattle
of North America and Europe. Livestock Production
Science, 36(4): 287-298.

Shamiah, S.M., A.A. Shitta and H.M.A. Gaafar (2007). Some
factors affecting twinning rate and its effects on postpartum
reproductive performance of Friesian cows. Egyptian J.
Anim. Prod., 44(2): 111-119.

Singh, S., M. Bhakat, T.K. Mohanty, A. Kumar, A.K. Gupta,
A.K. Chakravarty and P. Singh (2015). Sexual behavior
and its relationship with semen quality parameters in
Sahiwal breeding bulls. Veterinary world, 8(6): 745-749.

Singh, A.K., S.K. Rajak, P. Kumar and R.K. Shilpi Kerketta Yogi
(2018). Nutrition and bull fertility: a review. J. Entomol.
Zool. Stud., 6(6): 635-643.

Smith, M.F., D.L. Morris, M.S. Amoss, N.R. Parish, J.D. Williams
and J.N. Wiltbank (1981). Relationships among fertility,
scrotal circumference, seminal quality and libido in Santa
Gertrudis bulls. Theriogenology, 16(4): 379-397.

Souza, L.W.D.O., A.F.C. Andrade, E.C.C. Celeghini, J.A. Negrão
and R.P.D. Arruda (2011). Correlation between sperm
characteristics and testosterone in bovine seminal plasma
by direct radioimmunoassay. Revista Brasileira de
Zootecnia, 40(12): 2721-2724.

Wang, H., Q. Xu and L. Zhou (2014). Seminal quality prediction
using clustering-based decision forests. Algorithms, 7(3):
405-417.

Widyaningrum, Y., M. Luthfi and L. Affandy (2015).
Testosterone and Luteinizing hormone Concentration of
Steer Ongole Crossbred in Different Housing Models to
Accelerate Puberty. In Prosiding Seminar Nasional
Teknologi Peternakan dan Veteriner, 53-58.

8962 Jaafar Jabbar Abdulhameed Al-Chaabawi et al.


