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Abstract: Whilst older cows can be some of the most profitable producers on the farm, as well as helping to reduce the 

environmental impact of dairy production and improving consumer perception of dairy farming, they can also be more prone to 

early lactation metabolic challenges and at higher risk of culling or death in early lactation. Research into nutritional 

supplementation strategies specifically to support older, at-risk herd members has not, to the author’s knowledge, been carried 

out and leaves a dearth of knowledge as to how best to support the successful transition of this valuable cohort of cows from 

gestation into peak lactation. The objective of this study was to evaluate the effect of supplementation with a combined 

calcium, magnesium and antioxidant bolus (Cow Start) on key early lactation health and performance indicators in a cohort of 

older, higher yielding dairy cows that may be expected to be at greater risk of developing key post-partum metabolic disorders. 

High yielding multiparous (n=38) cows averaging 4.7 lactations at calving were enrolled in this study and randomly assigned 

to either a control (CON, n=19) group or a Cow Start oral bolus supplemented (CSC, n=19) group. The CON group 

experienced a clinical milk fever (Blood Ca <1.5 mM) incidence rate of 15.7% compared to 0% for the CSC group. Cows in 

the CSC group recorded a treatment effect of a significantly (P<0.01) higher blood calcium status compared to CON. Energy 

Corrected Milk volumes showed a statistical trend of an increase (P < 0.10) from day 5 until day 60 of lactation for the CSC 

group (+1.8 kg/day) when compared to CON, also milk fat kg (P < 0.05) and combined fat and protein kg yields (P < 0.10) 

were increased in the CSC group when compared to the CON group. Results of this study suggest that supplementation of 

older at-risk cows with a combined calcium, magnesium and antioxidant (Cow Start) oral bolus can reduce the incidence rate 

of clinical milk fever and exposure to sub-clinical milk fever, whilst also improving blood calcium status and increasing milk 

production parameters in early lactation when compared to CON. 
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1. Introduction 

Increased dairy cow longevity can be a key driver of farm 

profitability and it can also have a positive impact on 

reducing greenhouse gas emissions and can help to improve 

consumer perception of dairy farming as it can be seen as an 

indicator of animal welfare [1]. After milk yield, longevity is 

the second most important economic trait in dairy cows [2]. 

Average lifetime production in many progressive dairy 

countries averages at only 3.2 lactations, yet recent studies 

have shown that it can be halfway through the 2nd lactation or 

even into the 3rd lactation before replacement heifers reach a 

breakeven point and cover their rearing costs [3-5]. 

Whilst older cows can be some of the most profitable 

producers on the farm, older cows can be more prone to early 

lactation metabolic challenges and at higher risk of culling or 
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death in early lactation compared to their younger herd mates 

[6, 7]. Reinhardt (2011) showed that 2nd lactation cows had a 

4% risk of clinical milk fever which rose to 13% by the 6th 

lactation, whilst the risk of sub-clinical milk fever was in the 

41% to 54% range from lactations 2 to 6 [8]. In 2018, Probo 

et al. found that milk fever was the most influential disease 

associated with the risk of culling within the first 120 days in 

milk and this finding was previously seen by Seifi [6, 9]. 

At calving, the cow is faced with a sudden surge in 

calcium demand to support colostrum production. The ability 

of the cow to match this increased calcium demand with 

sufficient supply can be delayed by 24 – 48 hours, as 

homeostatic mechanisms cannot upregulate calcium 

metabolism from the digestive or skeletal systems quickly 

enough [7]. It is this time lag between the sudden increase in 

calcium demand and the delay in calcium supply that can 

cause a deterioration in the cow’s blood calcium status, 

which results in the cow developing a clinical milk fever 

(Blood Ca <1.5 mM) or sub-clinical milk fever (Blood Ca 

≥1.5 mM and ≤2.0 mM) [10]. 

Various studies have now proven that the incident rate of 

clinical milk fever can vary between 5 – 7% in dairy herds 

[7, 8], and that each case of clinical milk fever costs an 

average of US$250 [7, 11, 12]. Although less costly at $125 

per case, sub-clinical milk fever carries a much greater 

herdwide cost as the prevalence of sub-clinical milk fever is 

much greater in herds, with recorded incidence rates of 50% 

in multiparous cows [8]. On an annual basis, sub-clinical 

milk fever can represent 80% of the total costs of milk 

fever. 

