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ABSTRACT

Background: Mastitis is an inflammatory disease of the mammary gland, mostly associated with bacterial infections. It
is responsible for great economic losses due to decreased milk yield, discarded milk, milk composition alterations and
treatment costs, besides it impairs the animal health and welfare. The rumination time is an important behavioral marker
and its assessment can be used as an early diagnosis tool, which can improve cure rate. Therefore, the aim of the present
study was to evaluate the sensitivity of behavior monitoring system collars in the diagnosis of mastitis and the average
rumination time (RT) of Holstein cows during the healthy period and affected by the disease.
Materials, Methods & Results: The study was conducted on a commercial property located in the municipality of Rio
Grande, Rio Grande do Sul, Brazil. The RT data from 39 multiparous Holstein cows with an average milk yield of 38.4 L/
day was collected. RT monitoring was performed using C-Tech1 collars combined with CowMed® software, which assess
behavior data from the animals and emits warning signals when it finds abnormalities in any parameter. In order to verify
whether the animals were determined correlated with diseases, the sensitivity of the data was evaluated, when the system
had given the alert to animals considered ill, they underwent to a further clinical evaluation performed by a veterinarian to
confirm the diagnosis. From the diagnosis, the cows were divided into subclinical mastitis (SM) and clinical mastitis (CM)
groups. SM was detected by the California Mastitis Test (CMT) and cows that were graded 1 (++), 2 (++) or 3 (+++) without
the presence of any other clinical sign were assigned to the SM group. CM was assessed by observation of abnormalities
in milk such as changes in color and consistency, as well as the presence of lumps, clots or blood; and clinical examination
of the udder was performed for detection of hot, hard, swollen or painful quarters. Thereafter, variations in the mean RT
between the healthy (15 days) and sick periods (days when there was an alert) were evaluated. For the identification of the
etiological agents involved in the cases of CM, microbiological cultures were performed on Accumast® plates with milk
samples, which were incubated at a temperature of 37°C and the diagnosis of the pathogens were performed after16 hours
of incubation. During the study, 57 cases of mastitis were observed, 42 were SM and 15 were CM. The sensitivity of the
system, which is the ability to detect positive cases of the disease, was 73.8% for SM and 73.3% for MC. The RT of the
animals were compared individually during the healthy period with the sick period and it was observed that SM reduced
the RT by 5.33% whereas MC reduced the RT by 14.9%.
Discussion: The maximum RT values were lower during the disease period in relation to the period in which the animals
were healthy, for both SM and CM, which is due to the fact that the disease is responsible for causing inappetence in animals, among other clinical signs, therefore, reducing feed consumption. The lowest variation in RT, between the healthy
and sick period, was observed in cases of SM, which was already expected, since the clinical form tends to cause more
discomfort to the animals. As for the main etiological agents involved in the clinical condition, Streptococcus agalactiae
and S. uberis were detected. In view of the above, the evaluation of the mean RT of multiparous dairy cows was efficient
in the predictive diagnosis of SM and CM up to two days before the onset of the disease. In addition, the variability of this
result demonstrated that animals with subclinical cases presented less fluctuation in RT.
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INTRODUCTION

CowMed®2 software, which captures data from the
collar every hour. The C-Tech (Chip inside)1 collar
sensors have an accelerometer that measures rumination, physical activity, and bovine inactivity every hour.
The system consists of the C-Reader and management
software, which can generate a behavioral pattern for
each animal in the herd and also an average pattern
for the entire herd through behavioral data. Whenever
the system detects an inconsistency in the animal
behavioral pattern, it gives an alert to identify that the
animal might be sick.

