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Abstract
The success of artificial insemination (AI) depends on the equipment used, especially regarding the facilitation of artificial 
insemination technicians’ work and the positioning of insemination guns in the genital tract of animals. This study aimed to 
evaluate how vaginal specula and artificial insemination technicians affected the fertility rates of timed artificially inseminated 
Serrana Transmontano goats (which are indigenous to Portugal). For this, 58 adult nanny-goats aged between three and 
nine years were used. They were reproductively controlled by a short progestogen treatment (FGA) (seven days) with equine 
chorionic gonadotropin (eCG). Timed cervical AI (43 hours after the end of the hormonal treatment) was performed with 
chilled semen. Nanny-goats were inseminated by two artificial insemination technicians (A vs. B) alternating two vaginal 
specula (Minitub vs. “Reyes”). Pregnancy was diagnosed by ultrasound 41 days later. About 98% of nanny-goats responded 
to our treatment with FGA and eCG. In total, 82.8% of nanny-goats were pregnant 41 days after AI. Neither vaginal specula 
(Minitub: 81.2% vs. “Reyes”: 84.6%) nor artificial insemination technicians (A: 82.8% vs. B: 82.8%) affected fertility rates. 
Thus, we conclude that neither the vaginal specula used in this research nor the artificial insemination technicians affected 
Serrana goat pregnancy rates.
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Introduction

Multiple factors affect the fertility rates of 
small ruminants after artificial insemination (AI): 
genetics, individual characteristics, feeding, season, 
environment, reproductive activity control, semen 
collection and conservation, female management, 
cervix morphology, volume, insertion into the 
female genital tract, and semen deposition site 
(MORRELL, 2011; ARREBOLA et al, 2013).

AI success depends on its instruments 
since they can condition artificial insemination 
technicians’ work; namely, location, fixation, 
and insertion of the gun in the cervical canal 
(QUINTAS et al, 2021; SILVA, 2022) and stress 
due to handling (PALACIOS, 2010; LEO, 2017). 
Cervical insemination causes higher fertility 

rates the deeper it deposits semen (CANDAPPA, 
BARTLEWSKI, 2011; VALENTINE et al, 2016). 
However, the possible trauma associated with 
attempting to overcome the second cervical fold 
decreases fertility rates as it causes a greater 
influx of immune cells to the lumen of the cervical 
canal, affecting the transport and viability of 
sperm in the female genital tract (CANDAPPA, 
BARTLEWSKI, 2011; KUMAR, NAQVI, 2014). 
Cervical trauma can also interrupt pregnancy in 
its early stages (KUMAR, NAQVI, 2014).

Artificial insemination technicians influences 
fertility rates in small ruminants (PALACÍN et al, 
2012; FRANCIS, 2018). However, bibliography 
results differ, probably due to artificial 
insemination technicians’ experience (PALACÍN 
et al, 2012; SILVA, 2022).
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This study aimed to evaluate how vaginal 
specula and artificial insemination technicians 
affect the fertility rates of timed artificially 
inseminated Serrana Transmontano nanny-goats 
(which are indigenous to Portugal).

Material and methods

This study was conducted at the Instituto 
Politécnico de Bragança (ESA-IPB) Agrarian 
School in Quinta do Pinheiro Manso (Latitude 41° 
48’ 33’’N, Longitude 6° 44’ 3’’W, and Altitude 
670 meters), Bragança, Portugal, between April 
1 and June 12, 2019.

Animals

In total, 58 Serrana Transmontano goats, 
aged between three and nine years, were used. 
Their last calving had occurred about six months 
before our experiment. Nanny-goats showed 
perfect conditions for reproduction and were 
randomly divided between treatments.

They grazed natural grassland and were 
supplemented in groups with hay from natural 
grasslands ad libitum and with 300 to 350 g/day 
of commercial concentrate. This energy/protein 
intake was maintained for 30 days after AI.

This assay first determined the body 
condition (BC) of the animals according to the 
classification table in Villaquiran et al. (2004), 
considering 0.25 intervals.

Reproductive control

On April 23, 2019, nanny-goats received a 
vaginal sponge impregnated with 20 mg of FGA 
(Chrono-Gest®, Intervet, Portugal). On the same 
date, they were administered an intramuscular 
injection with 100 μg pf Cloprostenol (Manure®, 
MSD Animal Health, Portugal). Progestogen 
treatment was maintained for seven days.

After removing the used vaginal sponges 
(April 30, 2019), the nanny-goats were 
administered an intramuscular injection with 
300 IU of eCG (Intergonan®, Intervet, Portugal).

