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Average milk production per cow and year 
increased the last time on a high level and at 
the same time the fertility of dairy cows is 
decreased (BUTLER, 2001). Sperm quality, 
including sperm morphology, may 
deteriorate with increasing age of the bull 
thus becoming a source of concern when 
using older, progeny-tested AI bull sires. 
Although a relationship between sperm 
morphology and fertility after AI in 
progeny-tested bull sires has been reported, 
it is yet unclear which sperm abnormalities 
are most critical. Fertility of A.I. bulls is a 
very important factor in the reproduction of 
dairy cattle. Only semen with high quality is 
requirement for a short breeding interval 
(days open) and successful pregnancy. 
Minerals play an important role in both 
female and male fertility. Calcium for 
instance is well documented in its role in 
sperm capacitation (LEHMKUHLER, 
2010). Vitamin A for example leads to 
testicular degeneration in all farm animals. 
Bulls experience vitamin A deficiency had 
an fewer total sperm and more abnormal 
sperm. The aim of the study was to 
investigate the effect of changing mineral 
supplementation to sperm quality in A.I. 
bulls with problems in good sperm quality.  

 
Unlike the cow (born with every egg) the 
bull constantly manufactures sperm from the 
time of puberty throughout his lifetime. 
Sperm production is a continuous cycle in 
the testes. The spermatogenesis of bulls 
continues 61 days (AMANN, 1983; 
JOHNSON et al., 1994), in variation 
between 56 to 63 days (HANSEN, 2009; 
MEYERHÖFFER et al., 1985). In this time 
will be the evaluation of the sperms in the 
reproduction cycle of bulls. Sperm quality is 
determinants include sperm concentration, 
motility and morphology (BARTH, 2000). 

Accurate and precise determination of sperm 
concentration is very important for A.I. bulls 
to produce uniform insemination doses. 
Semen quality is evaluated of motility in 
fresh semen and motility in post-thaw 
samples. Correlations between motility and 
field fertility were found, other did not 
(CORREA et al., 1997; HOLT et al., 1997; 
CHRISTENSEN et al., 1999; TARDIF et al., 
1999). Requirement to sperm quality is 
shown in table 1. Breeding bulls should have 
at least 60 % motile sperm (BARTH, 2000). 
Sperm motility and fertility were strongly 
positively correlated in breeding trials 
involving beef bulls (NEVILLE et al., 1988) 
and in vitro fertilization studies in humans 
(MARNET et al., 2000). 

 
Table 1: sperm quality in cattle  
Item dairy 

cattle 
beef cattle 

Volume (ml) 5-8 3-6 
Concentration 
(Mio/ml) 

1.000-
2.000 

800-1.500 

Motile sperm 
(%) 

50-75 40-75 

Normal sperm 
(%) 

70-95 65-90 

 
When estimating the minimum needs or 
maximum tolerances of minerals one must 
consider the extent to which other elements 
or compounds affect their absorption, 
retention and utilization. Table 2 shows the 
upper and lower limits of minerals by dairy 
and beef cattle.  
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Table 2: Recommended upper and lower 
limits of minerals (mg/kg DM in the ration; 
by CFIA) 
 Beef cattle Dairy cattle 
 Lower 

limit 
Upper 
limit 

Lower 
limit 

Upper 
limit 

Copper 10 100 10 100 
Zinc 50 500 50 500 
Selenium 0,1 5,0 0,1 5,0 
Manganese 25 850 25 850 
Sulphur 1.000 3.000 2.000 6.000 
 
