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ABSTRACT

Optimizing early-lactation milk yields while maintaining high reproductive efficiency remains a major
management challenge in high-producing dairy herds. This study evaluated the effects of an intensive milking
regimen (6x vs. 3x daily) during the first 21 days postpartum, combined with anti-inflammatory administration
after timed artificial insemination (TAI), on milk production and reproductive efficiency in Holstein cows. Forty
Holstein cows were assigned to either 6x or 3x milking for 21 days before reverting to a standard 3x schedule.
All cows followed a Double Ovsynch (DO) protocol for TAI with sex-sorted semen. Cows in the milking
group were further subdivided into two groups receiving an anti-inflammatory injection on day 16 post-TAL
Data collected included daily milk yield (90 days), 305-day total yield, body condition scores (BCS), milk
composition, progesterone (P4) and prolactin (PRL) concentrations, and pregnancy. BCS did not differ
significantly between groups. Daily milk yields were comparable at 33.75 = 0.8 kg for the 6x group and 34.27 +
0.8 kg for the 3x group during the first 21 days postpartum. However, the 6x group had a significantly higher
total milk yield over 305 days (11,555 kg vs. 11,008 kg, P = 0.04) and Lower total solids content (12.13 + 0.12
vs. 12.49 £0.12, P<0.05). The administration of anti-inflammatory drugs failed to enhance pregnancy outcomes
and was associated with a numerical decline in pregnancy rates within the 6x milking group. Second-parity
cows showed higher conception rates, particularly in the 3x group. Increasing milking frequency to 6x during
early lactation enhances long-term milk production without compromising cow welfare or milk composition.
Post-TAI anti-inflammatory treatment does not appear to provide a reproductive advantage.
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1. INTRODUCTION

The dairy cattle industry is a cornerstone of food security and sustainable agriculture in Jordan, comprising
approximately 556 farms and nearly 89,000 head of cattle and producing around 440,000 tons of milk annually
(Alekish & Ismail, 2022). However, Jordanian dairy enterprises face persistent pressure to maximize technical and
biological efficiency on-farm (Al-Sharafat, 2013). To optimize performance, many high-producing herds have
transitioned from traditional twice-daily (2x) milking to more frequent intervals (Hovinen & Pydréld, 2011; Murphy
et al., 2023). In particular, doubling milking frequency to 6x daily during early lactation followed by a return to
standard schedules has emerged as a powerful management tool to stimulate mammary gland remodeling and enhance
long-term milk yields throughout the entire lactation curve (Shoshani et al., 2017; Hanling et al., 2023).

Despite these lactational benefits, intensive early-lactation milking regimens heavily partition energy toward
milk synthesis, which can exacerbate negative energy balance and severely compromise subsequent reproductive
efficiency and fertility (Amma et al., 2024). More importantly, another study notes an alarming trend: repeat breeder
syndrome, in which cows fail to conceive even after more than three inseminations (Jeong & Kim, 2022; Pérez-Marin
& Quintela, 2023; Villar et al., 2025). To overcome these reproductive bottlenecks, advanced synchronization
protocols such as Double Ovsynch (DO) are widely utilized in primiparous and multiparous cows to eliminate the
need for estrus detection and facilitate timed TAI (El-Zarkouny et al., 2004; Astiz & Fargas, 2013; Li et al., 2024).
For a successful pregnancy after fertilization, adequate progesterone (P4) secretion from the corpus luteum (CL) is
crucial for uterine preparation and for inhibiting prostaglandin F2a (PGF2,) (Thatcher et al., 2001; Choi et al., 2023).
The embryo must secrete interferon-tau between days 14 and 16 after fertilization for maternal recognition of
pregnancy (MRP) (Spencer & Bazer, 2004; Talukder et al., 2023). Insufficient P4, slowed embryonic growth, and/or
delayed MRP signaling can lead to early PGF», secretion and embryo loss (Thatcher et al., 2001). Ongoing research
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is exploring PGF,, inhibitors and anti-inflammatory drugs, such as Meloxicam, to mitigate early embryonic loss
(Spencer et al., 2020).

Crucially, how an intensive early postpartum milking regimen (6x) interacts with highly controlled
synchronization strategies (Double Ovsynch + sex-sorted semen) and post-Al anti-inflammatory therapy to influence
maternal endocrine profiles (progesterone and prolactin) and pregnancy outcomes remains largely unexplored.
Therefore, this study evaluated the effects of an intensive 6x milking regimen during the first 21 days postpartum,
combined with post-TAI anti-inflammatory administration, on long-term milk yields, milk composition, endocrine
profiles, and reproductive efficiency in Holstein cows under Jordanian management conditions.

2. MATERIALS AND METHODS
2.1. Study Location

This study was conducted from 20 November 2023 to April 20, 2024, at a private commercial dairy farm (Adel
Haroun & Partners Farm) housing approximately 600 Holstein Friesian lactating dairy cows located in Zarqa-Al-
Dulayl, Jordan.

2.2. Animals and Experimental Design

Forty Holstein cows (24 primiparous or 16 second-lactation) were randomly assigned to two main groups: an
intensive regimen milked six times daily (6x; n = 20) for the first 21 days postpartum, and a control regimen milked
three times daily (3x; n = 20). Following the 21-day treatment, all cows reverted to the 3x schedule. To evaluate the
interaction with anti-inflammatory treatment, each main group was further divided into two sub-treatments (n =
10/group) after the DO protocol:

T1: 6x milking + anti-inflammatory treatment with METACAM® (Boehringer Ingelheim, Germany). This
medication contains meloxicam at a concentration of 20 mg/mL and was given once on day 16 after TAI at a dose
of 15 mL per cow (2.5 mL of Meloxicam /100 kg of body weight).

T2: 6x milking + No Meloxicam.

T3: 3x milking + anti-inflammatory treatment (same as treatment 1).

T4: 3x milking + No Meloxicam (Control).

Meloxicam was given on Day 16 after TAI to align with maternal recognition of pregnancy in cattle. Around Days
15-17 post-fertilization, the conceptus releases interferon tau (IFN-t), which inhibits endometrial oxytocin receptor
expression and prostaglandin F2a (PGF20) release, thus sustaining corpus luteum function (Erdem & Guzeloglu, 2010).

Holstein—Friesian lactating dairy cows were housed in naturally ventilated free-stall barns equipped with shade
and a source of water ad libitum. All cows received the same basal diet during the 21-day period, formulated to meet
National Research Council (2001) requirements and containing 18 % crude protein (CP) and an estimated net energy
for lactation of 1.40 Mcal/kg of dry matter (the reported DMI was 22.41 kg/day per cow) as shown in Table 1. The
roughage component consisted of equal parts dry matter from thermally dried alfalfa and corn silage (5.60 kg
DM/head each). After this initial 21-day period, both groups were returned to the standard three-times-daily milking
schedule for the remainder of the three-month study period. Every cow underwent a DO treatment starting at 42 + 3
days postpartum (Fig. 1). The protocol utilized 500 pg of PGF2a (Cloprostenol; Estrumate, Intervet) and 10 pg of a
GnRH agonist (Buserelin; Receptal®, Hoechst Roussel Vet GmbH). All cows were inseminated via TAI by a single
experienced technician using sex-sorted semen (ABS Global, Inc.). Pregnancy status was confirmed by rectal
palpation days 45 and 50 after insemination as described by Romano et al. (2007).

