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Summary:
The rumen of cattle can be monitored using an electronic rumen bolus, which is designed to remain 
permanently in the rumen. However, rumen boluses with pH sensing capabilities often only function for 
approximately 3 to 6 months. After this period, the rumen boluses are generally retrieved through sur-
gery or autopsy. We propose an alternative method of retrieval by manipulating the devices density to 
allow for time-gated natural excretion of a rumen bolus. The excreted device can then be recycled or 
recharged and used again to reduce waste and improve uptime of p monitoring in the rumen of cattle.
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Introduction
Significant improvements in agricultural livestock 
techniques and technologies have been devel-
oped to reduce greenhouse gas emissions, im-
prove productivity, and improve the overall qual-
ity of life for cattle. The enhancement of data 
quality and collection methods is crucial for ad-
vancing research in areas such as drug delivery, 
feed composition, and environmental changes
[1]. Devices often referred to as electric rumen 
boluses provide a direct and autonomous 
method, as opposed to intermittent and invasive 
testing. An electric rumen bolus is a swallowable 
device designed to remain indefinitely in the ru-
men and perform measurements over 1-5 years 
or 3-6 months for pH-capable devices. These 
limitations typically stem from battery life and 
sensor drift. For pH sensing, this is due to the 
sensor surface becoming dirty and a lack of 
maintenance or recalibration [2]. Rumen boluses 
can remain within the rumen long term by adher-
ing to specific density parameters. Densities of 
1.3-1.6 g/cm3 result in delayed expulsion, densi-
ties greater than 1.6 g/cm3 prevent rumination, 
and densities greater than 3.0 g/cm3 are consid-
ered permanent [3]. Therefore, it is possible to 
artificially control the time before an object can 
be naturally defecated by manipulating its den-
sity. We propose a variable density module ca-
pable of utilizing the surrounding rumen fluid to 
inflate over time, thus varying the density enough 
to pass through the digestive system naturally af-
ter a desired duration. Herein, we implement and 

verify that our variable density module can func-
tion normally in a cow’s digestive system.

Design and Fabrication
The proposed design comprises a polymer cas-
ing that contains an absorbent polymer and a 
stretchable membrane. Rumen liquid enters 
through the liquid inlets and is absorbed by the 
absorbent polymer, causing it to expand and al-
ter the overall density of the device. The analysis 
of the mechanism and module functionality is re-
ported in our previous work [4]. However, con-
sidering the safety and psychological burden on 
the fistula cows used in the experiment, we re-
designed our original device and pre-inflated it 
for ejection in approximately 36 hours (Fig. 1).

Fig. 1. i) structure and assembly of variable density 
module. ii) assembled device with PTFE weight. iii)
fabricated device after inflation with Kapton tape layer.

The outer frame of the density variable module 
was made of Teflon (PTFE) using a bench-top 
CNC milling machine (KitMill CL100, ORIGI-
NALMIND). The device is assembled by sand-
wiching a 1.00 mm thick PDMS membrane, 0.3 g
of water-absorbent polymer, and nylon mesh 
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(PA-263µ, Azwan) together with cyanoacrylate 
(04612, Konishi) and silicone (HJ-148, Ceme-
dine) as adhesives. A variable density module 
was adhered to each side of a solid 3.5 x 20 mm 
PTFE disc to form a single device. A diameter of 
20 mm is appropriate to prevent duodenal ob-
struction. The overall weight of the assembled 
device was 1.4 g with a density of 1.7 g/cm3. The 
estimated excretion time was reduced to 36 
hours by pre-inflating the device in distilled water 
to an appropriate density of 1.3 g/cm3 [5]. The 
outer frame of the modules and the sides of the 
weight were wrapped with Kapton tape and 
coated with a silicone adhesive for intestinal pro-
tection and improved visibility in feces. 

