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Introduction

The daily rumination pattern in cattle is influenced by different factors such as feeding frequency, physical
and chemical characteristics of the diet, feeding time, fasting, photoperiod and grazing management [1],
[2], [3], [4], [5]. Studies have observed an apparent decrease in rumination activity in ruminal acidosis or
mastitis challenged dairy cattle [6], [7]. Social and physical environment can also affect cattle’s rumination
behaviour [8]. Manual observation of eating and rumination in individual animal is time-consuming and
labour intensive. Therefore, the need for developing innovative and non-intrusive techniques to assess
rumination behaviour is important. The IGER behaviour recorder was the first commercially available
tool, initially introduced by Penning [9], and further developed via integrating microcomputer-based
systems for the digital recording of jaw movements [10]. The IGER system has some limitations, such as
feasibility for longer experiments or difficulties when interpreting acquired data. The Hi-Tag system is a
neck-collar based rumination monitoring tool, which records data based on acoustic biotelemetry [11],
[12]. The applicability of this system has been proven, however the accuracy of the collected data relies
on the correct positioning of the collar on the animal’s body [13]. The recently developed RumiWatch
system combines data from a built-in pressure sensor and a triaxle accelerometer to track different
behavioural characteristics in cattle. This system has been validated in dairy cows under different
housing management systems [14], [15].

Prerequisites

This guideline provides key steps on conducting individual rumination assessment in cows. This
document was written based on the presumption that rumination in experimental units is monitored
automatically, either via acoustic sound or pressure sensors (RumiWatch System (RWS); Itin and Hoch
GmbH, Liestal, Switzerland). The points mentioned below will be applicable to experimental units with
pasture or intensive-housing systems. The Animal Trait Ontology for Livestock (ATOL) numbers linked
with rumination are: ATOL_0000779, ATOL_0002150, ATOL_0000811, ATOL_0001062,
AHOL_0005008 and EOL_000706 (for complete list of ATOL and EOL, please visit https://www.atol-
ontology.com/en/erter-2/).

A – Assessing rumination in cattle

1. The operator should be well informed of various factors, such as metabolic issues (as a
consequence of feeding deficiencies), diseases, hot weather (temperature-humidity index >75),
overcrowded stalls, and the period around calving or oestrus, which can alter the rumination
activity of cattle (unless the design of experiment is to evaluate the impact of these factors).

2. Operators should be aware that rumination sequences in a healthy cow occurs 15–20 times per
day, for roughly 20–30 min, and mostly when the animal is in a lying position. Eating should be
considered as when a cow takes feed into its mouth, chews and swallows it. Rumination should
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be considered as the period from when regurgitation takes place, i.e. when a bolus comes up the
oesophagus and reaches the mouth, including the following period (about 1 min) of regular
chewing of the bolus and then ending with re-swallowing.

3. If the experimental design dictates a ration change, cattle rumination should be carefully observed
to determine any abnormal feeding behaviour due to the new ration offered to the animals (when
there is no intention to determine the impact of dietary change or particular feedstuff inclusion on
feeding behaviour). An adaptation period to diet change of 14–21 d is recommended before
rumination observations are made.

4. Rumination activity of primiparous and multiparous animals should be considered separately due
to evident behavioural differences and competition for feeding [6].

B – Acoustic sound monitoring of jaw movement

1. The wireless microphone (when combined with a video recording system) should be protected by
a rubber foam cover and attached to the animal’s forehead by an elastic band fastened to a halter.

2. The chosen dairy cow should be carefully restrained in a specific place during recording and
placed back into the barn after data acquisition is complete.

3. Sound files should be aurally analysed, independent of the video recordings.
4. The operator should be aware that ‘bite’ refers to a ripping sound while ‘chew’ refers to a grinding

sound. Also, ‘chew-bite’ corresponds to an intermediate between the chew and bite sound [10].
5. The operator who aurally analyses the acoustic sound data, must be experienced enough and

trained appropriately to differentiate ‘bite’, ‘chew’ and ‘chew-bite sounds’. Results obtained from
less experienced operators, should be cross-checked with analysis of the same data by an
experienced operator. In the case of significant between-observer differences, an operator with
expertise in aural analysis should re-train the inexperienced operators.

6. During analysis, operator must be aware of background noises, particularly where the experiment
is conducted outdoors.

7. When using an automatic system, the microphone, microprocessor and the transponder should be
checked to ensure they are functioning properly.

8. Rumination data from the loggers should be validated with the direct-observational method as a
reference. Expected errors during visual observation, e.g. inability to precisely detect the start and
finish of each rumination bout or discriminate jaw movements as eating versus ruminating
(especially when the animal’s head is in the feed bin) must be taken into consideration when
interpreting potential variances between the methods [1].

9. Rumination loggers should be positioned roughly 20 cm behind the left ear and 5–10 cm down the
left side of the neck.

10. The algorithm used for processing acoustic signals from the rumination loggers should be clearly
stated.

C – The RumiWatch System (RWS)

1. Validating the sensitivity, specificity and accuracy of the RWS and its convertor software should
be done as described by Zehner [14]. If the system will be used in the experimental unit for a
different purpose from that described in the literature, the operator must validate the acquired data
from the RWS against visual observation (directly or via video recording).

2. The operator must ensure that the pressure sensor and triaxial accelerometer, along with the data
logger, are functioning properly before use. To test, the operator can manually apply pressure on
the sensors whilst tilting the halter and then check whether the appropriate signals are detectable
by the software.

3. For optimal jaw movement detection by the pressure sensor, roughly 3–5 cm of free space should
be left between the belt, which surrounds the nose and the lower jaw, to the nose bridge.
Additionally, the belt should be positioned between 11 and 16 cm behind the nasal tip.

4. The battery status of the apparatus should be checked to be above the threshold level described
by the manufacturer (as long as the RWS Manager software displays a voltage >3.0 V on the on-
screen voltmeter, the RWS may be used without any concerns). If the battery charge falls below
2.8 V, the SD-memory card of the system could be damaged, and all collected and saved data on
the SD-card will be lost.

5. The pressure tube of the RWS must be checked for any leakage or malfunction prior to the trial.
6. Animals should be adapted to wearing the RWS halter 1–3 d prior to actual measurement
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collection.
7. Experimental units engaging the RWS with grazing cattle should be aware of and utilise the

updated version of the software (RWS Converter 0.3.11) for processing the raw data regarding
eating chews, rumination chews, pretension bites, and the duration of these activities [3].
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