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The aim of this study was to optimize the laparoscopic intrauterine insemination (LAI) methodology by
testing different time intervals between the natural heat detection and ewe insemination. Three exper-
iments were performed in the breeding conditions of Southern Kazakhstan. Ewes (n = 243) were exposed
for one hour to direct contact with the teaser rams (once a day, morning or evening). Ewes expressing
behavioral symptoms of heat were detected and inseminated with the use of LAI during 210–
1290 min (3.5–21.5 hrs) after heat detection. Reproductive traits of lambing rate (LR) and litter size
(LS) were recorded according to the births registered at 137 to 152 days post insemination. Our statistical
model showed significance only for the effects of ewe age category and the time interval from heat detec-
tion to LAI on the LR attribute. The highest LR (38.8%) was detected in ewes at 2.5–3.5 years of age.
Corrected least-square means of LR indicated 18.5 hrs. as an optimal time for LAI of ewes in natural heat.
In the present study, the percentage value of lambing rate obtained at 18.5 h interval was 70.7%.
Therefore, our study suggested an effective methodology to spread valuable genetic information in the
sheep population in the regions of extensive farming where heat cycle synchronization is not usually per-
formed. Importantly, our study is among the first ones that follow the European strategy to eliminate the
occurrence of hormones in livestock production and the environment.
� 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction thawed sperm in the sheep industry is not common, as cervical
Approximately 90% of Kazakhstani fine-wool and semi-fine-
wool breeding ewes were inseminated cervically during the Soviet
era (Kasymov, 1977). Ewes detected in natural heat (daily identifi-
cation performed with the aid of aproned teaser ram) were subse-
quently double-cervical-inseminated with fresh semen (2–3 and
8–10 hrs. post-detection). Currently, still many Kazakh pedigree
farms of fine-wool and semi-fine-wool sheep artificially insemi-
nate ewes using the described scheme. On the other hand, huge
progress in the genetic improvement was gained in dairy cattle
due to the use of artificial insemination with thawed sperm
obtained from progeny tested bulls (Lohuis, 1995). Application of
insemination results in low conception rates (Salamon and
Maxwell, 1995b; Naqvi et al., 1998; Robinson et al., 2011). Good
results with thawed sperm were achieved when laparoscopic arti-
ficial insemination (LAI) was performed in ewes with synchronized
oestrus (Salamon and Maxwell, 1995a). This approach of LAI is
known as fixed-time artificial insemination (FTAI). Conventionally,
the FTAI involves synchronizing ewes with the use of exogenous
hormones (injection or insertion/implantation) to be artificially
inseminated over a controlled and very narrow timeframe (De
et al., 2015), including without the need for heat detection
(Luther et al., 2007). This is the most effective method to increase
the number of females inseminated in a single day, eliminating the
necessity of oestrus detection (Menchaca et al., 2017). For its excel-
lent results, fixed-time artificial insemination has become a rou-
tine method for LAI of ewes with a hormonal synchronized heat
cycle (Casali et al., 2017). In many world regions of extensive sheep
farming, however, the heat cycle synchronization with the aid of
progestogen pessaries or CIDR is not common and used mainly
for experimental purposes (Aké-Villanueva et al., 2017; Gizaw
and Tegegne, 2018; Alapala Demirhan, 2019). Furthermore, the
method of heat cycle synchronization with the use of exogenous
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hormones injection or insertion might be time-consuming and
labour-intensive under permanent pasture grazing (pers. comm.).
Therefore, it is important to establish and optimize the procedure
of LAI in ewes detected in natural heat with thawed sperm as a
method with the potential to improve sheep genetics in the regions
of extensive sheep farming. This methodology could be advanta-
geous not only for the regions of extensive sheep farming, as it fol-
lows current European strategy to eliminate the occurrence of
hormones in the environment (European Commission, 2020). In
Kazakhstan, several authors investigated the LAI of ewes in natural
heat with thawed sperm. Jakupov obtained a lambing rate of 61.1%
in 18 maiden ewes after twice-daily heat detection with subse-
quent LAI (20 to 30 million of motile frozen-thawed spermatozoa)
10–14 hrs. after heat (Jakupov, 1996). However, Aybazov et al.
reached a very promising lambing rate (39.2–43.7%) in ewes LAI-
ed with thawed sperm performed after even once-daily heat detec-
tion (Aybazov et al., 2019). Although LAI is a minimally invasive
procedure, it requires veterinary expertise, implies insufflation of
irritant CO2 into the peritoneal cavity, and is more demanding in
terms of expensive equipment and labour than other methods
(Sylla et al., 2021). Equipment costs can be significantly reduced
as (Sathe, 2018) suggested. Sathe (2018) also highlighted risks of
LAI technique. For that reason Pau et al. (2020) successfully com-
pared LAI with their new strategy of trancervical insemination
ewes submitted to surgical incision of cervical folds. There is an
ethical aspect on surgical procedures in livestock that are different
accros countries. Some countries have already prohibited LAI tech-
nique, starting to adapt vaginal or cervical insemiation for frozen-
thawed spermatozoa insemianation. Although these approaches
have been attempted to overcome the use of laparoscopy, this
technique is still the default method when obtaining greater preg-
nancy rate is mandatory (Sylla et al., 2021).

