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Delayed Timing of Insemination Relative
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Insemination With Sex-Sorted Semen in

Beef Heifers
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Abstract

The objective was to evaluate the effect of timing of insemination relative to the onset
of estrus when using sex-sorted semen in beef heifers. Estrous cycles of beef heifers were
synchronized using the melengestrol acetate with prostaglandin (MGA-PG) protocol
and were visually observed for signs of estrus every four hours for five days following
injection of PGF, . Following visual detection of estrus, heifers were inseminated with
semen sorted to contain X-chromosome bearing sperm cells from either an Angus or
Simmental sire (packaged at 4.0 x 10° live cells per 0.25 mL straw of SexedULTRA
4M). Heifers were retrospectively categorized into one of the three following intervals
from time of estrus onset to insemination: 1) 12.5-15.9 hours; 2) 16.5-21.0 hours; and
3) 21.4-27.5 hours. Heifers with the shortest interval (12.5-15.9 hours) from estrus
onset to insemination had a similar (2 > 0.10) AI pregnancy rate (51.4%) as compared
with heifers with the estrus onset to insemination interval of 16.5 to 21 hours (56.3%).
Heifers inseminated 21.4 to 27.5 hours following estrus onset achieved a greater

(P < 0.05) artificial insemination pregnancy rate (75.9%) than heifers inseminated 12.5
to 15.9 hours following estrus onset (51.4%).

Introduction

The ability to determine gender at conception has been a widely desired technology that
has been available commercially for less than 20 years (Garner and Seidel, 2008; Seidel
and DeJarnette, 2021). A beef producer can potentially benefit from use of sex-sorted
semen in decreasing incidence of dystocia or in targeting production of replacement
females, seedstock bulls, or male calves to be fed for harvest. Sex-sorted semen use in
fixed-time artificial insemination programs for beef females, however, has been shown
to result in pregnancy rates that are 75-85% of those observed with conventional
semen (Oosthuizen, et al., 2021; Perry et al., 2020; Thomas et al., 2019). The sorting
process affects function and life span of sex-sorted sperm (Carvalho et al., 2013, Moce
et al., 2006) and fewer sperm cells are packaged in a dose of sex-sorted semen, contrib-
uting to decreased pregnancy rates. It has been suggested that semen deposition of
sex-sorted semen nearer time of expected ovulation in beef females may improve

pregnancy outcomes (Thomas et al., 2014; Oosthuizen et al., 2021). Chebel and Cunha
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(2020) did not observe an improvement in pregnancy outcomes to artificial insemi-
nation (Al) in dairy heifers with delayed insemination. These studies were conducted
using fixed-time Al programs and thus actual onset of estrus and timing from estrus
onset to insemination were not necessarily known. The objective of this study was to
evaluate the effect of timing of insemination relative to the onset of estrus on pregnancy
outcome when using sex-sorted semen in beef heifers.

Experimental Procedures

This trial was conducted on a commercial beef ranch in north-central South Dakota.
Ninety-eight crossbred beef heifers housed in a drylot setting were subjected to the
MGA-PG estrous synchronization protocol. Heifers were fed MGA for 14 days in an
amount of 0.5 mg/head/day. Eighteen days after the last feeding of MGA, heifers were
injected with 5 mL of PGF,, (Lutalyse; Zoetis, Madison, NJ). Estrous detection aids
(Estrotect, Rockway Inc., Spring Valley, W1) were applied at the time of PGF,  injec-
tion. Following injection of PGF, heifers were visually observed for estrus every 4 hours
for the next 5 days. Heifers were determined to have exhibited estrus when they were
seen standing to be mounted, when >50% of the Estrotect patch coating was removed,
or the Estrotect patch was missing. After the earliest observation of estrus, heifers were
inseminated 12.5-27.5 hours later (retrospectively determined) with semen sorted to
contain X-chromosome bearing sperm cells from either an Angus or Simmental sire
(packaged at 4.0 x 10° live cells per 0.25 mL straw of SexedULTRA 4M, STgenetics,
Navasota, TX). Ninety-eight heifers were visually observed in estrus and retrospectively
divided into one of the three following intervals from time of estrus onset to insemi-
nation: 1) 12.5-15.9 hours (n = 37); 2) 16.5-21.0 hours (n = 33); and 3) 21.4-27.5
hours (n = 28) for this analysis.

