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Streszczenie. Przeprowadzone doświadczenie miało na celu zbadania efektywności dwóch 
metod oceny parametrów ruchu plemników w nasieniu rozmrożonym, w zależności od stopnia 
jego rozrzedzenia. Nasienie pobrano od 12 buhajów rasy simentalskiej przy użyciu sztucznej 
pochwy. Próbki nasienia oceniono wstępnie pod względem objętości, barwy, pH, żywotności, 
koncentracji i ruchliwości, a następnie połączono w jedną próbę zbiorczą w celu eliminacji 
różnic indywidualnych, schłodzono do temperatury 4°C, zapakowano w słomki (0,25 ml)  
i zamrożono w ciekłym azocie po czym, przechowywano w kontenerze w temperaturze –196°C. 
Następnie rozmrożono, podzielono na próby A, B i C oraz rozrzedzono kolejno w stosunku 1 : 10 
(próba A), 1 : 20 (próba B) i 1 : 30 (próba C); poddano ocenie wybrane parametry ruchu przy 
użyciu konwencjonalnej metody mikroskopowej oraz metody wspomaganej komputerowo 
(CASA). Uzyskane wyniki opracowano statystycznie. Całkowity ruch plemników analizowany 
dwiema metodami we wszystkich badanych próbach różnił się istotnie (p < 0,05). Ruch 
postępowy plemników badany w systemie CASA różnił się istotnie od badanego w przypadku 
użycia konwencjonalnej metody, przy rozrzedzeniu 1 : 20 oraz 1 : 30 (p < 0,05). Uzyskane wyniki 
ruchu postępowego przy rozrzedzeniu 1:20 z użyciem obu metod nie różniły się istotnie.  
Badania wykazały, że analiza ruchliwości przeprowadzona za pomocą systemu CASA 
cechowała się większą dokładnością i powtarzalnością wyników niż konwencjonalna metoda 
mikroskopowa. Ponadto wyniki poniższych badań wskazują na zależność pomiędzy stopniem 
rozrzedzenia nasienia a powtarzalnością wyników.  
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INTRODUCTION 

 

Artificial insemination, embryo transfer, in vitro fertilization, cloning, transgenicity and 

genomics are elements of the toolkit necessary for the development of the emerging new 

biotechnologies and the response to the growing demand in the market. Combining these 

technologies with modern laboratory equipment, information systems and data analysis will 

provide an even more powerful tool for significantly improving productivity. Cryopreservation 
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of biological material of cattle gave breeders the opportunity to choose the best breeders, 

after prior assessment of the genetic value and use it on a large scale, because with current 

methods of preservation of semen one can produce several hundred insemination doses 

from one collected ejaculate of bull. During a year, several dozen thousands of portions of 

semen may be obtained by collecting semen from a bull. Unfortunately, apart from many 

advantages offered by the possibility of freezing and storing semen, as reported by many 

authors, the process of its cryopreservation carries with it the negative effects of this 

technological process (Bailey et al. 2000; Watson 2000; Januskauskas et al. 2003; Meyers 

2005; Pena et al. 2009). One of them is the weakening of sperm motility, which is a decisive 

factor in the fertilization process (Bongso et al. 1989; Kasai et al. 2002; Alragubi 2014). 

Unfortunately, although scientists have tried to develop techniques for accurately predicting 

the fertilization of sperm samples from a single male for centuries, this goal has not been 

achieved (Amann and Hammerstedt 1993). This is partly due to the fact that studies on 

sperm quality and fertility have produced inconsistent results (Dalton 2011). Incorrect 

functioning of one of the many important and independent qualities of sperm may result in 

the fact that the given spermatozoon will not be able to fertilize (Amann and Katz 2004). 

Thus, the produced straw with the seed will be worthless.  

With the increase of competitiveness on the market for the production of sperm, the 

quality of the final product, which is sperm in straw, become important. In order to obtain  

a good product that stands out from other available on the market, semen producers decide 

to introduce modern technologies to improve the work of semen assessment laboratories 

and improve methods of evaluation of ejaculates that end up in insemination straws. So far, 

standard macro and microscopic techniques based on subjective visual assessment of 

sperm parameters have been widely used for the purpose of analysing the quality 

parameters of semen. With the development of technology, flow cytometers (Ormerod 1993) 

and computer-assisted sperm analysis systems (CASA) were introduced to the market (Dott 

and Foster 1979).  

