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Introduction

Measuring bodyweight (BW) in cattle is essential for many research and management activities such as
calculating dietary energy requirements for maintenance, calculating average daily gain and evaluating
breeding values which include BW as a trait. Frequent monitoring of BW in dairy cows is necessary as
changes in BW can help assess the energy balance of an animal [1]. Precise understanding of BW gain
of growing and fattening cattle or body mass changes during lactation is crucial in developing nutritional
management programs and assessing feed efficiency, as well as the overall animal health status [2], [3].
Weigh scales are the most widely used method for determining BW in cattle, despite being time-
consuming and potentially costly to implement [4]. Current advancements in technology have led to the
development of automated weighing scales. Such technologies provide a more sensitive and less labour-
intensive approach for measuring BW changes in cattle [5]. However, few investigations have been
conducted to validate and compare automated walk-over weighing scales, coupled with radio frequency
identification (RFID) ear tags, with conventional static weighing scales [6], [7].

Cows, like other dams, support their offspring via recruiting their tissue energy reserves. Therefore, they
lose ''condition'' for the first few months postpartum [8], [9] and restore the mobilised tissue [ 10], [11] by
the end of lactation. Intensive genetic selection for early lactation and total milk yield has put pressure on
the modern dairy cow to increase mobilisation of energy reserves to meet the increased demands [12],
[13]. The extent of body fat mobilisation in early lactation is inversely associated with the level of feed
intake and an increased risk of the incidence of diseases such as ketosis, acidosis, fatty liver, lameness
and abomasal displacement. Several factors, e.g., parity, calving season [14], stage of lactation, feeding
level and dietary composition [15], have been shown to influence body condition of cattle. During the
1970s and 80s, a set of standards was introduced to subjectively evaluate the amount of stored energy
reserves in cattle and scores were developed, reflecting the degree of apparent adiposity of the cow.
These scores are commonly referred to as body condition scores (BCS). The manual assessment of BCS
is time-consuming and requires good training but is still the ''preferred'' or standard method in most cattle
units (commercial and research farms). The BCS scoring system differs slightly globally. Lowman [16]
appears to be among the first to establish a BCS scale in dairy cattle (4-point system). A ten- (1 to 10), 8-
(1 to 8) and 5- (1 to 5) point scaling system were developed in New Zealand, Australia and the Unites
States, respectively. In New Zealand, Great Britain and Ireland, BCS evaluation is done by palpating
distinct anatomical locations, whereas in the United States and Australia, the same body parts will be
evaluated visually. Despite these scaling differences, low and high scores reflect emaciation and obesity,
respectively, in all methods. Roche [17] determined the relationship between the aforementioned visual
and physical BCS scaling systems and revealed weak correlations in visual evaluation systems. The
study showed that visual assessment generally places more or less emphasis on particular anatomical
locations of cow, compared with palpating systems.
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Various attempts have been made to appraise BCS in cattle using automated systems [ 18], [19] but they
are not able to fully replace the manual scoring system. Studies related to the use of 3D imaging systems
are rapidly increasing due to improved machine vision technology and reduction in costs [20], [21], [22].
Vázquez-Arellano [23] elaborated the use of imaging systems for the agricultural sector. Time of flight
(TOF) cameras are able to generate a 3D image by utilising an infrared source and a charge coupled
device [24]. Researchers were able to determine the BCS of cows using the TOF camera, based on
extracting different body parts of the animal and/or back postures in 3D images [20], [25].

Another way to estimate stored energy reserves in cattle is to measure the back-fat thickness (BFT) via
ultrasonography, often seen as a complementary approach to BCS determination. The association range
of degree between BFT outcome and BCS has shown to be high [26], [27], [28]. This could be the result
of different factors such as misinterpretation of ultrasound images by the operator, limited anatomical
location for BFT measurement compared with BCS, level of animal fatness or hide thickness. Back-fat is
the layer of subcutaneous fat between the skin and the deep fascia of the trunk, in this case located
above the gluteus medius and longissimus dorsi muscles [29]. As with other ultrasonography
examinations, this method requires a good knowledge of the animal’s anatomy and the ability to correctly
analyse the obtained ultrasound images.

