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ABSTRACT

The aim of this study was to determine the effect of antral follicle number on oocyte yield and IVEP in Holstein breed
donors. The study groups were constituted following ultrasonographic examinations conducted on 23 Holstein heifers
at one-week intervals. The Low-AFC group (n = 8) comprised animals with an average antral follicle counts in the ovary
of = 15, as determined by ultrasonographic examination. The High-AFC group (n = 9) comprised animals with an
average antral follicle number of 230. Oocytes were collected from animals in both groups four times, one week apart,
any day of the estrous cycle. The oocytes were classified according to their morphological characteristics and
subsequently incorporated into the in vitro embryo production process. The total and viable oocyte numbers were found
to be significantly greater in the High-AFC group than in the Low-AFC group (P < 0.01). The number of blastocysts
obtained per session was also greater in the High-AFC group (P < 0.01). No statistically significant difference was
observed between the blastocyst and viable oocyte rates in the two groups. Consequently, oocytes and blastocysts were
obtained from Holsetin donors with high antral follicle counts in greater numbers. It was thought that the number of
antral follicles in Holstein breed donors could be employed as a parameter in donor animal selection to increase the
success of OPU/IVEP.
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kkk

Holstein Sigirlarda OPU/IVEP igin Donér Se¢iminde Antral Folikiil Sayisinin Rolii
oz

Bu calismada Holstein irki dondtlerde antral folikill sayisinin oosit verimine ve in vitro embriyo tretimine etkisinin
belirlenmesi amaglandt. Calisma gruplart 23 bas Holstein 1kt diiveye 1 hafta arayla yapilan ultrasonografik muayeneler
sonrasinda olusturuldu. Ultrasonografik muayene sonrasinda ovaryumundaki ortalama antral folikil sayist < 15 olan
hayvanlar Diistik-AFS grubuna (n=8) alindi. Ortalama antral folikil sayist 2 30 olan hayvanlar ise Yiksek-AFS grubuna
(n=9) alind1r. Her iki gruptaki hayvanlardan Sstriis siklusunun rastgele bir giintinde birer hafta arayla 4 kez oosit toplandu.
Toplanan oositler morfolojik 6zelliklerine gére stniflandirilarak in vitro embriyo Gretim siirecine alindi. Toplam ve in
vitro embriyo tretimine uygun oosit sayist Yiksek-AFS grubunda Distik-AFS grubundan yiksek bulundu (P < 0.01).
Seans basina elde edilen blastosist sayist da Yiksek-AFS grubunda daha fazlaydi (P < 0.01). Blastosist orani ve in vitro
embriyo Uretimine uygun oosit orant iki grup arasinda istatistiksel farklilik géstermedi. Sonug olarak Holstein irki
donérlerde yliksek antral folikil sayisina sahip hayvanlardan daha fazla sayida oosit ve blastosist elde edildi. Holstein 1rkt
donotlerde antral foliktl sayisinin OPU/IVEP bagarisini artirmak igin dondr hayvan segiminde bir parametre olarak
kullanilabilecegi digtunildi.
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INTRODUCTION

