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Abstract

This study tested the effects of the methylenetetrahydrofolate reductase (MTHFR) rs110692574
polymorphism and rumen-protected choline and methionine supplementation on biochemi-
cal parameters, milk yield, reproductive performance and health status during the transition
period in Holstein cows raised in Tiirkiye. Genotypes of 356 cows were determined using the
tetra-primer amplification refractory mutation system-polymerase chain reaction (ARMS-
PCR) method. Following genotyping, 80 cows were selected and assigned to four groups
based on nucleotide genotype at two loci (homozygous CC and heterozygous CT) and dietary
supplement (choline or choline + methionine). Blood samples were collected on day 21 prepar-
tum, on the day of parturition (day 0), and on day 21 postpartum to measure homocysteine,
folic acid, vitamin B12, and non-esterified fatty acid concentrations. beta-hydroxybutyric acid
(BHBA) values and production data were obtained from the farms’ routine monitoring records.
Statistical analyses were performed using repeated-measures analysis of variance (ANOVA)
to assess time-dependent effects, and a general linear model was used for between-group
comparisons at the same time points. The frequency of the CT genotype was 12.64%. The
polymorphism significantly affected folic acid and vitamin B12 concentrations across differ-
ent stages of the transition period. Feed supplementation had a significant effect on folic acid
concentrations on calving day and on day 21 postpartum, as well as on milk yield on days
100, 200 and 305. Moreover, the polymorphism was significantly associated with folic acid and
vitamin B12 concentrations on day 21 prepartum and with BHBA values on day 7 postpartum.
This variation was linked to specific health issues that could lead to decreased productivity. In
conclusion, genotype-based nutritional strategies were found to play a key role in maintaining
metabolic balance and enhancing productivity during the transition period.

In recent years, population growth and the pursuit of healthy nutrition have increased demand
for milk and dairy products. As of 2024, raw milk production in Tiirkiye has reached approx-
imately 22.5 million tons, while the number of cattle has exceeded 16.9 million (Tiirkiye
Istatistik Kurumu, 2024). This increase, in conjunction with the dissemination of contemporary
dairy farming practices, underscores the need for more effective implementation of a scientific
approach to address genetic, nutritional and health concerns. Maintaining production by pre-
serving metabolic balance is becoming even more critical during the transition period covering
the three weeks before and after calving, especially in breeds such as Holstein, which are targeted
for high milk yield.

The transition period is the stage when hormonal, metabolic and immune system changes
are most intense, and during this process, cows become more susceptible to metabolic disor-
ders such as negative energy balance, ketosis and fatty liver disease (Drackley, 1999; Van Saun
2023). During this period, dry matter intake decreases significantly due to reduced appetite,
decreased rumen volume, increased inflammatory responses, and the effects of endotoxins.
Increased energy demands associated with milk production trigger the mobilization of body
fat, raising concentrations of non-esterified fatty acids (NEFA) and beta-hydroxybutyric acid
(BHBA) in the bloodstream. These parameters are important biomarkers for evaluating energy
metabolism disorders during the transition period (Goff and Horst, 1997; Ospina et al., 2010).

In addition to the implementation of various strategies in the management of the tran-
sition period, the importance of components such as choline and methionine, which act as
methyl donors, has also increased. These methyl donors play a critical role in regulating a
variety of biological processes, including one-carbon metabolism, homocysteine detoxifica-
tion, phospholipid synthesis and energy metabolism (Finkelstein, 1990; German et al., 2003).
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Choline has been identified as a contributing factor in the synthe-
sis of phosphatidylcholine, a vital component in the transportation
of triglycerides within the liver, specifically in the form of very-
low-density lipoproteins. On the other hand, methionine has been
observed to play a dual role in both protein synthesis and trans-
methylation reactions (Zhou et al., 2017). However, the rapid
degradation of these compounds by rumen microorganisms neces-
sitates the use of rumen-protected forms, especially during this
period (Pinotti et al., 2000).

