Research Article

Ankara Univ Vet Fak Derg, 72 « 4, 487-496, 2025

Interrelationships between milk yield, anti-miillerian
hormone levels, metabolic profile parameters, and first
service conception rates in Simmental cows

Yavuz KASALAK®?, Muhammed Enes INANC>?*

1Burdur Mehmet Akif Ersoy University, Institue of Health Science, Department of Reproduction and Artificial Insemination, Burdur, Turkiye. 2Burdur
Mehmet Akif Ersoy University, Faculty of Veterinary Medicine, Department of Reproduction and Artificial Insemination, Burdur, Tirkiye.

20RCID: 0009-0005-1094-7438; "ORCID: 0000-0001-6954-6309.

ARTICLE INFO

ABSTRACT

Article History

Received : 14.02.2025
Accepted: 29.07.2025

DOI: 10.33988/auvfd.1640250

Keywords

AMH

Metabolic profile
Milk yield
Pregnancy
Simmental

XCorresponding author
enesinanc@hotmail.com

How to cite this article: Kasalak Y, inang ME
(2025): Interrelationships between milk yield,
anti-mullerian hormone levels, metabolic profile
parameters, and first service conception rates in
Simmental cows. Ankara Univ Vet Fak Derg, 72
(4), 487-496. DOI: 10.33988/auvfd.1640250.

This study aimed to evaluate the relationship between milk yield, anti-
Miillerian hormone (AMH), metabolic profile test parameters (MPT), and first
service conception (FSC) rate in Simmental cows on postpartum day 60. Sixty
adult female Simmental cows, all of which were at least in their second
lactation period, were selected. The recorded milk yields were categorized
into two groups: low milk yield (LMY) (n = 30) and high milk yield (HMY) (n =
30). During milk assessment, the LMY group had a lower lactation number than
the HMY group (P<0.05). Furthermore, the HMY group exhibited higher Ca/P
ratios, glucose, and AMH levels. Phosphorus levels were significantly higher in
the LMY group compared to the HMY group (P < 0.05). Animals with low AMH
levels had lower glucose levels than those with medium and high AMH levels
(P<0.05). Additionally, AMH levels were positively correlated with albumin
(ALB)/ globulin (GLB) (P<0.05) and non-esterified fatty acids (NEFA) levels
(P<0.01). There was a numerical difference for pregnant (818.24+307.54
pg/mL) and non-pregnant (743.96+197.70 pg/mL) animals. In conclusion, AMH
levels were positively correlated with milk yield and some metabolic profile
parameters in Simmental cows; however, no statistically significant
association was found between AMH levels and pregnancy outcomes. Future
research should include larger populations and consider additional factors,
such as trace elements and reproductive status, to further enhance the
understanding of these relationships.

Introduction

as a diagnostic tool for metabolic diseases by providing

Optimal reproductive efficiency is a crucial factor
influencing productivity in the dairy industry and an
essential component of proficient dairy farm management
(36). There is a pressing need for reliable biomarkers in
cattle that are highly repeatable, variable, and heritable
and that correlate with reproductive performance (15, 34).
Field studies have explored various traits, including
nutritional aspects, management practices, housing
conditions, breeding strategies, and the health status of
both the reproductive and overall physiological systems,
elucidating the connection between metabolic status in
cows and postpartum ovarian function and reproductive
efficiency (3, 5). The metabolic profile test (MPT) serves

insights into the metabolic status of dairy cattle (29, 46).
Changes in MPT parameters typically begin during late
pregnancy and continue into early lactation. This
transition period is critical for reproductive performance,
as metabolic imbalances can impair ovarian activity and
conception rates (7, 29, 46). One of the key MPT
indicators linked to reproduction is beta-hydroxybutyric
acid (BHBA), an important marker of negative energy
balance (NEB), which has been associated with delayed
ovulation and reduced conception rates (18, 52).
Furthermore, serum total protein (TP) and albumin (ALB)
levels are essential for nutritional status and reproductive
success, and their decline has been noted in animals with
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pyometra or during the postpartum period (4, 20). TP also
contributes to nutrition, osmotic pressure, and acid-base
balance (27). Elevated globulin (GLB) levels may reflect
chronic inflammation, which can negatively affect fertility
(29, 40). Serum aspartate aminotransferase (AST) is a
sensitive and stable marker (25). Calcium (Ca),
magnesium (Mg), and phosphorus (P) are crucial for
reproductive hormone secretion, muscle function, and
metabolic homeostasis (33, 45). An appropriate Ca-P-Mg
balance supports estrus expression and ovulation.
Glucose, the primary energy source, is also essential for
ovarian function; low glucose levels have been linked to
anovulation and subfertility. Blood urea nitrogen (BUN)
reflects protein-energy balance, and extreme levels could
potentially have adverse effects on fertility (28, 39).

