
INTRODUCTION

The colostrum period is usually a 1- to 2-week period 

of rapid physiological changes during parturition. Failure 

to optimize the cattle’s body for milk production during 

this period exposes the cattle to milk fever and mastitis, 

which significantly decrease productivity of dairy cattle. 

Therefore, the prevention of milk fever and mastitis is a 

big part of colostrum-period management (DeGaris and 

Lean, 2008; Down et al., 2016).
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ABSTRACT    The milk fever and mastitis that occur during the colostrum period in 
dairy cattle cause great damage in the dairy industry by causing a rapid decline in the 
cattle’s health and decreasing milk production. In order to prevent this, gradual milking 
(GM), calcium injection with gradual milking (CG), and calcium injection with complete 
milking (CC) methods are used. However, differences in effectiveness between these 
methods have not been established. Therefore, this study was conducted to determine 
the effects of each preventive method on milk fever and mastitis. The results of this 
study showed that while there was a significant negative correlation of GM with milk 
fever and mastitis (r = –0.657, p < 0.05), there was no correlation of CG and CC 
with milk fever and mastitis. The incidence of milk fever was significantly lower in CG 
and CC than in GM (p < 0.05) but no differences in the incidence of mastitis were 
observed between the three groups. No significant differences in the rate of recovery 
from milk fever and mastitis were observed between the three groups. The recurrence 
rate of milk fever was significantly higher in CG and CC than in GM (p < 0.05), though 
no differences in the recurrence rate of mastitis were observed. This study showed 
an inverse relationship between the incidence rates of milk fever and mastitis when 
calcium injection was not used during the colostrum period. When calcium injections 
were used, the incidence of milk fever was reduced without affecting the incidence 
of mastitis regardless of the milking method, but the recurrence rate of milk fever 
was increased. The results of this study would be useful for controlling blood calcium 
concentrations and establishing efficient milking strategy in order to effectively prevent 
milk fever and mastitis in dairy cattle during the colostrum period.
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Since the calcium content of colostrum is greater than 

that of subsequent milk, milk fever is a typical metabolic 

disease in dairy cattle caused by postparturient hypo-

calcemia within 2-3 days (McGrath et al., 2016; Seo et 

al., 2018). Although clinical manifestations of milk fever 

showed ablactation, decreased appetite, agitation, and 

orthostatic hypotension, immediate intravenous injec-

tion of calcium gluconate following early diagnosis could 

quickly restore blood calcium concentrations and reliev-

ing the clinical manifestations with high recovery rates 

(Thilsing-Hansen et al., 2002). However, if milk fever is 

not properly corrected in time, these manifestations de-

teriorate rapidly and could lead to coma, weakened pulse, 

necrosis of the sciatic nerve and fibular nerve secondary 

to limb stiffness, and, in the worst cases, death (DeGaris 

and Lean, 2008). Limiting calcium consumption during 

late dry period, late gestation period with non-lactating, 

or using preventive measures such as Vitamin D3 injec-

tions could mitigate the impact caused by rapid changes 

in the blood calcium concentration during the transition 

from pregnancy to the colostrum period (Sørensen et al., 

2002). 

Mastitis during the colostrum period is usually caused 

by improper milking after parturition. Mastitis could 

decrease or halt milk production in dairy cattle making 

it difficult to transfer sufficient immunity to the calf 

through colostrum (Sharma et al., 2012; Seo et al., 2018). 

Furthermore, the treatment of mastitis not only incurs 

additional cost and labor but also the use of antibiotics 

that decreases dairy cattle productivity by shortening 

the financially-viable lactation period (Nam et al., 2009; 

Ruegg, 2017). In the worst cases, the cattle lose financial 

value with extended mastitis treatment and might even 

get slaughtered. Therefore, mastitis is a disease that must 

be prevented in order to improve cattle productivity, 

longevity, and farm competitiveness.

Milking directly affects the amount of residual milk and/

or calcium necessary for milk production. Therefore, 

milking should be considered as a method of prevention 

of milk fever and mastitis during colostrum period 

(DeGaris and Lean, 2008; Gomes and Henriques, 2016). 