Feeding is often responsible for decrease in 
sperm quality. ALM-PACKALEN (2009) 
found a decrease in sperm quality after 
feeding moldy hay. The percentage of 
rejected ejaculates was significantly 
increased over that in the previous year 
(ALM-PACKALEN, 2009).  
MÜLLER and SZILAGYI (1966) feeding a 
daily amount of 100 g of a mineral vitamin 
trace for a period of 6 weeks to bulls. In all 
bulls, about 6 weeks after beginning this 
treatment, there was a statistically certified 
improvement in motility and stability of the 
ejaculates. The success in treatment was 
permanent in some cases, but in others the 
quality of the sperm deteriorated again 2—3 
months after ending treatment (MÜLLER 
and SZILAGYI, 1966). 
NIX (2010) defined the nutritional 
requirement of bulls in dependence from the 
live weight and the body condition (table 3). 
In contrast by NRC (2000) there is defined a 
maximum tolerable concentration of Copper 
100 mg/kg 
 
Table 3:Nutritional requirement of bulls at 
maintenance and regaining body weight 
(NIX, 2010) 
 
Live 
weight  

ADG 
(g/d) 

CP 
(%) 

Copper 
(mg) 

Zinc 
(mg) 

Vitamin 
A (IE) 

1.300 
lbs 

1.000 7,5 93 347 45.000 

1.700 
lbs 

- 6,8 101 378 49.000 

2.100 
lbs 

- 6,8 119 444 58.000 

 
MATERIALS AND METHODS 
The investigation runs from Mai 2008 to 
December 2008 in an A.I. Station in 
Germany. 29 Holstein Friesian bulls, 1 
Simmental, 1 Limousin and 1 Angus bull 

were used in this study. 18 of this bulls had 
problems with the production of high quality 
semen in the ejaculate or after freezing-
thawing. This 18 bulls are the study group.  
Bull semen was collected using the standard 
method, via an artificial vagina (1 ejaculates 
per bull per collection day). Semen from 
young bulls (13 to 24 months of age) was 
collected once a week, and from older bulls 
(over 24 months) twice a week. Only grossly 
normal looking ejaculates were accepted for 
further evaluation and processing. The 
volume and density of the ejaculates were 
measured using a photometer immediately 
after collection. Initial subjective 
progressive motility was estimated in all 
experiments and after freezing-thawing by 
experienced technicians at the AI station. 
Motility was assessed with a phase-contrast 
microscope equipped with a heated stage, at 
200x magnification. A drop of 10 µl of 
diluted semen was placed on a preheated (37 
°C) glass slide and covered with a cover slip 
(22 x 22 mm). The bull ejaculates were 
accepted for use in AI on the basis of their 
initial sperm concentration > 500 x 106 / ml, 
visual subjective sperm motility ≥ xx % and 
visual subjective post-thaw motility ≥ 
XX %. 
The feeding system for the bulls in the A.I. 
station is different between the stage of 
production. Bulls in production had a higher 
amount of concentration in the ration then 
Waiting bulls (table 4). Feeding for the bulls 
was varied in the score of Body Condition. 
Meadow hay were presented ad libitum 
every day.  
 
Table 4: feeding system in the A.I. station  
 
 Bulls in 

production 
Waiting bulls  

meadow hay  20 kg - 
straw 10 kg ad libitum 
concentrate  3 kg 1 kg 
mineral 300 g 300 g 
 
The Mineral for the study group has the 
following composition per kg: 9 % Calcium, 
6 % Natrium, 8.000 mg organic Zink, 2.000 
mg organic Manganese, 1.000 mg organic 
Copper, 35 mg Selenium, 1.500.000 IE 
undegradable Vitamin A, 40.000 IE Vitamin 
D3, 20.000 mg Vitamin E, 1.000 mg 
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Vitamin C, 150.000 mg Biotin, 1.000 mg 
Cholinchlorid. The bulls of the control group 
become: 18 % Calcium, 10 % Sodium, 
8.000 mg Zink, 8.000 mg Manganese, 1.300 
mg Copper, 60 mg Selenium, 1.000.000 IE 
undegradable Vitamin A, 100.000 IE 
Vitamin D3, 3.000 mg Vitamin E. In the 
control group the mineral was no 
supplemented with Vitamin C, Biotin and 
Cholinchlorid. The amount of mineral was 
in the study group 300 g per day and in the 
control group 300 g per day.  
According to the duration of 
spermatogenesis, analysis more than 2 
months in advance. For the analysis there 
was build some groups of the weeks in the 
whole investigation. The investigations of 
ARLT et al. (2006) was conducted 28 day 
prior, the time during the investigation and 
22 days after manipulation. They found no 
significant influence of the acupunctation on 
the volume and concentration of ejaculates 
of Holstein bulls (ARLT et al., 2006). In the 
own investigation there was build 8 intervals 
with 4 weeks in every interval (table 5).  
 
