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Highlights

The development of vitrified and slowly frozen embryos was compared.

The day of cryopreservation was also evaluated.

Vitrified embryos had better re-expansion and embryo hatching rates.

Day of cryopreservation did not affect the rates of re-expansion or embryo hatching.  

Abstract

We evaluated the post-thaw development of in vitro-produced (IVP) bovine embryos cryopreserved 

using vitrification and slow-freezing techniques on different days after in vitro fertilization (IVF). Nine 

replicates of IVP were performed. Embryos at the expanded blastocyst stage with quality grades 

1 and 2 (according to the International Embryo Technology Society (IETS) manual) were selected on 

days 7, 7.5, and 8 after IVF. Embryos (n = 472) were randomly divided and cryopreserved using slow 

freezing (n = 257) or vitrification (n = 215). The embryos were organized into six groups according to the 

cryopreservation technique and the day: 1) Group DT7 (embryos subjected to slow freezing on D7, n = 

140); 2) Group DT7.5 (embryos subjected to slow freezing 12 hours after D7, on D7.5; n = 61); 3) Group 
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DT8 (embryos subjected to slow freezing on D8, n = 56); 4) Group VIT7 (embryos vitrified on D7, n = 

127); 5) Group VIT7.5 (embryos vitrified 12 hours after D7, on D7.5; n = 49); and 6) Group VIT8 (embryos 

vitrified on D8, n = 39). Data were arcsine-transformed and analyzed using analysis of variance and the 

GLIMMIX procedure in SAS (SAS 9.2), with P < 0.05. The re-expansion and embryo hatching rates were 

higher in vitrified embryos than in embryos subjected to slow freezing (P < 0.05). Embryo quality grade 

did not influence the total developmental rate (P > 0.05). However, grade 1 embryos re-expanded more 

rapidly (within 24 hours) than grade 2 embryos. Grade 1 embryos showed better results with vitrification 

than with slow freezing. The experimental groups represented a technique × day interaction and did not 

differ in terms of re-expansion and hatching rates (P > 0.05).

Key words: Cryosurvival. Direct Transfer. IVEP.

Resumo

Avaliou-se o desenvolvimento pós-descongelamento de embriões bovinos produzidos in vitro 

(PIV) criopreservados pela técnica de vitrificação e de congelamento lento em diferentes dias após 

a fertilização in vitro (FIV). Foram realizadas 9 réplicas de PIV. Nos dias 7; 7,5 e 8 após a FIV, foram 

selecionados embriões no estágio de blastocisto expandido de grau de qualidade 1 e 2 (de acordo com 

o manual IETS). Os embriões (n=472) foram divididos aleatoriamente para serem criopreservados por 

congelamento lento (n=257) ou vitrificação (n=215). Organizou-se os embriões em 6 grupos de acordo 

com a técnica de criopreservação e o dia: 1) Grupo DT7 (embriões submetidos ao congelamento lento 

no D7, n= 140); 2) Grupo DT7,5 (embriões submetidos ao congelamento lento 12 horas após o D7, no 

D7,5; n= 61); 3) Grupo DT8 (embriões submetidos ao congelamento lento no D8, n=56); 4) Grupo VIT7 

(embriões vitrificados no D7, n= 127); 5) Grupo VIT7,5 (embriões vitrificados 12 horas após o D7, no 

D7,5; n= 49); 6) Grupo VIT8 (embriões vitrificados no D8, n= 39). Os dados foram transformados para 

arcoseno e analisados por Análise de Variância utilizando o procedimento GLIMMIX do SAS (SAS 9.2) 

com P<0,05. A taxa de re-expansão e de eclosão embrionária foi maior para embriões vitrificados que 

para embriões submetidos ao congelamento lento (P<0,05). O grau de qualidade embrionária não 

influenciou as taxas de desenvolvimento totais (P>0,05). Porém embriões de grau 1 re-expandiram mais 

rapidamente (às 24 h) que embriões grau 2. Embriões grau 1 apresentaram melhores resultados com 

a técnica de vitrificação do que com congelamento lento. Os grupos experimentais representaram a 

interação técnica*dia e não diferiram entre si quanto as taxas de re-expansão e eclosão (P>0,05).