Mastitis is characterized by an inflammatory
condition in the mammary gland, the main cause of which
is bacterial in origin [17]. Its involvement can occur in
the subclinical (SM) and clinical (MC) forms. CM can
be mild (abnormal milk), moderate (abnormal milk and
changes in the udder) and severe (with systemic signs,
such as pyrexia, dehydration and lack of appetite) [25].
The disease causes economic losses and has a
high incidence, the study by Langoni [13], estimated
that for each case of clinical mastitis, there are 20 and
50 subclinical cases of the disease. And the losses
are due to the disposal of milk, reduced production,
lower milk quality, treatment and premature disposal
of animals [5], reaching an annual expenditure of R $
277,411.25 in a herd of 100 cows [16].
Early diagnosis plays an important role in reducing
the negative effects of mastitis [23]. Among the tools to
detect this disease, rumination sensors, such as those used
in C-Tech collars (Chip inside), have become effective
alternatives to identify mastitis and other diseases in early
stages [23]. In this sense, the objective of the present study
was to evaluate the average rumination time (RT) of dairy
Holstein cows during the healthy period and affected by
SM and CM through C-TECH (Chip-inside) rumination
collars, as well as how to detect sensitivity of rumination
collars C-TECH1 in the detection of SM and CM.

Experimental design

From the initial 128 animals, only 39 (30.46%)
were suitable to enter the experiment, since they
met the following criteria: (1) the animals should be
monitored by the CowMed®2 system platform; (2) their
rumination pattern changes should be reported by the
system; (3) they should be healthy for at least 15 days
prior to the system alert; (4) SM diagnosis should be
performed by the Veterinarian through the California
Mastitis Test (CMT), besides the system alert; (5)
CM diagnosis should be performed by the Veterinary
through foremilking associated with the system alert.
After diagnosis, the animals were enrolled in the Group
SM or Group CM, according to the severity grade.
During the healthy period, the rumination rates
were calculated as the mean of 15 days, while during
the sick period, the rumination rates were calculated
as the mean of the days under the system’s alert. The
animals were considered ill until their rumination patterns returned back to normal.
Further, the average values of maximum and
minimum rumination and the variation occurring in
each period were verified.
To enhance the results, it was considered for
analysis purposes, the true positive cases, true negatives, false positives and false negatives, in order to
affirm the efficiency of the monitoring system. Being:
I - True Positive (VP): Those animals that had
an alert detected by the system and had their diagnosis
confirmed by the Veterinarian through foremilking
and CMT;
II - True Negative (VN): Those animals that
did not have an alert and weren’t diagnosed with any
disease by the Veterinarian;
III - False Positive (FP): Those animals that
had an alert and were diagnosed with another disease
instead of mastitis;

MATERIALS AND METHODS

Location

The study was conducted in a commercial
property located in city of Rio Grande, the south of
Rio Grande do Sul, Brazil, (32° 1’ 60’’ south, 52° 5’
55’’ West), between June and November 2018.
Animals and diet

One hundred and twenty-eight (128) multiparous Holstein cows with an average milk yield of 38.4
liters / day were assigned for this study. The animals
were housed in a Compost Barn, had free access to
water and were fed twice a day, in the morning and
afternoon. The diet consisted of corn silage, pre-dried
ryegrass, moist and concentrated grain, without nutritional changes during the whole study period.
RT monitoring

The system used to monitor the animal’s
RT was the C-TECH1 collars (Chip-Inside) and the
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way ANOVA test for analysis of variance, where the
difference between the average number of cases of the
disease and the period (healthy and sick) was evaluated.
P < 0.05 was considered significant.

IV - False Negative (FN): Those animals that
did not have an alert and were diagnosed with any
disease by the Veterinarian.
Sensitivity calculation (Formula 1) was performed to assess the capacity of the RT monitoring
system to detect cases of clinical and subclinical
mastitis [3].
True positives/ (true positives + false negatives) x 100

