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Abstract

The aim of this study was to determine whether the positive transition health, rumination, production, and reproductive responses
to Cow Start Complete (CSC) supplementation seen in high milk fever risk Irish and UK studies, extend to multiparous dairy
cows managed under low milk fever risk conditions in a NZ pasture-based system using once-a-day (OAD) milking during early
lactation. Seventy-one multiparous crossbred dairy cows (3rd — 5th Lactation; 29 CSC-treated, 42 controls) received either 2 x
CSC sustained-release boluses at calving or no supplementation. Outcomes observed included transition health performance,
rumination behaviour, milk volume and milk solids production (weeks 4—24), and reproductive performance. During the first
week after calving, daily rumination levels dropped more in the control group than the treatment group (control — 33 mins/day,
p = 0.009 vs treatment — 1 min/day, p = 0.947). In terms of milk production, across weeks 4-24 in lactation, the CSC-treated
cows produced 1.3 L more milk per day (+4.5%, p = 0.039) and 0.11 kg more milk solids per day (+3.86%, p = 0.037).
Reproductive performance improved in CSC-treated cows when compared to the control cows, higher first-service conception
rate (89.7% vs 63.1%, p = 0.015), fewer services per conception (1.1 vs 1.5, p = 0.012) and 9 fewer days to conception (p =
0.034). In a pasture-based herd managed under early lactation OAD milking, CSC supplementation at calving was associated
with improved milk volume and milk solids production, reduced early-lactation rumination suppression, and improved
reproductive performance. These findings indicate that the CSC sustained-release bolus may confer benefits beyond traditional
high-risk hypocalcaemia populations.
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1. Introduction

The transition from gestation to lactation represents a criti-
cal metabolic challenge for the dairy cow. At calving, calcium
demand increases approximately threefold to support colos-
trum and early milk production, while dry matter intake (DMI)
typically declines by approximately 30% in the days immedi-
ately preceding parturition [10, 12].

The physiological mechanisms responsible for maintaining
calcium homeostasis require 24-48 hours to sufficiently up-
regulate intestinal calcium absorption and skeletal calcium
mobilisation, creating a predictable window during which cir-
culating calcium concentrations frequently decline [9].

Clinical hypocalcaemia, defined as total blood calcium con-
centrations below 1.5 mmol/L, affects approximately 4-10%
of multiparous dairy cows and is associated with an estimated
economic cost of USD 250-300 per case [14, 22, 28]. Sub-
clinical hypocalcaemia (SCH; total blood calcium concentra-
tions between 1.5 and 2.0 mmol/L in the absence of overt clin-
ical signs) is substantially more prevalent, affecting more than
50% of multiparous cows in many herds, and accounts for the
majority of herd-level economic losses associated with cal-
cium disorders, estimated at approximately four times the cost
of clinical cases [27, 28]. In NZ pasture-based systems, Rob-
erts and McDougall (2019) reported SCH prevalence of 30—
54% in peripartum cows, confirming that hypocalcaemia re-
mains prevalent despite the lower production intensity typical
of seasonal grazing herds [29].

The consequences of SCH extend beyond impaired neuro-
muscular function. Martinez et al. (2012) demonstrated that
even mild reductions in blood calcium levels significantly im-
pair neutrophil phagocytosis and oxidative burst capacity, re-
sulting in a near threefold increase in the risk of metritis in
otherwise healthy cows [24]. Kimura et al. (2006) reported
that intracellular calcium stores in immune cells decline be-
fore detectable reductions in circulating calcium, suggesting
that functional calcium limitation at the tissue level may pre-
cede measurable hypocalcaemia [16]. Beyond immune func-
tion, SCH has been directly associated with reduced probabil-
ity of pregnancy at first insemination and extended interval to
pregnancy, indicating that calcium status during the immedi-
ate post-calving period influences reproductive outcomes
weeks later [6, 16].