Milking performance, udder health and conformation are among the functional traits that manipulate milk
production indirectly. Genetic correlations suggest that selection for udder traits and angularity should
improve longevity in the Holstein cattle population [30]. Hence, udder anatomy, particularly milk storage
capacity, could play an important role in determining milk yield [31]. Measuring the udder volume in
livestock seems to be a useful aid to assess the pattern of mammary development, because repeated
measurements can be made in the same animals, through time. However, the technique does not
provide any information on potential alterations in mammary tissue composition [32]. Moulding with either
polyurethane [33] or aluminium foil [ 34] has been shown to be a quick method for assessing udder
volume.

Bodyweight

Prerequisite

A general assumption is made for this guideline that the research institutes have either a static, an
automatic, or both weighing scales within their unit. The Animal Trait Ontology for Livestock (ATOL)
number linked with this guideline is: ATOL_0000351 (for complete list of ATOL please visit
http://www.atol-ontology.com/en/erter-2).

A – Frequency and preparation

1. BW measurements must be performed at least once, prior to and at the end of the experiment.
Depending on the duration of the experiment and the technical applicability, BW measurements
should also be done during the experimental period. It is recommended to measure BW more than
once before, during, and after the experiment, to minimize the impact of day-to-day variations in
water and gut fill. Additionally, BW measurements should be conducted at the same time of day
because BW fluctuate depending on the time relative to feeding and milking.

2. Weighing scales must be calibrated and balanced to zero prior to use, using accurate calibration
weights [7].

B – Static BW scales

1. Movement of the animal to the weighing platform should be done with great care causing minimal
stress to the animal.

2. Operatives must ensure that the animal is standing correctly, with all legs on the weighing
platform. It is also necessary to ensure that the animal does not lean on any barriers, which are
not mounted onto the weighing platform.

3. Operatives should not touch the cage or step on the weigh platform during weighing.
4. The electric power of the digital scale should be left on continuously.
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C – Automated BW scales

1. The automatic walk-over weighing scales must be positioned in a way that is natural and easy to
pass over for animals (e.g. at the exit race of the milking parlour).

2. The validation and agreement of the automatic BW assessment system has to be done by
comparing the obtained data of technical objects with the digital static scaling.

3. The accuracy of the system must be checked by plotting static against automated weight
measurements and observing the closeness of the line of best fit to the 45° line (slope of 1)
through the intercept [35], [36]. Precision of the system should be defined as how far observations
deviate from the line of best fit.

4. For automatic weighing scales, it must be ensured that the electronic identifier in animal’s ear tag,
the antenna and the weighing scale are functioning correctly.

5. For automatic weighing scales, cow flow over the scale platform must be carefully monitored (e.g.
avoiding more than 1 cow simultaneously standing on the scale platform or the animal standing
partially on the scale platform) in order to prevent erroneous measurements.

6. Unless the instrument is equipped with individual flow control, a staff member must observe
animals traversing the automatic weighing scale platform and note any abnormal crossings. Any
BW data from abnormal crossings should be omitted.

7. The method used to detect and remove outlying data in automatic BW measurements must be
clear and described in detail.

8. The accuracy and precision of automatic weighing scales should be tested every two weeks.   

Body condition scoring

Prerequisites

The guideline describes visual evaluation of BCS and assumes a 5-point BCS scale method will be
carried out, as this scoring system is used in many European countries. Moreover, a section has been
dedicated on assesing BCS using a Time-Of-Flight imaging system. The Animal Trait Ontology (ATOL)
and Environment Ontology (EOL) for Livestock number linked with this guideline is: ATOL_0000092,
ATOL_0001517, EOL_0001741 and EOL_0000040 (for complete list of ATOL please visit http://www.atol-
ontology.com/en/erter-2).

A – Frequency and preparation

1. Body condition scoring should be done using a 1 to 5 scale for better overall consistency and
accuracy [37].

2. In an experimental trial, BCS assessment must be carried out prior to the trial, at set intervals
during the trial (e.g. weekly or 10-day intervals) and at the end of the trial.

3. Body condition scoring should be performed 2–4 h after feeding at the same time of the day.
4. The animal must be standing for BCS assessment.
5. Animals should be handled with care during BCS evaluation as any muscle tightness as a result of

stress will result in inaccurate scoring.
6. BCS assessment should not be carried out in a dehydrated animal as this will lead to inaccurate

scoring.

