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Changes in Cervical Mucus as an Indicator of Fertility in Aceh Cattle
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Abstract | This study aimed to investigate the relationship between cervical mucus viscosity and estrogen concentration,
several blood biochemical profiles, and blood macro-mineral levels, as well as to determine the effect of cervical mucus
viscosity and pH differences on pregnancy rates in Aceh cattle. Eight females Aceh cows aged 3-7 years old, with body
weights of 150-250 kg were synchronized using a 25 mg single dose injection of PGF2a. Afterward, observation of
estrus signs was performed for 30 minutes at 06:00 a.m. and at 06:00 p.m. Blood and cervical mucus samples were
collected during the first cervical mucus secretion. The estrogen concentrations of each type of cervical mucus, namely
thick, moderate, and thin were 29.39+6.29; 23.24+4.62; and 30.93 pg/mL, respectively. The pregnancy rate in cows with
a cervical mucus pH of 6 and 9 was 0%. Meanwhile, the groups with a cervical mucus pH 7 and 8 had a pregnancy rate
of 50%. An examination of cervical mucus showed different consistencies: five cows had mucus with a thick viscosity,
with a 20% pregnancy rate; two had mucus with a moderate viscosity, with a 50% pregnancy rate and one had mucus
with a thin viscosity, with a 100% pregnancy percentage. In conclusion, there is no significant relationship between
estrogen concentration and cervical mucus viscosity levels in Aceh cattle. Levels of total protein, total cholesterol, and
glucose were correlated to the viscosity of the cervical mucus. Higher levels of blood macrominerals (Na, K, CI, Ca, P,
and Mg) in female Aceh cattle resulted in greater viscosities of cervical mucus. The groups with cervical mucus pH of 7
and 8 had higher rates of pregnancy (50%) than the groups with cervical mucus pH of 6 and 9. The viscosity of cervical
mucus also had an effect on the success of pregnancy in Aceh cattle.
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INTRODUCTION

Recently, fertility evaluation by the examination of fluids
produced in the female reproductive tract has become a
serious concern. The characteristics of cervical mucus play
an important role in the success or failure of pregnancy.
An indirect evaluation of cervical mucus can be used as
an indicator of the current estrous cycle stage or hormonal
status in domestic animals (Benbia et al., 2011). Cervical
secretion also has roles in sperm endurance and transporta-
tion to the uterine cavity (Kumar et al., 2012). Changes in

Cervical mucus is produced by endocervical secretory
cells. Its quality and quantity depend on the status of
gonadal hormones during the estrous cycle (Tsiligianni et
al., 2001). The main functions of cervical mucus is sperm
transportation and its role as a barrier against microbial
infections. Cervical mucus consists of 92-95% water, along
with carbohydrates, amino acids, lipids, and a mixture of
dissolved macromolecules such as proteins and polysac-

charides (Schumacher, 1970). Cervical mucus also con-
tains several enzymes such as alkaline phosphatase (ALP),
lactate dehydrogenase (LDH), and o -amylase (Tsiligianni
et al., 2003).

cervical mucus can also be used to determine the optimal
time for artificial insemination (Tsiligianni et al., 2000).

Studies have shown that there is a strong correlation be-
tween cervical mucus and sperm motility (Gaddum-Rosse,
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1981; Yousef, 1981). Some hormonal imbalances are ex-
hibited in cervical mucus, with consequences for the ability
of sperm to penetrate. Cervical mucus is also a mechan-
ical barrier to uterine pathogens. Normally, cattle un-
dergoing estrus will discharge cervical mucus from their
vulva. High-quality cervical mucus is clean, comes from
the cervix, and does not produce a smell. Clean cervical
mucus secreted during artificial insemination has a close
relationship with higher conception rates (Loeffler et al.,
1999). Conversely, abnormal cervical mucus can suppress
reproductive performance (Mahmoudzadeh et al., 2001).
In humans, it is known that a-amylase and LDH found
in cervical mucus play a role in spermatozoa capacitation

(Vermeiden, 1989).

