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Abstract
A limiting factor in canine artificial insemination (AI) is the low number of insemination 
doses obtained per ejaculate. In this study, semen was collected from dogs (n = 28) 
either once and frozen directly after collection or the same dogs were submitted to a 
dual semen collection with a 1- hr interval and the two ejaculates were combined for 
cryopreservation. We hypothesized that combining two ejaculates increases semen 
doses per cryopreservation process without negative effects on semen characteris-
tics. Total sperm count was lower in semen from a single semen collection in compari-
son with the combination of the first and second ejaculate of a dual semen collection 
(p < .001). The percentage of motile and membrane- intact spermatozoa determined 
by computer- assisted sperm analysis (CASA) in raw semen did not differ between sin-
gle and combined dual ejaculates and was reduced (p < .001) by cryopreservation to 
the same extent in single (motility 73.7 ± 1.8%, membrane integrity 65.6 ± 2.2%) and 
combined dual ejaculates (motility 72.7 ± 2.3%, membrane integrity 64.6 ± 2.5%). 
The percentage of spermatozoa with morphological defects increased after cryo-
preservation (p < .001) but was similar in single and combined dual ejaculates. The 
CASA sperm velocity parameters decreased with cryopreservation (p < .001) but did 
not differ between single and combined dual ejaculates. The number of insemination 
doses increased from 2.7 ± 0.4 for single to 4.7 ± 0.8 for combined dual ejaculates 
(p < .01), based on 100 million motile spermatozoa per frozen- thawed semen dose. 
In conclusion, combining two ejaculates collected at short interval for one cryo-
preservation process increases the number of AI doses without compromising semen 
quality.
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1  | INTRODUC TION

Although the dog is the first mammalian species were a pregnancy 
from artificial insemination (AI) has been reported (Spallanzani, 
1785), only during the last decades AI with cooled- shipped or 
cryopreserved semen is increasingly applied in in this species 
(Farstad, 2000). A limiting factor in canine AI is the low number of 
insemination doses obtained per single ejaculate. This is even more 
true for cryopreserved than for cooled- shipped or fresh semen 
(Nöthling & Shuttleworth, 2005). While one ejaculate may yield be-
tween 300 and 400 cryopreserved semen doses in cattle (Humblot 
et al., 1993) and 10 to 15 doses in horses (Aurich et al., 2020), usually 
only one to three cryopreserved semen doses per ejaculate can be 
collected in dogs (Farstad, 2000). With the laboratory effort associ-
ated with freezing one ejaculate increasing only marginally with the 
number of straws or AI doses per freezing process, semen cryopres-
ervation in dogs is, thus, far less economic than in cattle and horses. 
In order to obtain the number of AI doses desired by dog breeders, 
male dogs often have to travel repeatedly to the veterinary centre 
where semen collection and freezing is performed. Both for eco-
nomic and animal welfare reasons (Herbel et al., 2020), it would be 
desirable to collect more than one ejaculate within a shorter time 
window before freezing is done. On the other hand, semen quality 
decreases during storage at room temperature and semen should, 
thus, be frozen within a reasonable time after collection. When two 
ejaculates were collected from dogs at a 1- hr interval, there was no 
difference in sperm motility and percentage of morphologically nor-
mal spermatozoa (England, 1999), but both ejaculates were assessed 
shortly after collection and no attempt was made for liquid storage 
or cryopreservation.

In the present study, semen was collected from dogs either once 
and frozen directly after collection or the same dogs were submitted 
to a dual semen collection at 1- hr interval and the two ejaculates 
were frozen directly after the second ejaculate had been obtained. 
We hypothesized that combining two ejaculates collected 1 hr 
apart for cryopreservation is without negative effects on post- thaw 
semen parameters but results in more insemination doses per dog in 
one cryopreservation process.

2  | MATERIAL S AND METHODS

The study was approved by the Ethics and Animal Welfare 
Committee of Vetmeduni Vienna (study number ETK- 014/01/2020). 
Informed consent was obtained from all dog owners before their ani-
mals participated in the study.