Among many factors determining the effectiveness of fertilization is the sperm motility 

(Donnelly et al. 1998). The function of motility plays an important role when spermatozoa  

reach the uterine body, which contains mucus (Jansen 1978; Jansen and Bajpai 1982;  

Cox et al. 2006) and may constitute a barrier for sperm with poor motor skills (Mortimer 1997; 

Robayo et al. 2008). Therefore, it is very important to accurately estimate this parameter so 

that the semen introduced to the market is characterized by the best motor activity, assessed 

by the most reliable technique.  

For the determination of sperm parameters such as the degree of agglutination, mass 

wave motion and individual spermatozoa movement in humans and most animal species, 

conventional microscopic analysis has been used for years (Mortimer et al. 1986; Aitken  

et al. 1982; Klimowicz et al. 2005a). 

The main problem in using the standard microscopic technique is subjectivity and 

variability, which translates into the final result and interpretation. The evaluation of sperm 

motility is influenced by many factors, the most important of which is the experience and 

skills of the evaluator (Yeung et al. 1997). The evaluator, guided by experience subjectively 

evaluates the image he sees, hence the differences in the results between different 
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evaluators. Other authors also report the subjectivity of the sperm motility assessment by the 

human eye (Amann 1989; Rozeboom 2000). An important problem is also a small 

percentage of sperm tested. There is therefore a need for accurate, objective and 

standardized methods for semen assessment.  

The Computer Assisted Sperm Analysis (CASA) has been successfully used in both 

human and veterinary medicine for nearly 25 years (Agarwal et al. 1992; Davis and Katz 

1992; Crockett et al. 2001; Klimowicz et al. 2005b). CASA allows for objective, simultaneous, 

reliable, fast and very accurate analysis of several parameters of sperm movement, such as: 

total mobility, percentage of progressive spermatozoa, linearity of movement or speed 

parameters (Verstegen et al. 2002). The CASA system provides a high level of precision and 

reliability in the evaluation and classification of sperm, however, it is not widely used in 

veterinary practice. Mainly due to the high cost of the software itself and the cost of use. The 

CASA system requires standardization and validation before use, and image settings have 

been unified for humans and other species (Iguer-ouada and Verstegen 2001; Tejerina et al. 

2008). The correct result is influenced by the type and depth of the chamber used, the 

number of analysed fields, the temperature of the analysis and the protocol of sample 

preparation of the semen (Rijsselaere et al. 2003). Many authors, however, report that the 

CASA system in comparison to microscopic analysis is the most standardized and highly 

objective (Abaigar et al. 1999; Hoflack et al. 2007). Thanks to the microscopic images 

recorded by video camera, the CASA system analyzes it, thanks to the transformation of 

individual pixels.  

The registered sperm positions allow to plot their path, its measurement and determination 

of movements of subsequent spermatozoa. Thanks to this, it enables the visualization of the 

movement path of individual gametes, which in turn allows a detailed description of 

parameters related to the speed and type of sperm movement. 

The aim of this study was to compare the effectiveness of two methods of sperm motility 

assessment in frozen semen of breeding bulls using different degrees of dilution.  

 

MATERIAL AND METHODS 

 

Animals and semen collection. The study involved a group of 12 Simmental breeding 

bulls at the age of 3, from Germany, kept and fed equally. The experiment was carried out at 

the Małopolska Centre of Biotechnology in Krasne. The subject of the analysis was semen 

taken with an artificial vagina, twice a week at 7 am, for 11 weeks (the total number of 

ejaculates tested was 792).  