Nutrigenomics and nutrigenetics have emerged as pivotal dis-
ciplines in elucidating the intricate interplay between nutritional
intake and genetic composition. In particular, genetic variations in
enzymes involved in one-carbon metabolism, such as methylenete-
trahydrofolate reductase (MTHFR), have been demonstrated
to directly affect animals’ methylation capacity, homocysteine
metabolism and various related metabolic events (Gillies, 2003;
Hasan et al., 2019; Chmurzynska et al., 2020). It has been posited
that polymorphisms of the MTHFR gene, such as 8137C > T,
may result in hyperhomocysteinaemia by reducing enzyme activity
(Song et al., 2011; Fedota et al., 2018). This condition is also pre-
dicted to negatively affect energy metabolism and liver function.

Homocysteine, an intermediate product of methionine
metabolism, has been shown to induce oxidative stress, endothe-
lial dysfunction and an imbalance in antioxidants. The regulation
of homocysteine concentrations is contingent upon adequate
concentrations of coenzymes, such as vitamin B12 and folic acid
(Selhub et al, 1993; McFadden et al., 2020). The interaction
between polymorphisms in the MTHFR gene and feed additives
has emerged as an important research focus due to its potential
implications for metabolic regulation, milk production and animal
health. Within this context, understanding how genetic variation,
particularly MTHFR polymorphisms, modulates the metabolic
response to dietary methyl donors is essential for elucidating dif-
ferences in nutrient utilization and physiological adaptation. Such
knowledge provides a critical foundation for the development
of genotype-responsive feeding strategies aimed at improving
metabolic efficiency and production performance in dairy cattle.

In this context, the aim of our study is to determine the MTHFR
gene 8137C > T (rs110692574) polymorphism in Holstein dairy
cows raised in Balikesir province using molecular methods; to
examine the effects of this genetic variation on metabolic param-
eters such as homocysteine, NEFA, BHBA, folic acid and vitamin
B12 during the transition period; and to evaluate the interaction
between rumen-protected choline and methionine supplementa-
tion used during this period and the aforementioned parameters
and polymorphism.

Materials and methods

In this study, Holstein dairy cows reared at two farms affiliated
with the Balikesir Province Dairy Cattle Breeders Association were
utilized. First, genetic screening was performed on a total of 356
cows to determine the MTHEFR rs110692574 polymorphism. The
isolation of deoxyribonucleic acid (DNA) from blood samples was
carried out using a commercial spin column-based DNA isolation
kit (PureLink™ Genomic DNA Mini Kit, Thermo Fisher Scientific,
USA) in accordance with the manufacturer’s protocol. The tetra-
primer ARMS-PCR method was employed to detect the polymor-
phism (Medrano and De Oliveira, 2014). In this study, four primers
were designed to identify the 8137C/T (rs110692574) nucleotide
variation in exon 9 of MTHFR. The Primerl and BatchPrimer3
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web-based tools were used for primer design, and the nucleotide
sequences of the designed primers are provided in Table 1.

The present study employed two distinct allele-specific PCR
reaction mixtures for the C and T alleles of MTHFR. The PCR com-
ponents for the C allele were as follows: 1.75 uL DNA, 0.35 uL
primer (forward and reverse, Oligomer Biotechnology, Ankara,
Tiirkiye), 10 uL 2 x Taq DNA Polymerase Master Mix (Ampliqon
Inc., Odense, Denmark) and 7.55 pL nuclease-free water (Ambion
Inc., Austin, TX, USA). For the T allele, the reaction mixture
contained 2.25 puL DNA, 0.57 pL primer (forward and reverse,
Oligomer Biotechnology, Ankara, Tiirkiye), 10 uL 2 x Taq DNA
Polymerase Master Mix (Ampliqon Inc., Odense, Denmark) and
6.6 pL nuclease-free water (Ambion Inc., Austin, TX, USA).
Reaction volumes were optimized separately for each allele-specific
primer set.

