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ABSTRACT.	 Attempts to increase production and improve farm environments have been made 
for several years. Rumen motility (RM) is one of the biological parameters that provides essential 
information of individuals in ruminants, and it is usually evaluated by auscultation. The study was 
aimed to examine RM using the 3-axis accelerometer (3XA) in cattle. The manufactured 3XA were 
placed in the reticulum (3XA-R) and implanted in the subcutaneous layer of the brisket (3XA-SC), 
respectively, and the accelerations were compared following intramuscular injection of xylazine 
(0.05 mg/kg) or saline in experiment 1 and of xylazine (0.05 mg/kg) or atropine (0.04 mg/kg) in 
experiment 2. In experiment 3, the dose-dependent decrease of RM was evaluated following 
xylazine administration (0, 0.05, 0.1 mg/kg) in the 3XA-R equipped cows via a 3 × 3 Latin square 
method. In experiment 1, saline-treated animals showed a continuous fluctuation while the 
frequency and amplitude of 3XA-R in xylazine-injected cows were reduced after administration. 
The acceleration of 3XA-SC was changed after administration, but not abruptly. Among the 
motion parameters, V2 was calculated only using X- and Z-axis acceleration in consideration of 
the cylindrical shape, and it showed the apparent difference between pre- and post-xylazine 
administration. In experiment 2, the V2 of 3XA-R was decreased after atropine administration 
while that of 3XA-SC was maintained. In experiment 3, a dose-dependent V2 decrement of 3XA-R 
after xylazine administration was observed and lasted for 40 and 80 min in doses of 0.05 mg/kg 
and 0.1 mg/kg, respectively. In conclusion, The 3XA detected the decrease in RM efficiently and 
processed the data wirelessly without interference from body movement. This technology will 
help detect problems early and prevent a decline in cattle productivity.
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With the development of information and communication technology (ICT), the cattle industrial field has been changing. A 
variety of products have been developed and used, from products that predict estrus and inform the time of fertilization to products 
that inform the onset of delivery based on changes in activity and/or body temperature [9, 15]. These products are mainly made 
and used in a form attached to the body or neck collar [12, 21, 24], but products installed within the body are also being developed 
[1, 2].

An externally attached device has advantages in easy mounting and wireless transmission compared to an internally implanted 
device. However, these types of equipment have a high risk of loss of the product, whether it is attached to the neck collar or 
in the form of an ear tag, and it is necessary to set the logic through the collection and analysis of a relatively large amount 
of data until productization due to the influence of the external environment [24]. On the other hand, an internally installed 
device can accurately reflect the environment where the device is located within the cattle without the influence of the external 
environment, but another problem is that the data should be transmitted from the inside of the body to the outside wirelessly [1, 2, 
20]. Moreover, because there are various regulations related to animal healthcare or food control by country, this issue should be 
considered before developing the device [15, 20].

Rumen motility (RM) is an example of biological information that is basically collected in clinical physical examinations and is 
very important for evaluating the health status of individuals in ruminants. In normal healthy individuals, RM is clinically evaluated 
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by auscultation in the left paralumbar fossa, and attempts have been 
made to evaluate RM by detecting the movement of the muscle 
around the left paralumbar fossa using the strain gauge force 
transducer [3, 11]. In addition, attempts were also made to use a 
minimized bolus-type wireless sensor node with a built-in three-
axis accelerometer [17]. The three-axis acceleration sensor (3XA) 
has been variously used in cattle for the purpose of acquiring the 
biological information of an individual [4, 6, 19, 23]. It has been 
used in various ways, such as to measure the amount of exercise 
by attaching it to the ear or ankle [24], to detect lameness [18], 
and so on.

In this study, we evaluated whether the RM of a cow can be 
measured by using a 3XA indwelled in the body. When fed to the 
cow, 3XA embedded in the capsule-type device usually sinks to 
the floor of the reticulum due to its weight [16]. It is assumed that 
when the reticulum contracts prior to rumen contraction, the device 
will rise with the contractile wave of the reticular wall and subside 
accompanied by the liquid contents. By reading this movement of 
the device with a 3XA, RM can be evaluated indirectly. Therefore, 
the purpose of this study is to confirm whether RM can be evaluated 
by using the information obtained from a 3XA embedded in the 
ICT equipment indwelled in the reticulum.

MATERIALS AND METHODS

Animals
A total of nine non-pregnant, non-lactating Holstein cows were used in three experiments. They were reared together in a free-

stall barn. Concentrate and hay were fed twice a day, and water was freely accessible. All experimental protocols were validated by 
the Institutional Animal Care Use Committee of Seoul National University (SNU-190922-3).