Pregnancy diagnosis was conducted 65-70 days post-insemination via transrectal ultra-
sonography (ReproScan XTC equipped with a 4.0 MHz 60mm convex rectal probe;
ReproScan, Winterset, [A). Fetal size was used to differentiate Al pregnancies from
natural service pregnancies.

Results and Discussion

The results of this study support the suggestion that delayed insemination following
estrus may be advantageous for increasing Al pregnancy rates when using sex-sorted
semen in beef heifers. A 24.5 percentage point improvement in Al pregnancy rate was
observed among heifers inseminated 21.4 to 27.5 hours after observed estrus (75.9%) as
compared with insemination 12.5 to 15.9 hours after observed estrus (51.4%; Table 1).

The timing from the onset of estrus to ovulation in cattle has been found to range from
24 to 32 hours (Senger, 2012). Research by White et al. (2002) showed that the average
time of ovulation relative to the onset of estrus was 31.1 hours. Oosthuizen et al. (2021)
have recently demonstrated improved pregnancy outcomes with delayed insemination
and use of strategies that synchronize ovulation timing when using sexed semen in
fixed-time AI protocols in beef heifers. Extent of synchrony of estrus among heifers and
whether estrus is expressed at all before insemination in a fixed-time Al system could

be affecting pregnancy outcomes which were relatively unknown. In the present study,
with frequent observation of estrus, we were able to definitively categorize heifers into
three time intervals to more precisely evaluate effect of interval from estrus to insemina-
tion alone.
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Based on previous research, we speculate that the functional changes imposed on sperm
from the sorting process may explain the benefit of delayed insemination on pregnancy
outcomes. Sex-sorted sperm display altered motility and reduced capacity to fertilize
oocytes (Steele et al., 2020). Embryos resulting from fertilization with sex-sorted sperm
have impaired development as well. Deposition of sperm into the female reproduc-

tive tract at a later time following observation of estrus (and nearer time of ovulation)
likely improves opportunity for these altered sex-sorted sperm to successfully reach

and fertilize the oocytes. Additional research investigating more multiple estrus to
insemination intervals, with greater numbers of females and across multiple herds, is
warranted to further our understanding.

Implications

We interpret the results of this study to indicate an advantage to delaying insemination
of beef heifers from the traditional 12 hours following observation of estrus to 21 to 27
hours after onset of estrus when using sex-sorted semen.

Acknowledgments

Thank you to STgenetics for providing semen used in this study.

Brand names appearing in this publication are for product identification purposes only.
No endorsement is intended, nor is criticism implied of similar products not mentioned.
Persons using such products assume responsibility for their use in accordance with current
label directions of the manufacturer.

References

Carvalho, J.O., L.P. Silva, R. Sartori, M.A.N. Dode. 2013. Nanoscale differences in
the shape and size of X and Y chromosome-bearing bovine sperm heads assessed
by atomic force microscopy. PloS One 8. https://doi.org/10.1371/journal.

pone.0059387

Chebel, R.C., and T. Cunha. 2020. Optimization of timing of insemination of dairy
heifers inseminated with sex-sorted semen. J. Dairy Sci. 103:5591-5603. https://doi.
0rg/10.3168/jds.2019-17870

Garner, D., and G. Seidel. 2008. History of commercializing sexed semen for cattle.
Theriogenology 69:886-895. https://doi.org/10.1016/j.theriogenology.2008.01.006

Mocé, E., ].K. Graham, J.L. Schenk. 2006. Effect of sex-sorting on the ability of fresh
and cryopreserved bull sperm to undergo an acrosome reaction. Theriogenology
66:929-936 https://doi.org/10.1016/j.theriogenology.2006.01.063