'The properties of cervical mucus influence the possibility
of depositing semen in the female reproductive tract. In
addition, the physical properties of cervical mucus are di-
rectly related to the fertility status of animals (Rangnekar
et al., 2002). Gonadal hormone changes during estrus in-
fluence its physical and chemical properties (Eltohamy
et al., 1990). An infertile cow experiences changes in the
physical properties of its mucus, including color (appear-
ance), consistency, elasticity, fern pattern, and pH (IMohan-

ty et al., 1996).

Several studies have examined the fertility of Aceh cattle
based on hormonal status (Siregar et al., 2016; Thasmi et
al., 2017), the presence of embryos (Siregar et al., 2017),
and bacterial infections of the uterus (Rafika, 2017). These
methods were relatively difficult, expensive, and required a
long time. Until now there have been no reports about the
relationship between changes in the physical properties of
cervical mucus and infertility in Aceh cattle. Therefore, we
need a study that aims to evaluate the relationship between
the fertility of Aceh cattle and changes in cervical mucus
during insemination.

MATERIALS AND METHODS

ANIMAL MODEL

Eight adult female cows, aged 3-7 years old and weighing
150-250 kg, that had already given birth and had experi-
enced at least two regular cycles, were synchronized with
a single dose of 25 mg PGF2 alfa (LutalyseTM, Pharma-
cia & Upjohn Company, Pfizer Inc.) intramuscularly. All
cows were Aceh cattle owned by the Experimental Ani-
mal Technical Unit, Faculty of Veterinary Medicine, Syi-
ah Kuala University, Banda Aceh. Rectal palpation was
performed before the injection to evaluate the presence of
corpora lutea.

ARTIFICIAL  INSEMINATION PREGNANCY
EXAMINATION

Estrus detection was performed twice a day, at 6 a.m.and 6

AND

p.m., for 30 minutes each time. Artificial insemination was
performed when cows were considered in the estrus phase,
red and swollen vulva, restlessness, mounting other cows,
decreased appetite, and secretion of cervical mucus. All
cows were inseminated with semen from Aceh cows that
had been determined to be fertile. The pregnancy rate was
determined 18-21 days after insemination using a non-re-
turn rate method.

CoLLECTION AND EXAMINATION OF CERVICAL MUCUS
Cervical mucus was collected at the time of the first cervical
mucus secretion. The outer part of the female genitals was
cleaned using 70% alcohol and was swabbed with cotton
to dry. Cervical mucus was collected using an aspiration
method by inserting a 20 ml sterile pipette connected to a
rubber hose into the vaginal canal, followed by palpation.

Afterward, mucus was collected in a sterile tube.

'The viscosity was examined by dropping 2-3 drops of the
mucus onto a clean glass surface, which was then tilted at
450."The viscosity was grouped into three different levels of
consistency, namely thick (+++), moderate (++), and thin
(+). Thick consistency was defined as when mucus hung
without breaking and exhibited a wide diameter. Moderate
consistency was defined when mucus hung without break-
ing but had a moderate diameter. Dilute or thin consist-
ency was defined when mucus hanged off and exhibited a

small diameter (Irfan et al., 2017).

CEervicaL Mucus PH MEASUREMENT

The pH of cervical mucus was directly measured in the
laboratory using a universal indicator or pH meter. Mucus
was categorized into four groups depending on pH: name-

ly <7.0;7.0-7.5; 7.5-8.0; and >8.0.

BLooD SAmMPLING

A 10 mL sample of blood was taken from the jugular
vein shortly after mucus collection. The sample was put in
a thermos and left for several hours in order to separate
blood cells and serum into two layers. Afterward, the tube
was centrifuged for 10 minutes at 3000 rpm and the serum
was transferred into a micro tube. Finally, serum was stored
in a -20° C freezer until hormone analysis could be carried
out.