PCR amplification was performed under the following thermal
cycling conditions: initial denaturation at 94°C for 30 s; followed
by 35 cycles of denaturation at 94°C for 30 s, annealing at 62.7°C
for the C allele-specific primers or 62.5°C for the T allele-specific
primers for 30 s and extension at 72°C for 35 s; with a final exten-
sion step at 72°C for 7 min. The analysis of PCR products was con-
ducted through agarose gel electrophoresis, employing a gel com-
posed of 1.5% agarose. The samples were also stained with GelRed
(Biotium, Hayward, CA, USA) in 0.5X TBE (Tris-borate-EDTA)
buffer (Thermo Fisher Scientific Inc., Waltham, MA, USA), and
visualization under ultraviolet light was subsequently performed.

In this study, two dairy cattle farms with analogous feeding
strategies during the dry period and lactation phase were selected
for analysis. On both farms, corn silage and straw constituted the
fundamental components of the roughage, while wheat silage and
alfalfa hay were incorporated into the ration during the lacta-
tion period. The presence of the T allele in the population is at
a low frequency, and there is a possibility that it exerts an influ-
ence on metabolic processes. Consequently, animals carrying this
allele were preferentially included to ensure adequate represen-
tation; a total of 80 animals with 25 CT and 55 CC genotypes
were included in the experimental group. The animals were also
divided into groups: rumen-protected choline (CH) and rumen-
protected choline + rumen-protected methionine (CH + MET)
groups, based on the feed additive administered. Animals in the
CH group were administered a supplement containing 7.5 g of
choline chloride per 100 g at a daily dose of 200 g/animal/day. This
supplementation occurred three weeks prior to calving and con-
tinued until three weeks after calving. Animals in the CH + MET
group received an additive containing 40 g of choline chloride and
25 g of methionine per 100 g at a dose of 100 g/animal/day during
the same period.

To determine concentrations of homocysteine, vitamin B12,
folic acid and NEFA, blood samples were collected into yellow-
capped tubes (Serum Separator Tube — SST) 21 days before calving
(—21), on the day of calving (0) and 21 days after calving (+21). The
collected samples were centrifuged at 3,000 rpm for 10 minutes to
obtain serum and stored at —80°C until analysis.

Homocysteine concentrations (mmol/L) were analysed using
the enzyme immunoassay method with the Bovine Homocysteine
ELISA Kit (Sunlong, SL0319Bo). Folate (ng/mL) and vitamin B12
(pg/mL) concentrations were measured using photometric and
chemiluminescence methods, respectively, on a blood analyser
(Abbott Architect i8200; Abbott Diagnostics, USA). The NEFA
(umol/L) concentrations were determined using a spectrophoto-
metric method on an RX Monza (Randox Laboratories Ltd., UK)
biochemistry analyser.
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Table 1. Nucleotide sequences of the primers used in PCR analysis
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Chromosome  Gene Type of variant

Primer (sequence 5'-3')

Chromosomal positions Amplicon length (bp)

BTA 16 MTHFR Synonymous C—T

nucleotide change

CF: ACCAGTGAGGAAAGCGTCGTC

BTA16:41,217,697-41,217,717 155

CR: ACACGGTGACAAGACTCAGGGTAG?

BTA16:41,217,851-41,217,828

TF: TGGGGAGCTGAAGGACTACTACCT?

BTA16:41,883,754-41,883,777 127

TR: GAGGTAGTGGGCAAAGACTTGA

BTA16:41,883,880-41,883,859

BTA, Bos taurus autosome.
2Sequencing primers.
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Figure 1. (A) Appearance of PCR products on 1.5% agarose gel electrophoresis. M: 100 bp DNA marker; sample 1 has the TT genotype; samples 2, 3 and 5 have the CC
genotype; sample 4 has the CT genotype. (B) Electropherogram images resulting from DNA sequencing analysis. A: CC, B: CT, C: TT genotypes. (B) Electropherogram images

resulting from DNA sequencing analysis. A: CC, B: CT, C: TT genotypes.

