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Abstract
Growth and health in dairy calves are mostly affected by type of rearing conditions which in turn affect
growth, maturation, health, and milk production of the animal in later life. A mismatch between prenatal
and postnatal conditions or other disturbances experienced as a calf might affect cow performance in
terms of milk production and disease incidence. Resilience is a relevant trait in this context. A resilient cow
is minimally affected by a disturbance, or if affected it can quickly return to the state it was in before.
Therefore, it can be expected that a resilient animal is less sensitive to suboptimal rearing conditions than
a less resilient animal.
The aim for this study was therefore to determine the effect of calf rearing management, and genetic
predisposition for resilience, on milk production and mastitis incidence during the first lactation. Data on
calves (N=168) was used from the Innocalf experiment where conditions differed in housing, milk feeding
and roughage feeding during the first four months of life during which characteristics were measured.
Housing treatments consisted of straw bedding or rubber slatted floors. Milk feeding treatments consisted
of calves receiving 52.3 kg milk replacer per animal or 69.2 kg milk replacer per animal. Roughage feeding
treatments consisted of calves receiving regular fed roughage or an innovative all-in-one mixture
roughage. Breeding values for resilience were estimated based on log-transformed variance of milk
production deviations of a fitted lactation curve (LnVar) for each animal. The higher the value of the
estimated breeding value (EBV) for resilience, the higher the LnVar and therefore the lower the resilience
of the animal. Relation between calf rearing treatments and milk production and between calf
characteristics and milk production were analysed with use of a linear model. The relation between calf
rearing treatments and mastitis incidence and between calf characteristics and mastitis incidence were
analysed with a logistic regression model. To evaluate the effect of the estimated breeding value (EBV) for
resilience on milk production and mastitis incidence, the EBV for LnVar of resilience was included as a
covariate for each of the models.
In this study, calf rearing treatments did not affect milk production during the first lactation nor mastitis
incidence. However, significant relations were found between calf characteristics and cow performance.
Individuals that consumed more milk as a calf had a lower total milk production and calves that spent a
higher amount of time eating during the second month of life had a lower total milk production. Heifers
that were not diagnosed with mastitis during their first lactation spent more time standing during month
four of life. The EBV for LnVar of resilience was not related with mastitis incidence, but higher EBVs were
associated with higher milk production during fist lactation. Assumed is that this might be because more
energy is directed towards resilience instead of milk production or because of scaling, as an increase in
average leads to proportional increase in variance. To prove this, more research is needed, and it is
recommended to use a larger sample size.
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Summary (Dutch)
De groei en gezondheid van melkkalveren wordt vooral beïnvloed door de opfokomstandigheden die op
hun beurt de groei, ontwikkeling, gezondheid en melkproductie van het dier op latere leeftijd beïnvloeden.
Een mismatch tussen prenatale en postnatale omstandigheden, of andere stoornissen die als kalf worden
ervaren, kunnen de prestaties van de koe beïnvloeden in termen van melkproductie en ziekte-incidentie.
Veerkracht is daarbij een relevante eigenschap. Een veerkrachtige koe wordt minimaal beïnvloed door een
verstoring, of kan snel terugkeren naar de staat waarin ze zich voorheen bevond. Daarom kan worden
verwacht dat een veerkrachtig dier minder gevoelig is voor suboptimale opfokomstandigheden dan een
minder veerkrachtig dier.
Het doel van deze studie was daarom om het effect van kalver opfokmanagement en genetische aanleg
voor veerkracht, op de melkproductie en het optreden van mastitis tijdens de eerste lactatie te bepalen.
Gegevens over kalveren (N=168) zijn gebruikt uit het Innocalf-experiment waarbij de omstandigheden in
de eerste vier levensmaanden verschilden in huisvesting, melkgift en ruwvoervoeding waarin kalver
kenmerken werden gemeten. Huisvestingsbehandelingen bestonden uit stro of rubberen roostervloeren.
Melkvoerbehandelingen bestonden uit kalveren die 52,3 kg kunstmelk per dier kregen of 69,2 kg
kunstmelk per dier. De ruwvoerbehandelingen bestonden uit kalveren die regulier ruwvoer kregen of een
innovatief alles-in-één ruwvoermengsel. Fokwaarden voor veerkracht werden geschat op basis van loggetransformeerde variantie van melkproductieafwijkingen van een aangepaste lactatiecurve (LnVar) voor
elk dier. Hoe hoger de waarde van de geschatte fokwaarde (EBV) voor veerkracht, hoe hoger de LnVar en
dus hoe lager de veerkracht van het dier. De relatie tussen kalver opfokbehandelingen en melkproductie
en tussen kalverkenmerken en melkproductie is geanalyseerd met behulp van een lineair model. De relatie
tussen kalver opfokbehandelingen en mastitis-incidentie en tussen kalverkenmerken en mastitisincidentie werd geanalyseerd met een logistisch regressiemodel. Om het effect van de geschatte