Calcium plays a critical role to the transitioning cow and 

its effect is broad based, as calcium plays an important role in 

a number of key areas for the cow in transition, from muscle 

and nerve function, to the physical barriers of the innate 

immune response and also the phagocytic response [13-16]. 

In 2011, Reinhardt demonstrated that normo-calcaemic cows 

(Ca > 2.0 mM) had a lower serum non-esterified fatty acid 

(NEFA) levels postpartum than sub-clinical milk fever cows 

(Ca <2.0 mM, (P<0.001) [8]. This result indicates that 

normocalcaemic cows are in better energy balance than the 

sub-clinical group. Whiteford and Sheldon (2005) 

demonstrated that cows with clinical milk fever had a greater 

number of endometritis cases (P<0.05) when compared to 

normo-calcaemic cows [17]. These findings were further 

supported by Martinez (2012) who found that cows that were 

in the sub-clinical milk fever range were 3.24 times more 

likely to develop metritis compared with normo-calcaemic 

cows (P<0.01 [13]. 

It is clear from this recent research that there are 

significant health and performance gains to be obtained from 

trying to keep freshly calved, older at-risk cows in the 

normo-calcaemic range (Ca >2.0 mM) in the critical first 

hours after calving. Calcium status is not the only challenge 

that the transitioning cow faces, as demand for energy and 

antioxidants also surge in the first hours and days post-

partum. Reduced dry matter intakes (DMI) in freshly calved 

cows often results in a reduction in supply of these nutrients 

to the cow and this can compromise her energy, mineral and 

antioxidant status [14]. 

Magnesium plays two critical roles in supporting calcium 

metabolism: firstly by reducing parathyroid hormone (PTH) 

secretion in response to hypocalcaemia and secondly by 

reducing the sensitivity of tissues to PTH [18, 19]. High 

levels of dietary potassium can have a negative effect on 

magnesium status and lead to hypomagnesemia which can 

then increase the risk of milk fever [7]. The Cow Start bolus 

includes rumen soluble magnesium in order to ensure 

adequate bioavailability of calcium and an optimally 

functioning calcium metabolism. 

Vitamin E and selenium are also supplied in the Cow Start 

bolus as an aid to the immune response. Dietary antioxidants, 

notably vitamin E and selenium are important for their ability 

to neutralise reactive oxygen species and prevent peri-

parturient diseases and reduce inflammation [20, 21]. 

Vitamin E plasma concentrations are lowest between one 

week pre-partum and two weeks post-partum, inadequate 

dietary vitamin E or selenium decreases neutrophil function 

during the peri-parturient period [22]. Decreased 

phagocytosis and intracellular killing by neutrophils occur in 

parallel with decreased DMI and decreased circulating 

vitamin E (α-tocopherol) concentration [23]. 

This realisation amongst veterinarians and dairy farmers of 

the hidden costs and prevalence of sub-clinical milk fever has 

led to an increase in the pro-phylactic use of oral calcium 

supplements in dairy cows thought of as being at higher risk 

of milk fever or early lactation metabolic diseases such as; 

retained placenta, metritis, endo-metritis, displaced 

abomasum or ketosis. Calcium supplements come in many 

forms such as calcium borogluconate for parenteral 

administration, or forms for oral administration such as; 

calcium boluses, drenches, pastes and drinks. 

Whilst numerous published studies show a benefit to 

calcium status from oral calcium supplementation in a 

general population of cows, generally defined as second 

lactation and older, few studies have looked at the benefits of 

calcium supplementation in a narrow group of cows defined 

as being at higher risk of milk fever [24-27]. Also, few 

studies have demonstrated the benefit of oral calcium 

supplementation on key health indicators other than calcium 

status such as; risk of post-partum metabolic disease, energy 

status and milk production performance. Oeztzel and Miller 

(2012) found that cows that were both lame and had above 

average milk production levels (>5% above herd average) 

responded to supplementation by means of higher milk 

production levels [24]. Previous studies on a combined 

calcium, magnesium and antioxidant bolus (Cow Start) 

demonstrated a benefit in early lactation performance in 

terms of fewer metabolic issues (milk fever, retained placenta 

and uterine infections), significantly improved energy status 

and significantly improved milk production when compared 

to control and calcium only supplement groups [28, 29]. 

