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ABSTRACT

In the clinical procedure, corpus luteum identification in the ovary is important to determine the reproductive status of
cows. There are two methods to determine corpus luteum in live cows, rectal palpation and ultrasound examination.
However, real imaging cannot be obtained by these methods. Thus, the current study aimed to describe the macroscopic
feature and sonogram imaging of the corpus luteum in the bovine ovary as an ex vivo study. Twenty-eight pairs of
bovine ovaries from a slaughterhouse were used in this study. Ovaries were classified based on the diameter of the
corpus luteum crown into five categories (<0.5, 0.5-1, 1-1.5, >1.5cm, and none). We observed and measured the corpus
luteum crown and corpus luteum tissue using a vernier calliper and ultrasound. Descriptive and statistical analyses were
carried out using the SAS program. The corpus luteum crown was identified as a circular folding tissue on the ovary
surface, during corpus luteum tissue as a yellowish lobed structure by macroscopic observation and hypoechoic structure
by ultrasonography. Ovaries with corpus luteum crown diameter 0.5-1.0cm were dominant (41%). However, we found
no correlation between the area of the corpus luteum crown with the area of corpus luteum tissue by macroscopic
(P=0.121) and ultrasound observation (P=0.151). The Corpus luteum crown and corpus luteum tissue described in this
study can be used as a reference by practitioners. Further correlation analysis is needed between corpus luteum crown

and corpus luteum tissue in live cows.
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INTRODUCTION

Identification of the structure in the ovary can be used
to determine the reproductive status of cows (Ldpez-
Helguera et al. 2016; Skovorodin et al. 2020a). During the
estrus cycle, there are some changes in the structure of the
ovary due to follicular and corpus luteal development
(Quezada-Casasola et al. 2014). Based on the presence of
specific structure in the ovary, estrus cycle can be divided
into two main phases, follicular phase and luteal phase. In
the follicular phase there is dominant follicle from final
wave of follicle growth that is ovulated, while the luteal
phase is started when the corpus luteum (CL) is formed
following the ovulation (Forde et al. 2011; Crowe and
Mullen 2013). Combination of the observation of estrus
signs and identification of dominant follicle prior to
artificial insemination is helpful and recommended to
determine the heat status in cattle (Hansar et al. 2014).
While identification of CL can be used to know the

occurrence of ovulation. CL will be formed when the
ovulation occurred and will remain throughout the
gestation if there is fertilization (Aréchiga-Flores et al.
2019). However, the size of CL tissue changes during the
luteal phase (Kayacik et al. 2005; Felipez et al. 2019). In
some reproductive disorders, such as ovary cyst, persistent
corpus luteum, ovarian hypofunction, ovarian atrophy, and
ovarian hypoplasia, abnormalities of the ovary can be
detected (Jeengar et al. 2014; Mushonga et al. 2017; Amin
and Mohammed 2018; Salman et al. 2021).

Rectal palpation and ultrasonography are the most
common methods to identify the structure within the ovary
in cows (Hanzen et al. 2000; Hansar et al. 2014). Although,
these two methods have some limitations when performed
alone. Manual palpation of the ovary can be used to detect
the presence of follicle through the consistency of the ovary
surface and CL through the existence of CL crown, but it is
quite difficult to estimate the size of follicle and CL tissue
within the ovary exactly. While ultrasonography is quite
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accurate to estimate the size of follicle and CL tissue within
the ovary but might be difficult to perform by unskilled
operator. Interpret the feature of CL using ultrasonography
is not easy either. Inexperienced operator might be wrong
interpreting the CL tissue and other parenchyma tissue of
the ovary from the ultrasound imaging. Whereas the use of
ultrasound has become important for imaging of normal
and abnormal ovarian structures in cattle today (Whitfield
2018). Thus, reference about macroscopic feature and
ultrasonography imaging of CL is needed to help
interpreting the sonogram examination results. The current
study aimed to describe the macroscopic feature and
sonogram imaging of the corpus luteum in the bovine ovary
as an ex vivo study.