Table I: Ingredients and Nutrient Composition of the Basal Diet (Percentage of Diet on dry matter 90%)

Ingredients Percentage
Barley 3242
Corn 16.22
Soybean Meal 16.22
Wheat Bran 16.22
Limestone 0.89
Salt 0.8l
Methionine (Mepron®) 0.081
Protected Glycerin 2.25
Potassium Carbonate 0.18
Sodium bicarbonate 1.46
Magnesium oxide (Phix-Up) 0.225
Protected Choline 0.54
Avila4 (organic zinc, manganese, copper, and cobalt) 0.081
Avila organic chromium 0.045
Premix (protected Vitamin A, D, E, and minerals’ sulphate copper, iron, and minerals’ oxide zinc, manganese) 0.36
Yeast Culture (Diamond V XPC) 0.234
Calcium soaps 1.764
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2.3. Blood Sample Collection and Analysis

Blood samples were collected from all cows via coccygeal venipuncture into heparinized tubes for subsequent
measurement of Prolactin (PRL) and Progesterone (P4). For PRL, samples were collected on days 0, 7, 14, 21, 28,
and 35 after calving. To monitor the effectiveness of the DO protocol, samples were collected on days 59, 66, 67, 69,
and 70 postpartum, corresponding with the date of injection during the second ovsynch or second arm of the DO
protocol. Samples were centrifuged at 3000 rpm for 15 minutes, and plasma was collected and stored at —20°C until
analysis of P4 and PRL levels. Plasma PRL concentrations were determined using a bovine quantitative ELISA kit
(ELK Biotechnology Company, Wuhan, China). The plasma standards included 200, 100, 50, 25, 12.5, 6.25, 3.13,
and 0 ng/mL. The inter- and intra-assay coefficients of variation were 6.27 and 3.97%, respectively. Plasma P4
concentrations were determined using a quantitative ELISA system from DiaMetra (DiaMetra S.r.I., Milan, Italy)
utilizing highly specific polyclonal antibodies. The plasma standards included 0, 0.2, 1, 1.5, 15, and 40 ng/mL. The
inter- and intra-assay coefficients of variation were 7.67 and 4.79%, respectively.

2.4. Milk Samples

Representative milk samples were collected automatically during the morning milking on days 14, 21, and 35
postpartum using integrated proportional in-line samplers (3 mL per 300 mL of milk flow from the udder) to obtain
a composite sample of the entire milking. These samples were immediately analyzed with the MILKANA analyzer
to determine their fat, total solids, and protein contents (Mayasan Biotech Milk Analyzers, Milkana Istanbul, Turkey)
(Alan et al., 2023).

2.5. Body Condition Score (BCS)

The body condition score (on a 5-point scale) for all cows was measured at 0, 21, and 49 days post-calving to
monitor metabolic recovery and negative energy balance during the critical transition period as described previously
(1 =1-1.5 Emaciated, 2 = 1.6-2.5 Thin, 3 =2.6-3.5 Good, 4 = 3.6-4.5 fat, and 5 => 4.6 Obese) by Roche et al. (2009).

2.6. Milk Yield

Milk yield data were recorded daily for all cows using the specialized dairy management software, ALPRO™,
Every cow received a transponder from Delaval International Inc. (Tumba, Sweden) that sent milk yield data to the
computer system every fifteen minutes. This configuration made it possible to track daily milk output precisely and
promptly. The ALPRO™ software was used to collect the data after the measurements were gathered between Day 3
and Day 90 post-calving.

2.7. Statistical Analysis

The experiment was a completely randomized design (CRD) arranged as a 2 x 2 factorial. The cow was
considered an experimental unit. Statistical analysis was performed using SAS (version 9.4, SAS Institute, USA).
Analysis of variance (ANOVA) was conducted with PROC GLM, and PROC FREQ in SAS was used to evaluate
overall differences between groups for milk frequency (6 times and 3 times), milk composition (fat, protein, and
total solids), BCS, PRL, and P4 levels. A t-test was employed to determine significant differences between means
as a repeated measurement. The PROC MIXED procedure in SAS was used to analyze the data. In the model
statement, milking frequency was the main plot effect, and anti-inflammation injection was the subplot effect
nested within milking time. We included interaction terms between milking time and injection to assess whether
their effects on the outcome variable depend on each other. We used PROC FREQ to compare pregnancy per
artificial insemination (P/AI) rates between days 45 and 50 after insemination for first pregnancies. We also
evaluated the correlation between PRL concentration, anti-inflammatory drug injection, and average milk yield.
All statistical tests were considered significant at P<0.05 and as a tendency at P<0.01 using the t-test.

3. RESULTS
3.1. Effect of Milking Frequency 6x or 3x on Body Condition Score (BCS)
Milking frequency (6x vs. 3x) did not significantly affect BCS at any time point (P>0.05), as shown in Table 2.
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3.2. Effect of Milking Frequency 6x or 3x on Milk
Composition
Least square means for milk fat, protein, and total

Table 2: Body condition score (BCS) of cows on days 0, 21, and 49 after
calving by treatment (6x and 3x)

BCS'
Treatment? 40 421 449 solids percentages of cows on days 14, 21, 35, and the
6x 3.06 +0.02 2.95 £ 0.03 2.86 +0.02 overall average after calving for treatments 6x and 3x
x 3.07 £0.02 2.89 0.03 2.88 1 0.02 are shown in Table 3. Across all milk fat
P-value 0.67 0.18 0.48

measurements, the two treatment groups showed no

'BCS (mean * SEM) on days 0, 21, and 49 after calving. “treatment: 6x =, . ;
( ) A & significant effects (P>0.05) on milk fat percentage

milking 6 times daily for the first 21 days after calving; 3x = milking 3 . -
times daily for the first 2| days after calving. “P-value: Not significant at ~ during early lactation. Furthermore, the treatment

P>0.05. groups also did not affect the average milk fat
percentage over the evaluation period (P=0.81). These findings clearly show that the treatment had no effect on milk
fat percentage in early lactation, with both groups maintaining similar compositional quality throughout the
measurement period. For all milk protein measurements, the expected pattern of protein reduction in the first few
weeks after calving was found. Additionally, treatment groups did not influence average milk protein percentage
(P>0.05) on days 14, 21, or 35 after calving. These findings show that the treatment had no effect on milk protein
percentage throughout early lactation. In addition, least square means (= SEM) for the percentage of total solids of
cows on days 14, 21, 35, and the overall average after calving for treatment 6x and 3x are shown in Table 3. On day
14, the 6x treatment group had a significantly lower total solids percentage (12.19 £ 0.16) than the 3x group (12.71 +
0.16) (P =0.02). This indicates an early impact of the 6x treatment in lactation. However, no significant differences
were observed on days 21 and 35 after calving. When averaging total solids from d14 to d35, the 6x group (12.14 +
0.12). The 6x group also showed a significantly lower percentage (P = 0.03) than the 3x group (12.52 + 0.12). These
results indicate that, although treatment did not consistently affect total solids at every time point, the 6x treatment
showed a significant early (d14) and overall decrease in total solids % during the first 35 days after calving.