Response to reproductive control

To find the formation of the first corpus luteum 
after our FGA + eCG treatment, peripheral blood 
samples were collected within five days after 
eCG administration to determine plasma levels 
of progesterone (P4) via radioimmunoassay. For 
this, a DPC® Gamma C12 scintillation reader 
(Bertholt Technologies, Bad Wildbad, Germany) 
and DiaSource ® kits (ImmunoAssays, Louvain-
la-Neuve, Belgium) were used. In this study, 7.1 
and 13.3% mean coefficients of intra- and inter-
assay variation were found, respectively.

First corpora lutea were considered formed 
when P4 plasma levels first exceeded 0.5 ng/ml.

Semen collection

Semen was collected with an electroejaculator 
(eProvac®, Minitub, model MT, Tiefenbach, 
Germany). Serrano goats had not ejaculated in 
three days.

After harvest, collecting tubes were 
transported to a laboratory and kept at 37°C in 
a refrigerated water bath (Neslab® RTE 221, 
Newington, USA). The Andromed® (Minitüb, 
Tiefenbach, Germany) which contained previously 
stored seminal thinners.

Seminal analyses

Semen volume was measured by the 
graduation in the collecting tubes. Sperm 
concentration and motility were estimated via 
Computer Assisted Sperm Analysis (CASA - 
Androvision®, Minitüb, Tiefenbach, Germany). 
The percentage of live sperm was determined via 
phase contrast trinocular microscopy (Motic BA-
310, Barcelona, Spain) after semen drops were 
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diluted with two drops of eosin and a smear, 
prepared with 200 sperm.

Ejaculates showed a ≥ 2.0 mL volume, a ≥ 
3.0 x 109 sperm mL-1 concentration, a ≥ 75% 
motility, and ≥ 75% of live sperm.

Seminal doses

After analyses, ejaculates were initially 
diluted (1:1) with Andromed;, corrected for 
volume by the values indicated by the Androvision 
program; their temperature, was decreased for 
about 90 minutes from 37°C to 15°C (Neslab® 
RTE 221, Newington, USA); and after ten 
minutes of rest, aspirated into 0.25-mL French 
straws, which were sealed with polyvinyl powder. 
The end of refrigeration and the beginning of AI 
were separated by about 30 minutes.

Each semen straw contained at least 350 
x106 spermatozoa.

Timed artificial insemination

All nanny-goats were inseminated (May 2, 
2019), regardless of whether they manifested 
estrus, 43 + 1 hours after eCG administration. 
AI were performed by two experienced artificial 
insemination technicians who alternately used 
two vaginal specula [Minitub® (Tiefenbach, 
Germany) and “Reyes” (Ovígén, Zamora, 
Spain)] (Figure 1) with LED light systems. 
Inseminations with the Minitub vaginal speculum 
were performed via Quicklock® guns for small 

ruminants (Minitube, Tiefenbach, Germany) 
and Minitub® cover sheaths (Tiefenbach, 
Germany), whereas those with the “Reyes” 
vaginal speculum, with IMV® universal guns for 
cattle (L’Aigle, France) and classical IMV® cover 
sheaths (L’Aigle, France).

Animals were inseminated in a breeding 
season in a stable. To facilitate the observation 
of the entrance of the equipment into the cervical 
canal of animals and for artificial insemination 
technicians’ convenience, two team members 
raised the hind limbs of the chosen nanny-goats, 
maintaining their anterior limbs in contact with 
the ground.

Semen was always deposited as deeply 
as possible without forcing the passage of the 
insemination gun within the cervical canal.

Pregnancy diagnosis

A real-time Mindray Z5Vet ultrasound 
system with a 5.0-10.0 MHz multifrequency 
rectal probe was used 41 days after AI (June 
12) to diagnose pregnancy in our sample.

Statistical analyses

Our experiment was completely randomized 
in a 2 x 2 factorial scheme with two vaginal 
speculum models and two artificial insemination 
technicians. An average of 15 goats were allocated 
for each speculum x artificial insemination 
technician combination. Variance analyses 

Figure 1. Vaginal specula used in artificial insemination - Minitub (left) and “Reyes” (right).
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were performed to find statistically significant 
differences between parameters (STEEL, 
TORRIE, 1980). The Bonferroni/Dunn test was 
used to compare means (DUNN, 1961) and the 
chi-squared test (χ2), frequencies (SNEDECOR, 
COCHRAN,1980).

Results and discussion

Our sample showed a mean age of 4.9 ± 
1.6 years (cv = 31.5%). Zhang et al (2009) 
and Browning et al (2011) found lower fertility 
rates among nulliparous and primiparous nanny-
goats (aged one to two years) than in those aged 
four to six years. Rhone et al (2013) found an 
increase in fertility rate between two and nine 
years of age.

The evaluated nanny-goats showed a 3.4 
± 0.4 BC (cv = 11.0%). The parameter can 
influence their fertility rates (ABSY et al, 2001 
and KHANAL, 2016). According to Scaramuzzi 
and Martin (2008), Karikari and Blasu (2009), 
and Valentim et al (2015a), the best fertility 
rates emerge when goats show a 2.5-3.5 BC.

