
 

 

University of Veterinary Medicine Hannover 

 
 
 
 
 
 
 
 
 
 

Effects of semen collection practices on the 
bacterial load of stallion semen 

 
 
 
 
 
 
 
 

Thesis 
Submitted in partial fulfilment of the requirements for the degree 

-Doctor of Veterinary Medicine- 
Doctor medicinae veterinariae 

( Dr. med. vet. ) 
 
 
 

by 
Friederike Karin Maria Dirscherl 

Hanover 
 
 
 
 
 
 
 
 
 

Hanover 2011 



 

 

Academic supervision:    Professor Dr. Harald Sieme  

Klinik für Pferde  

Reproduktionsmedizinische Einheit der 

Kliniken  

 

 

 

 

 

 

 

 

 

 

1. Referee:      Professor Dr. Harald Sieme  

 

 

 

 

 

2. Referee:      Prof. Dr. Christine Wrenzycki 

      

 

 

 

 

 

Day of the oral examination:   18.05.2011 

 

In contribution to the Virtuelles Zentrum für Reproduktionsmedizin Niedersachen 

Sponsored by Deutschen Reiterlichen Vereinigung (FN, Warendorf) 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Meiner Familie 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Table of contents 

 
1  INTRODUCTION...................................................................................................9 

 

2   A LITERATURE REVIEW.................................................................................................. 11 

        

2.1  Microbial flora on stallion’s penis……………………………............................................... 11 

       2.2  Interactions between spermatozoa and bacteria………………............................................ 13 

 

3  AIMS OF THE STUDY........................................................................................ 16 

 

4 MATERIAL AND METHODS ........................................................................... 17 

        

4.1  Animals...................................................................................................................... .......... 17 

        4.1.1 Experiment 1..........................................................................................................17 

        4.1.2 Experiment 2....................................................................................... ...................18 

      

4.2 Semen collection.................................................................................................................. 19 

4.2.1 Experiment 1............................................................................. .............................19 

        4.2.2 Experiment 2..........................................................................................................21 

  

4.3 Semen handling and preparation of samples for microbiological analysis........................ 23 

 

4.4 Sperm quality assessment (Experiment 1 and 2)................................................................. 24 

4.4.1 Macroscopic semen evaluation.............................................................................  24 

        4.4.2 Sperm motility....................................................................................................... 24 

4.4.3 Plasma membrane integrity.................................................................................. 25 

        4.4.4 Sperm chromatin structure assay.......................................................................... 26 

  

4.5 Bacterial analyses........................................................................................................... .... 27 

 

4.6 Statistical analyses.............................................................................................................. 28 

 

5  EFFECTS OF SEMEN COLLECTION PRACTICES ON THE  

BACTERIAL LOAD OF STALLION SEMEN…………………………..…... 30 

 

5.1 Abstract................................................................................................................................30 

 

5.2  Introduction .................................................................................................... .................... 32 

 

5.3 Material and Methods ........................................................................................................ 35 

        5.3.1  Animals and experimental design..........................................................................35 

        5.3.2 Experiment ............................................................................................................36 

        5.3.3 Semen evaluation............................................................................ ....................... 38 

        5.3.3.1 Visual evaluation..................................................................................... 38 

   5.3.3.2 Computer Assisted Sperm Analysis......................................................... 38 

   5.3.3.3 Sperm Chromatin Structure Assay.......................................................... 39 

   5.3.3.4 Flow Cytometry....................................................................................... 39 

        5.3.4  Bacterial analysis.................................................................................................. 41 

       5.3.5  Statistical analysis............................................................................................. .... 42 

 

 

 



 

 

5.4  Results..................................................................................................................................43 

      5.4.1 Bacterial growth in the equine ejaculate.............................................................. 43 

        5.4.2 Effect of the number of mounts on the bacterial load of semen……….…….…..... 45 

        5.4.3  Effect of the number of mounts on the quantity parameters of semen………...…. 46 

5.4.4 Effect of the number of mounts on the quality of semen……….……………...…… 47 

 

5.5   Discussion......................................................................................................................................... 50 

 

6 EFFECT OF THE NUMBER OF PROVOKED UNSUCCESSFUL  

MOUNTS ON SPERM OUTPUT AND SPERM QUALITY…………..……….. 55 
 

6.1 Abstract ...............................................................................................................................55 

 

6.2  Introduction ........................................................................................................................ 57 

 

6.3 Material and Methods ........................................................................................................ 62 

        6.3.1  Animals and experimental design..........................................................................62 

        6.3.2 Experiment ............................................................................................................63 

        6.3.3 Semen evaluation............................................................................ ....................... 65 

        6.3.3.1 Visual evaluation..................................................................................... 65 

   6.3.3.2 Computer Assisted Sperm Analysis......................................................... 65 

   6.3.3.3 Sperm Chromatin Structure Assay.......................................................... 66 

   6.3.3.4 Flow Cytometry....................................................................................... 66 

        6.3.4  Bacterial analysis.................................................................................................. 68 

       6.3.5  Statistical analysis................................................................................................. 69 

 

6.4  Results..................................................................................................................................70 

      6.4.1 Bacterial growth in the equine ejaculate.............................................................. 70 

6.4.2 Effect of the number of blind mounts and lateral deviation on the quantity of 

semen…................................................................................................................. 71 

        6.4.3  Effect of the number of blind mounts and lateral deviation  

on the quality of semen.......................................................................................... 73 

 

6.5  Discussion ........................................................................................................................................ 75 

 

7  SUMMERIZING DISCUSSION AND CONCLUSIONS ................................ 78 

 

8 SUMMARY........................................................................................................... 83 

 

9 ZUSAMMENFASSUNG ..................................................................................... 85 

 

10  REFERENCES..................................................................................................... 88 

 

11 ACKNOWLEDGEMENTS ............................................................................... 110 

 

 

 

 

 

 

 



 

 

List of abbreviations 

 

AI  Artificial Insemination 

AO  Acridine Orange 

AV  Artificial Vagina 

°C  degree Celsius 

CASA  Computer Assisted Sperm Analysis 

CD   Cluster of Differentiation 

CFU  Colony Forming Units 

dest.   destillata 

DFI  DNA-Fragmentation-Index 

DIR-Effect Dirscherl-Effect / Disposable-Inner-  

Liner Rubbing Effect 

FACScan  Fluorescence Activated Cellscanner 

Fig.   figure 

FITC  Fluorescein Isothiocyanate 

g   gramme 

h  hours 

h   hour(s) 

HBS  Hank's buffered saline 

l  litre 

mg  milligramme 

min   minute 

ml  milliliter 

ml   millilitre 

N   number 

P  Probability Value 

PBS   Phosphat Buffered Saline 

PSS  Precoital Sexual Stimulation 

PI  Propidium-Iodide 

PMN   polymorphonuclear 

PMS  Progressive Motile 

Spermatozoa 

PNA  Peanut-Agglutinin 

SD  Standard Deviation 

SP   Seminal Plasma 

STR  straightness 

VAP  Velocity of average path 

VCL  Curved line velocity 

VSL  Velocity straight linear 

 

μg   microgramme 

μl   microlitre 

μm   micrometer 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



9 

 

1 INTRODUCTION 

 

Since artificial insemination (AI) became popular in horse breeding in the 1950s, the 

inevitability of long distance transportation of stallions and mares could be avoided and a 

large number of venereal diseases could be reduced. There were also obvious economic 

interests behind the arrival of AI as a solution. Finally, there were concrete benefits in the 

possibility of splitting horse semen: Many more mares could be served from just one mount. 

Collecting semen artificially with the use of the artificial vagina (AV) is more efficient and 

economical. The high physical strain for popular stallions could be minimized and better 

breeding results could be achieved (CANISSO et al. 2008, FOOT 2002, KLUG 1992, 

ROSSDALE 2003, DAVIS MOREL 1999). 

 

Over the past 20 years the developing interest in leisure equestrian activities has not 

only accounted for the increase in the horse population, it has also created an upsurge in 

equine AI. This rapid growth has contributed to many AI economic advantages. The 

elimination of geographical restrictions, storage of semen for posterity, increase in the number 

of mares bred per stallion, acceleration of genetic improvement of stock and facilitation are 

some of the benefits. Optimizing the reproductive potential of sub-fertile stallions then too 

becomes a gain, along with allowing stallions to run concurrent performance and breeding 

careers at the same time. Finally, AI contributes to controlling diseases and reduces the risk of 

injury in relation to both - the stallion and the mare.  

 

However, artificial insemination carries with it disadvantages as well. The use of just a 

few really popular stallions contains the risk of reducing the genetic pool as there is a notable 

variation in the quality of semen. The mare’s owner/manager bears the responsibility for 

conception. In order to determine the correct point of insemination, the veterinarian must 

possess a higher level of knowledge and increased attention of the mare manager is necessary. 

A crucial problem exists with the risk of disease-transfer by shipping semen nationally and 

internationally. 
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Nowadays most stallions (excluding Thoroughbreds) are “covering” via AI. The 

natural way of covering a mare becomes less important caused by the benefits of AI. Because 

there is no contact between mare and stallion a direct transmission from viruses and bacteria 

can be avoided. In its first years AI was employed to reduce venereal diseases eliminating 

direct contact between mare and stallion, indirect venereal disease transmission via the 

collected semen is still possible. It is however disputed, that regardless of the preservation 

state of the semen (fresh, cooled-transported or frozen/thawed) it is nearly unavoidable to get 

a contamination-free ejaculate. Different forms of semen preservation harbor their own 

specific bacterial flora depending on their microbial susceptibility to the cooling and freezing 

processes. Frozen/thawed semen contains organisms like yeasts and moulds, and often 

detected bacteria were Pseudomonas spp. and Enterobacter-coccus spp.. In cooled-stored 

semen Staphylococcus spp., Escherichia coli, Streptococcus spp. are the most common 

organisms (CORONA and CHERCHI 2009).  

 

There are many reasons that pave the way for contamination of the semen. Besides the 

exaggerated washing of the penis (which is still practiced) and the process of the semen 

collection, inadequate laboratory sanitary and the handling of the semen during evaluation 

and storing can affect the quality and quantity of the semen.  

 

To prevent infection from pathogens it is important to create best conditions in all 

processes. The intention is to have standardized management during semen collection and to 

obtain high-quality semen irrespective of the form of preservation and storage. The above-

mentioned interests are mainly relevant for breeders and the stallion manager but there are 

also responsibilities caused by the potential risk of diseases through contaminated semen. 

Laws and provisions supervise the use, the trade and the commerce of semen on national and 

international levels. A lot of swabs, semen samples and blood analyses are required to verify 

stallions and mares health (JAHRBECK 2003). 

 

How much bacterial contamination is caused by the management during semen 

collection and if there is an influence of a potential bacterial load on quantity and quality of 

equine semen, is the focus of the following study. 

http://dict.leo.org/ende?lp=ende&p=Ci4HO3kMAA&search=susceptibility&trestr=0x8001
http://dict.leo.org/ende?lp=ende&p=Ci4HO3kMAA&search=to&trestr=0x8001
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2  A LITERATURE REVIEW  

 

2.1  Microbial flora on the stallion’s penis 

 

Invariably, there are many sources of bacterial contamination in semen. One source is 

the animal itself. The horse's penis and prepuce become hosts to myriads of species of 

bacteria. Most of them can be declared as commensals but there are also potentially 

pathogenic germs that can contaminate the collected semen (BRISTOL 1991, TISCHNER 

AND KOSINIAK 1992, CLÉMENT et al. 1995, VARNER et al. 1998, PICKETT and VOSS 

1999, AURICH and SPERGSER 2007). Bacteria have to be called commensals as long as 

they do not provoke infections or inflammation (AURICH 2001). The microbial flora on the 

stallion’s penis could be found in a high incidence compared to other faunal species. This is 

caused by the specific anatomy of the horse’s penis. Folds and wrinkles and the presence of 

smegma, present a breeding ground for bacterial population (TISCHNER et al. 1974, 

KENNEY 1975). RAMASWAMY et al. (1997) determined that the prepuce is also a source 

for contamination.  

 

Even a semen collection with an AV cannot prevent contamination of the ejaculate by 

the external surface of the penis. The goal of obtaining sterile semen is almost unachievable 

(AKTHER et al. 2007). YÁNIZ et al. (2010) detected aerobic bacteria in almost all the 

collected semen samples from rams. VAILLANCOURT et al. (1993), studying the 

effectiveness of antibiotics in equine semen, also described the presence of nonspecific 

bacteria after two hours of incubation in all the collected semen aliquots.  

 

Other authors described the possibility of collecting a bacteria-free ejaculate under 

hygienic conditions and using an open-ended artificial vagina (TISCHNER and KOSINIAK 

1992, KOTILAINEN et al. 1994). The use of an open-ended artificial vagina allows semen 

collection from processus urethralis in such a way that the ejaculate does not have any contact 

to the surface of the penis and semen-rich fractions could be divided from the gel-fraction 

(TISCHNER et al. 1974). BUSCH et al. (1991) also described that an open-ended vagina 

prevents contact from semen to the penile surface. The author also mentioned that there is a 
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higher expenditure of work for the technician using an open-ended vagina. This is the main 

reason for the fact that nowadays the collection of semen is produced by a closed AV 

(BRAUN et al. 1986). However, open-ended artificial vagina models were considered to be 

more hygienic than the traditional closed AV (TISCHNER and KOSINIAK 1986).  

LINDEBERG et al. (1999) and AURICH and SPERGSER (2007) reported about the 

unavoidability of collecting contaminated semen using a closed AV during the semen 

collection. 

 

ALTHOUSE et al. (2008) described different sources of contamination in porcine 

semen (from the animal itself, like skin/hair, preputial secretes, respiratory secretes, normal 

intestinal flora and of non-animal origin like water, feed, and ventilation). Highly 

contaminated semen is a characteristic for stallion’s ejaculate (MADSEN and 

CHRISTENSEN 1995) and even sanitary measures like washing cannot avoid contamination. 

Quite the opposite can follow. The natural bacterial flora can be suppressed and be overrun 

with pathogenic bacteria that probably introduce inflammation or ascending infections 

(AURICH and SPERGSER 2007). Besides the penile surface, the fossa glandis and the 

accessory glands can be reservoirs for bacteria.  

 

The natural flora is represented by coagulase-negative Staphylococci, Corynebacteria, 

alpha-haemolytic Streptococci and Lactobacilli. Facultative pathogens for the mare are 

Streptococcus zooepidemicus, Klebsiella pneumoniae, Pseudomonas aeruginosa, Taylorella 

equigenitalis (DAVIS MOREL 1999). These pathogens can cause infertility or inflammation 

in the mare’s uterus (PARLEVLIET et al. 1997, METCALF 2001). Antibiotics in the semen 

extenders cannot completely suppress or eliminate contamination in the collected and diluted 

semen and even freezing can be survived by some species of bacteria (VARNER et al. 1998, 

PICKETT and VOSS 1999). RAMASWAMY et al. (1997) cite that potential pathogenic 

microbes are able to survive in the processing, freezing and storage conditions, though the 

frozen semen contains antibiotics to control them. There is great potential to spread diseases 

through artificial insemination caused by multi-resistant bacteria.  
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The microbial flora in fresh, cooled-stored and frozen/thawed semen must be 

delineated. In frozen/thawed semen the most detected organisms are yeasts and moulds, 

Taylorella equigenitalis and Corynebacteria. In cooled-stored semen Staphylococcus spp., 

Escherichia coli, Streptococcus spp. are the most common organisms. They are sensitive to 

cold, so they are barely present in frozen/thawed semen. Measured in CFU, Corynebacterium 

spp. is the most represented bacteria in equine cooled-stored semen (ORTEGA-FERRUSOLA 

et al. 2009). ALTHOUSE et al. (2008) inferred an interaction between seasonality and 

bacteria preference. 

 

 

2.2  Interactions between spermatozoa and bacteria 

 

The effects from bacterial contamination in stallion’s ejaculates on spermatozoa are 

manifold and described by many other authors. Preliminary analyses show, that the species 

and the number of bacteria are the determining factors for quality. Microbial contamination is 

an important parameter that should be considered in the quality control of semen (MAROTO 

et al. 2010). Semen and along with the extender (containing rich nutrients for bacterial 

growth), are an ideal medium for the establishment of microorganisms including bacteria and 

moulds. Some bacteria of certain genera show a deleterious effect on semen quality 

(ALTHOUSE and LU 2005).  

 

Depending on the form of preservation (fresh, cooled-transported or frozen/thawed) 

the effects on spermatozoa are different. In frozen/thawed equine semen was described a 

positive correlation within the presence and incidence of Klebsiella and β-haemolytic 

Streptococcus and the proportion of dead spermatozoa (ORTEGA-FERRUSOLA et al. 2009). 

In another study, ejaculates of bulls were artificially infected with Staphylococcus epidermis, 

Escherichia coli and Pseudomonas aeruginosa and then incubated. A negative influence on 

the motility of spermatozoa could be observed in the case of the presence of Escherichia coli. 