Table 3: Least squares mean * SEM for the milk fat, protein, and total
solids percentages of cows on days |4, 21, 35, and the average after
calving by treatment (6x and 3x)

3.3. Effect of Milking Frequency 6x or 3x on Milk
Production
Least-squares means (+ LSM) for average milk

Treatments' et : . ‘
[tern? Days ox 3x Pvalue  yield in cows during the experimental period for the 6x
Fat (%) and 3x treatment groups and for first and second
14 420£015  404£0.I5 04 lactations are shown in Fig. 2 & 3, respectively. From
21 378 £0.22 4.10 £0.22 0.38 Dav 3 to Day 21 aft Ivi th dail ik
35 423£026 403+026 077 ay o 1o Lay =1 alier calving, the average daily mi
Average’ 404+002  402+002 099 yield was similar between the 6x and 3x groups (33.75
Protein (%) + 0.8 kg and 34.27 + 0.8 kg, respectively; P=0.67;
14 3.10£003  3.13£003  0.54 Table 4). Milk yields from Day 3 to Day 21 after
21 3.03 £ 0.02 2.99 £ 0.02 0.32 : . : s
calving during the second lactation were significantly
35 297 £0.03 292 +0.03 0.27 . . .
Average 303+002 3014002 044 higher than those during the first lactation (37.88 = 0.9
Total Solid (%) kg vs. 30.13 £ 0.8 kg; P=0.001), indicating that early
. 14 1219 £0.16° 12730.16* 0.02 lactation production was mainly influenced by parity
g; :%:(') f g Z :%ig f g g g;g rather than the treatment. However, a significant
Average | 213+012° 1249 +0.12° 0.04 interaction (P=0.04) was observed between the

'Treatments: 6x = milking 6 times daily for the first 21 days after
calving; 3x = milking 3 times daily for the first 2| days after calving. *Fat,
Protein, and Total solids percentages: on days 14, 21, and 35, and the
averages from day 14-35 after calving measurements (+ SEM). A value
that summarizes days 14, 21, and 35. 3Average: *P- value: significant
level at P<0.05; Mean *+ SEM within a row with different superscripts
differ (P<0.05).

treatment and parity; no figures for the interaction were
provided. Since there was an interaction, the effect of
the treatment was different between parities. It may be
that 2nd parity has tolerated more milking (6x) than 1st
parity. From Week 4 to Week 9, a significant effect of
treatment was observed, with milk yield in the 6x group

lower (P<0.05) than in the 3x group (Fig. 2). From
Week 10 to Week 12, both treatment groups showed similar milk yields. However, in Week 13, significance
reappeared, with milk production lower (P<0.05) in cows in the 6x treatment group than in the 3x group (P=0.03)
(Fig. 2).

Despite a non-significant effect on average daily yield in the first three weeks and a significant reduction over
the next weeks (4-9), there was a significant difference in the adjusted/expected Total Milk Yield over 305 days
(MY305d) (P =0.04). The treatment group had significantly greater MY305d (6x: 11555 kg vs 3x: 11008 kg; Table
4). These findings imply that, while the treatments had no effect on short-term average daily yield, the 6x treatment
resulted in significantly increased long-term milk production. The primary benefit of 6x milking appears to manifest
in the lactation 'tail' rather than the peak. This suggests that early-lactation frequency induced a regenerative effect or
mammary remodeling that enhanced udder persistency. Notably, these cows remain in the herd, and this functional
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recovery has proven to be a permanent physiological shift, with increased productivity persisting into subsequent
lactations. Least squares mean (+ SEM) of milk yield across the 13-week trial period, stratified by parity (lactation
number): Parity 1 (First Lactation) and Parity 2 (Second Lactation) (Fig. 3). From week one to week thirteen, the
second lactation yield was considerably higher (P<0.05) than the first (Fig. 3).

e GX el 3 60
——1 -2
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50
40
40 = * ~ + B
5 3 30
= >
S0 ) / z
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e 2 2
~ 20
2 10
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o) . . . .
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Fig. 2: Milk yield (Liters: mean + SEM) for 6x and 3x treatments during  Fig. 3: Milk yield (Liters: means + SEM) for first and second lactations
the experimental period. during the experimental period.

Table 4: The milk yield (kg) of cows during weeks 1, 2, 3, the average of the first three weeks after calving, and the total milk yield adjusted to
305 days by treatment (6x and 3x)

Milk yield (kg)
Treatments' wkl wk2 wk3 Average’ Total MY3054d°
6x 26.4 £ 0.97 343 +£0.96 386 £0.93 3375+ 08 11555 + 182*
3x 25.1 £0.97 347 £0.96 40.4 £ 0.93 3427 £08 11008 + 182°
P- value’ 0.33 0.72 0.19 0.67 0.04

'Treatments: 6x = milking 6 times daily for the first 21 days after calving; 3x = milking 3 times daily for the first 2| days after calving (mean *
SEM). 2Average: a value that summarizes (weeks I, 2 and 3). *Total MY305d: The standard criterion for measuring milk production in dairy cows,
as it begins on the first day after calving and continues for 305 days. “P- value: significant level at P<0.05. Values within a column with different
superscripts differ (P<0.05).

3.4. Effect of Milking Frequency 6x or 3x on Prolactin Levels

Least squares means (£ SEM) for prolactin concentrations (ng/mL) on days 0, 7, 14, 21, 28, and 35 following
calving for the 6x and 3x treatment groups are shown in Table 5. The analysis indicates no significant difference
(P>0.05) in plasma prolactin levels between the two treatment groups (6x and 3x). These findings indicate that the
treatment (6x vs. 3x) did not affect circulating prolactin concentrations throughout the early post-calving period.

Table 5: The PRL concentrations (mean + SEM) on days 0, 7, 14, 21, 28, and 35 and the average after calving by treatment (6x and 3x)
PRL (ng/mL)'

Treatment? DO D7 Dl4 D21 D28 D35 Average PRL®
6x 312+£32 284 +24 324+ 36 293 +£3.6 304 +£26 287 £23 30213

3x 303 +32 275+24 27.1 £3.7 285+ 3.6 25.7 £ 2.6 265+24 275+ 1.3

P- value’ 0.84 0.79 0.30 0.87 0.21 051 0.14

'Prolactin concentrations on days 0, 7, 14, 21, 28, and 35 after calving (+ SEM). “treatment: 6x = milking 6 times daily for the first 21 days after
calving; 3x = milking 3 times daily for the first 21 days after calving. *Average PRL: a value that summarizes on (days 0, 7, 14, 21, 28, and 35). "P-
value: Not significant at P>0.05.