Palavras-chave: Criossobrevivência. Direct Transfer. PIV.

Introduction

In vitro production (IVP) of embryos is 
one of the main reproductive biotechnologies 
used for genetic improvement in Brazil 
(Gonçalves & Viana, 2019). According to 
information from the International Embryo 

Technology Society [IETS] provided by Viana 
(2018), Brazil has held a prominent position 
in the global scenario for IVP embryos 
since 2007. There was a consolidation of 
in vitro technology in the country in 2017 
with a historic milestone in the production 
of bovine embryos, when the total number 
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of IVP embryos (992,289) exceeded those 
generated in vivo (406,287) for the first time 
(Viana, 2018).

As highlighted by Viana (2022), the 
proportion of transferred IVP embryos in 
2021 was largely driven by an increase in the 
utilization of cryopreserved IVP embryos, 
which represent approximately one-third 
of all embryo transfers performed globally. 
Considering that in vitro embryo production 
is a widely used technique in reproductive and 
genetic improvement programs for domestic 
species, cryopreservation is an essential 
step in the evolution and consolidation of 
this technique (Gonçalves & Viana, 2019). 
In addition to enabling the establishment of 
germplasm banks, cryopreservation aids in 
optimizing embryo transfer through more 
efficient utilization of surplus embryos, 
especially during recipient shortages (Leibo 
& Mapletoft, 1998). It facilitates the trade of 
high-quality genetic material (Aksu et al., 
2012) and prevents animal welfare issues 
and disease transmission (Almiñana & Cuello, 
2015). 

The most common and widely used 
procedures for embryo cryopreservation are 
vitrification and slow freezing (Arshad et al., 
2021). Vitrification stands out for its ability to 
achieve ultra-rapid freezing, which prevents 
the formation of intracellular ice crystals and 
contributes significantly to the cryogenic 
survival of embryos (Saragusty & Arav, 2011). 
However, it is important to note that using 
high concentrations of cryoprotectants 
can trigger cytotoxicity, adding complexity 
to the technique. Additionally, it requires a 
laboratory setting and technical expertise 
for the pre-transfer assessment of embryos 
(Vajta et al., 1998), limiting its viability in 

large-scale scenarios. The direct application 
of vitrified embryos, that is, without the 
need for pre-assessment, has been studied 
(Caamaño et al., 2015; Inaba et al., 2011), but 
it still presents limitations, such as the lack 
of a standardized method and inconsistent 
results (Ferré et al., 2020; Do et al., 2019).

In contrast, the slow freezing method 
appears to be more flexible with regard to 
direct transfer (DT) since the discovery of the 
use of ethylene glycol as a cryoprotectant, 
which simplified the post-thaw rehydration 
step of embryos, eliminating the need for 
a laboratory setup (Voelkel & Hu, 1992; 
Oliveira et al., 2020). It has shown consistent 
results, as found in the study by Sanches et 
al. (2016), making it a more effective option 
in commercial contexts. In addition, the use 
of lower cryoprotectant concentrations is 
advantageous. However, it is worth noting 
that ice crystal formation, which may affect 
the success of cryopreservation, is as a 
challenge in this method (Ferré et al., 2020). 
Therefore, choosing between vitrification 
and slow-freezing techniques should 
consider the relationships between technical 
complexity, commercial viability, and 
effectiveness in preserving bovine embryos.