No changes were found in those bovine semen-samples that contain Staphylococci or 

Pseudomonas agents (AKTHER et al. 2008). 
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YÁNIZ et al. (2010) also detected a drastic reduction in motility, velocity and viability 

of the semen of rams during storage. E. cloacae and Proteus mirabilis also show a significant 

reduction in these parameters. PRABHA et al. (2010) describe the immobilization of 

spermatozoa by Escherichia coli of human spermatozoa and the detection of a sperm 

immobilization factor (SIF) which causes variable structural damages. SCHULZ et al. (2010) 

describe a decrease of membrane intact sperms, viability and motility when semen samples 

(human semen) were artificially incubated with Escherichia coli. In studies from OKAZAKI 

et al. (2010) it could be shown, that lipopolysaccharids (produced by bacteria) bound directly 

to the head region of sperm and decreased motility besides sperm apoptosis. Also DIEMER et 

al. (1996) detected for human semen that the presence of microorganisms, especially the 

bacteria in the ejaculates, can affect fertilization directly, by adhering to spermatozoa. Other 

authors (PELTOLA et al. 2001 (boars), ANDERSSON et al., 1998 (boars)) describe a 

negative effect of toxin-producing microbes, for example Escherichia coli and Bacillus cereus 

on semen quality. 

 

The incidence of the bacterial contamination did not have any influence on the quality 

of spermatozoa, just the presence of bacteria (BORYCZKO et al. 2007). Statistically, 

significant correlations were found among bacterial flora isolated in fresh semen samples and 

selected indicators of sperm function post-thaw. Cooled-stored semen shows a reduced 

motility and lower membrane integrity besides a reduced velocity. Other authors did not 

detect a reduced motility of bacterial charged semen (PICKETT et al. 1988). Reduced 

motility was found in bovine semen determined by some microorganisms and a poor 

membrane and acrosomal integrity was induced by gentamycin. Besides morphological 

abnormalities, changes in the acrosomal integrity (head, mid-piece and tail) of spermatozoa 

were detected (AKHTER et al. 2008). 

 

Damages of the midpiece of the spermatozoa were also positively correlated with the 

number of bacteria (DANEK et al. 1996). Also DIEMER et al. (1996) reported a deleterious 

effect of bacterial contamination on sperm function, altering the structure of sperm and 

affecting the motility. That bacteria also affects the sperms mitochondria was detected by 

VEERAMACHANENI and MOELLER (2006). AURICH and SPERGSER (2007) reported a 
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significant decrease of motility and velocity during storage caused by Pseudomonas 

aeruginosa and Streptococcus equisimilis. It also was verified that other bacteria from the 

group of gram-positive bacteria did not affect motility or membrane integrity.  

 

The relationship between porcine sperm agglutination and bacterial contamination was 

examined by BOLLWEIN et al. (2004). No correlation between bacteria and the agglutination 

of semen could be found. Otherwise MAROTO et al. (2010) described an influence from 

Escherichia coli and other bacteria to the agglutination of spermatozoa in boars. This reaction 

of spermatozoa to bacteria should be the reason to establish a routinely bacterial examination 

of semen to guarantee the quality.  

 

ALTHOUSE et al. (2000) discovered that bacterial contamination of extended porcine 

semen has been associated with deleterious effects on semen quality. It was reported that all 

the isolated bacteria were resistant to gentamycin, the most common antibiotic agent in 

commercial porcine semen extenders. In contrast to many other authors (ALTHOUSE and LU 

2005 (boars), BORYCZKO et al. 2007 (bulls) and ORTEGA-FERRUSOLA et al. 2009 

(stallion)), LINDEBERG et al. (1999) described that there was no difference in the motility of 

equine semen with a low bacterial population compared to semen with a high bacterial 

population. He also described, that ejaculates collected from the 1
st
 mount were not different 

from those collected after > 1 mount. 

 

KUISMA et al. (2006) studies found no relation between bacterial contaminated 

equine semen and foaling rates. The species of bacteria they found after incubation were 

Staphylococci, Enterococci, Enterobacteriacae and Corynebacteria. The number of bacteria 

did not augment in samples stored at 5°C, whereas in samples preserved at 20°C it increased 

by three to four times after 48 hours of storage. 

 

To control bacteria load in semen samples, antimicrobials are commonly used in 

semen extenders. One problem could be the antimicrobial resistance of the bacteria. Hence, 

prudent use of antimicrobials in the semen diluents’ is an essential component to the overall 

control of contaminant bacteria in extended semen (ALTHOUSE et al. 2008). 
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3  AIMS OF THE STUDY 

 

The study of the literature data shows that bacterial contamination has an influence on 

the quality of semen. This impure semen can cause infections in the mare’s uteri by AI even if 

there is a transmission of antibiotic treated semen. To obtain a high hygienic standard of the 

semen that is used for AI it is important to know if there is any influence of the number of 

unsuccessful mounts on the bacterial incidence in the semen. The impact of the management 

of the stallion during semen collection and the influence of bacterial contamination in semen 

in relation to the number of mounts need more research. 

 

The goal of the present studies was to investigate the influence of the number of 

mounts to the bacterial load with a special regard to their impact on quality parameters of the 

collected semen (Experiment 1). 

 

In addition to this the effect of the incidence of “blind mounts” on total sperm count, 

volume and sperm concentration was studied (Experiment 2). 

 

The following hypotheses have yet to be proved: 

 

1. The number of mounts increased with the bacterial load in the analyzed semen.  

 

2. The replacement of the used disposable inner liner (DIL) in the AV after several 

mounts of the same stallion could decrease the bacterial load in the collected semen. 

 

3. The number of mounts has an influence on the quality of semen. 

 

4. The frequency of manipulated blind mounts on the dummy mare have a positive 

influence to the total sperm output and the ejaculated volume. 
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4 MATERIAL AND METHODS  

 

4.1 Animals 

4.1.1 Experiment 1 

 

The stallions (Hanoverians) in this experiment belonged to the State Stud Farm of 

Lower Saxony at Celle, Germany, where they were frequently used in the AI program during 

the non-breeding season 2009.  

 

Four healthy stallions were used during this experiment and the collected semen was 

analysed for the semen parameters. All the horses were kept in boxes on straw and were fed 

with hay and oats three times a day. Water was freely available. All the animals had a normal 

mating behavior and where easy to handle. The experiments were conducted during the non-

breeding season from October to January.  

 

The semen was collected using a closed AV (Model Hanover, Minitube, Tiefenbach, 

Germany) that was equipped with a thin plastic disposable inner liner (Minitube, Tiefenbach). 

The AV was heated to a proper temperature and adjusted to the proper pressure with hot 

water. The phantom (model “Celle”) was covered new for each stallion with thin stretch 

plastic foil to protect the stallion’s penis from contamination during the semen collection. 

This foil was changed after each stallion. In-line sterile gauze was used to drain the ejaculate 

and to separate gel and debris from semen. A sterile collection device coated with a warming 

bag (Minitube, Tiefenbach) was used to pick up the semen. Disposable rubber gloves and 

protective clothes were worn by the technician during the semen collection procedure. 

 

Immediately after the semen collection, the gel–free semen was evaluated for volume 

and spermatozoal concentration by using a photometer (Spermacue
TM

, Minitube). The 

percentage of progressively motile sperm occurs was evaluated by microscope (PMS; Optical 

microscope, BX 60; Olympus, Olympus Optical Co. Hamburg, Germany) that was equipped 

with a stage heater (38°C) (HAT 400, Minitube, Tiefenbach).  
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4.1.2 Experiment 2 

 

The experiments were conducted during the non-breeding season from October to 

January (2009-2010). The four sires that were employed for the experiment belonged to the 

State Stud farm of Lower Saxony at Celle, Germany, where they were frequently used in the 

schedule of semen collection. The collected ejaculates were analyzed for their semen 

parameters. 

 

All the horses (Hanoverians) were fed with hay and oats three times a day and were 

kept in boxes on straw. Water was freely available the whole day. The horses were in good 

condition, healthy and were 11, 15, 17 and 18 years of age. A daily schedule of exercise and 

handling was part of the complete stallion management.  

 

The same phantom (model “Celle”) was constantly used during the experiments and 

was covered with thin stretch plastic foil to protect the stallion’s penis from contamination 

during the mount. The foil was changed immediately after each stallion into a new one. The 

semen was collected using a closed AV (model Hanover, Minitube, Tiefenbach, Germany) 

that was equipped with a thin plastic disposable inner liner (Minitube, Tiefenbach). The AV 

was prepared new for every stallion using sterilized or autoclaved materials and a new DIL 

for each stallion. The AV was always heated to a proper temperature and adjusted to the 

proper pressure with hot water, trying to imitate the natural mating conditions. A sterile 

collection device coated with a warming bag (Minitube, Tiefenbach), was used to pick up the 

semen. Sterile in-line gauze was used to drain the ejaculate and to separate debris and gel 

from rest of the semen. The technician always has worn disposable rubber gloves and 

protective clothes processing the semen collection. 

 

The percentage of progressively motile sperm occurs was evaluated by microscope 

(PMS; Optical microscope, BX 60; Olympus, Olympus Optical Co. Hamburg, Germany) that 

was equipped with a stage heater (38°C) (HAT 400, Minitube, Tiefenbach). After the semen 

collection, the gel–free semen was immediately evaluated for volume and spermatozoal 

concentration by using a photometer (Spermacue
TM

, Minitube).  
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4.2.  Semen collection 

 

4.2.1 Experiment 1 

 

The semen of the stallions was collected frequently three times a week (Monday, 

Wednesday and Friday) during the non-breeding season. To obtain the same condition for all 

the stallions, semen collection started three weeks preceding the experiment. The same closed 

Hanover model AV (non-fractionated semen collection) was used for semen collection. The 

AV was equipped with a disposable inner liner (DIL). The semen was always collected and 

examined by the same AI technician. The stallions were free to jump on the dummy mare 

when full erection was achieved. A couple of weeks were necessary to complete the predicted 

schedule. Counting the number of mounts and the contacts to the AV, the semen of every 

valid mount was examined. The number of mounts was count until finally ejaculation occurs.  

 

It was very important to use one DIL per stallion and per day from mount 1-3. Sole 

exception of this procedure was the replacement of the three times used disposable inner liner 

into a new one before the 4
th

 mount. Every mount has a minimum contact of 6 seconds to AV. 

The same DIL was used without taking care how often the stallions mount the phantom until 

ejaculation occurs in between mount 1-3. Mounts with more than 4 contacts to the AV were 

not counted for the schedule.  

 

Like mounts with more than four AV contacts (intromissions), redundant mounts of an 

already completed table were not counted for the experiment. The DIL was changed after the 

3
rd

 mount / AV contact without ejaculation.  

 

The following mounts (>3) were counted for the schedule if ejaculation occurs within 

the 4
th

 mount. If not, all the mounts with more than 4 contacts to the AV where not counted 

and not evaluated for the study. All the mounts were repeated 3 times during the time in 

which the experiment were conducted (3 mounts x 3 repeats x 4 stallions = 36 ejaculates + 1 

mount (4
th

 mount) x 4 stallions = 40). The stallions never had to ejaculate more than one time 

per collecting day. 
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Schedule of semen collection: 

 

 

 

 

 

 

 

 

 

All the experiments were performed without a teaser mare. The sires were allowed to 

mount the phantom when complete erection was shown. When the stallion was securely 

mounted, repeated thrusting pelvic movements were made with a following intromission to 

AV. The reflex arc of mating was interrupted by the stallion himself before ejaculation.  

 

The number of mounts was not manipulated.  

 

The semen from each mount was divided into untreated, not extended semen, that was 

used for bacterial culture and Sperm Chromatin Structure Assay (SCSA), and a second 

portion which was diluted with skim milk based extender (INRA82, VIDAMENT et al. 2001) 

until 50 x 10
6
 PMS/ml and stored under anaerobic conditions in syringes for 3 and 24 hours in 

a refrigerator at 5°C. Temperature was verified by a thermometer inside the refrigerator. After 

3 hours the first analysis was made. A second analysis occurred with 24 hours.  

 

The last part of the semen was filled in straws and cryopreserved as well as stored in 

liquid nitrogen at -195°C using the common techniques (SQUIRES et al. 1999). 

 

 

 

 

 

Number of mount 

per collecting day 
 

Repetition during 

the whole 

experimental time 

   

     1 → 3x 

 or 2 → 3x 

or 3 → 3x 

or 4 → 1x 
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4.2.2 Experiment 2 

 

The semen of four stallions (11, 15, 17 and 18 years of age) was collected three times 

a week (Monday, Wednesday and Friday) during the non-breeding season. The Hanover 

Model AV (non-fractionated semen collection) was used and semen was always collected by 

the same AI technician. All the experiments were performed without animating the stallions 

with the presence of a teaser mare. 

 

The semen collection and the number of provoked blind mounts that proceeded during 

the experiment occurred according to a predetermined schedule. The collecting technician 

provoked false mounts by a manual lateral deviation of the penis when the stallions mounted 

the phantom mare. The aim of this process was to effectuate pre-coital sexual stimulation 

(PSS). The phantom could be mounted by the stallion when complete erection was achieved. 

The penis was manually deflected by the technician without offering the AV when the stallion 

was securely mounted. During this phase repeated thrusting pelvic movements were made by 

the stallion to achieve intromission. The collecting technician was holding the penis laterally 

deflected and avoided the contact of the penis with the phantom while seeking movements 

where allowed for 6 seconds. Mating was interrupted before the phase of intromission and 

friction.  

 

The number of mounts was controlled until the stallion was finally allowed to 

ejaculate following the specifications of the schedule.  

 

All the numbers of mounts of each stallion were repeated three times during the whole 

time that the experiment was performed (4 mounts x 3 repeats x 4 stallions = 48 ejaculates).  

 

The first mount was carried out without any deflection (mount 1  0 deflection). The 

number of the lateral deflection of the penis was counted 1 to 3 times (1-3). The ejaculation 

had to follow directly after the 1
st
 intromission/contact with the AV. Mounts of a higher 

number than 4 mounts and mounts with more than a single contact with the AV were not valid 

for the experiment.  
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Schedule of semen collection: 

 

 

 

 

 

 

 

 

 

 

The semen from each mount was divided into untreated, not extended semen. The first 

portion was used for bacterial culture and SCSA. The second aliquot was diluted with skim 

milk based extender (INRA82, VIDAMENT et al. 2001) until 50 x 10
6
 PMS/ml and cooled-

stored in syringes under anaerobic conditions for 3 and 24 hours. Temperature (5°C) inside 

the refrigerator was controlled by a thermometer.  

 

The first analysis was made after 3 hours and a second analysis occurred with 24 

hours. Using the common techniques (SQUIRES et al. 1999) the last part of the semen was 

filled in straws and cryopreserved as well as stored in liquid nitrogen at -195°C  

 

 

 

 

 

 

 

 

 

 

 

Number of mount 

per stallion / day 
 Lateral deflection 

per collecting day 
 

Repetition during 

the whole 

experimental time 

     

     1 → 0 → 3x 

or 2 → 1 → 3x 

or 3 → 2 → 3x 

or 4 → 3 → 3x 



23 

 

4.3   Semen handling and preparation of samples for analysis 

 

 

In both experiments, the ejaculates were handled and evaluated strictly similar using 

always the same procedures and methods. The semen collection and semen processing in both 

experiments (except bacterial analyses) were always realized by the same technician. 

 

The collected ejaculates from both experiments were immediately divided into 

untreated, not extended semen and a second aliquot that was diluted with skim milk based 

extender. These untreated not extended semen samples were analysed for the presence of 

bacterial growth (quantitative for every sample; qualitative at the beginning and the end of 

each experiment). The dilution of the second aliquot of the collected semen always occurs 

with INRA82 (VIDAMENT et al. 2001).  

 

Sperm concentration was defined by photometer; volume in a graduated cylinder. The 

sperm quality parameters of the semen samples were determined and the assays for the 

plasma membrane integrity, acrosomal status and chromatin integrity were carried out. The 

motility was estimated by visual assessment using a phase contrast microscope and by a 

computerized sperm analyzing system.  The degree of DNA denaturation was analysed by 

FACScan-flow-cytometer. Sperm capacitation, acrosomal status, and membrane integrity 

were determined using the FITC-PNA/PI-assay.  

 

The results of the evaluation were analysed with the statistical software SAS, version 

9.2 (SAS Institute, Cary, NC). For the linear models Proc Mixed was used. Significance was 

defined as P ≤ 0.05. 

 

As the evaluation of the semen of both experiments was conducted with the same 

methods, the following procedures were generally applicable. 
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4.4 Sperm quality assessment 

4.4.1  Macroscopic semen evaluation 

 

The volume of the collected ejaculate was evaluated in a graduated cylinder. The 

colour and consistence of the semen were appointed.  

