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Bulls in Artificial Insemination (AI) Centres are generally trained with false
mounting (FM) activity in order to improve the quality of semen. 360 ejaculates
were collected via artificial vagina from twelve bulls. The bulls were subjected to
each group according to the number of FM activity (FM- 0, FM- 1, and FM- 2).
After the initial examination, samples were diluted and were frozen using a digital
freezing machine. Post-thaw quality of sperm was assessed by using a computer
assisted sperm analyzer and a photometer. Significant differences were obtained
among the FM groups regarding the volume and concentration (P< 0.001). The
highest concentration was obtained in FM- 2 group as 1326.7 ± 365.07 × 106 sperm/
mL (P< 0.001) and the number of straws produced per ejaculate was highest in FM2 group (P< 0.05). Individual responses of the bulls to FM activity have revealed
that, in general, double FM resulted in improved post-thaw motility and therefore
the freezability (P< 0.001). In conclusion, in this study aimed to evaluate the
relationship between the number of FM and sperm quality, double FM is a practical
method for increasing the sperm output and post-thaw motility of the insemination
doses produced in AI Centres.

Introduction
Duct of epididymis, ductus deferens and ampulla
are the extragonadal sites of sperm reservoirs in the
male genital tract, although, during the ejaculation, only
a part of sperm reserved in the tail can be expulsed. In
order to maximize the output of spermatozoa per ejaculate, sexual preparation plays a key role and can be
achieved by extending the period of sexual stimulation
beyond what is needed for mounting and ejaculation [5,
31]. Sexual preparation starts with the sensory stimulation via optic, olfactory, tactile and auditory stimulus,
followed by the stimulation of the nerves in the supraoptic and paraventricular nuclei, which leads to the release of oxytocin from posterior pituitary that can cause
the contractions of smooth muscle in the distal tail of
epididymis and ductus deferens, thereby the transport
of spermatozoa into an ejaculatory position. Steroids,
especially testosterone is the main hormone that is responsible for the regulation of sexual behaviors. While
the sexual behavior was reduced in orchiectomized
males, exogenous testosterone or E2 resulted with the
restored sexual behavior [31].
Published by International Center for Livestock Research and Training

The relationship between sexual behavior and semen quality mirrors the reproductive efficiency of stud
bulls and has a significant importance in the breeding
program, particularly in the selection criteria of bulls and
the decisions of the suitable management interventions
in order to optimize the production performance individually. Besides, initial semen quality has an important
effect on the post-thaw spermatological parameters as
well. Even with the most suitable protocol of cryopreservation, approximately half of the sperm population may
lose their ability of motion due to freezing and thawing process. Thus, the initial concentration of sperm
and their tolerance against the detrimental effects of
cryopreservation process are essential for a profitable
management in Artificial Insemination (AI) Centres. In
order to achieve the highest sperm output during the
routine semen collections, males are sexually prepared
by three approaches, which can be listed as false mounting (FM), restraint, and the combination of these two
methods [15]. For the efficiency of the restraint method,
it is important to distinguish between the actual stimulation of the bull and simply its standing position close to
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the stimulus animal. However, this assessment can be
subjective. On the contrary, FM is always recommended
since it is evident to the observer [8]. In general, bulls
are initially trained with FM (allowing the bull to mount,
but not to ejaculate) on a teaser animal and are afterwards restrained on the teaser for several minutes to
maximize their sexual stimulation and sperm quality. FM
consists of manually deviating the penis during a mount
so that intromission and ejaculation cannot occur. Restraint prevents the male from mounting even though
he wishes to do so. Generally, restraint is for two to
three minutes within half to one meter of the stimulus
animal. In dairy bulls, the recommended procedures for
sexual preparation are: one false mount followed by two
minutes of restraint, followed by two additional false
mounts before each ejaculation [9, 18, 31]. Although
some researches have tested the effect of three FM and
collecting the semen on the fourth attempt, this approach was found highly risky due to concerns of animal
welfare since animals were more prone to get injured
during the increased numbers of mounting attempts and
dismounting [5, 13, 30]. It has been suggested that with
the method of sexual stimulation and/or preparation,
increased motility, sperm survival and conception rates
could be obtained [3, 9]. It has been noted that sexual
preparation is more effective in dairy than beef bulls [3,
9]. However, the studies are mainly conducted in the
1950s. Thus, it would be useful to determine whether
these findings are applicable for use in current technology for semen collection and examination [24]. Therefore, in the present study, evaluation of the relationship
between the number of FM and sperm quality of fresh
and cryopreserved bull semen was aimed.