We hypothesized that FTAI methodology might be modified to
be used under traditional extensive regions when ewes in natural
heat are detected using aproned teaser rams and LAI-ed with
thawed sperm at a fixed time after heat detection. The aim of the
current study was to establish and optimize the nonhormonal FTAI
methodology under an extensive farming system with a possible
use in other specific regions.
2. Materials and methods

2.1. Animals

The study was approved by the Institutional Review Board of
Kazakh Research Institute of Livestock and Fodder Production
(TOO ‘‘RapHBB:bR”), protocol code 0115PR02596, date of
approval July 25, 2014.

Three experiments of the present study were performed in the
breeding seasons (October 11 to November 21) of 2014, 2015, and
2017 on two sheep farms in the Djambul and Almaty regions of
Kazakhstan. Flocks of Kazakh semi-fine-wooled ewes were grazed
on natural pastures with botanical composition typical for South-
ern Kazakhstan during the day (8 a.m.–7p.m.) and kept outdoor
in the fenced lots overnight. All three experiments were carried
out in flocks of 600–650 ewes. A total of 243 nulliparous (15.9%)
and multiparous (84.1%) ewes were inseminated. Nulliparous ewes
were 1.5 to 2 years old whereas multiparous ewes were 2.5 to
6 years old.
2.2. Heat detection

Teaser rams, used for identification sheep in the heat, were kept
separately (no visual and sensorial contact with ewes). Feeding
ration of teaser rams was composed of hay (ad libitum) and con-
2

centrates supply (300–800 g per head per day). The amount of con-
centrates was regulated to manage the body condition score range
at 3.5 to 4.0 points.

Teaser rams with prepuce covered by aprons made from sack-
cloth (50 � 50 cm) joined ewe flock at a ratio of 80–100 ewes
per ram (Kenyon et al., 2007) once a day for one hour from 6 a.
m. to 7 a.m. or from 6p.m. to 7p.m.

In the present study, the sheep was assigned ‘‘in heat” only if all
the criteria of sheep in heat, defined in the chapter „Reproduction‘‘
(SID Sheep production handbook, 1996) were fulfilled. Each ewe
detected as in the heat by teaser ram was immediately separated
from the flock and put in a smaller pen, which is built inside a large
pen where the ewes stand at night. All these ewes were subse-
quently evaluated for their body condition score (only ewes at
BCS 2.75–3.0 were selected), age, health status, and exterior. Ewes
that meet the criteria were inseminated with frozen sperm by
laparoscopy. Ewes that did not meet the criteria were excluded
from the set of LAI-ed animals. However, there were usually only
a few rejected ewes (2–3 heads per flock) in the present study.

2.3. Semen used for laparoscopic insemination

For laparoscopy insemination, frozen sperm of two Suffolk rams
was kindly provided by the University of Wisconsin-Madison, USA.
Sperm was frozen in 0.25 ml straws. For LAI, straws were thawed
in a water bath at 37–39 �C for 20 sec. The motility of thawed
sperm was evaluated in eight randomly chosen straws (four straws
per each ram) with the use of phase-contrast microscopy (400�
magnification). After thawing, each straw contained 50 � 106

motile spermatozoa. To inseminate, the content of each thawed
straw was placed in a Robertson pipette (Minitube, Germany).
The content of each straw was split to inseminate three ewes
(about 16.7 � 106 motile spermatozoa per ewe), under the recom-
mended concentration range for sheep LAI (Maxwell, 1986). The
insemination was conducted within 15 min after sperm thawing
(4–5 min per ewe). All the manipulations with IDs, and LAI proce-
dure were performed in a little house, under a controlled internal
temperature (+18 to +22 �C). Most of the time, three ewes were
inseminated by the content of a single straw. However, a few times
during the whole study period, two last ewes were LAIed by the
content of a single straw.

2.4. Laparoscopic intrauterine insemination

The procedure was performed by the same experienced person,
who followed the general recommendations given by Evans and
Maxwell (1987). Briefly, the laparoscopic insemination was per-
formed using sterile clean instruments. The 5 mm trocar and can-
nula were inserted into the peritoneal cavity to the left of the
midline. The trocar was removed and the laparoscope was inserted
in the cannula. A hole was made by a 5 mm trocar to the right of
the midline. After gas inflation and uterus visualization thawed
semen was injected into the lumen of both uterine horns with
the aid of the Robertson pipette and its applicator (Minitube, Ger-
many). In the present study, there were no ewes observed with
infections, or other health problems, or deceased after LAI.