BLooD COLLECTION AND PREPARATION

Blood plasma for the measurement of hormone levels was
taken from cows’ jugular veins using a 10 mL disposable
syringe. Blood was collected just before insemination. The
blood was put in a test tube and placed in a thermos filled
with ice. The blood was then taken to the laboratory for
the collection of plasma and was left for 30 minutes before
centrifugation. Centrifugation was carried out at a speed of
2500 rpm for 15 minutes. The plasma was then taken from
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the tube with a micropipette and was placed in a micro-
tube. The plasma was stored in a freezer with a temperature
of -20 ° C until it was used for steroid analysis. Hormonal
analysis was performed using an enzyme-linked immuno-

sorbent assay (ELISA) method.

BLoOD B1OCHEMISTRY EXAMINATION

Five pL of serum was taken and was added to 500 mg
of Lab test reagent using a micropipette. The sample was
then put into a spectrophotometer (Mindray BA-88A).
The blood biochemical levels to be measured were total
protein, total cholesterol, and glucose.

MINERAL LEVEL EXAMINATION

A micropipette was used to take 5 pl of blood serum, which
was added to 500 pL of standard calibration solution rea-
gents. Afterward, the sample was inserted into a spectro-
photometer and the result was read immediately.
MEASUREMENT PROGESTERONE/ESTRADIOL
CONCENTRATION

For each ELISA well microplate, 25 pl of standard solu-
tion, sample, and control were added and incubated for 5
minutes at room temperature. Afterwards, the solution was
mixed with 200 pl of progesterone/estradiol-HRP reagent,
then incubated for 60 minutes at room temperature. The
microplate was shaken quickly to remove the contents of
the well. The microplate was then rinsed three times by the
addition of 400 pl of washing solution to each well. After-
wards, 200 pl of the substrate solution was added to each
well and the solution was incubated again for 15 minutes
at room temperature. The enzymatic reaction was stopped
by the addition of 100 pl of stop solution to each well. The
absorbance value was read within 10 minutes, using an

ELISA reader with a wavelength of 450 nm.

OF

RESULTS AND DISCUSSION

The result showed that the percentage of cervical mucus
viscosity of cattle which was categorized as thick (+++);
moderate (++); and thin (+) were 62.5%; 25.0%; and
12.5%, respectively. About 75% of the mucus samples had
a transparent appearance and the other 25% displayed a
cloudy color. The average (+SD) estrogen concentration in
cervical mucus of thick, moderate and thin viscosity was
29.39+6.29; 23.24+4.62; and 30.93 pg/mL, respectively.
Data of cervical mucus viscosity, estrogen concentration,
and conception rate are presented in Table 1.

Statistical analysis showed that the correlation value be-
tween estrogen concentration and cervical mucus viscos-
ity in Aceh cattle was 0.123. The coeflicient of the deter-
minant (R2) was 1.5, indicated that as much as 1.5% of
the quality of cervical mucus secretion could be explained

by variations in estrogen hormone concentration, while
the rest was influenced by other variables. The regression
equation was as follows: y = 2.057 + 0.016x (y= viscosity
of cervical mucus; x= estrogen level). A coeflicient value of
0.016 meant that the addition of one pg/ml estrogen con-
centration would increase the cervical mucus viscosity by
0.016.This equation indicated that the greater the estrogen
concentration, the more cervical mucus viscosity increased.
Rangnekar et al. (2002) stated that, in addition to estrogen,
progesterone can affect the physical properties of cervical
mucus. Other factors such as biological variation, nutrition,
number of samples (n), and time of measurement were also
likely to have significant effects on viscosity. The viscosity
levels of cervical mucus can also be significantly affected
by changes in the composition of glycoprotein molecules,
which in turn can cause difficulties in spermatozoa pene-
tration (Dev et al., 1997). The alterations in glycoprotein
composition due to the increasing of water and mineral
concentration can decrease the viscosity of cervical mucus
which in turn causes increased secretion and color in cervi-

cal mucus (Rutllant et al., 2005).

