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PRELIMINARIES AND OBJECTIVES OF 

RESEARCH WORK 

Research work was already done in the past and it has also been 

carried out these days as for finding a solution to the long-lasting 

storage of semen from various domestic animals. The frozen storage 

proved to be the most efficient, however, the freezing-thawing 

procedure reduces the sperms’ motility to the half (Tuli et al 1992). 

The currently used freezing procedures are imperfect. The motility of 

the surviving and motile sperms is different, and less active than those 

of the fresh ejaculations (Verheyen et al 1993). Frozen boar semen can 

be obtained since 1975 in the forms of both pellets and stored in straw 

(Johnson et al 2000). 

The frozen sperms have less fertile ability than the fresh ejaculations 

(Almid and Hofmo 1996, Johnson 1998), thus the currently used 

freezing procedures should be perfect but it is far from reality. One of 

the reasons for this is that the boar sperms seem to be especially 

sensitive to the cold shock and freezing in comparison to the sperms 

of bulls (Polge 1956). Since it has been discovered that it is possible to 

increase the resistance to the cold shock by prolonging the per-

freezing incubation (Pursel et al 1972), the most boar sperm deep-

freezing methods include several hours’ incubation at the temperature 

of 15º C or below. The ideal duration of incubation in order to achieve 

the best quality frozen-thawed sperms is nevertheless unknown. 

In recent animal husbandry, the exponentially developing 

biotechnological methods including in vitro fertilization (IVF) are 
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gaining their significance along with the traditional methods. In IVF 

systems, concerning the future use it is of essential importance to 

select the live and motile fraction of sperms from the basic substance. 

There are several sperm manipulation methods elaborated for IVF of 

both humans and domestic animals. The best-known methods are the 

various washing procedures when the primary material is flushed 

through in certain mediums using centrifugation. One of these 

procedures is the centrifugation or washing of Percoll gradients 

(Devries and Colenbrander 1990, Mermillod et al (1992)). In IVF 

systems, the various sperm migration procedures are of remarkable 

function as well. The most wide-spread of these migration procedures 

is the swim-up (Drevius 1972, Lopata et al 1976). During the swim-

up, a sperm amount of one unit (usually one or two units of artificial 

straw) is placed under the medium of specified capacity which is 

incubated making the motile sperms are able to swim up into the 

upper layer. Parish et al (1986) were the first to introduce the swim-up 

for domestic animals. 
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Objectives: 

The aim of our first series of experiments was to estimate daily the 

number of live/dead sperms stores at 17º C in vitro circumstances 

during a seven-day-long experiment; and to trace the changes in the 

motility of sperms and the acrosome modifications applying the two 

staining methods parallelly. Having compared them to the samples of 

subjective motility examinations, the further method for assessing 

sperm viability was going to be selected. 

In the second series, we decided upon each step of the pre-freezing 

treatments used for long-term storage and the effects of these on the 

frozen-thawed boar semen. Getting the information on these facts, we 

examined the effect of the prolongation of pre-freezing incubation 

time in the viability of boar semen, membrane integrity and also on 

motility. 

Our aim was to shed light on the occasional seasonal discrepancies 

therefore we carried out our experiments both in summer and in 

winter. 

In the third phase, we applied different treatments on behalf of 

improving the efficiency of fertilization. To obtain all these results, we 

examined the effects of the short-time centrifugation, the swim-up and 

the Percoll-type treatment on the frozen-thawed boar semen. 
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MATERIALS AND METHODS 

1. THE SITES OF EXAMINATIONS 

Our examinations were carried out at the University of West Hungary, 

at the Faculty of Agriculture and Food Sciences and also at the 

Artificial Insemination Station of Debrecen. 

2. METHODS FOR SPERM EXAMINATION 

2.1. Motility Examination 

The motility examination was carried out by an independent expert 

with the help of a Zeiss-type light microscope on heated (38ºC) 

objective table. 

2.2. Staining Procedures 

Kovács-Foote’s (1992) and Harrison-Vicker’s (1990) fluorescent 

staining procedures were applied. 
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3. STATISTICAL ANALYSIS 

The results gained by short-term sperm storage and examined with 

both kinds of staining procedures were analyzed with the 

ANOVA/NANOVA part of Statistica program. 

The examination data of the effect of the longer incubation time were 

arranged with Microsoft Excel program, and were evaluated with 

Statistica for Windows 6.0 statistical softver. (The information 

underwent variance-analysis examination in order to figure out the 

effect of the sperm treatment.) Finally, the significant discrepancy 

between the treatment and control was verified by t-test.     