Milk yield records, along with birth and calving dates, were
obtained from farm records. BHBA data were obtained from farm
records on days 7 and 14 postpartum.

Data analysis

All analyses were performed using the IBM SPSS Statistics 30 soft-
ware package. The effects of MTHFR genotypes and feed supple-
ment groups on biochemical parameters (homocysteine, folic acid,
vitamin B12, NEFA and BHBA) measured at different time points
were evaluated using repeated-measures ANOVA. The interrela-
tionships among genotype, feed supplement and milk yield traits
were investigated through the implementation of a general linear
model (GLM). The linear models employed are enumerated below:

For biochemical parameters:
Yijamn= £ + 8 + bj + ¢ + dy + £y + €1amn

Here, Yjjmn: observed value, p: population mean, a;: genotype
effect (CC, CT), bj: age effect (2, 3, 4+), ¢ lactation order effect
(1,2,3), d;: season effect (1, 2, 3, 4), f;: feed additive effect, ejjjmp:
error term.

For milk yield traits:

Yijamn= £ + & + by + ¢ + dy + £, + €jj1amn

Here, a;: genotype effect (CC, CT), b;: calving age effect (2, 3,
4+), ¢ calving season effect (1, 2, 3, 4), d;: feed supplement effect,
€jjkim: €ITOT term.

Analogous GLM models were employed for the analysis of
reproductive traits, including the number of inseminations, age at
first calving and calving interval. The fixed factors genotype, feed

supplement, calving season and calving age were incorporated into
the model.

The genotype frequencies were evaluated using the chi-square
(x*) test in terms of Hardy-Weinberg equilibrium. The statis-
tical analysis of the relationship between genotypes and health
issues was conducted using two distinct methods: Pearson’s chi-
square test and Fisher’s exact test, which was employed when the
cell frequency was less than five. The Bonferroni correction was
implemented to mitigate the risk of error in multiple comparisons.

Al-assisted tools were used solely to enhance the clarity and
visualization of tables and figures. All data analyses and interpre-
tations were conducted by the authors.

Results

PCR products were analysed using 1.5% agarose gel electrophore-
sis and visualized under UV light (Figure 1A). Genotyping of the
MTHEFR gene 15110692574 polymorphism was performed based
on the size and number of electrophoretic bands. The C allele
produced a 155 bp band, while the T allele produced a 127 bp
band. Samples showing both bands were classified as heterozygous
(CT), while those showing only the C or T band were classified
as homozygous CC or TT, respectively. Among 356 samples, 311
were CC, 44 were CT and 1 was TT. The reliability of the Tetra
ARMS-PCR method was validated by DNA sequencing of repre-
sentative samples corresponding to each genotype (Figure 1B). For
this purpose, the 240 bp fragment amplified using the common for-
ward and reverse primers was analysed by the Sanger sequencing
method (Table 1). Sequence data corresponding to all three geno-
types (CC, CT and TT) were deposited in the GenBank database
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Table 2. Genotype and allele frequencies associated with the MTHFR gene rs110692574 polymorphism and heterozygosity rate

Genotype frequency Allele frequency Heterozygosity
Farm n cc cT T T Ho Heo x2 P
1 224 0.8482 0.1473 0.0045 0.9219 0.0781 0.1473 0.1438 0.135 0.7133"
2 132 0.9167 0.0833 - 0.9583 0.0417 0.0833 0.0796 0.224 0.6359"
Total 356 0.8732 0.1236 0.0028 0.9354 0.0646 0.1236 0.1208 0.191 0.6623"
ns, non-significant.
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Figure 2. Effects of time x genotype interaction on changes in biochemical blood parameter concentrations during the transition period.

under accession numbers PX682292, PX682294 and PX682293,
respectively.