Efficient reproductive management is crucial for
ensuring successful herd renewal and achieving high milk
yield in dairy cows. A recent study in postpartum dairy
cows indicated that milk yield decreased in cows suffering
from postpartum problems such as retained placenta (2).
Improved milk production is commonly associated with
advancements in breeding programs, animal husbandry
technologies, animal welfare practices, and nutritional
strategies (49). Fertility in dairy cows significantly
influences herd economics and genetic progress (12).
Among fertility indicators, the first-service conception
(FSC) rate is a key measure of reproductive efficiency and
overall herd profitability (22). FSC is defined as the
proportion of cows that conceive from their first artificial
insemination (Al) relative to the total number of
inseminated cows (6). Reported FSC rates typically range
from 26.7% to 50.7% (31, 43, 44). A low FSC rate can
lead to extended open days, increased insemination and
treatment costs, feeding inefficiencies, and early culling
(9, 17). Therefore, identifying the biological and
environmental factors that may limit FSC success is
essential for improving the reproductive performance of
dairy herds (31).

Anti-Miillerian hormone (AMH), produced by
granulosa cells of pre-antral and small antral follicles, is a
key endocrine biomarker that reflects the antral follicle
count and plays a crucial role in female reproductive
physiology and the superovulation response (51). Its
levels have been proposed as indicators of fertility,
productive lifespan, and herd longevity in cattle. For
instance, Jimenez-Krassel et al. (24) reported a positive
correlation between AMH levels and herd longevity in
heifers, whereas Cengiz et al. (8) observed higher AMH
and lower insulin levels in pregnant cows than in non-
pregnant cows. These findings support the potential of
AMH as a predictive marker of reproductive success (1,
19). Elevated AMH levels in cows are generally
associated with enhanced fertility and prolonged
productive herd life; however, in older cows, higher AMH
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concentrations may correlate with a modest reduction in
milk yield. In contrast, in young heifers, increased AMH
levels have been shown to predict both improved fertility
and greater milk production. Moreover, maternal milk
yield and composition, particularly in primiparous cows,
may influence AMH concentrations in their offspring,
suggesting a potential intergenerational effect on
reproductive capacity (24, 42). Despite growing interest,
only a limited number of studies have examined the
relationship between AMH and pregnancy outcomes, and
even fewer have investigated the combined evaluation of
AMH levels, MPT, and FSC in postpartum dairy cows (8,
16). This integrated approach remains especially in
Simmental cattle, where most existing research tends to
evaluate these parameters in isolation (21). Understanding
the interplay among these factors may offer more
comprehensive insights into the determinants of
reproductive performance. The novelty of this study lies
in its thorough and simultaneous assessment of AMH
concentrations, milk yield, and an extensive panel of MPT
parameters, all measured at a standardized postpartum
time point (day 60) in a homogeneous population of
multiparous Simmental cows maintained under uniform
management conditions. This integrated approach provides
a more precise understanding of the interrelationships
between metabolic status, reproductive biomarkers, and
lactational performance. Therefore, this study aimed to
investigate the relationship between milk yield, AMH,
MPT parameters, and FSC in Simmental cows on
postpartum day 60.

