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Abstract: The objective of this study was to quantify the effect of a combined calcium, magnesium and anti-oxidant bolus 

on early lactation energy status and milk production performance of multiparous dairy cows compared to control, and calcium 

only bolus intervention. Multiparous (n=91) cows from a large Irish dairy herd, with a below-average incidence of 

hypocalcaemia, were enrolled in this study and randomly assigned to either a control (CON, n=30), a calcium only bolus 

(ABC, n=30) or a combined calcium, magnesium and anti-oxidant (Cow Start calcium) bolus (CSC, n=31). CON cows 

received no bolus and ABC and CSC cows received two boluses at 0- and 12-hours post-partum. Early lactation energy status 

was studied by recording milk ketone (beta hydroxybutyrate (BHBA)) levels at day 14 and day 28 post-partum, body condition 

scoring (BCS) of cows at week 0, 2, 4, 6, 8 and 12 post-partum and by weighing cows at week 0, 2, 4, 6 and 8 post-partum. 

Cows in the CSC group recorded significantly (P < 0.05) lower milk BHBA levels (0.43 mg/dL) when compared to CON (0.98 

mg/dL) and a trend (P < 0.10) towards lower milk BHBA when compared to ABC (0.74 mg/dL). The CSC group also showed 

a trend (P < 0.07) towards reduced body condition loss between calving and nadir (- 0.39 BCS units) when compared to ABC 

(- 0.53 BCS units). Milk production volumes were significantly increased (P < 0.05) by 1.3kg per day from day 5 of lactation 

until day 90 for the CSC group (30.7kg/day) when compared to CON (29.4kg/day), with a trend (P < 0.10) of 0.8 kg per day 

toward higher milk production when compared to the ABC group (29.9 kg/day). Body weight change (kg), Milk Fat % and kg, 

Milk Protein % and kg, fat:protein ratio, combined milk components (milk fat and milk protein kg), and energy corrected milk 

were recorded and analysed, with no significant differences observed. Results of this study indicate that cows supplemented 

with the CSC bolus responded favourably to treatment with regard to improved metabolic status in the critical early lactation 

post-partum period when compared to control and a calcium only bolus intervention. Results of this study suggest that 

supplementing dairy cows with a combined calcium, magnesium and antioxidant oral boluses will have beneficial effects for 

early lactation dairy cows. 
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1. Introduction 

At parturition the cow experiences significant challenges 

to calcium homeostasis, brought about by a rapid increase in 

demand for calcium to support colostrum and milk 

production. Calcium deficit is further exacerbated as the 

cow’s ability to increase calcium supplies from digestive or 

skeletal systems can be delayed by 24 - 48 hours, leading to 

an acute deterioration in calcium status. Blood calcium levels 

below 1.4mM (5.5mg/dL) are associated with clinical 

hypocalcaemia and a range between 1.4 - 2.0mM (5.5 – 8.0 

mg/dL) is generally associated with subclinical 

hypocalcaemia [1]. Numerous studies have shown that it is 

common for herds to experience clinical hypocalcaemia at 

rates of 5-7% [1, 4]. More recent research findings show 

herdwide levels of sub-clinical hypocalcaemia of 25% in 

primiparous and 47% in multiparous cows and 16% in 

primiparous and 57% in multiparous cows [2, 5]. 

A key impact of calcium status in the transition cow is its 
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effect on dry matter intakes (DMI) and consequently, early 