2.1 | Animals

Dogs to be included into the study were recruited from breeders 
who are regular clients of Vetmeduni Vienna or members of a local 
kennel club. Out of an initial number of 46 dogs, 11 were excluded 

for azoospermia (n = 3), general health problems (n = 1), pre- pubertal 
age (n = 1) or because semen collection was not possible (n = 6). 
The remaining 35 dogs were 5.1 ± 3.3 (mean ± SD) years old (range 
1.2 -  13.2 years) and belonged to the following 19 breeds: Beagle 
(n = 9), English Cocker Spaniel, Border Collie, Australian Shepherd 
(n = 3 each), Miniature Schnauzer, Poodle, Terrier Brasileiro 
(n = 2 each), Keeshond, White Swiss Shepherd Dog, Weimaraner, 
Czechoslovakian Wolfdog, Tervuren, Bernese Mountain Dog, 
Rhodesian Ridgeback, Labrador Retriever, Flat Coated Retriever, 
Cavalier King Charles Spaniel and American Staffordshire Terrier 
(n = 1 each). Before entered into the study, dogs had at least one 
week of sexual rest.

2.2 | Experimental design

All dogs were submitted for two semen collection sessions 1 week 
apart. At one occasion, only one ejaculate was collected, processed 
immediately after collection and the sperm- rich fraction cryopre-
served within 1 hr (protocol ‘single’, see Figure 1). On the other oc-
casion, two ejaculates were collected at an approximate 1- hr interval 
(57 ± 6 min, range 45 -  73 min), the two sperm- rich fractions were 
processed for cryopreservation and combined before filling the pro-
cessed semen into straws (protocol ‘dual’). Ejaculates were thawed 
after storage for at least 24 hr in liquid nitrogen (−196℃). Semen 
analysis (see 2.3) was thus performed in raw semen and in frozen- 
thawed semen.

2.3 | Semen collection and semen analysis

Fractionated semen collection was performed by digital manipula-
tion as described previously (Seager et al., 1975). Swabs with vagi-
nal secretions from an oestrous female dog were used to stimulate 
mating behaviour and, in addition, a non- oestrous female Beagle 
was brought into the examination room as an additional stimulus if 
needed.

Immediately after collection, the sperm- rich fraction of all 
collected ejaculates was analysed for volume, pH and sperm 
concentration as described previously (Koderle et al., 2009). In 
both, raw semen and in semen processed for cryopreservation, 
the sperm concentration was determined by NucleoCounter 
(ChemoMetec) and the total sperm count was calculated. Semen 
motility was estimated in raw semen at 40 × magnification under 
a phase- contrast microscope. In processed semen (i.e. after ad-
dition of Uppsala 2 extender, Figure 1) and in frozen- thawed 
semen, after dilution with a TRIS- fructose- citric acid buffer 
(Linde- Forsberg, 2001; Schäfer- Somi & Aurich, 2007) to a con-
centration of 25 million/ml, the percentage of motile spermato-
zoa, and sperm velocity parameters curvilinear velocity (VCL), 
average path velocity (VAP), straight line velocity (VSL), ampli-
tude of lateral head displacement (ALH) and straightness (STR) 
were determined by computer- assisted sperm analysis (CASA; 



1222  |     LECHNER Et aL.

SpermVision, Minitube) as described previously (Schäfer- Somi 
& Aurich, 2007; Schäfer- Somi et al., 2006). At the same steps 
of semen processing, sperm morphology and membrane integ-
rity were analysed. For the assessment of membrane integrity, 
SYBR- 14/PI (Minitube) was used (Schäfer- Somi et al., 2006). 
The percentage of morphologically normal sperm was analysed 
in unstained samples fixed in Hancock's solution. Per sample, 
200 spermatozoa were evaluated under a phase- contrast micro-
scope at 1,000 × magnification with oil immersion as described 
(Koderle et al., 2009).

2.4 | Cryopreservation

The sperm- rich fraction of the ejaculate was cryopreserved with 
a computer- controlled rate freezing machine (Ice Cube 14 M, 
Sylab) as described previously (Koderle et al., 2009; Schäfer- Somi 
et al., 2006). In brief, ejaculates were centrifuged at 800 × g for 
8 min and the supernatant was removed until approximately 5 mm 
above the sperm pellet. Subsequently, the centrifuged semen was 
diluted at a 1:1 ratio with cooling extender (Uppsala 1, TRIS- citric 
acid- fructose- egg yolk- glycerol; Linde- Forsberg, 2001) and after 
equilibration at 5℃ for 1 hr or after 2 hr in case of the second ejac-
ulate collected in the ‘dual’ protocol was further diluted (1:1) with 
freezing extender (Uppsala 2, glycerol concentration 5%, TRIS- 
citric acid- fructose- egg yolk- glycerol with Equex paste; Linde- 
Forsberg, 2001). Semen was filled in 0.5 ml straws (Minitube), 
frozen immediately thereafter (−17℃/min from +5 to −80℃, −7℃/
min from −80 to −130℃) and finally plunged into liquid nitrogen. 