3.5. Reproductive Performance

The effects of treatment, pregnancy status, and parity on plasma P4 concentration (ng/mL) are shown in Table
6. Measurements were taken at key time points during the second Ovsynch of the DO protocol: the first GnRH,
first PGF2a, second PGF2a, second GnRH, and TAI. The proportions of cows with functional CL (plasma P4 [>1
ng/mL]) at the first GnRH and first PGF2a were 82.5 and 80.0%, respectively. Plasma P4 concentrations did not
differ significantly (P>0.05) between the 6x and 3x treatment groups at any measured time point during the DO
protocol.

Pregnant cows had significantly (P<0.05) higher P4 concentrations than non-pregnant cows at the first GnRH
and first PGF,,, while lower at the second GnRH and TAI. No difference was observed at the second PGF2a.
Regarding parity, second-lactation cows showed significantly (P<0.05) higher P4 concentrations only at the first
PGF,, compared to first-lactation cows.
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Table 6: P4 concentrations across different treatments (6X and 3X), Pregnancy status, and Parity during the second Ovsynch of a double
Ovsynch protocol

Variable/Treatment? P4 concentration ng/mL (mean * SEM) at different time'

GnRH (1) PGF (1) PGF (2) GnRH (2) TAI
6x 272 £0.33 2.33+£0.30 0.473 £ 0.10 0.737 £ 0.14 0.340 £ 0.09
3x 233 +0.34 1.66 £ 0.30 0.322 £ 0.10 0.621 +0.14 0.316 £ 0.09
P- value 0.40 0.12 0.30 0.58 0.54
Pregnancy?
+ 3.70 £0.27 2.52+033 0.379 £ 0.12 0.214+0.13 0.160 £0.10
- 1.72 £ 0.23 1.647 £ 0.27 0.410 £ 0.09 0.989 + 0.11 0.488 + 0.08
P- value 0.001 0.05 0.84 0.001 0.0l
Parity*
| 2.37 £0.30 1.66 + 0.27 0.33+0.10 0.54+0.13 0.31 £ 0.08
2 2.77 £0.37 2.59 £ 0.32 0.50 £ 0.11 0.88+0.16 0.37£0.10
P- value” 0.40 0.03 0.26 0.12 0.64

'GnRH (1) = Day 59 GnRH injection; PGF2 (1) = Day 66 PGFz, injection; PGF2q (2) = Day 67 PGF injection; GnRH (2) = Day 69 afternoon
(pm) GnRH injection; TAI = 16 hours after GnRH (2) injection. Treatment: é6x = milking 6 times daily for the first 21 days after calving; 3x =
milking 3 times daily for the first 21 days after calving. *Pregnant: + / - = Pregnant or not pregnant, respectively. “Parity: | = first lactation, 2 =
second lactation; “P- value: significant level at P<0.05.

Table 7 shows the pregnancy rate at 48 + 3 days after TAI across different treatments, anti-inflammatory groups,
and parities. The main treatment groups (6x vs. 3x) showed no statistically significant association with pregnancy at
the first TAI (P=0.53), with both groups achieving a 40 % success rate (8/20) that aligns with farm standards.
However, outcomes varied when accounting for anti-inflammatory administration. In the 6x treatment, cows that
received the anti-inflammatory treatment tended to have a lower pregnancy rate (20 %; 2/10) compared to those that
did not receive anti-inflammatory treatment (60 %; 6/10). In contrast, anti-inflammatory administration had no effect
in the 3x group, where both subgroups maintained a 40 % pregnancy rate. Regarding parity, second-lactation cows
(Parity 2) demonstrated a numerically higher overall pregnancy rate compared to first-lactation cows (Parity 1) when
treatments were combined. Although the overall difference between the two parities was minimal, the 3x treatment
appeared to be more beneficial for second-lactation cows than the 6x treatment.

Table 7: Pregnancy rates (%) at day 48 + 3 after Timed Artificial Insemination across different treatments, anti-inflammatory, and parity groups

Variable/ PR % (n/n)'

Treatment? Anti® Non-Anti P-value Parity® | Parity” 2 P-value
6x 20 (2/10) 60 (6/10) 0.068 417 (5/12) 375 (3/8) 085
3x 40 (4/10) 40 (4/10) 1.000 33.3 (4/12) 50 (4/8) 0.46
Al 30 (6/20) 50 (10/20) 0.197 37.5 (9124) 438 (7/16) 0.69

'PR: Pregnancy Rate, n = number of pregnant cows/number of inseminated cows. “treatment: 6x = milking 6 times daily for the first 21 days after
calving; 3x = milking 3 times daily for the first 2| days after calving. *Anti: Non-steroidal anti-inflammatory drug (Meloxicam) at a concentration
of 20 mg/mL, given once on day 16 after insemination; Non-Anti: without receiving any anti-inflammatory treatment. *Parity: | = first lactation,
2 = second lactation.

4. DISCUSSION

This study examined the effects of using the anti-inflammatory medication meloxicam after insemination and
high-frequency milking (six times a day, or 6x) throughout the first 21 days of lactation. It evaluated dairy cow
productivity and reproductive performance using a DO protocol and sexed semen artificial insemination (AI). The
main goals were to assess the efficacy of post-synchronization meloxicam therapy in increasing pregnancy rates and
to determine whether increasing milking frequency from three times daily (3x) to six times daily would improve milk
output. The results showed no significant difference in BCS between cows milked six times a day and those milked
three times a day during the early stages of lactation. This result is consistent with Shoshani et al. (2017), who reported
no negative impacts on energy balance or general health, but it differs from Eslamizad et al. (2010), who noted a
modest weight loss in high-frequency milked Holstein cows over a 42-day period. An adequate diet, good
management practices, and the relatively short (21-day) high-frequency milking period likely explain the stable BCS
in the current study. Overall, the data indicate that high-frequency milking during early lactation can increase milk
production without adversely affecting cow welfare or future lactation performance with proper diet and management
(Shoshani et al., 2017; Khan et al., 2026).

During the first 21 days, milking cows six times a day had no apparent effect on milk fat or protein contents as
compared to three times a day. On the other hand, by day 14 postpartum, total solids had dramatically decreased and
continued to do so for 35 days. These findings are similar to what was previously reported by Eslamizad et al. (2010).