2.5. Evaluated traits

Information about time intervals from heat detection to insem-
ination in minutes was monitored in the present study. Insemina-
tions were carried out 210–1290 min (3.5–21.5 hrs) after heat
detection. These time frame was grouped into 2 hrs. intervals for
further statistical evaluation: 270 min. = 4.5 hrs.; 390 min. = 6.5
hrs.; 510 min. = 8.5 hrs.; 630 min. = 10.5 hrs.; 990 min. = 16.5
hrs.; 1110 min. = 18.5 hrs.; 1230 min. = 20.5 hrs. (particular 2
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hrs. intervals are defined in Satistical analysis chapter). Unfortu-
nately, no inseminations were performed between 691 and
930 min (11.5 and 15.5 hrs) after heat detection. Reproductive
traits of lambing rate (LR; 0 = ewe that did not give birth,
100 = ewe that gave birth) and litter size (LS, number of all born
lambs) were recorded according to the births registered at 137 to
152 days post insemination. Additionally, information about the
date of insemination, flock, and ewe age was noticed for further
statistical evaluation.
2.6. Statistical analysis

All analyses were performed using the Statistical Analysis Sys-
tem (SAS) statistical software package according to SAS/STAT
User’s Guide (SAS Institute Inc. 2009). The UNIVARIATE procedure
was used for the description of the base data structure. ANOVA
evaluation was performed using the MIXED procedure. For this
analysis, ewes were grouped into 3 categories according to their
age: 1.5–2.0 years of age; 2.5–3.5 years of age, and 4.0 years
and older. According to the time interval from heat detection to
insemination, ewes were grouped into 7 categories: 4.5 hrs. (ewes
inseminated in 210–330 min. after heat detection); 6.5 hrs.
(ewes inseminated in 331–450 min. after heat detection); 8.5
hrs. (ewes inseminated in 451–570 min. after heat detection);
10.5 hrs. (ewes inseminated in 571–690 min. after heat detection);
16.5 hrs. (ewes inseminated in 931–1150 min. after heat detec-
tion); 18.5 hrs. (ewes inseminated in 1151–1170 min. after heat
detection), and 20.5 hrs. (ewes inseminated in 1171–1290 min.
after heat detection). Nested effect of minutes within defined time
hrs. categories was used to adjust all insemination within defined
time category to particular hrs. category. Categories 12.5 and 14.5
hrs. were not used as no inseminations performed between 691
and 930 min after heat detection.

Variables of lambing rate (LR) and litter size (LS) were corrected
using followed ANOVA statistical model:

Yijklm ¼ FYSi þ AGEj þHk þMINlðHÞ þ eijklm

where: Yijklm = variable trait (LR, LS); FYSi = combined randomized
flock-year-seasonal effect; AGEj = fixed effect of ewe age category
Table 1
Simple statistics of the database structure.

AM1 SD2

Age of ewes (years) 3.11 1.007
Time,minutes (hrs)6 779.44 (12.99) 351.360 (5.856)
Lambing rate (%) 36.63 48.278
Litter size (lambs) 1.25 0.434

1 AM – arithmetic mean.
2 SD – standard deviation.
3 MIN – minimal value.
4 MAX – maximal value.
5 CV – coefficient of variation.
6 Time – time interval from heat detection to laparoscopic artificial insemination.

Table 2
Significance (P–values) of factors used in statistical model for lambing rate and litter size

FYS1 AG

Lambing rate 0.165 0.0
Litter size 0.064 0.1

1 FYS – combined randomized flock-year-seasonal effect.
2 AGE – fixed effect of ewe age category.
3 H – fixed effect of time interval from heat detection to insemination in hours.
4 Min (H) – nested effect of minutes within particular hours of insemination.

3

(j = ewes at 1.5–2.0 years of age, n = 38; j = ewes at 2.5–3.5 years
of age, n = 104; j = ewes at 4.0 and older, n = 101); Hk = fixed effect
of time interval from heat detection to insemination category
(k = 4.5 h, n = 44; k = 6.5 h, n = 18; k = 8.5 h, n = 33; k = 10.5 h,
n = 11; k = 16.5 h, n = 76; k = 18.5 h, n = 35; k = 20.5 h, n = 26); MINl

(H) = nested effect of minutes (228–1322 min) within particular
hours of insemination (7 categories, see above); eijklm = residual
error.

The Tukey-Kramer method was used for the evaluation of dif-
ferences between least-square means (LSM) values. A P-value of
< 0.05 was considered statistically significant.
3. Results

The observed group of ewes was 3.11 years of age on average.
Ewes were inseminated on average 779.44 min (approx. 13 hrs.)
after natural heat detection using aproned teaser ram. The lambing
rate after insemination at this time interval reached the average
value of 36.63%, with an average number of 1.25 lambs born in a
litter. These data, supported by other descriptive statistics of data-
base structure, are reported in Table 1.

For estimation of the optimal time interval of LAI, reproductive
traits of LR and LS were corrected about defined factors in the
model. The significance of particular factors is referred in Table 2.

This table demonstrates that LR was significantly influenced by
the fixed effect of ewe age category and the time interval from heat
detection to LAI. Contrary, no evidence for statistical significance
was observed for other factors on LR. No factors influenced signif-
icantly LS variable as well. For that reason, only results of ewe age
category and the time interval from heat detection to insemination
related to LR are presented in this study.