Table 5: interval, feeding method and 
assignment of weeks in the investigation  
 

Interval  group Weeks in 2008 
0  prior to feeding ≤ 25 
1  first 4 weeks of 

feeding 
26, 27, 28, 29 

2  second 4 weeks 
of feeding 

30, 31, 32, 33 

3  4 weeks after 
feeding 

34, 35, 36, 37 

4  8 weeks after 
feeding 

38, 39, 40, 41 

5  12 weeks after 
feeding 

42, 43, 44, 45 

6  16 weeks after 
feeding 

46, 47, 48, 49  

7 20 weeks after 
feeding  

50, 51, 52, 53 

 
The data is presented as means ± SD. The 
effects were analyzed by one-way analysis 
of variance (ANOVA). When the F–ratio 
was found significant (p<0.05), Tukey´s 
Multiple Range test was used to compare 
different treatment means.  
 
RESULTS  

All bulls in the investigation had an average 
ejaculation interval of 4 ± 4 days. Volume of 
sperm had a variation from 0,5 ml to 
13,0 ml. The parameters of sperm between 
study and control group in time prior feeding 
the modified mineral shown table 6. All 
parameters had significant differences 
between the two groups.  
 
Table 6: parameters of sperms between 
study and control group in the ejaculate 
 
Parameters control group study group 
Ejaculation Interval (days) 3,5a ± 2,3 4,3b ± 4,3 
Volume (ml) 5,1a ± 2,5 3,9b ± 2,1 
Motility (1-3) 3,0a ± 0,2 2,6b ± 0,7 
Living sperms (%) 66a ± 7 53b ± 19 
Concentration (Mio/ml) 1.522a ± 486 1.343b ± 544 
Forward motility (%) 97a ± 17 66b ± 48 

 
Post-thawing there is a very good motility in 
sperm for study and control group while 
only intact semen was frozen. Parameters 
post-thawing between control and study 
group in the time prior feeding the modified 
mineral shown table 7.  
 
Table 7: parameters of sperms between 
study and control group in sperms after 
freezing-thawing  
 
parameters control group study group 
Motility (1-3) 3,0 ± 0,1 2,9 ± 0,3 
Living sperms (%) 48a ± 9 32b ± 16 
Thawing Losses 
(%) 

29a ± 12 50b ± 24 

Forward motility 
(%) 

86a ± 35 36b ± 48 

 

Average sperms volume of bulls (production 
during the whole investigation) is significant 
different between control and study group. 
During feeding and later the bulls from the 
control group had an average volume of 
5,2 ± 2,1 ml, that is significant higher to 
study group (+ 1,5 ml). This show figure 1.  
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Figure 1: Volume of semen prior to feeding 
as well as feeding time and later 
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The course of sperms volume is 
characterized by an increase in Volume in 
the control group in the last 3 intervals of 
investigation (figure 2). In the last 2 months 
of the investigation there were no significant 
differences between study and control group 
observed.  
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Figure 2:  sperms volume in control and 

study group in dependence of 
month in feeding the mineral   

 
The concentration of sperms in ejaculate was 
significant different between study and 
control group prior to feeding. During the 
time of feeding and after feeding there was 
observed a significant increase of 77 million 
sperms per milliliter in the study group. In 
this period we cannot observed significant 
differences between control and study group. 
It should be noted the decrease in 
concentration in the control group by 50.000 
sperms per milliliter (figure 3).  
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Figure 3: Conventration of semen prior to 
feeding as well as feeding time and later 
 