During the first 21 days of lactation, cows milked six times as much as those milked three times did not
significantly enhance their daily milk production, according to this study. This runs counter to previous research by
Dahl et al. (2004) and Shoshani et al. (2017), who found notable increases in milk yield. Compared with previous
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studies, the current study's sample size of 40 cows may make it harder to detect small changes in daily productivity.
Contrary to the short-term results, long-term data supported Dahl et al. (2004) and Shoshani et al. (2017) by
demonstrating a significant positive influence on 305-day milk production for cows milked six times daily. This
implies that early lactation milking frequency has a positive long-term effect on overall lactation performance.
Prolactin, which is necessary for mammary cell growth, may be responsible for this effect. This could lead to more
differentiated cells and a greater total milk production (Akers et al., 1981; Capuco et al., 2001; Lacasse, 2025).

The current study supports Eslamizad et al. (2010) by finding no difference between 6x and 3x milking and no
significant change in plasma PRL concentrations at any sample time point. Around parturition, plasma PRL levels
usually peak before progressively declining. This is consistent with research by Tong et al. (2018) and Lanctot et al.
(2025). Blood samples may not have been taken at the optimal time to capture the brief peak prolactin release that
takes place during and soon after milking, which could explain the lack of change in PRL levels despite more frequent
milking (Akers, 2016). Additionally, environmental conditions, such as photoperiod, can affect PRL secretion,
making assessments more difficult (Lacasse et al., 2014; Flis et al., 2026).

Throughout the second half of the DO program, plasma progesterone concentrations did not differ significantly
between the 6x and 3x treatment groups at any time point. This supports the findings of Carruthers & Hafs (1980)
and Amos et al. (1985) that increased milking frequencies have little effect on circulating reproductive hormones by
indicating that the intense milking frequency during the first three weeks after calving has no detrimental effect on
the protocol's primary hormonal regulatory systems. The DO regimen appears to be efficient in normalizing hormonal
profiles and reducing small metabolic or endocrine differences caused by increased milking frequency (Souza et al.,
2008; Herlihy et al., 2012; Ayres et al., 2013). The only variation was seen at the first PGF,, injection, where parity
influenced P4 levels. Cows in their second lactation showed a stronger luteal response early in synchronization, which
could be attributed to a better established hypothalamic-pituitary-ovarian axis. However, the protocol's constant
hormonal control in subsequent stages minimized the differences between parities (Souza et al., 2008; Herlihy et al.,
2012).

Regardless of treatment, higher concentrations of P4 were observed at the first GnRH and first PGF», injections,
while lower levels appeared at the second GnRH in pregnant cows compared to non-pregnant cows. According to
previous studies, pregnancy rates in dairy cows are often improved by having higher P4 levels at the first GnRH
injection and lower P4 levels at the second GnRH injection under a DO protocol (Abay et al., 2026). This strategy
creates a more favorable hormonal environment for early pregnancy and helps ensure ovulation of a more developed
follicle (Souza et al., 2008; Giordano et al., 2012; Herlihy et al., 2012; Kohsari et al., 2024; Li et al., 2024). Recent
protocol adjustments that increase P4 at the first PGF2a have been linked to improved pregnancy rates, notably in
primiparous cows (Kohsari et al., 2024).

The DO technique was used to assess PR, followed by TAI using sex-sorted semen and meloxicam administration
to half of the cows on day 16 post-Al. Overall, the PR was 30% (6/20) in the meloxicam group and 50% (10/20) in
the non-meloxicam group, with no significant difference. This suggests that meloxicam did not improve overall
fertility, consistent with Spencer et al. (2020), who found insufficient evidence of meloxicam's beneficial effects on
conception. Further studies are needed to show if earlier administration of meloxicam, on day 13-14 post Al, would
have a different effect, as it might precede the expected PGF,, peak in non-pregnant cows. Meloxicam treatment
tended to reduce PR in the 6x group (20% vs. 60%) but had no effect in the 3x group (both at 40%). Intensive milking
elevates metabolic stress (Mwaanga & Janowski, 2000). The lower PR in the high-frequency 6x group implies that,
in cows already under metabolic stress, meloxicam suppression of prostaglandin pathways (Agrawal & Gupta, 2010;
de la Puente et al., 2024) may negatively affect reproduction. Other studies have shown lower PR after meloxicam
use (Erdem & Guzeloglu, 2010). However, Ozyurtlu et al. (2016) found good effects in stable postpartum conditions.

The evaluation of pregnancy rates based on milking frequency (6x vs. 3x) and parity (1 vs. 2) showed meaningful
differences, though not statistically significant. Overall, second-lactation cows had a higher pregnancy rate (43.75%)
compared to first-lactation cows (37.5 %). In the 3% treatment, parity-2 cows had a pregnancy rate of 50% versus
33.3% for parity-1. In contrast, first-lactation cows showed a slightly higher rate (41.7%) than parity-2 animals
(37.5%) under the 6x treatment. These findings suggest that milking frequency affects metabolic load and parity-
related physiological responses (Cattaneo et al., 2023). According to several studies (Souza et al., 2008; Herlihy et
al., 2012; Astiz & Fargas, 2013; Dirandeh et al., 2015; Priyanto et al., 2026), primiparous cows often exhibit more
consistent ovulatory and luteal responses, improving reproductive outcomes under increased metabolic demands. The
6% group shows this pattern, with first-lactation cows having a statistically greater conception rate. High milking
frequency might raise energy requirements and physiological stress, which may reduce older cows' ability to
reproduce (Mwaanga & Janowski, 2000; Kusaka, 2026). Supporting the hypothesis that multiparous cows are
susceptible to high metabolic pressure, parity-2 cows under 6x have a reduced pregnancy rate. This pattern highlights
the need to consider parity and metabolic load when creating management and fertility plans.
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5. CONCLUSION

During the first 21 days after giving birth, increasing milking frequency from three to six times per day had no
effect on cow welfare or metabolic stability; protein, milk fat, and BCS percentages remained constant. The 6x
regimen raised 305-day milk yield (MY305d), indicating long-term productivity gains, even though short-term milk
yields were comparable. Additionally, the Double Ovsynch protocol effectively synchronized ovulation between
groups. Overall pregnancy rates were not statistically changed by post-TAI meloxicam treatment on day 16. Although
there is no obvious reproductive benefit to meloxicam therapy in this study, more extensive research is required to
find out whether high-frequency milking stress and early pregnancy actually interact negatively.

Declarations

Funding: This research was financially supported by the Deanship of Scientific Research at the University of Jordan
under Project No. 182.

Acknowledgement: The authors express their sincere gratitude to the Deanship of Scientific Research at the
University of Jordan for their support and facilitation throughout this study. We also thank the technical staff and
dairy farm personnel (Adel Haroun & Partners Farm) for their assistance with animal care, milking management, and
data collection during the experimental period.

Conflicts of Interest: The authors declare no conflicts of interest.

Data Availability: All relevant data are included within the manuscript. The raw data will be available from the
corresponding author upon reasonable request.

Ethics Statement: The Scientific Research Council (SRC) at the University of Jordan and the Institutional Animal
Care and Use Committee (IACUC) approved the experimental protocols (approval number 182/2023).

Author’s Contribution: All authors listed have made a substantial, direct, and intellectual contribution to the work
and have approved it for publication.