Recent research has highlighted the importance of the tem-
poral pattern of SCH. Transient hypocalcaemia occurring
within the first 24 hours post-calving appears to have limited
long-term impact, whereas sustained or delayed SCH persist-
ing at day 4 post-calving is associated with reduced milk pro-
duction, increased disease incidence, reduced dry matter in-
takes and impaired reproductive performance [25, 26]. Sus-
tained calcium demand beyond the immediate post-calving
period is further supported by evidence linking serum calcium
concentrations with uterine involution several weeks post-
calving [13]. Depressed rumination behaviour, a recognised
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indicator of metabolic stress, has also been observed to persist
for weeks in cows experiencing prolonged SCH [11].

Industry guidelines emphasise pre-calving Transition Diet
(TD), typically implemented 21-28 days before calving, in-
cluding dietary potassium reduction (limiting access to pas-
ture), magnesium supplementation, and controlled calcium in-
take to facilitate adaptation of calcium homeostatic mecha-
nisms [11]. In typical NZ farm practice, a negative Dietary
Cation Anion Difference transition diet strategy (DCAD) is
difficult to implement and is often not attempted.

In NZ pasture-based systems, an additional management
strategy employed to mitigate early-lactation metabolic stress
is once-a-day (OAD) milking during the immediate post-calv-
ing period. OAD milking reduces milk yield by approximately
13-25%, and associated calcium and energy demand in early
lactation [30]. This approach has been increasingly adopted as
a fresh-cow management strategy, with reported associations
with improved reproductive performance, body condition, and
labour efficiency.

CSC is a sustained-release oral transition cow bolus formu-
lated to provide extended calcium availability for at least 48
hours post-administration. The formulation incorporates cal-
careous marine algae (Lithothamnion spp.) within a con-
trolled-release matrix designed to prolong calcium delivery
during the immediate post-calving period. It was hypothesised
that extended calcium availability would better support cal-
cium-dependent physiological processes during early lacta-
tion, thereby improving production and health outcomes.

Previous studies evaluating Cow Start (CS) and CSC sup-
plementation have primarily focused on high-risk multiparous
cows in Irish and UK pasture-based or mixed-input systems.
Lawlor et al. [18-20] reported that CS supplementation in
herds with clinical hypocalcaemia incidence rates of 5-16%
improved blood calcium status, reduced the incidence of clin-
ical hypocalcaemia, and increased milk production by 4.1% -
4.4%. [18-20]. These studies largely involved older cows (>
fourth lactation) managed under twice-a-day milking.

More recently, Lawlor et al. (2024) demonstrated that a sin-
gle dose of CSC maintained significantly higher blood cal-
cium concentrations for up to 48 hours post-calving in Irish
dairy cows, with supplemented cows remaining normocalcae-
mic (>2.29 mmol/L) through 96 hours post-calving, while
control cows declined to subclinical levels by 12 hours and
remained subclinical through 48 hours [17]. Sustained cal-
cium elevation was accompanied by increased rumination
time and increased milk production over the subsequent 90
days.

This study evaluated the effect of CSC supplementation at
calving on rumination, milk production, and reproductive per-
formance in multiparous cows classified at low milk fever risk,
managed under OAD milking in a NZ pasture-based system.
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2. Materials and Methods

2.1. Study Design and Herd Description

The study was conducted on a single commercial pasture-
based dairy farm in Taranaki, NZ. The herd owner consented
to participation. The herd comprised approximately 380 cross-
bred Friesian x Jersey cows with a planned start of calving
(PSC) of 20 July 2025. Mean production over the preceding
three seasons was approximately 450 kg milk solids per cow
per lactation (equivalent to approximately 5,400-5,600 L of
milk).

2.2. Farm Management

Cows were managed under a predominantly pasture-based
feeding system consisting of perennial ryegrass (Lolium
perenne) and white clover (Trifolium repens), with supple-
mentary palm kernel expeller (PKE) and hay provided as re-
quired. TD commenced 10 days prior to PSC (10 July 2025)
and included pre-calving hay supplementation, daily magne-
sium oxide supplementation (54% elemental magnesium), and
restricted pasture allocation. No dietary cation—anion differ-
ence (DCAD) or anionic salt program was used.