Table 1: Cervical mucus viscosity, estrogen concentration,
and conception rate

No  Cervical Number Estrogen Conception
mucus of concentration rate (%)
viscosity  samples (pg/mL)

(n) (SD)

1 Thick 5 29.39+6.29 20
(+++)

2 Moderate 2 23.24+4.62 50
(++)

3 Thin 1 30.93 100
(+)

Estrogen concentrations at all three cervical mucus viscos-
ity levels in this study were relatively similar. The results of
this study showed that all samples had relatively similar
biological variations. Guyton (1991) stated that different
hormone concentrations in animals are due to biological
variations that depend on the type of animal, the animal
condition, stress factors, interactions with other animals,
the animal age, and the time of measurement. The estrogen
concentration found in this study was relatively similar to
the results of studies by Gebrehiwot et al. (2015) (25 pg/
mL) and in Punganur cattle (20.24 pg/mL) (Naik et al,,
2013).

'The presence of estrogen greatly affects animal physiology
during the estrus phase and causes the animal to be able to
copulate. Tsiligianni et al. (2011) reported that super ovu-
lated cows in the follicular phase had a minimum estrogen
level of 30.95 pg/mL and a maximum level of 54.77 pg/
mL. The increase in estrogen concentration in blood cir-
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culation reaches the anterior pituitary and stimulates LH
release. Moreover, estrogen also affects the nervous system,
causing animals to be restless and to mount other cows.
Estrogen also causes the uterus to contract gently, which
allows spermatozoa to be transported to the female repro-
ductive genitals after insemination and natural copulation.
Other effects of high estrogen concentration include dila-
tation of blood vessels in genital organs and mucus secre-

tion by cervical and vaginal glands (Ramli et al., 2016).

Cervical mucus is a substance produced by the cervix dur-
ing estrus and consists of mucin and plasma. Cervical mu-
cus sterilizes microbes in the uterus and can be used as an
indicator of the estrous cycle in animals. Characteristics of
the mucus depend on the hormones produced in the estrus
phase (Benbia et al., 2011). Estrogen-influenced cervical
mucus secretion results in thick and clear mucus (Lim et

al., 2014).

'The pH levels of cervical mucus in Aceh cows ranged from
6.0 to 9.0, with an average pH of 7.6, as presented in Table
2.'The pH range of Aceh cows in this study was relatively
greater than those reported for different types of livestock
and breeds. Bernardi et al. (2016) reported that the pH
level of cervical mucus in Holstein cattle ranged from 7.0-
7.6 with no significant differences between natural and in-
duced estrus. Dogra et al. (2017) stated that the pH of cer-
vical mucus during the estrus phase in goats ranged from
6.8-7.0 and was relatively similar in both induced and
natural estrus. Mahmoud (2013) also stated a consistent
result that the cervical mucus pH in estrus-induced sheep
was 6.74, while the cervical mucus pH in natural estrus

was 6.80.

Table 2: pH level of cervical mucus and pregnancy rate in
Aceh cattle

No pH of mucus Sample (n) Pregnancy rate (%)
1 6.0 1 0

2 7.0 2 50

3 8.0 4 50

4 9.0 1 0

'The pH difference in this study was likely to be related to
the measurement method used and differences in estro-
gen levels in each cow. Suharto (2003) stated that envi-
ronmental conditions at the time of measurement could
also affect the pH of cervical mucus. When cervical mucus
pH was measured outside the body (in vitro) in an envi-
ronment with high humidity, the mucus pH tended to be
more alkaline. Cervical mucus pH can also be influenced if
the cervical mucus is exposed to atmospheric air for 5-10
minutes (Correa et al., 2001). Furthermore, Salisbury and
Vandenmark (1985) stated that the pH level of cervical

mucus which was measured ex sifu tended to be alkaline,

ranging from 9.0-9.2. In this study, pH level was measured
ex situ, which could be the reason that five out of eight
cows had alkaline pH.