Generative Al Statement: The authors declare that no Gen Al/DeepSeek was used in the writing/creation of this
manuscript.

Publisher’s Note: All claims stated in this article are exclusively those of the authors and do not necessarily represent
those of their affiliated organizations or those of the publisher, the editors, and the reviewers. Any product that may
be evaluated/assessed in this article or claimed by its manufacturer is not guaranteed or endorsed by the
publisher/editors.

REFERENCES

Abay, M., Uyanik, G., & Akgay, A. (2026). Changing the route of GnRH administration according to the initial cyclic phase of the
Ovsynch protocol may optimize reproductive outcomes in dairy cows. BMC Veterinary Research, 22, 35]-364.
https://doi.org/10.1186/s12917-026-05525-5

Agrawal, P, & Gupta, A. (2010). Kinetics of NSAIDs. Engormix. URL: http://en.engormix.com/MA-dairy-cattle/dairy-
industry/articles/nsaids-t 1 498/p0.htm

Akers, R. M. (2016). Lactation and the mammary gland. John Wiley & Sons. https://doi.org/10.1002/9781 119264880

Akers, R. M., Bauman, D. E., Capuco, A. V., Goodman, G. T., & Tucker, A. H. (1981). Prolactin regulation of milk secretion and
biochemical differentiation of mammary epithelial cells in periparturient cows. Endocrinology 109: 23-30.
https://doi.org/10.1210/endo-109-1-23

Alan, S., Akgol, M., & Oksijztepe, G. (2023). Elazig'da Agik Olarak Satilan Cig Siitlerin Bazi Kalite Parametrelerinin incelenmesi.
Firat Universitesi Saglik Bilimleri Veteriner Dergisi 37(3): 209-216.

Alekish, M., & Ismail, Z. B. (2022). Common diseases of cattle in Jordan: A retrospective study (2015-2021), Veterinary World,
15 (12): 2910-2916. https://doi.org/10.14202/vetworld.2022.2910-2916

Al-Sharafat, A. (2013). Technical efficiency of dairy farms: A stochastic frontier application on dairy farms in Jordan. Journal of
Agricultural Science, 5(3), 45-52. https://doi.org/10.5539/jas.v5n3p45

Amma, Z., Reiczigel, J., Fébel, H., & Solti, L. (2024). Relationship between milk yield and reproductive parameters on three
Hungarian dairy farms. Veterinary Sciences, | 1(5), 218. https://doi.org/10.3390/vetscil 1050218

Amos, H. E., Kiser, T., & Loewenstein, M. (1985). Influence of milking frequency on productive and reproductive efficiencies of
dairy cows. Journal of Dairy Science, 68(3), 732-739.. https://doi.org/10.3168/jds.50022-0302(85)80880-8

Citation: AbuZaid, A.M,, Alnimer, M.A,, Abedal-Majed, M.A., Ababneh, M.M., & Shamoun, A.l. (2026). Synergistic effects of
intensive early milking and post-tai meloxicam administration on dairy cow production and pregnancy rates. Agrobiological
Records, 25, 306-315. https://doi.org/10.47278/journal.abr/2026.065

313


https://doi.org/10.47278/journal.abr/2026.065
https://doi.org/10.1186/s12917-026-05525-5
http://en.engormix.com/MA-dairy-cattle/dairy-industry/articles/nsaids-t1498/p0.htm
http://en.engormix.com/MA-dairy-cattle/dairy-industry/articles/nsaids-t1498/p0.htm
https://doi.org/10.1002/9781119264880
https://doi.org/10.1210/endo-109-1-23
https://doi.org/10.14202/vetworld.2022.2910-2916
https://doi.org/10.5539/jas.v5n3p45
https://doi.org/10.3390/vetsci11050218
https://doi.org/10.3168/jds.S0022-0302(85)80880-8

ISSN: 2708-7182 (Print); ISSN: 2708-7190 (Online)
Open Access Journal

Astiz, S., & Fargas, O. (2013). Pregnancy per Al differences between primiparous and multiparous high-yield dairy cows after
using Double Ovsynch or G6G synchronization protocols. Theriogenology, 79(7), 1065-1070.
https://doi.org/10.1016/j.theriogenology.2013.01.026

Ayres, H., Ferreira, R. M., Cunha, A. P., Aratjo, R. R., & Wiltbank, M. C. (2013). Double-Ovsynch in high-producing dairy cows:
Effects on progesterone concentrations and ovulation to GnRH treatments. Theriogenology, 79(1), 159-164.
https://doi.org/10.1016/j.theriogenology.2012.10.001

Capuco, A. V., Wood, D. L, Baldwin, R, Mcleod, K. Y. L. E., & Paape, M. J. (2001). Mammary cell number, proliferation, and
apoptosis during a bovine lactation: relation to milk production and effect of bST. Journal of dairy science, 84(10), 2177-
2187. https://doi.org/10.3168/jds.50022-0302(01)74664-4

Carruthers, T. D., & Hafs, H. D. (1980). Suckling and four-times daily milking: influence on ovulation, estrus and serum luteinizing
hormone, glucocorticoids and prolactin in postpartum Holsteins. Journal of Animal Science, 50(5), 919-925.
https://doi.org/10.2527/jas1980.5059 1 9x

Cattaneo, L., Piccioli-Cappelli, F., Minuti, A., & Trevisi, E. (2023). Metabolic and physiological adaptations to first and second
lactation in Holstein dairy cows. Journal of Dairy Science, 106(5), 3559-3575. https://doi.org/10.3168/jds.2022-22684

Choi, W,, Ro, Y., Choe, E., Hong, L., Lee, W., & Kim, D. (2023). Evaluation of corpus luteum and plasma progesterone the day
before embryo transfer as an index for recipient selection in dairy cows. Veterinary Sciences, 10(4), 262.
https://doi.org/10.3390/vetscil 0040262

Dahl, G. E, Wallace, R. L, Shanks, R. D., & Lueking, D. (2004). Hot topic: Effects of frequent milking in early lactation on milk
yield and udder health. Journal of Dairy Science, 87(4), 882-885. https://doi.org/10.3168/ids.50022-0302(04)73232-4

de la Puente, R, Diez, R, Diez, M. ], Fernandez, N., Sahagun, A. M., Rodriguez, J. M, Garcia, . J, & Lopez, C.
(2024). Pharmacokinetics of meloxicam in different animal species: a comprehensive review. Veterinary Sciences, | 1(11),
519. https://doi.org/10.3390/vetscil | [ 0519

Dirandeh, E., Roodbari, A. R., & Colazo, M. G. (2015). Double-Ovsynch, compared with presynch with or without GnRH,
improves fertility in heat-stressed lactating dairy cows. Theriogenology, 83(3), 438-443.
https://doi.org/10.1016/j.theriogenology.2014.10.01 |