After storage for at least 24 hr, the straws were thawed at 37℃ 
for 20 s in a water bath. After thawing, the same characteristics as 
described for fresh semen were analysed. The number of straws 
representing one AI dose was calculated taking into account post- 
thaw progressive motility and sperm concentration with at least 
100 × 106 motile spermatozoa per AI dose. The number of 0.5 ml 
straws per AI dose thus ranged from two to four.

2.5 | Statistical analysis

Statistical comparisons were made with the SPSS statistics software 
(version 26; IBM- SPSS). Because not all data were normally distrib-
uted (Kolmogorov Smirnov test), non- parametrical test were used 
throughout. Taking into account that the same animals were studied 
repeatedly, differences were analysed by Friedman's test for over-
all significance followed by pairwise Wilcoxon's test comparisons in 
case of an overall significant effect. A p- value < .05 was considered 
significant. Results are presented as scatterplots with individual val-
ues and mean ± standard error (SEM) or, for sperm velocity param-
eters, as mean ± SEM in table format.

3  | RESULTS

Dual semen collection was successful in 28 out of 35 dogs and seven 
dogs refused to ejaculate a second time (Beagle n = 2, Australian 
Shepherd, Miniature Schnauzer, Terrier Brasileiro, White Swiss 
Shepherd dog and Rhodesian Ridgeback n = 1 each). All further 

F I G U R E  1   Experimental design for 
semen collection, processing and analysis
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results are presented only for the 28 dogs were both the single and 
dual semen collections were successfully performed.

Neither ejaculate volume nor total sperm count differed be-
tween the sperm- rich fraction of a single semen collection and the 
sperm- rich fractions of the ejaculates of a dual semen collection, 
respectively. As predetermined by the experimental design, volume 
(single 1.3 ± 0.3, dual 5.3 ± 0.4 ml, p < .001) and total sperm count 
(single 0.37 ± 0.05, dual 0.63 ± 0.10 × 109 spermatozoa, p < .001) 
in the combined sperm- rich fraction after dual semen collection 
was higher than when only a single ejaculate had been collected 
(Figure 2a,b).

The percentage of motile spermatozoa and the percentage of 
membrane- intact spermatozoa before freezing did not differ in 
semen from a single (total motility 92.3 ± 0.8%, membrane integrity 
91.2 ± 1.0%) and a dual semen collection (total motility 91.6 ± 1.1%, 
membrane integrity 90.7 ± 1.1%). Both, the percentage of motile 
spermatozoa and the percentage of membrane- intact spermatozoa 
was reduced (p < .001) after cryopreservation but again did not 
differ between cryopreserved semen from a single (total motility 
72.3 ± 2.1%, membrane integrity 63.8 ± 2.6%) and dual semen col-
lection (total motility 70.9 ± 2.6%, membrane integrity 62.8 ± 2.9%; 
Figure 3a,b).

The percentage of spermatozoa with morphological defects was 
close to identical before cryopreservation in semen from a single and 
a dual semen collection (40.8 ± 4.1 and 40.4 ± 3.8%) and increased 
(p < .001) in an identical way in frozen- thawed semen from a single 
and dual semen collection (58.7 ± 3.4 and 60.0 ± 3.5%; Figure 4a). 
The percentage of spermatozoa with detached acrosomes was 
below 10% before cryopreservation (single 7.4 ± 0.7, dual 7.9 ± 0.7%; 
Figure 4b). Freezing- thawing increased (p < .001) the percentage of 
spermatozoa with detached acrosomes to 33.6 ± 2.4% (single) and 
33.9 ± 2.4% (double), but there was no significant difference be-
tween semen collection- cryopreservation procedures.