 

The dilution of the semen always occurs with INRA82 (VIDAMENT et al. 2001) 

semen extender. It was always used the same charge of the extender. The sperm concentration 

was defined by photometer (Spermacue
TM

, Minitube, Tiefenbach). All the collected ejaculates 

were always evaluated by the same technician.  

 

The percentage of progressively motile spermatozoa (PMS), linear motile spermatozoa 

and immotile spermatozoa in the first step was estimated by visual assessment using a phase 

contrast microscope (optical microscope, BX 60; Olympus, Olympus Optical Co. Hamburg, 

Germany) that was equipped with a stage heater (38°C) (HAT 400, Fa. Minitube, 

Tiefenbach). Temperature of the slide should was controlled (+37°C) by using a stage 

warmer. As motility at the edges declines more rapidly than in the centre, multiple fields near 

the centre of the slide were examined. In the first step the fresh stallion semen was 

subjectively evaluated followed by the evaluation of an extended sample of the ejaculated. 

 

 

4.4.2  Sperm Motility 

 

The CASA-system SpermVision™ (as a common method of semen evaluation) was 

employed. The semen was evaluated 3 hours after collection with this computerized sperm 

analyzing system (Sperm Vision
TM

, Minitube, Tiefenbach). Video images for computerized 

sperm motion analysis are obtained from viewing fields of motile sperm using a microscope. 

The video frames were analyzed at a constant rate. Analyzing the video frames the computer 

was able to distinguish sperm from non-sperm objects. The CASA-System includes a phase 

contrast microscope with a high-speed digital camera that recognizes 60 frames per second.  
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During this process 8 fields and 100 cells per field of each sample were evaluated. The 

system was equipped with a stage warmer and sample chambers with 20 μm depth (Leja, GN 

Nieuw-Vennep, The Netherlands) and a computer.  

 

The semen was incubated for 2 min prior to analysis at 37°C.  2.5 μl of semen were 

filled into the chambers and the analyzing process were started.  The measured motility 

parameters included the percentage of progressively motile sperm (PMS, %), the mean 

velocity average path (VAP, μm/s), the curved line velocity (VCL, μm/s) and the straight line 

velocity (VSL, μm/s). If an average of path velocity (VAP) >40 μm/s and a straightness 

(STR) value > 0.5 is achieved, the sperm was classified as progressively motile.  

 

 

4.4.3 Plasma membrane integrity 

 

Plasma membrane integrity can be estimated by flowcytometry. Flow cytometry can 

be considered as a quick and reasonable method of objective semen evaluation. Sperm cells 

with intact plasma membranes are considered viable and thus potentially capable of 

fertilization. To evaluate sperm capacitation, acrosomal status, and membrane integrity an 

aliquot of each collected ejaculate was examined using Cell Lab Quanta SC™ (Beckman 

Coulter, Krefeld, Germany). The FITC-PNA/PI-assay was used to evaluate the percentages of 

membrane-intact sperm (PMI) and sperm with a positive acrosomal status (PAS). Four types 

of sperm could be detected after an incubation of 10 minutes with a special dilution of 485 µl 

HBS), two markers (7,5 µl FITC-PNA  and 2,5 µl propidium-iodide (PI)) at +37°C in the dark 

and after staining the sample (5µl of the INRA extended semen. Measurement was proceeded 

flowcytometrically. Fluorescine-isothiocyanate (FITC) was linked to peanut-agglutinin (PNA) 

and absorbed by capacitated sperms and showed a green fluorescence. PI links to DNA but 

was not able to penetrate an intact membrane. Furthermore, PI marks cells with a membrane 

defect with a red fluorescence (cells with damaged plasma membranes will stain red while 

live cells will stain green). 
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Four populations could be distinguished after this process according to their staining pattern: 

 

- Sperm with an intact membrane have green fluorescence.  

- Sperms with defect membrane show both (red fluorescence with a green acrosome) 

- Sperm without any fluorescence are acrosome and membrane intact.  

- Sperm with a defect membrane and an intact acrosome show red fluorescence.  

 

 

4.4.4 Sperm chromatin structure assay 

 

The sperm chromatin structure assay (SCSA) was introduced as a method to determine 

the susceptibility of sperm DNA to denaturation. The results were commonly related to 

fertility. SCSA was used for clinical diagnosis of reduced fertility in the stallion. For this 

procedure ejaculates from both experiments were treated as described earlier by EVENSON 

AND JOST (2000). The results (degree of DNA denaturation) were expressed with the DNA 

fragmentation index (DFI). The fluorescencing cells were analysed using a FACScan-flow-

cytometer (Becton Dickinson, Heidelberg). 

 

Afterwards the suspension was stained with acridine orange and incubated on ice for 3 

minutes. Acridine orange is absorbed by native, double-stranded DNA (normal) and emits 

green (530/30 nm) fluorescence. Single-stranded DNA (damaged) emits red (650LP nm) 

fluorescence. Damaged double-helix DNA was divided during this acid denaturation process. 

Damaged sperm chromatin can be quantified in per cent from the normal non-damaged (red 

fluorescensing fraction in relation to the green fluorescensing fraction) using the guidelines 

from EVENSON AND JOST (2000) and BENZONI et al. (2008).  

 

The degree of DNA denaturation was expressed with the DNA fragmentation index 

(DFI), which is the ratio of red to total (red plus green) fluorescence intensity.  
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4.5 Bacterial analyses 

 

The bacterial analysis proceeded in an accredited laboratory (Institute for Veterinary 

Microbiology, Stiftung Tierärztliche Hochschule Hannover, Germany). The microbial 

analysis started three hours after semen collection. The collected ejaculates were immediately 

after collection divided into untreated, not extended semen (that were used for the bacterial 

analysis) and second aliquots that were diluted with antimicrobial semen extender and used 

for further examinations.   

 

These untreated not extended semen samples were analyzed for the presence of 

bacterial growth (quantitative for every sample; qualitative at the beginning and the end of 

each experiment). 

 

The different bacterial species were a matter of particular interest besides the 

evaluation of the quantity of bacteria in the semen. At the beginning and at the end of the 

experiment an aliquot of the semen was incubated to identify the species of bacteria. With all 

the other samples collected during the time in which the study occurred, a quantitative 

diagnostic of the bacterial load was made and expressed in colony forming units per milliliter 

(CFU/ml). The evaluation occurred for aerobic bacteria, moulds and yeast. 

 

After the semen collection, the ejaculates were filled into sterile screw cap bottles and 

kept cool in a box at 5°C. For quantitative evaluation an aliquot (0.05ml) of the semen was 

extended 1:10 with PBS producing a serial-dilution. 100µl of the diluted semen (10
-5

) was 

streaked onto plates of Columbia-blood-agar and incubated at 37°C for 48 h. The growth of 

bacteria was expressed by counting the CFU. The colonies were counted and counted back in 

relation to the initial semen aliquot of 1ml. 

 

The semen was plated onto Columbia-Agar, Gassner-Plate, Streptococcus/ 

Staphylococcus-Selective-Plate and on modified Kimmig’s-Agar for the qualitative 

evaluation of bacterial growth. The anticipated species of the grown bacteria were 

characterized with the help of morphological and biochemical identifying features.  
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According to the rating matrix of further authors the detected bacteria were divided 

into non-pathogenic and in facultative pathogenic flora. The bacterial growth was visually 

classified in low, moderate or high growth.  

 

 

4.6 Statistical analysis 

 

If there was a statistical significant relation from the different number of mounts to the 

quality and quantity parameters of the collected ejaculates was the particular interest of the 

statistical analysis. 

 

One important objective in experiment 1 was to express the influence of the number of 

mounts on the bacterial load and the predicted semen quality and quantity parameters.  

 

The particular interest of the statistical analysis in experiment 2 was the relation from 

the number of manipulated mounts (manual lateral deviations of the penis) to the sperm 

output and the collected volume besides semen quality and quantity parameters. 

 

All data were included in a descriptive analysis. A normal distribution of model-

residuals was confirmed by Shapiro-Wilk-Test as well as visual assessment of normal 

probability plots. For the normal distributed parameter arithmetic means and standard 

deviation (± SD) was calculated, for right skewed distributed parameter logarithmic 

transformation was performed prior to analysis; however geometric mean and geometric 

standard deviation was calculated and partly diagrammed on the original scale.  

 

Furthermore median, minimum, maximum and the upper quartile [Q3] and lower 

quartile [Q1] were calculated within each group and diagrammed as boxplots.  

The mean values of the four mounts were compared using one-way analysis of 

variance with Tukey's post-hoc test for multiple pair-wise comparisons between mounts for 

all variables. 
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Analyses were carried out with the statistical software SAS, version 9.2 (SAS 

Institute, Cary, NC). For the linear models Proc Mixed was used. Significance was defined as 

P ≤ 0.05. 
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5 Effects of semen collection practices on the bacterial load of stallion 

semen 

 

5.1  Abstract 

 

In an attempt to evaluate the possible relationship between the microbial flora and the 

incidence of growth in equine semen to the number of mounts during semen collection, the 

semen from 4 stallions was analyzed. Besides the general number of CFU the causal 

relationship of microbial population in the semen and the association to semen quality and 

quantity parameters was investigated.  

 

Counting the number of mounts and contacts to the AV, the semen of every valid and 

completely performed mount was examined. Just one DIL was used per stallion and per day 

from mount 1-3. The stallions were free to jump on the dummy mare when they reached full 

erection. The same DIL in the AV was used in between mount 1 and 3. The whole experiment 

is dependent on the completion of the schedule by the stallions over a couple of weeks. The 

stallions were not manipulated or interrupted before or during their mount on the dummy 

mare. The DIL was changed after the 3
rd

 mount / AV contact without ejaculation. The 

following mounts (>3) were accounted for in the schedule if ejaculation occurs within the 4
th

 

mount. Mounts with more than 4 contacts to the AV where not counted nor evaluated for the 

schedule of the study. The mounts 1-3 were repeated 3 times, the 4
th

 mounts one time per 

stallion. 

 

A steady increase of CFU could be detected in the stallion’s semen from the 1
st
 to the 

3
rd

 mount. Mounts of a higher number (>1) using the same DIL were positive correlated to the 

number of CFUs. The highest values were detected in the 3
rd

 mount (< 35.9 x 10
6
 ± 23.2). 

Replacing the DIL before the 4
th

 mount with a new one, shows a significant decrease of CFUs 

in the collected semen. The number of CFUs resulting from the 4
th

 (< 5.4 x 10
6
 ± 3.3) mount 

did not differ significantly from the 1
st
 mount (< 8.7 x 10

6
 ± 4.3).  
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Besides Corynebacteria and coagulase-negative-staphylococci that were detected in 

every studied ejaculate (8/8), one ejaculate contained Klebsiella pneumoniae and another one 

Streptococcus equi subspecies zooepidemicus as potential pathogenic bacteria. Streptococcus 

equi subspecies zooepidemicus exhibited a particularly unfavorable effect on the sperms 

integrity comparing the values of 3h and 24h (-14%). Other ejaculates without Streptococcus 

equi subspecies zooepidemicus only show a decrease of sperm integrity of < -7.3%.  

Escherichia coli could be found in two ejaculates. In contradiction to other studies no 

differences could be found in the value of motility, PMS, AM/PM-integrity and DFI 

compared to the ejaculates without Escherichia coli. 

 

The number of mounts did not have any significant influence (P ≥ 0.05) on volume (1
st
 

mount: 59.6 ml ± 14; 2
nd

 mount: 65.7 ml ± 14; 3
rd

 mount: 62.9 ml ± 14; 4
th

 mount: 63.8 ± 14; 

totally: 63.0 ml ± 27.7). Also sperm concentration (1
st
 mount: 25.8 x 10

7
  ± 4.5; 2

nd
 mount: 

25.2 x 10
7
 ± 4.5; 3

rd
 mount: 25.2 x 10

7
 ± 4.5; 4

th
 mount: 25.6 x 10

7
 ± 4.5; totally: 25.7 x 10

7
 ± 

8.9) and total sperm count (1
st
 mount: 25.8 x 10

9
  ± 1.3; 2

nd
 mount: 13.3 x 10

9
 ± 1.3; 3

rd
 

mount: 14.8 x 10
9
 ± 1.3; 4

th
 mount: 15.3 x 10

9
 ± 1.26; totally: 14.3 x 10

9
 ± 3.12) did not differ 

significantly between the mounts.  

 

The 1
st
 and the 4

th
 mount did not differ significantly in motility, progressive motility, 

DFI-values or acrosome integrity (P ≥ 0.05) whereas the 1
st
 mount always differed 

significantly (P ≤ 0.05) to the results from the 2
nd

 mount. All stallions show 4 - 6 (5 ± 1) 

different species of bacteria in every ejaculate even if the number of mounts differ from 1- 4 

mounts. 

 

The results verify that the bacterial load increases with every unsuccessful mount. 

Replacing the used DIL from the artificial vagina after every unsuccessful mount with contact 

to the AV can significantly reduce microbial contamination in the collected semen.  

 

The quality of some parameters like total motility, progressive motility, DFI-values 

and acrosome integrity decreased significantly in between the 1
st
 and the 2

nd
 mount. 

 

http://www.dict.cc/englisch-deutsch/in+contradistinction+to.html
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5.2  Introduction  

 

Popular stallions that are in high demand often have semen collected daily during the 

breeding season. Usually, stallion management is adequate and the majority of stallions show 

a normal sexual behaviour and just need a single mount on the dummy mare, to obtain high 

quality sperm for artificial insemination (AI). Different factors can cause a stallion to mount 

the phantom more than once until ejaculation occurs. Temporary suppression of testosterone 

production, negative conditioning, inexperience of young stallions, aggressive behaviour, 

nervousness of some stallions or injury can cause a higher number of mounts, suppress sexual 

behaviour or disinterest in the dummy (STOUT 2005). The effects of an increased number of 

mounts on the bacterial contamination in the semen and the effects on quality and quantity 

parameters of the semen are not sufficiently known. MCDONNELL and HINZE (2005) 

detected that aversive conditioning can lead to an increased number of mounts. The effects of 

an increased number of mounts on the bacterial contamination in the semen and the effects on 

quality and quantity parameters of the semen are poorly investigated. 

 

It has been shown, that microbial load is characteristic in stallion’s semen (MADSEN 

AND CHRISTIANSEN 1995) and cannot even be avoided using an AV.  

 

AURICH (2001) describes that as long as there are no detrimental alterations on the 

genitals of mares and stallions and if there is no change in the quality of semen caused by 

bacterial contamination, bacteria must be called commensals. Many bacteria show a 

facultative pathogenic character and can turn pathogenic when a change occurs in the 

immunology defense. A high number of these potential pathogenic bacteria could be found in 

swabs taken from the surface of the penis and in the collected semen samples. Stallions with 

contaminated semen show a poor quality of the semen. After treating the stallions with 

antibiotics an increase of sperm quality could be observed.  

 

Reported in early studies from KENNEY et al. (1975) and BURNS et al. (1975), one 

of the main objectives of equine artificial insemination is to minimize, if not eliminate, uterine 

contamination using appropriate antibiotic agents in the extended semen. In earlier studies, in 
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the early practice of AI until now, it was well documented that the penis and ejaculate of 

stallions harbor a broad range of organisms. Beside commensals, potentially pathogenic 

bacteria such as Streptococcus zooepidemicus, Pseudomonas aeruginosa and Klebsiella 

pneumoniae, could be detected (HUGHES et al. 1967, BOWEN et al. 1982, BLANCHARD et 

al. 1987, PICKETT 1992, HOYUMPA et al. 1992, VAILLANCOURT et al. 1993, 

CLÉMENT et al. 1995, VARNER et al. 1998, PICKETT et al. 1999, AURICH et al. 2007). 

These facultative pathogens may cause infertility, especially in sub fertile mares, however it is 

nearly impossible to eliminate them from the genital tract and the surface of the penis of 

stallions. 

 

Different factors of the semen treatment that were generated during semen handling 

may also be a source of bacterial input and provoke an increase of bacteria in the semen. 

TROEDSSON et al. (2006) suggests that removal of the seminal plasma before the freezing 

of semen may contribute to the increased duration of breeding-induced endometritis and a 

possible interaction of bacteria and seminal plasma.   

 

Contaminated semen can, even if diluted with antibiotic extender, induce an 

endometritis in the mare after AI (AURICH et al. 2005). Thus, artificial insemination appears 

to be the best means in improving conception rates since bacterial endometritis remains one of 

the most important causes of infertility in the mare. One of the serious consequences of 

artificial insemination under poor management and sanitary conditions is the high risk of 

spreading bacteria with inadequately treated or collected semen. Some bacteria can persist in 

the treated semen and some of them can actually survive freezing (PICKETT et al. 1999, 

VIDAMENT et al. 1995, CORONA and CHERCHI. 2009, ORTEGA –FERRUSOLA et al. 

2009).  