Following calving, cows received magnesium oxide and
lime flour (45% elemental calcium) blended into the in-shed
feeding system, delivering approximately 4 kg PKE per cow
per day for up to 10 weeks post-calving.

Newly calved cows were collected from their paddock at
approximately 05:00 h or 14:00 h daily. Calves were removed
and the cows were milked. Boluses were administered to des-
ignated cows at their first milking. The cows then entered a
colostrum group for 4-5 days before joining the main milking
herd. All cows in the study were managed under OAD milking
until the herd transitioned to TAD milking on 10 August 2025.

2.3. Study Population and Treatment Allocation

Cows on this farm received nutritional supplementation as
part of routine veterinary care to prevent disease, and produc-
tion, behavioural, and fertility data were collected as part of
standard herd management practices. Therefore, under Sec-
tion 5(2) of the Animal Welfare Act 1999, no Animal Ethics
Committee approval was required.

Prior to trial commencement, all cows in the herd between
3 and 5 lactations were assessed for their suitability for trial
selection, with the goal of creating an homogenous cohort of
low-risk cows from which the trial cows would then be allo-
cated to similar control or treatment groups at calving. For the
purposes of our analysis, we defined cows as low risk by hav-
ing had a period of OAD at the start of their lactation, by age
(3-5 lactations), a BCS score within 4.5 - 5.5 at calving (1-10
BCS scale), no prior history of milk fever. Everything outside
of this was excluded from enrolment. Cows calving outside
the observation period from 20 July 2025 to 04 August 2025
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were excluded from enrolment. From an initial potential pool
of 80 cows, a total of 71 cows were enrolled. Cows were ran-
domly allocated to control or treatment group based on day of
calving. At the farmer's discretion, cows that calved on day
one of the trial were allocated to one group, cows that calved
on day two were enrolled into the other group and this alter-
nated daily throughout the observation period.

Treatment cows received two Cow Start Complete (CSC)
sustained-release calcium boluses (Anchor Life Science, Ire-
land) administered at first milking using an oral bolus appli-
cator. Control cows received no calcium bolus supplementa-
tion.

The two-bolus CSC dose provided a total of 106 g calcium
(derived from calcareous marine algae and calcium chloride),
7 g magnesium, 1,600 mg vitamin E, 2.2 mg selenium, and
80,000 IU vitamin D, with a sustained-release profile de-
signed to deliver calcium over approximately 48 hours.

2.4. Milk Production

Milk yield and composition (fat (%) and protein (%)) were
recorded at each milking using Pro Track SenseHub® Dairy
MilkPlus sensors and summarised weekly via SenseHub®
Dairy software. Milk production datasets were analysed for
weeks 4-24 post-calving. The primary outcome was mean
weekly milk yield, adjusted to daily yield, during weeks 4-24
post-calving. This analysis window was selected to (1) allow
stabilisation following the herd transition to TAD milking, (2)
exclude the colostrum management period during which milk
data was not consistently captured, and (3) assess sustained
lactational responses rather than acute peri-calving effects.
Baseline production for the 2024/25 season was calculated us-
ing a standardised lactation cut-off of 31 January 2025. A late-
summer drought in Taranaki resulted in early dry-off for a
subset of cows; the fixed cut-off date ensured comparable pro-
duction estimates across cows with variable lactation lengths.

2.5. Rumination Behaviour

Rumination time was continuously monitored using neck-
mounted accelerometer collars (Halter®, NZ). Daily rumina-
tion time (minutes/day) was calculated for each cow. Pre-de-
fined comparison periods included: (1) pre-calving baseline
(weeks —2 to —1), (2) acute transition (weeks 0-1 post-calv-
ing), and (3) early lactation (week 3 post-calving). Change in
rumination from pre-calving baseline to week 1 post-calving
was calculated as an indicator of metabolic adaptation to lac-
tation.