The single-factor variance analysis of the results got by the 

examinations of the pre-fertilisation sperm treatment methods was 

done using the above mentioned ANOVA/NANOVA part of Statistica 

program that was supplemented with Tukey-test when it was required. 
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RESULTS 

1. Selection of the method for assessing sperm viability and the 

effect of short-term storage on the semen  

We wanted to know how the quality of the sperm changed during the 

short-term storage and whether there were emerging any discrepancies 

in the results applying the 2 kinds of staining methods. 

Table 1. The proportional changes in the unstained tail live sperms 

with normal acrosome during the short-term storage examined 

with 2 kinds of sperm-estimating methods (%).

Boar
Staining method 

1. 

day 

2. 

day 

3. 

day 

4. 

day 

5. 

day 

6. 

day 

7. 

day 

Kovács-Foote 70 65 59,5 45,5 35,5 30 10 
1 

Fluorescens 50 45,5 37 30 27 16 10 

Kovács-Foote 72 60,5 51,5 31 20 15 10 

2 
Fluorescens 45 33 27 19,5 11,5 7,5 5 

Kovács-Foote 70 65 60,5 46 35 30 25 

3 
Fluorescens 53,5 50 45 35,5 32 20 14 

Kovács-Foote 70 65 53 37,5 28 15 10 

4 
Fluoreszcens 50 45 40,5 34,5 23 11,5 5 
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At the preliminary examination of the four male boars’ semen, it was 

seen that the proportion of moving sperms in the ejaculatum was 

approximately seventy per cent. Applying Kovács-Foote’s procedure, 

the semen appeared a bit of higher quality than at the fluorescent 

staining. This tendency remained throughout the seven days. During 

the examination, both procedures showed that the quality of the semen 

was worsening day by day.  

During the storage, the number of live sperms with normal acrosome, 

showing unstained tail was decreasing continually whichever method 

was used tracing it. The F-test was conducted to see whether the 

displayed tendency of quality decreas was changing in the same 

extent. At the statistical evaluation, four males’ average results were 

taken into consideration and were also compared with two methods. 

Table 2. Double-sampled F-test on variance

Factor SQ FG MQ F-test F-table SZD 
5%

SzD 
0,1%

Total 20876,13 55       

Repetition 16278,06 6 2713,01   
*** 

P=0,1% 
  

Among 
groups 

2340,071 1 2340,071 24,78491 35,51 ***   

Error  566,4911 6 94,41518      

Treatment 
within 
group 

1226,696 6 204,4494 15,83503 4,89 *** 3,89893 6,89515 

Error 464,8036 36 12,91121      
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From the above table, it is seen that the value of F is lower than the 

critical F value, so there is no discrepancy between the quality 

changes in the variances of tendency lines displayed with two 

methods. 

The above results demonstrate that quality deterioration apparent 

during short-term storage can be similarly detected applying either 

staining procedure. At the further experiments, Kovács-Foote’s 

staining was done. 

2. The effect of the prolongation of the pre-freezing incubation 

time on the sperms’ membrane integrity 

In this series of experiments, it was searched what effect the 

prolongation of the pre-freezing incubation time can have on the 

quality of the semen. To reveal the occasional seasonal discrepancies, 

the whole series of examination was carried out twice, once in 

summer and them in autumn. 

Applying Kovács-Foote’s staining; there is a significant difference 

between the group containing stained sperm tails and the traditionally 

cooled and treated group. The below diagram clearly demonstrates 

this inequality. 



 10

Fig. 1. Box-whisker diagram. The average, average±scattering; 

minimum and maximum figures of the staining data (live, normal 

and motile sperms) of the control and treated groups (summer) 

There is also a significant difference presented at the motility 

examination of the control and the treated groups. The difference is 

shown by the below diagram. 
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Fig. 2. Box-whisker diagram. The average, average±scattering; 

minimum and maximum figures of the motility examination of the 

control and treated groups (summer) 

Comparing the results revealing the viability together with motility 

within both the treated and the control groups with the results of the 

motility examinations, it was evident that the difference were 

significant.  

The results of the experiments performed in summer and in autumn 

were averaged and the t-test was done. At the statistical evaluation of 

both the staining results and of the motility examinations, a significant 

difference was proved in favour of the treated group. When comparing 
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the results of each individual, no outstanding divergence was 

experienced. The experiments performed in summer and in autumn 

revealed no significant discrepancy either. 

