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By allowing for the creation of embryo banks, reproductive biotechnologies play an essential role in the
preservation of endangered goat breeds’ genetic diversity. This study focused on comparing both available
embryo collection methods [laparotomy (LAP) vs. nonsurgical embryo recovery (NSER)] in Canindé goats to
create an embryo bank for later use in a breed conservation program. Twelve females were superovulated and
subjected to either the LAP or NSER technique for embryo recovery. The recovery rate was similar ( p > 0.05)
between NSER (86.8% – 5.6%) and LAP (92.8% – 4.0%). Moreover, there were no differences ( p > 0.05) in the
number of structures recovered, the viable embryos, and the freezable embryos per goat, respectively, for NSER
(11.7 – 1.3, 11.2 – 1.5, and 10.2 – 1.1) and LAP (10.3 – 1.0, 8.7 – 0.7, and 8.0 – 0.8). Overall, 132 structures were
collected out of 151 ovulations (*12.6 – 1.2 corpora lutea per goat). Finally, the procedure duration time was
also similar ( p > 0.05) for NSER versus LAP, respectively: 32.3 – 3.3 versus 30.8 – 3.9 minutes. In conclusion,
the NSER method results proved to be similar to the LAP technique in small-sized Canindé goats. It was
noticeable, however, that the NSER technique is simpler and provides the possibility for successive procedures
with few health risks and sequels for females. This study may hopefully boost in vivo embryo production
programs in the Canindé breed, facilitating the formation of embryo banks and so assuring the availability of
genetic diversity before any decline becomes irreversible.
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Introduction

The preservation of genetic diversity through breed
conservation is an important strategy for preventing

species extinction. In the past few centuries, anthropic
causes have replaced natural ones as the main reasons for
biodiversity loss. The extensive factors involved include
unsustainable production and consumption systems, pollu-
tion, deforestation, and climate change caused by the
emission of greenhouse gases resulting from the burning of
fossil fuels.1 For the past 20 years, *300 of 6000 farm
animal breeds have been declared extinct by the Food and
Agricultural Organization. In Brazil, the formation of goat

herds began during colonization and specimens have
evolved over the years to develop specific adaptability
characteristics, resulting in naturalized breeds.2 However,
due to indiscriminate crossbreeding with specialized breeds,
genetic variability has been extremely reduced.2 It is im-
portant to emphasize that breed vulnerability can increase as
a result of limited geographical distribution, which is the
case here. Thus, according to McManus et al.,3 any natu-
ralized Brazilian goat breeds are at a certain risk, due to both
the low number of purebred herds and their limited distri-
bution, often in regions known to have long droughts and
harsh conditions. This can result in the definitive loss of
alleles that, over time, might be essential for the preservation
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of the goat species, especially with the possible impacts of
climate change likely to worsen. Among these naturalized
breeds, the Canindé breed stands out for being rustic, with
high prolificacy and adaptability, allowing for survival and
reproduction in a semiarid environment.4

Assisted reproductive technologies, such as in vivo
embryo production followed by cryopreservation, are po-
tential tools for a specimen’s conservation.5 The lower
body size of naturalized goats, in comparison with com-
mercial breeds, has resulted in the surgical [laparotomy
(LAP)] method becoming the main option for embryo
collection. Although LAP can be effective when performed
by skilled personnel, it involves anesthesia and surgery
risks, and the reproductive tract handling normally results
in adherences, impairing future embryo recovery and fer-
tility.6 As an alternative, therefore, the nonsurgical embryo
recovery (NSER) technique has also been successfully
reported in goats.7–9 The simpler anesthetic protocols and
reduced nonadhesion formations involved are the main
advantages. However, this technique has been mostly used
in commercial larger-sized breeds, that is, among which it
is theoretically easier to traverse the cervix.7–9 Despite a
comparative study in sheep having favored NSER instead
of LAP for embryo recovery,10 no such comparison is
available in goats. Thus, we hypothesized that NSER can
be as efficient as LAP for embryo recovery in small-sized
Canindé goats. The aim of this study was to compare both

embryo collection methods (LAP vs. NSER) in Canindé
goats with the aim of creating an embryo bank for later use
in a breed conservation program.

Materials and Methods

All protocols have been approved by the Ethics Com-
mittee of Animal Use of the University (CEUA/UECE;
1074/2017). The experiment was conducted in the facilities
of the Laboratory of Physiology and Control of Re-
production, in Fortaleza (3�43¢ S and 38�30¢ W), Brazil.
Twelve Canindé goats aged 2.8 – 0.6 years and weighing
31.6 – 1.4 kg were used as embryo donors. The goats re-
ceived Tifton (Cynodon dactylon) hay, 18% crude protein
concentrate, and had ad libitum access to water and min-
eralized salt.

Estrus synchronization was achieved using intravaginal
sponges with 60 mg acetate medroxyprogesterone (Pro-
gespon, Zoetis, São Paulo, Brazil) for 10 days. On days
8, 9, and 10, five decreasing doses (30/30/20/20/20 mg)
of porcine follicle-stimulating hormone (Folltropin V,
Vetrepharm, Canada) was administered intramuscularly
(im) at 12-hour intervals. On day 9, 50 mg d-cloprostenol
(Ciosin, Coopers, Brazil) im was given. Estrus detection
and mating began after sponge removal, at 12-hour in-
tervals, using two Canindé males of proven fertility. All
female goats in estrus were mated at least twice with both

FIG. 1. Embryo recovery
in goats by both surgi-
cal/laparotomy (A) and non-
surgical (B) method. (A) A
syringe with flushing media
(1) is inserted in the uterus
bifurcation (2) and in the
uterotubal junction (3).
(B) Forceps are inserted in
the cervical os (1), which is
visualized by a light source
(2) while a catheter with a
metal mandrel passes through
the cervical rings.