fokwaarde (EBV) voor veerkracht op melkproductie en mastitis-incidentie te evalueren, werd de EBV voor
veerkracht opgenomen als een co variabele voor elk van de modellen.
In deze studie hadden kalver opfokbehandelingen geen invloed op de melkproductie tijdens de eerste
lactatie en evenmin op de incidentie van mastitis. Wel werden significante relaties gevonden tussen
kalverkenmerken en koe prestaties. Dieren die als kalf meer melk consumeerden, hadden een lagere totale
melkproductie en kalveren die tijdens de tweede levensmaand meer tijd aan eten besteedden, hadden
een lagere totale melkproductie. Vaarzen bij wie tijdens hun eerste lactatie geen mastitis werd vastgesteld,
brachten meer tijd door met staan gedurende maand vier van hun leven. De EBV voor veerkracht was niet
gerelateerd aan de incidentie van mastitis, maar hogere EBVs voor veerkracht waren geassocieerd met
hogere melkproductie tijdens de eerste lactatie. Aangenomen wordt dat dit komt doordat er meer energie
wordt gestoken in veerkracht in plaats van melkproductie, of vanwege schaalvergroting omdat een stijging
van het gemiddelde leidt tot een evenredige toename van de variantie. Om dit te bewijzen is meer
onderzoek nodig, en het wordt aanbevolen om een grotere steekproefgrootte te gebruiken.
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1. Introduction
A cow’s milk production and health depends partly on how she was reared as a calf (Diao et al., 2017). Calf
rearing can differ in many terms, including housing, feed, and weaning. For optimal calf rearing
management, both prenatal and postnatal factors need to be considered to eventually know the effects
on later life performance.
Prenatal factors are determined by characteristics of the dam (e.g., health, age, and milk yield), and her
environmental conditions (e.g., ambient temperatures). Disturbances in these factors can create
suboptimal circumstances for the calf foetus and thereby affect its phenotype (Van Eetvelde & Opsomer,
2017b). It has been hypothesized that the maternal conditions in which the foetus develops prepares the
calf for similar conditions after birth (Hales & Barker, 2001). Prenatal conditions do not always match with
postnatal conditions, resulting in a suboptimal preparation of the calf during pregnancy which is
hypothesized to have long-term effects on fertility, metabolic health, growth, milk yield, and lifespan (Van
Eetvelde & Opsomer, 2017b, 2020).
Postnatal factors that affect cow performance in later life are, for example, nutrition and health status.
Circumstances in early life that have a significant impact on overall growth and maturation of dairy cows
are age at first calving, body weight at calving, body condition score, and withers height (Heinrichs et al.,
2005). Calf nutrition affects growth and health as an adult, amongst others by establishing microbiota in
the digestive tract (Diao et al., 2017). Housing was found to have an effect on the incidence of respiratory
disease. For example, viral infections may spread more easily when calves are housed in large groups
(Svensson et al., 2003). Respiratory diseases before the age of 90 days can result in higher age at first
calving (Correa et al., 1988) and a lower growth rate (Svensson & Hultgren, 2008). Lastly, age at first calving
and body weight at calving were both affected by nutrition, health and environment during the first four
months of a calf’s life (Heinrichs et al., 2005).
A mismatch between prenatal and postnatal conditions or other disturbances experienced as a calf might
affect cow performance. Resilience can help decrease negative effects when encountering disturbances.
A resilient calf or cow is minimally affected by disturbances or, if affected, can quickly return to the state
it was before the disturbance occurred (Colditz & Hine, 2016). Disturbances can be stimuli coming from
internal and external environments (Colditz & Hine, 2016). Animals that face a disturbance eat and
produce less than when not faced with a disturbance (Van der Waaij et al., 2000). Resilience can be
measured by looking at deviations of observed production from expected production over a period of
time, meaning that the higher the deviation, the less resilient animals are (Berghof et al., 2019b). Poppe
et al. (2021) estimated that log-transformed variance of daily deviations of a fitted lactation curve (LnVar)
is a resilience indicator with good heritability, based on variation in milk production characteristics in dairy
cows. Although it can be hypothesized that more resilient cows have a reduced risk for disease, limited
information is available on the relation between estimates for resilience in cows and health and disease,
as well as how calf rearing might influence this.
Therefore, the aim of this thesis was to determine the effect of calf rearing management, and genetic
predisposition for resilience, on milk production and mastitis incidence during first lactation. The following
research questions were addressed.
- What is the relation between rearing management conditions (e.g., housing, milk feeding, and
roughage) in early life, with milk yield and mastitis incidence during first lactation?
- What is the relation between calf characteristics (e.g., birth weight, health, activity) in early life
with milk yield and mastitis incidence during first lactation?
7