lactation energy status. A study by Hansen et al demonstrated 

an almost linear decrease in feed intake of 25% when plasma 

ionised calcium levels were 0.9 – 0.75 mmol/L. Feed intake 

approached zero when ionised calcium came close to 0.6 

mmol/L [6]. Hypocalcaemia also reduces rumen and abomasal 

motility increasing the risk of displaced abomasum [1]. This 

reduction in DMI coincides with a dramatic rise in energy 

demand as the cow enters milk production, which results in an 

unavoidable period of negative energy balance. In order to 

address this energy shortfall, the cow must mobilise body fat 

reserves from adipose tissue. Ketones, such as nonesterified 

fatty acids (NEFA) and β-hydroxybuytric acid (BHBA) are by-

products of this process and are routinely monitored as markers 

for the energy status of the cow, with higher levels of NEFA or 

BHBA reflecting higher degrees of lipid mobilisation and more 

critical states of ketosis. Numerous studies have found a 

correlation between low blood calcium status and elevated levels 

of circulating ketones (NEFA and BHBA), indicating that 

compromised calcium status in early lactation may lead to 

greater energy deficit in the critical transition period [2, 7, 8]. 

Prolonged periods of negative energy balance lead to elevated 

rates of body weight or body condition loss which impair 

immune function and cow fertility. Cows mobilising excessive 

amounts of body fat are at risk of ketosis or sub-clinical ketosis, 

with sub-clinical ketosis occurring above a threshold level of 14 

mg/dL BHBA in blood and 2 mg/dL in milk [9, 10]. Prevalence 

of sub-clinical ketosis is reported at rates of between 10% and 

40%, and associated with production and profitability losses of 

US$289 per cow [9, 11-14]. 

A recent study by Martinez et al demonstrated that 

concentration and percentages of neutrophils undergoing 

phagocytosis and oxidative bursts were both reduced in cows 

with sub-clinical hypocalcaemia, compared to 

normocalcaemic cows [8]. Cows with sub-clinical 

hypocalcaemia had 3.24 times greater risk of developing 

metritis compared to normocalcaemic cows. Furthermore, 

relative risk of developing metritis decreased by 22% for 

every 1 mg/dL increase in serum Ca [8]. Given the 

prevalence and costs associated with hypocalcaemia, much 

research has been carried out into effective mitigation 

protocols. Most studies focus on either a pre-partum dietary 

intervention such as binding calcium in the diet or altering 

the dietary cation anion difference (DCAD), or some form of 

calcium supplementation post-partum in an effort to elevate 

calcium status soon after calving. These include parenteral 

routes (intra-venous or sub-cutaneous), of calcium 

administration, and enteral routes (calcium drench or calcium 

bolus) [15-18]. Most of these strategies have focused on 

improving calcium status but not many have attended to the 

energy and immune status of post-partum cows. Indeed, 

whilst numerous studies have shown a negative correlation 

between blood calcium levels and NEFA/BHBA status, very 

little conclusive evidence exists that links the use of calcium 

supplementation with a subsequent improvement in energy 

status indicators such as body weight change or body 

condition score, [2, 8, 14, 16, 17]. Acknowledging that that 

post-partum energy and anti-oxidant status are as critical to a 

successful transition as calcium status is, we propose a pro-

active approach that addresses more than calcium status 

alone. In a previous study, Lawlor et al reported a significant 

decrease in milk BHBA levels in cows supplemented with a 

combined calcium, magnesium and anti-oxidant bolus (Cow 

Start Calcium) compared to control, untreated cows [19]. 

The objective of this trial was to build on these pilot data, 

and determine if a simple and time critical intervention with a 

combined calcium, magnesium and anti-oxidant bolus at 

calving (Cow Start Calcium, Anchor Life Science Ltd., Cork, 

Ireland.) could improve the metabolic status and productivity 

of cows in early lactation, when compared to control and a 

calcium only bolus intervention. It was hypothesised that this 

intervention would lead to better early lactation outcomes 

such as 1) better fresh cow energy status, 2) improved milk 

production and 3) fewer post-partum adverse health events in 

a dairy herd with effective transition cow management 

procedures and protocols already in place. In this study, early 

lactation energy status was assessed by recording milk 

BHBA levels as well as monitoring body weight and body 

condition score changes over the first two and three months 

in lactation, respectively. 