We hypothesise that the enhanced specification of the 

bolus will prove effective at helping the cohort of older and 

higher yielding cows that may be expected to be at higher 
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risk of milk fever to transition into lactation with fewer 

metabolic challenges and as a result, produce more milk in 

the early lactation phase. 

The objective of our study was to determine if 

supplementation with a combined calcium, magnesium and 

antioxidant bolus (Cow Start) of older, at-risk cows at 

calving would improve their blood calcium status and 

thereby reducing their risk to metabolic challenges while 

maintaining or improving milk, fat and protein production. 

2. Materials and Methods 

2.1. Study Population 

The study was conducted over a 7-week calving period in 

a spring calving dairy herd in Ireland. The herd consisted of 

220 higher yielding dairy cows with an average 305 d 

lactation yield of 8,242 kg, produced from a predominantly 

grass based diet. Cows were required to have had a previous 

full-term pregnancy with valid on-farm records. Only second 

lactation and greater parity cows were eligible for the trial. 

The cows were blocked by parity and were randomly 

assigned to a control group (CON) or Cow Start (CSC) bolus 

group. 

Table 1. Cow Age and Production Profile. 

Treatment CON CSC 

n 19 19 

Age (average lactation at calving) 4.7 4.7 

Prev. Lact. 305 d Yield (Kg) 8,711 8,956 

2.2. Study Intervention 

38 multiparous cows took part in the study, 19 cows were 

enrolled in the CON group which received no bolus after 

calving and 19 cows were allocated to the CSC group which 

received two oral boluses. The first bolus was administered 

on the point of calving while the second bolus was given 12 

hours later. Each CSC bolus contained 65 g of calcium 

(Seaweed derived calcium and calcium chloride), which 

delivers 50% more calcium than other commercially 

available calcium boluses, it also contains 4 g of rumen 

soluble magnesium. Vitamin E and selenium are also 

supplied in a rumen protected form (calcified fat matrix) as 

an aid in supporting the immune response. 

2.3. Production Data Recording 

All bolus administration, metabolic diseases and calving 

events were monitored and recorded by farm personnel. Milk 

samples were taken by an employee of the national milk 

recording programme. The samples were then sent to an 

independent accredited laboratory to analyse the milk 

composition of each milk sample including fat and protein 

percentage and the somatic cell count present in the sample 

from each cow. Milk yield was measured by the digital milk 

meters in the milking parlour for each cow for every milking 

and this was recorded by the Dairymaster Milk Manager 

software system. Daily milk volume data was obtained from 

this software for each cow for the first 60 days in milk 

(DIM).  

2.4. Sample Collection and Analysis 

Blood calcium records were provided by the farm vet 

from pre-existing farm health records. All blood 

procedures were overseen by the farm vet. Whole blood 

samples were taken from the coccygeal vein and 

immediately refrigerated at 4°C on the farm. Serum was 

separated for 5 minutes at 12,000 rpm within 24 hours of 

the sample being taken, then labelled and frozen 

immediately. Samples were thawed at room temperature 

and analysed in batches using an IDEXX Catalyst 

chemistry analyser. The samples were taken at 0, 1, 4 and 

8 hours relative to the treatment with time 0 denoting the 

point of calving before the first bolus was administered. 

2.5. Statistical Analysis 

Data were analysed using SAS v9.4. All data residuals 

were checked for the assumptions of normality. The milk 

production parameters and daily milk yield data were 

analysed using the MIXED procedure. For the milk 

production parameters, parity, treatment (Control or CSC), 

and parity by treatment interaction were included as fixed 

effects and the previous 305-day milk production parameter 

were included as a covariate in the analysis. When analysing 

daily milk yield parity, treatment, days in milk (DIM) and the 

interactions between treatment and lactation and treatment 

and DIM were included as fixed effects. The previous 305-

day milk production parameter were included as a covariate 

in the analysis. Individual cow was considered as the 

experimental unit and included in the model as a random 

effect. Days in milk was used to model repeated measures 

using the appropriate (co)variance structure as determined by 

the lowest Bayesian Information Criterion. 

Calcium was analysed with treatment, time (4 time points) 

and their interaction as fixed effect. Cow was considered the 

experimental unit and the random effect with time used to 

model repeated measures using the appropriate (co)variance 

structure as determined by the lowest Bayesian Information 

Criterion. 