Besides differences in measurement methods, differences
in pH levels of cervical mucus could also be affected by
hormones such as estradiol levels during the estrus cycle
(Prasdini et al., 2015; Suharto, 2003). The presence of OH
elements in the structure of estradiol could cause mucus
pH towards neutrality or alkalinity. The present study sup-
ported that finding in which the estradiol concentration of
cervical mucus of Aceh cows with pH below 7 was higher
(22.7 ng/mL) compared to estradiol concentration of cer-

vical mucus with a pH above 7 (25.32 pg/mL).

At this study, the most commonly found pH level of cer-
vical mucus was 8. All groups in this study showed a NRR
value of 0% at pH 6 and pH 9 group and NRR value of
50% at pH 7 and pH 8 group. Hamana et al. (1971) found
similar results, showing that the highest pH level of cer-
vical mucus was 6.0-7.2. Zaman et al. (2013) stated that
the pH value of cervical mucus in normal cows was 7.35,
which was coupled with a conception rate of 90%. Further-
more, Berger (1951) stated that highest pregnancy rates
had cervical mucus that was slightly alkaline.

Hatez and Hafez (2000), stated that excessive acidity or al-
kalinity in cervical mucus could reduce sperm motility and
cause fertilization failure. According to Modi et al. (2011),
the pH levels of cervical mucus of fertile cows ranged from
7.3-9.1, while pH levels of 4.7-7.9 tended to breed re-
peatedly. In this study, cows with relatively acidic cervical
mucus (pH 6) and extremely alkaline cervical mucus (pH

9) had NRR values of 0%.

Cervical mucus with an optimum pH could help the sur-
vival of spermatozoa (Fordney-Settlage, 1981), but when
the cervical mucus pH beyond the optimum level, it will
reduce the fertility of spermatozoa. Branigan and Larry
(2008), stated that a pH range of 7.0-8.5 was the optimal
range to support sperm viability and motility. Bernardi et
al. (2016) observed that the spermatozoa penetration abili-
ty in FH cows with cervical mucus pH of 7.420.1 (induced
estrus) and 7.0£0.0 (natural estrus) were not significantly
different, and the value recorded were 78.58 dan 88.45%,
respectively. Zavos and Melvin (1980) stated that a mucus
pH of 26.1 increased sperm viability, while pH values of
<6.0 tended to reduce the survival rates of spermatozoa.
Acidic mucus usually had pH values between 3 and 4. Fur
thermore, at pH levels below 6 could lead to decreases
in sperm motility (Agarwal et al., 2008; Peck and Colin
(1986).

'The cervical mucus pH probably correlated with the estro-
gen concentration, thus it might be related to the estrus cy
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Table 3: Profile of several blood biochemical levels in

No. Mucus criteria Number of cows  Total protein
(g/dL)
1. Thin 1 8.2
. Moderate 2 9.75+0.9
3. Thick 5 9.48+1.1

cle of cows. Dodamani et al. (2010) stated that pH levels of
cervical mucus in Deoni cows during the estrus phase were
around 8.83-8.91. According to Suharto (2008), pH levels
during the estrus phase ranged from 7.5-9.8. Tsiligianni et
al. (2011) conclude that the high estrogen concentration
will induce the pH reduction while the low estrogen con-
centration will increase the cervical mucus pH. This condi-
tion has attributed to the peroxide activity changes which
induced by the different estrogen concentration (Farley et

al., 1992).

The results of this study showed variation in the average
profile of several biochemical levels in blood, as well as the
viscosity of cervical mucus of Aceh cattle, as presented in
Table 3. Out of a total eight cows, five cows has mucus
with thick viscosity, two cows had mucus with moderate
viscosity, and one cow had mucus with thin viscosity.