2.6. Reproductive Performance

Reproductive outcomes included days to first heat, services
per conception, first-service conception rate, and days to con-
ception as interpreted by neck-mounted accelerometer collars
(Halter®, NZ). Final pregnancy status (pregnant/empty) was
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confirmed using an ultrasound scan performed by a veterinar- ~ were removed from analysis.
ian.

2.7. Health Monitoring 3. Results

Health events requiring treatment were recorded by the 3.1. Baseline Herd Characteristics
farm manager and entered in MINDA® software (Livestock

Improvement Corporation, NZ) as part of standard farm prac- All cows were in their 3rd - 5th lactation (n = 71) and calved
tice. Body condition score (BCS) was assessed on 4 August ~ Detween 20 July 2025 and 4 August 2025. Both groups were
2025 by a Dairy NZ-certified veterinarian using the NZ 1-10  age-balanced, with mean ages of 4.83 +0.12 and 4.93 +0.14
scoring system. years in the control and treatment groups, respectively (p =
0.61). No statistically significant difference in baseline milk
production was observed (control group: 4160.60 +115.78 L;
CSC-treated group: 4355.86 £126.59 L (p = 0.24). Addition-

All statistical analyses were performed using GraphPad  ally, no difference in BCS between the two groups (control
Prism (Version 11.0.0, GraphPad Software, Inc., USA). Sta-  group: 5.01 £0.06; CSC-treated group: 5.03 £0.08; p = 0.82)
tistically significant outliers detected by ROUT test (Q = 1%) was observed.

2.8. Statistical Analyses

3.2. Transition-cow Health Issues

Table 1. Report of transition-cow health issues. Routinely monitored incidences of clinical milk fever, retained placenta, uterine infections,
displaced abomasum and ketosis (1.2 mmol/L) during the transition period up to 4 weeks post-calving are summarised below.

Health issues Clinical milk fever Retained placenta Uterine infection Displaced abomasum Ketosis
CON (n=42) 0 0 0 0 1
CSC (n=29) 0 0 0 0 0

There was only one recorded transition-cow health issue  first week, as well as up to 3 weeks after calving (rumination
during the trial period confirming this was a low-risk herd (Ta- reduced by 33 12 minutes and 25 +12 minutes, with p =

ble 1). Throughout the trial period, no cows were culled. 0.0084, p = 0.0397, respectively; Figure 1 and Table 2). In
contrast, no difference was observed in the CSC-treated group
3.3. Rumination Behaviour (both p >0.7). The CSC-treated group maintained a daily pro-

longed rumination of 26 *14 minutes and 25 +14 minutes
Treatment significantly preserved rumination behaviour  respectively, compared with the control group. As a result, the
through the calving transition (Figure 1 and Table 2). Com-  CSC-treated group remained comparable to its pre-calving ru-
pared to the pre-calving baseline, a statistically significant ru- mination behaviour (Figure 1 and Table 2).
mination depression was observed in the control group in the

Table 2. Rumination metric of post-calving rumination depression. Rumination behaviour was assessed using a neck-mounted accelerometer
collar. The pre-calving rumination baseline presents the rumination behaviour one week before calving, whereas 1 week and 3 weeks post-
calving present the mean rumination duration in the respective time period after calving. Values were rounded to the full minute. P-values were
calculated using mixed-effect analysis, with n = 42 for the control (CON) and n = 29 for the CSC-treated (CSC) group.

Difference between treatment

i i i + + =
Rumination metric CON (mean +=SEM) CSC (mean £SEM) groups (mean ==SE of difference) p-value
Pre-calving baseline (min/day) 384 +8 379 +15 5+14 0.702
1 week post-calving 35148 377 £12 26 +14 0.053
(difference to pre-calving baseline) (33 £12) (1 x£15)
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Difference between treatment
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Figure 1. CSC treatment prevents post-calving rumination depression. The rumination behaviour of cows was monitored using neck-mounted
accelerometer collars. The mean + SEM rumination duration of control (CON, blue circles) and CSC-treated (CSC, orange squares) cows
were calculated one week before calving (pre-calving baseline), 1 week and 3 weeks after calving. P-values calculated using mixed-effect

analysis, with each data point representing an individual cow.