The highest LR of 38.8% was observed in a group of ewes at 2.5–
3.5 years of age. These sheep were detected for 5.5% (P < 0.05)
higher LR to 1.5–2 aged ewes, and for 3.2% (P < 0.05) higher LR
to 4 years and older sheep.

Fig. 1 represents the results of laparoscopic artificial insemina-
tion performed during the evaluated interval after natural heat
detection identified using aproned teaser ram. The lowest LR (rang-
ing from 0.00% up to 29.4%), was observed at timeframe 4.5 to 10.5
MIN3 MAX4 CV5

1.5 6.0 32.39
228.00 (3.8) 1288.00 (21.466) 45.08
0.00 1.00 131.81
1.00 2.00 34.78

estimation.

E2 H3 Min (H)4

09 0.004 0.524
55 0.182 0.278



Fig. 1. Lambing rate (LSM values ± SE) of sheep laparoscopically inseminated at time interval 4.5–20.5 h after the heat detection. a,b,c – Means within the columns with
differing superscripts differ significantly at P < 0.05. LSM – least squares means. SE – standard error.
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hrs. after the heat detection. On the other hand, our results indicate
that the best method to obtain the highest LR is to perform LAI
18.5 h after heat detection with a teaser ram. LSM values of lamb-
ing rate reached 70.7% at this time. A significant difference
between 18.5 h and all categories in the time interval 4.5–10.5 h
(P < 0.05) documented this statement.
4. Discussion

In general, we demonstrated that the laparoscopic insemination
of ewes in natural heat with thawed sperm and with a simple heat
detection method is an available option to perform under very
extensive conditions in a successful manner. Regarding our results,
we suggested some strategies for improving LR in these conditions.
Selecting animals with regard to their age should be the first tool
how to perform this improvement. Animals at 2.5–3.5 years of
age reached significanlty higher LR in comparison to their younger
or older contenpries. These results are in full accordance with pre-
viously published those by Anel et al. (2005) or Zegeye et al.
(2020). Evans and Maxwell (1987) stated that accurate knowledge
of the time of ovulation is crucial to the success of insemination
and that in the field conditions accurate detection of heat onset
in ewes with natural heat is problematic. Twice daily heat detec-
tion allows more accurate timing of insemination relatively to ovu-
lation (Aybazov et al., 2019; Evans and Maxwell, 1987), and it was
used for intrauterine (Aybazov et al., 2019; Ham et al., 2000) or cer-
vical (Aybazov et al., 2019; Paulenz et al., 2004) inseminations with
thawed sperm of ewes in natural heat. Another approach is induc-
ing heat cycle using a hormonal program (De et al., 2015; Casali
et al., 2017; Gibbons et al., 2019; Macías et al., 2020). Methodolog-
ical description of fixed-time artificial insemination (FTAI) is
reviewed by Wildeus (2000) and Menchaca et al. (2017). Results
of this method are well-respected and this technique is considered
as a gold standard in sheep biotechnology for its effectivity and
simplified methodology. However, in many world regions of exten-
sive sheep farming, the heat cycle synchronization with the aid of
hormones is not common, or not available. On the other hand,
Aybazov et al. reached very promising success of LAI of thawed
sperm performed after twice or even once daily natural heat detec-
tion with the use of teaser rams (Aybazov et al., 2019). This study
motivated us to establish a simple nonhormonal technique of FTAI-
like procedure, and to optimize the technique based on an estima-
tion of the optimal time interval for LAI of ewes in natural heat
detected by aproned teaser ram. This methodology could be advan-
tageous not only for the regions of extensive, but also for regions of
4

intensive sheep farming, as it follows the European strategy to
eliminate the occurrence of hormones in the environment
(European Commission, 2020). In this sense, biostiumulation of
heat cycle should be also considered for LAI under specific breeding
conditions (Rekwot et al., 2001).

As expected, LR reported in simple statistics of our study were
nearly half to those performed under a precise heat detection as
was reported by McCappin and Murray (2011), Fair et al. (2005),
Anel et al. (2005), or Masoudi et al. (2017). Interestingly, very sim-
ilar results to ours were reached previously by Aybazov et al., who
in line with our methodology investigated LR of LAI-ed ewe once-
daily detected in natural heat (Aybazov et al., 2019). In agreement
with Schakell et al. (1990) and Cseh et al. (2012), our results con-
firmed that the time of insemination after heat detection impacts
significantly the subsequent LR. Several cases of conceiving after
the laparoscopic insemination, however, were registered outside
of the defined optimal time interval were noticed in our study as
well. These results confirm the previous statement of Evans and
Maxwell (1987) about the frequent inaccuracy of natural heat cycle
detection. As we suppose, these animals were in the optimal heat
cycle phase but no properly identified in course of using a very
simple method of heat detection. Being aware of the weakness of
this method, we estimated very precisely the time with the highest
chance to conceive and give birth to LAI-ed ewes. Corrected least-
square means of LR indicated 18.5 hrs. as an optimal fixed-time for
LAI of ewes in natural heat after their identification by teaser ram.
Previously the optimal time for laparoscopic insemination was
suggested as 12–16 h after detection of ewes in natural heat. In
our study, LR at 18.5 hrs. was the highest inside the time interval
4.5–20.5 hrs., and could thus theoretically get closer to LAI per-
formed under precise hormonal heat detection. This is a very inter-
esting perspective for traditional flock management of extensive
farming.