 

The effects from bacteria on ejaculate are manifold. Bacterial load and the species are 

the determining factors for quality. There is a positive correlation within the presence of 

bacteria and dead spermatozoa. Statistical significant correlations were found among bacterial 

flora isolated in fresh semen samples and selected indicators of sperm function post-thaw. 

Also the type and the intensity of the bacterial growth showed significant correlations with 
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some parameters of equine sperm quality post-thaw (ORTEGA-FERRUSOLA et al. 2009). 

Some species of bacteria like Pseudomonas aeruginosa, Staphylococcus aureus and 

Escherichia coli have an influence on the motility and viability of bovine semen 

(BORYCZKO et al. 2007). Escherichia coli was also detected as a factor of immobilization of 

human semen (PRABHA et al. 2010). Pseudomonas aeruginosa and Streptococcus 

equisimilis were described as reducing motility and velocity in stallion’s semen AURICH and 

SPERGSER 2007).  

 

Cooled stored semen shows a reduced motility and lower membrane integrity as well 

as a deceleration in velocity. Damages to the sperm in the mid-piece also showed a positive 

correlation with the number of bacteria (DANEK et al. 1996). Other authors did not detect a 

reduced motility of bacterial charged semen (LINDEBERG et al. 1998). A reduced motility, 

poor membrane and acrosome integrity were found in bovine semen determined by some 

microorganisms and antibiotics (AKHTER et al. 2008). PRICE et al. (2007) reported that the 

decline in semen quality observed at 15°C most likely resulted from the effect of bacterial 

growth. Bacterial growth was the highest in samples stored at 15°C without gentamicin, under 

both anaerobic and aerobic conditions. Bacterial growth was inhibited by adding gentamicin 

at 15°C, which accordingly, reduced the decline in semen quality in cooled-stored semen. 

 

The method of collecting the ejaculate has an important influence on the microbial 

contamination. A fractionated generated ejaculate shows fewer bacteria than a non-fractioned 

collection (TISCHNER AND KOSINIAK 1986, VIDAMENT et al. 1995). Also 

LINDEBERG et al. (1998) described a difference of the number of CFU and the possibility of 

obtaining a bacteria-free ejaculate resulting from the method of semen collection.   

 

SIEME et al. (2004) detected an increase of the total sperm count and of volume with 

an increase of the number of mounts. A decrease of progressively motile sperm (PMS) could 

be observed after 24h of storage, and a lower sperm concentration resulted with an increasing 

number of mounts. Ejaculation within the first mount shows the best results in the quality 

parameters (SIEME et al. 2004). 
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In the following study, the effects of the number of mounts on the microbial load and 

the effect of a hygienic management (changing the disposable inner liner) on the quantity and 

quality of fresh, cooled stored and frozen/thawed semen was evaluated.   

 

 
5.3  Material and methods  

 

 

5.3.1 Animals and experimental design 

 

The stallions (Hanoverians) in this experiment belonged to the State Stud farm of 

Lower Saxony at Celle, Germany, where they were frequently used in the AI program during 

the non-breeding season 2009. Four healthy stallions were used during this experiment and 

the collected semen was analysed for the semen parameters. All the horses were kept in boxes 

on straw and were fed with hay and oats three times a day. Water was freely available. The 

experiments were conducted during the non-breeding season from October to January.  

 

The semen was collected using a closed AV (model Hanover, Minitube, Tiefenbach, 

Germany) that was equipped with a thin plastic disposable inner liner (Minitube, Tiefenbach). 

The AV was heated to a proper temperature and adjusted to the proper pressure with hot 

water. The phantom (model “Celle”) was covered new for each stallion with thin stretch 

plastic foil to protect the stallion’s penis from contamination during the semen collection. 

This foil was changed after each stallion. In-line sterile gauze was used to drain the ejaculate 

and to separate gel and debris from semen. A sterile collection device coated with a warming 

bag (Minitube, Tiefenbach), was used to pick up the semen. Disposable rubber gloves and 

protective clothes were worn by the technician during the semen collection procedure. 

 

Immediately after the semen collection, the gel–free semen was evaluated for volume 

and spermatozoal concentration by using a photometer (Spermacue
TM

, Minitube). The 

percentage of progressively motile sperm occurs was evaluated by microscope (PMS; Optical 

microscope, BX 60; Olympus, Olympus Optical Co. Hamburg, Germany) that was equipped 

with a stage heater (38°C) (HAT 400, Minitube, Tiefenbach).  
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5.3.2   Experiment 

 

The semen of four healthy stallions (11, 15, 17 and 18 years of age) was collected 

three times a week (Monday, Wednesday and Friday) during the non-breeding season and 

processed with a milk-based extender. To obtain the same conditions for each stallion, semen 

collection started three weeks prior to the experiment. The closed Hanover model AV (non-

fractionated semen collection) was used for semen collection. The AV was equipped with a 

DIL. The semen was consistently collected and examined by the same AI technician. The 

stallions were free to jump on the dummy mare when they reached full erection. The whole 

experiment depends on the completion of the schedule by the stallions, so a couple of weeks 

were necessary to complete the schedule. Counting the number of mounts and the contacts to 

the AV, the semen of every valid mount was examined. The number of mounts was counted 

until finally ejaculation occurs. Just one DIL was used per stallion and per day from mount 1-

3. Sole exception of this procedure was the replacement of the three times used disposable 

inner liner into a new one before the 4
th

 mount. Every mount has a minimum contact of 6 

seconds to the AV. The same DIL was used regardless of care how often the stallions 

mounted the phantom until ejaculation occured in between mount 1-3. Mounts with more than 

4 contacts to the AV were not counted for the schedule.  

 

Schedule of semen collection: 

 

 

 

 

 

 

 

 

 

Redundant mounts of already completed tables were not counted for the experiment as 

well as mounts with more than four AV contacts (intromissions). The DIL was changed after 

Number of Mount 

per collecting day 
 

Repetition during 

the whole 

experimental time 

eat 

   

     1 → 3x 

or 2 → 3x 

or 3 → 3x 

or 4 → 1x 
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the 3
rd

 mount / AV contact without ejaculation. The following mounts (>3) were counted for 

the schedule if ejaculation occurs within the 4
th

 mount. If not, all the mounts with more than 4 

contacts to the AV where not counted and not evaluated for the study. All the mounts were 

repeated 3 times. 

 

All the experiments were performed without a teaser mare. The sires were allowed to 

mount the phantom when complete erection was shown. When the stallion was securely 

mounted, repeated thrusting pelvic movements were made with a following intromission to 

AV. The reflex arc of mating was interrupted by the stallion himself before ejaculation.  

 

The number of mounts was not manipulated. All the numbers of mounts of each 

stallion were repeated three times (3 mounts x 3 repeats x 4 stallions = 36 ejaculates + 1 

mount (4
th

 mount) x 4 stallions = 40).  

 

The semen from each mount was divided into untreated, not extended semen, that was 

used for bacterial culture and sperm chromatin structure assay, and a second portion which 

was diluted with skim milk based extender (INRA82, VIDAMENT et al. 2001) until 50 x 10
6
 

PMS/ml and stored under anaerobic conditions in syringes for 3 and 24 hours in a refrigerator 

at 5°C. Temperature was verified by a thermometer inside the refrigerator. After 3 hours the 

first analysis was made. A second analysis occurred with 24 hours.  

 

The last part of the semen was filled in straws and cryopreserved as well as stored in 

liquid nitrogen at -195°C using the common techniques (SQUIRES et al. 1999). 
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5.3.3  Semen evaluation 

 

 

5.3.3.1 Visual evaluation 

 

Volume was evaluated in a graduated cylinder. Dilution always occurs with INRA82 

(VIDAMENT et al. 2001) semen extender. It was always used the same charge of extender. 

The sperm concentration was defined by photometer (Spermacue
TM

, Minitube, Tiefenbach). 

The semen was always evaluated by the same technician. The percentage of progressively 

motile spermatozoa (PMS), linear motile spermatozoa and immotile spermatozoa in the first 

step was estimated by visual assessment using a phase contrast microscope (Optical 

microscope, BX 60; Olympus, Olympus Optical Co. Hamburg, Germany) that was equipped 

with a stage heater (38°C) (HAT 400, Fa. Minitube, Tiefenbach).  

 

 

5.3.3.2  Computer Assisted Sperm Analysis 

 

After 3 hours the semen was evaluated with a computerized sperm analyzing system 

(Sperm Vision
TM

, Minitube, Tiefenbach). The semen was incubated for 2 min prior to 

analysis at 37°C. The whole system of computer assisted sperm analysis includes a phase 

contrast microscope with a high-speed digital camera that recognizes 60 frames per second. 

The system was equipped with a stage warmer and sample chambers with 20 μm depth (Leja, 

GN Nieuw-Vennep, The Netherlands) and a computer. 2.5 μl of semen were filled into the 

chambers. 8 fields and 100 cells per field of each sample were evaluated. The measured 

motility parameters included the percentage of progressively motile sperm (PMS, %), the 

mean velocity average path (VAP, μm/s), the curved line velocity (VCL, μm/s) and the 

straight line velocity (VSL, μm/s). If an average of path velocity (VAP) >40 μm/s and a 

straightness (STR) value > 0.5 is achieved, the sperm is classified as progressively motile.  
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5.3.3.3 Sperm chromatin structure assay  

 

Sperm was treated as described earlier by EVENSON AND JOST (2000). Damaged 

double-helix DNA was divided during this acid denaturation process. Afterwards the 

suspension was stained with acridine orange and incubated on ice for 3 minutes. Acridine 

orange is absorbed by native, double-stranded DNA (normal) and emits green (530/30 nm) 

fluorescence. Single-stranded DNA (damaged) emits red (650LP nm) fluorescence. The 

fluorescencing cells were analysed using a FACScan-flow-cytometer (Becton Dickinson, 

Heidelberg). Damaged sperm chromatin can be quantified in per cent from the normal non-

damaged (red fluorescencing fraction in relation to the green flourescensing fraction) using 

the guidelines from EVENSON AND JOST (2000) and BENZONI et al. (2008). The degree 

of DNA denaturation was expressed with the DNA fragmentation index (DFI), which is the 

ratio of red to total (red plus green) fluorescence intensity.  

 

 

5.3.3.4 Flow Cytometry 

 

From the collected semen, an aliquot of each ejaculate was examined using flow-

cytometry (Cell Lab Quanta SC™, Beckman Coulter, Krefeld, Germany) to evaluate sperm 

capacitation, acrosomal status, and membrane integrity. The percentages of membrane-intact 

sperm (PMI) and sperm with a positive acrosomal status (PAS) were determined using the 

FITC-PNA/PI-assay. After staining the sample (5µl of the INRA extended semen with a 

special dilution of 485 µl HBS), two markers (7,5 µl FITC-PNA  and 2,5 µl propidium-iodide 

(PI)) were used to detect four types of sperm after an incubation of 10 minutes at +37°C in the 

dark. Measurement was proceeded flowcytometrically. Fluorescine-isothiocyanate (FITC) 

was linked to peanut-agglutinin (PNA) and absorbed by capacitated sperms and showed a 

green fluorescence. PI links to DNA but is not able to penetrate an intact membrane. 

Furthermore, PI marks cells with a membrane defect with a red fluorescence. After this 

treatment four populations could be distinguished according to their staining pattern: 
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- Sperm without any fluorescence are acrosome and membrane intact.  

- Sperm with a defect membrane and an intact acrosome show red fluorescence.  

- Sperm with an intact membrane have green fluorescence. 

- Sperms with defect membrane show both colours and have a red fluorescence with a 

green acrosome. 
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5.3.4 Bacterial analysis 

 

Immediately after semen collection, the semen was filled into a sterile screw cap bottle 

and kept cool in a box at 5°C. The microbial analysis started three hours after semen 

collection. All semen samples were analysed for the presence of bacterial growth. 

 

Besides the quantity of bacteria in the semen, the different bacterial species were a 

matter of particular interest. At the beginning and at the end of the experiment an aliquot of 

the semen was incubated to identify the species of bacteria. With all the other samples 

collected during the time in which the study occurred, a quantitative diagnostic of the 

bacterial load was made and expressed in Colony Forming Units per milliliter (CFU/ml). The 

evaluation occurred for aerobic bacteria, moulds and yeast 

 

For quantitative evaluation an aliquot (0.05ml) of the semen was extended 1:10 with 

PBS producing a serial-dilution. 100µl of the diluted semen (10
-5

) was streaked onto plates of 

Columbia-blood-agar and incubated at 37°C for 48 h. The growth of bacteria was expressed 

by counting the CFU. The colonies were counted and put in relation to the initial semen 

aliquot of 1ml. 

 

For qualitative evaluation the semen was plated onto Columbia-Agar, Gassner-Plate, 

Streptococcus/Staphylococcus-Selective-Plate and on modified Kimmig’s-Agar. The cultures 

were incubated for 48h at 37°C. The anticipated species of the grown bacteria was 

characterized with the help of morphological and biochemical identifying features.  

 

The detected bacteria were divided into non-pathogenic and in facultative pathogenic 

flora according to the rating matrix of further authors. The bacterial growth was visually 

classified in low, moderate or high growth.  

 

The bacterial analysis proceeded in an accredited laboratory (Institute for Veterinary 

Microbiology, Stiftung Tierärztliche Hochschule Hannover, Germany). 
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5.3.5 Statistical analysis 

 

The objective of the study was to examine the influence of the number of mounts on 

the bacterial load and semen quality and quantity parameters. For examination four healthy 

stallions from an insemination station were included in this study. 

 

All data were included in a descriptive analysis. A normal distribution of model-

residuals was confirmed by Shapiro-Wilk-Test as well as visual assessment of normal 

probability plots. For the normal distributed parameter arithmetic means and standard 

deviation (± SD) was calculated, for right skewed distributed parameter logarithmic 

transformation was performed prior to analysis; however geometric mean and geometric 

standard deviation was calculated and partly diagrammed on the original scale.  

 

Furthermore median, minimum, maximum and the upper quartile [Q3] and lower 

quartile [Q1] were calculated within each group and diagrammed as boxplots.  

The mean values of the four mounts were compared using one-way analysis of 

variance with Tukey's post-hoc test for multiple pair wise comparisons between mounts for all 

variables. 

 

Analyses were carried out with the statistical software SAS, version 9.2 (SAS 

Institute, Cary, NC). For the linear models Proc Mixed was used. Significance was defined as 

P ≤ 0.05. 

 

 

 

 

 

 

 

 

 



43 

 

5.4  Results 
 

 

5.4.1  Bacterial growth  

 

Bacterial growth was observed in all the studied ejaculates (40/40). All tested semen 

samples show a growth of commensally microorganisms that frequently appears on the 

external genitalia of stallions.  

 

At the beginning and at the end of the study the ejaculates were evaluated for the 

bacterial species (examined ejaculates; n = 8). All ejaculates that fulfil the requirements for 

the schedule were examined for the number of CFU (40/40). 

 

The microbial flora that was found after incubation on agar-plate included haemolytic-

staphylococci, detected in 3 ejaculates with a low incidence of growth. Non-haemolytic 

staphylococci were detected, appearing in 5 ejaculates with a low incidence of growth and in 

two ejaculates growing moderately.  

 

Moderate incidences of growth were shown by Corynebacteria that were found in all 

the studied ejaculates (8/8) and represent the most detected bacteria. Alpha-haemolytic 

Streptococci were also found in all the semen samples (8/8) but always with a low incidence 

of growth. None of the detected bacteria were represented in high incidence. Corynebacteria 

(8/8) and coagulase-negative-staphylococci (haemolytic and non-haemolytic) were found in 

every studied ejaculate. All stallions showed 4 - 6 (5 ± 1) different species of bacteria in every 

ejaculate. 

 

Beside the detected commensals two ejaculates included bacteria that could be 

facultative pathogens for the mare. One ejaculate was infected with Klebsiella pneumoniae 

and another one with Streptococcus equi subspecies zooepidemicus. Escherichia coli were 

found in two different ejaculates growing in a low incidence. 
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Moulds and yeasts could not be found at all. The number of mounts did not show any 

influence or positive correlation to the number of bacterial species (4 - 6 different species in 

every studied ejaculate).  

 

Table 1.1 

The table 1.1 shows the incidence of bacterial species found in the semen samples. The 

bacterial growth was classified in low, moderate or high growth (n = 8). 

 

The bacteriological incidence of species is shown in the following Table 1.1. 