The sperm velocity characteristics VCL, VAP, VSL, ALH and STR 
decreased with semen cryopreservation (all p < .001) but both for 
processed semen before and after cryopreservation were close to 
identical in semen from a single and a dual combined semen collec-
tion (Table 1).

The number of insemination doses with cryopreserved semen in-
creased when dual semen collection at a 1- hr interval was performed 
(4.7 ± 0.8) compared to freezing a single ejaculate (2.7 ± 0.4, p < .01; 
Figure 5).

4  | DISCUSSION

The results from our study suggest an easy procedure to increase 
the number of cryopreserved semen doses obtained with one semen 
freezing procedure from the same male dog. At the same time, no 
detrimental effects on semen characteristics were determined. 
The protocol is, therefore, interesting for semen cryopreservation 
in dogs especially when they have a long journey from their home 
to the clinic or laboratory where semen collection and freezing is 
performed.

A drawback in semen cryopreservation for the present study is 
the failure of a second semen collections or semen collection at all in 
several otherwise healthy and fertile dogs. Semen collection twice at 
a short interval is without problems for example in bulls (Seidel and 
Foote, 1969), stallions (Pickett et al., 1975) and also in men (Check 
& Chase, 1985). In contrast, individual alpaca stallions from which 
semen was collected three times per day, ejaculated only seminal 
plasma during repeated semen collections (Bravo et al., 1997). It 
is, however, well- possible that training of dogs for the dual semen 
collection protocol or extension of the interval between collections 
may help to perform a dual semen collection protocol for semen 
cryopreservation in almost all males. This emphasizes that semen 
collection in dogs requires systematic preparation of the animals. 
Experience of the personal performing semen collections and opti-
mized environment should also not be underestimated. Dog owners 
planning to produce frozen semen from their animals should under-
stand that this often cannot be achieved with just a single visit to 
a veterinary practice. There was no breed or size prevalent among 
dogs were a dual semen collection was not possible.

Optimisation of the semen collection schedule with the aim to 
improve the reproductive capacity of a semen donor has been ad-
dressed in different species (e.g. men: Check & Chase, 1985; dog: 
England, 1999; bull: Seidel & Foote, 1969, Everett et al., 1978; stal-
lion: Pickett et al., 1975; alpaca: Bravo et al., 1997). With regard 
to ejaculate volume and pre- freeze semen characteristics, our re-
sults are in agreement with data published by England (1999) who 
demonstrated only a slightly lower total sperm count in the second 
ejaculate and no difference in the sperm motility and percentage of 
morphologically normal spermatozoa in semen collected from dogs 
twice at a 1- hr interval. Similar sperm characteristics in two ejacu-
lates collected from male dogs 30 to 60 min apart were reported 
(Gunay et al., 2003; Yonezawa et al., 1991) but in these studies, total 

F I G U R E  2   (a) Volume and (b) total 
sperm count in the sperm- rich fraction of 
a single ejaculate, two ejaculates collected 
at a 1- hr interval (dual #1 and dual #2) 
and the combination of the two ejaculates 
collected at a 1- hr interval (dual combined) 
in dogs (n = 28), values are means ± SEM, 
results of statistical analysis are indicated 
in the figure
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sperm count in the second ejaculate was reduced to 20% to 40% of 
the first ejaculate. In contrast to our data, the increase in AI doses 
would thus have been only of limited economic interest. The dif-
ferences between studies with regard to the total sperm count of 
dual semen collections may be due to sexual activity of the dogs 
before the respective studies, semen collection techniques or breed 
and size. The ability to produce a second ejaculate at a short inter-
val after a first semen collection may also depend on the species 
but apparently, this procedure often results in a decreased sperm 
output in the second ejaculate. When semen was collected from cat-
tle bulls twice at 40 min intervals, sperm concentration decreased 
by 40% and total sperm count by 35%. When both ejaculates were 
frozen, post- thaw semen motility in the first and second ejaculate 
were, however, close to identical (Seidel & Foote, 1969), which is 
similar to our findings in dogs. Considerable reductions in sperm 
count were also reported from stallions undergoing two semen col-
lections per day (Pickett et al., 1975) and from alpacas submitted 

to three daily semen collections (Bravo et al., 1997). In contrast to 
these reports, in the present investigation the dual semen collection 
was only performed once and it cannot be excluded that detrimental 
effects on total sperm count and semen characteristics would occur 
if the dual semen collection protocol would be performed repeat-
edly. Movement of spermatozoa through the epididymal tract of the 
caput and corpus epididymidis depends on continuous peristaltic 
contractions of its smooth muscular wall and is not hastened by ejac-
ulation. It requires approximately 4.1 days in a stallion. In contrast, 
the smooth muscular wall of the cauda epididymis is usually inactive 
and the time spermatozoa spend in this part of the epididymal tract 
is influenced by ejaculation and ranges from 2 to 3 days in a sexually 
active stallion to 10 days in a sexually rested stallion (Amann, 2011).

