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AI and MOET – tools for genetic improvement: 

AI MOET
Germplasm 

biorepositories

Facilitate international
trade

Pivotal for the propagation of animals with high genetic and economic
merit

Contribute to salvaging endangered animal
populations



Embryo production

In vivo embryo production
/ MOET / ET

In vitro embryo production
/ IVF / IVP

Higher cryotolerance:
preferred for establishing
biobanks



Figure 2. Number of bovine embryos [in vivo derived (IVD), in vitro 
produced (IVP), and total] recorded in the period 2002–2021

MOET vs IVP: 
Bovine world embryo production 

2002-2021



MOE
T

Sheep embryo production
in 2021

⁓7.1 
embryos/ewe

98.5% 
are 

MOET



Goat embryo production
in 2021

⁓7.7 
embryos/doe

MOE
T

64% are 
MOET



Small ruminant particularities

goat

Ewes have long (4–8
cervical rings), rigid, and
tortuous cervix

Does have a shorter cervix 
(3 to 5 cervical rings, 
usually  symmetrically 

aligned)

sheep
Kershaw et al., 2005

Small body size – limits the rectal palpation to digital
exams
Uterine cervix – difficult to penetrate with most
catheters



AI techniques in small ruminants

Laparotomy

Lopyrin and Loginova, 1958; 
Salamon and Lightfoot, 1967;

Silla et al., 2021



AI techniques in sheep

Killen and Caffery, 1982; 
Maxwell et al., 1984; 
Rocha et al., 2022

Laparoscopy Pericervical/vaginal

Lopyrin and Loginova, 1958; 
Salamon and Lightfoot, 1967; 

Menchaca et al., 2005

Photo provided by Alejo Menchaca

most widespread



AI techniques in sheep

Transcervical, usually with cervical 
traction A B

C D

Fig. Histological sections of the vaginal fornix and
cervix submitted to immunohistochemical staining
by reaction with PGP-9.5 antibody. Black arrow =
nerve terminations; Straight line = epithelium;
Wavy line = loss of connective tissue.

Nerve terminations?



Table 1. Studies conducted in
sheep aimed at increasing the
penetrability of the uterine
cervix during transcervical AI
procedures.

(Candappa & Bartlewski, 2011)

Guelph 
system 



Pregnancy rates after AI
Pregnancy rates are generally lower when F/T rather than fresh ram semen is
deposited in the cervical os (⁓ 30 vs. 75%)

(Salamon and Maxwell, 
2000)

Cryopreservation-induced alterations in seminal plasma molecules (proteins, lipids,
and RNAs) (Reviewed by Fair et al., 2019; Warr et al., 

2022)

• Exact cause of impaired F/T sperm cervical transit?  

Abril-Parreño et al., 2021



AI techniques in goats

Transcervi
cal

Cervical 
immobilization

Embrapa AI 
technique

most
widespread



Embrapa AI technique

Cervical transposing was 
more time-consuming 

(P<0.01) in Null (44 s) than 
Plu (21 s) 

Intrauterine AI was more 
frequent (P<0.01) in Plu

(100%; 32/32) than in Null 
(70%; 23/33) 



Embrapa AI technique /
cervical mucus



Cervical mucus

Fig. 1 Cervical mucus types of Santa Inês ewes hormonally induced to 
estrus. 



Pregnancy rates – Embrapa AI technique

62
%

68
%

85 to 
93%

66 to 
80%

P4

PG
F

P4

PG
F



Results of our AI technique in commercial systems

50-70% of pregnancy rate after 1 AI with F/T semen in
dairy goats.