Reproductive biotechnology methods are often used in
cattle breeding to increase the number of animals with
superior genetic characteristics (Berglund 2008).
Embryo technologies make it possible to rapidly
change the genetic composition of a herd by reducing
the generation interval (Mapletoft and Hasler 2005).
Bovine embryos are produced in vivo and in vitro. In
recent times, there has been a gradual decline in the
number of embryos produced in vivo, while there has
been a corresponding increase in the number of
embryos produced in vitro (Watanabe et al. 2018;
Viana 2022). The advent of the OPU (ovum pick-up)
technique has been a significant factor in the increased
production of embryos in vitro (IVEP). The OPU
technique allows oocytes to be retrieved from highly
productive donors on multiple occasions within a
short period of time (Pieterse et al. 1988; Boni 2012).
A number of studies are currently being conducted in
different areas with the objective of increasing the
oocyte yield obtained from cattle (Demissie et al. 2022;
Saleem et al. 2022). The selection of donor animals is
of significant importance in order to collect more
oocytes in a short time. To increase the number of
oocytes retrieved, donors with a high oocyte yield
should be used. In embryo production, criteria such as
genetics and productivity characteristics are generally
focused on for donor animal selection (Mebratu et al.
2020). However, genetically superior donors may not
have high oocyte yields. Therefore, evaluating
parameters related to oocyte yield in donor selection
for OPU/IVEP may increase success rates. It has been
found that the anti-Millerian hormone (AMH) level
and the antral follicle count (AFC) provide an
indication of the oocyte yield of donor animals (Garcia
et al. 2020; Feres et al. 2024). AMH and AFC are
positively correlated, making them useful criteria for
donor selection (Ireland et al. 2010; Zangirolamo et al.
2018). There is considerable variation in AFC and
serum AMH levels between cattle, but these
reproductive parameters are highly consistent within
the same animal. While AMH measurement requires
lab analysis, AFC can be evaluated through ultrasound
of both ovaries by a experienced operator (Silva-
Santos et al. 2014; Morotti et al. 2018). For this reason,
AFC is a more economical parameter for donor animal
selection. The AFC represents the number of follicles
with a diameter of at least 3 mm that can be observed
in the ovary (Morotti et al. 2018). The primary source
of oocytes in OPU applications is follicles with a
diameter of 3-8 mm (Dieleman et al. 2002, Hendriksen
et al. 2004). Accordingly, it is postulated that the
oocyte yield of animals with a high AFC will be higher.
Therefore, AFC emerges as a critical parameter in the
selection of donors for OPU/IVEP procedures
(Lollato et al., 2022).

It has been demonstrated that the AFC is one of the
most effective techniques for evaluating reproductive
efficiency in Bos taurus cattle breeds. Although AFC
reveals individual differences between animals, it is of
great importance in assessing the future reproductive
performance of the same animal (Burns et al. 2005). In
addition, there is research indicating that the effect of
AFC on reproductive efficiency differs between Bos
taurus and Bos indicus cattle breeds. Therefore, further
studies are needed to determine the suitability of AFC
for the selection of donors for OPU/IVEP in a variety
of bovine breeds (Dos Santos et al. 2016, Garcia et al.
2020).

The aim of this study was to determine the effect of
AFC on the yield of oocytes and blastocysts in
Holstein breed heifers.

MATERIALS and METHODS

The study animals were a selection of 23 Holstein
heifers from a farm that had genomic selection in
place. The animals were between 14 and 18 months old
and exhibited body condition scores ranging from 3.0
to 3.5. The animals did not have any health problems.
The animals were kept under the same conditions and
fed ad libitum. The ration comprised alfalfa silage, hay,
corn silage, concentrate feed and alfalfa.

Experimental Design

Ultrasound scans were performed on 23 Holstein
heifers 4 times at 1-week intervals to form the study
groups. The AFC in the animals' ovaries was recorded
during ultrasound scans. Animals with an average
number of antral follicles in the ovaries < 15 were
included in the low antral follicle count (Low-AFC)
donor group. Animals with an average number of
antral follicles in their ovaries = 30 were included in
the donors with high antral follicles (High-AFC)
group. The study excluded other animals.

Oocytes were retrieved from donors in the Low-AFC
(n=8) and High-AFC (n=9) groups by transvaginal
ultrasound 4 times, starting any day of the estrous
cycle, 1 week interval. The experimental design is
schematized in Figure 1.

Ovum-Pick Up

For oocyte collection, a catheter-aspiration device (230
V, Minitube), 4.0-9.0 MHz microconvex probe
(Esaote, SC3123 VET) and real-time ultrasonography
device (Esaote MyLab TwiceVet, 5001) were used.
Aspiration vacuum pressure was 80-90 mm/Hg during
oocyte retrieval. A catheter and a microconvex vaginal
probe was used to aspirate all follicles larger than 2 mm
from the ovary (20-gauge needle).
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Figure 1. Separation of the heifers into groups and design of the experiment (AFC: Antral Follicle Count, USG:
Ultrasound-Guided Antral Follicle Counting, OPU: Ovum - Pick Up).