Semen processing. The semen, after collection, was placed in a water bath at 38°C until 

the initial assessment, in which the volume of each ejaculate was considered, measured by 

means of a graduated test-tube, the colour of ejaculate and pH (litmus paper). After initial 

assessment, the ejaculates were combined to eliminate individual differences and viability via 

flow cytometer (CytoFlex Beckman Coulter, B3-R1-V0, China) and concentration by 

photometric method (Dr. Lange, LP 300 SDM; Minitube, Tiefenbach b. Landshut, Germany)  

in accordance with the standard procedure for the production of semen in the Małopolska 

Centre of Biotechnology. Semen samples that showed more than 60% sperm viability were 
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further processed. For this purpose, the semen was diluted to a final concentration of 

120×106 spermatozoa/ml by commercial diluent BIOXcell® (IMV, France). It was then 

packaged automatically (Bloc Machine FIN, IS 4, France) in 0.25 ml straw (PVC, Biovet, 

France) and subjected to equilibration (1.5 h, 4°C). After equilibration, the semen was frozen 

using an automatic freezer (IMV Technologies, France) according to the method described 

by Pürhan et al. (2010). Frozen straws were placed in a container with liquid nitrogen and 

stored until analysis.   

Frozen straws with semen were placed in a water bath, thawed at 38°C for 20 seconds, 

diluted 1:10, 1:20, 1:30 and immediately evaluated using two methods.  

Analysis of sperm motility. The semen described below was evaluated by one person. 

Two straws from the same day of collection/production were used for each replicate.  

Conventional assessment of motility. The mass wave motion (100x) was determined in 

20 μl of unseparated semen using the scale: + no movement, ++ free spermatozoa, moving 

without wave formation, +++ strong movement with visible wave, ++++ very strong movement 

with a rapidly moving wave, using a Bloom table in a layer with a thickness of 350 µm. 

21 μl of thawed semen were used to assess total and progressive movement, which were 

diluted successively in proportions: sample A; 1 : 10; sample B; 1 : 20; sample C; 1 : 30 and 

placed on a pre-heated (38°C) Bloom glass and covered with a cover glass. The total sperm 

movement, and progressive movement (400x) were evaluated under a microscope (Nikon  

E 200, China) (Biswas et al. 2002). The total sperm movement and the progressive 

movement were rated subjectively on a scale from 0% (no movement) to 100% (very good 

movement), in a 5 μm thick layer. Each sample was analyzed in four different fields of view.  

Computer evaluation of motility. For computer-assisted evaluation, 1 μl of thawed 

semen was collected, which was diluted with 0.9% NaCl solution in the ratio of A: 1 : 10; 

sample B: 1 : 20 and sample C : 1 : 30, then 2 μL of the seed thus prepared was placed in 

the Leja chamber (Leja Products BV, Netherlands) and evaluated using Sperm Class 

Analyzer (SCA, version 5.1, Microptic, Barcelona, Spain) in terms of total sperm movement, 

progressive movement and sperm speed parameters (VAP (Average Path Velocity) – 

average path of consecutive registered positions, VCL (Curvilinear Velocity) – total distance 

taken by the sperm per unit of time, VSL (Straight Line Velocity) – path travelled by the 

sperm in straight line per unit time, ALH (Amplitude of Lateral Head Displacement) – 

amplitude of lateral head deflections, LIN (Linearity) – linearity of sperm movement 

expressed in VSL/VCL ratio in %, STR (Straightness) – sperm movement straightness 

expressed by VSL ratio/VAP in %, WOB (Wobble) – oscillation ratio expressed in VAP/VCL 

ratio in %). Four analyzes were conducted for one sample.  

Statistical analysis. Numerical data were presented as mean values. The obtained 

results were analysed statistically. The analysis of variance (ANOVA) was used to evaluate 

the differences between the two methods of sperm movement analysis. In order to compare 

both methods, the Duncan's test (Duncan's multiple range test) was used. Statistica®12.0 

(StatSoft® PL) was used for statistical analysis. 
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RESULTS 

 

The study material accounted for a total of 792 ejaculates, 67% were qualified for further 

research after the preliminary analysis. The detailed analysis covered 22 aggregate tests. 

The results of the preliminary fresh semen evaluation are presented in Table 1. The results 

of the assessment of the viability and concentration of pooled samples before freezing are 

included in Table 2. Table 3 shows the individual parameters of thawed sperm movement 

with the help of computer assisted analysis for individual dilution stages. The results of the 

comparison of the assessment of selected parameters of sperm movement after thawing by 

conventional and computer-assisted evaluation depending on the degree of dilution are 

shown in the Table 4.   