MATERIALS AND METHODS

The research design conducted in this study has been
approved by Research Ethics Commission of the Faculty of
Veterinary  Medicine, Universitas Gadjah Mada,
Yogyakarta with ethical clearance number 00041/EC-
FKH/Int./2021. Ovary samples were obtained from a
slaughterhouse in Sleman, Yogyakarta from April — June
2021. Twenty-eight pairs of ovaries from unproductive
crossbreed beef cows that slaughtered in abattoirs were
included in this study. After the cow was slaughtered, the
ovaries were removed and fixed immediately by putting the
organ into a 10% formalin solution before analyzed
furthermore. Left and right ovary from 28 female beef
cattle were analyzed. Ovaries were observed for the
presence of CL crown. After that, digital imaging of CL
crown in the surface of ovary was captured using digital
camera. Two diameters (D1 and D2) of the CL crown that
were perpendicular to each other were measured in each
ovary using vernier calliper (Tricle Brand®).
Measurements were repeated three times and the results
were averaged to obtain an accurate measure. Area of CL
crown was calculated using ellipse formula. Ovaries were
classified according to CL crown into five categories:
ovary with CL crown diameter <0.5cm, ovary with CL
crown diameter 0.5-1cm, ovary with CL crown diameter 1-
1.5cm, ovary with CL crown diameter >1.5cm and ovary
without CL crown. One sample of ovary from each
category was used for ultrasonography test and
macroscopic analysis of the CL tissue. Ultrasonography
test was performed using ultrasonography machine
HONDA HS-2000 with convex probe in the frequency
of 5megahertz. Before performing ultrasonography, the
sample was washed with sterile water and embedded in the
gel. Convex probe was placed over the ovary in the site of
the CL crown. Ultrasound imaging was captured and
analyzed for its echogenicity. The diameter of CL tissue
within the ovary was determined using the measurement
menu in the ultrasonography machine. Area of CL tissue
within the ovary from ultrasound imaging was calculated
using ellipse formula. After that, the ovary was sliced into
two parts in the middle of CL crown. The diameter of CL
tissue within the ovary was determined using vernier
calliper and the area of CL tissue was calculated using
ellipse formula. Digital imaging of CL tissue was captured
using digital camera. Data analysis was performed using
SAS version 9.4 (SAS Inst. Cary, NC, USA). Diameter and
area of CL crown, CL tissue from ultrasound imaging, and
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CL tissue from macroscopic observation were presented as
descriptive data. Correlation analysis was performed for
area of CL crown, area of CL tissue from ultrasound
imaging, and area of CL tissue from macroscopic
observation. CL crown feature and CL tissue feature within
the ovary from ultrasound and digital imaging were
described.

RESULTS

There were 56 ovaries identified in this study. The
highest number of ovaries was in the category of CL crown
diameter 0.5-1cm while the lowest number of ovaries was
in the category of CL crown diameter >1.5cm. The
percentage of ovary based on the CL crown diameter <0.5,
0.5-1.0, 1.0-1.5, >1.5cm and none were 14.3, 41.1, 14.3,
7.1 and 23.2%, respectively. The smallest CL crown
diameter was 0.33cm, while the largest CL crown diameter
was 1.66cm. The average of CL crown diameter observed
in this study was 0.84+0.37cm. The data of CL crown
diameter, CL tissue diameter from ultrasound imaging, CL
tissue diameter from macroscopic observation, area of CL
crown, area of CL tissue from ultrasound imaging, and area
of CL tissue from macroscopic observation are presented
in Table 1. Correlation analysis between area of CL crown,
area of CL tissue from ultrasound imaging, and area of CL
tissue from macroscopic observation is presented in Table 2.

