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Introduction

Calves are an important investment on a cattle farm as their loss can cause substantial financial damage
[1], [2]. Young calves are susceptible to a range of different diseases caused by pathogens, which can
lead to morbidity and mortality [3]. Additionally, calf management, including cow-calf separation,
colostrum feeding, housing, dehorning and vaccination, can directly impact the health of calves [4]. This
chapter is therefore dedicated to different methods for assessing specific traits in calves.

In the first few days following birth, calves do not have a fully functioning rumen, i.e. they are pseudo-
monogastrics, hence nutrients are fed to them mainly in liquid forms such as whole milk (WM) or milk
replacers (MR). The current focus in calf rearing globally is optimal growth performance; therefore, WM
or MR with a high nutritional value is offered to calves [5]. Higher average daily gain (ADG) in the first
weeks of a calf's life results in higher body weight at 24 months of age [6], promoting gastrointestinal
development and reducing the age at first calving [7], [8]. Whole milk contains several non-nutritional
bioactive compounds, such as hormones and growth factors in comparison to commercially
manufactured MR [9]. However, feeding MR greatly reduces the potential transmission of diseases such
as Johne's disease, which disturbs the health and productivity of the animal [10]. Different restricted and
intensive milk feeding regimens have been applied to pre-weaned calves throughout the past years [11],
[12]. Restricted milk feeding tends to promote concentrate intake pre-weaning [ 13]. Nevertheless, this
feeding approach is associated with lower ADG in pre-weaned calves, higher calf mortality, impaired
rumen development, and abnormal behaviours [14], [16]. Intensive milk feeding planes have resulted in
changes at the cellular level in the mammary gland, which in turn may have depicted a long lasting effect
on the future milk production capability of the animal [17]. Calves receiving higher levels of WM or MR
during the pre-weaning period are less prone to detrimental diseases [18], [19]. Manual feeding is
considered the conventional method of milk feeding, where animals are generally kept in individual pens
(up to 8 weeks of age) and fed via open buckets or bottles [20]. Manual feeding is often considered a
laborious task. However, individual restraining of calves could disrupt their welfare and behaviour and
subject them to possible hunger and frustration [21], [22]. Automated milk feeders provide an alternative
to the manual approach by exploiting computer-based systems that enable group housing of calves, yet
at the same time monitor individual milk intake. It is important to record individual milk intake, as
deviations between allowance and true milk intake may provide insight into animal health. Despite the
positives associated with automated feeders in group stalls, appropriate management programmes must
be implemented to prevent calves being exposed to disease due to intensified group housing [23].

Developing techniques to accurately measure body composition in cattle for various applications, such as
breeding programs or studies on growth performance, has gained more interest among researchers in
recent years [24]. Previously, the most common approach to body composition analysis was to slaughter
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the animal and assess the whole tissue [25]. Despite providing accurate results, this method requires the
animal to be sacrificed. Additionally, this method does not necessarily present an unambiguous outcome
if the aim of the study is to monitor continuous growth in the animal [26]. Therefore, it is essential to
develop non-invasive methods capable of producing precise data on live animals, thus allowing body
composition of the same animal to be assessed at different stages of its life. Scholz [24] stated that the
key characteristic of such non-invasive methods for body or carcass composition measurement is to
exploit electromagnetic or mechanical energies, which are able to pass completely or partially through
body tissues e.g., muscle, adipose tissue and bone. An important advantage of such novel imaging
techniques is the ability to introduce new traits which can be directly incorporated in future phenotyping
programs. However, most of these techniques are relatively new in cattle research, and the data acquired
still needs to be compared with a globally accepted reference system (gold standard method). Moreover,
techniques such as dual-energy x-ray absorptiometry (DXA), computed tomography (CT) or magnetic
resonance imaging (MRI) require the animal to be sedated prior to measurements. Therefore, future
studies should focus on assessing whether the sedation process has any impact on the measurements
acquired from the animal using these techniques.

Milk intake

Prerequisites

This guideline is intended to provide some steps associated with milk replacer intake in calves. This
guideline presumes that automated milk replacer (MR) used to assess individual MR intake. The Animal
Trait Ontology (ATOL) and Environment Ontology (EOL) for Livestock numbers associated with the pre‐
sent guideline are:ATOL_0000793, ATOL_0000365, ATOL_0001568, EOL_0001940  and EOL_0001646
(for complete list of ATOL and EOL please visit https://www.atol-ontology.com/en/erter-2/).