Materials and methods
Animals
Semen samples were collected from twelve fertility
proven bulls (2 - 4 years of age) of three different breeds
(6 Simmental, 5 Brown Swiss and 1 Holstein) which are
kept under a uniform diet program and housing conditions in the Lalahan International Livestock Research
Institute (Ankara, Turkey). These bulls are on a regular
collection schedule for semen production and had fulfilled a standard breeding soundness evaluation as well
as requirements of routine disease-control.
Experimental design
On each collection date, bulls were assigned to
three groups (FM- 0, FM- 1, FM- 2) regarding the number of FM, and all the animals were subjected to manipulations of each group with five repetitions. FM- 0;
semen collection was completed on the first mount attempt of the bull, without false mounting. FM- 1; semen
was collected on the second attempt of mounting, following the first false mounting. FM- 2; semen was collected on the third attempt of mounting, after the bulls
were false mounted twice. Sexual preparation of the
Livestock Studies

bulls was achieved by keeping the animal restrained for
3 to 5 minutes between the mounting activities. The semen was collected during a maximum of third attempt in
order to reduce the risk of injuries of the bulls.
Collection, cryopreservation and evaluation of
semen
Ejaculates (n= 360) were collected on two days
weekly by using an artificial vagina with the presence
of a teaser animal. On each collection date, ejaculates
were collected twice, consecutively, from the same bull,
5 minutes apart and the same FM procedure was applied prior to each collection. Consecutive ejaculates
collected on the same day, that belonged to same animals were pooled and examined initially taking into account the volume, concentration using a photometer
(Accucell, IMV, France) and motility using a phase contrast microscope [12].
A commercial semen extender (Andromed,
Minitüb, Germany) was used to dilute the semen. After three hours of an equilibration period at a temperature of 4 °C, cooled aliquots were loaded into 0.25 mL
French straws with a final ratio of 20 × 106 spermatozoa
/ straw. Straws were frozen using a digital freezing machine (Digitcool 5300 ZB 250, IMV, France) program and
maintained in liquid nitrogen at least for one month until
further analysis.
The straws were thawed in a 37 °C water bath for 30
s. Total motility and progressivity were assessed by using
IVOS I CASA individual software (Hamilton Thorne Inc.,
Beverly, USA) with the existing species-specific evaluation parameters for bulls. In the analysis settings, spermatozoa with VSL 70% and VAP 50 µm / s were evaluated as a progressive motil, and spermatozoa with VAP 50
µm / s were classified as rapid. The motility parameters
were expressed in percentage units. Freezability values
(Δ) were defined as the loss of motility due to the cryopreservation and it was calculated as the difference of
percentage between the initial fresh motility and postthaw motility.
Statistical Analysis
The differences among the groups regarding Motility and Post-thaw motility were compared by using parametric ANOVA test. P-values, less than 0.05 were considered significant. Data comparison pertaining to the rest
of the parameters were analyzed by non-parametrical
Kruskal-Wallis test.
Before performing the statistical analysis, data
were examined with Shapiro-Wilk test for normality and
with Levene test for homogeneity of variances as parametric test assumptions. Descriptive statistics for each
variable were calculated and presented as standard deviation. All data were analyzed using MIXED procedure
of SPSS (V22.0; SPSS Inc., Chicago, IL, USA). The effect
of group, bulls and their interaction on freezing, straw,
post-thaw motility, ejaculate, concentration, total motility %, Concentration/ejaculate and freezing/CASA motil-
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ity were analyzed using following model with repeated
measures:
Yijk = µ + Gi + Bj + (G x B)ij + eijk
Where, Yijk , dependent variable; µ, overall mean;
Gi , effect of the group (i= FM- 0, FM- 1 and FM- 2); Bj ,
effect of bulls (j = -10, 3 and 10 d); (G x B)ij , interaction
between group i and bulls j; and eijk , residual error.
Group, bulls and their interaction were assessed as
a fixed effect. P< 0.001 was considered as significant in
all analyses. When a significant difference was revealed,
any significant terms were compared by Simple effect
analysis with Bonferroni adjustment.