Genotype and allele frequencies were calculated and assessed
for Hardy-Weinberg equilibrium using the x* test. The genotype
distribution across different farms is shown in Table 2.
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Biochemical evaluations assessed homocysteine, folic acid, vita-
min B12, NEFA and BHBA concentrations in Holstein cows
during the transition period (Figure 2). While time alone did
not significantly affect any parameter (P > 0.05), a significant
time X genotype interaction was found for folic acid and vitamin


https://doi.org/10.1017/S0022029926102003
https://www.cambridge.org/core
https://www.cambridge.org/core/terms

Journal of Dairy Research

67

Feed Additive Groups Over Time (Mean + SE)
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Figure 3. Effects of time x feed additive interaction on changes in biochemical blood parameter concentrations during the transition period.

B12 (P < 0.05). No significant genotype interaction was found for
homocysteine, NEFA, or BHBA. However, NEFA concentrations
decreased after calving in CC cows but showed an increasing trend
in CT cows.

There was no significant time x supplement interaction for any
biochemical parameter (P > 0.05) (Figure 3). On the day of calv-
ing, folic acid concentrations were higher in the CH + MET group
compared to the CH group (P = 0.050) (Table 3). Folic acid and
vitamin B12 concentrations before calving were higher in CT cows,
while BHBA concentrations on day 7 postpartum were higher in
CC cows (P < 0.05) (Table 3).

In terms of milk yield, CT cows produced significantly more
milk during the first 100 days of the first lactation (P < 0.05),

although no differences were observed in subsequent lacta-
tions (Table 4). The CH + MET group had consistently higher
milk yields across all lactation periods compared to the CH group
(P < 0.01) (Table 4).

No statistically significant differences were found among geno-
types regarding fertility parameters (P > 0.05) (Figure 4A).
However, a near-significant difference was observed in the number
of inseminations per pregnancy during the second calving period
between supplement groups. Additionally, CT cows tended to calve
later for the first time, with P = 0.055 (Figure 4B).

Health record analysis revealed that higher frequencies of mas-
titis, foot diseases, abortion, stillbirth and possible caecal dilatation
were recorded in CT cows (Figure 5).
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Table 3. Effects of genotype and feed additive groups on biochemical blood parameters during the transition period (x + Sx)

Folic acid Vitamin B12 Homocysteine NEFA BHBA

Group n -21 0 +21 -21 0 +21 -21 0 +21 n -21 0 +21 n +7 n +14

GG 55 6.83% £ 0.81 6.53 £ 0.80 6.15+0.76 252922 +19.31 243.46 + 23.30 206.39 +20.11 10.82 + 1.04 11.76 + 1.05 11.09+1.28 14 0.19 + 0.09 0.42 £0.11 0.17 £0.11 54 0.68a + 0.10 53 0.52 +0.10
cT 25 4880 +0.72 6.35+0.71 6.15 + 0.68 203.03P +17.26 241.37 £20.84 224.97 £ 17.98 12.02 £ 0.93 11.50 £ 0.94 12.38 £ 1.15 16 0.19 £ 0.07 0.23 £ 0.09 0.35 £0.08 24 0.45P + 0.08 24 0.41 £ 0.08
P 0.050 ns ns 0.037 ns ns ns ns ns ns ns ns 0.04 ns

CH 49 6.10 £+ 0.71 5.64b £ 0.71 6.922 £ 0.68 229.78 + 17.08 222.14 +20.61 215.74 £ 17.79 11.57 £ 0.92 11.43 £ 0.93 1143 £1.13 17 0.18 £ 0.08 0.32£0.11 0.20 £ 0.10 47 0.55 + 0.09 46 0.47 £ 0.09
CH + MET 31 5.61+0.71 7.242 £ 0.70 538D +0.67 226.17 + 17.04 262.68 + 20.56 215.62 + 17.75 11.27 £ 0.92 11.84 £ 0.93 12.04+1.13 13 0.21 +0.07 0.34 +0.09 0.32 £0.08 31 0.59 + 0.08 31 0.46 + 0.09
P ns 0.050 0.050 ns ns ns ns ns ns ns ns ns ns ns

ns, non-significant.