3.4. Milk and Milk Solids Production

Following CSC treatment, increased milk production, in-
cluding a significant increase in milk solids, was observed
during weeks 4-24 of lactation (Figure 2A). In detail, CSC-
treated cows produced a mean of 30.0 + 0.4 L of milk daily
compared to 28.7 = 0.4 L in the control group, translating to a
4.5% increase in yield (p = 0.039; Figure 2B, Table 3). Simul-
taneously, a statistically significant increase in total solids
(CON 2.85 + 0.03 kg/day vs CSC 2.96 + 0.04 kg/day, p =
0.037; Figure 2C, Table 3) was observed. This increase was
reflected by an increase in 0.06 kg daily milk fat production
(CON 1.67 + 0.02 kg/day vs CSC 1.73 + 0.02 kg/day, p =
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0.077; Figure 2D, Table 3), and an increase of 0.05 kg in daily
milk protein production (CON 1.18 + 0.02 kg/day vs CSC 1.23
+ 0.02 kg/day, p = 0.088; Figure 2D, Table 3). Over the 24-
week analysis period, this corresponded to an average cumu-
lative gain of 188.2 L milk, including 15.69 kg milk solids per
treated cow. On average, both groups produced 5.77-5.84% fat
and 4.11% protein, despite the CSC-treated group having
higher overall production. These results highlight that CSC
treatment yields higher milk while maintaining overall milk
quality. Furthermore, the beneficial effects of the CSC treat-
ment were sustained throughout early and mid-lactation rather
than confined to the immediate post-calving period (Figure
2A).
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Figure 2. CSC positively influences production yield. (A) The milk production (circles) and milk solids (squares) of both groups were measured
from week 4 to 24 of lactation. The daily mean + SEM (B) milk, (C) milk solids, (D) milk fat and (E) milk protein production was calculated
per lactation week, with each data point representing a lactation week. Blue symbols represent the control group (CON) and orange symbols
the CSC-treated group (CSC), with n = 42 for CON and n = 29 for CSC. P-values were calculated using the Welch's test with * p < 0.05.

Table 3. Overview of treatment-related increase in milk production in lactation week 4-24. The daily milk volume and milk solids in lactation
week 4-24 were calculated based on the weekly reported production data. The respective average increase in production from the CSC-treated
(CSC) group compared to the control (CON) group was calculated. P-values were calculated using the Welch s test, with n = 42 for the CON
and n = 29 for CSC group.

Production metric CON CsC p-value
Milk yield (L/day, mean =SEM) 28.7 £0.4 30.0 +0.4 0.039
Difference to CON (L/day) +1.3

% increase +4.5%

Solids (kg/day, mean =SEM) 2.85 +0.03 2.96 +0.04 0.037
% milk solids 9.95% 9.88%

Difference to CON (kg/day) +0.11

Fat (kg/day, mean =SEM) 1.67 +0.02 1.73 £0.02 0.077
% milk fat 5.84% 5.77%

Difference to CON (kg/day) +0.06

Protein (kg/day, mean £SEM) 1.18 +0.02 1.23 +0.02 0.088
% milk protein 4.11% 4.11%
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Production metric

Difference to CON (kg/day)

3.5. Reproductive Performance

CSC-treated cows exhibited superior reproductive out-
comes. Cows in the treatment group showed their first heat 6
days earlier than control cows (p = 0.089). The first-service
conception rate was 26.6% higher (p = 0.015) in the treatment

CON

CSsC p-value

+0.05

group compared to the control group. Additionally, the CSC-
treated group experienced a statistically significant reduction
in the number of services per conception and a significant re-
duction in days to conception of 9 days (Table 4). Taken to-
gether, CSC treatment resulted in a statistically significant in-
crease in fertility.