3. Results 

3.1. Clinical Milk Fever Risk 

A clinical milk fever case was determined to be any cow 

that had shown clear clinical signs of milk fever, such as; 

visibly unsteady on her feet, cold extremities, shivering or 

unable to rise and stand and had also recorded a blood 

calcium result below the clinical milk fever threshold (<1.5 

mM). There were no cases of clinical milk fever within the 

CSC group, with 3 cases of clinical milk fever reported in the 

CON group. These cows were successfully treated with an 

intravenous infusion of calcium borogluconate and 

subsequently removed from the study. 
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Table 2. Clinical Milk Fever Incidence Rate. 

 CON CSC 

n 19 19 

Clinical Milk Fever Cases 3 0 

Clinical Milk Fever Rate (Blood Ca <1.5 mM) 15.7% 0% 

3.2. Sub-clinical Milk Fever Risk 

Figure 1 outlines the effect of treatment on blood Ca 

concentration. Cows on the CSC treatment had higher blood 

calcium concentration (P < 0.01) compared to the CON 

group. There was no difference in the blood calcium level 

between the CSC and CON at time point 0, prior to treatment 

(P = 0.95). However, the CSC treatment demonstrated higher 

blood calcium concentrations than the CON treatment at 1, 4 

and 8 hours. At hour 1, the CSC group show a trend (P = 

0.09) towards higher blood calcium status when compared to 

the CON group. The CSC group then demonstrate a 

significantly higher blood calcium level than the CON group 

at both 4 hours (P = 0.01) and 8 hours (P = 0.003). The CSC 

group maintained a blood calcium level above the 

normocalcaemic threshold (Ca > 2.0 mM) in the first 8 hours 

after calving. However, by the first hour the blood calcium 

levels of the CON group fell below the sub-clinical threshold 

(Ca < 2.0 mmol/L) and did not recover to normo-calcaemic 

status by 8 hours post-partum. 

 

Figure 1. Blood Calcium Results. Least Square Means (±SEM) for the Blood Calcium Levels of Treatment (CSC) and Control Cows with 305 d ECM included 

as covariate. 

The baseline values for the CSC group and the CON group are shown in figure 2. The blood calcium level of the CON 

group drops by 0.27 mM four hours after calving, this is in comparison to a decrease of 0.12 mM for the CSC group at the 

same time point. 

 

Figure 2. Baseline Value Results. Least Square Means (±SEM) for the Baseline Values of the Treatment (CSC) and the Control Cows. 



 Animal and Veterinary Sciences 2021; 9(5): 134-140  138 
 

 

3.3. Milk Production 

A numerical increase in milk volume of 1.7 kg/day (P = 

0.21) was observed for the CSC group (41.0 kg/day) 

compared to CON (39.3 kg). However, a statistical trend was 

observed for Energy Corrected Milk production of 1.8 kg/day 

(P < 0.10) for CSC (45.6 kg/day) when compared to CON 

(43.8 kg/day). There was a significant increase in Milk Fat 

Kg production of +0.10 kg/day (P < 0.05) for the CSC group 

compared to CON and also a statistical trend of an increase 

in combined Milk Fat and Protein Kg of +0.13 kg/day (P < 

0.10) for the CSC group compared to CON. 

Table 3. Milk Production Records. 

Production Parameters (d5-d60) CON CSC Diff +/- (daily) P-value 

Average Daily Milk Production Kg 39.3 41.0 + 1.7 0.21 

Energy Corrected Milk Volume Kg 43.8 45.6 + 1.8 0.10 

Fat % 3.79 3.92 +0.13 0.37 

Protein % 3.41 3.40 +0.00 0.95 

Total Fat Kg 86.0 91.9 +0.10 0.05 

Total Protein Kg 77.5 79.0 +0.03 0.51 

Total Fat + Protein Kg 163.6 170.9 +0.13 0.10 

 

4. Discussion 

Post-partum calcium supplementation of dairy cows has 

become an accepted management protocol as dairy farmers 

become more aware of the negative effects of sub-clinical 

milk fever in freshly calved cows. Whilst some studies have 

shown a benefit to calcium supplementation in the general 

population, to the authors knowledge, none have focused on 

its benefit in a focused cohort of at-risk, older and higher 

yielding cows. Previous studies of supplementation with a 

combined calcium, magnesium and antioxidant bolus (Cow 

Start) have shown benefits to treatment in terms of fewer 

metabolic issues, better energy status and higher milk 

production, when compared to control and calcium only 

supplement groups [28, 29]. 