Device
The 3XA used in this experiment was built into a Biocapsule (uLikeKorea Co., Inc., Seoul, Republic of Korea). The Biocapsule 

weighing 180 to 200 g has a cylindrical shape of 36 mm in diameter and 125 mm in length and includes a temperature sensor 
along with a 3XA (Fig. 1). The X-axis is in the long axis direction of the device. The horizontal and vertical directions of the long 
axis are the Y- and Z-axis, respectively. Before the first experiment, the capsule was fed and settled in the reticulum. The data 
transmission was performed using a LoRa network wirelessly, and the fluctuation, which means movement, and the baseline, which 
means posture, were recorded.

Acceleration data conversion for comparison
For the comparison of acceleration, the 3-axis acceleration value was converted as follows:

V � � �X Y Z2 2 2

V1 X� �� � � �� � � �� �� � �t t t t t tX Y Y Z Z
1

2

1

2

1

2

V2 X� �� � � �� �� �t t t tX Z Z
1

2

1

2

The V value signifies the magnitude of the data of the 3XA, and V1 represents the amount of change in the V value. Here, the 
V2 value is calculated by removing the Y-axis value in consideration of the shape of the capsule and its expected movement.

Experimental design
Three experiments were conducted for this study. In experiment 1, it was confirmed whether the acceleration data generated by the 

3XA located within the reticulum (3XA-R) changed in cows with artificially decreased RM. To do this, the sensors were installed in 
the reticulum in three Holstein cows. One month before the experiment, the same capsule was also surgically inserted at the height of 
the reticulum around the brisket (Fig. 2; 3XA-SC). In short, after sedation with 2% xylazine (Rompun®, Bayer, Leverkusen, Germany) 
to create a lateral recumbency, the surgical site was clipped and scrubbed, and local anesthesia was performed using 2% lidocaine 
(Lidocaine HCl Hydrate, Daihan, Seoul, Republic of Korea). After incision of the skin, the subcutaneous tissue was separated carefully, 
the capsule was inserted into the space, and the skin was closed using a nylon suture. After surgery, the animal received antibiotics 
(GPS solution, Green Cross Veterinary Products, Gyeonggi, Republic of Korea) and ketoprofen (Unibiotech, Gyeonggi, Republic of 
Korea). The movement of 3XA was sensed at 10 Hz, and it was set to obtain the value when the magnitude of acceleration, V value, 

Fig. 1.	 The Biocapsule including the 3-axis acceleration and 
temperature sensor.
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was the largest among the acceleration values of each axis generated 
during 24 sec. The collected values were transmitted and recorded 
every two min for 4 hr.

In order to induce changes in RM, xylazine (0.05 mg/kg) was 
administered intramuscularly, and acceleration data collected from 
the 3XA-R and the 3XA-SC were compared. Three days later, 
physiological saline was administered and data were obtained in the 
same manner.

Since xylazine reduces the movement of the whole body by 
inducing sedation as well as RM [5], experiment 2 was conducted 
to evaluate whether the data obtained from the 3XA-R reflects 
mainly the movement of the rumen or reflects the movement both of 
the rumen and the whole body. To do this, three cows with 3XA-R 
used in experiment 1 were used as experimental animals. Xylazine 
was administered intramuscularly (0.1 mg/kg) to cows, and a week 
later, atropine (Atropine sulfate, Daihan, Seoul, Republic of Korea; 
0.04 mg/kg), which reduces RM without sedative effect [5], was 
administered subcutaneously. As with experiment 1, acceleration data 
was obtained at 24-sec intervals.

Experiment 3 was conducted to confirm whether the 3XA-R could 
grasp the decrease in RM, which was dose-dependently decreased 
due to the administration of xylazine. For this experiment, nine 
non-pregnant, non-lactating Holstein cows with 3XA-R were used. 
The experiment was conducted using the 3 × 3 Latin square method, 
and in each trial, 0.05 mg/kg xylazine (T1), 0.1 mg/kg xylazine 
(T2), and normal saline (CON) were administered intramuscularly. 
The data of the 3XA-R was acquired in 2-min intervals for 4 hr, 2 hr 
before and after the administration. With obtained data, an average 
value for 10 min was calculated and used as data to determine the 
decrease in RM. Simultaneously, RM was also clinically evaluated 
by auscultation on the left paralumbar fossa before, 0.5, 1, and 2 hr after administration.

Statistical analysis
The data obtained in experiment 3 were statistically analyzed for differences between groups over time using two-way repeated 

measures ANOVA, and Dunnett’s Method was used for the differences between groups and between time points. All data were 
analyzed using SigmaPlot 12.5 (Systat Software Inc., San Jose, CA, USA), and the significance was set at P<0.05 for all analyses.

