
Journal of Animal and Feed Sciences, 11, 2002, 425-435 

Copper, phosphorus and calcium in bovine blood 
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ABSTRACT 

The mean Cu concentration in blood plasma of bulls of 12 Holstein and 13 Czech Spotted breeds 
was 22.27 urnol.l"1; P, 1.78 mmol.l"1; Ca, 3.04 mmol.l"1; P:Ca ratio, 0.64. The mean Cu concentration 
in seminal plasma of bulls was 38.17 u.mol.1'1; P, 12.07 mmol.l"1; and Ca, 3.52 mmol.l"1 and the P:Ca 
ratio was 3.31. The relationship between Cu, P and Ca concentration in blood and seminal plasma is 
expressed by calculated phenotypic coefficients of correlation. Highly significant positive coefficients 
of correlation (PO.01) were found between the Cu, P and P:Ca ratio in blood and seminal plasma 
(Cu - rp=0.36, P - r=0.32 and P:Ca ratio r=0.28). In contrast, no positive relationship between the 
Ca concentration in blood plasma and seminal plasma was found; the calculated coefficient of cor
relation was negative (r =-0.16). This was probably caused by the higher Ca concentration in blood 
plasma of bulls. 

Statistically significant (P<0.05) positive coefficients of correlation were found between the Cu 
concentration in blood plasma and the total number of sperm in ejaculate (f - 0.33), between the Cu 
concentration in blood plasma and the total number of sperm with progressive motility (r=0.35), and 
between the Ca concentration and monthly value of sperm motility (rp=0.26). 

Positive coefficients of correlation were found between the Cu concentration in seminal plasma 
and the mean monthly volume of ejaculate (r=0.36, PO.01), between the Cu concentration in semi
nal plasma and sperm motility (rp=0.33, P<0.05), and Cu concentration in seminal plasma and total 
number of sperm with progressive motility in ejaculate (rp=0.28, P<0.05). 

The P concentration in seminal plasma of bulls was positively correlated with the sperm concen
tration in ejaculate collected on test days (rp=0.36, PO.01). The correlation between the P:Ca ratio in 
seminal plasma and the sperm concentration in ejaculate collected on test days was positive (rp=0.39, 
PO.01) and so was the correlation between the P:Ca ratio and the mean monthly sperm concentration 
(r =0.28, PO.05). The calculated coefficient of correlation between the Ca concentration in seminal 
plasma and the mean monthly sperm motility was negative (r =-0.38, PO.01). 

* Supported by Ministry of Education and Youth, Grant No MSM 432100001 
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It can be concluded that there is a positive relationship between the Cu and P concentrations and 
P:Ca ratio in seminal plasma of bulls and the quality and quantity parameters of ejaculate of active 
stud bulls. A higher concentration of Ca in seminal plasma negatively affected mainly sperm moti
lity in this study. 

KEY WORDS: bulls, copper, phosphorus, calcium, blood plasma, seminal plasma, sperm cells, eja
culate 

INTRODUCTION 

The observation o f ejaculate quality and quantity o f stud bulls kept in an A l 
station revealed that the quality o f ejaculate of the same bull changes depending 
on internal and external conditions. 

A number o f authors have pointed to the role of minerals in sperm. Wong et 
al. (2001) showed the essential role of minerals in spermatogenesis and fertility. 
Sorensen et al. (1999) highlighted the effect of calcium in seminal plasma. They 
found a statistically significant difference in sperm motility in ejaculates with high 
and low calcium contents. Also Dragileva et al. (1999) stressed the role of calcium 
in the process o f capacitation. 

The copper content o f the semen also plays a meaningful role. Jockenhovel 
et al. (1990) found a statistically significant positive correlation between copper 
concentration in semen and progressive motility of sperm cells (r=0.23). Dhami et 
al. (1994) reported lower copper concentrations in ejaculates without motility than 
in motile ejaculates. Leonhard-Marek (2000) and Dhami et al. (1994) stressed the 
impact of copper on sperm motility. Gamcik et al. (1992) determined the concentra
tion of calcium, 8.48 jimol.l" 1 and phosphorus, 26.48 m m o l . l 1 , in whole semen. 