Morphological quality is one of 
the most important factors in embryo 
cryopreservation (Dode et al., 2013). An ideal 
embryo should be compact and spherical; 
present blastomeres of similar sizes with 
uniform color and texture; the cytoplasm 
should not be granular or vesiculated; the 
perivitelline space should be clear and free of 
cellular debris; and the zona pellucida should 
be uniform without debris on its surface 
(Bó & Mapletoft, 2013). In this context, the 
pregnancy rates of cryopreserved IVP 
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embryos tend to be higher when used at the 
expanded blastocyst stage (D7; Marinho et 
al., 2015; Sanches et al., 2016). However, it 
is important to note that IVP embryos may 
exhibit a variety of developmental patterns, 
which may lead to the presence of embryos 
with exceptional morphological quality at 
earlier (D6) or more advanced (D8) stages.

Based on these observations, we 
hypothesized that the vitrification method 
and slow freezing for the direct transfer (DT) 
of expanded blastocysts would exhibit similar 
post-thaw development rates. Additionally, 
these techniques can be used in embryos 
cultured for 7 or 8 days in vitro without 
compromising post-thaw development. 
Therefore, the aim of the present study 
was to evaluate the progress of embryonic 
development after thawing cryopreserved 
embryos at different times during in vitro 
culture using vitrification and slow freezing 
methods.

Materials and Methods

Ethical aspects

All procedures were conducted in 
accordance with the Ethics Committee on 
Animal Use in Experimentation (Protocol 
23107.001762/2022-54).

Location

The experiment was conducted at the 
Animal Reproduction Laboratory (LABRA), 
affiliated with the Center for Biological and 
Natural Sciences, Federal University of Acre 
(UFAC; Rio Branco, Acre, Brazil).

Experimental design

Nine replicates of IVP embryos were 
cryopreserved. The embryos in each of the 
IVP replicates were subjected to two different 
cryopreservation techniques: vitrification and 
slow freezing. Embryos were cryopreserved 
when they reached the expanded blastocyst 
stage of grades 1 or 2 (according to the IETS 
Manual) on days 7, 7.5, and 8 post IVF (D7, 
D7.5, and D8, respectively).

A total of 472 embryos were 
cryopreserved and randomly allocated 
to either the slow freezing (n = 257) or 
vitrification (n = 215) groups. The embryos 
were organized into six groups based on 
the cryopreservation technique and the 
day of embryonic development (D7, D7.5, 
and D8; as shown in Figure 1): 1) Group DT7 
(embryos subjected to slow freezing on D7, n 
=  140); 2) Group DT7.5 (embryos subjected 
to slow freezing 12 hours after D7, on D7.5; 
n =  61); 3) Group DT8 (embryos subjected to 
slow freezing on D8, n = 56); 4) Group VIT7 
(embryos vitrified on D7, n =  127); 5) Group 
VIT7.5 (embryos vitrified 12 hours after D7, 
on D7.5; n =  49); and 6) Group VIT8 (embryos 
vitrified on D8, n = 39).
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Oocyte collection and selection

Ovaries from crossbred cows (Bos 
indicus × Bos taurus) slaughtered at a local 
abattoir (Rio Branco, Acre, Brazil) were 
collected and transported to the LABRA in 
0.9% saline solution at 37°C for follicular 
aspiration. Cumulus-oocyte complexes 
(COCs) were aspirated from antral follicles 
measuring 3-8 mm using hypodermic 
needles with a gauge of 21 (30 × 8 mm) 
attached to 20 mL syringes.

Following aspiration, the COCs were 
filtered using phosphate-buffered saline 
solution (DPBS) through a mini oocyte filter 
for selection and washed in Tissue Culture 
Medium-199 (TCM-199) buffered with HEPES, 
supplemented with 10% Fetal Bovine Serum 

Figure 1. Schematic representation of the experimental design.