Results
The initial sperm motility was similar among the
three groups of FM (P> 0.05) and although there were
no significant differences, the post-thaw motility tended
to improve with the increased number of FM. Besides,
statistically significant differences were detected in volume and concentration (P< 0.001). With the increase of
sexual stimulation through the FM, there was an elevated answer at the collection time and the highest concen-

tration was obtained in FM- 2 group as 1326.7 ± 365.07 ×
106 sperm/mL (P< 0.001). Despite the increased concentration, reduced volumes were observed in false mounted bulls (FM- 1 and FM- 2) regardless of the number of
the FM activity (Table 1). Similarly, total sperm output in
the pooled ejaculates was statistically higher in double
FM group (8826.3 ± 4242.48 × 106 sperm) than in single
FM group (7236.6 ± 3204.76 × 106 sperm) (P< 0.05). In
accord with the concentration, the highest number of
straws per pooled ejaculates were obtained in FM- 2
group (396.0 ± 183.63) (P< 0.05). The increase in both
the concentration and the number of produced straws
was more evident in the samples, which initially had the
lower values with the lack of FM.
Additionally, with the lack of FM activity, the volume of semen was lower in the consecutive second
ejaculates than the first ones (Table 2). However, in FM
groups, the volume was either equal between the ejaculates (FM- 2), or higher volumes were obtained in the
second ejaculation (FM- 1). Contrary to these findings,
overall, the mean volume tended to decrease by 0.2 mL
in the second ejaculates, as it was observed similarly in
each breed.

Table 1. The relationship between the number of false mounting and semen parameters.
Number of False Mounting
Semen Parameters

0 (n=60)

Mean ejaculate volume (ml)

4.10 ± 1.13

Concentration (x 10 sperm/ml)

1 (n=60)

1013.68 ± 329.26

6

Total sperm output of pooled ejaculates (x 106 sperm)

2 (n=60)

3.29 ± 1.24

a
a

3.38 ± 1.27

b

1124.73 ± 382.01

a

P-value
< 0.001

b

1326.70 ± 365.07

b

< 0.001

8026.30 ± 2685.53 ab 7236.57 ± 3204.76 a 8826.32 ± 4242.48 b 0.043

Fresh motility (%)

83.00 ± 3.59

82.75 ± 2.83

83.92 ± 3.58

0.136

Post-thaw motility (%)

59.75 ± 10.80

61.08 ± 8.86

63.97 ± 10.56

0.068

Freezability (Δ)
Total number of straws / pooled ejaculates
a,b

23.25 ± 11.10

21.67 ± 8.74

19.95 ± 10.67

0.212

318.00 ± 108.34 b

302.00 ± 131.00 b

396.00 ± 183.63 a

0.004

Mean values ± standard deviations within a row with different superscripts differ significantly at P< 0.05.