2. Materials and Methods 

2.1. Study Population 

The study was carried out during the spring, on a large, 

compact (12 week) seasonal calving herd in Ireland, 

consisting of 270 cows. The following criteria were used in 

selecting the herd: participation in the national milk 

recording program, excellent herd health records including 

calving events, modern cow sorting and handling facilities 

and willingness to administer the boluses according to trial 

protocol. Bolus administration was an existing farm 

procedure. The study was carried out over a 7-week calving 

window, study-eligible cows met the following criteria; 

second lactation or greater with no history of milk fever in 

previous lactation. Cows were assessed for lameness based 

on locomotion score (scale 1-5) with cows scoring >3 being 

excluded from the trial. All cows were also individually 

assessed for body condition score (scale 1-5) with cows 

scoring <2.75 and >3.50 excluded from the trial [20]. 

Multiparous cows were required to have valid on-farm 

records and have had a full-term pregnancy. All trial eligible 

cows were then batched and paired by parity into sub-groups. 

At calving, the cows within these sub-groups were then 

randomly allocated into one of three groups; control (CON), 

calcium only bolus (ABC) or Cow Start Calcium (CSC) 

group. 

2.2. Study Intervention 

189 eligible multiparous cows were due to calve during the 

study period, of which 91 were enrolled. Three groups were 

treated as follows; CON (n=30) received no oral bolus after 

calving; ABC (n=30) received two calcium boluses (delivering 
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<45g Ca each), as per label recommendations; CSC (n=31) 

received 2 combined calcium, magnesium and anti-oxidant 

(Vit E and Selenium) Cow Start Calcium boluses, as per label 

recommendations. For both bolus groups, the first bolus was 

administered within four hours of calving, with an average 

time of 0.7 hours post-partum. The second bolus was then 

given to the cow at between 8 and 24 hours after calving, with 

an average time of 11.2 hours post-partum. 

2.3. Production Data Recording 

All calving, bolus administration and early lactation events 

were monitored and recorded on farm. As a member of the 

national milk recording program, on-farm milk samples are 

taken by an employee of the milk recording service and then 

sent to an independent accredited laboratory for analysis, to 

determine milk fat and protein percentage and somatic cell 

count levels for each cow. The milk component results 

presented in this study are taken from the first three monthly 

milk recording sessions in the lactation. Milk volume records 

were taken from the digital milk meters in the milking 

parlour (Afi Milk inc.) from each milking (2x daily). 

2.4. Sample/Data Collection and Analysis 

Early lactation energy status in this trial was evaluated by 

measuring three different parameters – milk BHBA level, 

body condition score and body weight. Two milk samples 

(distinct from those collected for the national milk testing 

program) were taken from each cow at day 14 (+/-3days) and 

day 28 (+/-3days) of lactation and analysed immediately after 

milking. Milk was analysed for Beta Hydroxy Butyrate 

(BHBA) levels (Keto-Test, Elanco Animal Health, 

Hampshire, UK) as per test instructions. The test reader was 

blinded as to which group each sample was from, CON, 

ABC, or CSC. All cows were body condition scored 3 – 7 

days post-partum and during weeks 2, 4, 6, 8 and 12 of 

lactation. Body condition scoring, scale of 1 – 5 was carried 

out by two trained personnel who were blinded to treatment 

group [20]. The score recorded for each cow was agreed 

upon by both scorers. All cows were weighed on an 

electronic digital weighing scales at 3-7 days post-partum 

and during weeks 2, 4, 6 and 8 of lactation. All cows were 

weighed immediately after morning milking. 