A – General points on milk feeding

1. Rearing calves requires great dedication from the staff members of the experimental unit with
regards to feeding and general health.

2. It is highly important to note that calves must receive colostrum during the first 6–12 h after birth,
prior to feeding with any type of transition milk or MR. If maternal colostrum is not available, either
colostrum from a pool of other cows or frozen colostrum (kept at −20°C) must be fed to calves.
Frozen colostrum has to be thawed in warm water (not hot) with a maximum temperature of 50°C
and thawing and refreezing of the colostrum must be avoided. Calves should receive between 3–
6 l of colostrum during the first 24 h of their life ideally in two or three feedings, though a minimum
of 1.5 l must be fed during the first 2 h after birth.

3. During the transition from colostrum/transition milk to MR, the volume of MR should be kept in the
same range as the milk has been fed at.

4. Calf hygiene during the early days after birth should be carefully considered. MR should be freshly
prepared and all equipment must be thoroughly cleaned post feeding. MR has to be reconstituted
by adding the total amount of powder (based on the manufacturers recommendation) to half the
measured volume of water, mixed thoroughly in order to obtain a homogenised suspension and
then the remaining balance of warm water (38–41°C) to make up the correct volume.

5. MR should be fed to calves at least twice per day (when feeding is done manually) until they are at
least 6 weeks of age.

6. Unless the intention of the experiment states otherwise, the MR allowance should allow for calves
to achieve an average daily gain of 850–1,200 g during the rearing period (8–12 l/d of MR is
recommended). MR allowance (% bodyweight) during the rearing period must be adjusted once
per week.

7. The crude protein and crude fat content of the MR should be in the range of 20–22% (DM) and
18–20% (DM), respectively.

8. During cold weather conditions (<10–12°C) the amount of MR feeding must be increased.
Generally, the MR amount should be increased by 1–2% for every degree the ambient
temperature falls below 10–12°C.

9. Feeding MR should be consistent and therefore switching between different MR brands should be
avoided.

10. Calves less than three weeks of age must be fed an all-milk protein milk replacer. Operatives
should consider that non-milk sources can decrease available protein to the calf and result in
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diarrhoea.

B – Milk replacer auto feeder (MAF)

1. Calves' general performance should be monitored through the data acquired on eating behaviour
from the MAF system, as well as direct observation.

2. The neck transponder or ear tags of the calves should be checked to ensure correct function.
3. Fortnightly and bimonthly manual calibration of the mixer scale must be performed for non-auto

calibration and auto-calibration MAF, respectively, in order to achieve consistent MR delivery (with
few total solid content variations).

4. Calibration of the mixer scale must be conducted whenever a new MR batch or brand is
introduced to the unit.

5. Generally, one nipple on the MAF should be sufficient for a pen with 15–20 calves grouped
together. The feeder nipple is required to be set 70–80 cm above floor level.

6. The MR powder hopper and storage apparatus of the system should be checked for correct
functioning.

7. The powder delivery system should be examined at least once a week. The mixing temperature of
MR powder within the feeder requires routine monitoring throughout the year (once/month) along
with appropriate corrections due to seasonal changes. Additionally, the suction hose along with
the nipples of the MAF require frequent examination (at least 3–6 times per week).

8. The mixer cleaning cycle should be done 2–3 times per d. The milk powder outlet should be
cleaned frequently (4–6 timer per week) to prevent caking. Cleaning of the mixer/heat exchanger
should be done at least 4 times per d (automatically by the MAF) in order to reduce bacterial
contamination of the system and risk of disease in calves.

9. Where a MAF is installed, clean bedding with enough space (minimum 2.8–3.5 m 2/calf), along
with ventilation systems with a sufficient air exchange rate are necessary to reduce the risk of
disease.

10. Any calf identified as having abnormal behaviour by the system should be immediately checked
for any sign of disease. Diseased animals must be moved to individual pens for further
observation and treatment to ensure standard hygiene and welfare conditions are met.