Table 4. Reproductive outcome is beneficially influenced by CSC treatment. Fertility features, including days to first heat, first-service concep-
tion rate, days to conception, number of services per conception, and empty rate, were assessed in the control (CON, n = 41) and CSC-treated
group (CSC, n = 29). One cow was excluded due to missing reproduction data. P-values were calculated using the Welch's test.

Reproductive Outcome CON CSsC p-value
Days to first heat (mean =SEM) 29 +2 23 +3 0.089
Difference to CON (days) -6

First-service conception rate (%) 63.1% (26/41) 89.7% (26/29) 0.015
Difference to CON (%) +26.6%

Days to conception (mean +=SEM) 100 £3 91425 0.034
Difference to CON -9

Services / conception (mean =SEM) 15+0.1 1.1+0.1 0.012
Empty rate (%) 12.2% (5/41) 3.5% (1/29) 0.389
Difference to CON (%) -8.7

4. Discussion

Supplemented cows showed less suppression of post-calv-
ing rumination behaviour, increased milk production, and im-
proved reproductive performance compared to untreated con-
trols.

Oral calcium supplementation is typically directed toward
herds with a high incidence of clinical milk fever or cows
deemed high-risk, with prevention of recumbency as the pri-
mary goal. However, SCH is common in pasture-based sys-
tems and may negatively affect production and reproductive
outcomes even when clinical disease incidence is low.

A meta-analysis of 22 studies evaluating predominantly
short-acting calcium boluses found no evidence of effect on
metritis, displaced abomasum, ketosis, fertility, or milk yield
despite reductions in milk fever and retained placenta [23].
Previous studies have noted that calcium thresholds associated
with adverse outcomes vary by endpoint, with reproductive
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and inflammatory effects occurring at higher calcium concen-
trations than those associated with clinical recumbency [6, 21,
24]. These findings suggest that brief correction of severe hy-
pocalcaemia may not be sufficient to optimise immune or re-
productive function across the herd. Lawlor et al. (2024) fur-
ther showed that CSC maintained circulating calcium above
2.14 mmol/L for at least 48 hours post-calving [17]. The more
sustained calcium profile achieved with CSC may therefore
contribute to the differences in outcomes compared with con-
ventional short-acting calcium boluses.

Emerging work suggests that the duration of hypocalcaemia
may be more important than its nadir. Ametaj (2025) proposed
that sustained or delayed SCH initiates an inflammatory and
metabolic cascade—termed the "calci-inflammatory net-
work"—with downstream effects on hepatic function, im-
mune signalling, and tissue recovery that persist beyond the
period of measurable hypocalcaemia [1]. Similarly, McArt
and Neves (2020) demonstrated that SCH persisting at Day 4
post-calving, rather than transient hypocalcaemia in the first
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24 hours, predicts reduced milk production, increased disease
incidence, and impaired reproductive performance [25]. The
production improvements observed in the current study align
with this framework. The persistence of differences between
the groups persisted through week 24—beyond any direct
pharmacological effect of supplementation—suggesting that
mitigation of sustained or delayed SCH in treated cows may
have contributed to the enhanced lactation performance.

CSC-treated cows maintained rumination activity closer to
their pre-calving baseline, whereas control cows exhibited a
reduction of 33 minutes per day during the first week post-
calving. This mirrors earlier published work by Lawlor (2024),
who showed that CSC-treated cows recovered rumination in
the peri-calving period faster than untreated controls and
maintained a higher overall rumination rate (minutes/day)
through 14 days post-calving [17]. Reduced rumination in
early lactation has been associated with metabolic stress and
hypocalcaemia, reflecting impaired rumen motility mediated
by calcium-dependent smooth muscle function [8, 11]. Exper-
imental induction of hypocalcaemia reduces rumen contrac-
tion frequency even in the absence of clinical recumbency
[15]. Importantly, in this study, the rumination suppression
observed in controls occurred in the absence of ketosis, and in
cows with excellent body condition, suggesting that the drop
was unlikely the result of negative energy balance. This is con-
sistent with findings by Goff et al. (2020), who observed that
normocalcaemic cows (serum Ca > 2.2 mmol/L) maintain sig-
nificantly higher rumination activity in the first 48 hours com-
pared to subclinical peers, regardless of subsequent disease
status [11].

