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Abstract

The present study was based on data obtained from artificial inseminations (AIs) performed with cryop-
reserved semen from elite bulls used in the Norwegian breeding program. Semen was diluted to standardize
the number of spermatozoa to 18 million per AI dose. The aim of the study was to investigate whether the
net sperm concentration at semen collection and the storage period in liquid nitrogen have any effect on
probability of conception in dairy cattle. We demonstrated that the natural range of sperm concentration
at semen collection within some of the bulls was associated with the probability of conception. However,
no primary trend among bulls was found on the effect of sperm concentration at semen collection. This
appears to be due to differences among bulls in their response to the dilution ratio of seminal plasma to
extender. The effect of storage time was investigated in semen that had been stored between 1000 days and
2400 days in AI straws in liquid nitrogen at the AI center. Our findings showed that use of semen with the
longest storage period, i.e. 1951–2400 days, resulted in a more than one percentage point lower probability
of conception than semen with a shorter storage period. In conclusion, the net sperm concentration at semen
collection, which affects the dilution ratio of seminal plasma to extender, should be considered individually
among bulls to achieve optimal reproductive performance. Furthermore, this study gives support to the idea
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that a measurable degree of damage to the spermatozoa could occur during the preservation time in liquid
nitrogen.
© 2006 Elsevier B.V. All rights reserved.

Keywords: Cryopreservation; Storage period; Sperm concentration; Reproductive performance

1. Introduction

The number of viable bovine spermatozoa deposited in the female reproductive tract has
been shown to influence fertilizing ability up to an upper threshold level (Pace et al., 1981;
Schenk et al., 1987; Gerard and Humblot, 1991). When using artificial insemination (AI), the
semen is diluted in an extender and the number of spermatozoa per AI dose is standardized.
This reduces the direct advantage of high sperm output in the ejaculate on fertility potential.
However, when we dilute to standard cell numbers, we dilute seminal plasma as well. The final
dilution ratio of seminal plasma to extender in the AI straws depends on the sperm concentration
at semen collection. The extender used for cryopreservation of semen contains cryoprotectants
(such as glycerol and egg yolk), substances to maintain the osmolarity, energy source (such as
glucose or fructose), and enzymes and antibiotics that are essential for maintaining the viability
of the spermatozoa during cooling, freezing and thawing (Vishwanath and Shannon, 2000; Holt,
2000). On the other hand, the seminal plasma may also contribute components, like proteins,
that positively affect sperm viability and (or) cryosurvival (Miller et al., 1990; Henricks et al.,
1998; Kohsaka et al., 2003). Conversely, other studies have shown that seminal plasma could
be detrimental to the fertilizing ability of spermatozoa (Shannon, 1965; Shivaji and Bhargava,
1987; Way et al., 2000). The composition of seminal plasma is not homeostatic and varies among
species, but also among individuals and among ejaculates from the same animal (Garner and Hafez,
2000). Considering that both the semen extender and the seminal plasma contain components that
affect the spermatozoa, there might be an optimal dilution ratio, which differs among bulls.
Thus, when standardized, AI doses are used; it is reasonable to question whether the sperm
concentration at the time of semen collection (i.e. in the ejaculate) is associated with probability of
conception.

Another factor to consider is that the sperm concentration in the ejaculate serves as one of the
criteria of the semen characteristics to qualify fertile males for breeding purposes (Graffer et al.,
1988). Significant bull differences in sperm concentration at semen collection have been shown in
previous studies (Graffer et al., 1988; Seidel and Foote, 1969; Shelke and Dhami, 2001). Sperm
concentration in semen collection could be considered as an initial indicator of semen quality
in semen used for cryopreservation (Shelke and Dhami, 2001; Belorkar et al., 1988). A positive
correlation between sperm concentration at semen collection and motility has been reported
(Everett et al., 1978; Mathevon et al., 1998). However, this may partly rely on overestimation
of motility in more concentrated samples (Everett et al., 1978). Overall, the literature is scarce
concerning whether sperm concentration at the time of semen collection could be an indicator of
fertilization potential among normal fertility sires.

Cryopreservation in liquid nitrogen (where the temperature is −196 ◦C) is a technique that
makes long-term storage of spermatozoa possible. This is of high practical importance for breeding
programs in domestic animals, and the technique is also used to maintain the genetic diversity and
establishment of gene-banks (Jalme et al., 2003; Shivaji et al., 2003). The success of fertilization
with use of frozen–thawed spermatozoa varies considerably between species and among individ-
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