Materials and Methods

Animals, Management, and Experimental Design: The
study involved 60 clinically healthy Simmental cows,
each in their second to fifth lactation, aged between 4 and
7 years, and weighing 500-550 kg. Before inclusion, all
animals underwent a comprehensive health evaluation,
including general and reproductive examinations. General
health status was assessed through physical examination
(e.g., temperature, heart rate, respiratory rate, rumen
motility, and appetite), and reproductive health was
evaluated via transrectal palpation and ultrasonography of
the reproductive tract. Additionally, cows with a history
of metabolic, infectious, or reproductive disorders (e.g.,
metritis, retained placenta, and ovarian cysts) were
excluded from the study. This study was conducted at a
private cattle farm located in Kurucay, Burdur, Turkiye
(37°3826° ‘N, 30°09'59 ©’ E, 931 m altitude) during two
distinct periods: June through September 2022, when the
average temperature was approximately 23°C, and
February through May 2023, when the average
temperature was approximately 10°C. The GEA
DairyPlan C21 farm monitoring program tracked the
specified animals' milk output for 60 days following
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calving. AMH concentrations (51) and milk output were
used to rank the animals in descending order. With a range
of 19.5-29.8 kg/day (mean + SEM, 26.84+0.5), the low
milk yield (LMY) group (n=30) and the high milk yield
(HMY) group (n=30) had the lowest and highest milk
yields, respectively, with a range of 29.9-40.9 kg/day
(mean = SEM, 33.79 £ 0.59). Additionally, animals were
separated into three groups: low, medium, and high levels
of AMH (230.60 + 12.11 pg/mL, 444.13 + 18.31 pg/mL,
and 1678.76 + 461.25 pg/mL, respectively). In the study,
both pregnant and non-pregnant animals' outcomes were
assessed. In addition to being housed in an intensive
raising facility, these cows were given unlimited access to
drinking water and a total mixed ration (TMR) designed
for nursing dairy cows, which produced 30 kg of 4% fat
milk (33). The daily ration included 2.2 kg of barley
flakes, 1.4 kg of cottonseed meal, 3.8 kg of corn flakes,
0.1 kg of vitamin mixture, 20 kg of corn silage, 1.7 kg of
hay, 5.5 kg of alfalfa, 1.5 kg of sunflower seed meal, and
1 kg of soybean. In the morning and evening, TMR was
provided twice daily. The TMR had 54% dry matter, 6.9%
crude ash, 13.15% crude protein, and 2.4% crude fat,
according to chemical analysis.

Determination of Body Condition Scores: Body
Condition Score (BCS) of selected animals was recorded
at the initiation of the synchronization protocol, using the
evaluation method developed by Edmonson et al. (13).
The scoring ranged from 1 (very lean) to 5 (very fat), with
intervals of 0.25. Only animals with a BCS within the
range of 2.75-3.75 were included in the study.

Cows Synchronization Protocol, Al, and Pregnancy
Control: The study implemented the modified G6G
protocol (Figure 1) with synchronization starting on
postpartum day 42, followed by Al on day 60. The Al was
performed via the rectovaginal method in the corpus uteri
using thawed semen at 37°C for 30 s with the same proven
fertile bull semen. The pregnancy rate on the 60th day
after insemination was assessed using a Honda (HS-102V)
ultrasound.

Blood Sample Collection, MPT, and AMH Analysis: For
the MPT, a blood sample was collected from the vena
coccygea immediately after Al into a gel-activator-
containing vacutainer. The collected blood was
centrifuged, and the resulting serum was removed and

. e L. PGF2a
Figure 1.The modified G6G synchronization

protocol
GnRH: Gonadotropin-releasing hormone
PGF2a: Prostaglandin F2 alpha

TAI: Timed artificial insemination 2 Days

GnRH
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stored at -20°C until analysis. The serum content was
analyzed wusing a DiaSys Response® 910VET
autoanalyzer to determine BUN, AST, gamma-glutamyl
transferase (GGT), glucose, TP, ALB, Ca, cholesterol,
triglyceride, Mg, P, BHBA, and Non-esterified fatty acids
(NEFA) levels. All the kits for all parameters were
supplied by DiaSys (Germany). The GLB value was
obtained by subtracting the TP value from the ALB value.
AMH concentration was assessed using a bovine
ELISA kit (Cloud-Crone Corp., USA) (Catalog No:
CEA228Bo) according to the manufacturer’s protocol.
Optical density was measured spectrophotometrically at
450 nm using a microplate reader (BioTek, 800 TS ELISA
reader/USA). The concentration of serum samples was
calculated in pg/mL by plotting a standard curve.