Table 2. Volumes of consecutive ejaculates regarding the different breeds and the number of false mounting
Total and Mean Volumes of
Consecutive Ejaculates
(ml)
Mean ± SD
1st Ejaculate

Number of False Mounting
FM 0
FM 1
FM 2
(n=120)
(n=120)
(n=120)
4.5 ± 2.26
3.1 ± 1.40
3.4 ± 1.53

Total
(n= 360)
3.7 ± 1.63

Minimum

1.0

1.0

1.0

2.0

1.0

1.0

1.0

Maximum

8.5

9.0

8.0

9.0

8.0

8.0

9.0

Total

2nd Ejaculate

Breed of the Bulls
Simmental Brown Swiss Holstein
(n=180)
(n=150)
(n=30)
3.8 ± 1.72
3.5 ± 1.43
4.0 ± 1.96

343.3

260.0

60.0

271.8

187.5

204.0

663.3

Mean ± SD

3.6 ± 1.59

3.3 ± 1.08

3.8 ± 1.15

3.7 ± 1.13

3.5 ± 1.47

3.4 ± 1.48

3.5 ± 1.37

Minimum

0.0

2.0

2.0

2.0

1.0

0.0

0.0

Maximum

8.0

7.0

6.0

7.0

8.0

8.0

8.0

326.0

245.0

57.3

219.8

207.5

201.0

628.3

Total

Apart from that, the effect of the number of FM on
sperm characteristics was analyzed individually for each
of twelve bulls and in general, double FM resulted in improved post-thaw motility and thereby the freezability
(P< 0.001), although, in one bull, a single FM was adLivestock Studies

equate to increase these values, while in another one,
double FM led to a decrease in both of these parameters
(Table 3). When the effect of individualism was neglected, the increase of post-thaw motility in FM groups were
statistically insignificant (P> 0.05).
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Table 3. The interaction between the individual bulls and the number of false mounting on post-thaw motility and freezability of sperm
Parameters

Post-thaw motility
(%)

Number
of FM

Bull
1

2

3

4

5

6

7

8

9

10

11

P-value
Estimated
SEM Marginal Number
Bull
Means
of FM

12

FM-0

68.00a 44.60d 43.00d.B 54.20bcd.B 57.40abc.B 63.20abc.A 65.80ab 62.40abc 67.20ab.AB 71.00a 50.60cd.B 69.60a

FM-1

68.60 52.60 57.60

FM-2

74.20a 52.40bc 49.60b.AB 73.00a.A

a

b

ab.A

57.60

ab.AB

61.00

ab

59.40

ab

70.80a.A 51.40bc.B 63.80ac 68.00a

FM-2

12.80b 29.60a 31.40a.AB 10.00b.B

Estimated Marginal Means

14.07 31.80

37.00

30.93

29.80

22.67

24.60

13.20b.B
19.87

19.80

19.20

19.60

63.97±0.82

bc

bc

32.60a.A 22.20ab 14.00b
25.27

22.13

19.07

66.47
18.80

bc.AB

66.93

62.93

64.80

14.00 37.40

bc.B

63.27

70.60

15.40ab 28.40a 24.40ab.B 28.20a.A 21.80ab.A 23.40ab.AB 25.00ab 23.60ab 21.80ab.A 18.40ab 13.40ab.B 16.20ab.AB 3.08 21.67±0.89

abc.A

63.53

64.60

a.A

FM-1

ab.A

57.40

2.83 61.08±0.82

71.00a.A 65.20ac 67.60a.A 60.60ab

ab

FM-0
Freezability (Δ)

a.A

63.13

61.20

59.75±0.82

ab

ab.B

70.27 49.87
a

60.33

61.20

ab.AB

Estimated Marginal Means

c

50.07

53.80

b.B

10.00 35.40
c

a.A

65.00

15.40

23.07

13.40

18.00

0.001

<0.001 <0.001

0.034

<0.001 <0.001

1.63
23.25±0.89

c.B

11.00b.B 17.80ab 20.40ab.B 24.40ab.A
17.20

FM *
Bull

19.95±0.89
1.78

Mean values within a row with different superscripts differ significantly at P< 0.001
Mean values within a column with different superscripts differ significantly at P< 0.001