A total of 472 embryos were cryopreserved and randomly allocated to either the slow freezing (n = 

257) or vitrification (n = 215) groups. The embryos were organized into six groups based on the 

cryopreservation technique and the day of embryonic development (D7, D7.5, and D8; as shown in Figure 

1): 1) Group DT7 (embryos subjected to slow freezing on D7, n =  140); 2) Group DT7.5 (embryos subjected 

to slow freezing 12 hours after D7, on D7.5; n =  61); 3) Group DT8 (embryos subjected to slow freezing on 

D8, n = 56); 4) Group VIT7 (embryos vitrified on D7, n =  127); 5) Group VIT7.5 (embryos vitrified 12 

hours after D7, on D7.5; n =  49); and 6) Group VIT8 (embryos vitrified on D8, n = 39). 
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IVP Embryos 
(n=472) 

Slow-freezing (n=257) 

Group DT7 (slow-frozen embryos 
on D7, n=140) 

Group DT7.5 (slow-frozen embryos 
on D7.5; n=61) 

Grupo DT8 (slow-frozen embryos 
on D8, n=56) 
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Grupo VIT7 (vitrified embryos on 
D7, n=127) 

Grupo VIT7,5 (vitrified embryos on 
D7,5; n=49) 

Grupo VIT8 (vitrified embryos on  
D8, n=39) 

(FBS; Sigma-Aldrich, St. Louis, MO, USA), 2 
μg/mL pyruvate, and 75 μg/mL gentamicin 
(Instituto Bioquímico, Rio de Janeiro, Brazil). 
Only COCs surrounded by at least one 
layer of cumulus cells and a homogeneous 
cytoplasm were selected and classified.

In vitro maturation (IVM)

After selection and classification, 
25 to 30 COCs were added to 100 µL 
drops of maturation medium consisting of 
TCM-199 supplemented with bicarbonate 
and 10% FBS (Sigma-Aldrich), 2 μg/mL 
pyruvate, 75 μg/mL gentamicin (Instituto 
Bioquímico, Rio de Janeiro, Brazil), 20 μg/
mL follicle-stimulating hormone (FSH; Ceva 
Veterinária S.A., São Paulo, Brazil), and 10 IU/
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mL luteinizing hormone (LH; UCB Biopharma, 
São Paulo, Brazil). This was immersed in 4 mL 
of mineral oil in a Petri dish and maintained at 
5% atmospheric CO2 and saturated humidity 
at 38.7°C for 22-26 hours from the time of 
follicular aspiration.

In vitro fertilization (IVF)

In vitro fertilization (IVF) was 
performed using the semen from a single 
Aberdeen Angus bull (Bos Taurus). The 
semen was thawed (37°C for 30 seconds) 
and washed twice using centrifugation (1st 
at 6700 ×g for 5 minutes and 2nd at 1100 × 
g for 3 minutes) in 1 mL of Tyrode’s albumin 
lactate pyruvate (TALP; Sigma-Aldrich) 
supplemented with 2.2 mg of pyruvate and 
83.4 g/µL of amikacin, buffered with 2.3 g/
µL of HEPES. An inseminating dose of 10 µL 
(1 × 106 sperm/mL) was added to each 50 
µL drop of TALP-FIV (TALP; Sigma-Aldrich) 
supplemented with 10 mg/µL heparin and 
160 µL of penicillamine, hypotaurine, and 
epinephrine solution) and covered with 
mineral oil. Each drop contained 25-30 
oocytes. The spermatozoa and oocytes were 
incubated for 18-22 hours in an incubator at 
38.7°C, 5% CO2, and saturated humidity. The 
day of fertilization was considered day zero 
(D0).

In vitro culture (IVC)

The potential zygotes resulting from 
fertilization were subjected to removal of 
cumulus cells through successive pipetting 
and cultured in 100 µL drops of modified 
synthetic oviductal fluid (mSOF) containing 
amino acids (BME amino acid solution, 45 

mL/mL and MEM non-essential amino acid 
solution, 3.3 mL/mL), citrate (0.1 mg/mL), 
myo-inositol (0.5 mg/mL), and BSA (6 mg/
mL) with 0.1% (v/v) FBS (Sigma-Aldrich). The 
in vitro culture was conducted at 38.7°C, 5% 
CO2, 5% O2, 90% N2, and saturated humidity. 
All structures were cultured in mSOF with 
0.5 mg/mL polyvinyl alcohol PVA (HSOF) 
under 200 µL mineral oil on day 6 and finally 
sealed with silicone stoppers, containing 
a maximum of 35 structures/tube. These 
tubes remained in a controlled environment 
within the incubator solely to maintain the 
temperature (38.7°C).