'The average (+SD) total blood protein levels of cows with
cervical mucus with thin viscosity, moderate viscosity, and
thick viscosity were 8.2; 9.75+0.9; and 9.48+1.1 g/dL, re-
spectively. According to Mitruka and Rawnsley (1981), the
total normal protein concentration of cow blood is 7.56
+0.50 g/dL. The total blood protein level in this study
that was closest to normal levels was found in cows with
thin-viscosity mucus. Siregar et al. (unpublish) reported that
the levels of total blood protein in Aceh cows that expe-
rienced repeat breeding and in fertile cows were 6.9+1.97

and 6.6x1.56 g/dL (P>0.05), respectively.

The results of this study showed that the higher the total
blood protein, the greater the viscosity of the cervical mu-
cus. Khan et al. (2010) stated that low protein levels could
cause disturbances in gonadotropin synthesis. Therefore,
the high protein levels found in this study were expected to
increase gonadotropin synthesis. Manas et al. (2012) stated
that amino acids and proteins were needed for the bio-
synthesis of GnRH and LH, which started ovulation. The
increase of gonadotropin synthesis could increase steroid
concentration in blood, and steroid concentration has a
relationship with the physical properties of cervical mucus

(Rangnekar et al., 2002).

'The average (+SD) total blood cholesterol in cervical mu-
cus with thin viscosity, moderate viscosity, and thick vis-

cosity was 123.0; 146.0+2.8; and 162.2+39.90 mg/dL,
respectively. Cholesterol is a fatty substance that is pro-

Aceh cattle with different viscosities of cervical mucus

Total cholesterol Glucose
(mg/dL) (mg/dL)
123 39

146+2.8 32.5+10.60
162.2+39.90 38.8+18.24

duced by the liver and circulates in the blood (Murray et
al., 2003). Normal cows have a total blood cholesterol in
the range of 80-170 mg/dL (Mitruka et al., 1977). Total
cholesterol levels in this study were found in the normal
range. According to Murray et al. (2003), cholesterol is an
important element in plasma membranes and a chief el-
ement in all other steroids synthesized in the body, such
as adrenal cortex hormones and sex hormones, as well as
vitamin D and bile acids.

The results of this study showed that the higher the total
cholesterol level, the greater the viscosity of the cervical
mucus. Pereek and Dien (1985) and Arosh et al. (1998)
found a close relationship between low cholesterol levels
and decreased levels of steroidogenesis. Highshoe et al.
(1991) reported that cholesterol acted as a precursor to
the biosynthesis of androstenedione, progesterone, and
estrogen by granulose cells under the influence of LH. In-
creased steroidogenesis increases the concentration of ster-
oids, which in turn affects the viscosity of cervical mucus

(Lim et al., 2014).

Average (SD) blood glucose levels in cervical mucus with
thin viscosity, moderate viscosity, and thick viscosity were
39.0; 32.5+10.60; and 38.8+18.24 mg/dL, respectively. The
results showed that there was no clear relationship between
blood glucose levels and viscosity of cervical mucus. There-
fore, it was suspected that the viscosity of cervical mucus in
this study was more influenced by the levels of total protein
and cholesterol.

Mitruka and Rawnsley (1981) reported that a normal cow
blood glucose level was 89.0£22.0 mg/dL. Blood glucose
levels from cows with three different cervical mucus vis-
cosities in this study were low. Low blood glucose levels
could cause a decrease in hypothalamic GnRH secretion,
due to the lack of ATP, which plays the role of activating
cAMP as an intracellular messenger (Murray et al., 2003).
The decrease in GnRH secretion was followed by a de-
crease in the synthesis of FSH and LH hormones, which
resulted in the absence of ovarian follicle growth or ovarian
hypofunction, reduced insulin and Insulin Growth Factor
1 (IGF-1) concentrations, and reduced estradiol produc-

tion by ovarian follicles (Mulligan et al., 2006).