 
Table 1. Results of preliminary assessment of the semen of breeding bulls 
Tabela 1. Wyniki oceny wstępnej świeżego nasienia buhajów 

Volume of the ejaculate 
Objętość ejakulatu [ml] 

Color of the ejaculate 
Barwa ejakulatu 

pH of the ejaculate 
pH ejakulatu 

4.7 ± 5.29 
milky white 

mlecznobiała 
6.7 ± 0.23 

Mean values ± SD (n = 22) – Wartości średnie ± SD (n = 22). 

 

The average volume of ejaculate was 4.7 ml, the minimum volume of the tested sample 

was 2.2 ml, maximum 5.4 ml. The pH of the ejaculate ranged from 6.4 to 6.8 resulting in an 

average value of 6.7. Observed colours of ejaculates did not differ significantly from each 

other. They hesitated from grey, milky to creamy. The predominant ones were milky white.  
 

Table 2. Results of the assessment of the viability and concentration of breeding bulls spermatozoa in 
a pooled sample before cryopreservation 
Tabela 2. Wyniki oceny żywotności i koncentracji nasienia buhajów w próbie zbiorczej przed 
kriokonserwacją  

Spermatozoa viability 
Żywotność plemników [%] 

Sperm concentration 
[spermatozoa per mm3] 
Koncentracja plemników 

[ilość plemników na 1 mm3] 

73.91 ± 5.77 1224 x 106 ± 9.94 

Mean values ± SD (n = 22) – Wartości średnie ± SD (n = 22). 

 

The average percentage of alive spermatozoa in the semen collection sample before 

freezing was 73.91%. The lowest percentage of alive spermatozoa recorded was 66.34%, 

while the maximum percentage was 79.26%. The average concentration of sperm in a cubic 

millimeter was 1224 million. The lowest concentration was 996 million, the highest 2044 million. 
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Table 3. Values of spermatozoa movement parameters obtained during computer-assisted sperm 
analysis (CASA) in thawed semen of breeding bulls, depending on the degree of its dilution  
Tabela 3. Wartości parametrów ruchu plemników uzyskane podczas komputerowej analizy nasienia 
(CASA) w nasieniu rozmrożonym buhajów, w zależności od stopnia jego rozrzedzenia  

Dilution degree 
Stopień 

rozrzedzenia 

VSL VCL VAP LIN STR WOB ALH 

 µm · s–1   %  µm 

Sample A 
Próba A 
1 : 10 

42.70 ± 
0.33 

66.94 ± 
0.42 

51.35 ±  
0.21 

63.79 ±  
0.36 

83.16 ±  
0.25 

76.71 ±  
0.39 

2.97 ±  
0.09 

Sample B 
Próba B 
1 : 20 

46.61 ± 
0.12 

68.49 ± 
0.26 

55.12 ±  
0.29 

66.01 ±  
0.09 

86.34 ±  
0.08 

79.13 ±  
0.11 

2.99 ±  
0.06 

Sample C 
Próba C 
1 : 30 

40.96 ± 
0.19 

66.01 ± 
0.21 

52.32 ±  
0.28 

64.55 ±  
0.08 

79.99 ±  
0.04 

74.22 ±  
0.06 

2.86 ±  
0.005 

Mean values ± SD (n = 22) – Wartości średnie ± SD (n = 22). 

 
The minimum value for the VSL parameter was recorded in the sample C (1 : 30), i.e. 

40.96 (µm · s–1), while the maximum was observed in the sample B (1 : 20) and it was  

46.61 (µm · s–1). Similar results were obtained by studying the parameters VCL, STR, WOB 

and ALH. In the case of the VAP parameter, the minimum value was recorded in sample A  

(1 : 10), i.e. 51.35 (µm · s–1), while the maximum in the sample B (1 : 20) i.e. 55.12 (µm · s–1).  