Cryopreservation

Embryos were evaluated for their 
morphological quality by a single trained 
technician prior to cryopreservation 
procedures on days 7, 7.5, and 8 of in 
vitro culture. Embryos at the expanded 
blastocyst stage of grade 1 or 2 (according 
to the IETS manual) were considered suitable 
for cryopreservation and randomly and 
proportionally divided to undergo vitrification 
or slow freezing.

Vitrification, warming, and recultivation

Embryos were exposed to an 
equilibrium solution containing 10% ethylene 
glycol (EG) + 10% dimethyl sulfoxide (DMSO) 
in TCM-HEPES medium (25 mM HEPES) 
+ 10% FBS for 1 minute and then for 20 
seconds in the vitrification solution (VS ¼ 
20% EG + 20% DMSO in TCM-HEPES with 0.5 
M sucrose(Sigma-Aldrich) for vitrification. Up 
to five embryos were placed in hemi-straws 
(Liebermann & Tucker, 2002) during the 20 
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seconds of exposure to VS and immediately 
placed in liquid nitrogen (−196°C).

The rewarming/devitrification 
process involved removing the VS through 
two washes with 0.3 M sucrose and 0.15 M 
sucrose for 5 minutes each, before applying 
the maintenance medium TCM-HEPES. 
Once rewarmed, the embryos were washed 
in a drop of HSOF and transferred to tubes 
with 400 μL of HSOF maintenance medium 
covered by 200 μL of mineral oil, sealed with 
silicone stoppers.

After thawing, the embryos were 
separated into tubes according to the 
experimental groups and embryo quality 
grade to evaluate their initial development, 
mainly regarding the blastocyst re-expansion 
rate and embryo hatching rate at 24, 48, and 
72 hours.

Slow freezing, thawing, and reculturing

The direct transfer (DT) of embryos 
was used for the slow-freezing technique. 
The embryos were loaded into 0.25 mL IMV 
straws (HUMECO, Huesca, Spain) with a 
filling pattern as described by Sanches et 
al. (2016), placed in a central column of 1.5 
M ethylene glycol solution, surrounded by 
four columns of thawing solution (0.75 M 
EG diluted in HSOF medium), and separated 
from each other by air columns. After a 
10-minute equilibration, the straws were 
placed in a freezing machine (TK 1000, TK 
Tecnologia) previously stabilized at −6ºC. 
Crystallization (“seeding”) occurred in the 
columns immediately above and below the 
embryo column 2 minutes after the straws 
were placed in the machine. The embryos 
remained at −6 ºC for 10 minutes, after 
which the freezing curve began, lowering 

the temperature by −0.5 °C per minute until 
reaching −32 °C. After the end of the freezing 
curve, the straws containing the embryos 
were immersed in liquid nitrogen (−196°C) 
and stored in canisters until thawing.

Straws containing the embryo was 
removed from the liquid nitrogen were 
removed one at a time and held in the air 
at room temperature for 5 seconds, then 
immersed in water at 30°C for 30 seconds 
for thawing. After this period, the embryo 
was removed from the straw using an 
inoculation mandrel by pushing the plunger 
of the straw to expel its contents into a Petri 
dish. The embryos were washed in a drop of 
HSOF maintenance medium before being 
transferred to tubes with 400 μL of HSOF 
maintenance medium covered by 200 μL of 
mineral oil and sealed with silicone stoppers.