The technique of laparoscopic direct intrauterine insemination
was developed to overcome many of the difficulties of intravaginal
or intracervical insemination. The number of spermatozoa required
for each insemination is lower, allowing more appropriate higher
dilution rates and, therefore, better preservation protection of
spermatozoa during cryopreservation. This was confirmed by
Masoudi et al. (2017), who demonstrated that laparoscopic insem-
ination was more efficient over vaginal or cervical insemination
using thawed semen; however, Purdy et al. (2020) suggested per-
spective new non-surgical method for sheep insemination. Appli-
cation of alternative methods of cervical insemination should be
taken into consideration (Macías et al., 2017). Additionally, the
simple method of vaginal insemination using thawed sperm that
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was successfully performed by Paulenz et al. (2005), and verified
under UK flocks by Crilly et al. (2016) should be considered in
future research as well. If the promising results are confirmed, this
variation could be also implemented under organic farming in
countries where hormonal stimulation of heat cycle and laparo-
scopic insemination are prohibited.

Currently, however, LAI is most common method for insemina-
tion with frozen thawed sperm as no other methodology gives con-
sistently comparable or higher results. Our results show that LAI
can be successfully performed under very extensive traditional
sheep breeding management applied in Kazakh conditions of Cen-
tral Asian steppe. Summary statistics show that the lambing rate
was almost 37%. This result was achieved at approx. 13 hrs. after
heat detection as obvious from basic statistics. However, our
results showed that best time for LAI detected using described
scheme is 18.5 hrs. Current very optimistic lambing rate can be
thus even more increased. This is very perspective result how to
improve LAI methodology in a very simple manner. Our results also
demonstrate a possibility of introduction LAI not only to extensive
condition of Central Asian steppe, but to other very traditional
extensive sheep breeding conditions all over the world.

LAI was performed under Kazakh breeding conditions and all
procedures followed official norms and were approved by all offi-
cial conditions stated by institutional ethical comitee in studied
years of realization of the expriment. Currently published studies
and their new approaches must be studied and implemented very
carefully to reflect requirements on this technique in all intensive-
or extensive- breeding condition all over the world.

5. Conclusions

Our results demonstrated a perspective for using laparoscopic
insemination in extensive breeding conditions without the need
for hormonal heat stimulation. These results indicate that the best
method to achieve the highest laming rate is to perform laparo-
scopic artificial insemination 18.5 h after heat detection, one time
per day, with a teaser ram. LSM values of lambing rate achieved
70.7% under such scheme.

Funding

N.M. was supported by Grant № 3788 GF4 from Ministry of
Education and Science of Kazakhstan. M.P., F.G.S. and L.S. were sup-
ported from S grant of MEYS, and QK 1910156 project of National
Agency for Agricultural Research, Czech Republic.

Institutional Review Board Statement

The authors declare no experiments conducted on humans in
the present study. The study was approved by the Institutional
Review Board of Kazakh Research Institute of Livestock and Fodder
Production (TOO ‘‘RapHBB:bR”), protocol code 0115PR02596,
date of approval July 25, 2014.

Data Availability Statement

The data presented in this study are available on request from
the corresponding author.

CRediT authorship contribution statement

Nurlan Malmakov: Conceptualization, Methodology, Investiga-
tion, Writing – original draft, Project administration, Resources.
Martin Ptacek: Methodology, Formal analysis, Writing – review
& editing, Project administration, Resources. Filipp Georgijevic
5

Savvulidi: Methodology, Writing – review & editing. Ludek Stad-
nik: Methodology, Writing – review & editing, Supervision,
Resources.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Acknowledgments

The authors wish to thank the University of Wisconsin-Madison
and Global Livestock Collaborative Research Support Program,
USAID for supply of frozen ram semen, phase-contrast microscope
and laparoscope. We thank Dr. Phil Purdy, USDA, Agricultural
Genetic Resources Preservation Research, Fort Collins, Colorado,
for his valuable comments and suggestions. Funding: N.M. was
supported by Grant № 3788 GF4 from Ministry of Education and
Science of Kazakhstan. M.P., F.G.S. and L.S. were supported from
S grant of MEYS, and QK 1910156 project of National Agency for
Agricultural Research, Czech Republic.

References

Aké-Villanueva, J.R., Aké-López, J.R., Segura-Correa, J.C., Magaña-Monforte, J.G., Aké-
Villanueva, N.Y., 2017. Factors affecting conception rate of hair ewes after
laparoscopic insemination with chilled semen under tropical conditions. Small
Ruminant Res. 153, 114–117.