RESULTS

Experiment 1
Figure 3 shows raw data obtained from an individual administered xylazine (A) and an individual administered physiological 

saline (B) and its converted data (C, D, E) obtained from 3XA-R and 3XA-SC. In Fig. 3A, the acceleration value of the 3XA-
R fluctuated at a constant level for each axis until xylazine administration. After the induction of sedation, the frequency and 
amplitude of the accelerations were reduced from about 10 min after the xylazine administration, and the pattern was maintained 
for about 60 min. Thereafter, the fluctuation of acceleration value appeared again similar to how it was before administration. 
Although the change in the acceleration value obtained from the 3XA-SC was smaller after administration than before 
administration, there was no remarkable change. Figure 3B shows the acceleration values obtained from an individual administered 
physiological saline, and there was no difference in the pattern of fluctuation before or after administration.

Figure 3C represents a V value calculated with the acceleration value from the 3XA-R and the 3XA-SC shown in Fig. 3A. 
As a result, before the administration of xylazine, the V value oscillated between 1,000 and 1,600, but the width of the vibration 
decreased to a range of between 1,200 to 1,290 after the administration of xylazine. In order to maximize the difference between 
pre- and post-administration, the V1 and V2 are drawn in Fig. 3D and 3E, respectively. The difference between before and after 
xylazine administration was expressed more clearly in V2 than in V1.

Experiment 2
The V2 value from the 3XA-R of the cow administered xylazine (No. 46, Fig. 4A) was kept low from about 10 to 80 min after 

administration. The cow administered atropine sulfate (No. 168, Fig. 4B) remained low for approximately 15 to 60 min after 
administration. On the other hand, the xylazine-administered cow sat down and did not move for a while after administration due 
to the sedative effect, but the data obtained from the 3XA-SC did not show any difference before and after administration. The 
atropine-administered cow (No. 168, Fig. 4B) continued to move, and data obtained from the 3XA-SC appeared at a high peak 

Fig. 2.	 Subcutaneously implanted 3-axis accelerometer 
embedded in the capsule.
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Fig. 3.	 Results of the first experiment. 3-axis acceleration data from a 3-axis accelerometer installed in the reticulum (3XA-R) and implanted 
in the subcutaneous tissue (3XA-SC) in a cow administered xylazine (A) and normal saline (B). Converted acceleration data of the xylazine-
administered cow (No. 46) was calculated as V (C), V1 (D), and V2 (E). The vertical dot line at 0 min represents the injection time.
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immediately after administration. Here, V2 value from the 3XA-SC which was expected to reflect the whole body movement was 
altered independently to that from the 3XA-R. Therefore, the data obtained from the 3XA-R seems to be affected mainly by the 
capsule movement caused by reticular contraction than by body movement.

Experiment 3
Figure 5 shows the V2 values obtained from T1, T2, and CON. Cows in T1 and T2 maintained a V2 value of 200 or less for 

30 min (25 to 55 min after administration) and 60 min (15 to 75 min after administration), respectively. Compared to the average 
V2 value of pre-administration in each group, the average value of 20–30 min in T1 and 20–30, 30–40, and 70–80 min in T2 
were significantly different (P<0.05). Between groups, the V2 value of T2 was significantly decreased in 30–40 min after xylazine 
administration, and the values both of T1 and T2 were decreased in 50–60 min (P<0.05). Table 1 shows the results of clinically 
measured RM. Within T1 and T2 groups, RM was significantly decreased at 30 min and from 30 to 60 min after administration, 
respectively. Compared to CON, the RM of T1 and T2 was significantly lowered until 30 min and 60 min, respectively (P<0.05).

DISCUSSION

As one of the most important vital signs in ruminants, RM can be clinically evaluated through auscultation on the left 
paralumbar fossa. Ruminal contraction occurs three to four times every 2 min in healthy individuals under the control of the vagus 
nerve [8]. RM decreases in cattle with disease, which includes gastrointestinal disorders as well as diseases associated with other 
organs [13]. In particular, metabolic diseases that usually occur after parturition in dairy cows also induce a decline in RM [7, 10, 
14]. Therefore, detecting decreases in RM wirelessly without directly evaluating the health state of the cow can provide enormous 
advantages for the early diagnosis of disease and the improvement of productivity; this study, moreover, suggests that it may be 
possible with the use of ICT devices.

In this study, RM was evaluated using a 3XA embedded in a capsule located in the reticulum. The value of the 3XA is basically 
affected by gravity. Therefore, if the sensor does not move, the V value represents the gravity that the sensor is receiving. Changes 
in the V value mean that a force is being applied to the 3XA such that the position or stationary direction has changed. In 
experiments 1 and 2, the value of the 3XA-R was expected to reflect not only the change in the position and direction of the sensor 
according to the reticular contraction but also the change in the position according to the movement of the entire body. Because 
the 3XA-SC was fixed to the subcutaneous tissue, it was thought that there would be no change in direction but only a change in 
position due to the movement of the whole body. The values of each axis produced by the 3XA-SC vibrated within a certain range, 
and the V value remained constant for most of the measurement time except for the occasional peak. However, the values of each 
axis generated by the 3XA-R were not located within a certain range and vibrated greatly. This was the result of various forces 
being applied to the sensor, which include reticular contraction leading to rumen contraction.