3. Treatment of sperms after freezing and thawing (short-term 

centrifugation, swim-up and Percoll-treatment) 

This time, out of the several post-freezing-thawing sperm treatment 

procedures it was examined what effects the short-term centrifugation 

(10 minutes at 200g), the swim-up (through Sperm TALP medium) 

and the Percoll gradient treatment had on boar sperms. These 

experiments manifested the differences in the efficiency of the 3 

treatments. 

BEFORE TREATMENTS

dead/injured
17,20%

dead/no
12,77%

dead/intact 
12,17%

live/intact
35,53%

live/injured
10,63%

live/no
11,7%

Fig. 3. The configuration of the different sperm-categories prior to 

treatment 
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CENTRIFUGATION

live/intact
57,13%

live/injured
6,53%

live/no
3,97%

dead/intact
9,4%

dead/injured
17,33%

dead/no
5,63%

Fig. 4. The configuration of the different sperm-categories after 

centrifugation

SWIM-UP

dead/no
3,80%

dead/injured
9,4%

dead/intact
8,23%

live/no
11,23%

live/injured
16,33%

live/intact
51%

Fig. 5. The configuration of the differ4ent sperm-categories after 

the swim-up 
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PERCOLL

dead/no
2,77%

dead/injured
1,97%dead/intact

5,73%
live/no
5,2%

live/injured
10,53% live/intact

73,8%

Fig. 6. The configuration of the different sperm-categories after 

Percoll-treatment 

Subsequent to all 3 treatments, the proportion of the live sperms with 

normal acrosome is higher than those of the control group. With boar 

sperms, the best result was induced by the Percoll-treatment, which 

was ensued by the results of centrifugation; and the swim-up was the 

least successful. All these 3 treatments significantly (P<0.005) 

influenced the proportion of spermatozoa with live, intact acrosome in 

the semen. 
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NEW SCIENTIFIC RESULTS 

1. The longer incubation affected positively the sperms’ viability; the 

proportion of the motile and live sperms with normal acrosome was 

significantly higher subsequent to the longer incubation than in the 

case of the control ones. 

2. In our experiments, the longer incubation caused discrepancies in 

the motility of sperms as well which proved to be significant 

according to the variance analysis. 

3. Any of the sperm treatment methods – swim-up, centrifugation, 

Percoll-gradients – applied for increasing the efficiency of in vitro 

fertilization resulted in a notably bigger amount of live sperms with 

normal acrosome than in the untreated control group. 

4. Out of the various treatments, the Percoll gradients treatment 

appeared to be the most effective. 
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PROPOSALS 

To trace the qualitative changes during the short-term storage of 

sperms, there were two kinds of in vitro staining methods applied. In 

our examinations, we employed the Kovács-Foote’s (1992) staining 

and also the modified Harrison and Vickers fluorescent staining 

(1990).  

During the seven-day storage experiment performed at 17º C in vitro 

circumstances, we evaluated daily the number of live/dead sperms; 

registered the acrosome changes; and also concluded the cell motility 

from the permeability of the tail-membranes of the live sperms with 

normal acrosome. The results of vital staining were compared to the 

ones of the motility examinations. Both methods are suitable to trace 

the qualitative alterations during the sort-term storage. In practice, 

however, the method described by Kovács and Foote seems to be 

more favourable because its implementation is simple, does not 

require special laboratory conditions; and it provides a detailed picture 

not only of vitality of cells but also of the acrosome and the tail 

membrane integrity. 

In our experiments, the prolongation of the incubation time had a 

positive effect on the viability of the sperms - the proportion of motile 

and live sperms with normal acrosome was significantly higher 

subsequent to longer incubation than in the case of control ones. In 

our experiments, the longer incubation caused a significant change in 

the motility of sperms as well. 
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Numerous researchers have already applied the processes of 

centrifugation, Percoll-type and swim-up treatments examining the 

frozen-thawed fertilizing materials. 

As a result of our work, all the 3 various treatments verified that both 

the short-term centrifugation and the swim-up and the Percoll-

treatment concentrate efficiently the live sperms with normal 

acrosome. Out of these different treatments, the Percoll gradients 

treatment proved to be the most efficient. This sperm per-treatment is 

worth being employed in the future so that in vitro fertilization can 

become more perfect and wide-spread. 
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