Superscript letters (a, b) show the differences between group averages shown with different letters in the same column are significant (P < 0.05).
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Table 4. Effects of genotype and feed additive groups on milk yield at 100, 200 and 305 days (X + SX)

Milk yield Group n 1st lactation n 2nd lactation n 3rd lactation

100 days cT 55 3574.24% + 89.09 50 4265.28 + 130.63 35 4372.58 + 143.72
cc 25 3347.32" £ 59.38 25 4289.70 + 97.35 22 4463.83 + 138.42
P 0.038 ns ns
CH 49 3100.90° + 72.01 49 3667.73" + 98.86 37 4191.07° + 133.23
CH + MET 31 3820.65° + 81.71 26 4887.25% + 129.14 20 4645.34° + 135.74
P <0.001 <0.001 0.006

200 days cT 55 7448.82 + 195.65 50 8448.01 + 262.88 33 8447.67 + 263.82
cc 25 7162.39 + 130.40 25 8486.33 + 195.91 19 8722.95 + 245.89
[ ns ns ns
CH 49 6553.17° + 158.14 49 7633.65° + 198.94 32 8167.28" + 229.45
CH + MET 31 8058.03% + 179.45 26 9300.68% + 259.88 20 9003.33% + 227.13
P <0.001 <0.001 0.003

305 days cT 47 10,931.42 + 273.49 40 12,139.23 + 462.03 28 12,011.32 + 429.30
cc 22 10,592.49 + 187.65 19 12,207.97 + 330.93 17 12,346.86 + 397.51
P ns ns ns
CH 41 9395.78P + 221.75 39 11,227.64° + 324.63 29 11,487.13" + 365.15
CH + MET 28 12,128.12° + 256.86 20 13,119.572 + 451.21 16 12,871.05° + 389.54
P <0.001 0.001 0.005

ns, non-significant.

Superscript letters (A, B) show the differences between group means indicated by different letters in the same column are significant (P < 0.01). Superscript letters (a, b) show the
differences between group means indicated by different letters in the same column are significant (P < 0.05).

Discussion

This study successfully employed the Tetra-primer ARMS-PCR
method to detect the MTHFR gene rs110692574 polymorphism
in Holstein cattle. Sequence analysis confirmed the accuracy of
the method, highlighting its reliability, cost-efficiency and ease
of application. The T allele frequency was found to be 6.46% in
the Turkish Holstein population, which is lower than in China
(16.35%) (Song et al., 2011) and closer to values reported in
Ukraine (5.70%) (Fedota et al., 2018). Notably, this study identified
the TT genotype for the first time in Holstein cattle in Tiirkiye.

The homocysteine concentrations obtained in this study were
found to be lower than those reported in some studies (Basbugan
et al, 2015; Kilickap and Kozat, 2017; Ardalan et al, 2020;
Ayvazoglu et al., 2023), while higher than those reported in some
other studies (Cannizzo et al., 2012; Fedota et al., 2018). In partic-
ular, Song et al. (2011) reported that homocysteine concentrations
in the late stage of pregnancy were 11.4 umol/L in CC genotype
animals and 19.9 pmol/L in CT genotype animals. However, data
concerning homocysteine concentrations in dairy cattle is limited
(Cotul et al., 2020), and it has been noted that folic acid and vita-
min B12 metabolism in ruminants may differ from that observed
in other species (Girard and Matte, 2005). This finding underscores
the necessity for further research to enhance our understanding of
homocysteine metabolism in dairy cattle.