Oosthuizen, N., P.L.P. Fontes, R.V. Oliveira Filho, C.R. Dahlen, D.M. Grieger, ].B.
Hall, S.L. Lake, C.R. Looney, V.R.G. Mercadante, B.W. Neville, G.A. Perry, J.G.
Powell, L.D. Prezotto, G.E. Seidel, R.S. Walker, R.C. Cardoso, K.G. Pohler, G.C.
Lamb. 2021. Pre-synchronization of ovulation timing and delayed fixed-time
artificial insemination increases pregnancy rates when sex-sorted semen is used for

KANSAS STATE UNIVERSITY AGRICULTURAL EXPERIMENT STATION AND COOPERATIVE EXTENSION SERVICE

3


https://doi.org/10.1371/journal.pone.0059387
https://doi.org/10.1371/journal.pone.0059387
https://doi.org/10.3168/jds.2019-17870
https://doi.org/10.3168/jds.2019-17870
https://doi.org/10.1016/j.theriogenology.2008.01.006
https://doi.org/10.1016/j.theriogenology.2006.01.063

CATTLEMEN'’S DAY 2023

insemination of heifers. Anim. Reprod. Sci. 226:106699. https://doi.org/10.1016/;.
anireprosci.2021.106699

Perry, G.A.,J.A. Walker, J.J.J. Rich, E.J. Northrop, S.D. Perkins, E.E. Beck, M.D.
Sandbulte, F.B. Mokry. 2020. Influence of Sexcel (gender ablation technology)
gender-ablated semen in fixed-time artificial insemination of beef cows and heifers.
Theriogenology 146:140-144. https://doi.org/10.1016/j.theriogenology.2019.11.030

Seidel, G.E., and J.M. DeJarnette. 2021. Applications and world-wide use of sexed
semen in cattle. Anim. Reprod. Sci. 106841. https://doi.org/10.1016/j.anire-

prosci.2021.106841

Senger, P.L. 2012. Pathways to pregnancy and parturition. 3™ ed. Current Conceptions,
Pullman, WA.

Steele, H., D. Makri, W.E. Maalouf, S. Reese, S. Kolle. 2020. Bovine sperm sexing alters
sperm morphokinetics and subsequent early embryonic development. Sci. Rep.

10:6255. https://doi.org/10.1038/541598-020-63077-6

Thomas, J.M., M.F. Smith, D.J. Patterson, S.E. Poock, M.R. Ellersieck. 2014. Delayed
insemination of non-estrous heifers and cows when using conventional semen in
timed artificial insemination. J. Anim. Sci. 92:4189-4197. bttps://doi.org/10.2527,

jas.2014-7827
Thomas, J.M., J.W.C. Locke, R.C. Bonacker, E.R. Knickmeyer, D.J. Wilson, R.
Vishwanath, A.M. Arnett, M.F. Smith, D.J. Patterson. 2019. Evaluation of

SexedULTRA 4M sex-sorted semen in timed artificial insemination programs for
mature beef cows. Theriogenology 123:100-107. bztps://doi.org/10.1016/].theriog-

enology.2018.09.039

White, F.J., R.P. Wettemann, M.L. Looper, T.M. Prado, G.L. Morgan. 2002. Seasonal
effects on estrous behavior and time of ovulation in nonlactating beef cows. J.
Anim. Sci. 80:3053-3059. hetps://doi.org/10.2527/2002.80123053x

Table 1. Effect of interval from observed estrus to insemination on AI' pregnancy rate
using sex-sorted semen in crossbred beef heifers

Estrus onset to insemination

interval range? Number Al pregnancy rate
Overall 98 60.2%
12.5-15.9 hours® 37 51.4%*
16.5-21.0 hours* 33 56.3%*
21.4-27.5 hours® 28 75.9%"

®Values within a column without a common superscript are different (P < 0.05).

'Artificial insemination.
?Interval of time from when heifers were detected in estrus (with observation occurring every 3 to 4 hours) to the

time of insemination. Average interval from estrus to insemination was 18.5 hours (range: 12.5-27.5 hours).
*Average interval from estrus to insemination was 14.7 hours.
*Average interval from estrus to insemination was 17.9 hours.
>Average interval from estrus to insemination was 24.3 hours.
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