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Periparturient diseases in dairy cattle cause not only economic loss, but also
concerns of farm animal welfare. Physiological as well as behavioral changes
precede the onset of symptoms. Recent expansion in the size of dairy farming has
resulted in labor shortage. This elicits concerns of insufficient behavioral
observation of cattle which might lead to management failure. In order to assist
behavioral observation, many studies have been conducted on sensing technology to
monitor animal behavior (including rumination behavior in cattle). Drawbacks of
these techniques are long—term data collection and difficulties of equipment
management. The purpose of this study was to establish a monitoring method using
3—axis accelerometers, which enables the simpler and more real-time rumination
behavior. We also aimed to find disease prediction indicators based on acceleration
parameters.

In the second chapter, behavior classification of cows using neck-mounted 3-axis
accelerometers was performed. Thirty—eight Holstein cows were used in this study.
Acceleration data associated with general behavior was measured, and “activity
level” and “variation” were calculated as parameters. Characteristic acceleration
waveforms were obtained for each of eating, rumination, and lying behavior, and
there were clear differences in the parameters between these three behaviors.
Eating, rumination, and lying behavior can be classified with high accuracy using
the threshold calculated with decision tree learning.

In the third chapter, rumination acceleration data were analyzed using the FFT
algorithm to calculate the dominant frequency and compared with the actual number
of chewing. Using six Holstein cows, the acceleration of the neck movements during
rumination and the motion image of the head and neck by the high—speed camera were
recorded in synchronization. The mastication speed was calculated by FFT analysis
from acceleration data. From the video recording, the number of chewing per unit
time was counted and the mastication speed was calculated. Compatibility was
found between each “mastication speed”.

Adding “swallowing interval” as one parameter, we also examined the fluctuation
factors of four parameters in the fourth chapter. In exam I, acceleration
parameters at rumination were compared for 4 groups (74 cows in total): dry cows,



lactating cows, Japanese Black housing cows, and Japanese Black grazing cows. In
lactating cows, activity level and variation were high. It suggested that the
masticatory movement was enhanced during rumination, and the masticatory time per
bolus increased saliva secretion. Moreover, swallowing interval was shortened by
feeding raw grass in Japanese Black cattle. Breeds differences were also suggested.
In exam II, 53 Holstein cows were divided into 4 groups by TMR particle size using
PSPS, and the parameters were compared. Results showed that the activity level
and variation reduced with decrease in fiber intake, while these values increased
with decrease in rumen pH. The results also showed that mastication speed increased
when fiber length was shortened. TMR with short fiber length might prolong

swallowing interval and promote saliva secretion.

In the fifth chapter, rumen pH, blood properties, and acceleration parameters at
rumination were continuously evaluated after experimentally feeding a high—starch
diet. Six Holstein dry cows were used in this study. The high starch group showed
lower rumen pH and increased variability than the low-starch group. Blood
biochemical tests showed no significant changes except BUN. The high—starch group
showed temporary decrease in activity level on Day 3 followed by increase from
Day 4, as well as increase in mastication speed and swallowing interval. Although
the masticatory behavior was suppressed on the day of changing feed components,
masticatory movement might have been enhanced from the next day as a compensatory
reaction to rumen pH fluctuation. Acceleration parameters at rumination may
reflect environmental changes inside the rumen more sensitively than blood

biochemical components.

In the sixth chapter, blood biochemical tests and acceleration parameter
measurements were performed 47 to 7 days before calving in order to investigate
the association of these parameters with periparturient diseases. Fifteen Holstein
dry cows (6 in the disease group, 9 in the healthy group) were used. Blood
biochemical tests showed no significant changes or differences between groups.
Activity level and variation decreased as calving approached in the disease group.
Mastication speed increased before calving in the healthy group, while it decreased
in the disease group. Swallowing interval was shortened before calving in the
disease group. In the healthy group, rumination behavior did not change or enhanced
to maintain the rumen environment. On the other hand, masticatory behavior was
weakened toward the time of calving in the disease group, which suggested unstable

rumen environment might have lead onset of the disease.

In conclusion, we established the method of measuring acceleration parameters at
rumination with neck—-mounted 3-axis accelerometers. These parameters sensitively
reflected the rumen environment. This device can be used for evaluation of day—
to—day rumen environment monitoring rumination behavior. Furthermore, application
of this device in dry cows might help early detection of cows with high risk of
periparturient diseases. The neck-mounted 3-axis accelerometer is considered to
have high utility value due to its non—invasive nature and easiness of wearing



and managing.