11. Data from MAF should be recorded as daily MR intake (l/d or g/d), as well as proportion (%) of the
daily allowance. The time at the start and end of each visit, number of unrewarded visits (visits
without any MR feeding), along with number of total visits, should be analysed for observing calf
milk feeding behaviour.

12. Particularly during the first week, calves will require assistance from staff members to adapt to
drinking from the MAF.
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Figure 1: The left picture depicts an auto feeder system for rearing calves. The picture on the right shows the
touchscreen, which displays calf management info: the amount of milk/MR the calf is drinking and alarms related
to drinking behaviour.

Monitoring rumen development

Prerequisites

This guideline provides steps on observing the rumen development in calves during rearing and weaning
via ultrasound. The Animal Trait Ontology for Livestock (ATOL) numbers linked with this guideline are:
ATOL_0000582, ATOL_0001061, ATOL_0000583  and ATOL_000585 (for complete list of ATOL, please
visit https://www.atol-ontology.com/en/erter-2/).

Ultrasound examination of the rumen

1. Ultrasonography examination of rumen development in calves is a useful tool for diagnosing
diseases, associated with the digestive tract.

2. Ultrasound examination of the rumen can be carried out on calves from 7 d to 7–9 months after
birth.

3. Examination should be conducted once every 1–3 weeks during trials. Examination of calves
should be performed approximately 3–6 h after feeding with milk/milk replacer.

4. During examination, animals must be non-sedated and in a standing position.
5. Haltering or restraining of the calves must be done carefully without any unnecessary stress

towards the animal.
6. The examined calf should be clipped on both sides from shoulders to the tubar coxae and from

the thoracic and lumbar vertebrae to the ventral midline [27]. Skin must be cleaned with alcohol
but use of contact gel for the transducer is optional.

7. The ultrasound instrument should contain a sector array or linear or convex transducer with 5–13
MHz, to scan between the ribs of young calves. The penetration depth of the transducer must be
in the range of 3–10 cm dependent on the frequency setting of the instrument.

8. The rumen should be scanned between the 6th to 12th cranial intercostal space (ICS), as well as
the flank at both sides from dorsal to ventral, with the transducer held parallel to the ribs.

9. The dorsal and ventral margins can be marked by measuring the distance between each area to
the dorsal midline using a tape measure (or alternatively, the margins marked using animal
marking crayons). The rumen size should be calculated by subtracting the distance of the dorsal
margin from the distance of the ventral margin [28].
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Figure 2: Ultrasonogram of the rumen in a 35 d old calf, acquired from the 11th intercostal space of the left side.
The lateral abdominal wall (1), Wall of the dorsal sac of rumen (2), Longitudinal groove (3), Wall of the ventral sac
of rumen. Ds: Dorsal and Vt: Ventral.

10. The location of the longitudinal groove should be determined to assess the size of the rumen sacs.
11. For measuring the rumen wall thickness, the operator should examine it near the dorsal margin,

the longitudinal groove and the ventral margin, using the transducer with a higher frequency (e.g.
13 MHz).

Mammary parenchyma

Prerequisites

The guideline provides steps for assessing the mammary parenchyma (MP) area in prepubertal calves.
This guideline presumes that ultrasound sonography, as a non-invasive tool, will be used to measure the
MP region in pre-weaned heifers in vivo. The MP refers to the epithelial tissue and surrounding stromal
elements in the mammary gland [29]. The Animal Trait Ontology for Livestock (ATOL) numbers linked
with this guideline are: ATOL_0000132 and ATOL_0000537 (for complete list of ATOL, please visit
https://www.atol-ontology.com/en/erter-2/).

Steps in MP measurement

1. Growth of MP can be monitored by a weekly (once per week) ultrasound examination of the
animals during the rearing period (2–3 months after birth). However, possible data variations,
particularly during the early weeks after birth, must be taken into consideration.