CSC-treated cows exhibited earlier return to oestrus, higher
first-service conception rate, and fewer services per concep-
tion. Mating commenced approximately 12 weeks after the
planned start of calving, by which time circulating calcium
homeostasis typically normalises. The persistence of these fer-
tility differences suggests that events in the early lactation
may have influenced subsequent fertility.

A plausible mechanism involves immune-mediated uterine
recovery. Kimura et al. (2006) demonstrated that intracellular
calcium depletion in bovine neutrophils precedes detectable
declines in circulating calcium levels, thereby impairing im-
mune activation even before serum hypocalcaemia is evident
[16]. Furthermore, Martinez et al. (2012) reported that the risk
of metritis declines by 22% for every 0.25 mmol/L increase in
serum calcium below 2.14 mmol/L [24]. By sustaining higher
calcium concentrations during the critical first 48-72 hours,
CSC supplementation likely supports neutrophil-mediated
uterine clearance needed for timely involution (Lawlor et al.
2024). Consistent with this, uterine horn diameter at 21 days
in milk was 2.6 mm (13%) narrower (n > 20 per group; Padj <
0.10) in CSC-supplemented cows compared with controls in
an Irish grazing trial®.

These reproductive benefits appear independent of energy

1 Personal communication J Lawlor, Anchor Life Science Ltd, Co. Cork, Ireland.
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balance. Although negative energy balance and ketosis sup-
press the hypothalamic-pituitary-ovarian axis, calcium status
directly affects uterine tone and inflammatory regulation [3].
In the present study, clinical ketosis was rare (1 case among
71 cows), yet reproductive outcomes were enhanced, suggest-
ing a calcium-mediated rather than metabolic basis for the ob-
served reproductive advantage.

Furthermore, numerous physiological factors have been re-
ported to impact fertility performance in dairy cows, such as;
genetics, reproduction program, housing, transition period
health and body condition scoring [2, 4, 5, 7]. Numerous stud-
ies under varying management systems and geographies have
shown that CSC supplementation consistently reduces levels
of postpartum retained placenta (numerical result), uterine in-
fections (P<0.05) and body condition loss in early lactation,
when compared to un-supplemented control and cows supple-
mented with other oral calcium products (P<0.05) [18, 19].
The improved uterine health and body condition scores seen
in these CSC studies, address a number of the key physiolog-
ical challenges cows face in terms of enhanced fertility per-
formance. The CSC study cows demonstrated reduced days to
conception (P<0.05), fewer serves per conception (P<0.05)
and higher pregnancy rates to first (P<0.05) and second ser-
vice (P<0.05)%.

These findings question the adequacy of classifying herds
as "high-risk” or "low-risk" for calcium supplementation
based on clinical milk fever alone. They support a model in
which early-lactation calcium sufficiency shapes production
and reproductive responses through SCH-mediated mecha-
nisms not captured by clinical disease monitoring. Even in
low-risk pasture-based herds, CSC sustained release supple-
mentation appears to stabilise physiological function rather
than merely prevent calcium deficiency.

5. Conclusions

In a pasture-based herd managed under OAD milking, in
early lactation, CSC supplementation at calving was associ-
ated with improved milk volume and milk solids production,
reduced early-lactation rumination suppression, and improved
reproductive performance. These consistent outcomes in both
New Zealand and Irish grazing systems suggest that CSC pro-
vides measurable benefits regardless of the herd's baseline
metabolic disease risk.

Abbreviations

BCS Body Condition Score

CON Control Group

CS Cow Start

CcsC Cow Start Complete

DCAD Dietary Cation-anion Difference
DMI Dry Matter Intake
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OAD Once-a-day Milking

SCH Subclinical Hypocalcaemia
PKE Palm Kernel Expeller

PSC Planned Start of Calving
TAD Twice-a-day Milking

TD Transition Diet
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