Anel, L., Kaabi, M., Abroug, B., Alvarez, M., Anel, E., Boixo, J.C., Fuente, L.F.d.l., Paz,
P.d., 2005. Factors influencing the success of vaginal and laparoscopic
artificial insemination in churra ewes: a field assay. Theriogenology 63 (4),
1235–1247.

Aybazov, A.M., Malmakov, N.I., Selionova, M.I., Mamontova, T.V., 2019. Fertility of
ewe following intrauterine laparoscopic insemination with frozen-thawed
semen. IOP Conf. Ser.: Earth Environ. Sci. 341 (1), 12163. https://doi.org/
10.1088/1755-1315/341/1/012163.

Casali, R., Pinczak, A., Cuadro, F., Guillen-Muñoz, J.M., Mezzalira, A., Menchaca, A.,
2017. Semen deposition by cervical, transcervical and intrauterine route for
fixed-time artificial insemination (FTAI) in the ewe. Theriogenology 103, 30–35.
https://doi.org/10.1016/j.theriogenology.2017.07.021.

European Commission, 2020. A Farm to Fork Strategy for a fair, healthy and
environmentally-friendly food system. COM/2020/381 final. Available online at
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:
52020DC0381&from=ENA.

Crilly, J.P., Söderquist, L., Holmström, A., Sargison, N.D., 2016. Proof of concept of
ovine artificial insemination by vaginal deposition of frozen-thawed semen
under UK sheep-farming conditions. Vet. Rec. 178 (21), 532. https://doi.org/
10.1136/vr.103417.

Cseh, S., Faigl, V., Amiridis, G.S., 2012. Semen processing and artificial insemination
in health management of small ruminants. Animal Reprod. Sci. 130 (3–4), 187–
192. https://doi.org/10.1016/j.anireprosci.2012.01.014.

De, K., Kumar, D., Sethi, D., Gulyani, R., Naqvi, S.M.K., 2015. Estrus synchronization
and fixed-time artificial insemination in sheep under field conditions of a semi-
arid tropical region. Trop. Anim. Health Prod. 47 (2), 469–472. https://doi.org/
10.1007/s11250-014-0735-x.

Demirhan, S.A., 2019. Sheep farming business in Us�ak city of Turkey: Economic
structure, problems and solutions. Saudi J. Biol. Sci. 26 (2), 352–356. https://doi.
org/10.1016/j.sjbs.2018.10.004.

Evans, G., Maxwell, W.M.C., 1987. Salamon’s artificial insemination of sheep and
goats. Butterworths, Sydney, Australia.

Fair, S., Hanrahan, J.P., O’Meara, C.M., Duffy, P., Rizos, D., Wade, M., Donovan, A.,
Boland, M.P., Lonergan, P., Evans, A.C.O., 2005. Differences between Belclare and
Suffolk ewes in fertilization rate, embryo quality and accessory sperm number
after cervical or laparoscopic artificial insemination. Theriogenology 63 (7),
1995–2005.

Gibbons, A.E., Fernandez, J., Bruno-Galarraga, M.M., Spinelli, M.V., Cueto, M.I., 2019.
Technical recommendations for artificial insemination in sheep. Animal Reprod.
16 (4), 803–809.

Gizaw, S., Tegegne, A., 2018. Bio-economic and operational feasibility of introducing
oestrus synchronization and artificial insemination in simulated smallholder
sheep breeding programmes. Animal : Int. J. Animal Biosci. 12 (7), 1517–1526.
https://doi.org/10.1017/S1751731117003032.

Ham, A., Ramos, G., Brogliatti, G.M., 2000. Laparoscopic intrauterine insemination of
Merino sheep in Patagonia. Theriogenology 53 (1).

Jakupov, I.T., 1996. Improvement of the insemination methods for the fertility
increase. Candidate Agr. Sci., Mynbaevo. Kazakh Research Technological
Institute of Sheep Breeding.

http://refhub.elsevier.com/S1319-562X(22)00332-1/h0005
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0005
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0005
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0005
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0010
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0010
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0010
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0010
https://doi.org/10.1088/1755-1315/341/1/012163
https://doi.org/10.1088/1755-1315/341/1/012163
https://doi.org/10.1016/j.theriogenology.2017.07.021
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX%3a52020DC0381%26from=ENA
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX%3a52020DC0381%26from=ENA
https://doi.org/10.1136/vr.103417
https://doi.org/10.1136/vr.103417
https://doi.org/10.1016/j.anireprosci.2012.01.014
https://doi.org/10.1007/s11250-014-0735-x
https://doi.org/10.1007/s11250-014-0735-x
https://doi.org/10.1016/j.sjbs.2018.10.004
https://doi.org/10.1016/j.sjbs.2018.10.004
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0055
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0055
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0060
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0060
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0060
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0060
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0060
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0065
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0065
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0065
https://doi.org/10.1017/S1751731117003032
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0075
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0075
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0050
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0050
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0050


N. Malmakov, M. Ptacek, F.G. Savvulidi et al. Saudi Journal of Biological Sciences 29 (2022) 103416
Kasymov, K.T., 1977. Flock reproduction questions. Sheep industry of Kazakhstan.
IN: A.V. Cherekaev, K.U. Medeubekov (Eds.), Kolos Press, Moscow.