'The average blood macromineral levels at different cervical
mucus viscosities are presented in Table 4.
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Table 4: Macromineral levels of Aceh cattle blood serum at different cervical mucus viscosities

No Mucus criteria Number of Na K Cl1 Ca P Mg
cows (mmol/L) (mmol/L) (mmol/L)) (mg/dL) (mg/dL) (mg/dL)

1. 'Thin 1 112 3.1 128 8.2 7.2 2.1

2. Moderate 2 222+1.41  6.5+0.07 258+1.41 16.9+0.21 15.6+0.42 4.1+0.07

3. Thick 5 582+5.59 17.5+0.3 620+2.91  43.6+0.22 35.8+2 30.3£8.91

From a total sample of eight cows, five had cervical mucus
with a thick viscosity, all of which was transparent in color.
Two cows showed a moderate mucus viscosity, in which
the mucus color was transparent and cloudy. There was one
cow with mucus with thin viscosity and a turbid color. The
average macromineral levels of Na, K, Ca, P, Cl, and Mg
in Aceh cows with thick vs moderate vs thin viscosity were
as follows: Na (582+5.59 vs 222+1.41 vs 112 mmol/L); K
(17.5+0.3 vs 6.5+0.07 vs 3.1 mmol/L); Ca (43.6+0.22 vs
16.9+0.21 vs 8.2 mg/dL); P (35.8+2,0 vs 15.6+0.42 vs 7.2
mg/dL); Cl (620+ 2.91 vs. 258+1.41 vs. 128 mmol/L); and
Mg (30.3+8.91 vs. 4.1+ 0.07 vs. 2.1 mg/dL), respectively.

The macromineral concentrations in the blood serum of
female Aceh cattle with thin mucus viscosities were rela-
tively normal, whereas for moderate and thick viscosities,
the macromineral concentrations were high. Therefore,
higher macromineral concentrations in blood serum could
cause higher cervical mucus viscosity. This shows the spe-
cific influence of macromineral concentration on cervical
mucus viscosity. There are numerous factors which make
macromineral concentration affect cervical mucus viscos-
ity, although Piliang (2002) stated that body mineral re-
quirements were small, only about 4%. The body macro-
mineral that plays roles in reproduction, particularly in the
estrus phase, is NaCl. In the estrus phase, NaCl levels are
high and can cause an increase in estrogen levels. Estrogen
plays a role in the secretion of cervical mucus.

In blood, the normal concentration of Na is 137-148
mmol/L and the normal concentration of K is 3.8-5.2
mmol/L (Anderson and Rings, 2009). In this study, nor-
mal values were only found in cows with thin mucus vis-
cosity, whereas in cows with moderate and thick mucus
viscosities, the values were higher. A deficiency of Na in
the body will cause hypofunction in ovaries, which results
in repeated breeding (Robert, 1971). Meanwhile, exces-
sive administration of K can result in delayed puberty and
ovulation, impaired development of corpora lutea, and
increased incidence of anestrus in cows (Velladurai et al.,

2016).

Normal ClI concentration in cow blood is 90-110 mmol/L
(Clark, 2001) and normal Ca concentration is 8-12 mg/
dL. If calcium levels drop to 4-5 mg/dL, hypocalcemia
is indicated (Goff et al., 2005). The highest peak of Ca

concentration is on day O of the estrous cycle (the estrus

phase). Ca levels will decrease significantly on day 7, and
will rise slowly on day 25 of the estrous cycle (Kekan and
Shirbhate, 2015).

The normal concentration of P in blood plasma ranges
from 4.24 to 7.58 mg/dL (Hazzimusic and Krinic, 2014).
In this study, a normal value was only found in a cow with
a thin mucus viscosity, whereas in cows with moderate and
thick viscosities, the values were high. P plays a role in the
metabolic process and in the reproductive system. Low P
levels can reduce fertility (productivity) and cause irregular
estrus, which can result in repeated breeding (McDonald

et al., 2002).