The level o f minerals is different in semen plasma and blood plasma. Dhami et 
al. (2001) pointed out the negative associations of zinc and copper with blood and 
semen. On the other hand, Wong et al. (2001) found a positive correlation (r=0.25) 
between the copper concentration in blood plasma and sperm motility. 

Plasma copper levels of cattle were reported by Vrzgula et al., 1990 (12.6-18.9 
(nmol.l 1). The calcium concentration ranged from 2.25 to 3.00 mmol . l 1 . Reece 
(1998) presented values in the range of 4.50-6.00 mmol.l" 1 for dairy cows. The 
mean phosphorus concentration reported by Vrzgula et al. (1990) ranged from 1.60 
to 2.26 m m o l . l 1 ' and by Reece (1998) between 1.00 and 3.5 m m o l . l 1 . 

This study deals with the relationship between calcium, copper and phosphorus 
concentrations in blood and seminal plasma and concentration, sperm motility and 
volume of ejaculate in breeding bulls of Holstein and Czech Spotted breeds. 
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MATERIAL AND METHODS 

Observations o f the relationship between concentration o f calcium, copper and 
phosphorus in blood and seminal plasma and concentration, sperm motility and 
volume of ejaculate were carried out in an experimental group of 25 stud bulls 
(12 Holstein and 13 Czech Spotted breeds) aged from 4 to 6 years. The bulls were 
actively used for collection of ejaculate in A l stations. A l l o f the bulls were ho
used in a tethered housing system where the same daily regime was applied and 
their ejaculate was collected regularly (twice a week) for production of insemina
tion doses. They were fed identical rations based on grass hay, silage, straw and 
mixed concentrate feed - the ration was calculated according to recommendations 
of Sommer et al. (1994). The bulls were fed two times daily. 

The observation proceeded for three months, from December 2000 to February 
2001. The ejaculate was periodically collected (twice a week) and the following pa
rameters were determined: sperm motility and concentration, volume of ejaculate, 
total number o f sperm in ejaculate (TNS) and total number of motile sperm in eja
culate (TNMS). After dilution of the native ejaculate with physiological solution 
(1:1) at a temperature o f 37±1°C the percentage of motile sperm cells (progressive 
movement forward) was assessed by a subjective method. The sperm concentration 
was assessed haemocytometrically in Burker's cellules. 

In addition, blood samples were taken monthly and were analysed for Cu, P 
and Ca concentration in blood plasma. Blood was always taken from the median 
caudal vein (vena caudalis mediand) between 8 and 11 a.m. into test tubes coated 
with heparin at a ratio of 0.05 ml heparin to 5.00 ml blood. The concentration of 
some minerals (Cu, P and Ca) was determined in blood plasma colorimetrically by 
means o f B io -LA kits (Lachema, Czech Republic) within 24 h. In December and 
February the ejaculates were taken shortly before blood samples in order to deter
mine actual sperm motility, concentration, and volume of ejaculate. Also, the eja
culates were centrifuged (2,500 rpm) in order to separate seminal plasma. Cu, P 
and Ca concentrations were determined in seminal plasma using Bio -LA sets (Pli-
va, Lachema, Czech Republic) procedures. 