2. A real time B-mode ultrasonograph with a 6.5–7.5 MHz convex probe is required for this
measurement.

3. The udder is not required to be clipped of excess hair for examination.
4. Animals should be laid dorsally with a slight tendency to the lateral left side. Manual restraint is

sufficient for this examination.
5. The MP area of all 4 glands should be assessed. The examination should follow a similar pattern

during the experiment, e.g., starting from right front and moving to right rear, left front and left rear.
6. The examination should be performed by an operator/veterinarian with expertise in ultrasound

sonography.
7. The examination should be performed by the same operator during the trial. If a change in

examiner is necessary, the results of the two operators should be compared for any variation at

Danesh Mesgaran, S (et al.). Milk intake, body anatomy and composition in calves

Methods in cattle physiology and behaviour research –
Recommendations from the SmartCow consortium

5 / 15

https://www.atol-ontology.com/en/erter-2/


the end of trial.
8. Ultrasound gel should be applied to each gland to enhance contact with the probe.
9. When the calves are laid down, the probe should be placed directly on top of the teat. As applying

pressure will fold the teat, the probe therefore needs to be positioned so that the base of the teat
appears consistently on the right side of the ultrasound's screen. Alternatively, the transducer
should be applied to the base of each teat at a 45° angle, in a caudal-to-cranial placement as
described by [30].

10. The operator should take a minimum of 2 images from each gland to allow a choice of the image
with the best MP definition for further analysis.

11. Staff members should be aware that the MP region is hypoechoic (black) on ultrasound when
compared with the mammary fat pad, which is hyperechoic (white). Quantification of the regions
from the images should be done with appropriate software, such as ImageJ (National Institutes of
Health, see: https://imagej.nih.gov/ij/index.html).

Body composition evaluation using dual-energy X-ray
absorptiometry (DXA)

Prerequisites

There are some assumptions that should be carefully considered prior to following this guideline. This
body composition (BC) measurement guideline is intended for use in experimental units where a dual-
energy X-ray absorptiometry device is available for calves (calves up to an in vivo body weight of 150
kg). A separate BC measurement guideline by using magnetic resonance imaging will be made available,
though no routine MRI body composition measurements have been performed on calves so far. This
guideline has been written based upon the assumption that this BC measuring method is utilised only for
calves, as the equipment is not suitable for heifers or cows. The Animal Trail Ontology for Livestock
(ATOL) numbers linked with this guideline are: ATOL_0000090, ATOL_0000012, ATOL_0000351,
ATOL_0000505 and ATOL_0000350 (for complete list of ATOL, please visit https://www.atol-
ontology.com/en/erter-2/).

A – Definition of body composition for DXA measurements

1. Unless defined otherwise, body composition with DXA measurements follows a three-
compartment body composition model, and is defined as mass (in g) or percentage of soft tissue
and bone mineral (tissue). Soft tissue is divided into fat tissue and lean tissue. Lean tissue covers
all non-fat tissues and all non-bone mineral ‘tissues’. The sum of bone mineral, soft fat tissue, and
soft lean tissue provides the total tissue mass or the live body weight for in vivo measurements.

2. An estimate for the in vivo whole body muscle (meat) mass may be derived by the following
general formula:
Muscle mass (whole body) = total tissue mass × cut out proportion − fat mass − bone mineral
mass.
This requires information about the potential cut out proportion of the calf under investigation –
mainly based on body weight, breed, sex, and feeding – varying between 0.55 and 0.65 in calves.

3. The protein mass can be estimated according to the formula:
Protein mass = lean mass × protein content (protein content = 0.2).

B – Basics of a DXA analysis

1. DXA measurements are based on the mass attenuation of X-ray photons which differs dependent
on the type of tissue(s) and the energy level of the X-ray photons at the source of X-ray emission.
Usually, two energy levels (high and low) of the X-ray photons lead to tissue dependent X-ray
attenuation coefficients [31].

2. Very high X-ray attenuation coefficients (R values) define bone (mineral), and lower ones define
soft tissue. A first segmentation step defines bone (mineral containing) and soft tissue. In all non-
bone containing pixels (picture elements), a second segmentation step defines fat and lean tissue,
with fat tissue having the lowest soft tissue X-ray attenuation coefficient.

3. Usually, the relationship between soft tissue X-ray attenuation coefficients and the fat tissue
proportion (%) of the tissue (whole body) is linear, but not for very lean animals like young calves.
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Figure 3: Relationship between DXA Fat (%) readings and the X-ray attenuation coefficient in young calves. (The
GE Lunar DPX-IQ device did not provide DXA Fat-% readings below 3.8% for calves – and all other probands
(species) by applying the adult or paediatric software modes). It is not known how other devices were calibrated!