 

 

 

 

 

 

 

         

   
 Incidence of Bacterial Growth in the 

ejaculates (n=8) 

         

   
low moderate high 

      

Corynebacteria    - 8x - 

Haemolytic-Coagulase-negative Staphylococcus    3x - - 

Non-haem.-coagulase-negative Staphylococcus     5x 2x - 

Actinobacter Species    2x 2x - 

Alpha-haemolytic Streptococcus    8x - - 

Bacillus Species    3x - - 

Enterobacteriacae    3x - - 

Escherichia Coli    2x - - 

Klebsiella Pneumoniae    1x - - 

Micrococcus Species    1x - - 

Pantoea Agglomerans    1x - - 

Streptococcus Equi Subspecies Zooepidemicus    1x - - 

Streptomyces Species    1x - - 
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5.4.2   Effect of the number of mounts on the bacterial load of semen 

 

The number of mounts positively correlated to the number of CFU. The microbial 

analysis of 1 ml of collected ejaculate showed a significant difference (P ≤ 0.05) from the 1
st
 

mount to the 2
nd

 and 3
rd

 mount. A significant difference could not be found when comparing 

the 1
st
 and the 4

th
 mount. The results from the 4

th
 mount differ significantly (P ≤ 0.05) from 

the 2
nd

 and 3
rd

 mount but where equitable to the ejaculates that were collected with the 1
st
 

mount.  There was a linear increase of bacterial growth from the 1
st
 to the 3

rd
 mount with an 

explicit and sharp decline of bacterial growth at the 4
th 

mount. Two of the four stallions show 

the lowest bacterial contamination at the 1
st
 mount. Two other stallions show the lowest 

bacterial growth resulting from the ejaculates of the 4
th

 mount. All the stallions showed a low 

bacterial contamination after changing the disposable inner liner.  

 

Figure 1.1  

The following figure shows the effect of the number of mounts (contacts to the DIL) (1-4) on 

the bacterial load (CFU) in the collected semen samples. The figure shows the increase of 

the CFU with each mount (contacts to the DIL) from 1-3. The replacement of the disposable 

inner liner occurs after the 3rd mount without ejaculation and before the 4th mount. A clearly 

recognizable decrease of CFU in the semen samples collected within the 4th mount could be 

observed. The figure shows the mean (x) of the detected CFU and the standard deviation (± 

SD). Values with different letters differ significantly (P ≤ 0.05). 
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5.4.3   Effect of the number of mounts on the quantity of semen 

 

Figure 1.2  

The figure represents the results of volume, sperm concentration and total sperm count 

summarized for each 1st, 2nd, 3rd and 4th mount and expressed in averages. The ejaculates 

collected from stallions during the non-breeding season were measured immediately after 

semen collection (0 h). The figure shows mean and standard deviation (± SD).  

 

 
 

 

As shown in figure 1.2, the number of mounts or contacts to the DIL did not have any 

significant influence (P ≥ 0.05) on the studied semen quantity parameters. Volume, sperm 

concentration and total sperm count did not differ significantly between each mount.  
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5.4.4  Effects of the number of mounts on the quality of semen 

 

The study shows that there is an influence of the number of mounts on some quality 

parameters of the collected semen. Parameters like motility (3h and 24h), progressive motility 

(3h and 24h) and viability of sperm show the best results in the ejaculates of the 1
st
 mount.  

 

A low incidence of bacterial contamination could be detected in the ejaculates of the 

4
th

 mount. The results from the 1
st
 and the 4

th
 mount show no difference in all the parameters. 

Motility (3h), motility (24h), progressive motility (3h), membrane intact sperms (3h), shows 

significant better results in the 1
st
  mount compared to the 2

nd
 and 3

rd
 mount (P ≤ 0.05).  

 

The number of bacterial contamination was positively correlated with the number of 

AV intromissions with the same disposable inner liner. The number of AV contacts was 

negatively correlated with the majority of the quality parameters till the 3
rd

 mount.  

 

Table 1.2  

Table 2 shows the effect of number of mounts on the sperm characteristics of stallions 3h 

after collection and after 24h of storage at 5°C. Flow cytometric evaluation of sperm was 

used to detect membrane (PM) and acrosome (AM) damages. Results were described as 

mean ± standard deviation (± SD). Values with different letters differ significantly (P ≤ 0.05). 

 

  

1st  Mount 2nd Mount 3rd Mount 4th Mount 

DFI (%) 10.0 ± 2.9 12.1 ± 4.8 9.1 ± 2.4 11.2 ± 2.7 

motility 3h (%) 87.2 ± 6.7    a 81.3 ± 7.4    b 83.6 ± 6.6    b 84.9 ± 13.0  ab 

progressive motility 3h (%) 52.3 ± 9.6    a 47.5 ± 7.1    b 48.3 ± 8.7    b 48.7 ± 9.6    ab 

membrane intact  3h (%) 74.7 ± 4.4    a 68.4 ± 5.6    b 70.9 ± 7.0    a 73.8 ± 5.6    a 

stained acrosome 3h (%) 10.1 ± 2.4    a 14.5 ± 6.5    b 11.1 ± 3.8    ab 8.7 ± 2.2    a 

motility 24h (%) 76.5 ± 12.4  a 68.0 ± 6.9    b 69.6 ± 15.4  b 65.2 ± 26.5  ab 

progressive motility 24h (%) 41.6 ± 10.3 36.4 ± 5.7 35.8 ± 8.2 36.6 ± 19.2 

membrane intact  24h (%) 67.4 ± 4.6 65.2 ± 4.4 67.5 ± 5.2 66.7 ± 4.7 

stained acrosome 24h (%) 14.2 ± 1.4 17.0 ± 7.6 14.6 ± 2.5 14.7 ± 5.4 

 

The Table shows that there was no significant relation between the number of mounts 

and sperm DNA defragmentation. Six ejaculates showed DFI-values in between 15-30% 
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(12.5% of all evaluated semen samples). All the other ejaculates showed values lower than 

15% that is commonly declared as a good DFI. 

 

Table 1.3  

The table shows the percentage of reduction of total motility (TM), progressive motility (PMS) 

and acrosome/membrane-intact-spermatozoa (AM/PM after 3h and 24h in relation to the 

species of bacteria. Klebsiella pneumoniae, Streptococcus equi spp. zooepidemicus and 

Escherichia coli are commonly suspected to have an influence on sperm motility and the DFI. 

To show the difference to the values of semen samples without the mentioned potentially 

pathogenic species of bacteria the means of the other mounts are specified below (ø Mean 

of all other mounts). 

 

 

 

 

In two ejaculates Klebsiella pneumoniae and Streptococcus equi spp. zooepidemicus 

were found. Those two species did not have any influence on sperm quality of the collected 

semen samples. The differences in motility between 3h and 24h and PMS were comparable to 

the generally found decrease. 

 

The collected ejaculates that contain Escherichia coli, Klebsiella pneumoniae and 

Streptococcus equi spp. zooepidemicus did not show a difference in quality compared to the 

values of the ejaculates without one of the mentioned potentially pathogenic bacteria. 

 

 

 

motile 3h % motile 24h % PMS 3h % PMS 24h % DFI %

AM and PM 

intact 3h

AM and PM 

intact 24

Stallion No. 1; Escherichia coli 80.8 70.4 55.4 45.6 7.7 65.0 63.5

Stallion No. 4; Escherichia coli 79.9 67.6 36.9 29.9 11.2 69.6 64.3

Klebsiella pneumoniae 73.5 50.7 46.3 29.1 6.1 82.1 75.3

Sc. equi spp. zooepidemicus 95.0 74.3 62.9 50.3 12.0 80.1 68.9

ø Mean of all other mounts 86.6 72.1 53.5 38.8 10.6 71.9 67.8



49 

 

 In reference to the detected values and observed effects, the results of the study could 

be summarized as follows:  

 

All the collected semen samples show low bacterial contamination after changing the 

disposable inner liner.  

 

Fewest microbial contaminations were found in ejaculates from the 1
st
 mount and after 

changing the disposable inner liner in between the 3
rd

 and before the 4
th

 mount in the semen 

collected from the 4
th

 mount.  

 

The number of CFUs that could be evaluated from ejaculates of the 4
th

 mounts was 

similar to the results from the semen samples of the 1
st
 mount. 

 

The results from the 2
nd

 and 3
rd

 mount show significant higher microbial 

contamination and did show significant differences in quality parameters compared to the 

results from the 1
st
 mount.   

 

Quality parameters like total motility after 3 and 24 hours, progressive motility after 

3h and 24h show the best results after the 1
st
 mount with ejaculation. The highest sperm 

concentration and highest total number of spermatozoa were found in the 4
th

 mount. Highest 

volume was given after the 2
nd

 mount. 

 

The species of bacteria did not have any influence on the quality of the collected 

semen samples. 
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5.5  Discussion 

 

In previous studies many non-pathogenic bacteria from the surface of the penis 

(commensals) could be cultured from the collected ejaculates (METCALF 2001, AURICH 

and SPERGSER 2007, CORONA and CHERCHI 2009). This variety of non-pathogenic 

bacteria also resulted in the present study by incubation of the semen. A wide variety of 

microorganisms could be detected in almost every sample of untreated, not extended semen. 

The bacterial species in the present study correspond to the mentioned species of previous 

studies (MADSEN and CHRISTENSEN 1995, BRISTOL 1991, TISCHNER and KOSINIAK 

1992, MALMGREN et al. 1998, VARNER et al. 1998, PICKETT and VOSS 1999, 

ORTEGA-FERRUSOLA et al. 2009).  

 

Even if all possibilities of hygienic management were realized during the semen 

collection procedure, a considerable growth of bacteria was observed in all the examined 

ejaculates. 

 

Corresponding to those studies the detected microbial (natural) flora in the collected, 

untreated and not extended semen were Staphylococci, Corynebacteria, α-haemolytic 

Streptococci, Micrococci, Actinobacter and Bacillus. This bacterial species could be found in 

the present study in a large majority of ejaculates and verify the results from recent studies. 

They resulted from incubation of an aliquot of 1 ml of the collected semen.  

 

According to former studies (ORTEGA-FERRUSOLA et al. 2009) Corynebacterium 

spp. was the most represented species. In the present study Corynebacterium was found in 

every studied ejaculate growing in a moderate incidence. 

 

Most of the bacteria that resulted from the incubation can be declared as commensals 

(coagulase-negative Staphylococci, Corynebacteria, alpha-haemolytic Streptococci).  

 

Furthermore there were also facultative-pathogenic germs (Klebsiella pneumonia, 

Pseudomonas aeruginosa, Streptococcus equi subspecies zooepidemicus) that could appear in 
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the collected semen (BRISTOL 1991, TISCHNER and KOSINIAK 1992, VARNER et al. 

1998, PICKETT and VOSS 1999, METCALF 2001).  

 

This bacterial species could also be detected in ejaculates from the present study by 

the appearance of Klebsiella pneumoniae in one ejaculate and Streptococcus equi spp. 

zooepidemicus in another ejaculate. There was no negative effect of Klebsiella pneumoniae, 

Escherichia coli, Streptococcus equi spp. zooepidemicus on the semen’s quality parameters. 

AURICH et al. (2007) detected a negative influence of gram-positive bacteria (Streptococcus 

equisimilis) on semen quality. DANEK et al. (1996) described a particularly unfavourable 

effect on the motility, viability and morphology of the spermatozoa caused by Streptococcus 

equi spp. zooepidemicus. 

 

Previous studies described that semen collection with an AV cannot protect from 

contamination of the collected ejaculate by the external surface of the penis. This 

contaminated semen is typical for equine ejaculate (MADSEN and CHRISTENSEN 1995, 

AURICH and SPERGSER 2007). In the present study a high number of bacteria could be 

found in the ejaculates. A high standard of hygiene management and handling of the semen 

occurs during semen collection, evaluation and storage in the present study. The collection of 

the semen proceeded with one-way, purified or sterilized materials, so that contamination of 

the collected semen could only be caused by the surface of the penis. Despite of all the 

sanitary precautions every ejaculate was contaminated. 

 

In frozen/thawed semen there is a positive correlation within the presence and richness 

of Klebsiella and β-haemolytic Streptococcus and the proportion of dead spermatozoa 

(ORTEGA-FERRUSOLA et al. 2009).  

 

In studies from BORYCZKO et al. (2007) bovine ejaculates were artificially infected 

with Staphylococcus epidermis, Escherichia coli and Pseudomonas aeruginosa and then 

incubated. A negative influence on the motility of spermatozoa could be observed in the case 

of the presence of Escherichia coli. No changes were found in samples that were infected 

with Staphylococcus or Pseudomonas aeruginosa. Previous studies from PRABHA et al. 



52 

 

(2010) and SCHULZ et al. (2010) described a negative influence on sperm motility and 

viability when the semen samples contain Escherichia coli.  

 

The results of the present study did not detect a negative influence of Escherichia coli 

to the sperm quality in the two ejaculates containing this species.  

 

The microbial analysis of semen shows, that there is a significant difference (p < 0.05) 

from the number of CFUs incubated from an aliquot of semen from the 1
st
 mount compared to 

the 2
nd

 and 3
rd

 mount. It is important to note, that there is no significant difference between 

the number of CFUs of the semen aliquots of the 1
st
 and the 4

th
 mount. Quality parameters 

like total motility after 3 and 24 hours and progressive motility after 3h and 24h show the best 

results when the semen could be collected with the 1
st
 mount. 

 

The explicit and sharp decline of bacterial growth that is resulting from the 4
th 

mount 

could be traced back to the fact, that the DIL was changed after the 3
rd

 intromission into a 

new one. The 4
th

 mount showed the lowest bacterial contamination. This study shows, that in 

changing the DIL bacterial contamination could be significantly reduced and quality 

parameters could be sustained with this procedure. The procedure is a significant 

improvement of the hygienic standard during semen collection practices. There are no present 

studies about the effect of this hygienic procedure, but also LINDEBERG et al. (1999) 

hypothesized an influence of the number of contacts of the inner liner to the number of CFUs. 

This confirms the studies from ALTHOUSE et al. (2008) where various sources of 

contamination have to be minimized by hygienic and sanitation strategies.  

 

It can be assumed, that using the same DIL during mount 1-3 probably reduced the 

microbial flora on the penile surface by the exfoliating effect of the movements from the 

penis in the AV. The stallion’s penis slides on the surface of the DIL during the phase of 

intromission. In consideration of the visible impurification of the used DIL by smegma and 

preejaculate, a cleaning- or rubbing-effect of the disposable inner liner (Disposable-Inner-

Liner-Rubbing Effect = DIR-Effect) can be supposed.  
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In the present study the number of mounts/contacts to the DIL was positively 

correlated to the number of detected CFUs. TISCHNER and KOSINIAK (1986) as well 

detect an increase of CFUs with an increasing number of intromissions.  

 

With an increasing number of intromissions volume and total sperm count also 

increased (SIEME et al. 2004). Other authors specified in their studies the decrease of sperm 

concentration. This could not be found in the present study.  

 

The results show that the ejaculates from the 1
st
 mounts are the best ones in all the 

quality parameters. Even if quantity parameters like volume, total sperm count and sperm 

concentration did not increase significantly the quality of the semen decreased after storage 

when they were collected from mounts of a higher number.  

 

The compared parameters like motility, progressive motility and viability of 

spermatozoa show the best results in ejaculates collected with the 1
st
 mount. The results verify 

that the number of CFUs in the semen (that is increasing with each contact to the DIL) has a 

negative effect on motility and progressive motility. The quality of the collected ejaculate 

decreased with each mount/contact to the DIL until the DIL was changed.  

 

The results from the third mount that show the highest microbial contamination did 

not show significant differences in quantity and quality parameters compared to the 2
nd

 and 4
th

 

mount.  

 

Summarizing the results of this study it could be shown, that the number of 

intromissions to the AV with the same disposable inner liner is positively correlated with the 

number of CFU in the semen. The ejaculates that were collected from the first mounts were 

always the best ones in morphology, total motility and progressive motility.  

 

The aim of semen collection should be to get the semen with the first mount, because 

the quality parameters show the best results in the ejaculates from the 1
st
 mount. If stallions 
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mount more than one time, quality may be sustained by changing the DIL after every 

unsuccessful mount. 

 

The determining factor for the quality of semen is not the number of mounts; it is the 

number of contacts to the disposable inner liner.  
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6  Effect of the number of provoked unsuccessful mounts on sperm 

output and sperm quality  

 

6.1 Abstract 

 

Target of this study was to evaluate the effect of an increasing number of unsuccessful 

mounts on the volume of the collected ejaculate and if it equally provoked a higher 

spermatozoal output. Unsuccessful mounts were provoked by the collecting technician by a 

manual lateral deviation of the penis when the stallion had securely mounted the phantom. 

The reflex arc of mating was interrupted before the phase of intromission and friction. The 

stallion failed to ejaculate during this manipulation before ultimately ejaculation occurs with 

the last mount where manipulation was not conducted. The aim was to obtain the effect of a 

pre-coital sexual stimulation (PSS). The semen collection and the number of provoked false, 

unsuccessful mounts (“blind mounts”) that were carried out during this experiment occurred 

in reference to a determined schedule. Four healthy stallions were used during this experiment 

and the collected semen was analyzed for the semen parameters.  

 

In this study the collected semen samples (n = 48) were examined for the bacterial 

load, viability (by FITC-PNA/PI-assay) and chromatin stability by sperm chromatin structure 

assay (SCSA). Total and progressive motility were determined by CASA system.  