 
Table 4. The sperm motility parameters in the thawed semen of breeding bulls obtained according to 
the studied methods, depending on the degree of its dilution 
Tabela 4. Uzyskane badanymi metodami parametry ruchliwości plemników w nasieniu rozmrożonym 
buhajów, w zależności od stopnia jego rozrzedzenia 

Degree 
of dilution 
Stopień 

rozrzedzenia 

Total spermatozoa movement 
Całkowity ruch plemników [%] 

Progressive movement 
Ruch postępowy [%] 

method 
metoda 

conventional 
konwencjonalna 

CASA 
conventional 

konwencjonalna 
CASA 

Sample A 
Próba A 
1 : 10 

45.00aA ± 0.37 53.45bA±2.26 35.00aA± 0.22 29.35bA± 5.72 

Sample B 
Próba B 
1 : 20 

52.00aB ± 5.99 57.13bB ±0.21 35.50aA ± 0.35 22.77aB ± 0.17 

Sample C 
Próba C 
1 : 30 

38.00aBC ± 6.04 56.56bB ± 0.23 30.00aB ± 1.12 21.54bB ± 0.09 

Mean values ± SD (n = 22). Different letters in the same row within the tested parameter indicate significant 
differences: a, b; p < 0.05. Different letters in the same column indicate significant differences: A, B; p < 0.05. 
Wartości średnie ± S.D (n = 22).  
Różne litery w tym samym wierszu w obrębie badanego parametru wskazują na istotne różnice; a, b; p < 0,05. 
Różne litery w tej samej kolumnie wskazują na istotne różnice; A, B; p < 0,05. 
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The mean value of total sperm movement when tested using the conventional method. In 

diluted semen in 1 : 10 it was 45.00% and was significantly lower (p < 0.05) than the result 

obtained with the CASA system, which was 53.45%, respectively. The opposite situation 

occurred in the case of determining the average progressive movement in the same sample. 

The value obtained by the conventional method was significantly higher (p < 0.05) than the 

result obtained with the help of computer-assisted analysis. In the sample B (dilution in the 

ratio 1 : 20) a significant difference (p < 0.05) was observed in the total sperm movement 

assessed by the two above methods, however, the progressive movement assessed in this 

test, depending on the method used, did not differ significantly (p > 0.05). The progressive 

movement and total movement of sperm tested using the two methods above in the C test 

(1:30) showed significant differences in the results obtained with two methods (p < 0.05). The 

above data show that the degree of dilution had a significant impact on the obtained results. 

In the conventional method, the average standard deviation from the obtained results 

increased with the degree of dilution. In the computer-assisted method, the reproducibility of 

results increased with the increasing degree of dilution. The degree of dilution had a significant 

effect (p < 0.05) on the obtained result of the total sperm movement when tested by the 

conventional method, while the same parameter analysed using the CASA system showed 

the significance of differences between A and B and A and C. No significant differences were 

found in the assessment of the above parameter between samples B and C tested using  

a computer assisted method. The significance of the differences (p < 0.05) was observed in 

the evaluation of the progressive movement using both methods in samples A and C, with 

the conventional method (p < 0.05) significant differences in the B and C sample, whereas 

with the CASA method in A and B sample.  

 

DISCUSSION 

 

The usefulness of the semen for artificial insemination is determined by the result of 

testing its parameters. A normalized, objective and accurate way to analyze the 

characteristics of semen allows to obtain a very good quality end product, which is a straw 

with sperm. In this study, attention was paid to sperm parameters in the initial assessment, 

such as volume, pH and color of ejaculates, and results similar to other authors were 

obtained (Javed et al. 2000; Sarsaifi et al. 2013; Bhakat et al. 2014). Also the results of the 

viability and concentration assessment of semen were correct and similar to those obtained 

by Garner et al. (1997). Thanks to the technological possibilities of computerized semen 

analysis, detailed motility parameters were analyzed that corresponded to the results 

obtained by Contri et al. (2010) and Sundararaman et al. (2012). 