2.5. Statistical Analysis 

Data were obtained from Anchor Life Science and data 

residuals were checked normality using the UNIVARIATE 

procedure of SAS (v9.4). All data residuals were found to 

have a normal distribution with the exception of SCC which 

was transformed to somatic cell score (SCS) using the 

transformation SCS = Log2(SCC) +3 [21]. Energy corrected 

milk (ECM) was calculated as (0.3246 × kilograms of milk) 

+ (12.86 × kilograms of fat) + (7.04 kilograms of protein) 

[22]. Calving ease was not considered in the analysis as all 

cows had a calving ease score of 1. Cows greater than 4 

lactations were grouped into lactation 4. This left us with 

three lactation groups; 2, 3 and 4. All cows had an LDA and 

KET score of 0 across all treatments. Parameters with 

multiple measures within cow were analysed using repeated 

measures using the MIXED procedure in SAS (v9.4) the 

appropriate repeated measures (co)variance structure was 

selected based on the lowest Bayesian Information Criterion 

value. Treatment, lactation, day and appropriate interactions 

were treated as fixed effects and cow was considered as a 

random effect. 

3. Results 

3.1. Study Population and Farm Performance 

Overall herd performance for the 2019 spring calving 

season showed that this herd did not experience higher than 

average levels of hypocalcaemia and the herd was well below 

recognised target levels for the major transition cow 

disorders [23]* (Table 1). 

Table 1. 2019 Farm Performance Data. 

Farm Data for 2019 
 

Disease Incidence Actual Target* 

Total Cows Calved 270 Clinical Milk Fever 3.70% <5% 

Cows Eligible for Trial 189 Retained Placenta 1.90% <10% 

Cows Enrolled in Trial 91 Displaced Abomasum 0.70% <5% 

Average Milk Production 2018 (305d proj.) 6,201kg Ketosis 0.70% <5% 

Calving Interval 386 
   

3.2. Early Lactation Energy Status 

3.2.1. Milk BHBA 

Milk BHBA analysis demonstrated that the CSC group had significantly lower milk BHBA levels compared to CON at day 

14 and day 28 (P < 0.05) and also that the CSC group showed a statistical trend for lower milk BHBA levels at day 14 and day 

28 compared to ABC (P < 0.10) (Figure 1). 
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Figure 1. Milk BHBA Results. Least square means (±SEM) for BHBA on day 14 and 28 for CON, ABC and CSC treatments. C, D P < 0.05. 

3.2.2. Body Condition Score 

Body Condition Scoring results showed that at nadir (week 6) there was a statistical trend (P <0.07) of less body condition 

score loss for CSC (-0.39) when compared to ABC (-0.53). There was no difference between CON and CSC groups (Figure 2). 

 

Figure 2. Body Condition Scoring Results. Least square means (±SEM) for body condition score (BCS) from test day 1 to 6 of the experiment for CON, ABC 

and CSC treatments. There was a statistical trend (P<0.07) of a difference between CSC and CON at W6 (b), there were no statistical differences between 

CON and CSC (c). 

3.2.3. Body Weight Change 

Body Weight records show that there were no significant differences between treatment groups (Figure 3). 
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Figure 3. Body Weight Loss in Early Lactation. Least square means (±SEM) for weight from test day 1 to 5 of the experiment for CON, ABC and CSC 

treatments. 

3.3. Production Data 

3.3.1. Milk Volume 

Milk volume production data was collected from each milking for each cow. A significant increase in milk production of 

+1.3kg/day (P < 0.05) was observed in the CSC (30.7kg/day) compared to CON (29.4kg/day). The results also show a 

statistical trend of (P < 0.10) towards higher production +0.8kg/day in CSC (30.7 kg/day) compared to ABC (29.9 kg/day). 

(Figure 4). 

 

Figure 4. Daily Milk Production. Least square means (±SEM) for daily milk yield from day 5 to 90 of the experiment for CON, ABC and CSC treatments. 
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3.3.2. Milk Recording 

Milk recording results show no significant differences between the three treatment groups in terms of fat and protein 

percentages, yield and fat:protein ratios. There was also no significant difference with respect to Energy Corrected Milk (ECM) 

between treatment groups (Table 2). 

Table 2. Milk Recording Results. 