Kenyon, P.R., Morel, P.C.H., Morris, S.T., Burnham, D.L., West, D.M., 2007. Effect of
the ratio of teaser rams used prior to breeding on the reproductive performance
of ewe hoggets. New Zealand Veterinary J. 55 (6), 342–345. https://doi.org/
10.1080/00480169.2007.36791.

Lohuis, M.M., 1995. Potential benefits of bovine embryo-manipulation technologies
to genetic improvement programs. Theriogenology 43 (1), 51–60. https://doi.
org/10.1016/0093-691X(94)00016-N.

Luther, J.S., Grazul-Bilska, A.T., Kirsch, J.D., Weigl, R.M., Kraft, K.C., Navanukraw, C.,
Pant, D., Reynolds, L.P., Redmer, D.A., 2007. The effect of GnRH, eCG and
progestin type on estrous synchronization following laparoscopic AI in ewes.
Small Ruminant Res. 72 (2-3), 227–231.

Macías, A., Ferrer, L.M., Ramos, J.J., Lidón, I., Rebollar, R., Lacasta, D., Tejedor, M.T.,
2017. Technical Note: A new device for cervical insemination of sheep - design
and field test. J. Anim. Sci. 95 (12), 5263–5269. https://doi.org/
10.2527/jas2017.1951.

Macías, A., Martín, E., Laviña, A., Ferrer, L.M., Lidón, I., Rebollar, R., Tejedor, M.T.,
2020. Cervical artificial insemination in sheep: sperm volume and
concentration using an antiretrograde flow device. Animal Reprod. Sci. 221,
106551.

Masoudi, R., Zare Shahneh, A., Towhidi, A., Kohram, H., Akbarisharif, A., Sharafi, M.,
2017. Fertility response of artificial insemination methods in sheep with fresh
and frozen-thawed semen. Cryobiology 74, 77–80.

Maxwell, W.M.C., 1986. Artificial insemination of ewes with frozen-thawed semen
at a synchronised oestrus. 2. Effect of dose of spermatozoa and site of
intrauterine insemination on fertility. Animal Reprod. Sci. 10 (4), 309–316.
https://doi.org/10.1016/0378-4320(86)90006-0.

McCappin, N., Murray, R.D., 2011. Some factors affecting pregnancy rate in ewes
following laparoscopic artificial insemination. Vet. Rec. 168 (4), 99. https://doi.
org/10.1136/vr.c5979.

Menchaca, A., Santos-Neto, P.C., Cuadro, F., 2017. Estrous synchronization
treatments in sheep: brief update. Rev. Bras. Reprod. Anim. 41, 340–344.

Naqvi, S.M.K., Joshi, A., Bag, S., Pareek, S.R., Mittal, J.P., 1998. Cervical penetration
and transcervical AI of tropical sheep (Malpura) at natural oestrus using frozen-
thawed semen. Small Ruminant Res. 29 (3), 329–333. https://doi.org/10.1016/
S0921-4488(97)00141-7.

Pau, Salvatore; Falchi, Laura; Ledda, Mauro; Pivato, Ivo; Valentino, Melosu; Bogliolo,
Luisa et al., 2020. Reproductive Performance Following Transcervical
Insemination with Frozen Thawed Semen in Ewes Submitted to Surgical
Incision of Cervical Folds (SICF): Comparison with Laparoscopic Artificial
Insemination. Animals : Open Access J. MDPI 10 (1). https://doi.org/10.3390/
ani10010108.

Paulenz, H., Söderquist, L., Adnøy, T., Nordstoga, A.B., Andersen Berg, K., 2005. Effect
of vaginal and cervical deposition of semen on the fertility of sheep inseminated
6

with frozen-thawed semen. Veterinary Rec. 156 (12), 372–375. https://doi.org/
10.1136/vr.156.12.372.

Paulenz, H., Söderquist, L., Adnøy, T., Nordstoga, A., Gulbrandsen, B., Berg, K.A., 2004.
Fertility results after different thawing procedures for ram semen frozen in
minitubes and mini straws. Theriogenology 61 (9), 1719–1727. https://doi.org/
10.1016/j.theriogenology.2003.10.001.

Purdy, P.H., Spiller, S.F., McGuire, E., McGuire, K., Koepke, K., Lake, S., Blackburn, H.
D., 2020. Critical factors for non-surgical artificial insemination in sheep. Small
Ruminant Res. 191,. https://doi.org/10.1016/j.smallrumres.2020.106179
106179.

Rekwot, P.I., Ogwu, D., Oyedipe, E.O., Sekoni, V.O., 2001. The role of pheromones and
biostimulation in animal reproduction. Animal Reprod. Sci. 65 (3–4), 157–170.
https://doi.org/10.1016/S0378-4320(00)00223-2.