Cumulus Oocyte Complex Classification

Cumulus oocyte complexes (COCs) were examined
under a stereomicroscope (S ApoE, Leica).
Morphological features were used to classify COCs.
COCs  were  evaluated for  morphological
characteristics, including cytoplasm homogeneity,
number of cumulus cell layers, and cumulus cell
density. COCs were classified according to their
quality. It was rated as very good, good, fair, or poor
(respectively Grade A, B, C and D) (Petyim et al. 2003;
Gordon 2003). A, B and C quality oocytes were
included in the IVEP process. COCs with
homogeneous cytoplasm, uniform appearance and at
least one layer of compacted cumulus cells were
classified as viable (Hayden et al. 2022).

In vitro Embryo Production

In vitro embryo production was performed using
media produced by a commercial company (IVF
Bioscience). After oocyte collection, the COCs that
were suitable for IVEP were washed three times in the
oocyte washing medium (BO-Wash). The COCs were
then incubated in an in vitro maturation medium (BO-
IVM) at 38.5 °C and 5.5 % CO; for 20 - 22 hours. For
in vitro fertilization (IVF), semen from the same sire
was used throughout the experiment. Sperm washing

was performed with semen preparation medium (BO-
SemenPrep). The number of spermatozoa was
calculated as 1 million per mL. Spermatozoa were then
added to in vitro fertilization medium containing
COCs (incubated at 38.5°C, 5% CO; for 20 hours).
After IVF, prospective zygotes were vortexed and
transferred to in vitro culture medium (BO-IVC)
coated with mineral oil (BO-Oil). It was cultured in
culture medium at 38.5°C, 6% CO; and 6% O, for 7
days. Embryo quality and developmental stages were
assessed according to the International Embryo
Transfer Society (IETS) (B6 and Mapletoft 2013;
Alkan et al. 2023).

Statistical Analysis

The data were analysed with the SPSS 25.0 statistical
software (IBM Corp. Released 2017. IBM SPSS
Statistics for Windows). Shapiro—Wilk test was used for
the prerequisites of homogeneity of variances and
normality of variables. The mean * standard deviation
(SD) of normally distributed variables was presented.
The variables were evaluated with t-test. Blastocyst rate
were analysed by Chi-square test. At the 95%
confidence level (p<0.05), the differences were
considered statistically significant.



RESULTS

Oocyte and blastocyst yield from donors with high and
low AFC are shown in Table 1. The oocytes counts of
the highest quality (Grade A) obtained following
oocyte retrieval was significantly greater in the High-
AFC group than in the Low-AFC group (P < 0.01).
Furthermore, the number of oocytes exhibiting quality
grades B, C, and D was also greater in the High AFC
group (P < 0.01). Additionally, the study revealed that
the number of viable oocytes suitable for IVEP was
statistically higher in the High AFC group than in the
Low AFC group. Nevertheless,

no statistically significant difference was observed in
the rate of viable oocytes between the two groups.
Oocytes counts of all qualities was found to be
statistically higher in the High-AFC group, as
demonstrated by the results of the study. Accordingly,
the total number of oocytes obtained from animals
with high AFC was also higher (P < 0.01). Blastocysts
counts obtained per OPU was approximately twice as
high in the High-AFC group as in the Low-AFC group
(P < 0.01). No statistically significant difference was
observed in the blastocyst rate between the two
groups.

Table 1. Post-OPU oocyte and blastocyst data of Holstein heifers with high and low AFC (mean * standard error of
mean, Viable oocyte rate: viable oocyte number/total oocyte number, Blastocyst rate: blastocyst number/viable oocyte

number, OPU: Number of OPU sessions).

Variables Low-AFC High-AFC P Value
Grade A oocytes / % 1.28 £0.24 / 21.13 3.58 £0.49 / 24.42 < 0.0001
Grade B oocytes / % 1.50 £ 0.25 / 24.74 3.19£0.52 /21.61 0.007
Grade C oocytes / % 1.75£0.29 / 28.86 3.66 £ 0.38 / 24.81 < 0.0001
Grade D oocytes / % 1.53 £0.29 / 25.25 4.33£0.63 / 29.32 < 0.0001
Viable oocytes/ OPU 4.53 £ 0.46 10.52 £ 1.06 < 0.0001

Viable oocytes rate (%o) 74.74 70.67 -
Total oocytes/OPU 6.06 £ 0.51 14.86 £ 1.52 < 0.0001
Blastocysts/ OPU 1.34 +0.18 2.58 £ 0.29 0.001
Blastocyst rate (%) 29.65 24.46 -
DISCUSSION