Based on the macroscopic observation, CL crown was
identified as circular folding tissue in the ovary surface.
The CL crown was varying in diameter. Some of the
ovaries have more than one CL crown and some other have
no CL crown observed. The color of CL crown was
yellowish for the big one and become white in the small
one (Fig. 1. A-D). In some ovaries, there was large orifice
in the middle of the CL crown but in some other the orifice
was smaller and in some other there was no orifice
observed (Fig. 3. A-C). In the sliced ovary, the CL tissue
was identified as yellowish lobed structure. The color of the
CL tissue within the ovary was same in the ovaries from
categories of CL crown diameter 0.5-1, 1-1.5, and >1.5cm.
However, in the ovaries from category of CL crown
diameter <0.5cm, the color of the CL tissue was orange
(Fig. 1. E-H). In line with the observation of CL crown with
large orifice, there was hollow structure in the middle of
CL tissue. However, this hollow structure was not observed
in the CL tissue from the CL crown with smaller orifice and
no orifice (Fig. 3. D-F). Ultrasound imaging of ovary tissue
showed similar feature with other soft tissue. Parenchyma
tissue of ovary resulted in hyperechoic imaging. While CL
tissue resulted in hypoechoic imaging. The border between
parenchyma tissue and CL tissue could be distinguished
clearly (Fig. 2). Hollow structure filled with liquid, such as
follicular antrum and CL cavity, resulted in anechoic
imaging (Fig. 3. G-I).

DISCUSSION

In this study, most of the ovaries (41.1%) have CL
crown with the diameter of 0.5-1cm. The sample of ovary in
this category has diameter of CL tissue approximately
1.61cm from ultrasonography imaging and 1.53cm from
macroscopic observation. Kayacik et al. (2005) reported that
in Holstein cows with normal estrus cycle, CL with diameter
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Table 1: Descriptive data of the corpus luteum crown and corpus luteum tissue on the ovary sample in each CL crown category

CL crown Dof CL D of CL tissue D of CL tissue Areaof CL  Areaof CL tissue  Area of CL tissue
category crown (cm) (USG/cm) (macros/cm) crown (cm?) (USG/cm?) (macros/cm?)
<0.5 D1 0.40 0.33 0.35 0.148 0.132 0.165

D2 0.47 0.51 0.60
0.5-1 D1 0.81 1.49 1.43 0.541 1.885 1.719

D2 0.85 1.61 1.53
1-15 D1 1.32 1.53 1.74 1.452 2.693 3.103

D2 1.40 2.24 2.27
>1.5 D1 1.35 1.39 1.37 1.718 2.294 2.400

D2 1.62 2.10 2.23

D: diameter, D1: shortest diameter, D2: diameter perpendicular to D1, CL: corpus luteum

Table 2: Correlation analysis between area of corpus luteum crown, area of corpus luteum tissue from ultrasound imaging, and area of
CL tissue from macroscopic observation

Pearson Correlation Coefficients, N=4

Prob > |r| under HO: Rho=0

Area of CL crown Area of CL tissue (USG) Avrea of CL tissue (macros)
Area of CL crown 1.00000 0.84930 0.87905
0.1507 0.1209
Area of CL tissue (USG) 1.00000 0.98553
0.0145
Area of CL tissue (macros) 1.00000

CL: corpus luteum.

Fig. 1: Macroscopic feature of CL crown
and CL tissue on the ovary sample in
each CL crown category (A,E=<0.5cm;
B,F=0.5-1cm; C,G=1-1.5cm; D,H=>
1.5cm). Red arrow: CL crown, blue
arrow: CL tissue, yellow arrow: follicle.

1-1.5cm was observed in four days, 1.5-2cm in 6 days
and 2-2.5cm in 11 days during luteal phase. In Aceh cattle,
CL with diameter 1-1.5cm was observed in major
proportion (11 days) during estrus cycle (Siregar et al.
2016). However, in this study the stage of estrus cycle
could not be defined. In Criollo cattle, the maximum of CL
diameter is ranging from 1.1 to 1.6cm (Quezada-Casasola
et al. 2014) while the maximum of CL diameter of beef
cattle that maintained in Nebraska, USA is 2.88+0.12cm
(Quintal-Franco et al. 1999). This indicates that CL size is
influenced by breed. In addition, Rocha et al. (2019)
reported that area of CL strongly correlates with
progesterone concentrations during CL development. In
this study, there is a possibility that CL with a diameter of
0.5-1cm was the dominant phase of CL development in the
estrus cycle of beef cattle in Sleman Regency. However,
this is not supported by data of estrus cycle day, thus it
cannot be concluded. Further studies on the CL
development of beef cattle in Sleman regency need to be
carried out with the association of estrus cycle day and
progesterone concentration.