With regard to overall changes in sperm characteristics caused 
by cryopreservation, results of our study are largely in agreement 
with previous reports. The percentages of motile and membrane- 
intact spermatozoa after cryopreservation obtained in our present 

F I G U R E  3   (a) Total motility and 
(b) membrane integrity in raw semen 
after dilution (25 million/ml) and in 
cryopreserved semen (single and 
combined dual ejaculates) in dogs (n = 
28), values are means ± SEM, results of 
statistical analysis are indicated in the 
figureTo
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F I G U R E  4   (a) Total percentage of 
spermatozoa with abnormal morphology 
and (b) percentage of spermatozoa 
with detached acrosomes in in raw 
semen after dilution (25 million/ml) and 
in cryopreserved semen (single and 
combined dual ejaculates) in dogs (n = 
28), values are means ± SEM, results of 
statistical analysis are indicated in the 
figure
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TA B L E  1   Sperm velocity characteristics in processed semen directly before cryopreservation and after freezing- thawing of the sperm- 
rich fraction from a single or a dual combined semen collection in dogs (n = 28), values are means ± SEM

Parameter

Before cryopreservation After cryopreservation

Single collection
Combined dual 
collection Single collection

Combined dual 
collection

Curvilinear velocity (VCL; µm/s) 160.0 ± 5.9a,b  158.9 ± 4.4a,b  121.2 ± 3.6a,b  120.9 ± 3.6a,b 

Average path velocity (VAP; µm/s) 104.2 ± 3.3a,b  104.8 ± 3.3a,b  75.6 ± 2.2a,b  77.1 ± 2.2a,b 

Straight line velocity (VSL; µm/s) 94.6 ± 3.2a,b  95.6 ± 3.4a,b  67.1 ± 2.2a,b  68.5 ± 2.1a,b 

Amplitude of lateral head displacement (ALH; 
µm)

4.2 ± 0.1a,b  4.3 ± 0.1a,b  3.4 ± 0.1a,b  3.5 ± 0.1a,b 

Straightness (STR; VSL/VAP × 100) 0.902 ± 0.009a,b  0.904 ± 0.007a,b  0.880 ± 0.006a,b  0.882 ± 0.005a,b 

a,bDifferent superscript letters indicate significant differences (p < .001).
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study are in agreement with some previous reports (Hay et al., 1997; 
Pena & Linde- Forsberg, 2000a,b) but higher than in some more 
recent studies (Lucio et al., 2016; Nöthling & Shuttleworth, 2005; 
Pezo et al., 2017). The studies employed different one- step freez-
ing procedures. Some of these differences among studies may be 
due to non- optimal freezing curves in experiments were computer- 
controlled freezing equipment was not available. Besides the 
percentage of motile spermatozoa, also velocity characteristics 
determined by CASA, both pre- freeze and after freezing- thawing, 
in the present study were very similar to previous data from our 
laboratory (Schäfer- Somi et al., 2006) and other groups (Pena & 
Linde- Forsberg, 2000a,b). Although absolute values for VCL, VAP 
and VSL were slightly higher and ALH slightly lower than in another 
recent study (Lucio et al., 2016), the magnitude of changes induced 
by freezing and thawing was close to identical.

The dual semen collection protocol of the present study required 
that processed semen from the initially collected ejaculate had to 
be equilibrated at 5℃ for 2 hr instead of only 1 hr to allow for pool-
ing with the second ejaculate. This increase in the equilibration time 
was without detrimental effects on semen characteristics which 
is in agreement with previous studies (Belala et al., 2016; Okano 
et al., 2004). Beyond that, further extension of the equilibration pe-
riod during the cryopreservation process of canine semen may even 
improve characteristics of frozen- thawed semen and depending on 
the extender is optimal after 6 hr of equilibration (Belala et al., 2016). 
This suggests that further improvement of a dual semen collection 
protocol in dogs for cryopreservation is possible with adjusting the 
interval between semen collections.