Counts and quality of collected oocytes affect IVEP
success rates. Increasing oocyte yield increases the
number of blastocysts obtained per OPU. Oocyte
yield varies considerably even within the same breed.
It is therefore crucial to select suitable donors in order
to increase the success of OPU/IVEP. One of the
most practical methods for evaluating the oocyte yield
AFC was higher when synchronization was applied
prior to OPU. In a separate study examining the
impact of AFC on oocyte yield, it was demonstrated
that there was a positive correlation between the total
and viable oocyte numbers and AFC (Dos Santos et al.
2016). In a comparable study, Monteiro et al. (2017)

of donor animals is antral follicle count. A study
investigating the association between AFC and
reproductive efficiency found a positive correlation
between the two variables (Mossa et al. 2012). Garcia
et al. (2020) found in their study that the total and
viable oocyte numbers obtained from donors with
high AFC were higher. Furthermore, the study
revealed that the oocyte yield of donors with a high

reported that they collected a greater number of
oocytes from donors with a high AFC. Viana et al.
(2003) posited that ovarian damage and the formation
of scar tissue may be heightened in donors with a high
AFC due to the increased number of follicle punctures.
It has been stated that this situation may negatively
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affect oocyte yield in animals with high AFC in
repeated OPU applications. The results of the
presented study indicate that a greater number of total
and viable oocytes were obtained from Holstein breed
heifers than from donors with a high AFC.
Furthermore, oocytes counts of all qualities in the high
AFC group was observed to be higher than in the low
AFC group. The results were in line with those of
previous studies, which indicated that a greater number
of oocytes could be harvested from donors with a
higher AFC.

For IVEP, blastocysts counts obtained per OPU and
the blastocyst rate are as important as oocyte yield. A
study evaluating the effect of antral follicle population
on in vitro embryo production (IVEP) found that the
number of blastocysts obtained per OPU from donors
with a high AFC was higher than from donors with a
low AFCAdditionally, the study demonstrated that
there was no statistical difference in the rates of
oocytes collected from animals with high and low AFC
reaching the blastocyst (Guerreiro et al. 2014).
Monteiro et al. (2017) reported that the antral follicle
population influences the number of blastocysts
obtained per OPU. The study by Silva-Santos et al.
(2014) exhibited that the number of embryos obtained
per OPU and vitrifiable embryos were greater in
donors with high AFC. Furthermore, the study
demonstrated that a greater number of blastocysts
were obtained in the group with a high AFC, yet the
cleavage rate remained comparable. Ireland et al.
(2007) observed that embryos obtained from animals
with a high AFC was four times greater than that
obtained from animals with a low AFC. In the
presented study, a higher number of blastocysts per
OPU was obtained in the high AFC group. But there
was no statistical difference in blastocyst rates between
the groups. It was thought that this discrepancy was
due to the fact that, although a greater number of
viable oocytes were collected in the high AFC group,
the rate of viable oocytes was similar.

CONCLUSION

Antral follicles counts affected the oocyte yield of
donor animals. In OPU applications, more oocytes
were collected from donors with high AFC. Viable
oocytes counts collected in the high-AFC group was
also greater. However, viable oocyte rate and
blastocyst rate did not show any statistical difference
between the two groups according to AFC. It was
thought that using of donors with high AFC could
increase the success of OPU/IVEP. It was concluded
that AFC in Holstein breed donors can be used as a
parameter in donor animal selection.

Author’s Contributions: MFC: conceptualization,
methodology, formal analysis, investigation, writing -
original draft, supervision; MG: methodology; OFY:
methodology, investigation; AS: methodology; SUC:

methodology; writing - review & editing; DAD:
conceptualization, methodology, supervision.

Funding: This research did not receive any specific
grant from funding agencies in the public, commercial,
ot not-for-profit sectors.

Availability of data and materials :The datasets used
and analysed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate: This
study was approved by the Local Ethics Committee
(Selcuk University Local Ethics Committee for Animal
Expetiments, Approval Number: 2024/02/30). All
applied methods are in accordance with the ARRIVE
guidelines.

Competing interests: None of the authors have any
conflict of interest to declare.