Sperm concentration between groups was 
significant different in the first 3 intervals 
(0-2) of investigation (figure 4). As of the 
third interval there were no differences to 
observe. That comes from the reducing of 
the influence of young sires in the control 
group.  
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 Figure 4: sperm concentration  in control 

and study group in dependence of 
month in feeding the mineral  

 
Between young and old sires there are only 
in the control group differences (table X). In 
study group the young sires (1.408 Mio per 
ml) and old sires (1.434 Mio per ml) at the 
same level of sperm concentration in the 
ejaculate. There is no effect of feeding the 
mineral to the development of sperm 
concentration (table 8).  
 
Table 8:  sperm concentration (Mio / ml) in 
different intervals  
 
 control group study group 
interval young 

sire 
old 
sire  

young 
sire 

old 
sire  

0 1.730 ± 
526 

1.486 
± 474 

1.361 ± 
656 

1.323 
± 395 

1 1.925 ± 
520 

1.457 
± 391 

1.328 ± 
538 

1.428 
± 448 

2 1.888 ± 
240 

1.540 
± 438 

1.357 ± 
514 

1.482 
± 395 

3  1.380 
± 488 

1.344 ± 
392 

1.161 
± 318 

4  1.376 
± 423 

1.438 ± 
553 

1.516 
± 330 

≥ 5  1.474 
± 488 

1.619 ± 
535 

1.695 
± 429 

 
Between volume and concentration of semen 
was no correlation observed (r= -0,051; 
p=0,094). In control group was a significant 
correlation r= -0,119 (p=0,006), in study 
group there no relation found (r= -0,030; 
p=0,491).  
Average estimation of motility in the semen 
in the control group was 3,0 with a variation 
coefficient of 7 % all over the time of 
investigation. The study group was 0,2 
points of motility poorer than the control 
group in the time after feeding the mineral 
(figure 5). During the time of feeding the 
modified mineral and the time after feeding 



P 162

Copyright © Society of Animal Science, Department of Livestock & Avian Science, Wayamba University of Sri Lanka                                            ttp://www.wayambajournal.com 

 

there were observed an increase of 0.2 points 
in motility in the study group.  
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Figure 5: Motility of semen prior to feeding 
as well as feeding time and later 

 
In the study group there was a significant 
effect between young and old sire in all 
station of the investigation (table 9). The old 
bulls in the study group had an average 
decrease in the score of motility of 0.4 
points compared to the young sire in the 
study group in the whole time of 
investigation.  

 
Table 9:  motility of sperm prior, during 
and after the feeding period  

 control group study group 
interval young sire old sire  young sire old sire  
prior feeding 2,9 ± 0,3 3,0 ± 

0,2 
2,8a ± 0,5 2,4b ± 

0,8 
feeding + 
after 

3,0 ± 0,0 3,0 ± 
0,2 

2,9a ± 0,4 2,5b ± 
0,7 

The development of motility of young and 
old Sire in the study group is in figure 6 
recognizable. While the young bull reach a 
high level of score in motility can we found 
an increase in the time of feeding the 
modified mineral by the old sire. After the 
feeding time there were observed a rapid 
drop of score of motility by old bulls. With 
increasing duration of the investigation we 
can found a decrease of variation in the 
score of motility for the young bulls (figure 
6). 
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Figure 6: motility of young and old sire in 

the study group  
 

The effect of supplementation of the mineral 
is very different between the bulls in the 
study group. Bull Number 25 (old sire) 
realized the highest peak in motility in the 
second half of the feeding period. After this 
time there was a decreases to the level prior 
to feeding (figure 7). Other bulls (like bull 
Nr. 21, old sire) showed no reaction to the 
feeding of the mineral.  
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Figure 7: motility of selected bulls in the 

study group   
 

In the study group there was a high 
correlation between motility in the ejaculate 
and motility in freezing-thawing semen 
(r=0,975; p≤0,001). The correlation in 
control group is it with r=0,963 (p≤0,001) on 
the same level.  