Robinson, J.J., McKelvey, W.A.C., King, M.E., Mitchell, S.E., Mylne, M.J.A., McEvoy, T.
G., Dingwall, W.S., Williams, L.M., 2011. Traversing the ovine cervix - a
challenge for cryopreserved semen and creative science. Animal : Int. J. Animal
Biosci. 5 (11), 1791–1804.

Salamon, S., Maxwell, W.M.C., 1995a. Frozen storage of ram semen II. Causes
of low fertility after cervical insemination and methods of improvement.
Animal Reprod. Sci. 38 (1–2), 1–36. https://doi.org/10.1016/0378-4320(94)
01328-J.

Salamon, S., Maxwell, W.M.C., 1995b. Frozen storage of ram semen I. Processing,
freezing, thawing and fertility after cervical insemination. Animal Reprod. Sci.
37 (3–4), 185–249. https://doi.org/10.1016/0378-4320(94)01327-I.

SAS Institute Inc., 2009. SAS/STAT User’s Guide: Statistics. Version 9.2. 2009. Cary,
NC, USA.

Sathe, S.R., 2018. Laparoscopic Artificial Insemination Technique in Small
Ruminants-A Procedure Review. Front. Veterinary Sci. 5, 266. https://doi.org/
10.3389/fvets.2018.00266.

Schakell, G.H., Kyle, B., Littlejohn, R.P., 1990. Factors influencing the success of a
large scale artificial insemination programme in sheep. Proc. NZ Soc. Anim.
Prod. 50, 427–430.

SID Sheep production handbook, 1996. Reproduction. C&M Press, Denver, Colorado,
USA..

Sylla, L., Pistolesi, A., Corsi, I., Crociati, M., Stradaioli, G., Monaci, M., 2021.
Laparotomic intrauterine insemination with frozen-thawed semen in
Sopravissana breed ewes in Central Italy. Ital. J. Anim. Sci. 20 (1), 928–934.
https://doi.org/10.1080/1828051X.2021.1918585.

Wildeus, S., 2000. Current concepts in synchronization of estrus: Sheep and goats. J.
Anim. Sci. 77 (E-Suppl), 1. https://doi.org/
10.2527/jas2000.00218812007700ES0040x.

Zegeye, Z.B., Vass, N., Tomano, A., 2020. Application of laparoscopic artificial
insemination in conventional Lacaune sheep farm using frozen-thawed
semen. Acta Agrar. Debr. 2, 133–138. https://doi.org/10.34101/ACTAAGRAR/
2/7113.

https://doi.org/10.1080/00480169.2007.36791
https://doi.org/10.1080/00480169.2007.36791
https://doi.org/10.1016/0093-691X(94)00016-N
https://doi.org/10.1016/0093-691X(94)00016-N
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0095
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0095
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0095
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0095
https://doi.org/10.2527/jas2017.1951
https://doi.org/10.2527/jas2017.1951
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0105
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0105
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0105
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0105
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0110
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0110
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0110
https://doi.org/10.1016/0378-4320(86)90006-0
https://doi.org/10.1136/vr.c5979
https://doi.org/10.1136/vr.c5979
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0125
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0125
https://doi.org/10.1016/S0921-4488(97)00141-7
https://doi.org/10.1016/S0921-4488(97)00141-7
https://doi.org/10.3390/ani10010108
https://doi.org/10.3390/ani10010108
https://doi.org/10.1136/vr.156.12.372
https://doi.org/10.1136/vr.156.12.372
https://doi.org/10.1016/j.theriogenology.2003.10.001
https://doi.org/10.1016/j.theriogenology.2003.10.001
https://doi.org/10.1016/j.smallrumres.2020.106179
https://doi.org/10.1016/S0378-4320(00)00223-2
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0160
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0160
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0160
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0160
https://doi.org/10.1016/0378-4320(94)01328-J
https://doi.org/10.1016/0378-4320(94)01328-J
https://doi.org/10.1016/0378-4320(94)01327-I
https://doi.org/10.3389/fvets.2018.00266
https://doi.org/10.3389/fvets.2018.00266
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0185
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0185
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0185
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0190
http://refhub.elsevier.com/S1319-562X(22)00332-1/h0190
https://doi.org/10.1080/1828051X.2021.1918585
https://doi.org/10.2527/jas2000.00218812007700ES0040x
https://doi.org/10.2527/jas2000.00218812007700ES0040x
https://doi.org/10.34101/ACTAAGRAR/2/7113
https://doi.org/10.34101/ACTAAGRAR/2/7113

	Optimal time for laparoscopic intrauterine insemination performed �on ewes detected in natural heat
	1 Introduction
	2 Materials and methods
	2.1 Animals
	2.2 Heat detection
	2.3 Semen used for laparoscopic insemination
	2.4 Laparoscopic intrauterine insemination
	2.5 Evaluated traits
	2.6 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusions
	Funding
	Institutional Review Board Statement
	Data Availability Statement
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgments
	References