El-Zarkouny, S. Z., Cartmill, . A., Hensley, B. A, & Stevenson, J. S. (2004). Pregnancy in dairy cows after synchronized ovulation
regimens with or without presynchronization and progesterone. Journal of dairy science, 87(4), 1024-1037.
https://doi.org/10.3168/ids.S0022-0302(04)73248-8

Erdem, H., & Guzeloglu, A. (2010). Effect of meloxicam treatment during early pregnancy in Holstein heifers. Reproduction in
Domestic Animals, 45(4), 625-628. https://doi.org/10.1111/j.1439-0531.2008.01317.x

Eslamizad, M., Dehghan-Banadaky, M., Rezayazdi, K., & Moradi-Shahrbabak, M. (2010). Effects of 6 times daily milking during early
versus full lactation of Holstein cows on milk production and blood metabolites. Journal of Dairy Science, 93(9), 4054-4061.
https://doi.org/10.3168/ids.2010-3104

Flis, Z., Marciniak, E., Misztal, T., MatuseviCius, P., Sady, M., & Molik, E. (2026). The Effect of Photoperiod on the Profile of
Prolactin, Leptin, Insulin and the Content of Bioactive Substances in Sheep Milk during the Rearing Period of Lambs. Animals,
16(4), 531. https://doi.org/10.3390/anil 604053 |

Giordano, J. O., Wiltbank, M. C,, Guenther, J. N., Pawlisch, R,, Bas, S., Cunha, A. P., & Fricke, P. M. (2012). Increased fertility in
lactating dairy cows resynchronized with Double-Ovsynch compared with Ovsynch initiated 32 d after timed artificial
insemination. Journal of dairy science, 95(2), 639-653. https://doi.org/10.3168/jds.2011-4418

Hanling, H. H., McGilliard, M. L., & Corl, B. A. (2023). The enhanced milk yield effect of early lactation increased milking frequency
and bovine somatotropin is additive and not synergistic. Animals, 13(13), 2202. https://doi.org/10.3390/anil 3132202

Herlihy, M. M., Giordano, J. O,, Souza, A. H., Ayres, H., Ferreira, R. M., Keskin, A., Nascimento, A. B., Guenther, J. N., Gaska, J.
M., Kacuba, S. J., Crowe, M. A, Butler, S. T., & Wiltbank, M. C. (2012). Presynchronization with Double-Ovsynch improves
fertility at first postpartum artificial insemination in lactating dairy cows. Journal of Dairy Science, 95(12), 7003-7014.
https://doi.org/10.3168/ids.201 1-5260

Hovinen, M., & Pyorild, S. (2011). Udder health of dairy cows in automatic milking. Journal of Dairy Science 94: 547-562.
https://doi.org/10.3168/ids.2010-3556

Jeong, J. K., & Kim, I. H. (2022). Risk factors for repeat breeder dairy cows and their impacts on reproductive performance.
Korean Journal of Veterinary Research, 62(2), el5. https://doi.org/10.14405/kjvr.20220003

Khan, M. J., Quddus, R. A, Khalig, A., Dashti, Y. H., Anam, F., Ahmad, Z., Anwar, M.S., Salman, M.M,, Tahir, H., & Ullah, Q. (2026).
impact of feed on milk production and composition in dairy cattle. The Research of Medical Science Review, 4(2), | 1-16.
https://doi.org/10.5281/zenodo.18490651

Kohsari, H., Berenjian, K., & Heydarian, S. (2024). Reproductive performance improvement following the implementation of a
modified Double-Ovsynch protocol compared to G6G in lactating Holstein cows. Veterinarski arhiv, 94(5), 353-364.
https://doi.org/10.24099/vet.arhiv.|1564

Kusaka, H. (2026). Optimizing lifetime productivity in high-producing dairy cows: challenges in the management of age at first
calving, double ovulation, and postpartum uterine health. Journal of Reproduction and Development. 72 (4), 581-589.
https://doi.org/10.1262/jrd.2026-033

Lacasse, P. (2025). Invited review: Interactions between prolactin and local regulation of the mammary gland. Journal of Dairy
Science, 108(7), 6587-6600. https://doi.org/10.3168/jds.2025-26358

Lacasse, P., Vinet, C. M., & Petitclerc, D. (2014). Effect of prepartum photoperiod and melatonin feeding on milk production and
prolactin  concentration in dairy heifers and cows. Journal of Dairy Science, 97(6), 3589-3598.
https://doi.org/10.3168/jds.2013-7615

Citation: AbuZaid, A.M,, Alnimer, M.A,, Abedal-Majed, M.A., Ababneh, M.M., & Shamoun, A.l. (2026). Synergistic effects of
intensive early milking and post-tai meloxicam administration on dairy cow production and pregnancy rates. Agrobiological
Records, 25, 306-315. https://doi.org/10.47278/journal.abr/2026.065

RESEARCH ARTICLE AGROBIOLOGICAL RECORDS

314


https://doi.org/10.47278/journal.abr/2026.065
https://doi.org/10.1016/j.theriogenology.2013.01.026
https://doi.org/10.1016/j.theriogenology.2012.10.001
https://doi.org/10.3168/jds.S0022-0302(01)74664-4
https://doi.org/10.2527/jas1980.505919x
https://doi.org/10.3168/jds.2022-22684
https://doi.org/10.3390/vetsci10040262
https://doi.org/10.3168/jds.S0022-0302(04)73232-4
https://doi.org/10.3390/vetsci11110519
https://doi.org/10.1016/j.theriogenology.2014.10.011
https://doi.org/10.3168/jds.S0022-0302(04)73248-8
https://doi.org/10.1111/j.1439-0531.2008.01317.x
https://doi.org/10.3168/jds.2010-3104
file:///E:/1-ABRs-FILES/ARTICLES-UNDER-PROCESS/1-ABR-ACCEPTED/IN-PRESS/26-260/‏https:/doi.org/10.3390/ani16040531
https://doi.org/10.3168/jds.2011-4418
https://doi.org/10.3390/ani13132202
https://doi.org/10.3168/jds.2011-5260
https://doi.org/10.3168/jds.2010-3556
https://doi.org/10.14405/kjvr.20220003
https://doi.org/10.5281/zenodo.18490651
https://doi.org/10.24099/vet.arhiv.1564
https://doi.org/10.1262/jrd.2026-033
https://doi.org/10.3168/jds.2025-26358
https://doi.org/10.3168/jds.2013-7615

RESEARCH ARTICLE AGROBIOLOGICAL RECORDS
ISSN: 2708-7182 (Print); ISSN: 2708-7190 (Online)
Open Access Journal

Lanctot, S., Deacon, A. M., Thibault, C., Blouin, R., & Lacasse, P. (2025). Effect of prolactin concentration during the dry period
on the subsequent milk production of dairy cows. Journal of Dairy Science, 108(l), 996-1006.
https://doi.org/10.3168/jds.2024-25164