Statistical Analysis: Data were tested for normality using
Shapiro-Wilk’s test, followed by Levene's test for
homogeneity of variances. Data were evaluated by
grouping them as milk yield (low and high), AMH (low,
medium, and high), and pregnancy rates (pregnant and
non-pregnant). Data demonstrating normal distribution
were analyzed by Student's t-test and one-way analysis of
variance (ANOVA) to assess the differences between
groups, while Mann-Whitney U and Kruskal-Wallis tests
were used for non-normalized data. Post-hoc analysis was
performed using Duncan's test for variables with
significant differences between groups. All statistical
analyses were conducted with a minimum margin of error
of 5% using SPSS 22.0 software. Standard Error of the
Mean (SEM) was used in the present study. Conception
rate was assessed using the chi-square test. Correlation
analyses were performed to determine the relationships
between MPT parameters, AMH levels, and FSC rates.

Resuits

The figure 2 presents the MPT profiles and other
parameters of the animals categorized into two groups
based on milk yield (LMY and HMY groups). A
significantly lower lactation number was observed in the
LMY group than in the HMY group (3.20 + 0.21 vs. 4.00
+0.17) (P<0.05). Furthermore, the Ca/P ratio (1.74 £ 0.07
vs. 1.51+0.06), glucose levels (44.50 + 2.58 vs. 36.05 +
3.31 mg/dL), and AMH levels (1073.67 = 318.21 vs.
461.29 + 56.73 pg/mL) were higher, whereas P levels
(4.99 + 0.26 vs. 5.76 + 0.25 mg/dL) were lower in the
HMY group than in the LMY group (P<0.05).

GnRH PGF2a GnRH TAI

6 Days 7 Days 24 Hours 24 Hours
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Figure 2. Metabolic profile and other parameter results according to milk yield

LMY: Low Milk Yield (19.5-29.8 [Mean: 26.84+0.5] kg), HMY: High Milk Yield (29.9-40.9 [33.79+0.59] kg), ALB: Albumin, AMH: Anti-Mullerian
Hormone, AST: Aspartate aminotransferase, BCS: Body condition score, BHBA: Beta hydroxybutyric acid, BUN: Blood urea nitrogen, Ca: Calcium,
GGT: Gama glutamyl transferase, GLB: Globulin, Mg: Magnesium, NEFA: Non-esterified fatty acids, P: Potassium, TP: Total protein

*P<0.05
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Figure 3. Metabolic profile and other parameter results according to AMH levels

Low AMH (230.60+12.11 pg/ml), Medium AMH (444.13+18.31 pg/ml), High AMH (1678.76+461.25 pg/ml), ALB: Albumin, AMH: Anti-Mullerian
Hormone, AST: Aspartate aminotransferase, BCS: Body condition score, BHBA: Beta hydroxybutyric acid, BUN: Blood urea nitrogen, Ca: Calcium,
GGT: Gama glutamyl transferase, GLB: Globulin, Mg: Magnesium, NEFA: Non-esterified fatty acids, P: Potassium, TP: Total protein. *P<0.05,
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The MPT profile and other parameters of the animals
were categorized into three groups (low [230.60 + 12.11
pg/mL], medium [444.13 + 18.31 pg/mL], and high
[1678.76 £ 461.25 pg/mL]) based on AMH levels, as
presented in Figure 3. Regarding AMH levels, animals
with low AMH levels exhibited lower glucose levels
(30.24 + 4.16, 46.15 + 2.53, 43.50 + 3.70 mg/dL) than
animals with medium and high AMH levels (P<0.05). The
FSC rate is shown in Figure 4 and was determined to be
31.7% in the present study (P<0.05).

The MPT profiles and other parameters of the
animals categorized into two groups based on pregnancy
status (non-pregnant and pregnant) are shown in Figure 5.
No statistically significant difference was observed
between the groups according to pregnancy status
(P>0.05). Although not statistically significant, the AMH
level in pregnant animals (818.24 + 307.54 pg/mL) was
slightly higher than that in non-pregnant animals (743.96
+197.70 pg/mL).