(n= > 2500 goats)



Photo provided by Jeferson Fonseca

AI in 60 goats, in 
<2h



Embryo collection techniques in small ruminants

Laparoscopy Laparotomymost widespread



Embryo collection techniques in small ruminants

Non-surgical embryo recovery 
(NSER)







Donor selection
Primary criteria for selecting donors for MOET
• Genetic/economic value
• Responsiveness to SOV

For NSER
Avoid nulliparous
BCS should be intermediate (not too thin, but not 
obese)
Post-partum ewes between 100 and 150 days



Donor selection

Sensibility: 85.7%; Specificity: 66.6%; 
Accuracy: 80% 

Cervix rectilinear, intermediate, and highly
asymmetrical

PhD Student: 
Juliana Dantas

PhD student: 
Lucas Figueira



Donor selection

PhD student:
Jenniffer Dias



Hormonal protocol: Synchronization/Superovulation



Non-invasive method to assess SOV responses
Can we replace the pre-collection laparoscopy by an US 

evaluation?



n= 75 ewes; n= 150 ovaries

CL SENS SPEC VPP VPN Kappa ACR

1 0.98 0.93 0.91 0.99 0.95 0.89

2 0.98 0.94 0.89 0.99 0.95 0.84

3 0.95 0.95 0.88 0.98 0.95 0.75

4 0.86 0.96 0.83 0.97 0.94 0.67

5 0.67 0.96 0.74 0.95 0.92 0.61

PhD student: 
Pedro Pinto



Cervical dilation treatment 

Review under preparation
(Dias et al.)

Need for cervical dilation before embryo recovery, especially in
sheep

The hormonal protocols were based on the mechanisms of natural
cervical ripening (estrus and pre-parturition)

SO
V



Table 3. Studies conducted in goats that were subjected to hormonal
cervical dilation protocols prior to NSER.

In goats, only PGF2α





Table 2. Studies conducted in
sheep that were subjected to
hormonal cervical dilation
protocols prior to NSER.



PhD Student: 
Fabiana Zambrini

Cervical dilation 
treatments

OT ivg. versus
iv.

EB i.m. versus
ivg.

EB i.m. versus saline 
i.m.

EB i.m. versus ECP 
i.m. 



Our “current” cervical dilation protocol

1 mg estradiol benzoate i.m. and 37.5 mg cloprostenol (lv) 16 h 
before + 

50 IU oxytocin i.v. 20 min prior to NSER



Cervical dilation protocol - NSER in different breeds



Cervical dilation protocol – is EB needed?

No SOV

PhD student:
Jenniffer Dias

EB
?

EB may be either
removed or
reduced (dilation
treatment) for Dorper
ewes



PhD student:
Jenniffer Dias

Cervical dilation protocol – Does EB affect embryo
viability?

EB 
Group

n

Embryo in vitro survival (%)

24 h 48 h

G0.0 25 52 (13/25) 60 (15/25)

G0.5 24 50 (12/24) 54 (13/24)

G1.0 24 54(13/24) 58 (14/24)

~ 57.5%



NSER technique

Cervical dilation

(EB + PGF + OT) 

(PGF)

Restrained in an (elevated) cart

Sedation + Analgesia
(hyoscine-N-butylbromide,
sodium dipyrone and
acepromazine maleate)

local anesthetics 
(epidural and pericervical gauze)



NSER technique
Collin speculum Pozzi forceps Hegar dilatorCervical traction

Catheter stiffened with a metal mandrelMandrel removalNSER



Laparotomy

NSER 

Embryo collection techniques: efficiency of each one?

Duration time
Fluid recovery %

Embryo recovery %
Nb of structures collected



PhD Student: 
Juliana DantasWe assessed physiological, endocrine,

biochemical, and behavioral parameters
during and after the collection
procedures

NSER technique – welfare?



Embryo transfer techniques

First report: Otsuki and Soma, 
1964

Data on non-surgical embryo transfer (NSET) are 
scarce…



Non-surgical embryo transfer (NSET)

Overall pregnancy/kidding rate was 
32%, representing an embryo survival 

rate of 36% 



Final considerations

Considering the animal’s well-being, the NSER method is a viable alternative to
laparotomy and laparoscopy, which are more invasive but still predominantly used
worldwide, possibly due to a lack of sufficient NSER training opportunities

Continued improvements are required to guarantee that the application of non-surgical
AI/MOET is safe and maximizes the productivity outcomes in goats and sheep

Regarding AI, its recent progress has been rather slow and the techniques used are
generally like those developed in the last decades



NSER practical courses abroad
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