Having an older herd profile can help to improve overall 

herd profitability as well as reducing the environmental 

impact of dairy production [1]. Whilst older cows can be 

some of the most profitable producers on the farm, they can 

be more prone to early lactation metabolic challenges and at 

higher risk of culling or death in early lactation [6, 7]. The 

trial specifically focused on a cohort of cows within the herd 

that were older and higher yielding. The selected cows had an 

above average age of 4.7 lactations at calving, with 40% of 

the cows being in their 6th lactation or greater. We consider 

these cows to be high yielding as their production level of 

8,834 kg in their previous 305 day lactation is 52% above the 

Irish national production average of 5,783 kg [30]. 

Cows that can maintain normo-calcaemic status (>2.0 

mM) are shown to maintain better energy and immune status 

and are at a lower risk of culling from the herd or death [8, 

13, 16]. The results of this trial show a significant 

improvement (P<0.01) in the blood calcium status of the 

CSC cows over the CON group. The results also show than at 

all 4 time points the CSC group of cows maintained their 

blood calcium above the normo-calcaemic threshold of >2.0 

mM, whereas the CON group were in the sub-clinical range 

≤1.5 mM and ≥2.0 mM) within 1 hour of calving (P<0.09) 

and remained there at 4 hours (P=0.01) and 8 hours 

(P=0.003) post-partum. 

These results also show that the blood Ca status of the 

CON group deteriorated by 0.27mM from 0h to nadir at 4h, 

compared to a decrease of 0.12mM for the CSC group 

(P=0.01). This result may have a bearing on subsequent 

uterine recovery performance as Martinez et al. (2012) had 

previously demonstrated that the relative risk of developing 

metritis reduces by 22% for every 0.25mM increase in blood 

Ca status, which correlates with results in previous studies of 

the Cow Start bolus [13, 28, 29]. This result indicates that the 

CSC group maintain a more favourable Ca status in the 

critical hours after calving. The fact that 15.7% of the CON 

group had a case of clinical milk fever demonstrates that 

these cows were indeed in a precarious calcium status. 

These results were in line with our initial study hypothesis, 

and we believe show that the greater specification of the 

product and availability of the calcium therein was able to 

deliver an improved calcium status in the critical hours post-

partum. Our research group has concluded that to better 

understand the wider implications of this supplementation 

strategy in older, at-risk cows that future studies should 

include larger populations of cows spread across numerous 

herds. We also feel there would be a benefit to studying in 

greater detail the effect and potential benefit to various post-

partum supplementation strategies on the dry matter intakes 

of this cohort of cows. 

The results from this study show an improvement in 

energy corrected milk production volumes for the CSC group 

compared to the CON group (+1.8 kg/day, P < 0.10). This 

increase in milk volume is also accompanied by an increase 

in milk fat (P <0.05) and combined milk fat and protein kg (P 

< 0.10). This combination of higher milk volume and milk fat 

may be an indication that the CSC group of cows are in better 

metabolic energy status. This improved energy status was 

reported in previous studies of cows receiving the Cow Start 

bolus demonstrating better energy status in early lactation by 

means of a better body condition score profile (P < 0.07), less 

body weight loss (numerical observation) and a significant 
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reduction in circulating ketone levels (Beta-Hydroxy Butyric 

Acid) indicating a lower level of body fat lipomobilisation (P 

< 0.01). [28, 29] 

5. Conclusions 

The results of this trial demonstrate that the prophylactic 

treatment of a group of at risk, freshly calved, older and 

higher yielding cows with two oral combined calcium, 

magnesium and antioxidant (Cow Start) boluses had a 

beneficial effect on early lactation calcium status as indicated 

by significantly higher blood calcium status in the critical 

hours post- partum. Furthermore, the intervention resulted in 

an increase in energy corrected milk, milk fat and combined 

milk fat and protein production over the first 60 days into 

lactation. These results indicate that the Cow Start 

intervention reduced the risk of clinical milk fever and 

maintained blood Ca status above the sub-clinical milk fever 

threshold in the critical hours after calving which can have 

longer lasting benefits during lactation, specifically in terms 

of energy corrected milk production, a benefit which was not 

seen in the control group of cows in this study. 
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