a,b,c,d
A, B

Discussion
The false mounting is a process that allows the bull
to mount on another bull for a limited period, before the
actual ejaculation occurs. In the present study, the effect of the number of FM on spermatological parameters were evaluated by allowing the bulls to false mount
once, twice or none at all, prior to the semen collection
and as a result, sperm quality was enhanced significantly
in double FM group, especially with respect to the concentration and post-thaw motility of spermatozoa.
False mounting is determined as the most efficient
method for sexual preparation [2, 30], particularly since
it indicates the sexual arousal clearly. In dairy bulls, the
recommended procedure for sexual preparation is one
false mount followed by two minutes of restraint, which
is followed by two additional false mounts before each
ejaculation. On the other hand, the response of beef
bulls to FM and/or active restraint was either indifferent
[11] or resulted with a minimal increase (3 FM) when repeated before the second collection [2]. Although some
researches have tested the effect of higher numbers of
FM activity, in the present study, this approach was not
preferred due to the increased risk of bulls to get injured
with the increased numbers of mounting attempts and
dismounting [5, 13, 30]. Usually, bull-to-bull (teaser) or
bull-to-phantom stimulations are used for sperm collection in AI Centres. In the present study, teaser stimulation was preferred for sperm collection.
In the current study, highest concentration was obtained in FM- 2 group. In spite of the increased concentration, reduced volumes were observed in false mounted animal groups (FM- 1 and FM- 2). In earlier researches, “the booster” effect of FM on sperm output of bulls
has been studied by several researchers [2, 4, 14]. However, these studies were conducted mainly on 1960s and
updated results using the current available technology is
needed. In lieu of subjective evaluation methods, in the
present study, the results were obtained using objective
analysers such as the CASA and spectrophotometer. The
effect of FM on sperm output was investigated in other
Livestock Studies