Statistical analysis 

The data were arcsine-transformed 
and analyzed using analysis of variance and 
the GLIMMIX procedure in SAS (SAS 9.2, 
North Carolina, SAS Institute Inc.). Replicates 
were considered for the analysis (N = 9). 
The effects of cryopreservation method 
(vitrification or slow freezing for direct transfer 
[DT]), culture days (D7, D7.5, and D8), embryo 
quality (Grades 1 and 2), and their interactions 
on the variables of embryo re-expansion at 
24 hours, embryo re-expansion at 48 hours, 
total embryo re-expansion, embryo hatching 
at 24 hours, embryo hatching at 48 hours, 
and total embryo hatching were evaluated. 
Data are presented as least-squares means 
and standard errors of the mean. Differences 
were adjusted using the Tukey-Kramer test 
when individual differences were compared. 
Statistical significance was set at P < 0.05.
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Results and Discussion

Considering that the rates of re-
expansion and hatching of bovine blastocysts 
are criteria used to estimate the viability 
and developmental potential of the embryo 
post-cryopreservation (Aksu et al., 2012), we 
selected these parameters to test the central 
hypothesis of this study, which was to obtain 
similar developmental rates with vitrification 
and slow freezing techniques. Embryonic 
development after cryopreservation/thawing 
was evaluated 24-72 hours after thawing. 
However, re-expansion and hatching of 
embryos occurred only for up to 48 hours. 

The total re-expansion rate was 
higher in embryos subjected to vitrification 
than in those subjected to slow freezing (DT), 
with values of 95% and 86%, respectively 
(P = 0.0117; Figure 2). In the context of the 
vitrification technique, 90% of the embryos 
resumed expansion within the first 24 hours 
of in vitro culture, whereas 5% resumed 
expansion between 24 and 48 hours of in 
vitro culture. In the case of DT embryos, a re-
expansion rate of 81% was recorded after 24 
hours, which was lower than that of vitrified 
embryos, which showed a rate of 90% (P 
= 0.0508); additionally, 5% of DT embryos 
resumed expansion after 48 hours, showing 
similarity to the re-expansion rate of vitrified 
embryos (P > 0.05).

Figure 2. Re-expansion rates (at 24 hours, 48 hours, and total), according to the cryopreservation 
technique used. 
*P < 0.05 indicates statistical significance.
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The overall hatching rate was also 
higher in embryos subjected to vitrification 
than in those subjected to slow freezing, 
with values of 89% and 78%, respectively 
(P = 0.0346; Figure 3). In the vitrified embryo 
group, 71% hatched within the first 24 hours 
of in vitro culture, whereas 18% hatched 
between 24 and 48 hours. A hatching rate 
of 61% was observed after 24 hours and 
17% between 24 and 48 hours (P > 0.05) 
in the group of embryos subjected to slow 

Figure 3. Hatching rates (at 24 hours, 48 hours, and total), according to the cryopreservation 
technique used. 
*P < 0.05 indicates statistical significance.

freezing. Although differences in hatching 
rates between vitrified embryos and those 
cryopreserved using slow freezing have not 
been identified (Barceló-Fimbres & Seidel, 
2007; Sanches et al., 2016), most studies have 
reported superior results with vitrification of 
PIV bovine embryos (Liebermann & Tucker, 
2006; Mucci et al., 2006; Inaba et al., 2011; 
Caamaño et al., 2015; Do et al., 2017), 
corroborating our results.

bovine embryos (Liebermann & Tucker, 2006; Mucci et al., 2006; Inaba et al., 2011; Caamaño et al., 2015; 

Do et al., 2017), corroborating our results. 
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Additionally, Amstislavsky et al. (2019) 
reported that vitrification is a better choice 
for cryopreservation than slow freezing for 
embryos rich in lipid content, such as cattle, 
sheep, and pigs. This is mainly associated 
with a reduction in cryogenic damage caused 
by vitrification during the early stages of 
embryonic development (Arshad et al., 2021). 