 

Whether or not the number of lateral deviations (36/48) improved the quantity and 

quality of semen could be summarized as follows:  

 

The lowest load of CFUs could be collected from the 1
st
 mount (a) and differed 

significantly (P < 0.05) from the following mounts (b). Corynebacteria, coagulase-negative 

Staphylococci and Streptococci spp. were detected in all the semen samples (8/8).  

 

It could be demonstrated that volume shows an enhancement but it did not increase 

significantly (P > 0.05) with the number of blind mounts. On average the sperm concentration 

decreased with every mount whereas total sperm count increased, caused by higher volume. 
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Total motility after 3 h showed a statistically significant difference between the 1
st
 and 4

th
 

(87.2 % ± 6.7; 80.7% ± 6.1, P < 0.05) mount. The total motility of the spermatozoa after 24 h 

also showed a significant difference comparing the means of 1
st
 mounts to the means of the 

other mounts. 

 

The DFI values did not differ significantly between the 1
st
 and the 3

rd
 mounts (10.0 % 

± 2.9; 10.8 % ± 3.2; P > 0.05). Quality in the majority of the studied parameters decreased 

with the number of mounts and after storage. A high number of unsuccessful mounts had a 

negative influence on the quality of semen. With regard to those results it should be 

mentioned that it is important to have a good overall management of the stallion in order to 

obtain high-quality semen that should be collected with one single mount. 
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6.2  Introduction  

 

Ideally, examination of a semen sample should allow the valuation of the fertilizing 

capacity of a stallion. It is supposed that parameters such as sperm progressive motility 

(straight line velocity) and sperm morphology (structure) would be correlated strongly with 

fertilizing capacity. Some parameters have traditionally been those that were used as 

indicators of semen quality. The number of spermatozoa is considered an important factor in 

fertility. Volume was also a point of interest in semen collection. Since AI started, the point of 

view was focused on supervision of ejaculation and a higher sperm output (to maximize 

reproductive efficiency). With an excess of volume a higher sperm output is suspected and 

more mares could be served from the collected ejaculate. This would subsequently be of 

economic interest. 

 

A lot of authors (SQUIRES and PICKETT 2011, NISHIKAWA 1959, PICKETT and 

VOSS 1973, GEBAUER et al 1974, SWIESTRA et al. 1974, SIEME et al. 2004) proved in 

their studies that there are a lot of factors that are supposed to have an influence on quality 

and quantity of the collected semen:  

 

Season: Stallions are seasonal breeders; there is a slight increase of spermatogonia 

during breeding season and less degeneration of spermatogonia (SQUIRES and PICKETT 

2011). That seasonality is a factor of sperm output was reported by MAGISTRINI et al. 

(1987) and ECHTE (2001). Furthermore PICKETT (1973) and SATO et al. (1973) detected 

that the highest total sperm count with the highest volume was given during the breeding 

season in May and June. It was reported by CAMARON (1985) that semen characteristics 

were not found to be adversely affected by season. 

 

Age: The number of sertoli cells is low in young animals and increases in adults 

(SQUIRES and PICKETT 2011). Studies from DOWSETT (1996) described that semen 

quality (gel-free volume, sperm concentration, total sperm numbers and sperm abnormalities) 

was poorest in stallions under 3 yr of age and over 11 yr. It is recommended that both the age 

and breed of stallion be taken into consideration when evaluating stallion semen. That sperm 
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production does decline significantly with age
 

in the human male was claimed from 

JOHNSON et al. (1984). 

 

Frequency and method of semen collection and handling: The spermatozoal output 

depends on the schedule of semen collection (SQUIRES and PICKETT 2011, SIEME et al. 

2004). MAGISTRINI et al. (1987) also reported about the variation of the sperm parameters 

in relation to the frequency of semen collection. IONATA (1991) reported when the stallion 

was sexual stimulated before the mount (SSP was applied prior to collection of first ejaculates 

from depleted stallions), gel-free and total semen volumes were higher. A reduction of the 

output of spermatozoa with a higher frequency of semen collection was observed by 

CONFINO (1985). DOWSETT (1987) postulated that semen should be collected twice a day 

to get an adequate number of sperms/ejaculates. HAIDL et al. (1994) and COPPER et al. 

(1993) showed in their studies about human spermatozoa, that a higher sperm output could be 

achieved by ejaculations occurring 2 to 3 times per day. BUSCH et al. (1991) detected, that a 

high frequency of semen collection did not influence the spermatogenesis but depletion of 

sperm reservoirs and abbreviation of spermatozoa maturation. Other studies specify a 

significant reduction of volume, sperm concentration and total sperm count in ejaculates 

collected at intervals of one hour (SQUIRES et al. 1979). PICKETT et al. (1987) mentioned 

that a higher frequency of semen collection had just a little or no influence on the maturation 

of sperms. Studies by ARRAS (1994) began to discover the effects of a modulated sperm 

collection procedure with two mounts per day with one hour between two mounts and the 

normal semen collection once a day on total sperm output. ARRAS (1994) reported that 

motility, morphology and percentage of living spermatozoa significantly increased by 

collecting the semen two times, one hour apart, every second day. The first ejaculates of the 

two collected per day were the best in the most parameters and therefore the best for 

cryopreservation. ECHTE (2001) detected a significant increase of volume in correlation to 

the number of mounts with a doubled volume resulting from the 6
th

 mount compared to the 

1
st
. Sperm concentration decreased with every mount but total sperm count increased with an 

increasing volume. Progressive motility and motility were not influenced by the number of 

mounts but decreased after storage. Sperm motility (24h) from the ejaculates of the first 

mount was significantly higher than from the mounts with a higher number of tries. Mating 
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behaviour influences mainly volume, concentration and semen viability. Volume is 

significantly positive correlated with number of mounts until ejaculation, whereas the 

concentration and sperm viability after 24 hours storage at +5°C show a significant inverse 

correlation (ECHTE 2001). It has been shown that precoital sexual stimulation (PSS) in 

conjunction with the use of a semen collection device at intercourse significantly improves 

the quantity and quality of collected spermatozoa (SOFIKITIS and MIYAGAWA 1993). 

Previous studies showed that restraining or using false mounts prior to semen collection 

significantly increases the number of motile spermatozoa in bulls and boars (HAFS et al. 

1962). The number of spermatozoa has been derived from semen collection procedures. 

THOMPSON et al. (2004) evaluated the influence of a potential improvement of 

spermatozoal output by modulating the collection frequencies. SIEME et al. (2000) concluded 

that there is a great importance in the preparation of the stallion before the mount to obtain 

high-quality semen with the first mount and to avoid higher numbers of mounts because of 

the decrease of the quality parameters. A good preparation of the horse leads to a single 

successful mount. This also could be shown by NOUE et al. (2001) detecting, that nearly ¾ of 

stallions ejaculate after the 1
st
 mount. The aim of good stallion management is an efficient 

collection of high-quality semen for AI and cryopreservation. The method of semen collection 

is one determining factor for the quality of semen, because during this process semen can be 

damaged. Too high temperatures (over 43°C) provoke gyration in the motility of 

spermatozoa. Materials used during the collection (condom, AV, masturbation) also play a 

major role in microbial contamination and semen quality (HURTGEN 2000).  The number of 

mounts and time until ejaculation has been related to poor semen quality. Stallions that 

mounted more than three times prior to ejaculation produced an increased volume of 

ejaculate, but had reduced sperm concentration, sperm motility (both fresh and post-thaw), 

and sperm membrane integrity (SIEME et al. 2004). Otherwise GAMBOA et al. (2009) 

detected that the ejaculates did not differ significantly with an increasing number of mounts 

when evaluating semen from Pure Sangue Lusitano. There was no correlation between semen 

volume and the number of mounts.  

 

Testicular size: Testicular measurements can be used to estimate sperm production and 

output. AMANN (1970) proved that the number of ejaculated spermatozoa depends on the 
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spermatozoa reservoir in cauda epidedymidis and ductus deferens. The total sperm count is an 

important parameter for the efficiency of testicular sperm production potency and sperm 

output capacity (PICKETT 1993). THOMPSON et al. (1979) detected a relation between 

testicular size and sperm output. 

 

Individuality of the stallion: An individual-stallion factor was reported by GAMBOA 

et al. (2009). The seminal quantitative and qualitative parameters were mainly affected by the 

individual-stallion-factor and only in a minor way by the number of mounts. The individuality 

of the stallion was described as one of the main factors modulating the sperm parameters 

(MAGISTRINI et al. 1987). Controversially to a lot of other authors CAMARON (1985) 

supposed that copulatory behaviour had little influence on semen characteristics. A highly 

significant correlation between total volume and fluid volume, total volume and gel volume, 

and total volume and sperm concentration was found, but no correlation was found between 

total volume and total sperm in the ejaculate. Fluid volume was correlated significantly with 

gel volume, sperm concentration and total sperm in the ejaculate. A highly significant 

correlation was found between sperm concentration and total sperm in the ejaculate. Sexual 

behavior was not significantly correlated with semen characteristics, only copulation duration 

was significantly correlated with gel free volume of semen and gel volume (CANISSO et al. 

2010). 

 

Feeding: Some specific nutrients and supplements are known to be important in 

maintaining fertility and libido and are part of every daily diet (SQUIRES and PICKETT 

2011). 

 

Breed: A lot of prior studies (GOETZE 1949, AEHNELT 1950, DOWSETT 1987, 

ROUSSET et al 1987, PICKETT 1993) described the huge influence of the breed and the 

individual on the sperm parameters. GAMBOA et al. 2009 mentioned that there are 

differences of the semen parameters in between the breeds. They could detect smaller 

volumes in the first mount compared with the volume obtained after a higher number of 

mounts when evaluating the ejaculates from native breed horses (Sorraia). The authors also 
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reported a negative and strong relationship between seminal volume and sperm concentration 

in Sorraia stallions. 

 

Medical influence: The medical influence on ejaculation and libido was theme of a lot 

of studies. A significant increase of sperm output after application of Bunitrolol was described 

by KLUG et al. (1980), LARARZ (1980) and ROJEM (1983). ROJEM (1983) indeed 

described this effect, but also mentioned that there was a decrease of sperm quality. MERKT 

(1981) described that highest volumes were given after application of Clenbuterol. In humans 

a retrograde ejaculation was observed after a medication of antipsychotica and antidepressiva 

(NEWMAN et al. 1982).  An increase in the volume of the ejaculate could be found after the 

application of prostaglandins (KLUG et al. 1978). It was reported by MCDONNELL and 

LOVE (1991) that ejaculation could be triggered by Xylazinhydrochlorid. MCDONNELL 

(2011) as well reported, that there are a number of pharmacological agents that can be helpful 

as an aid to manipulate stallion behavior. Stimulating the sexual behavior of stallions using 

frequently repeated GnRH-applications can suppress spermatogenesis (BOYLE et al. 1991) 

but improves libido outside the breeding season (SIEME et al. 2004). Modulating the 

reproductive activity to avoid aggressive behaviour or to improve sexual behaviour to get a 

higher sperm quality was examined by STOUT (2005). 

 

The relation between the number of blind mounts to semen-characteristics like 

volume, total sperm count, sperm concentration, total motility and progressive motility after 3 

and 24 h was evaluated in the present study.  
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6.3  Material and methods  

 

 

6.3.1  Animals and experimental design 

 

The stallions (Hanoverians) in this experiment belonged to the State Stud farm of 

Lower Saxony at Celle, Germany, where they were frequently used in the AI program during 

the non breeding season 2009.  

 

Four healthy stallions were used during this experiment and the collected semen was 

analysed for the semen parameters. All the horses were kept in boxes on straw and were fed 

with hay and oats three times a day. Water was freely available. The experiments were 

conducted during the non-breeding season from October to January.  

 

The semen was collected using a closed AV (model Hanover, Minitube, Tiefenbach, 

Germany) that was equipped with a thin plastic disposable inner liner (Minitube, Tiefenbach). 

The AV was heated to a proper temperature and adjusted to the proper pressure with hot 

water. The phantom (model “Celle”) was covered new for each stallion with thin stretch 

plastic foil to protect the stallion’s penis from contamination during the semen collection. 

This foil was changed after each stallion. In-line sterile gauze was used to drain the ejaculate 

and to separate gel and debris from semen. A sterile collection device coated with a warming 

bag (Minitube, Tiefenbach), was used to pick up the semen. Disposable rubber gloves and 

protective clothes were worn by the technician during the semen collection procedure. 

 

Immediately after the semen collection, the gel–free semen was evaluated for volume 

and spermatozoal concentration by using a photometer (Spermacue
TM

, Minitube). The 

percentage of progressively motile sperm occurs was evaluated by microscope (PMS; Optical 

microscope, BX 60; Olympus, Olympus Optical Co. Hamburg, Germany) that was equipped 

with a stage heater (38°C) (HAT 400, Minitube, Tiefenbach).  
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6.3.2   Experiment 

 

The semen of four stallions (11, 15, 17 and 18 years of age) was collected three times 

a week (Monday, Wednesday and Friday) during the non-breeding season. Hanover Model 

AV (non-fractionated semen collection) was used and semen was always collected by the 

same AI technician. During the semen collection false mounts were provoked by the 

collecting technician by a manual lateral deviation of the penis when the stallions mounted the 

phantom mare. The aim of this process was to effectuate pre-coital sexual stimulation (PSS). 

The semen collection and the number of provoked blind mounts that proceeded during the 

experiment occurred according to a predetermined schedule. All the experiments were 

performed without a teaser mare. The sires were allowed to mount the phantom when 

complete erection was shown. When the stallion was securely mounted, repeated thrusting 

pelvic movements were made to achieve intromission. During this phase the penis was 

manually deflected by the technician without offering the AV. The stallion was allowed to 

make seeking movements for 6 seconds, while the collecting technician was holding the penis 

laterally deflected and avoiding the contact of the penis with the phantom. The reflex arc of 

mating was interrupted before the phase of intromission and friction.  

 

Schedule of semen collection: 

 

 

 

 

 

 

 

 

 

The number of mounts was controlled until the stallion was finally allowed to 

ejaculate following the specifications of the above schedule. All the numbers of mounts of 

each stallion were repeated three times (4 mounts x 3 repeats x 4 stallions = 48 ejaculates).  

Number of Mount 

per collecting day 
 Lateral Deflection 

per collecting day 
 

Repetition during 

the whole 

experimental time 

     

     1 → 0 → 3x 

or 2 → 1 → 3x 

or 3 → 2 → 3x 

or 4 → 3 → 3x 
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The first mount was carried out without any deflection (mount 1  0 deflection). 

Ejaculation occurred with the first mount. The number of the lateral deflection of the penis 

was counted 1 to 3 times (1-3). The stallions had to ejaculate after the 1
st
 intromission/contact 

with the AV. Mounts with more than a single contact with the AV or mounts of a higher 

number than 4 mounts were not valid for the experiment.  

 

The AV was equipped with a disposable inner liner. The semen from each mount was 

divided into untreated, not extended semen, that was used for bacterial culture and Sperm 

Chromatin Structure Assay, and a second portion which was diluted with skim milk based 

extender (INRA82, VIDAMENT et al. 2001) until 50 x 10
6
 PMS/ml and stored under 

anaerobic conditions in syringes for 3 and 24 hours in a refrigerator at 5°C. Temperature was 

verified by a thermometer inside the refrigerator. After 3 hours the first analysis was made. A 

second analysis occurred with 24 hours.  

 

The last part of the semen was filled in straws and cryopreserved as well as stored in 

liquid nitrogen at -195°C using the common techniques (SQUIRES et al. 1999). 
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6.3.3  Semen evaluation 

 

 

6.3.3.1 Visual evaluation 

 

Volume was evaluated in a graduated cylinder. Dilution always occurs with INRA82 

(VIDAMENT et al. 2001) semen extender. It was always used the same charge of extender. 

The sperm concentration was defined by photometer (Spermacue
TM

, Minitube, Tiefenbach). 

The semen was always evaluated by the same technician. The percentage of progressively 

motile spermatozoa (PMS), linear motile spermatozoa and immotile spermatozoa in the first 

step was estimated by visual assessment using a phase contrast microscope (Optical 

microscope, BX 60; Olympus, Olympus Optical Co. Hamburg, Germany) that was equipped 

with a stage heater (38°C) (HAT 400, Fa. Minitube, Tiefenbach).  