Gradual milking is most commonly used in farms as it 

can be easily followed in addition to existing milking 

process without any additional labor or medication and 

also this method directly prevents mastitis and milk fever 

by lessening the impact caused by changes in calcium 

metabolism (Horst et al., 1997).

Since the milk production ability and calcium 

metabolism differ for each cow and the milking is 

dependent on the performers’ subjective senses and 

experiences, it is difficult to accurately carry out milking 

of each cow and maintain residual milk volumes with 

consistency. Failure to provide appropriate milking levels 

can cause milk fever and mastitis (Thilsing-Hansen et 

al., 2002; Down et al., 2016). Therefore, some farms use 

a combination of calcium injections after parturition to 

maintain blood calcium concentrations to prevent milk 

fever and/or complete milking to prevent mastitis by 

minimizing residual colostrum in the udder. However, 

the correlation between the incidence of milk fever and 

mastitis and these preventive methods is not clear and 

the injected calcium can affect various organs and tissues 

in body directly or indirectly. Therefore, the cattle’s 

which receive calcium treatments needs to be carefully 

monitored (DeGaris and Lean, 2008).

Here, we studied the correlation, incidence, recovery 

rate, and recurrence rate of milk fever and mastitis to 

reveal the effects of milking method and preventive 

calcium injection on these two diseases during the 

colostrum period. 

MATERIALS AND METHODS

Animal information used in the study
This study used data from 2860 Holstein cattle that gave 

birth between March 2014 and February 2019 at 15 farms 

in the eastern region of Gyeongsangbuk-do, South Korea. 

All farms maintained their ownership and location, 

management systems including reproductive programs, 

milking methods, and feeding during the duration of the 

study.

Diagnosis and treatment of milk fever and mastitis
Milk fever was diagnosed with clinical manifestations 

such as milk volume reduction, decreased appetite, 

excessive agitation, teeth grinding, gait disturbances, 

hypothermia, and limb stiffness during a period of 2 

weeks following parturition. Calcium gluconate was 

administered through the external jugular vein for 

treatment of milk fever (DeGaris and Lean, 2008). Full 

recovery was defined as restoration of normal gait 

and appetite following treatment and milk production 
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restoration to the pre-milk-fever level. Mastitis was 

diagnosed through clinical presentations such as milk 

volume reduction, hyperthermic edema, and pain, along 

with a positive result on the California mastitis test 

(CMT). For mastitis treatment, an antibiotic susceptibility 

test was performed to select appropriate antibiotic, and 

antibiotic ointment was administered within the udder. 

The resolution of clinical manifestation, negative CMT, 

and restoration of milk production to the pre-mastitis 

level was used to determine recovery from mastitis.

Preventives and analysis items of milk fever and mastitis
Based on the milking method and preventive calcium 

injection (PCI) performed during the colostrum period to 

prevent milk fever and mastitis, each farm were divided 

into only gradual milking group (GM), PCI with gradual 

milking group (CG) and PCI with complete milking group 

(CC). PCI was performed right after parturition, same as it 

is done in the milk fever treatment method. The data were 

collected from the period post-parturition to production 

of commercial milk based on passing the alcohol test 

and somatic cell scores on the crude milk. After recovery 

from each disease, the recurrence of an identical disease 

within the colostrum period was defined as recurrence. 

The analysis categories were correlation of milk fever and 

mastitis, incidence, recovery rate, and recurrence rate in 

each disease.

Statistical analysis
 The characteristics of milk fever and mastitis incidence 

based on the milking method and PCI during the colos-

trum period were analyzed using Pearson’s correlation 

coefficient and the ANOVA test, followed by the Games-

Howell post-hoc test performed on Prism 7 (GraphPad 

Software, CA, USA). The threshold for statistical signifi-

cance was set at p < 0.05 and data are presented as mean 

± SD.