4. In addition to whole body analysis, DXA also allows for a regional analysis depending on the
region of interest defined.

5. Not all devices and manufacturers provide the X-ray attenuation coefficient.

C – Measurement

1. Prior to each measurement day, the device needs to run a quality control, based on a device
specific phantom.

2. Calves must be sedated, for example, by using intramuscular application of Xylacine with 0.2
mg/kg body weight. Dependent on the application, Xylacine is used for slight sedation up to long
sedation with muscle relaxation. A dosage of 0.2 mg/kg bodyweight – 1 ml of Xylazine 2%/100kg –
leads to stable sedation and loss of energy. Thus, short examinations up to 20 min can take place
and restraining the calf on the X-ray table is easy. The dose can be raised to 0.3 mg/kg
bodyweight – 1.5 ml/100kg – to reach longer and deeper sedation.

3. Calves should be positioned on the scan table in a prone position for a whole-body scan as shown
in Figure 2.

4. Hind legs should be tight together leaving a small gap between both legs.

D – Validating and analysing the records

1. Prior to each scan day, the DXA system requires a 'quality control' scan with a device-specific
'phantom' which contains materials with defined X-ray attenuation coefficients, as standard for
high, medium, or low fat percentages and bone mineral densities. Only if the 'quality control' scan
is passed, can a measurement scan be performed.

2. DXA systems provide several scan modes depending on the 'diagnostic' purpose and on the scan
subject itself.

3. Whole body scans for the determination of body composition are available as adult or paediatric
mode, with different settings depending on subject height like (standard or thick or large, medium,
small). Additionally, a small animal mode may be available, but it is unlikely to be suitable for
calves.

4. DXA body composition and bone mineral results will be available immediately after the scan is
finished. Whole body or regional results will be provided (Figures 3 and 4). A regional analysis
requires human action by exact definition of the standard 'human' anatomical regions or by a
custom definition of body 'regions of interest'.
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Figure 4: Calf positioned on a pencil beam DXA scanner (GE Lunar DPX-IQ) (left), and on a “narrow” fan beam
scanner (GE Lunar iDXA) (right).

 

Figure 5: Soft tissue composition of a calf with "R-Wert" = X-ray attenuation coefficient, "% Fett" = fat tissue
proportion, "Gewebe" = soft tissue, "Fett" = fat mass, "Muskel" = lean mass (not muscle) (body weight = 61.2 kg)
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Figure 6: Bone mineral content (BMC) and bone mineral density (BMD) of a calf (body weight = 61.2 kg)
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Body composition measurements using magnetic resonance
imaging (MRI)

Prerequisites

This body composition (BC) measurement guideline is intended for use in experimental units where a
MRI device is available for animals (calves up to a body weight of about 150 kg in vivo). A separate BC
measurement guideline for DXA is also available, as currently no 'routine' MRI BC measurements have
been performed on calves. The present guideline has been written based upon the assumption that the
method is utilised only for calves, as the equipment in not suitable for heifers or cows. The Animal Trail
Ontology for Livestock (ATOL) numbers linked with this guideline are: ATOL_0000090, ATOL_0000012,
ATOL_0000351, ATOL_0000122  and ATOL_0000520 (for complete list of ATOL, please visit
https://www.atol-ontology.com/en/erter-2/).

A – Definition of body composition for MRI measurements

1. Unless defined otherwise, BC measurements using MRI are usually based on signal intensity
differences of body tissues, such as fat, muscle or bone, dependent on the electro-magnetic
proton-proton or proton-non-proton interaction, and differences of the proton densities, defined as
volume (in mm³) or area (mm²) of the tissue or organ of interest [32]. Basic anatomical knowledge
is therefore generally required.

2. Whole body or regional (organ) analysis often follows the ‘Cavalieri’ approach, as applied in
stereology [33], acquiring only, for example, a restricted number of transversal slices and
interpolating the tissue volumes for the gaps between two slices (images) with a defined depth.
Each pixel (picture element) is a voxel (volume element) with the coordinates x, y, z.

3. Knowledge of tissue densities (g/cm³) is required if the tissue mass (in g) is the target of the study.
Tissue mass = Tissue volume × Tissue density (fat ~0.91 g/cm³, muscle ~1.06 g/cm³, and bone
~1.43 g/cm³ [34, 35].