In terms of folic acid concentrations, the values determined in
this study (4.88-7.27 ng/mL) were below the range reported by
Duplessis et al. (2020, 2023) (11.1-16.6 ng/mL). However, they are
consistent with the values reported by Sun et al. (2025). Vitamin
B12 concentrations, on the other hand, are reported in a fairly wide

range in the literature. Indeed, Duplessis et al. (2023) reported val-
ues of 238.6-268.6 pg/mL before calving and 191.7-223.0 pg/mL
afterwards; Issi et al. (2010) reported 155.13 pg/mL and Ertas
(2015) reported 193.00 pg/mL, Kilickap and Kozat (2017) reported
253.5 pg/mL. These differences may be due to various factors such
as ration content, sampling time, physiological status and genetics.

The measured BHBA and NEFA concentrations in the study
were found to be consistent with the reference ranges reported
in the literature. In the context of dairy cows, the prevailing aca-
demic consensus suggests that NEFA concentrations should be
maintained below 0.4 mmol/L during the dry period and below
0.7 mmol/L following calving (Duffield et al., 2003; LeBlanc et al.,
2006; Ospina et al., 2010; Kara et al., 2016). For BHBA, values
between 0.8 and 1.0 mmol/L indicate subclinical ketosis, while val-
ues between 1.2 and 1.4 mmol/L indicate clinical ketosis (Ospina
et al., 2010). In summary, the findings on homocysteine, folic acid
and vitamin B12 in this study suggest the necessity for further
research to elucidate the physiological limits of these parameters
in dairy cows and to enhance our comprehension of metabolic
processes.

Research findings have revealed that the time x genotype inter-
action associated with the MTHFR gene rs110692574 polymor-
phism causes significant changes in the course of folic acid and vita-
min B12 concentrations during the transition period. Differences
observed in CC and CT genotype animals indicate that pre- and
postnatal metabolic processes may be regulated in different ways
depending on genotype. For other biochemical parameters, no
significant time x genotype interactions were detected, suggest-
ing that these variables may be influenced by a combination of
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nutritional, physiological and individual factors. Therefore, eval-
uating genotype-based feeding strategies together with a broader
set of metabolic indicators may provide a more comprehen-
sive understanding of metabolic adaptation during the transition
period.

These results are consistent with previous studies indicating that
MTHEFR gene polymorphism may affect folate and B12 metabolism
(Frosst et al., 1995; Castro et al., 2006), and suggest that nutri-
tional strategies during the transition period should be tailored
not only to supplementation concentrations but also to genetic
makeup. Research studies that have been published and which
report on the effects of different gene regions, such as GH and IGF-
I, on metabolic adaptation and feeding strategies also support this
approach (Liu ef al., 2021; Kerwin et al., 2023). In a similar vein,
Santos et al. (2011) examined the effects of metabolism and nutri-
tion on reproductive performance during the transition period.
They emphasized the importance of considering feeding manage-
ment, genetic potential and metabolic adaptation together. Recent
epigenetic studies also support this approach; Lesta et al. (2023)
demonstrated that maternal diet can influence gene expression in
mammary tissue, thereby causing permanent changes in milk yield
and composition. Therefore, in the design of nutritional strate-
gies during the transition period, a holistic assessment of genetic
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makeup, epigenetic responses and individual metabolic differences
is critical for both maintaining metabolic health and fully utilizing
genetic potential.