RESULTS

During the study period, 57 cases of mastitis
were observed, in which 42 were SM and 15 were CM.
The C-TECH collar detection sensitivity was 73.8%
(31 cases) for SM and 73.3% for CM (11 cases). The
animals average RT for both groups in each period are
described (Table 1).
It was found that the animals average RT in the
SM group tended to be lower during the sick period
compared to the healthy period representing a 5.33%
reduction on the evaluated parameter when the periods
were compared. The average time in which the animals
in the SM group remained ill throughout the study
period was 7.5 days compared to 6.5 in the CM group.
There was a decrease in the cows average RT
with CM (P = 0.0014) during the healthy period, showing a decrease of 14.85% when periods were compared.
The maximum and minimum values of rumination and
the average variation of this parameter were verified in
each group and period studied (Table 2).
There was a decrease in the maximum rumination time (RT) in the SM (P = 0.002) and CM (P =
0.010) groups during the period when the animals were
sick. Regarding the minimum RT, the cows in the CM
group tended to have a lower RT (P = 0.08) compared to
healthy cows. The average variation of RT between the
maximum and minimum values, showed a difference
for the SM group (P = 0.015) with lower fluctuations
of the parameter during the ill period.
In addition, Streptococcus agalactiae and S.
uberis were the etiologic agents causing CM, whereas
in the SM cases the agent verification test was not
performed according to the farm protocol.

Identification of the etiologic agent that causes mastitis

Microbiological cultures of milk samples from
the animals with CM were performed to identify the
etiological agents that were causing mastitis. The
on-farm method was applied, in which a milk sample
from the affected mammary gland quarter is sown
on a tripartite Accumast®3 plate. Each plate has three
distinct and specific culture media for the growth of
certain bacteria. The agents were identified on the farm
according to the bacterial colony color following the
company instructions.
Once diagnosis had been confirmed by the
veterinarian after the C-TECH1 collars alert, milk
was collected in a sterile bottle and, subsequently, a
sample was sown on the plates using a swab and these
were stored in an incubator at 37ºC. After the first 16
h of sowing, colonies were identified according to the
culture medium, being they: substrate 1 specific for the
growth of gram-negative bacteria (Klebsiella spp., E.
coli and Pseudomonas spp.); substrate 2 (Streptococcus spp., Lactococcus spp. and Enterococcus spp.);
substrate 3 (Staphylococcus aureus and Staphylococcus spp.).
Statistical analysis

The normality of the data was verified by the
Shapiro Wilk test. The Levene test was used to verify
the homoscedasticity of the variance. Parametric data
were analyzed using the SAS4 software, using the one-

Table 1. Average Rumination Rates ± Standard Error, for the Subclinical Mastitis (SM) and Clinical Mastitis (CM) groups in each period
during the months from July to November 2018.
Group

Period

P-value

Healthy

Sick

SM

581.50 ± 11.88

550.48 ± 11.88

0.068

CM

587.41 ± 16.69

500.30 ± 16.69

0.001

3

A.P. Schmidt, L.V. Vieira, A.A. Barbosa, et al. 2021. Use of the Rumination Profile Through Collar Sensors for Mastitis
Diagnosis in Dairy Cows.
Acta Scientiae Veterinariae. 49: 1786.
Table 2. Values found of maximum and minimum rumination and its variation ± Standard Error, of the Subclinical Mastitis (SM) and Clinical
Mastitis (CM) groups of each period during the months from July to November 2018.
Group

Maximum
SM

CM

Period

Rumination Rate (min/d)