However, despite observing inferior 
results with the slow freezing technique in our 
study, the total rates of re-expansion (86%) 
and hatching (78%) were good indices of the 
technique. Other studies using expanded 
day 7 blastocysts that were cryopreserved 
via slow freezing showed similar or lower 
rates. For example, Zolini et al. (2019) 
reported re-expansion and hatching rates of 
78.1%, 81.4%, and 79.1%, and 27%, 53.8%, 
and 61.8%, respectively, at 24, 48, and 72 
hours. Similarly, Gómez et al. (2020) obtained 
lower survival and hatching rates than those 
found in our study using slow freezing (65.6% 
survival and 41.2% hatching); however, the 
pregnancy rates in their study matched 
those obtained using vitrification and fresh 
transfer. Such evidence was also observed 
in a meta-analysis of Bos taurus embryo 
cryopreservation conducted by Arshad et al. 
(2021), who reported that both vitrification 
and slow freezing presented consistently 
successful pregnancy rates, indicating that 
satisfactory results can also be achieved 
with the slow freezing technique.

The second hypothesis examined 
in this study was whether embryos could 
be cryopreserved on 7 and 8 days after IVF 
without compromising their development 
after thawing. Many embryos reached the 
expanded blastocyst stage between these 
two days, leading to the inclusion of D7.5 in 
the analyses. The specific timing at which the 
embryos were subjected to cryopreservation 
(D7, D7.5, and D8) did not have a significant 
effect on the rate of post-cryopreservation/
thawing embryonic development (P > 0.05). 

However, these results contradict 
several studies demonstrating that embryos 
that develop more rapidly have better quality 
(Saha et al., 1996; George et al., 2008), show 
higher hatching rates after cryopreservation 
(Morató et al., 2010; Gómez et al., 2020; 
Martínez-Rodero et al., 2021), and have 
higher pregnancy rates (Hasler et al., 1995; 
Lonergan et al., 1999; Florentino et al., 2013). 

Additionally, the interaction between 
vitrification and slow freezing (DT) and the 
day of cryopreservation (D7, D7.5, and D8) 
did not influence variables related to post-
cryopreservation/de-thawing embryonic 
development (P > 0.05). The overall re-
expansion rate showed statistically 
significant differences between the two 
groups (P  =  0.039; Table 1), with a higher 
rate observed in embryos vitrified on day 7 
(VIT7 group, 98%) than in embryos subjected 
to DT and frozen on day 8 (DT8 group, 78%). 
However, no significant difference was 
observed in the total hatching rate (P > 0.05; 
Table 1). 
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In commercial laboratories, surplus 
embryos from a fresh transfer on day 7, which 
show later development, are often discarded 
on day 8 because of concerns regarding 
the potential for unsuccessful outcomes 
using embryos with slower development, as 
reported in previous studies (Morató et al., 
2010; Gómez et al., 2020; Martínez-Rodero 
et al., 2021). This highlights the importance 
of the data obtained in our study, as they 
provide support for greater utilization of 
surplus embryos, with the possibility of 
cryopreserving expanded blastocysts on 
day 8, using vitrification or slow-freezing 
techniques. 

Table 1
Embryonic development rate according to the experimental groups 

Embryonic development rate

Groups* Total re-expansion (%) Total hatching (%)

DT7 90 ± 0.04 AB 84 ± 0.05a

DT7.5 88 ± 0.04 AB 77 ± 0.05a

DT8 78 ± 0.04 B 74 ± 0.05a

VIT7 98 ± 0.04 A 93 ± 0.05a

VIT7.5 91 ± 0.04 AB 89 ± 0.06a

VIT8 96 ± 0.05 AB 87 ± 0.06a

% of re-expansion/hatching: Sum of blastocysts re-expanded/hatched within 24 hours and between 24 to 48 hours 
divided by the number of embryos cultured after thawing;
DT7 (embryos subjected to slow freezing on day 7); DT7.5 (embryos subjected to slow freezing 12 hours after day 7 on 
day 7.5); DT8 (embryos subjected to slow freezing on day 8); VIT7 (embryos vitrified on day 7); VIT7.5 (embryos vitrified 
12 hours after day 7 on day 7.5); and VIT8 (embryos vitrified on day 8).
A, B, and different superscript letters in the same column indicate statistically significant differences (P < 0.05).