RESULTS AND DISCUSSION

Colostrum period is a period of rapid transition of the 

maternal physiology from pregnancy and parturition to 

lactation. Dairy cattle that cannot adapt to these changes 

are prone to milk fever and mastitis. This study was con-

ducted to help establish a preventive strategy by identify-

ing the diseases’ incidence characteristics based on the 

milking method and PCI performed during the colostrum 

period as preventive measures.

With the exception of rapid decrease or halt in milk 

production, milk fever and mastitis during the colostrum 

period have different clinical manifestations and can af-

fect various organs or tissues (Horst et al., 1997; Gomes 

and Henriques, 2016). However, both diseases are cor-

related to milking. Using this correlation, GM, which 

gradually increases milking level from delivery to com-

plete milking, can be used to prevent both diseases. Since 

GM is easily applicable to general milking procedures in 

most dairy farms, it is widely used. This study showed that 

GM had a significant inverse correlation with milk fever 

and mastitis (r = -0.657, p < 0.05) (Fig. 1). This result is in 

line with the previous report that an excessive amount of 

residual milk in the udder secondary to insufficient milk-

ing causes an abnormal pressure to build up within the 

udder and predisposes it to mastitis (Down et al., 2016). 
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Fig. 1. Correlation between incidence of milk fever and mastitis following different milking methods and preventive calcium injections 
performed during the colostrum period in dairy cattle. Pearson’s correlation (r) was used to analyze correlation between milk fever 
and mastitis. GM: gradual milking group, CG: calcium injection with gradual milking group, CC: calcium injection with complete 
milking group.
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Alternatively, excessive milking results in rapid loss of 

calcium which leads to low blood calcium concentration 

predisposes the cow to milk fever (DeGaris and Lean, 

2008). These results were similar to the results reported 

in preceding studies. Interestingly, the GM group showed 

diverse milk fever and mastitis incidences between 5.7-

11.3% and 3.2-10.6%, respectively. This result is likely to 

be secondary to the differing subjective standards and 

experiences in milking personnel, which lead to different 

residual milk levels and calcium losses in dairy cattle from 

different farms (Table 1). Based on these results, it is pos-

sible that the unclear effects of milking method on milk 

fever in previous studies were due to different subjective 

milking levels (Horst et al., 1997). Therefore, achieving 

satisfactory milking volume, residual volume, and blood 

calcium concentration through the milking method alone 

would be difficult. 

Since consistent and appropriate milking is difficult and 

blood calcium concentration can be relatively easily cor-

rected through exogenous administration, some farms 

use a modified strategy where calcium injection is first 

administered to prevent milk fever, and mastitis is pre-

vented by regulating or not regulating the milking levels 

(Deb et al., 2013; Hernández-Castellano et al., 2020). In 

this study, the modified strategies were divided into PCI 

with gradually milking group (CG) and PCI with complete 

milking group (CC). The results showed that unlike GM, 

CG, and CC, which include PCI, did not correlate with 

milk fever and mastitis incidences (Fig. 1). In case of the 

incidence of milk fever, since blood calcium concentra-

tion directly affects incidence and recovery, CG and CC 

showed a significantly decreased incidence of milk fever 

(p < 0.05) compared to GM (Table 1). It can be concluded 

that no differences in the incidence of milk fever was ob-

served between CG and CC since calcium supplied by PCI 

sufficiently restored body calcium level which lost through 

milk production and milking (DeGaris and Lean, 2008). 

On the other hand, no differences in the incidence of 

mastitis were observed between GM, CG, and CC. It can 

be concluded that milking method in GM is effective for 

mastitis prevention and blood calcium concentration is 

far from being a cause of mastitis (Ruegg, 2017). Although 

CC performs complete milking, there was the consistent 

incidence of mastitis. This could be due to multiple fac-

tors that causing mastitis including residual milk volume, 

milking equipment, parity and living environment that 

promote the growth of mastitis-causing microorganisms 

(Nam et al., 2009; Sharma et al., 2012), however, further 

investigations are needed to determine the exact reason 

and to prevent mastitis.