Table 1. Reproductive Parameters from Canindé Goats Subjected to Superovulation and Embryo

Recovery by Either Nonsurgical or Surgical (Laparotomy) Method

Parameter NSER LAP Mean/total p

Estrous response (%) 100.0 (6/6) 100.0 (6/6) 100.0 (12/12) —
Does with luteal regression (%) 16.7 (1/6) 33.3 (2/6) 25.0 (3/12) 0.54
Does successfully flushed (%) 100.0 (6/6) 100.0 (6/6) 100.0 (12/12) —
Procedure duration time (minutes) 32.3 – 1.4 30.8 – 1.6 31.6 – 1.0 0.49
Corpora lutea count per goat (n) 13.7 – 1.6 11.5 – 1.8 12.6 – 1.2 0.38
Recovery rate (%)a 86.8 – 5.6 92.8 – 4.0 89.8 – 3.4 0.40
Fertilization rate (%)a 94.9 – 3.3 87.0 – 4.5 90.9 – 2.9 0.18
Structures recovered per goat (n) 11.7 – 1.3 10.3 – 1.0 11.0 – 0.8 0.43
Viable embryos per goatb (n) 11.2 – 1.5 8.7 – 0.7 9.9 – 0.9 0.15
Freezable embryos per goatc (n) 10.2 – 1.1 8.0 – 0.8 9.1 – 0.7 0.15
Unfertilized oocytes per goat (n) 0.5 – 0.3 1.7 – 0.7 1.1 – 0.4 0.15

() number of animals or structures.
aTotal average of each goat/rate.
bViable: Grade 1 to 3 (excellent/good, fair, and poor) embryos.
cFreezable: Grade 1 and 2 (excellent/good and fair) embryos.
LAP, laparotomy; NSER, nonsurgical embryo recovery.
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males. Seven days after the first mating, the ovulatory
response was assessed by laparoscopy. Goats were de-
prived of food and water for 24 hours before embryo
collection. Both LAP10 (Fig. 1A) and NSER8,9 (Fig. 1B)
procedures were similar to those described previously.
Recovered embryos were examined under a stereomicro-
scope (Nikon, Japan) at 40 · magnification and evaluated
according to the International Embryo Technology Society
manual—grades: (1) excellent or good, (2) fair, (3) poor,
and (4) dead or degenerating.11 Embryos were slow-frozen9

to allow an embryo bank to form for the Canindé breed.
Data are expressed as a percentage (%) or mean – standard

error of mean and analyzed by SPSS v.22 (IBM Corporation,
Armonk, NY) software. All results were verified for nor-
mality and homoscedasticity using the Shapiro–Wilk and
Levene’s tests, respectively. When necessary, the data were
subjected to Box–Cox transformation. For group compari-
sons, either Student’s t-test or Fisher’s exact test with p < 0.05
considered as significant were drawn upon.

Results

All parameters recorded are listed in Table 1. All goats
responded to superovulation and the number of ovulations
per female varied from 9 to 20. The number of structures
(both recovered and fertilized) along with the embryo
quality were not influenced ( p > 0.05) by the technique.
Overall, out of 151 ovulations, 132 structures were col-
lected. The three goats presenting premature luteal regres-
sion had similar recovery rates to those showing functional
corpora lutea (CL). Regardless of the experimental group,
no grade IV embryo (dead or degenerating) was observed.

Discussion

This study compared the LAP and NSER techniques for
embryo collection in small-sized Canindé goats, aiming to
create an embryo bank for later use in a breed conservation
program. In doing so, the study hypothesis was proven, that
is, that NSER is as efficient as LAP for embryo recovery in
these females. To the best of our knowledge, this is the first
study comparing both techniques in goats. There is a general
consensus that NSER can contribute to the success of em-
bryo transfer programs, whether for commercial purposes or
for the formation of embryo banks to safeguard species/
breed preservation. Besides being simple, aligned with an-
imal welfare demands, and presenting a relatively low cost,
this technique also allows for avoiding the usual surgical
risks associated with LAP.6

The high estrous response rate (100%) and ovulatory re-
sponse (12.6 CL per ewe) indicate that the hormonal treat-
ment was effective in inducing superovulation in Canindé
goats.12 Premature luteal regression occurred in both groups,
although this phenomenon is frequently observed in goats5—
mainly when subjected to superovulation treatment—so is not
associated with the technique.

No statistical differences were observed in any param-
eter related to embryo collection efficiency. The procedure
duration time (*32 minutes) is an important parameter if
the technique is to be widespread in practice. Moreover, a
high recovery rate was obtained in both groups (*90%).
This parameter is of utmost importance and resulted in a
great number of viable (*9.9) and freezable (*9.1) em-

bryos per goat. Our group has experience in using the
NSER in small ruminants.6,8–10 However, in this study, for
the first time we performed the recovery on donor goats
weighing <35 kg, resulting in 100% efficiency. The similar
efficiency achieved throughout the embryo recovery pa-
rameters assessed in our research raises the possibility of
abolishing surgical procedures for embryo recovery in
goats, even in small-sized breeds. All freezable embryos
recovered were slowly frozen as cryopreservation is a
valuable tool for animal biobanking. Although embryo
production and freezing are more expensive than oocyte/
semen preservation, the use of embryos is correlated with
faster breed reconstitution.13

In conclusion, the NSER method was efficient and can
be applied to small-sized Canindé goats. Notably, NSER is
simpler than LAP and offers the possibility of successive
procedures with few health risks and sequels for females.
This study should hopefully boost in vivo embryo produc-
tion programs in the Canindé breed, facilitating the forma-
tion of embryo banks, and assuring the availability of
genetic diversity before any decline becomes irreversible.
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