The results were worked up using mathematical and statistical methods according 
to Vencikov and Vencikov (1977). A l l o f the presented results in tables are mean 
values (with standard deviation). The results obtained were subjected to statistical 
analysis using Student's t-test; the relationships between concentration of minerals 
in blood plasma and concentration o f minerals in seminal plasma and their corre
lation with concentration, sperm motility and volume of ejaculate were assessed 
by calculated phenotypic coefficients of correlation. 
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RESULTS A N D DISCUSSION 

The mean Cu concentration in blood plasma of bulls during the whole experimen
tal period was 22.27 (j.mol.1"1 and ranged from 15.99 to 28.04 (imol.l"1 in individual 
months (Table 1). The mean P concentration in blood plasma was 1.78 mmol.l"1 and 
ranged from 1.42 to 2.02 mmol.l"1 in individual months. The mean Ca concentration 
in blood plasma of bulls was 3.04 mmol . l 1 during the whole experimental period and 
ranged from 2.94 to 3.09 mmol . l 1 in individual months. The P:Caratio was 0.64. The 
Cu concentration value was higher than the generally acknowledged range of values 
for bulls, 12.6 j i m o L l 1 to 18.9 jimol.l" 1 given by Vrzgula et al. (1990). Similarly, the 
Ca concentration was also higher than the values presented by Vrzgula et al. (1990), 
2.25 mmol.l" 1 to 3.00 mmol . l 1 . Reece (1998) reported a range of 4.5 to 6.00 mmol.l"1 

for dairy cows. The mean P concentration is in keeping with the values presented by 
Vrzgula et al. (1990) and Reece (1998). The P:Ca ratio was 0.64. 

TABLE 1 
The average concentrations of the copper, phosphorus and calcium of the blood and seminal pla
sma on test day (t-test) 

Blood plasma Seminal plasma 

Month n Cu P Ca P:Ca CU P Ca P:Ca 
urnol.l"1 mmol.l"1 mmol.l"1 u.mol.1"1 mmol.l"1 mmol.l"1 

XII.2000 25 X 28.04 1.89 3.09 0.69 41.93 11.49 3.52 3.27 

s 
X 

7.34 1.32 0.72 0.52 15.24 3.07 0.36 0.86 

1.2001 25 X 21.80 2.02 3.08 0.68 - - - -
sx 7.57 0.90 0.45 0.35 - - - -

11.2001 25 X 15.99 1.42 2.94 0.45 33.92 12.89 3.52 3.38 

sx 6.91 0.71 0.53 0.23 9.51 2.70 0.49 1.06 

TOTAL 75 X 22.27 1.78 3.04 0.64 38.17 12.07 3.52 3.31 
s 8.77 1.04 0.58 0.52 13.72 3.00 0.42 0.92 

The mean Cu concentration in seminal plasma of bulls over the whole obser
vation period was 38.17 (imol.l" 1, P 12,07 m m o l . l 1 and Ca 3.52 m m o l . l 1 . The 
P:Ca ratio in seminal plasma was 3.31. Ca and P concentrations in seminal plasma 
were lower than the concentration in whole ejaculate (Ca - 8.48 jimol.1" 1, P -26.48 
m m o l . l 1 ) reported by Gamcik et al. (1992); the P:Ca ratio corresponds with values 
given by Gamcik et al. (1992). 

While the Cu and Ca concentrations in blood plasma correspond with their con
centrations in seminal plasma, the P concentration in seminal plasma was 6.8 t i -
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mes higher than that in blood plasma. This indicates a higher requirement of P in 
ejaculate. 

The mean quality and quantity parameters of ejaculate collected on a test day 
(when blood samples were taken) and mean monthly values are shown in Table 2. 
The mean sperm concentration on test day (1.22 TO 9 • c m 3 ) was lower than the 
sperm concentration during the whole observation period (1.37 TO 9 • cm"3). The 
mean motility on test days was 67.3 %, while the monthly motility value was 68.9%. 
Similarly the mean volume of ejaculate collected on test days (when blood sam
ples were taken) was lower (5.71 cm 3) than the mean monthly value (8.31 cm 3). 
This was due to the subsequently repeated collection of sperm (so-called "double 
mount") that is performed in order to obtain a larger volume of sperm. This fac
tor also affected the difference between the total number o f sperm cells on test 
days (6.96 TO 9) and the mean monthly value (11.13 TO 9) and also the total num
ber o f sperm cells with progressive motility in ejaculate (4.65 T0 9 vs 7.76 TO 9). 
The inquest values are similar to those found in bulls before, i.e. sperm concen
tration (1.13T0 9- c m 3 ) , motility 69.3%, volume of ejaculate (6.89 cm 3), respecti
vely (Machal, 2001). 