Parameter CON ABC CSC Pooled SEM Trt P-value 

Fat % 4.13 4.17 4.05 0.08 0.52 

Protein % 3.29 3.27 3.28 0.04 0.88 

Fat: Protein 1.28 1.26 1.23 0.03 0.44 

Fat Yield (kg) 1.24 1.23 1.23 0.04 0.99 

Protein Yield (kg) 0.99 0.96 1.00 0.03 0.32 

Fat and Protein Yield (kg) 2.22 2.20 2.23 0.06 0.86 

ECM 32.3 32.0 32.6 1.00 0.83 

3.4. Adverse Health Events 

Recording of transition cow disorders (clinical milk fever, retained placenta, uterine infection, displaced abomasum, and 

ketosis) on the farm demonstrated that although the CON (n = 9, or 30%) and ABC (n = 8, or 27%) group of cows experienced 

a higher number of issues compared to the CSC group (n = 3, or 10%), the differences were not significant (Figure 5). 

 

Figure 5. Adverse health events as recorded on farm. 

4. Discussion 

The results of our study demonstrate that cows that 

received the Cow Start Calcium bolus had improved early 

lactation metabolic status based on lower milk BHBA and 

less body condition loss in early lactation, when compared to 

control and calcium-only bolus treatment groups. The Cow 

Start Calcium group also recorded a significant improvement 

in milk production and a numerical reduction in post-partum 

adverse health events. 

The transition period presents the biggest challenge to the 

dairy cow in her lactation cycle. The abrupt change in her 

calcium status can lead to reduced dry matter intakes, which 

in turn lead to a period of negative energy balance and poor 

metabolic status, as well as excessive body weight and body 

condition loss [1, 7]. The combination of impaired calcium 

and energy status is known to suppress immune function and 

reduce milk production [1, 24]. This cascade of events is 

common and costly in dairy herds; clinical hypocalcaemia 

has a prevalence of 5-7% and an estimated cost of US$250 

per case, and sub-clinical ketosis has a prevalence of 10 – 
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40%, with an estimated cost of US$289 per case [9, 11, 12, 

14, 25]. 

Cow Start Calcium bolus was formulated in order to 

address the key nutritional challenges that transition cows 

face, in particular periparturient hypocalcaemia, by provision 

of available calcium sources, and sufficient rumen soluble 

magnesium to enhance calcium uptake [26-28]. By 

addressing calcium status, negative energy balance is also 

indirectly treated. Furthermore, the significant antioxidant 

challenge to the cows’ immune status during transition is 

being addressed. The bolus features a combination of 65g of 

highly available Calcium, 4g of Magnesium along with 

rumen protected (calcified fat matrix) vitamin E and 

selenium to aid immune function. Previous studies have 

demonstrated that both calcium sources used in the Cow Start 

Calcium bolus; calcium chloride and calcified marine algae, 

significantly increase blood calcium levels with 30 minutes 

of administration [29, 30]. The Cow Start Calcium bolus also 

contains 50% more calcium than the calcium-only treatment 

along with 4g of Magnesium to enhance calcium uptake [26, 

28]. As calcium is required for muscle and nerve function, 

cows with low blood calcium status are reported to have an 

impaired ability to stand up, reduced mobility, and reduced 

dry matter intakes [1, 6]. 

A key finding of a previous research by our group was that 

cows given the Cow Start Calcium bolus recorded a 

significant reduction in milk BHBA levels when compared to 

a control group, indicating a lower level of body fat reserve 

mobilization [19]. The design of the current study took this 

finding into account in order to investigate if this milk BHBA 

finding could a) be replicated and b) whether there was a 

wider effect on early lactation energy status such as; body 

condition score and body weight. The milk BHBA result in 

this study shows a very similar pattern to the previous study 

with CSC (0.43 mg/dL) cows having a significant reduction 

(P < 0.05) compared to CON (0.98 mg/dL) and a trend 

towards reduction in milk BHBA (P < 0.10) compared to 

ABC (0.74 mg/dL). It is reported that BHBA in milk above 

2mg/dL represents a threshold for sub-clinical ketosis. 