REFERENCES

Alkan, H., Satilmis, F., Demirel, M.A.;, Bodu, M.,
Yesilkaya, O.F., Ciftci, M.F., Alkan, K.K. (2023).
Does using microfluidic sperm sorting chips in
bovine IVEP affect blastocyst development?.
Reprod. Domest. Anim, 58(7), 1012-1020.

Berglund, B. (2008). Genetic improvement of dairy cow
reproductive performance. Reprod. Domest. Anim,
43, 89-95.

Bo, G.A. (2013). Mapletoft R]: Evaluation and classification
of bovine embryos. Anim. Reprod. 10(3), 344-348.

Boni, R. (2012). Ovum pick-up in cattle—a 25-yr
retrospective analysis. Anim. Reprod, 9(3), 362-369.

Burns, D.S., Jimenez-Krassel, F., Ireland, J.L., Knight,
P.G., Ireland, J.J. (2005). Numbers of antral
follicles during follicular waves in cattle: evidence for
high variation among animals, very high repeatability
in individuals, and an inverse association with serum
follicle-stimulating hormone concentrations. Biol.
Reprod, 73(1), 54-62.

Demissie, T., Yilma, T., Degefa, T., Wirtu, G., Lemma,
A. (2022). Effect of follicular ablation and
gonadotropin priming on the recovery and quality of
oocytes in Boran cows. Trop. Anim. Health Prod,
54(5), 280.

Dieleman, S.J., Hendriksen, P.J.M., Viuff, D.,
Thomsen, P.D., Hyttel, P., Knijn, H.M., Vos,
P.L.A.M. (2002). Effects of in vivo prematuration
and in vivo final maturation on developmental
capacity and quality of pre-implantation embryos.
Theriogenology, 57(1), 5-20.

Dos Santos, G.M.G., Silva-Santos K.C., Barreiros,
T.R.R., Morotti, F., Sanches, B.V., de Moraes,
F.L.Z., Seneda, M.M. (2016). High numbers of
antral follicles are positively associated with in vitro
embryo production but not the conception rate for
FTAI in Nelore cattle. Anim. Reprod. Sci, 165, 17-
21.

Feres, L.F.R., Siqueira, L.G.B., Palhao, M.P., dos
Santos, L.L., Pfeifer, L.F.M., de Carvalho
Fernandes, C.A., Viana, J.H.M. (2024). Selecting

5



oocyte donors based on anti-Miillerian hormone
(AMH) concentrations: a critical analysis of using
cutoff values as exclusion ctiterion for an in vitro
embryo production program in Gir cattle. Anim.
Reprod. Sci, 107491.

Garcia, S.M., Morotti, F., Cavalieri, F.L.B., Lunardelli,
P.A., de Oliveira Santos, A., Membrive, C.M.B.,
Seneda, M.M. (2020). Synchronization of stage of
follicle development before OPU improves embryo
production in cows with large antral follicle counts.
Anim reprod sci 221, 106601.

Guerreiro, B.M., Batista, E.O.S., Vieira, L.M., Sa Filho,
ML.F.D., Rodrigues, C.A., Netto, A.C., Baruselli,
P.S. (2014). Plasma anti-mullerian hormone: an
endocrine marker for in vitro embryo production
from Bos taurus and Bos indicus donors. Domest.
Anim. Endocrinol, 49, 96-104.

Hayden, C. B., Sala, R. V., Absalén-Medina, V. A,
Motta, J. C., Pereira, D., Moreno, J. F., Garcia-
Guerra, A. (2022). Synchronization of follicle wave
emergence before ovarian superstimulation with
FSH and ovum pick-up improves in vitro embryo
production in pregnant heifers. Theriogenology, 188,
71-78.

Hendriksen, P.J.M., Steenweg, W.N.M., Harkema,
J.C., Merton, ]J.S., Bevers, M.M., Vos, P.L.A.M.,
Dieleman, S.J. (2004). Effect of different stages of
the follicular wave on in vitro developmental
competence of bovine oocytes. Theriogenology,
61(5), 909-920. 14.

Ireland, J.J., Ward, F., Jimenez-Krassel, F., Ireland,
J.L.H., Smith, G.W., Lonergan, P., Evans, A.C.
(2007). Follicle numbers are highly repeatable within
individual animals but are inversely correlated with
FSH concentrations and the proportion of good-
quality embryos after ovarian stimulation in cattle.
Hum. Reprod, 22(6), 1687-1695.