 

 

6.3.3.2  Computer Assisted Sperm Analysis 

 

After 3 hours the semen was evaluated with a computerized sperm analyzing system 

(Sperm Vision
TM

, Minitube, Tiefenbach). The semen was incubated for 2 min prior to 

analysis at 37°C. The whole System of Computer Assisted Sperm Analysis (CASA) includes 

a phase contrast microscope with a high-speed digital camera that recognizes 60 frames per 

second. The system was equipped with a stage warmer and sample chambers with 20 μm 

depth (Leja, GN Nieuw-Vennep, The Netherlands) and a computer. 2.5 μl of semen were 

filled into the chambers. 8 fields and 100 cells per field of each sample were evaluated. The 

measured motility parameters included the percentage of progressively motile sperm (PMS, 

%), the mean velocity average path (VAP, μm/s), the curved line velocity (VCL, μm/s) and 

the straight line velocity (VSL, μm/s). If an average of path velocity (VAP) >40 μm/s and a 

straightness (STR) value > 0.5 is achieved, the sperm is classified as progressively motile.  
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6.3.3.3 Sperm chromatin structure assay  

 

Sperm was treated as previously as described by EVENSON AND JOST (2000). 

Damaged double-helix DNA was divided during this acid denaturation process. Afterwards 

the suspension was stained with acridine orange and incubated on ice for 3 minutes. Acridine 

orange is absorbed by native, double-stranded DNA (normal) and emits green (530/30 nm) 

fluorescence. Single-stranded DNA (damaged) emits red (650LP nm) fluorescence. The 

fluorescencing cells were analysed using a FACScan-flow-cytometer (Becton Dickinson, 

Heidelberg). Damaged sperm chromatin can be quantified in per cent from the normal non-

damaged (red fluorescencing fraction in relation to the green flourescensing fraction) using 

the guidelines from EVENSON AND JOST (2000) and BENZONI et al. (2008). The degree 

of DNA denaturation was expressed with the DNA fragmentation index (DFI), which is the 

ratio of red to total (red plus green) fluorescence intensity.  

 

 

6.3.3.4 Flow Cytometry 

 

From the collected semen, an aliquot of each ejaculate was examined using flow-

cytometry (Cell Lab Quanta SC™, Beckman Coulter, Krefeld, Germany) to evaluate sperm 

capacitation, acrosomal status, and membrane integrity. The percentages of membrane-intact 

sperm (PMI) and sperm with a positive acrosomal status (PAS) were determined using the 

FITC-PNA/PI-assay. After staining the sample (5µl of the INRA extended semen with a 

special dilution of 485 µl HBS), two markers (7,5 µl FITC-PNA  and 2,5 µl propidium-iodide 

(PI)) were used to detect four types of sperm after an incubation of 10 minutes at +37°C in the 

dark. Measurement was proceeded flowcytometrically. Fluorescine-isothiocyanate (FITC) 

was linked to peanut-agglutinin (PNA) and absorbed by capacitated sperms and showed a 

green fluorescence. PI links to DNA but is not able to penetrate an intact membrane. 

Concerning this, PI marks cells with a membrane defect with a red fluorescence. After this 

treatment four populations could be distinguished according to their staining pattern: 
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- Sperm without any fluorescence are acrosome and membrane intact.  

- Sperm with a defect membrane and an intact acrosome show red fluorescence.  

- Sperm with an intact membrane have green fluorescence. 

- Sperms with defect membrane show both colours and have a red fluorescence with a 

green acrosome. 
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6.3.4 Bacterial analysis 

 

Immediately after semen collection, the semen was filled into a sterile screw cap bottle 

and kept cool in a box at 5°C. The microbial analysis started three hours after semen 

collection. All semen samples were analyzed for the presence of bacterial growth. 

 

Besides the quantity of bacteria in the semen, the different bacterial species were a 

matter of particular interest. At the beginning and at the end of the experiment an aliquot of 

the semen was incubated to identify the species of bacteria. With all the other samples 

collected during the time in which the study occurred, a quantitative diagnostic of the 

bacterial load was made and expressed in colony forming units per milliliter (CFU/ml). The 

evaluation occurred for aerobic bacteria, moulds and yeast 

 

For quantitative evaluation an aliquot (0.05ml) of the semen was extended 1:10 with 

PBS producing a serial-dilution. 100µl of the diluted semen (10
-5

) was streaked onto plates of 

Columbia-blood-agar and incubated at 37°C for 48 h. The growth of bacteria was expressed 

by counting the CFU. The colonies were counted and put in relation to the initial semen 

aliquot of 1ml. 

 

For qualitative evaluation the semen was plated onto Columbia-Agar, Gassner-Plate, 

Streptococcus/Staphylococcus-Selective-Plate and on modified Kimmig’s-Agar. The cultures 

were incubated for 48h at 37°C. The anticipated species of the grown bacteria was 

characterized with the help of morphological and biochemical identifying features.  

 

The detected bacteria were divided into non-pathogenic and in facultative pathogenic 

flora according to the rating matrix of further authors. The bacterial growth was visually 

classified in low, moderate or high growth.  

 

The bacterial analysis proceeded in an accredited laboratory (Institute for Veterinary 

Microbiology, Stiftung Tierärztliche Hochschule Hannover). 
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6.3.5 Statistical analysis 

 

The objective of the study was to examine the influence of the number of mounts on 

the bacterial load and semen quality and quantity parameters. For examination four healthy 

stallions from an insemination station were included in this study. 

 

All data were included in a descriptive analysis. A normal distribution of model-

residuals was confirmed by Shapiro-Wilk-Test and visual assessment of normal probability 

plots. For the normal distributed parameter arithmetic means and standard deviation (± SD) 

was calculated, for right skewed distributed parameter logarithmic transformation was 

performed prior to analysis; however geometric mean and geometric standard deviation was 

calculated and partly diagrammed on the original scale.  

 

Furthermore median, minimum, maximum and the upper quartile [Q3] and lower 

quartile [Q1] were calculated within each group and diagrammed as boxplots.  

The mean values of the four mounts were compared using one-way analysis of 

variance with Tukey's post-hoc test for multiple pair wise comparisons between mounts for all 

variables. 

 

Analyses were carried out with the statistical software SAS, version 9.2 (SAS 

Institute, Cary, NC). For the linear models Proc Mixed was used. Significance was defined as 

P ≤ 0.05. 
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6.4  Results 
 

 

6.4.1  Bacterial growth in the equine ejaculate 

 

Bacterial growth could be detected in every studied ejaculate (48/48) showing 

different bacterial species. Corynebacteria, coagulase-negative-Staphylococci and 

Streptococci spp. grow in the semen samples of every studied ejaculate (48/48). There were 

two ejaculates containing facultative-pathogenic bacteria. In one ejaculate Klebsiella 

pneumoniae could be found and a second semen sample contained Escherichia coli. 

 

Figure 2.1  

The figure shows the effect of the number of mounts (1-4) on the bacterial load (CFU) in the 

collected semen samples. The figure shows the mean of the detected CFU and the standard 

deviation (± SD). Values with different letters differ significantly (P < 0.05). As fixed in the 

schedule the 1st mounts always occur without any manual deflection of the penis (mount 1  

0 deflection). The lowest number of CFU was found in the ejaculate from the 1st mount. 

 

 

The results after incubation of the semen samples showed the lowest incidence of 

CFUs in the 1
st
 mount (a) and differed significantly (P < 0.05) from all the following mounts. 

The 2
nd

 mount revealed the highest values of CFUs. The values from mount 2-4 did not differ 
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significantly (b). One ejaculate showed a very high number of CFU with a load of 6.5 x 10
8 

in 

the 2
nd

 mount. This value caused the noticeable increase of the value of the 2
nd

 mount. 

Regardless of this, an increase of the CFUs with the number of mounts could be shown.  

 

 

6.4.2 Effect of the number of blind mounts and lateral deviation on the quantity of semen 

 

The ejaculated volume did not increase significantly (P > 0.05) in between the 1
st
 and 

the other mounts (a). The lowest volumes could be associated to the 2
nd

 mounts (48ml ± 13) 

and highest volumes were found in the measurements from the 4
th

 mounts (63ml ± 27). Even 

if not significant the volume first decreased from the 1
st
 to the 2

nd
 mount. It increased from the 

2
nd

 to the 3
rd

 mount and with an explicit lower increase from the 3
rd

 to the 4
th

 mount.  

 

Sperm concentration showed the lowest value in the ejaculate of the 4
th

 mount (3
rd

 

deflection; B) and differed significantly (P < 0.05) from the results of all the other mounts 

(A). Even if not significant (P > 0.05) the sperm concentration first increased from the 1
st
 to 

the 2
nd

 mount. It decreased from the 2
nd

 to 3
rd

 and 4
th

 mount. 

 

The total sperm count did not show a significant difference in between all the mounts 

(P > 0.05; I). The total sperm count first decreased from the 1
st
 to the 2

nd
 mount and increased 

from the 2
nd

 to the 3
rd

 and from the 3
rd

 to the 4
th

 mount. 

 

Comparing the results it could be demonstrated that whereas the volume increased 

from the 1
st
 to the 4

th
 mount and sperm concentration increased, the total sperm count could 

not be enhanced. After the second mount sperm concentration decreased but with higher 

volume, also the total sperm count increased. The 4
th

 mount shows the highest volume but the 

lowest sperm concentration and lowest total sperm count. A decrease of sperm concentration 

and total sperm count was observed compared to the increase of the volume. 
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Figure 2.2 

The figure shows the effect of the number of mounts (1-4) and number of lateral deflections 

on volume, sperm concentration and total sperm count. The figure shows the mean of the 

detected values and the standard deviation (± SD). Values with different letters differ 

significantly (P < 0.05). As fixed in the schedule the 1st mounts always occurred without any 

manual deflection of the penis (mount 1  0 deflection). 
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6.4.3 Effect of the number of blind mounts and lateral deviation to the quality of semen 

 

 

The semen samples collected from the 1
st
 mount (a) show the best results of total 

motility (3h) compared to all the other mounts and differ significantly (P < 0.05) from the 

results from the 4
th

 mount (c). The total motility after 24h shows the best results in an analysis 

of the samples from the 1
st
 mount (A) which differ significantly (P < 0.05) from all the other 

mounts (B). The frozen/thawed semen had the best motility-values in the semen samples of 

the 4
th

 mount (III) and differed significantly (P < 0.05) from the 2
nd

 (I/II) and 3
rd

 (I/II) mount. 

The total motility had the best results in the semen samples from fresh semen followed by 

cooled-stored and frozen/thawed semen.  

 

Figure 2.3 

The figure shows the effect of the number of mounts and the number of manual lateral 

deviations (1-4) on total motility after 3h and 24h and after thawing the frozen straws. The 

figure shows the mean values of the detected motilities and the standard deviation (± SD). 

Values with different letters differ significantly (P < 0.05). Following the specifications of the 

schedule the 1st mounts always occured without any manual deflection of the penis (mount 1 

 0 deflection). 
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The DFI values did not differ significantly (P > 0.05) and all the values were lower 

than 15% and show normal sperm-morphology. The mean values of SCSA-parameters are 

represented in Table 2.2. The total DFI parameter in per cent (± SD) ranged between 10,0 ± 

2.9 and 10.8 ± 3.2. Concerning %-DFI parameters, values did not differ significantly from 

each other.  

 

The membrane intact sperms (3h) differ significantly (P < 0.05) in the 1
st
 (74.7% ± 

4.4) and 2
nd

 (66.9% ± 6.7) mount. The values after 24h differ significantly in the 3
rd

 (71.5% ± 

1.9) and the 4
th

 (68.2% ± 3.6). All values are represented in the following Table 2.2. 

 

Table 2.2 

The table shows the effect of number of mounts on the sperm characteristics of stallions 3h 

after collection and after 24h of storage at 5°C (± SD). The flow cytometric evaluation of the 

semen was able to detect membrane (PM) and acrosome (AM) damages. Results were 

described as mean ± standard deviation (±SD). 

   

 
 

 

 

 

 

 

1 2 3 4

Defragmentation Index (%) 10.0 ± 2.9 10.4 ± 2.8 10.8 ± 3.2 10.7 ± 3.4

motility 3h (%) 87.2 ± 6.7    a 86.2 ± 6.3    a 83.3 ± 8.5    b 80.7 ± 6.1     b

progressive motility 3h (%) 52.3 ± 9.6 51.7 ± 7.4    a 51.0 ± 7.9 49.2 ± 6.1     b

membrane intact  3h (%) 74.7 ± 4.4    a 66.9 ± 6.7    b 72.8 ± 5.6 70.3 ± 4.9

stained acrosome 3h (%) 10.1 ± 2.3 10.5 ± 3.41 9.2 ± 3.7 9.4 ± 2.1

motility 24h (%) 76.5 ± 12.4  a 72.0 ± 13.0  b 65.5 ± 6.3    b 69.2 ± 11.1    b

progressive motility 24h (%) 41.6 ± 10.3  a 39.3 ± 11.1  ab 36.2 ± 8.0    b 41.6 ± 7.7    a

membrane intact  24h (%) 67.4 ± 1.4 65.4 ± 5.0 71.5 ± 1.9    a 68.2 ± 3.6    b

stained acrosome 24h (%) 14.2 ± 0.1 14.9 ± 0.1    a 10.9 ± 0.2 12.5 ± 0.1     b

Number of mounts (n = 48)
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6.5 Discussion 

 

 

In the present study, it has been demonstrated that volume shows an enhancement but it 

does not increase significantly with the number of blind mounts. The first ejaculate in the 

majority of the examined semen samples shows the best results compared to all the other 

semen samples. 

 

Deviating from the results of the present study, ECHTE (2001) detected that there was a 

significant (P < 0.05) correlation between volume and the number of mounts before 

ejaculation and mating behaviour.  He noted a significant increase of the volume in 

correlation with the number of mounts. SIEME et al. (2004) also found an increase of volume 

when stallions mounted more than three times prior to ejaculation. Otherwise GAMBOA et al. 

(2009) detected that the ejaculates did not differ significantly with an increasing number of 

mounts when evaluating semen from Pure Sangue Lusitano. Studies from SOFIKITIS and 

MIYAGAWA (1993) found an improvement of quantity after precoital sexual stimulation. 

Further studies from CANISSO et al. (2010) described that sexual behaviour (except 

copulation duration) was not significantly correlated with semen characteristics. The 

perception that copulatory behaviour barely had influence on semen characteristics was 

detected by CAMARON (1985) and was contrary to the present results. In the present study 

there could not be found any significant (P > 0.05) relation between number of mounts and 

volume. 

 

ECHTE (2001) described a decrease in sperm concentration with every mount whereas 

volume increased. A highly significant correlation was found between sperm concentration 

and total sperm in the ejaculate (CAMARON 1985). This could not be detected in the present 

study. Sperm concentration decreased on the average with every mount whereas total sperm 

count on the average increased, caused by higher volume. 

 

Motility showed a statistically significant decrease between the 1
st
 and 4

th
 mount. 

Progressive motility showed a significant decrease between the 2
nd

 and 4
th

 mount. Otherwise 

ECHTE (2001) detected that initial progressive motility and motility of equine semen were 
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not influenced by the number of mounts. Sperm motility (24h) from the ejaculates of the first 

mount was significantly higher than from the mounts with a higher number of attempts. 

Contrariwise HAFS et al. (1962) described for bovine semen that restraining or false mounts 

prior to semen collection significantly increased the number of motile spermatozoa. 

 

Quality in the most of the studied parameters decreased with the number of mounts. The 

obtained results are close to the observations of other authors. Concentration and sperm 

viability after 24 hours of storage at +5°C showed a significant inverse correlation to the 

number of mounts (ECHTE 2001). This also could be shown in the present study. Generally a 

decrease of motility and progressive motile sperms with the number of mounts could be 

observed. SIEME et al. (2004) described that the number of false mounts and time to 

ejaculation was related to poor semen quality. A decrease of sperm concentration and total 

sperm count was observed compared to an increasing volume. SOFIKITIS and MIYAGAWA 

(1993) described a better quality of collected spermatozoa when pre-coital stimulation 

occurred. This could not be verified in the present study. 

 

Reduced sperm concentration, sperm motility (both fresh and post-thaw), and sperm 

membrane integrity were produced after a several number of false mounts was reported by 

SIEME et al. (2004). In the present study AM and PM integrity (3h) showed a significant 

reduction from the 1
st
 to the 2

nd
 mount whereas the other mounts did not differ significantly 

from the first mount. After 24 h AM/PM-integrity resulting from the 1
st
 and the 2

nd
 mount 

differed significantly from the 3
rd

 and 4
th

 mount. Even if the values did not differ significantly 

they constantly decreased with each mount and from 3h to 24h. The DFI values did not differ 

significantly and all the values were lower than 15% and showed a normal non-damaged 

structure.  

 

SIEME et al. (2000) concluded that there is a great importance in the preparation of 

the stallion before the mount to obtain high-quality semen with the first mount and to avoid 

higher numbers of mounts because of the decrease of the quality parameters. This also could 

be verified with the present study. 
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The results show, that the ejaculate from the first mount is the best one in quality 

parameters. Even if quantity parameters like volume and total sperm count increased with the 

number of mounts and lateral deviations the quality decreased with every mount and after 

storage. The number of mounts and lateral deviations had a negative influence on the quality 

of semen.  
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7 Summarizing discussion and conclusions 

 

 

 
There were obvious economic interests in using AI in horse breeding programs. The 

real benefit in the possibility of splitting horse semen was quite obvious. Today the interest is 

in getting the highest uniform standard that is possible in semen collection. As semen is 

affected by the individual and has its specific reaction to handling and treatment this poses a 

challenge. There are a lot of barriers that have to be passed. 