farm animals as well. In boars, the number of spermatozoa in the sperm rich fraction was greater (P< 0.05)
when males were collected after a false mount [20]. On
the contrary, in stallion, an increase in the number of
mounts resulted in increased volume and total sperm
count together with reduced sperm concentration of the
ejaculate [33]. Along with other hormones, these procedures can cause the release of oxytocin, which may
result in the enhancement of sperm transport or emission from the extragonadal reserves [6, 32]. In an early
study in dairy bulls, total sperm number of the ejaculate
increased with the number of false mounts from 7.1 billion (with the lack of FM), up to 14.2 (with double FM)
while with three FM, a decrease to 13.5 billion sperm
was observed. Furthermore, total sperm number has
reached to 15.1 billion owing to the addition of 5 min
active restraint into this procedure [13]. Divergent from
the present study, the increase in sperm output was
mainly associated with the increase of semen volume
than the increase of sperm concentration. In the present
study, the reduced volumes of ejaculates in FM groups
may link to the dripping of the excess secretion of the
glands during the FM activity, since these secretions are
physiologically aimed to clean the urethral duct prior to
ejaculation. Generally, as a part of sexual preparation,
partial erection, protrusion of the penis with dribbling
of accessory fluid and repeated and persistent attempts
of mounting are observed in bulls [16]. Apart from the
number of FM, the duration of sexual preparation has
also been associated with the semen quality. In bulls,
shorter preparation periods that are less than 15 minutes, led to greater volumes of ejaculates (P< 0.05) [17],
while in men, a significant positive correlation between
the duration and sperm concentration (t= 2.13, P< 0.05)
was obtained [25]. It is known that following the sexual
stimulation, the rate of sperm transported into the excurrent ducts increases and thus it can be concluded as
the underlying reason of the increased sperm concentration due the FM activity [9, 27]. Furthermore, Hafez
and Bouissou [18] stated that, bulls which have the
lowest sperm output show the greatest improvements
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with pre-stimulation. The present study agrees with the
statement since the increase in both the concentration
and the number of produced straws with the FM effect
were more evident in the samples, which initially have/
had the lower values than higher ones, in the collections
with the lack of FM.
It is important to note that sexual preparation does
not affect the sperm production. However, with the increase in the efficiency of ejaculation, it allows collecting
the maximal daily sperm output via minimum number
of ejaculations, thus, eliminates the requirement of higher frequency of ejaculations [5]. It is beneficial for the
AI industry, because it reduces the total time required
to collect and process the maximal quantity of semen
for a given male. Ideally, AI centres follow the double
collection technique in order to maximise the number
of the straws produced, and thereby the profitability
[28]. A maximum number of collections per bull would
depend on the individual capacity of the bull. In the
present study, the volume of an ejaculate ranged from
1.5 to 8 mL with double collection technique. Generally,
the volume of first ejaculate is higher than the following
consecutive ones [21, 29]. Similarly, in the current study,
a decrease was observed in the volume of second ejaculate in overall and each breed group, especially in FM0 group. However, in FM groups, the volume of second
ejaculate was able to reach and exceed the first ones.
The overall reduction in semen volume seems to be
largely related to the short collection interval between
consecutive ejaculates [12, 21]. In the present study, this
interval is prolonged due to FM activity and bulls could
have adequate time for sexual preparation. Furthermore
it has been stated that, the collection of multiple ejaculates on the same day did not affect the post-thaw motility, but the pre-freeze motility was reduced (P< 0.01)
in Holstein bulls [21], whereas no significant difference
was observed in Shorthorn-Zebu breed [23]. Although in
general, second ejaculates are of less volume and sperm
concentration, the collection of sequential ejaculates
increases productivity per unit time, as more insemination doses can be obtained on a given day.
Even though the initial sperm motility was similar
among the three groups of FM, on the individual bases, generally, double FM resulted in improved postthaw motility and thereby the freezability (P< 0.001),
although, in one bull, a single FM was adequate to increase these values, while in another one, double FM
has led to a decrease in both these parameters. Contrary
to the positive influence of sexual preparation on sperm
output, there is less evidence for its influence on sperm
characteristics. However, few researchers have reported that the pre-coital stimulation and/or ‘preparation’ of bulls by false mounts and restraint, beyond that
adequate for mounting and ejaculation have improved
the motility and survival rate of the sperm as well as the
conception rate [3, 9]. The mechanism behind the improvement of post-thaw motility due to FM is unclear
Livestock Studies
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and still needs detailed research but it can be assumed
that the increase of initial sperm concentration and the
reduction in the volume led to the use of higher dilution rates during the sperm processing and in return,
this could favour the post-thaw motility enhancement.
Various researches have investigated the effect of concentration on post-thaw semen quality in ram [1, 19],
buck [4] and stallion [22] and their result revealed that
higher dilution and/or lower sperm concentration has
led to enhancement of motility as well as intact plasma
membrane and acrosome integrity. This effect may be
linked with the release of reactive oxygen species from
sperm cells into their surrounding medium due to the
stress during the freeze-thaw process, can be alleviated
owing to the use of higher dilution rates by lowering the
concentration of these factors. Similarly, a study conducted on Norwegian Cattle bulls has revealed that sexual preparation beyond 15 minutes resulted with higher
post-thaw motility without any significant differences in
60-day non-return rates [17]. It can be concluded that
various conditions such as frequency of collection, duration of sexual preparation and type of semen collection
and the rate of dilution of the semen may have an influence on the harvested semen quality [35]. Besides, it has
been stated that certain semen characteristics are more
variable than others [7, 10, 26, 34, 36].
According to our results, double FM activity before
the semen collection increased the post-thaw motility
and concentration of spermatozoa and therefore the
number of straws produced. In conclusion, double FM
is recommended as a method to increase the libido and
sperm quality of bulls and Artificial Insemination centres
could benefit from the double FM activity prior to semen collection. However, differences in the response of
individuals should be kept in mind, and in order to obtain the maximum yield from each bull, it would be wise
to initially test the individual responses of each bull and
optimise the number of FM treatment accordingly.
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