Embryo quality grade (Grades 1 
and 2, according to IETS) only affected the 
developmental rates at 24 and 48 hours 
(P < 0.05). However, the overall rates of re-
expansion and hatching did not significantly 
differ (P > 0.05; Figure 4). Specifically, the re-
expansion rate was higher in Grade 1 than in 
Grade 2 embryos (91% and 79%, respectively; 
P = 0.0183) after 24 hours. Conversely, the 
re-expansion rate was higher in Grade 2 
embryos than that in Grade 1 embryos (19% 
and 9%, respectively; P = 0.0168) at 48 hours. 
Similarly, hatching rates at 24 hours were 
higher in Grade 1 than in Grade 2 embryos 
(76% and 55%, respectively; P = 0.0188), 
whereas hatching rates at 48 hours were 
higher in Grade 2 than in Grade 1 embryos 
(24% and 12%, respectively; P = 0.0181). 
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Figure 4. Re-expansion and hatching rates according to the time of re-expansion or hatching 
and the embryo quality grade. 
*P < 0.05 indicates statistical significance.

 
 
Figure 4. Re-expansion and hatching rates according to the time of re-expansion or hatching and the embryo 
quality grade.  
*P < 0.05 indicates statistical significance. 
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These findings suggested that grade 
1 embryos have a better development 
potential after thawing. This conclusion is 
supported by a study by Shu et al. (2008), 
which indicated that embryos with faster 
re-expansion after thawing have higher 
pregnancy rates. 

Bó and Mapletoft (2013) stated that 
Grade 1 embryos have good survival rates 
after the freezing/thawing procedure, while 
Grade 2 and 3 embryos are more suitable 
for fresh transfer to appropriate recipients. 
Furthermore, Erdem et al. (2020) observed 
that Grade 1 embryos were associated with 
higher pregnancy rates during fresh embryo 
transfer than were Grade 2 embryos in 
heifers. 

When considering the interaction 
between cryopreservation technique and 
embryo quality grade, an effect on the total 
rates of re-expansion and hatching was 
observed. Vitrified embryos with Grade 1 
quality showed a higher total re-expansion 
rate than DT embryos of the same grade 
(97% and 87%, respectively; P = 0.027). 
Additionally, Grade 1 vitrified embryos tended 
to exhibit higher hatching rates than Grade 1 
DT embryos (95% and 85%, respectively; P = 
0.079; Figure 5), suggesting that vitrification 
may be particularly beneficial for high-quality 
embryos, contributing to a more positive 
post-cryopreservation/thawing embryonic 
development rate.
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Figure 5. Effect of the interaction between embryo quality grade and cryopreservation 
technique on the re-expansion and hatching rate of embryos. 
*P < 0.05 indicates statistical significance; #P = 0.0796 indicates a trend to be statistically 
different.

Conclusion

In vitro-produced embryos subjected 
to vitrification exhibited higher rates of 
post-thaw re-expansion and hatching than 
embryos cryopreserved using slow freezing. 
Additionally, the day of cryopreservation (D7, 
D7.5, and D8 post-IVF) did not influence the 
subsequent post-thaw development of the 
embryos cryopreserved by either vitrification 
or slow freezing. Quality Grades 1 and 2 of 
the cryopreserved embryos did not affect 
the total rates of re-expansion and hatching. 
However, Grade 1 embryos showed faster 
post-thaw development, especially when 
vitrification was used. 
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Conclusion 

In vitro-produced embryos subjected to vitrification exhibited higher rates of post-thaw re-

expansion and hatching than embryos cryopreserved using slow freezing. Additionally, the day of 

cryopreservation (D7, D7.5, and D8 post-IVF) did not influence the subsequent post-thaw development of 

the embryos cryopreserved by either vitrification or slow freezing. Quality Grades 1 and 2 of the 

cryopreserved embryos did not affect the total rates of re-expansion and hatching. However, Grade 1 

embryos showed faster post-thaw development, especially when vitrification was used.  
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