The present study ascertained that the interaction between time
and feed additive exhibited no statistically significant impact on
the course of the blood parameters under examination. However,
subsequent analyses revealed that the feed additive groups had a
significant effect on folic acid concentrations only on the day of
calving and on day 21 post-calving. No statistically significant vari-
ations were observed in other parameters during the pre- and post-
calving periods. These observations indicate that the metabolic
response to methionine and choline supplementation during the
transition period may be influenced by individual physiologi-
cal or nutritional factors rather than producing uniform changes
across all biomarkers. This interpretation is consistent with previ-
ous studies reporting that the effects of rumen-protected choline
and methionine supplementation on metabolite profiles during
the transition period are often modest or variable (Sharma and
Erdman, 1988; Zom et al., 2011). Similarly, Zhou et al. (2016) found
that methionine and choline supplementation did not elicit con-
sistent alterations in several metabolic indicators in early-lactation
dairy cows. In a similar vein, Osorio et al. (2013) reported in
their study investigating the effect of rumen-protected choline
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supplementation on metabolic stress indicators during the pre-
calving period that choline supplementation had a limited effect
on biochemical blood parameters. Arshad et al. (2020) evalu-
ated the effects of methionine and choline supplements on blood
parameters related to energy metabolism and stated that indi-
vidual variations were more dominant than the response to the
supplements. Additionally, Alan and Salman (2019) reported that
rumen-protected choline supplementation had no effect on BHBA
and NEFA concentrations. There are also different studies show-
ing that rumen-protected choline supplementation has no effect
on NEFA concentrations (Hartwell et al., 2000; Piepenbrink and
Overton, 2003; Guretzky et al., 2006; Zom et al., 2011). In this par-
ticular context, the results of our study align with the existing body
of literature on the subject.

The observation that folic acid and vitamin B12 concentrations
are considerably diminished in cows bearing the CT genotype dur-
ing the pre-calving period indicates that this genotype may exhibit
increased metabolic sensitivity and could potentially benefit from
adjusted supplementation strategies. Additionally, the potential
effects of methionine supplementation on folate metabolism neces-
sitate the consideration of feed additives based on genetic structure
in ration planning. The elevated BHBA concentrations detected in
CC genotype animals on day 7 post-calving, as compared to the
CT group, may be influenced by differences in sample size and
individual metabolic variability among genotypes.

The considerably elevated milk vyield exhibited by the
CH + MET group across all lactation periods suggests that
the concurrent utilization of rumen-protected methionine and
choline may confer performance benefits. Studies by Abdelrahman
(2009), Cetin (2017), Zhou et al. (2016) and Bilge¢li and Yilmaz
(2019) also support this finding. However, Sancanari et al. (2001)

reported in their study investigating the effects of rumen-protected
methionine and unprotected methionine on dairy cows that the
addition of protected methionine did not increase milk yield
but improved milk fat content in cows in early lactation. In a
study by Huang et al. (2023), both rumen-protected methionine
and rumen-protected choline supplementation were reported
to have positive effects on milk yield. Another study reported
that rumen-protected choline supplementation improved milk
production, reduced hyperketonemia and minimized hepatic
lipidosis (Lima et al., 2024).

Fedota et al. (2018) reported that polymorphism had significant
effects on calving interval in their study. However, no relationship
between polymorphism and calving interval was detected in this
study. This difference is thought to stem from Fedota et al. (2018)
working with different cattle breeds, as the same mutation may
exhibit different phenotypic effects in different breeds. In addition
to biochemical findings, the higher frequency of health problems
such as mastitis, foot diseases, abortion and stillbirth observed in
CT genotype animals suggests a possible association between this
polymorphism and health-related outcomes. The fact that abortion
cases occur particularly in the late stages of pregnancy and were
observed in some CT genotype cows during the transition period
in our study limited the evaluation of these animals. This situation
is similar to the results reported by Song et al. (2011). Additionally,
the tendency for the first calving age to occur later in the CT geno-
type is noteworthy. All these findings indicate that considering
the MTHEFR gene in future selection programs may contribute to
improving herd health and production efficiency, although further
validation is required.

This study highlights the role of MTHFR rs110692574 poly-
morphism and targeted supplementation in shaping metabolic,
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reproductive and productive outcomes in Holstein cows during
the transition period. Individualized feeding strategies based on
genotype may represent a promising approach to enhancing per-
formance and health outcomes, offering a promising avenue for
precision livestock management. Further large-scale and breed-
diverse studies are warranted to validate these findings and expand
their application.
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