Therefore, it can be inferred from these results that the CSC 

group are at lower risk (further from the threshold) of sub-

clinical ketosis when compared to other groups [10]. 

The CSC group demonstrated a statistical trend (P < 0.07) 

towards less body condition loss (-0.39 BCS units) between 

calving and nadir (week 6) when compared to ABC (-0.53). 

There was no difference between CSC and CON. The CSC 

and CON groups both lost -41kg at nadir (week 4) compared 

to the ABC group which lost – 50kg at nadir (week 6). 

Between nadir and week 8 the CSC group had recovered 

more body weight (17kg) compared to CON (8kg) and ABC 

(3kg). These data confirm that cows given the Cow Start 

Calcium bolus experience improved early lactation energy 

status, and they also provide some detail on how the cows are 

partitioning the extra energy available to them by means of 

quicker body condition and body weight recovery. 

Milk production levels in the first 90 days in lactation were 

greatest for the CSC group with a significant increase 

compared to CON (+1.3kg/day, P < 0.05) and ABC 

(+0.8kg/d, P < 0.10), without a reduction in milk 

components. Although not significantly different, the 

recording of post-partum adverse health events demonstrates 

that CON (30%) and ABC (27%) groups experienced a 

higher degree of transition cow disorders compared to the 

CSC group (10%). 

The increase in milk production in conjunction with an 

improved energy status would indicate that the CSC group of 

cows are transitioning better into lactation compared to CON 

and ABC. It is possible that this is the result of a higher level 

of dry matter intake amongst the CSC group, although DMI 

was not measured in the study. At day 14 of lactation, whilst 

all three groups of cows have similar levels of milk 

production, the CSC group has a significantly lower milk 

BHBA level which would support the theory that cows are 

benefiting metabolically from higher dry matter intakes. 

Further studies to specifically investigate dry mater intake 

levels are required to further investigate this proposed 

mechanism of action. 

After day 14 it was observed that the CSC group increased 

milk production levels compared to CON and ABC, and this 

increase in production continued across the entire first 90 

days of lactation (and indeed across the first 180 days of 

lactation, data not shown). This increase in production is not 

observed in the ABC group compared to CON until day 28 in 

lactation and this advantage over CON only lasts until day 80 

in lactation. 

Lactation curve modelling has demonstrated, that the 

sooner into lactation an animal increases her production, the 

higher her production will be across the entire lactation [31-

33]. An earlier increase in milk production may be an 

indication of a cow that has transitioned better and is in better 

early lactation metabolic status [1, 17, 34]. If this is the case, 

we propose that the results of this study support the 

contention that the CSC group experience a better transition 

period leading to a better metabolic status at day 14 and day 

28, leading to a significant increase in milk production from 

day 14, which in turn leads to increased milk production 

across the whole lactation. These results support earlier 

research which shows a link between higher calcium status 

and lower BHBA status, but also demonstrate a beneficial 

effect of lower BHBA levels on body condition and 

production performance in early lactation, [2]. 

5. Conclusions 

The results of this trial demonstrate that the prophylactic 

treatment of a group of freshly calved cows in the second 

lactation or greater with two oral calcium, magnesium and 

anti-oxidant boluses had a beneficial effect on early lactation 

metabolic status of these cows as indicated by significantly 

lower milk BHBA levels at two postpartum time points, as 

well as a lower levels of body condition loss. Furthermore, 

this intervention resulted in a statistically significant increase 

in milk production levels over the first 90 days in lactation. 

These findings indicate that the Cow Start Calcium bolus 
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intervention established an early, optimal post-partum 

calcium status which can have longer-lasting benefits during 

lactation, specifically in terms of energy status, and this 

benefit was not seen in the control and calcium only 

interventions in this study. 
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