The correlation results for the parameters used in this
study are presented in Table 1. Milk yield was positively
correlated with Ca/P and AMH. AMH levels positively
correlated with ALB/GLB and NEFA levels. However,
the pregnancy status showed no significant correlation
with the parameters examined (P>0.05). Furthermore, the
metabolic profile results demonstrated both positive and
negative correlations (P<0.01, P<0.05).
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Figure 4. Total pregnancy rate as a result of synchronization in
cows

*P<0.05
GLB ALB/GLB AST
15 100
80
10
4 60
=]
40
05
20
0.0 0
P ca/P ™
8
25 8
6 20 [ 5
% " 15 P
=)
2 10 =
¢ 05 &
0 00 0
Glucose
AMH
80
2500
60 2000 [
- '°,.°
J 1500 K2
2w z 4 %,
E =) %,
£ 1000 | oy,
20 %
500 °°o,

Figure 5. Metabolic profile and other parameter results according to pregnancy status

ALB: Albumin, AMH: Anti-Mullerian hormone, AST: Aspartate aminotransferase, BCS: Body condition score, BHBA: Beta hydroxybutyric acid,
BUN: Blood urea nitrogen, Ca: Calcium, GGT: Gama glutamyl transferase, GLB: Globulin, Mg: Magnesium, NEFA: Non-esterified fatty acids, P:

Potassium, TP: Total protein
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Discussion and Conclusion

This study aimed to assess the relationship between milk
yield, AMH levels, MPT parameters, and the FSC rate in
Simmental cows on postpartum day 60. The AMH level
was significantly higher in the HMY group than in the
LMY group. AMH is produced by ovarian follicles and
released into the bloodstream (13). According to AMH
level, Jimenez-Krassel et al. (24) separated heifers into
four groups (the first group having the lowest AMH levels
and the fourth group having the highest AMH levels) and
kept track of them for at least two lactations. In this study,
Group 1 had fewer lactation cycles and a shorter
productive life. Group 1 also had a higher first-calving
mortality rate than the intermediate group (Group 3) and
lower milk production than the average of all groups.
These results indicate that AMH may be a reliable tool for
identifying heifers with longer lifespans.

The present data show that cows in the HMY group
had higher AMH and lactation numbers, indicating that
they were older, a finding that contrasts with the general
understanding that AMH declines with age. These results
can be attributed to several reasons (e.g., genetic merit,
selection bias, and better-managed cows remaining longer
in the herd). In addition, studies have found correlations
between the number and quality of growing follicles and
AMH levels (23). Upon comparing the results of these
studies with those of the present study, lower AMH levels
were obtained in the LMY group, whereas higher AMH
levels were obtained in the HMY group, indicating
compatibility. Correlation analysis revealed a positive
correlation between milk yield and AMH levels, thereby
supporting this outcome (P<0.05). Considering the recent
finding that follicle number is a moderately heritable
genetic trait in dairy cows (48), these results suggest that
AMH could potentially serve as a marker for determining
longevity in individuals. Average AMH levels in pregnant
animals were found to be high, and AMH analysis offers
valuable insights into the reproductive efficiency of herds
(41). lleritiirk and Kaynar (21) examined the relationship
between Ca, B-hydroxybutyrate, P, Mg, TP, total
cholesterol, free glycerol, triacylglycerol, serum protein,
serum lipid profiles, and AMH in dairy cows during the
three weeks prior to calving and three weeks following
calving. These findings indicate that free glycerol and
BHBA influence AMH concentration, whereas Mg levels
and the proportion of cholesterol esters in total serum fat
remain relatively stable throughout the transition period.
AMH may also serve as a reliable biomarker for reduced
follicular activity associated with negative NEB during the
transition period. Additionally, it could be used as a
criterion for culling animals that fail to conceive after
multiple inseminations. While the findings were
consistent with those obtained previously, the present
study revealed only a numerical difference between AMH