Method 
One fistula cow is herded into a paddock in the 
early morning without food, and two variable 
density devices are inserted through the fistula. 
Device 1 (D1) in the rumen and device 2 (D2) in 
the reticulum (Fig. 2i). The diet of the fistula cow 
was not restricted. However, the cow was kept in 
the paddock to aid in the monitoring of the ma-
nure and habitat for discharged devices during a 
one-week observation period. 

Results and Discussion 
D1 was confirmed to be discharged between 30 
and 40 hours after being inserted into the rumen. 
The discharged device was found at some dis-
tance from the feces, with the weight and varia-
ble density modules separated. One of D1’s 
PDMS membranes ruptured, with water-absor-
bent polymer found near the damaged device. 
The location of each part of D1 indicates the de-
vice remained in one piece until it was stepped 
on by the cow. This is further supported by the 
visibility and location of scattered polymer (Fig. 
2ii-iii). 

Fig. 2. i) placement of devices D1 and D2 in fistula 
cow. ii) site where D1 discharge was confirmed at 40 
hours. iii) discharged components of D1. iv) warped 
component of D2 confirmed at 140 hours. 

The ejection time of D1 was around 36 hours. 
However, parts of D2 were discharged between 

130 and 140 hours. The parts were significantly 
deformed by intestinal pressure (Fig. 2iv). If the 
device broke in the rumen or reticulum, it would 
remain there, as the density of PTFE is 
2.2 g/cm3. Therefore, the device and weights are 
considered to have failed after migrating past the 
reticulum. Ongoing monitoring of the cow’s 
health and wellbeing has shown no negative 
short-term or long-term effects. Our density-con-
trolled device has demonstrated the capability to 
be excreted naturally with feces, but the strength 
of the device and the adhesive method need fur-
ther improvement. 

Conclusion 
Our proposed variable density module was inte-
grated with PTFE weights and implemented di-
rectly into the rumen and reticulum. The device 
placed in the rumen was successfully passed 
through the digestive system and defecated 
within 40 hours. The device placed in the reticu-
lum was damaged and partially passed within 
140 hours. This experiment has demonstrated 
our device’s potential for controlled natural pas-
sage through the digestive system of cattle. Fur-
ther investigations and improvements are 
planned. 

Acknowledgment 
This work was supported by Cabinet Office, Gov-
ernment of Japan, Cross-ministerial Moonshot 
Agriculture, Forestry and Fisheries Research 
and Development Program, “Technologies for 
Smart Bio-industry and Agriculture” (funding 
agency: Bio-oriented Technology Research Ad-
vancement Institution). 

This work was supported by the National Insti-
tute of Animal Health, NARO. 

References 
[1] É. Hajnal, et al., Dairy Cattle Rumen Bolus Devel-

opments with Special Regard to the Applicable 
ArtificialI (AI) Methods. Sensors 22(18), 6812 
(2022); doi: 10.3390/s22186812 

[2] C. Shimodan, et al, Stability Evaluation of Refer-
ence and Indicating Electrodes of pH Sensor Dur-
ing Monitoring of Cow’s Rumen, Sensors and 
Materials 35, 15-24 (2023); doi: 
10.18494/SAM4201 

[3] J. Ghirardi, et al., Evaluation of the Retention of 
Electronic Identification Boluses in the Forestom-
achs of Cattle, Journal of animal science 84(8), 
2260-2268 (2006). doi: 10.2527/jas.2005-758 

[4] Y. Yashiro, et al., Design of Density-Variable De-
vices for Excretable Rumen Sensors for Cattle, 
2022 IEEE Sensors, 01-04 (2022); doi: 
10.1109/SENSORS52175.2022.9967253 

[5] F. Dufreneix, et al., Influence of Particle Size and 
Density on Mean Retention Time in the Rumen of 
Dairy Cows, Journal of dairy science 102(4), 
3010-3022 (2019); doi: 10.3168/jds.2018-15926 

EUROSENSORSXXXVI	 343

DOI 10.5162/EUROSENSORSXXXVI/PT5.63