B – “Condition” scoring

1. The loin and the tailhead area (particularly around the pelvis from the pin bones to the top of the
tailhead) of the animal should be palpated for scoring.

2. The BCS operator should assess the hooks, pins, thurls (hip joint), short ribs and the sacral, as
well as tailhead ligaments, from the rear.

3. The BCS operator should also view the animal from the side and check the visibility of hooks,
pins, thurls and short ribs.

4. The final BCS is the average of the scores from the rear and side view.
5. The member of staff, carrying out the BCS assessment, should be trained by an experienced

observer and use the same scoring system throughout her/his evaluation, as BCS is inherently a
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subjective method.
6. For consistent evaluations, the same staff member should score cattle throughout an experiment.

Ideally, 2 scorers perform the BCS assessment, thereby accounting for any bias between scorers.
Moreover, this individual should perform the BCS at the same time of day, as far as is possible.

7. In the case of a BCS of <2 or ≥5, this may indicate health problems and the animal should be
carefully observed.

C – Automated body condition monitoring with Time-Of-Flight camera

The experience includes only Holstein-Friesian cows kept in a freestall barn with automatic feeding
dispensers, equipped with animal identification (RFID) and a SR4000 Time-Of-Flight camera (Figure 1,
http://www.adept.net.au/cameras/Mesa/SR4000.shtml).

Figure 1: SR4000 (Mesa Imaging)

i. Camera settings and installation

1. It is necessary that the used camera meets an industrial standard of at least IP64
(https://www.mpl.ch/info/IPratings.html).

2. Unless the setting of the present experiment dictates otherwise, the default settings of the
SR4000 camera are recommended.

3. The camera range of the SR4000 is 0.8 to 8 m. In a cow barn setting with humidity and diffuse
light conditions, it is recommended to install the camera not further than 1.50 m from the object of
interest.

4. The SR4000 has a horizontal field of view (FOV) of 43.6° and a vertical FOV of 34.6°. With a 1.50
m distance from the object, an area of approximately 1.20 m × 0.90 m can be observed. Because
of narrow FOV, careful positioning of the camera and the animal is necessary (see Figure 2).

5. Due to the Time-Of-Flight measurement principle used with the SR4000, the camera should be
shielded from direct sunlight.

6. A fixed camera installation with the possibility to identify the recorded animal is recommended (for
example: above an electric feeding dispenser with RFID).
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Figure 2: Examples of wanted and unwanted (crossed out) image content

ii. Recording and image selection

1. The SR4000 comes with an Application Programming Interface (API). Use this API to implement
software for the setting of camera parameters, starting and stopping the camera, the acquisition of
images from the camera, and data storage.

2. The recording software should be run on a computer where a connection to an ID system is
possible, so that the recorded material with regard to animal identification can be sorted.

3. In cases where the animal identification of an electric feeding dispenser is used, the protocol of
this ID system is needed, to know how to filter for the identification of the animal actively feeding.

4. In order to minimize the amount of recorded material, images acquired from the camera should
only be stored when they can be mapped to a specific cow through animal identification.
Additionally, the stored images should have undergone several tests concerning quality and
usability for the desired purpose (Figures 2 and 3).

5. For image processing, it is helpful to gather scenery information, i.e. record the unmovable
background objects in the FOV of the firmly installed SR4000.

6. If the SR4000 is running continuously, it is recommended to renew this scenery information after a
specified time interval because manure and barn management routines might vary the scenary.
This, in turn, might affect the applied image processing that rely on scenery information.

Figure 3: Flowchart illustrating the process of acquiring and testing images

iii. Image processing

1. The SR4000 outputs depth images with a resolution of 176 x 144 pixels. The pixel values
correspond to the distance between camera and object.

2. It is necessary to preprocess the raw data in terms of foreground definition. As an essential step, it
is recommended to subtract the unmovable background (scenery information, see ii-5.) from the
raw data calculating the pixel differences. It may be necessary to refine the results using
additional methods (i.e. thresholds, depth value histograms).

3. The data recorded from the animal can be visualized as surface ( Figure 4, left).
4. It is mandatory to implement a routine procedure to define the region of interest (ROI) within the
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foreground. ROI, can for example, be points on the animal’s surface (Figure 4, right) associated to
the possible measurement of the target variable (BCS, BFT).