Fig. 2: Ultrasound imaging of ovary sample in each CL crown
category (A=<0.5cm; B=0.5-1cm; C=1-1.5cm; D=>1.5cm). Blue
arrow: ovary tissue, black arrow: CL tissue, yellow arrow: follicle.

Transrectal palpation or ultrasonography are common
methods to identify ovarian structures in the cow.
However, ultrasonography can give more precise results



when determining the number and the size of the mature
corpus luteum compared to manual palpation (McDougall
and Rhodes 1999; Hanzen et al. 2000). This is in line with
our findings that revealed strong positive and significant
correlation between area of CL tissue from ultrasound
imaging and area of CL tissue from macroscopic
observation. Although, ultrasonography also has limitation
to identify young and old-CL or CL with small size
(Pieterse et al. 1990; Aslan et al. 2000). In this study, non-
significant correlation was revealed between area of CL
crown with both area of CL tissue from ultrasound imaging
and area of CL tissue from macroscopic observation. This
indicate that the CL crown size cannot be used to estimate
the CL size within the ovary. Although it is easy to
determine the presence of CL by identifying the CL crown
during transrectal palpation, it depends on the experience
of the operator.

The feature of CL tissue from macroscopic
observation in this study was same with the description of
CL by Skovorodin et al. (2020b). In a few days after
ovulation, the CL is large, light red or yellow, slightly
protruding above the surface of the ovary, and the
lobulation of the incision is not visible (Skovorodin et al.
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Fig. 3: Macroscopic feature and ultrasound imaging of ovary with large CL crown orifice (A), small CL crown orifice (B), and no CL
crown orifice (C). Red arrow: CL crown, blue arrow: CL tissue, yellow arrow: follicle, black arrow: CL crown orifice, green arrow: CL
cavity.

2020b). This description similar with our finding of the CL
feature with large orifice in the middle of the CL crown
(Fig. 3D). After that, CL become dense, and the luteal
tissue is bright yellow with clear lobulation in the incision
(Skovorodin et al. 2020b). This description similar with our
findings of the CL feature with no orifice in the middle of
the CL crown (Fig. 3F). Ultrasound imaging has been used
to identify the structure in the ovary for decades and still
develop until now (Pieterse 1989; Boyd and Omran 1991;
Viana et al. 2013; Jaskowski et al. 2021). In general, CL
can be identified using ultrasound 3 days after ovulation.
Ultrasound image of a developing CL is poorly defined,
irregular, greyish-black structure with echogenic spots all
within the ovary. While CL in a mid-cycle can be defined
well as granular greyish echogenic structure. Demarcation
line is clear visible between CL tissue and the ovarian
stroma. In a regressing CL, the demarcation line become
faint owing to the slight difference in echogenicity between
the tissues (Pieterse et al. 1990). Our findings were same
with the description of ultrasound imaging in mid-cycle
CL. In addition, CL with cavities also could be identified
in this study (Fig. 3G). Small central cavity was identified
in the CL with large orifice in the middle of CL crown. CL



cavity is identified as non-echogenic area surrounded by
greyish echogenic luteal structure. This cavity is varying
for its size and shape according to the cyclic stages of the
CL (Kito et al. 1986; Kastelic et al. 1990).

Conclusion

Corpus luteum crown was identified as circular folding
tissue in the ovary surface while corpus luteum tissue as
yellowish lobed structure by macroscopic observation and
hypoechoic structure by ultrasonography. We found that
there was no correlation between the area of corpus luteum
crown and area of corpus luteum tissue. Thus, area of
corpus luteum crown could not be used to predict the area
of corpus luteum tissue. This study of macroscopic feature
and ultrasonography imaging of CL in the bovine ovary can
be used to understand better about interpretation in
sonogram examination by practitioners. However, further
studies about CL crown and CL tissue development in beef
cattle need to be carried out with special emphasis on
association of estrus cycle day and progesterone
concentration.
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