The relationship between the Cu, P and Ca concentration in blood and seminal 
plasma is expressed by calculated phenotypic coefficients o f correlation (Table 3). 
Statistically highly significant positive coefficients o f correlation (PO.01) were 
found between the Cu, P and P:Ca ratio in blood and seminal plasma (Cu, r p=0.36, 
P, r p=0.32 and P:Ca ratio, r O . 2 8 ) . In contrast, no positive relationship between 
the Ca concentration in blood plasma and seminal plasma was found; the calcu
lated coefficient o f correlation was negative (rp-=--0.16). This was probably caused 
by the higher Ca concentration in blood plasma of bulls. 

TABLE 3 
Phenotypic correlations between copper, phosphorus, calcium in blood plasma and seminal plasma 
(50 bulls) 

Seminal plasma 
In blood P:Ca 

Cu P Ca 
Cu 0.36++ 
P 0.32++ 
Ca -0.16 
P:Ca 0.28++ 
++ P<0.01 

The calculated phenotypic coefficients of the correlation between Cu, P and Ca 
concentration, P:Ca ratio in blood and seminal plasma and parameters o f ejaculate 
quality on test days (when samples of blood and ejaculate were taken) are shown 
in Table 4. Phenotypic correlations between Cu, P, Ca, P:Ca ratio in blood and se-
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minal plasma and mean values of parameters o f ejaculate quality during the who
le month are presented in Table 5. 

Analyses o f the relationship between the Cu, P and Ca concentration in blood 
plasma of bulls and the actual values of ejaculate quality (collected on the same day 
as blood samples) revealed statistically significant (P<0.05) positive coefficients 
o f correlation only between the Cu concentration and the total number of sperm 
cells in ejaculate (r =0.33), between the Cu concentration and the total number of 
sperm cells wi th progressive motility (r =0.35) and between the Ca concentration 
and the monthly value of sperm motility (r=0.26). These findings are in agreement 
with results o f Jockenhovel et al. (1990) and Wong et al. (2001). 

More significant relationships were found between the Cu, P and Ca concentra
tion in seminal plasma and parameters of quality and volume of ejaculate. A statisti
cally highly significant (PO.01) positive coefficient of correlation was found between 
the Cu concentration in seminal plasma and the mean monthly volume of ejaculate 
(r=0.36) and statistically significant (PO.05) positive coefficients of correlation be
tween the Cu concentration in seminal plasma and sperm motility (r=0.33) and the 
Cu concentration in seminal plasma and the total number of sperm cells with progres
sive motility in ejaculate (r =0.28). These results correspond with the studies of Dha
mi et al. (1994) and Leonhard-Marek (2000). 

Similarly, a highly significant (PO.01) positive coefficient o f correlation 
(r p = 0.36) was found between the P concentration in seminal plasma of bulls and the 
sperm concentration in ejaculate collected on test days. The coefficient of correla
tion between the P concentration in seminal plasma of bulls and the mean monthly 
sperm concentration was positive (r=0.22), however, this relationship was not sta
tistically significant. A highly significant (PO.01) positive coefficient of correlation 
was found between the P:Ca ratio in seminal plasma and the sperm concentration in 
ejaculate collected on test days (r=0.39); the P:Ca ratio was significantly (PO.05) 
positively correlated to the mean monthly sperm concentration (r=0.28). 

A statistically highly significant (PO.01) negative coefficient of correlation was 
found between the Ca concentration in seminal plasma and mean monthly spenn mo
tility (rp=-0.38). A negative coefficient of correlation was calculated between the Ca 
concentration in seminal plasma and spenn motility in ejaculate collected on test days 
(r =-0.22), however, this coefficient was not statistically significant. 