Fig. 4.	 Changes in V2 value calculated with 3-axis acceleration data from a 3-axis accelerometer installed in the reticulum (3XA-R) and implanted in 
the subcutaneous tissue (3XA-SC) in cows administered xylazine (A) and atropine (B). The vertical dot line at 0 min represents the injection time.
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The V value represents the magnitude of the force received by the 3XA. The reason for the peak of the V value from the 3XA-
SC may be due to a large movement at that time, while the V value obtained from the 3XA-R did not show a peak at these times 
(Fig. 3C). We paid considerable attention to changes in the V value. When only gravity exists, the device was lying on the floor 
because the center of mass is in the middle. In the reticulum, however, it was tilted according to the shape of the reticular wall 
even there was no movement. The diversity of the bolus state was sometimes expressed as the difference in the V value pattern 
depending on the individual. As shown in Fig. 3A, the fluctuating acceleration value before xylazine administration indicates that 
the force applied to the sensor was constantly altered. When the V1 value was calculated in order to show fluctuations of the V 
values well, changes in the V1 value before and after xylazine administration were observed (Fig. 3D). However, the acceleration 
value of the Y-axis which changes when the capsule rotated around the X-axis, the long axis of the capsule, was expected to be 
more affected by other forces such as liquid flow or rotational inertia rather than reticular contraction. When comparing the results 
of removing the X-axis, Y-axis, and Z-axis data from the V1 value, respectively, it was confirmed that the V2 value, excluding the 
acceleration values of the Y-axis, most effectively distinguished between before and after xylazine administration. As shown in 
Figs. 3E and 4, V2 values oscillated between 0 to 1,000 before administration but only between 0 to 200 after administration.

The administration of xylazine, an alpha2-adrenergic agonist, causes a reduction in RM dose-dependently [5, 22]. In this study, 
we confirmed whether the 3XA-R embedded in the capsule could detect this dose-dependent decrease. In experiment 3, the V2 
value after the administration of xylazine decreased more rapidly in T2 than in T1, and the decreased state lasted longer. It is not 
yet possible to specify a cut-off point that can diagnose reduced RM. But if it is assumed that a consistent V2 value below 200 
represents decreased RM, since it has not been observed that V2 persists below 200 in CON, then it can be confirmed that the 
reduction in RM is extended according to the dose of xylazine. This reduction can also be confirmed by comparing the clinical 
evaluation of RM by auscultation. Therefore, it can be seen that a reduction in RM was assessed by the method used in this study. 
However, this criterion is not universal because it is specific to the device used in this study.

Efforts to increase cattle productivity by using ICT technology are growing rapidly in recent years, and RM is one of the 
critical evaluation targets. In the present study, we showed that the calculated parameter, V2, from 3XA reflected the own motility 
of reticulorumen, not of the whole body, and it was possible to detect the dose-dependent decrease in RM induced by different 

Table 1.	 Least square means of clinically measured rumen motility in experiment 3

Group
Least square means for treatment × time (min) Two-way repeated measure ANOVA

0 30 60 120 Treatment Time
CON 3.286 a* 3.000 a* 3.000 a* 3.571 a* F=4.563

P=0.034
F=37.953
P<0.001

T1 2.857 a* 1.143 b† 2.286 a* 3.143 a*
T2 3.857 a* 0.714 b† 1.000 b† 3.000 a*

T1 and T2 were administered xylazine at a dose of 0.05 mg/kg and 0.1 mg/kg of body weight, respectively. Control group (CON) 
received the same volume of normal saline with T2. Different alphabet letters represent a significant difference compared to 0 min 
within group (P<0.05). A different symbol represents a significant difference compared to CON within each time point (P<0.05).

Fig. 5.	 Dose-dependent decrease in V2 value in cows administered xylazine. T1 and T2 were administered xylazine at a dose of 0.05 mg/kg and 
0.1 mg/kg of body weight, respectively. Control group (CON) received the same volume of normal saline with T2. The vertical dot line at 0 min 
represents the injection time. Significant differences were found when compared to the average of pre-administration in each group (*P<0.05) 
and when compared to CON in each time point (†P<0.05).
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doses of xylazine administration. For wireless detection, we used a 3XA incorporated in the intra-reticular capsule, commercially 
available, meaning that wireless monitoring of the rumen motility in a herd may be possible without any additional types of 
equipment. This technology is expected to make a significant contribution to improving productivity and animal welfare within the 
cattle industry. Further studies are needed to identify cut-off points of reduced RM and perform a field test in large-scale herds.
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