Milk fever and mastitis arising during the colostrum 

period showed recovery rates of 91.6% and 85.2%, respec-

tively (Fig. 2). The recovery rates for both diseases showed 

no difference based on the milking method and calcium 

injection. Since hypocalcemia was corrected in cases 

of milk fever, the majority of subjects were treated suc-

cessfully using methods similar to those used in previous 

studies (Sørensen et al., 2002; DeGaris and Lean, 2008). 

Since mastitis can be caused by different factors and dif-

Fig. 2. Recovery rate of milk fever and mastitis following 
different milking methods and preventive calcium injections 
performed during the colostrum period in dairy cattle. GM: 
gradual milking group, CG: calcium injection with gradual 
milking group, CC: calcium injection with complete milking 
group. Data were expressed by mean ± SD.
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Table 1. Incidence of milk fever and mastitis following different 
milking methods and preventive calcium injections performed 
during the colostrum period in dairy cattle

Group
Total number of

parturitions

Number of cases (%)

Milk fever Mastitis

GM 1390 107

(7.7 ± 1.8)

78

(5.7 ± 2.4)

CG 744 32

(4.5 ± 1.1*)

40

(4.9 ± 1.2)

CC 726 29

(4.2 ± 0.8*)

38

(5.3 ± 1.0)

GM, gradual milking group; CG, calcium injection with gradual milking 

group; CC, calcium injection with complete milking group. Data were 

expressed by mean ± SD. *p ＜ 0.05, designating significantly different 

values compared with GM group.
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ferent pathogens with different antibiotic susceptibilities, 

the recovery rate is lower than that of milk fever (Nam et 

al., 2009; Deb et al., 2013).

Due to the intrinsic consumption of calcium in dairy 

cattle during the lactation period, it is impossible to elim-

inate the causes of milk fever and mastitis, recurrence of 

each disease should be clearly determined to establish an 

effective preventive strategy (Jamali et al., 2018; Jeon and 

Rho, 2019). Interestingly, this study showed milk fever 

recurrence rates of 8.5%, 20.1% and 22.5% in GM, CG and 

CC respectively. Milk fever recurrence was significantly 

higher with PCI regardless of milking method (p < 0.05) 

(Fig. 3). This result is the first of its kind to demonstrate 

that PCI during the colostrum period increases milk fever 

recurrence. Based on a previous study that reported suc-

cessful prevention of milk fever by optimizing the calcium 

metabolism in dairy cattle by limiting calcium intake in 

late dry period, recovery of milk fever in CG and CC by 

temporal exogenous calcium treatment leads to failure 

in proper stimulation of postpartum hypocalcemia and 

obtain physiology optimal for milk production resulting 

in higher recurrence of milk fever (Sørensen et al., 2002; 

Jeon and Rho, 2019; Hernández-Castellano et al., 2020). 

Recurrences of mastitis were 13.9%, 15.1% and 14.5% 

in GM, CG and CC, and mastitis recurrence did not dif-

fer based on the milking method or calcium injection. 

As stated previously, it can be concluded that mastitis is 

independent from blood calcium concentration and that 

the milking method in GM alone was sufficient to prevent 

mastitis.

Since only few farms used CG and CC and this study 

focused on colostrum period, there were limitations in re-

vealing the characteristics of milk fever and mastitis. Fur-

ther studies should recruit large CG and CC groups and 

the investigation should be extended to lactation period 

and dry period.

CONCLUSION

Without preventive calcium injection, milk fever and 

mastitis were inversely correlated during the colostrum 

period. Preventive calcium injections effectively 

prevented milk fever, however, recurrence of milk fever 

increased. These results could help establish effective 

strategies to prevent both diseases. In further studies, 

the pathophysiology of milk fever and mastitis should be 

clearly determined in order to minimize milk fever and 

mastitis as well as recurrent milk fever that consistently 

occurs despite the use of preventive methods. 
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Fig. 3. Recurrent rate of milk fever and mastitis following 
different milking methods and preventive calcium injections 
performed during the colostrum period in dairy cattle. GM: 
gradual milking group, CG: calcium injection with gradual milking 
group, CC: calcium injection with complete milking group. 
Data were expressed by mean ± SD. *p < 0.05, designating 
significantly different values compared with GM group.
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