It can be concluded that there is a positive relationship the between Cu and P 
concentration and P:Ca ratio in seminal plasma of bulls and the quality and quan
tity parameters o f ejaculate o f active stud bulls. In this study, a higher concentra
tion o f Ca in seminal plasma negatively affected mainly sperm cell motility. 
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STRESZCZENIE 

Koncentracja miedzi, fosforu oraz wapnia w plazmie krwi i nasieniu buhajow; stosunek do 
jakosci 

Przeci^tna koncentracja miedzi w plazmie krwi buhajow wynosila 22,27 u.mol.11, fosforu 1,75 
mmol.l 1 , wapnia 3,04 mmol.l 1 , a stosunek fosforu do wapnia wynosil 0,64. Stwierdzona przeciejxia 
koncentracja miedzi w nasieniu wynosila 38,17 u.mol.1"1, wapnia 3,52 mmol.l"1, fosforu 12,07 mmol.l 1, 
a stosunek fosforu i wapnia 3,31. Stosunek koncentracji miedzi, fosforu i wapnia w plazmie krwi 
oraz w nasieniu zostal okreslony poprzez obliczone korelacje fenotypowe. Mi^dzy koncentracja mie
dzi, fosforu i stosunkiem fosforu i wapnia w plazmie krwi i w nasieniu otrzymano statystycznie istot-
ne (P<0,01) dodatnie korelacje (miedz r =0,36, fosfor rp=0,32; stosunek fosforu do wapnia rp=0,28). 
Stwierdzono statystycznie nieistotna^ ujemnq. korelacje (rp=-0,16) pomi^dzy koncentracja wapnia 
w plazmie krwi i w nasieniu. 

Otrzymano statystycznie istotne dodatnie korelacje (P<0,05) mi^dzy koncentracja miedzi w pla
zmie krwi i ogolna^ liczba^ plemnikow w nasieniu, rp=0,33, mi?dzy koncentracja miedzi w plazmie 
krwi i ogolnajiczbq. plemnikow z progresywnq. ruchliwoscia^, r p= 0,35 oraz miedzy koncentracja wap
nia w plazmie krwi i miesie^znq. ruchliwoscia^ plemnikow, r p= 0,26. 

Stwierdzono dodatniq. korelacje, mi^dzy koncentracja miedzi w nasieniu i przeci^tnq. miesî czna^ 
objetosciq. ejakulatu -r=0,36 (P<0,01), mi^dzy koncentracja miedzi w nasieniu i ruchliwosciq. plem
nikow, rp=0,33 (P<0,05), mi^dzy koncentracja miedzi w nasieniu i ogolna^ liczba^ plemnikow z pro-
gresywnym ruchem w nasieniu, r =0,28 

Koncentracja fosforu w nasieniu buhajow byla dodatnio skorelowana z koncentracja plemnikow 
w nasieniu pobranym w dniu pobierania krwi, rp=0.36 (P<0,01). Stosunek fosforu do wapnia w na
sieniu do koncentracji plemnikow w nasieniu pobranym w dniu pobierania krwi byl dodatni, r=0,39 
(P<0,01), podobnie jak stosunek fosforu do wapnia do przeci^tnej miesi^cznej koncentracji plemni
kow, r =0,28 (P<0,05). Mi^dzy koncentracja wapnia w nasieniu i przeci^tna^ miesi^cznq. ruchliwoscic\_ 
plemnikow otrzymano ujemnq. korelacje, rp=-0,38 (P<0,01). 

W podsumowaniu stwierdzono, ze istnieje dodatnia korelacja pomi^dzy koncentracja miedzi i 
fosforu a stosunkiem fosforu do wapnia w nasieniu buhajow oraz jakosciowymi i ilosciowymi ce-
chami nasienia u buhajow hodowlanych. Wi^ksza koncentracja wapnia w nasieniu miala negatyw-
ny wplyw na ruchliwosc plemnikow. 