Healthy

Sick

698.97 ± 11.08

648.11 ± 11.38

P -value
0.002

Minimum

431.08 ± 21.45

444.00 ± 22.02

0.675

Variation

267.90 ± 19.70

198.74 ± 19.95

0.015

Maximum

694.18 ± 19.54

611.11 ± 21.60

0.010

Minimum

452.73 ± 20.20

397.78 ± 22.33

0.084

Variation

241.45 ± 28.38

213.33 ± 31.37

0.514

DISCUSSION

other findings that found an 80 min/d reduction in TR
when they associated this parameter at the beginning
subclinical disease [15,28].
Some researchers have detected a 397 min/d
lower RT in cows diagnosed with CM compared to
healthy cows [28]. Our results corroborate the study
mentioned, where the same group presented the same
values, suggesting that the use of alerts generated based
on this indicator can be used as a tool to diagnose both
SM and CM. Furthermore, some studies have evaluated
average RT in cows with induced clinical mastitis or
challenged with membrane lipopolysaccharide (LPS)
[6] and have shown reductions in RT varying 2 to 7 h/d
before diagnosis or disease induction [20].
It was observed that the maximum and minimum RT in this study were decreasing at the diagnosis
moment. In addition, the existing average variability
was lower in cases affected by SM. Minor variations
in this group may explain that these animals have
more chances to get their rumination patterns back
to normal and overcome the discomfort caused by a
subclinical disease.
Streptococcus agalactiae is one of the main
bacteria that causes mastitis in contagious form These
microorganisms survive inside the host and may be
present in the body of the animal [24]. This pathogen
is mandatory in the bovine mammary gland and due to
its characteristics, in most cases have highly contagious
behavior [9]. Streptococcus uberis is present in several
sources of the farm environment, such as contaminated
water, feces, soil, organic materials used as bedding,
the animal itself, the milking equipment and humans
[14]. During the bacterial infection, many cytokines
are released to modulate the inflammatory and immune
responses. The Tumor necrosis factor (TNF-α) cytokines can be used as biomarkers for an inflammatory

Researchers approach that the maximum
physiological time of rumination is about 10 to 12 h/d,
in cattle fed high fiber diets [4], but the majority of
dairy cows fed mixed diets ruminate by less time [29].
Therefore, lactating dairy cows spend around 7 h a day
on rumination (420 min) [2]. Studies have shown an
association between a decreased RT and clinical and
subclinical health disorders [7]. Likewise, our study has
shown that during the ill period the RT was reduced
by 5.33% for SM and by 14.85% for CM, which could
be related to the challenge faced by the animals with
mastitis.
Although few studies have been carried out on
this subject, our findings are similar to others already
published, which found an average RT value of 436
min/d, ranging from 236 to 610 min/d in a dairy herd
of 179 animals [30]. In one study that compared a
group of healthy cows with a group of sick cows, a
large variation in TR was found between cows and that
the TR began to differ from the normal pattern until 2
weeks before the diagnosis of mastitis [12]. Still, other
studies have noted lower RT in sick animals, when
comparing cows that had some type of health disorder with healthy cows [10,27]. Other authors, when
evaluating behavioral data before the appearance of
health problems, found that the TR parameter helped
to diagnose diseases early before the animals were
clinically affected [11]. It was detected in our study, a
31 and 87 min/d reduction in the average RT associated
with the presence of SM and CM, respectively. In our
study, a reduction of 31 and 87 min/d was detected in
the mean RT associated with the presence of MS and
MC, respectively. These results exceed the observations of other studies that found a 10.4 min/d reduction
in RT of dairy cattle with mastitis, but are similar to

4

A.P. Schmidt, L.V. Vieira, A.A. Barbosa, et al. 2021. Use of the Rumination Profile Through Collar Sensors for Mastitis
Diagnosis in Dairy Cows.
Acta Scientiae Veterinariae. 49: 1786.

condition [1]. Although it has a plasma half-life of only
20 min, it is capable of causing important metabolic
and hemodynamic changes such as activating other
cytokines included the Interleukin-6 (IL-6), an important mediator in the release of acute phase proteins by
hepatocytes during painful stimuli [22].
Therefore, a possible cause of the reduction in
the animals average RT might be due to the large release of those inflammatory mediators, which regulate
the release of inflammatory cells on the injured tissue
mediated by the hypothalamus, possibly activating the
satiety center [8]. Hence, it can reduce the animal feed
intake and affect the RT.
Technologies capable of detecting rumination
patterns as well as other behavior aspects are being
increasingly incorporated into production systems and
they can become part of the routine of dairy farms.
Lower RT is a promising indicator to provide information on health risks and to monitor the metabolic
conditions associated with diseases [26]. These animal
monitoring technologies allow the identification of
potential problems such as mastitis, which is still one
of the most concerning diseases for dairy farmers. The
vast information generated by the sensors is a precious resource that can potentially be used to reduce

production losses, adopting different strategies, one
being the establishment of treatments that reduce the
disease negative effects on the animal’s productive
potential [21].
CONCLUSION

The average RT of multiparous dairy cows
proved to be efficient in the predictive diagnosis of
MS and CM up to 2 days before the disease onset. In
addition, its variability demonstrated that animals with
subclinical cases had lower fluctuations when sick.
In addition, the animals presented mastitis caused by
Streptococcus agalactiae and S. uberis.
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