4.1 | Conclusions

Studies on the cryopreservation of semen are usually aimed at op-
timizing the processes of cooling, freezing and thawing in order to 
minimize sperm damage and maximize the number of insemina-
tion doses obtained from an ejaculate. Combining two ejaculates 

collected at a short interval for one cryopreservation process in-
creases the number of AI doses to be collected without compromis-
ing semen quality. Although the ultimate test of success for semen 
cryopreservation techniques is the evaluation of whelping rate and 
litter size, this study suggests a practical way to improve the effi-
ciency and profitability of semen freezing in dogs.

ACKNOWLEDG EMENTS
The authors are grateful to Silvia Kluger and Bettina Schreiner for 
expert technical assistance with semen analysis and cryopreserva-
tion and Lisa Kornhoffer for help with the animals.

CONFLIC T OF INTERE S T
None of the authors has any conflict of interest to declare.

AUTHOR CONTRIBUTIONS
CA and DL designed the project. DL, JH and SSS performed the ex-
perimental animal work and DL and CA the semen analysis. DL and 
JA compiled and the data and JA, CA and DL wrote and edited the 
manuscript.

ORCID
Christine Aurich  https://orcid.org/0000-0001-6077-7362 

R E FE R E N C E S
Amann, R. P. (2011). Physiology and endocrinology. In A. O. McKinnon, E. 

L. Squires, W. E. Vaala, & D. V. Varner (Eds.), Equine reproduction (2nd 
ed., pp. 881– 908). Blackwell- Wiley.

Aurich, J., Kuhl, J., Tichy, A., & Aurich, C. (2020). Efficiency of semen cryo-
preservation in stallions. Animals, 10, 1033. https://doi.org/10.3390/
ani10 061033

Belala, R., Briand- Amirat, L., Vinciguerra, L., Tainturier, D., Kaidi, R., 
Thorin, C., Michaud, S., Anton, M., & Bencharif, D. (2016). Effect 
of equilibration time on the motility and functional integrity of ca-
nine spermatozoa frozen in three different extenders. Research 
in Veterinary Science, 106, 66– 73. https://doi.org/10.1016/j.
rvsc.2016.03.010

Bravo, P. W., Flores, D., & Ordoñez, C. (1997). Effect of repeated collec-
tion on semen characteristics of alpacas. Biology of Reproduction, 57, 
520– 524. https://doi.org/10.1095/biolr eprod 57.3.520

Check, J. H., & Chase, J. S. (1985). Improved semen quality after a 
short- interval second ejaculation. Fertility and Sterility, 44, 416– 418. 
https://doi.org/10.1016/S0015 - 0282(16)48870 - 9

England, G. (1999). Semen quality in dogs and the influence of a short- 
interval second ejaculation. Theriogenology, 52, 981– 986. https://doi.
org/10.1016/S0093 - 691X(99)00187 - 9

Everett, R. W., Bean, B., & Foote, R. H. (1978). Sources of variation of 
semen output. Journal of Dairy Science, 61, 90– 95. https://doi.
org/10.3168/jds.S0022 - 0302(78)83555 - 3

Farstad, W. (2000). Current state in biotechnology in canine and feline 
reproduction. Animal Reproduction Science, 60– 61, 375– 387. https://
doi.org/10.1016/S0378 - 4320(00)00106 - 8

Gunay, U., Polat, U., Gunes, N., Soylu, M. K., & Kil, F. (2003). The effects 
of short- interval ejaculation on semen quality and some biochemical 
parameters in dogs. Revue De Medecine Veterinaire, 154, 459– 462.