Mobility is considered the most important feature associated with the sperm's ability to 

fertilize (Kathiravan et al. 2011). Therefore, it is important that the obtained result is the most 

reliable. The above studies indicate that the obtained results by conventional microscopic 

method differ significantly from the results obtained using the CASA system, which is 

confirmed by other authors (Verstegen et al. 2002; Rijsselaere et al. 2003). Total sperm 

motility examined by microscopy at 1 : 10, 1 : 20 and 1 : 30 dilution was lower than obtained 

by computer assisted analysis by 8.45%, 5.13% and 18.56%.   
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The main problem is the subjective estimation of the assessed motility due to the high 

concentration of spermatozoa and their speed of movement in the field of view. The CASA 

system eliminates this error and therefore reports lower values of progressive mobility than 

the  „manual” estimation (Davis 1992). This is confirmed by the result of this study, showing  

a 5.65% (1 : 10) lower percentage of spermatozoa with progressive movement estimated 

using the CASA system than with the conventional method –12.73% for 1 : 20 dilution and 

8.46% for 1 : 30 dilution. However, the effect of the degree of dilution has a significant impact 

on the results obtained by the conventional method, as well as on those obtained with the 

CASA system. The results of the above studies show the relationship between the degree of 

sperm dilution and the reproducibility of the results obtained with the help of both methods. In 

the case of conventional evaluation, the higher the degree of dilution, the higher the standard 

deviation. In turn, the results obtained by means of computer assisted analysis were more 

repeatable with a higher degree of dilution. The above data indicate that the CASA system 

requires adequate dilution of the test sample. Mostafapor and Ardebili (2014) also report that 

the degree of sperm dilution for analysis with the CASA system has an effect on errors in 

results caused by sperm collisions. Contri et al. 2010 report the necessity of appropriate 

dilution of test semen in order to increase the ability of the device to perform the analysis. 

Nevertheless, many authors confirm the high accuracy and repeatability of results obtained 

by means of computer assisted analysis (Davis et al. 1992; Farrell et al. 1995). 

 

CONCLUSIONS 

 

The results of the effectiveness analysis of two methods of sperm motility assessments in 

breeding bulls ejaculates indicate that computer-assisted sperm analysis is more useful, 

more versatile, more accurate and more objective than conventional microscopic method. 

The measurement stability and reproducible results obtained with the CASA system make it 

unrivalled in comparison to the conventional microscopic method and should be used for 

routine analysis of semen quality in breeding bull semen production stations. 

The following conclusions can be drawn from the conducted research: 

1. The computer-assisted microscopic method (CASA) is a significantly more perfect  

tool for studying the motility of breeding bulls sperms compared to the conventional 

microscopic method. 

2. There is a significant relationship between the degree of sperm dilution and the 

reproducibility of results. The progressive movement of spermatozoa studied with two 

methods differed significantly only at 1 : 20 and 1 : 30 dilution. 

3. The CASA method should be preferred to routine testing of sperm motility in breeding 

bulls ejaculates.  
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Abstract. The experiment carried out aimed to examine the effectiveness of two methods of 
assessment of the parameters of sperm motility in thawed semen depending on the degree of 
its dilution. The semen was collected from 12 Simmental breeding bulls using an artificial 
vagina. Semen samples were pre-evaluated in terms of volume, colour, pH, viability, 
concentration and motility and then combined into one pooled sample to eliminate individual 
differences, cooled to 4°C, packed in 0.25 ml straw and frozen in liquid nitrogen, stored in  
a container at –196°C. Next they were thawed, divided into samples A, B and C, and 
subsequently diluted 1 : 10 (sample A), 1 : 20 (sample B) and 1 : 30 (sample C) and selected 
motion parameters were evaluated using conventional microscopic method and computer-aided 
(CASA). The obtained results were analysed statistically. The total sperm movement analysed 
by two methods in all tested samples differed significantly (p < 0.05). The spermatozoa 
progressive movement studied by the CASA system differed significantly from the one tested 
using the conventional method at dilution 1 : 20 and 1 : 30 (p < 0.05). The obtained results of 
the  progressive movement at 1 : 10 dilution using both methods did not differ significantly. 
Studies have shown that mobility analysis carried out using the CASA system was 
characterized by greater accuracy and reproducibility of results than the conventional 
microscopic method. Moreover, the results of the following studies indicate the relationship 
between the degree of sperm dilution and the reproducibility of results. 



 

 

 