B – Basics of MRI analysis

1. MRI measurements are based on the electro-magnetic properties of nuclei with an uneven
number of protons and neutrons characterised by an ‘electro-magnetic’ spin of the nuclei under
investigation. The defined nuclei (e.g. hydrogen = 1H = proton) precess with a defined frequency
(Larmor frequency) in a static magnetic field with a field strength between, for example 0.2 and 7.0
Tesla along the field lines in a parallel or anti-parallel direction. A defined radio (wave) signal
matching the 'resonance' frequency of the nucleus or nuclei of interest provides an energy input
and leads to tissue dependent signal intensities of the relaxing protons (or other nuclei) after the
radio wave signal (sequence) stops delivering energy.

2. Tissue-dependent signal intensities vary due to different (net magnetisation) relaxation times (T1
or T2, T2*), affected by spin-spin (T2 = e.g. 1H−1H) or spin-lattice (T1 = e.g. 1H−13C or 1H−31P)
interactions.

3. A T1-weighted image (usually fat = bright signal and other tissue less bright (grey or dark) signal
may be acquired by a short time of (sequence) repetition (e.g. TR <700 ms) and an even shorter
time between (spectral signal peak) echoes (e.g. TE <30 ms), which might be modulated by
different flip angles (of the nuclei of interest).

4. In addition to whole body analysis, MRI is most often used for a regional analysis requiring special
(gradient) coils, such as body coil, wrist coil, head coil etc.

5. It is important to make sure that the magnetic field is homogenous.
6. EKG and/or pulse triggered sequences can improve image quality.

C − Measurement

1. Generally, the MRI device does not need a quality control check run prior to the measurement
day, unlike DXA.
Occasionally it may be necessary to use a device specific phantom for re-calibration of the
system, carried out by an MR service specialist.
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2. Calves must be sedated for MRI, for example, by using intramuscular application of Xylacine with
0.2 mg/kg body weight. Dependent on the application, Xylacine is used for slight sedation or long
sedation with muscle relaxation. A dosage of 0.2 mg/kg bodyweight – 1ml of Xylazine 2%/100kg –
leads to stable sedation and loss of energy. Thus, short examinations up to 20 min can take place
and bedding of the calf on the MRI table is quite easy. This dose can be raised to 0.3 mg/kg
bodyweight – 1.5 ml/100kg – to reach longer and deeper sedation.

3. For a whole body scan, calves should be positioned on the MRI table in a prone position as shown
in Figure 1. Positioning on the side is also possible, though the body symmetry can be disturbed.

4. Hind legs should be tight together leaving a small gap between both legs.

D – Validating and analysing the images

1. Dependent on the service period, the MRI system requires occasional ‘quality control’ scans with
device-specific phantoms containing materials with defined 1H concentrations. Usually, the MRI
device is ‘self-calibrating’ (shimming), dependent on the object inside the coil(s).

2. MRI systems provide several acquisition sequences depending on the ‘diagnostic’ purpose and
the subject itself.

3. Whole body or regional imaging for determination of the BC depend on the MRI device and the
available (combination of) coils.

4. MRI whole body or regional composition will be available only after an intensive manual, semi-
automatic or fully automatic image analysis [24], [36], [37] as depicted in Figures 3 and 4.

5. Several image analysis software applications are available either commercially, such as 3D doctor
(Able Software Corp., Lexington, USA), which is FDA-approved, SliceOmatic (Tomovision,
Magog, Canada), Analyze 12/Analyze Pro (AnalyzeDirect, Overland Park, USA), and Synedra
View Professional (synedra information technologies GmbH, Innsbruck, Austria) or freely, such as
synedra View Personal (synedra information technologies GmbH, Innsbruck, Austria), ImageJ
(National Institute of Mental Health, Bethesda, USA), and Mango (University of Texas Health
Science Center, San Antonio, USA).

Figure 7: Calf, positioned in a Siemens Magnetom C! – equipped with a body coil X-large
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Figure 8: Transversal MR images of a calf in the thorax region (bottom); with a so called localizer image (top)

Figure 9: Regional 3D model after semi-automatic segmentation into lean (= muscle and skin -> dark blue), body
cavity (black), and bone + surrounding fat (yellow/grey)
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