Hay, M. A., King, W. A., Gartley, C. J., Leibo, S. P., & Goodrowe, K. L. 
(1997). Canine spermatozoa —  cryopreservation and evaluation of 
gamete interaction. Theriogenology, 48, 1329– 1342. https://doi.
org/10.1016/S0093 - 691X(97)00374 - 9

F I G U R E  5   Number of insemination doses (with 100 million 
motile spermatozoa per dose) with cryopreserved semen after 
processing the sperm- rich fraction from a single or dual semen 
collection (combined after dual collection at a 1- hr interval) in dogs 
(n = 28), values are means ± SEM, results of statistical analysis are 
indicated in the figure

S
em

en
 d

os
es

 (n
)

Single Dual

0

5

10

15

20

a

b

a,b: p<0.01

https://orcid.org/0000-0001-6077-7362
https://orcid.org/0000-0001-6077-7362
https://doi.org/10.3390/ani10061033
https://doi.org/10.3390/ani10061033
https://doi.org/10.1016/j.rvsc.2016.03.010
https://doi.org/10.1016/j.rvsc.2016.03.010
https://doi.org/10.1095/biolreprod57.3.520
https://doi.org/10.1016/S0015-0282(16)48870-9
https://doi.org/10.1016/S0093-691X(99)00187-9
https://doi.org/10.1016/S0093-691X(99)00187-9
https://doi.org/10.3168/jds.S0022-0302(78)83555-3
https://doi.org/10.3168/jds.S0022-0302(78)83555-3
https://doi.org/10.1016/S0378-4320(00)00106-8
https://doi.org/10.1016/S0378-4320(00)00106-8
https://doi.org/10.1016/S0093-691X(97)00374-9
https://doi.org/10.1016/S0093-691X(97)00374-9


1226  |     LECHNER Et aL.

Herbel, J., Aurich, J., Gautier, C., Melchert, M., & Aurich, C. (2020). Stress 
response of Beagle dogs to repeated short- distance road transport. 
Animals, 10, 2114. https://doi.org/10.3390/ani10 112114

Humblot, P., Ducrocq, V., & Nemeth, C. (1993). Relationship between 
semen characteristics of young and adult bulls in the Normande 
breed. Livestock Production Science, 35, 265– 281. https://doi.
org/10.1016/0301- 6226(93)90097 - 2

Koderle, M., Aurich, C., & Schäfer- Somi, S. (2009). The influence of 
cryopreservation and seminal plasma on the chromatin structure 
of dog spermatozoa. Theriogenology, 72, 1215– 1220. https://doi.
org/10.1016/j.theri ogeno logy.2009.07.015

Linde- Forsberg, C. (2001). Uppsala Equex –  2 System. International 
Veterinary Information Services (www.ivis.org). Ithaca, NY. 
Document, No. A1209.0501

Lucio, C. F., Regazzi, F. M., Silva, L. C. G., Angrimani, D. S. R., Nichi, 
M., & Vannucchi, C. I. (2016). Oxidative stress at different 
stages of two- step semen cryopreservation procedures in dogs. 
Theriogenology, 85, 1568– 1575. https://doi.org/10.1016/j.theri 
ogeno logy.2016.01.016

Nöthling, J. O., & Shuttleworth, R. (2005). The effect of straw size, freez-
ing rate and thawing rate upon post- thaw quality of dog semen. 
Theriogenology, 63, 1469– 1480. https://doi.org/10.1016/j.theri 
ogeno logy.2004.07.012

Okano, T., Murase, T., Asano, M., & Tsubota, T. (2004). Effects of final 
dilution rate, sperm concentration and times for cooling and glycerol 
equilibration on post- thaw characteristics of canine spermatozoa. 
The Journal of Veterinary Medical Science, 66, 1359– 1364. https://doi.
org/10.1292/jvms.66.1359

Pena, A., & Linde- Forsberg, C. (2000a). Effects of equex, one or two- 
step dilution, and two freezing and thawing rates on post- thaw sur-
vival of dog spermatozoa. Theriogenology, 54, 859– 875. https://doi.
org/10.1016/S0093 - 691X(00)00397 - 6

Pena, A., & Linde- Forsberg, C. (2000b). Effects of spermatozoal concen-
tration and post- thaw dilution rate on survival after thawing of dog 
spermatozoa. Theriogenology, 54, 703– 718. https://doi.org/10.1016/
S0093 - 691X(00)00384 - 8

Pezo, F., Cheuquemán, C., Salinas, P., & Risopatrón, J. (2017). Freezing 
dog semen using - 80 °C ultra- freezer: Sperm function and in vivo 
fertility. Theriogenology, 99, 36– 40. https://doi.org/10.1016/j.theri 
ogeno logy.2017.05.007