Li, Z., Luan, S, Yan, L., Xie, C,, Lian, Z., Yang, M., Mei, M,, Lin, P,, Wang, A, & Jin, Y. (2024). Effect of Double-Ovsynch and
Presynch-Ovsynch on postpartum ovarian cysts and inactive ovary in high-yielding dairy cows. Frontiers in Veterinary
Science, |1, 1348734. https://doi.org/10.3389/fvets.2024.1348734

Murphy, J. P, O'Donovan, M., McCarthy, K., Delaby, L., Sugrue, K., Galvin, N., Murphy, C., McCarthy, K., Delaby, L., & Kennedy,
E. (2023). A three-year comparison of once-a-day and twice-a-day milking in seasonal-calving pasture-based systems. Journal
of Dairy Science, 106(12), 8910-8925 474 475. https://doi.org/10.3168/jds.2023-23379

Mwaanga, E. S., & Janowski, T. (2000). Anoestrus in dairy cows: causes, prevalence and clinical forms. Reproduction in domestic
Animals, 35(5), 193-200. https://doi.org/10.1046/.1439-0531.2000.0021 | x

National Research Council (2001). Nutrient Requirements of Dairy Cattle (7th rev. ed.); Nutrient requirements of dairy cattle.
National Academies Press, Washington, DC. https://doi.org/10.17226/9825

C)zyurtlu, N., Cetin, Y., Kiigiikaslan, i., & Kocamiiftiioglu, M. (2016). Effect of Flunixin Meglumine, Meloxicam and PGE2
Administrations After Insemination on Pregnancy Rates in Cows. Harran University Journal of the Faculty of Veterinary
Medicine, 5(2), 105-109.

Pérez-Marin, C. C,, & Quintela, L. A. (2023). Current insights in the repeat breeder cow syndrome. Animals, 13(13), 2187.
https://doi.org/10.3390/anil 3132187

Priyanto, L., Mustofa, I, Khairullah, A. R., Rimayanti, R., Kurniawan, D. F., Budiyanto, A., Putranti, O. D., Caesar, G. M. O. P,
Jumaryoto, |., Akintunde, A. O., Pratama, B. P., Ahmad, R. Z., Wasito, W., & Rehman, S. (2026). Delayed ovulation in cattle:
Physiological mechanisms, diagnostic approaches, and reproductive management strategies. Veterinary World, 19(7), 3081—
3108. https://doi.org/10.14202/vetworld.2026.3081-3108

Roche, J. R, Friggens, N. C,, Kay, J. K., Fisher, M. W,, Stafford, K. J., & Berry, D. P. (2009). Invited review: Body condition score
and its association with dairy cow productivity, health, and welfare. Journal of dairy science, 92(12), 5769-5801.
https://doi.org/10.3168/jds.2009-243 |

Romano, J. E., Thompson, . A., Kraemer, D. C., Westhusin, M. E., Forrest, D. W., & Tomaszweski, M. A. (2007). Early pregnancy
diagnosis by palpation per rectum: influence on embryo/fetal viability in dairy cattle. Theriogenology, 67(3), 486-493..
https://doi.org/10.1016/j.theriogenology.2006.08.01 |

Shoshani, E., Cohen, M., & Doekes, J. J. (2017). Short-and long-term effects of high milking frequency during the first 21 days of
lactation on production and reproductive performance in high-lactating cows. Animal, [11(l), 9I-100.
https://doi.org/10.1017/S1751731116001324

Souza, A. H., Ayres, H., Ferreira, R. M., & Wiltbank, M. C. (2008). A new presynchronization system (Double-Ovsynch) increases
fertility at first postpartum timed Al in lactating dairy cows. Theriogenology, 70(2), 208-215..
https://doi.org/10.1016/j.theriogenology.2008.03.014

Spencer, J. A, Konetchy, D., & Ahmadzadeh, A. (2020). Influences of non-steroidal anti-inflammatory drugs on dairy cattle
reproductive performance. Applied Animal Science, 36(3), 397-406. https://doi.org/10.15232/aas.2019-01969

Spencer, T. E., & Bazer, F. W. (2004). Conceptus signals for establishment and maintenance of pregnancy. Reproduction Biology
and Endocrinology, 82-83, 537-550. https://doi.org/10.101 6é/j.anireprosci.2004.04.014

Talukder, A. K., Rabaglino, M. B., Browne, J. A., Charpigny, G., & Lonergan, P. (2023). Dose-and time-dependent effects of
interferon tau on bovine endometrial gene expression. Theriogenology, 211, I-10.
https://doi.org/10.1016/j.theriogenology.2023.07.033

Thatcher, W. W., Guzeloglu, A., Mattos, R,, Binelli, M., Hansen, T. R., & Pru, J. K. (2001). Uterine-conceptus interactions and
reproductive failure in cattle. Theriogenology, 56(9), 1435-1450.
https://doi.org/10.1016/S0093-691X(01)00645-8

Tong, J. J., Thompson, I. M., Zhao, X., & Lacasse, P. (2018). Effect of the concentration of circulating prolactin on dairy cows'
responsiveness to domperidone injection. Journal of Dairy Science, 101(3), 2579-2587. https://doi.org/10.3168/ids.2017-
13828

Villar, S. L., Pérez-Marin, C. C., Alvarez, J., Accién, A., Barrionuevo, R, Becerra, |. ., Pefa, A. |, Herradén, P. G., Quintela, L. A,
& Yanez, U. (2025). A Prospective Study of the Prevalence and Predictive Risk Factors of Repeat Breeder Syndrome in Dairy
Cattle in the North of Spain. Animals, 15(2), 266. https://doi.org/10.3390/anil 5020266

Citation: AbuZaid, A.M,, Alnimer, M.A,, Abedal-Majed, M.A., Ababneh, M.M., & Shamoun, A.l. (2026). Synergistic effects of
intensive early milking and post-tai meloxicam administration on dairy cow production and pregnancy rates. Agrobiological
Records, 25, 306-315. https://doi.org/10.47278/journal.abr/2026.065

315


https://doi.org/10.47278/journal.abr/2026.065
https://doi.org/10.3168/jds.2024-25164
https://doi.org/10.3389/fvets.2024.1348734
https://doi.org/10.3168/jds.2023-23379
https://doi.org/10.1046/j.1439-0531.2000.00211.x
https://doi.org/10.17226/9825
https://doi.org/10.3390/ani13132187
https://doi.org/10.14202/vetworld.2026.3081-3108
https://doi.org/10.3168/jds.2009-2431
https://doi.org/10.1016/j.theriogenology.2006.08.011
https://doi.org/10.1017/S1751731116001324
https://doi.org/10.1016/j.theriogenology.2008.03.014
https://doi.org/10.15232/aas.2019-01969
https://doi.org/10.1016/j.anireprosci.2004.04.014
https://doi.org/10.1016/j.theriogenology.2023.07.033
https://doi.org/10.1016/S0093-691X(01)00645-8
https://doi.org/10.3168/jds.2017-13828
https://doi.org/10.3168/jds.2017-13828
https://doi.org/10.3390/ani15020266