Ireland, J.J., Smith, G.W., Scheetz, D., Jimenez-
Krassel, F., Folger, J.K., Ireland, J.L.H., Evans,
A.C.O. (2010). Does size matter in females? An
overview of the impact of the high variation in the
ovarian reserve on ovarian function and fertility,
utility of anti-Miillerian hormone as a diagnostic
marker for fertility and causes of variation in the
ovarian reserve in cattle. Reprod Fertil Dev, 23(1), 1-

Lollato, J.P.M., Souza, A.C.C,, Silva, R.C.P., Marques,
M.O., Crozara, A.S., Gongalves, R.L., Morotti,
F. (2022). In vivo embryo production in bovine
donors with low and high antral follicle counts
superovulated with low and high FSH doses. Livest
Sci, 262, 104985.

Mapletoft, R.J., Hasler, J.F. (2005). Assisted reproductive
technologies in cattle: a review. Rev. Sci. Tech. Off
int épizoot, 24(1), 393.

Mebratu, B., Fesseha, H., Goa, E. (2020). Embryo
transfer in cattle production and its principle and
applications. Int. J. Pharm. Biomed. Res, 7(1), 40-54.

Monteiro, F.M., Batista, E.O.S., Vieira, L.M., Bayeux,
B.M., Accorsi, M., Campanholi, S.P., Baruselli,
P.S. (2017). Beef donor cows with high number of
retriecved COC produce more in vitro embryos
compared with cows with low number of COC after
repeated ovum pick-up sessions. Theriogenology,
90, 54-58.

Morotti, F., Barreiros, T.R.R., Machado, F.Z.,
Gonzalez, S.M., Marinho, L.S.R., Seneda, M.M.

(2018). Is the number of antral follicles an interesting
selection criterium for fertility in cattle?. Anim.
Reprod, 12(3), 479-486.

Mossa, F., Walsh, S.W., Butler, S.T., Berry, D.P.,
Carter, F., Lonergan, P., Evans, A.C. (2012). Low
numbers of ovarian follicles= 3 mm in diameter are
associated with low fertility in dairy cows. J. Dairy
Sci, 95(5), 2355-23061.

Pieterse, M.C., Kappen, K.A., Kruip, T.A., Taverne,
M.A.M. (1988). Aspiration of bovine oocytes during
transvaginal ultrasound scanning of the ovaries.
Theriogenology 30(4), 751-762.

Saleem, M., Yousuf, M.R., Ghafoor, A., Riaz, A. (2022).
Effect of three schemes of ovum pick-up on the
follicular dynamics, gene expression, and in-vitro
developmental competence of oocytes in Sahiwal
cattle. Reprod. Domest. Anim, 57(10), 1230-1243.

Silva-Santos, K.C., Santos, G.M.G., Koetz Junior, C.,
Morotti, F., Siloto, L.S., Marcantonio, T.N.,
Seneda, M.M. (2014). Antral follicle populations
and embryo production—in vitro and in vivo—of B os
indicus—taurus donors from weaning to yearling
ages. Reprod. Domest. Anim, 49(2), 228-232.

Viana, J. (2022). Statistics of embryo production and
transfer in domestic farm animals divergent trends
for IVD and IVP embryos. Embryo Technology
Newsletter 41(4), 1-15.

Viana, J.H.M., Nascimento, A.A., Pinheiro, N.L.,
Ferreira, A.M., Camargo, L.S., Sa, W.F,
Marques Junior, A.P. (2003). Characterization of
tissue damages after ovum pick-up in bovine. Pesqui.
Vet. Brasil, 23, 119-124.

Watanabe, Y.F., de Souza, A.H., Mingoti, R.D.,
Ferreira, R.M., Batista, E.O.S., Dayan, A.,
Baruselli, P.S. (2018). Number of oocytes retrieved
per donor during OPU and its relationship with in
vitro embryo production and field fertility following
embryo transfer. Anim. Reprod, 14(3), 635-644.

Zangirolamo, A.F., Morotti, F., da Silva, N.C., Sanches,
T.K., Seneda, M.M. (2018). Ovarian antral follicle
populations and embryo production in cattle. Anim
Reprod, 15(3), 310.