Pickett, B. W., Sullivan, J. J., & Seidel, G. E. (1975). Reproductive physiol-
ogy of the stallion. V. Effect of frequency of ejaculation on seminal 
characteristics and spermatozoal output. Journal of Animal Science, 
40, 917– 923. https://doi.org/10.2527/jas19 75.405917x

Schäfer- Somi, S., & Aurich, C. (2007). Use of a new computer- assisted 
sperm analyzer for the assessment of motility and viability of dog 
spermatozoa and evaluation of four different semen extenders for 
predilution. Animal Reproduction Science, 102, 1– 13. https://doi.
org/10.1016/j.anire prosci.2005.03.019

Schäfer- Somi, S., Kluger, S., Knapp, E., Klein, D., & Aurich, C. (2006). 
Effects of semen extender and semen processing on motility and 
viability of frozen- thawed dog spermatozoa. Theriogenology, 66, 173– 
182. https://doi.org/10.1016/j.theri ogeno logy.2005.10.022

Seager, S. W., Plats, C. C., & Fletcher, W. S. (1975). Conception rates and 
related data using frozen dog semen. Journal of Reproduction and 
Fertility, 45, 189– 192. https://doi.org/10.1530/jrf.0.0450189

Seidel, G. E., & Foote, R. H. (1969). Influence of semen collection inter-
val and tactile stimuli on semen quality and sperm output in bulls. 
Journal of Dairy Science, 52, 1074– 1079. https://doi.org/10.3168/jds.
S0022 - 0302(69)86694 - 4

Spallanzani, L. (1785). Esperimenti che servono nella storio della generazi-
one di animali e piante. Publicatio Barthelimi Ciro.

Yonezawa, A., Kawamura, S., Ando, R., Tadano, T., Nobunaga, T., & 
Kimura, Y. (1991). Diminution of ejaculatory capacity induced by fre-
quent ejaculation in dogs –  prevention and reversal by yohimbine. 
Andrologia, 23, 71– 74. https://doi.org/10.1111/j.1439- 0272.1991.
tb025 03.x

How to cite this article: Lechner, D., Aurich, J., Schäfer- Somi, S., 
Herbel, J., & Aurich, C. (2021). Combined cryopreservation of 
canine ejaculates collected at a one- hour interval increases 
semen doses for artificial insemination without negative 
effects on post- thaw sperm characteristics. Reproduction in 
Domestic Animals, 56, 1220– 1226. https://doi.org/10.1111/
rda.13980

https://doi.org/10.3390/ani10112114
https://doi.org/10.1016/0301-6226(93)90097-2
https://doi.org/10.1016/0301-6226(93)90097-2
https://doi.org/10.1016/j.theriogenology.2009.07.015
https://doi.org/10.1016/j.theriogenology.2009.07.015
http://www.ivis.org
https://doi.org/10.1016/j.theriogenology.2016.01.016
https://doi.org/10.1016/j.theriogenology.2016.01.016
https://doi.org/10.1016/j.theriogenology.2004.07.012
https://doi.org/10.1016/j.theriogenology.2004.07.012
https://doi.org/10.1292/jvms.66.1359
https://doi.org/10.1292/jvms.66.1359
https://doi.org/10.1016/S0093-691X(00)00397-6
https://doi.org/10.1016/S0093-691X(00)00397-6
https://doi.org/10.1016/S0093-691X(00)00384-8
https://doi.org/10.1016/S0093-691X(00)00384-8
https://doi.org/10.1016/j.theriogenology.2017.05.007
https://doi.org/10.1016/j.theriogenology.2017.05.007
https://doi.org/10.2527/jas1975.405917x
https://doi.org/10.1016/j.anireprosci.2005.03.019
https://doi.org/10.1016/j.anireprosci.2005.03.019
https://doi.org/10.1016/j.theriogenology.2005.10.022
https://doi.org/10.1530/jrf.0.0450189
https://doi.org/10.3168/jds.S0022-0302(69)86694-4
https://doi.org/10.3168/jds.S0022-0302(69)86694-4
https://doi.org/10.1111/j.1439-0272.1991.tb02503.x
https://doi.org/10.1111/j.1439-0272.1991.tb02503.x
https://doi.org/10.1111/rda.13980
https://doi.org/10.1111/rda.13980