5. Parameters such as distances, curvatures and volumes can be calculated from profiles taken
along sections through the surface to estimate the target variable (see Figure 5 for example).

Figure 4: Left: Surface of a cow’s rear back. Right: Region of interest marked as points in the tail head region, the
hips and the backbone (images by J. Salau).

Figure 5: Left column: Sections through the surface were taken along the red lines. Right column: The profiles
were used to calculate parameters (images by J. Salau).

iv. Validation

1. The results of the image quality and usability tests (see ii-4.) as well as the foreground definition
(see iii-2.) and the ROI definition (see iii-4.) need to be checked carefully, as all further
calculations are based on the results of these procedure.

2. To validate the preprocessing, randomly choose images for visual inspection that were taken from
various animals and on different days.
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v. Limitations in depth data quality

1. The number of images with acceptable depth data quality decreases quadratically with increasing
velocity of the animal.

2. Significant differences in depth data quality between black and white fur need to be taken into
account.

Back fat thickness

Prerequisite

This guideline describes BFT measurements of cattle using ultrasound. The Animal Trait Ontology for
Livestock (ATOL) number linked with this guideline is: ATOL_0001517 (for complete list of ATOL please
visit http://www.atol-ontology.com/en/erter-2).

1. Handling of the animal should be done carefully to minimise any potential stress. The animal
should be standing and in a relaxed posture prior to measurment.

2. The surrounding area of skin should be cleaned prior to examination.
3. Skin should be wet either using 70–80% diluted alcohol, gels or water for better contact with the

transducer.
4. If possible, a portable B-mode ultrasound containing linear transducer with a frequency range of

5.0 and 7.5 MHz should be available in the unit for optimal imaging and accurate measurement of
BFT.

5. The transducer must be positioned in a vertical manner between the hooks and pins at the sacral
region [29].

6. The transducer should not be handled with pressure as this causes the fat to compress and the
transducer should be in a perpendicular orientation to the tissue interface at the time of
measurement.

7. The transducer should be moved across the examination site slowly and with care. This allows a
better and clearer interpretation of the image.

8. As the subcutaneous back fat layer is located above the gluteus medius and longissimus dorsi
muscles, between the skin and deep fascia of the trunk, thickness of the skin, connective tissue
and muscle should be excluded from the final BFT measurement.

9. The BFT measurement must be done on the same day as body condition scoring, when it is being
used assessing the condition of cattle.

10. The BFT measurements of cattle have to be performed on the same anatomical position.
11. When evaluating the condition of an animal, the same operator should perform the BFT

measurements and the BCS assessment.
12. The operator should have sufficient knowledge of bovine anatomy to allow him to measure the

BFT precisely and should have been trained by an experienced researcher.
13. The operator should have sufficient knowledge and ability to correctly analyse the obtained

ultrasound images.

Mammary gland volume

Prerequisite

The present guideline aims to provide steps in performing a mammary gland volume measurement using
aluminum foil in cows (for more details see [34]). The Animal Trait Ontology for Livestock (ATOL) number
linked with this guideline is: ATOL_0000235 (for complete list of ATOL please visit http://www.atol-
ontology.com/en/erter-2).

1. The operator ought to use a double layer of aluminum for casting the udder. The aluminum sheet
size has to be estimated for each udder, with its measure being based on previous observations.

2. The method should be calibrated, using 5–10 cows at two different milking times, prior to the
actual trial.

3. The aluminum sheet needs to be attached and carefully mold the udder. When necessary, the
operator can use stripes of masking tape to support the aluminum cast attachment as well as to
avoid misshaping of the cast. The striping will also give extra strength to the cast, which allows
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possible manipulations necessary for measuring its volume.
4. The casting procedure must be done as quickly as possible (roughly 1–2 min), in order to minimize

the risk of the staff member being hurt by the animal, along with reducing the stressful conditions
for the animal.

5. The animal has to be restrained prior to and after milking for the measurement. The handling of
the animal should not induce any unnecessary stress.

6. The operator is able to administer exogenous oxytocin (10 UI) in order to obtain a completely
empty udder.

7. After a particular cast is ready, polyurethane particles need to be used for determining the inner
volume (L) of the aluminum cast.

8. The differences (L) between a full and empty udder volume has to be compared with the volume of
milk obtained from milking (L).
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