 
Between the two groups we had found a 
significant difference in the rate of living 
sperms both sperm and after freezing-
thawing (compare to table X). In the control 
group we found a significant correlation 
between the two parameters (r=0,188; 
p≤0,001). With a correlation of r=0,209 
(p≤0,001) in the study group there are no 
major differences between the two groups. 
The amount of living sperms after freezing-
thawing in dependence of the level of living 
sperms in the ejaculate is shown in figure 8.  
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Figure 8: living sperms after freezing-

thawing in dependence of the 
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amount of living sperms in the 
ejaculate  

 
Development of living sperms in the 
ejaculate is characterized by permanent high 
level in the control group. Study group 
showed an increase in the amount of living 
sperms till interval 3 (4 weeks after feeding) 
and then a decrease. Table 10 show the 
developing of living sperms in both group.  
 
Table 10:  motility of sperm prior, during 
and after the feeding period  
Living 
sperms 

< 60 % 61 – 69 % ≥ 70 % 

prior feeding 58 % 33 % 9a % 
feeding + 
after 

54 % 32 % 14b % 

Difference  -4 % -1 % +5 % 
 
A.I. stations need a high amount of pailettes 
with a high level of storing. The bulls in the 
control group had an average amount over 
90 % but the study group was significant 
lower (figure 9). In the time after feeding the 
modified mineral there were observed an 
increase in the level of stored semen. But it 
should be noted that especially young bulls 
were responsible for this increase.  
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Figure 9: percentage of stored pailettes in 
control and study group in dependence of 
month in feeding the mineral  
 
Average 96 % of frozen sperms in the 
control group was after freezing-thawing in 
a good quality and used for insemination. In 
the study group only 31 % of frozen sperms 
show an accurate quality for the semen. The 
development show table 11.  
Morphologically changes in the study group 
were observed for an increase in the amount 
of normal sperms. There was an 
improvement of 3 % in the time of feeding 
and after feeding compared with the basic 
value. We could found 91 % of normal 

sperms in study group. In return we found a 
decrease in the amount of pathologically and 
unfertile sperms in ejaculate by feeding the 
changed mineral feed (figure 10). 
 
Table 11: average used of semen post-
thawing 

Interval  control 
group 

study group 

0  86 % 36 % 
1 92 % 19 % 
2 95 % 32 % 
3 99 % 30 % 
4 97 % 23 % 
5 100 % 41 % 
6 100 % 62 % 
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Figure 10: morphology in semen in the study 
group  
 
Bulls of control group had an average 
amount of morphologically normal sperms 
of 95 % compared to the level of 91 % in the 
study group. In Germany there is the 
maximum of morphologically abnormal 
sperms at 20 % (ADR, 2006). Investigations 
of PURWANTARA et al. (2010) shown an 
effect of the A.I. station on the amount of 
normal morphologically sperms.  
 
CONCLUSION  
The following conclusions can we drawn 
from the present study:  
Mineral composition can increase 
concentration and motility in Semen but 
showed no influence to volume of ejaculate.  
Higher motility-score and amount of living 
sperms in ejaculate was found in the study 
group by feeding the modified mineral. Old 
Sire show an significant increase during the 
time of feeding.  
Increase in sold pailettes (by ejaculate with 
high straight forward motility) and tended 



P 164

Copyright © Society of Animal Science, Department of Livestock & Avian Science, Wayamba University of Sri Lanka                                            ttp://www.wayambajournal.com 

 

better morphology was observed in the study 
group.  
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