'The normal concentration of Mg in blood plasma is 1.8-2.4
mg/dL (Kincaid, 2008). In this study, a normal value was
only found in a cow with thin mucus viscosity, whereas in
cows with moderate and thick viscosities, the values were
high. Mg deficiency results in decreased appetite, leading
to overall decreases in nutritional intake. The decrease in
total nutritional intake can result in indirect reproductive
disorders. Magnesium usually does not have a direct ef-
fect on livestock reproductive disorders, but Mg has an an-
tagonistic relationship with Ca. Therefore, any changes in
Ca-P-Mg homeostasis will affect the reproductive status
of livestock (Kumar, 2003).

NaCl and Mg percentages in cervical mucus are 0-0.003%
and 0.05%, respectively. In the estrus phase, levels of NaCl
increase because there is an increase in estrogen. Estrogen
affects mineralocorticoids, adrenaline, and oxytocin. Min-
eralocorticoids are steroid hormones that are responsible
for the maintenance of sodium levels, as well as the balance
of sodium, potassium, and hydrogen that circulating in the

body, including circulation to Goblet cells through nerve
cells (Makmum et al., 2017).

'The pregnancy rates in cows with thick, moderate, and thin
cervical mucus viscosities were 20%; 50%; and 100%, re-
spectively (Table 1).This result was consistent with a study
by Deo and Roy (1971), which observed a higher concep-
tion rate in fertile cows with thin cervical mucus (100%).
Thin cervical mucus facilitates spermatozoa transport and
increases its lifespan. According to Mufti et al. (2010),
a 47.54% conception rate occurred in cows with thin to
moderate cervical mucus consistencies, which caused an
increase in migration of spermatozoa in the female repro-
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ductive tract. Bernardi et al. (2016) reported that the suc-
cess rates of artificial insemination in Holstein cows cate-
gorized by cervical mucus viscosity were as follows: 9% for
cows with thick cervical mucus, 30% for cows with mod-
erate cervical mucus, and 61% for cows with thin cervical
mucus. During the pre-ovulation phase, cervical mucus
has a low viscosity and the amount of cervical mucus and
the changes that occur are influenced by body hormone
levels (Tsiligiani et al., 2011). Mellado et al. (2015) found
that the conception rate of cows with transparent mucus
is higher than that of cows with turbid mucus (30.6% vs
22%). The combination of mucoprotein and weak sperm
penetration will prevent progressive movement of sperma-
tozoa, which causes a lower conception rate in cows with
thick cervical mucus.

The amount and consistency of mucus will change de-
pending on the estrous cycle phase and variations in hor-
mone levels (Verma et al., 2014). During the estrous cycle,
changes in the physical characteristics of cervical mucus
can be used to determine the optimal time for artificial
insemination (Tsiligiani et al., 2011). The natural fertili-
zation process generally occurs when animals are in estrus,
in which one of the signs in female animals is the accu-
mulation of mucus in the vagina. This mucus seems to be
a moderate that helps spermatozoa reach the fertilization
site, as well as becoming a selector of spermatozoa (Cox et

al., 1997; Hafez and Hafez, 2000).

From a sample of eight cows, one cow showed a thin cer-
vical mucus viscosity. A thin mucus consistency facilitates
the migration of sperm cells in the female reproductive
tract. Bernardi et al. (2016) reported that fertile cows with
thin and clear mucus had a pregnancy rate of 65%, while
cows with thick mucus had a pregnancy rate of 40%.

Thinner cervical mucus causes faster penetration of sperm
cells to the ovum cell, resulting in a higher pregnancy rate.
This is in accordance with the results of an in vitro study
by Murase et al. (1990), which found that spermatozoa
moved linearly with the direction of estrus mucus streaks.
The movement of spermatozoa may be facilitated by the
presence of channels in the mucus that are easily penetrat-
ed and guide the spermatozoa forward. This situation oc-
curs due to the influence of estrogen at the time of estrus,
which acts to regulate glycoprotein macromolecules so that
the distance between mucus molecules becomes 2-5 pm.
In this situation, a channel forms and can be traversed by

spermatozoa (Hafez and Hafez, 2000).
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