We found insignificant age differences 
(P>0.05) between nanny-goats inseminated by 
both vaginal specula (Minitub: 5.1 ± 1.4 years 
vs. “ Reyes”: 4.8 ± 1.7 years) and artificial 
insemination technicians (A:4.6 ± 1.4 years 
vs. B: 5.3 ± 1.6 years) as we did for their BC 
(P>0.05) for both vaginal specula (Minitub: 3.3 
± 0.4 points vs. “ Reyes”: 3.5 ± 0.3 years) and 
artificial insemination technicians (A:3.4 ± 0.3 
points vs. B: 3.4 ± 0.5 points).

Response to the FGA + eCG treatment

Research has several hormonal methods to 
synchronize breeding periods – CIDR, vaginal 
sponges, subcutaneous progestogen auricular 
implants and two subcutaneous injections of F2α 
prostaglandins or its analogues (VALENTIM et al, 
2015b; OMONTESE et al, 2016; HASHEMI, 
SAFDARIAN, 2017). The physiological response 

of females may vary according to device and 
hormone types (ROMANO, 2004, PADILHA 
et al, 2011 and SANTOS-NETO et al, 2015).

Progestogen-laden vaginal sponges can 
effectively synchronize the breeding period of 
caprine individuals (VALENTIM et al, 2015b; 
LEO, 2017; FRANCIS, 2018). Research may 
complement treatments to control ovarian 
activity with a single eCG injection (OMONTESE 
et al, 2016; LEO, 2017; FRANCISCO, 2018) to 
ensure adequate synchronization rates, guarantee 
satisfactory ovarian responses, and anticipate 
ovulation (RITAR et al, 1984; OMONTESE et al, 
2016). We found that 98.3% (n = 57) of our 
sample responded to our hormonal treatment, 
proving its efficiency. Leão (2017) and Francisco 
(2018) observed similar results: 94.2% (χ2=2.1; 
P>0.05) and 98.2% (χ2=0.0), respectively.

Fertility rates after artificial insemination

We found that 82.8% (n = 40) of our 
sample were pregnant 41 days after AI. This 
result resembles that in Leo (2017) — 74.6% 
(χ2=1.9; P>0.05) — but exceeded that in 
Francisco (2018), 65.4% (χ2=8.4; P≤0.01). 
However, Francisco (2018) experienced some 
inconsistencies with the quantity and quality of 
the semen available for AI.

The new “Reyes” vaginal speculum, 
developed at Ovígén (Centro de selección y 
mejora genética del ganado Ovino y Caprino 
de Castilla y León, Spain), failed to improve 
fertility rates (Minitub: 81.2% vs. “Reyes”: 
84.6%; χ2=0.6; P>0.05). Silva (2022) found 
a similar result in Churra Galega Bragançana 
nanny-goats. However, it facilitated finding, 
fixing, and inserting our inseminating guns in 
the cervical canal of the evaluated animals and 
sped up handling. Quicker AI reduces stress due 
to handling females (PALACIOS, 2010; LEO, 
2017), which tends to decrease fertility rates as 
it negatively affects the fertilization mechanism 
(SILVA et al, 2016; LEO, 2017).
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Artificial insemination technicians can also 
influence fertility rates (STEYN, 2003; PALACÍN 
et al, 2012; FRANCISCO, 2018) since some 
individuals perform more efficiently than others 
(PALACÍN et al, 2012). Differences among 
these workers may result from variations in the 
time spent in each insemination (WINDSOR, 
1995), their ability to navigate cervix folds 
(EPPLESTON, MAXWELL, 1993; SANTOLARIA 
et al, 2011; FRANCISCO, 2018) without forcing 
the passage of the guns used (SANTOLARIA et al, 
2011; VALENTIM et al, 2016; FRANCISCO, 
2018), the depth at which they deposit semen 
in the cervical canal (SALVADOR et al, 2005; 
CANDAPPA, BARTLEWSKI, 2011; FRANCISCO, 
2018), the speed at which they deposit it (too 
fast would increase cervical reflux) (CANDAPPA, 
BARTLEWSKI, 2011; MORRELL, 2011), among 
others. In Francisco (2018), the inseminating 
team’s experience conditioned fertility rates. In 
this study, artificial insemination technicians 
failed to influence fertility rates (A: 82.8% 
vs. B: 82.8%; χ2=0.0), as in Salvador et al. 
(2005). We may explain our results by artificial 
insemination technicians’ large experience in 
the activity.

Conclusions

Vaginal specula and artificial insemination 
technicians failed to affect Serrana goat fertility 
rates after AI.
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