 

The first evaluation of the present study aimed to evaluate the bacterial load and the 

influence of this contamination on spermatozoal parameters as claimed by former authors 

(ORTEGA-FERRUSOLA et al. 2009, BORYCZKO et al. 2007, AURICH 2005, DANEK et 

al. 1996, LINDEBERG et al. 1999, AKHTER et al. 2007, PRICE et al. 2008, SIEME et al. 

2004). The target of the study was to verify if there is an increase of the bacterial 

contamination with an increasing number of mounts and if this affects semen quality. 

 

Using AI, a direct transmission from viruses and bacteria could be avoided. The 

spread of diseases via venereal route from the mare to stallion could be interrupted and it is 

believed that the inclusion of antibiotics in semen extenders may have prevented massive 

spread and exposure (METCALF 2011). It has to be noted that an indirect transmission of 

bacteria and other microorganisms via the collected semen is still possible regardless of the 

conservative state of the semen. If the bacterial growth in the ejaculate was blocked or 

suppressed by antimicrobial extenders was not studied, because an evaluation of the treated 

semen did not occur. If there was an antimicrobial resistance of the bacteria as well was not 

part of this study. The detected bacteria could be found in the untreated aliquots of semen. 

 

There are a lot of sources for contamination of the semen. Exaggerated washing of the 

penis and the management of the collection of semen, the stallion with individual behavior 

during semen collection, personal and laboratory sanitary, treatment evaluation and storing of 

the semen affect the semen’s quality and quantity. In the present study a high standard of 

laboratory, personal and equipment-sanitary was implemented. In spite of all these sanitary 
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precautions a contamination of the semen could be detected. The semen collection in the 

present study was carried out using a closed AV because it was the easiest form of semen 

collection for the technician. Using this type of AV bacterial contamination could be 

supposed in reference to former studies (TISCHNER AND KOSINIAK 1992, KOTILAINEN 

et al. 1994, TISCHNER et al. 1974, BUSCH et al. 1991, BRAUN et al. 1986).  

Different species of bacteria could be found after the incubation of the semen samples. 

In cooled-stored semen Staphylococcus spp., Escherichia coli, Streptococcus spp. are the 

most common organisms. Most of them are commensals and found in a high incidence on the 

penis and prepuce and could turn pathogenic when transmitted via semen to the breeding 

mare (AURICH 2001). This also could be found in the present study by detecting 

Streptococcus zooepidemicus, Klebsiella pneumoniae. In the present study 48 of 48 collected 

ejaculates were contaminated with commensals. As described by ORTEGA-FERRUSOLA et 

al. (2009) Corynebacterium spp. was the predominantly represented bacterium in the 

collected semen samples from this evaluation. 

The microbial analysis of semen shows that there is a significant difference (P < 0.05) 

from the 1
st
 mount to the 2

nd
 and 3

rd
 mount. It is important to note, that there is no significant 

difference in between the results of the 1
st
 and the 4

th
 mount. Quality parameters like total 

motility after 3 and 24 hours, progressive motility after 3h and 24h show the best results with 

the 1
st
 and the 4

th
 mount.  

 

The explicit and sharp decline of growth resulting from the 4
th 

mount could be traced 

back to the fact, that the disposable inner liner was changed after the 3
rd

 intromission into a 

new one. This study shows that, by changing the disposable inner liner, bacterial 

contamination can be significantly reduced and quality parameters could be sustained with 

this procedure. There are no present studies about the effect of this hygienic procedure, but 

LINDEBERG et al. (1999) also supposed an influence of the number of contacts of the inner 

liner on the number of CFU. 

 

During the semen collection the penis slides in the DIL. This leads to the assumption 

that the repeated use of the DIL means that it contains most of the surface bacteria from the 
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stallion’s penis caused by the rubbing effect (DIR-Effect). Changing the DIL could be 

supposed to lead to less contaminated semen. This could help to decrease the influence of 

bacteria on semen and the general contamination that includes the risk of spreading bacteria 

via artificial insemination. 

 

This calculated presumption could be verified by the results of the present study. 

Bacterial contamination could be reduced by changing the DIL. Less bacteria leads to better 

quality (motility, progressive motility and sperm-integrity) after several mounts as quality 

normally decreases and bacterial load increases with every mount. This is an important step 

towards obtaining high quality semen and should be standardized in semen collection. 

Whereas the above-mentioned interests are mainly relevant for breeders there are also 

responsibilities caused by the potential risk of diseases through contaminated semen.  

 

The second part of the study evaluates the relation between several numbers of blind 

mounts with a lateral deviation of the penis and a higher sperm output. 

 

Semen quality parameters such as sperm progressive motility and sperm morphology 

are supposed to be related strongly with fertilizing capacity. Based upon this assumption, 

these parameters have traditionally been the ones measured as indicators of semen quality. 

Also volume was a point of interest in semen collection, because with an excess of volume a 

higher sperm output was suspected and more mares could be served from one ejaculate. 

Previous studies showed that restraining or false mounts prior to semen collection 

significantly increases the number of motile spermatozoa in bulls and boars (HAFS et al. 

1962). Some authors supposed that the number of mounts and time until ejaculation has been 

related to poor semen quality. Increased volume of ejaculate provoked by several mounts 

were correlated with reduced sperm concentration, sperm motility (both fresh and post-thaw), 

and sperm membrane integrity (ECHTE 2001, SIEME et al. 2004, THOMPSON et al. 2004). 

An individual-stallion factor was reported by GAMBOA et al. (2009). 

 

The number of mounts can differ from one stallion to the next. It can be caused by the 

individual itself (inexperienced, aggressive, injured, negatively conditioned) or is caused by 
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the technician, manipulating the mount during the semen collection to obtain more volume 

and a higher total sperm output. The correlation of quality and quantity differs between the 

breeds and the individuals and other factors like, for example, season and age. Some of the 

stallions from the present study constantly have ejaculates with a high volumes and high 

values of sperm concentration and nevertheless show good semen quality. Other stallions 

show low volumes with a poor quality.  

 

Collection frequencies and manipulated mounts were evaluated in respect of their 

influence on a possible improvement of spermatozoal output (THOMPSON et al. 2004). A lot 

of methods were used to get a higher total sperm count and more volume (STOUT 2005, 

BOYLE et al. 1991, SIEME et al. 2004, SOFIKITIS and MIYAGAWA 1993). Depending on 

the method of semen collection and precoital sexual stimulation (PSS) by manual lateral 

deviation performed by the technician, the semen from four stallions was analysed, evaluating 

all quality and quantity parameters. In this study, semen samples (n = 48) collected from four 

stallions were analysed for bacterial load, viability, chromatin stability total and progressive 

motility.  

 

In reference to former authors the number of provoked false mounts (36/48) improved 

the quantity but not the quality of the collected semen and could be summarized as follows:  

The 1
st
 mount showed the  lowest load of CFUs and highest quality and differed significantly 

(P ≤ 0.05) from the following mounts. Corynebacteria, coagulase-negative Staphylococci and 

Streptococci spp. were detected in every ejaculate studied (48/48).  

 

Volume could be increased with the number of blind mounts, but the results did not 

show a significant difference in between the mounts (P ≤ 0.05), whereas quality in most of the 

studied parameters decreased with the number of mounts and after storing. The number of 

mounts and lateral deviations had a negative influence on the quality of semen, so that it is 

important to have a good preparation of the stallion before the mount to obtain high-quality 

semen within the first mount. 

 
A lot of authors reported in previous studies that poor semen quality was related to a 

higher number of mounts. In those studies the different quality parameters like motility, 
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progressive motile sperms, DFI and AM/PM integrity gave inconstant results and were 

differently interpreted. As correlations from sperm parameters and fertility are discussed 

controversially this study was carried out to get a perspective on sperm parameters using the 

method of “blind” mounts. In reference to SIEME et al. (2000) it also could be shown by the 

results of this study that a good preparation of the stallion is important to get semen during the 

first mount, because quantity does not increase significantly, but sperm-quality decreases 

significantly with every mount. 

 
The most important conclusions from both experiences were: 

 

1. Semen could be kept to an acceptable level in quality by optimizing the 

hygienic management during the semen collection.  

 

2. With every additional and unnecessary contact to the AV and the 

disposable inner liner during the semen collection process the number of 

CFU in the semen samples increased from mount 1 to 3. 

 

3. After the replacement of the DIL the number of CFU decreased. 

 

4. The changing of the disposable inner liner after every unsuccessful mount 

is a method for avoiding a high bacterial contamination that is reason for 

low quality parameters.  

 

5. The number of mounts did not improve the quantity parameters 

significantly.  

 

6. The quality parameters of the collected semen decreased significantly.  

 

 

It is a matter for discussion whether the benefit of slightly more volume and total 

sperm count can excuse a decrease in the quality parameters.  
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8  Summary  

 

 

 

Friederike Karin Maria Dirscherl 

 

 

Effects of semen collection practices on the bacterial load of 

stallion semen 
 

 
The first aim of the present study was to identify a possible relationship of bacterial 

load in the semen with the frequency of mounts and the influence on quality parameters. This 

study is, as far as we know, the first report evaluating the changing of the disposable inner 

liner after repeated unsuccessful mounts to the dummy and its relation to the resulting 

bacterial load in the obtained ejaculates. 

 

Referring to the aims of the study it could be recorded that the number of mounts is 

not positively correlated with the bacterial load found in the semen but with the number of 

contacts with the disposable inner liner. A replacement of the used disposable inner liner after 

several mounts leads to a decline of CFU. Even if bacterial contamination did not 

significantly affect the quality of semen, the number of mounts and the bacterial load were 

negatively correlated to the quality parameters.  

 

Bacterial flora was found in every tested ejaculate due to the fact that semen collection 

was carried out with a closed AV. Besides the normal commensals facultative pathogens 

could be found. Two facultative pathogenic species (Klebsiella pneumoniae and 

Streptococcus equi subspecies zooepidemicus) were found in the semen. Even if Klebsiella 

pneumoniae and Escherichia coli did not have any significant influence on the quality sperm 

parameters, AM/PM-integrity decreased when Streptococcus equi subspecies zooepidemicus 

was found. Whereas an increasing number of contacts to the same disposable inner liner show 

a positive correlation to the number of CFU, it could be noted that the number of CFU had an 

influence on the sperm parameters, demonstrated by the 3
rd

 mount that showed the poorest 

quality. The number of CFU was negatively correlated to the values of motility, progressive 
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motility and AM/PM-intact spermatozoa. This could be verified by replacing the disposable 

inner liner after the 3
rd

 mount with a new one so that an impressive and significant decline of 

CFUs within the 4
th

 mount could be reported. 

 

Organisms commonly found in semen could also represent potential pathogens and 

could be transmitted from the semen to the mare and cause inflammation. Most of the 

pathogens were not apparent in the stallion. The present study shows, that changing the 

disposable inner liner after a certain number of mounts can reduce bacterial load in the semen 

and avoid a transmission of potential pathogenic bacteria via AI to the mare. This simple 

sanitary procedure could help improve hygienic standards and decrease the possibility of 

transmission and spread of diseases. 

 

The second objective of this study was to investigate the effects of pre-coital sexual 

stimulation on the quality and quantity of semen. It could be verified, that the frequency of 

manipulated blind mounts with lateral deviation of the penis by the collecting technician had 

no significant influence on quantity parameters like volume, sperm concentration and total 

sperm count. Instead a decrease of the semen quality could be detected.  

 

Summarizing both studies it could be verified that there is a great importance in the 

preparation of the stallion before the mount in order to obtain high-quality semen with the 

first mount. 

 

 

 

 

 

 

 

 

 



85 

 

9  Zusammenfassung 

 

 

 

Friederike Karin Maria Dirscherl 

 

 

Auswirkung der Samenentnahmemethode auf die Keimbelastung 

von Hengstejakulaten  
 

 
Das Ziel des ersten Versuchs dieser Studie galt der Evaluierung einer möglichen 

Relation zwischen der bakteriellen Belastung im Hengstsperma und der Anzahl an 

Aufsprüngen sowie den daraus resultierende Auswirkungen auf die qualitativen 

Spermienparameter. Nach unserer Kenntnis ist dies die erste Studie über die Auswirkungen 

eines Wechsels der Scheidenfolie nach aufeinanderfolgenden, erfolglosen Aufsprüngen und 

dem sich daraus ergebenden bakteriellen Keimgehalt in den gewonnenen Ejakulaten.  

 

In Bezug auf die Ziele dieses Versuchs konnte herausgefunden werden, dass die 

Anzahl der Aufsprünge nicht positiv mit der gefundenen Keimzahl korreliert ist, letztere 

jedoch positiv korreliert mit der Anzahl an Kontakten mit der Scheidenfolie. Der Wechsel der 

Scheidenfolie nach einigen erfolglosen Aufsprüngen führte zudem zu einer Verminderung der 

Koloniebildenden Einheiten (KbE). Auch wenn die bakterielle Keimbelastung die Qualität 

des Samens nicht signifikant beeinflusste, waren die Anzahl der Aufsprünge als auch die 

Höhe des Keimgehaltes negativ korreliert mit der Qualität des Samens.  

  

Keimwachstum konnte in jedem untersuchten Ejakulat gefunden werden was sich 

darauf zurückführen lässt, dass die Samenentnahme mittels eines geschlossenen künstlichen 

Scheidenmodells erfolgte. Neben den üblichen Kommensalen konnten auch fakultativ 

pathogene Keime (Klebsiella pneumoniae und  Streptococcus equi subspecies zooepidemicus) 

nachgewiesen werden. Auch wenn unter dem Einfluss von Klebsiella pneumoniae kein 

signifikanter Einfluss auf die Spermienqualität festgestellt werden konnte, sank die 

Akrosomen- und Membranintegrität unter dem Einfluss von Streptococcus equi subspecies 



86 

 

zooepidemicus. Escherichia coli wurde in zwei weiteren Ejakulaten gefunden, zeigte aber 

nicht die von anderen Autoren beschriebenen Auswirkungen auf das Sperma. 

 

Mit steigender Anzahl an Kontakten zwischen Penis und Scheidenfolie konnte im 

gleichen Zuge eine Erhöhung und somit eine positive Korrelation der gefundenen 

Bakterienzahl festgestellt werden. Die Anzahl der KbE beeinflusste die Qualität des 

Ejakulates, was durch die Ergebnisse des dritten Aufsprungs bestätigt werden konnte. Dieser 

wies die höchste Bakterienzahl auf und zeigte gleichzeitig die schlechteste Qualität. Die Höhe 

der KbE war negativ korreliert mit der Motilität, der Vorwärtsbeweglichkeit und der  

Akrosomen- und Membranintegrität der Spermien. Dieses Ergebnis konnte dadurch bestätigt 

werden, dass nach dem Wechsel der Scheidenfolie nach dem dritten erfolglosen 

Aufsprungversuch ein signifikanter Abfall des Keimgehaltes in den Ejakulaten des vierten 

Aufsprungs festgestellt werden konnte. 

 

Die normalerweise im Samen gefundenen Organismen können auch pathogene Keime 

darstellen, die mit dem Samen mittels künstlicher Besamung auf die Stute übertragen werden 

und Entzündungen der Gebärmutter hervorrufen können. Viele dieser Keime sind beim 

Hengst indes inapparent. Der Versuch zeigte, dass ein Wechsel der Scheidenfolie nach 

vermehrten Aufsprungversuchen den Bakteriengehalt im Samen reduzieren kann und somit 

die Übertragung potentieller Pathogene mittels künstlicher Besamung. Diese einfach 

umzusetzende hygienische Maßnahme kann den Hygienestandard deutlich verbessern und 

senkt die Gefahr einer möglichen Übertragung und Verbreitung von Krankheiten.   

 

Der zweite Versuch dieser Studie befasste sich mit dem Effekt einer präcoitalen 

Stimulation des Hengstes auf die Quantität und die Qualität des Ejakulates.  Es konnte 

aufgezeigt werden, dass manipulierte Blindsprünge bei denen eine manuelle seitliche 

Ablenkung des Penis erfolgte, keinen signifikanten Einfluss auf die Quantität (Volumen, 

Spermiendichte und Gesamtspermienzahl) hatten. Stattdessen konnte ein Absinken der 

Qualität mit zunehmender Aufsprunghäufigkeit festgestellt werden.  
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Zusammenfassend für beide Versuchsanteile kann festgehalten werden, dass eine gute 

Vorbereitung des Hengstes vor dem Aufsprung von entscheidender Bedeutung ist um eine 

Ejakulation mit dem ersten Aufsprung herbeizuführen, da dieses erste Ejakulat in beiden 

Versuchsanteilen das mit der besten Qualität darstellte. 
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