levels and pregnancy rates. Numerical differences may
translate into statistical differences when a larger animal
population is used. In this study, AMH levels were
positively correlated with ALB/GLB and NEFA. Okawa
et al. (36) categorized dairy cattle into four groups based
on their prepartum day 14 (dry period) and postpartum
(days 10 and 28) AMH levels. Mg, NEFA, and ALB/GLB
were positively correlated with AMH levels on days 10
and 28. Acetone, acetoacetate, and 3-hydroxybutyric acid
are ketones generated by the metabolism of volatile fatty
acids (38). Depending on the severity of NEB, the
production of ketone bodies may increase due to elevated
levels of NEFA, oxidative stress, and reactive oxygen
species, which are further exacerbated by stress factors in
dairy cows during the perinatal period (10). In this study,
NEFA levels were 0.13 £ 0.02, 0.11 £ 0.02, and 0.17 +
0.05 mEg/L in animals with low, medium, and high AMH
levels, respectively. The accepted optimum range of
NEFA levels in cattle is 0.10-0.79 mEg/L (37).
Additionally, ALB levels (g/dL) were determined as 3.40
+0.23,3.15+0.11, and 3.12 + 0.14, and ALB/GLB ratios
as 1.05 £ 0.03, 1.19 £ 0.05, and 1.05 £ 0.03 in animals
with low, medium, and high AMH levels, respectively.
The optimum ALB level in cattle is accepted within the
3.4-4.2 range (37). Based on these findings, we speculated
that normal NEFA, ALB, and ALB/GLB values were
positively correlated with AMH levels. Moreover, NEFA
and acute-phase proteins within normal limits may be
positively correlated with AMH levels. However, it is also
necessary to continue working with animals with NEB and
high NEFA levels.

The study revealed that animals with low AMH
levels exhibited lower glucose levels than those with
medium and high AMH levels (P<0.05). Furthermore, the
high milk yield group demonstrated higher glucose levels
and lactation numbers than the low milk yield group (P
<0.05). AMH levels were associated with productive herd
life and milk yield in cows and correlated with blood
glucose levels and lactation number. Additionally, when
analyzing the relationship between AMH and glucose
levels, studies focusing on humans have revealed a
potential association, particularly in patients with
polycystic ovary syndrome (11, 47, 50). Based on the
results obtained and the previous studies, it is suggested
that blood glucose levels and milk production are
correlated with AMH levels, and the variations observed
may be attributed to differences in animal species, age,
and animal. Furthermore, insights from human medical
studies can be adapted and applied to veterinary medicine.

In the current study, all animals were monitored
postpartum, and the modified G6G/Ovsynch ovulation
synchronization protocol was administered on the 42nd
day, followed by fixed-time Al on the 60th day. Kara et
al. (24) examined the relationship between milk yield and
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the G6G protocol in Simmental cows after parturition. The
pregnancy rate was 42.8% in animals 45-60 days after
parturition. In another retrospective study conducted on
Simmental cows with G6G synchronization, the
pregnancy rate was 54.4% in cold weather, 36.6% in hot
weather, and 48.9% overall (30). Kuru et al. (32)
conducted a comparative study between the modified
Ovsynch (double PGF2a with 24 h intervals) and Ovsynch
protocols in Simmental cows, revealing pregnancy rates
on the 60th day after insemination as 25.4% and 34.9%,
respectively. In addition to the effect of many variables on
the differences in the studies, it is interpreted that the
differences in the studies vary depending on
environmental factors, such as primiparous and
multiparous animals, region, management, climate, care,
feeding, success of the experience of the veterinarian
performing Al, and modifications applied to the G6G
synchronization protocol.

In conclusion, AMH levels were positively
correlated with milk yield and certain MPT in Simmental
cows on postpartum day 60. Although pregnant animals
had numerically higher AMH levels than non-pregnant
animals, this difference was not statistically significant.
Therefore, no definitive conclusion can be drawn
regarding the association between AMH levels and
pregnancy outcomes. Further studies with larger sample
sizes are needed to clarify this potential relationship.
These results should be evaluated with various trace
elements in addition to MPT in large animal populations,
including heifers and primiparous cows, and studies
should be continued.

http://vetjournal.ankara.edu.tr/en/
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