-

What is the relation between the estimated breeding value (EBV) for resilience, with milk yield
and mastitis incidence during first lactation?

2. Literature review
This literature study will review peer-reviewed scientific publications on the relation between calf rearing
management and milk production and disease incidence in later life. First, it is explained what and how
rearing practices can affect calf performance. Second, it is discussed how rearing management can affect
cow performance, focusing on milk production and disease incidence. How resilience in dairy cattle relates
to milk production and disease incidence will be looked at as well.

2.1 Relations between calf rearing and calf performance
Maternal- and environmental factors during the prenatal period of a calf can influence animal performance
on the long-term (Astiz et al., 2014; Pinedo & De Vries, 2017). Also, housing strategy, roughage feeding
type and amount of milk feeding replacer for the calf were seen as three crucial factors for calf rearing
management (Feenstra & Hofstee, 2020). Rearing effects on calf performance were elaborated on based
on findings from both the Innocalf experiment and other earlier studies published in scientific literature.
The Innocalf experiment studied relations between rearing practises (housing, feeding, and milk replacer)
with calf performance (growth, health, and mobility). Housing differed between straw bedding and slatted
floors (CalfOtel). Milk feeding differed in amount of milk replacer that was fed with one group receiving
462 L (69.2 kg milk replacer powder) in total and one group receiving 349 L (52.3 kg milk replacer powder)
in total. All calves were weaned at an age of 9 weeks. For roughage feeding one group received regular
feed consisting of start mix with high fibre content and fresh hay, the other received innovative feed
consisting of a mixture of concentrates and roughage. Both feeds were fed ad libitum. Calves were divided
over the treatment groups with different rearing practises and were followed from birth until the age of 4
months which is considered the early life stage of the calf (van Reenen, 2020).

2.1.1 Effect of prenatal conditions on calf performance
The influence of characteristics of the dam to prenatal growth have been studied by Kamal et al. (2014).
They showed significant influences of season of calving, gestation length, morphometrics of the animal
and age at calving at calf performance. Calves born in summer and fall had a lower birth weight compared
with calves born in winter and spring. Calves had a higher birthweight after a long gestation length than
calves that were born after a short gestation length, and higher parity cows gave birth to lighter calves
compared with second and third parity cows. Larger morphometrics of the heifer, showed a higher birth
weight. Also, with a low AFC, calves were born lighter than with higher AFC. However, a combined effect
of these factors has not been tested. A total of 29.5% of birth weight variation in calves points back to the
heifers (Kamal et al., 2014).
To produce large amounts of milk, heifers should weigh 350-375 kg at time of conception which is around
15 months of age (Wathes et al., 2014). However, this is only 55% of their mature body weight so a large
part of growth happens during gestation (NRC, 2001). Overnutrition in dams resulted in a rapid growth of
the dam which resulted in placental growth restriction, which goes together with the birth of (premature)
young with low birth weight (Wallace et al., 2006). Nutrient supply to the foetus was restricted by low
body condition score, low dry matter intake and high milk production as this decreased the energy level
of a dam. The nutrients flowed to the udder or were used by the cow instead of flowing to the foetus
(Kamal et al., 2014; Senosy et al., 2012).
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In nutrient restricted dams, high ambient temperatures can create a stress-situation for the foetus because
of poor placental development. However, the placental phenotype can adapt when a dam undergoes bad
nutrition. The placental development can maintain foetal growth, which can only succeed if the dam’s
undernutrition is not too bad (Steyn et al., 2001).
Calves born during hotter months or out of a dam with high production faced higher risks for early
morbidity and mortality (Berglund et al., 2003; Windeyer et al., 2014). Also, a shorter dry period was
associated with birth of smaller calves (Kamal et al., 2014). Related with the lower birth weights, lower
insulin levels can be seen in calves born in summer which indicates a higher insulin sensitivity (Van Eetvelde
& Opsomer, 2017). These insulin levels are also found to be negatively correlated with ambient
temperatures experienced by the dam at the end of gestation (Van Eetvelde & Opsomer, 2017).

2.1.2 Relations between postnatal conditions and calf performance
2.1.2.1 Effect of postnatal conditions on calf growth
First, feeding amount has been shown to affect calf growth. Calves that were fed a restricted diet showed
a moderate growth rate, and consequently calves with low birth-weight could not catch-up compared with
calves with high birth-weight (Brickell et al., 2009; Swali & Wathes, 2006). With ad-libitum feeding strategy
for dairy calves, body weight gain was greater compared with a restricted diet (Maccari et al., 2015) and
also showed possibility for growth catch-up in even the smallest calves (Van Eetvelde & Opsomer, 2020).
However, fast postnatal growth resulted in higher formation of fat than lean mass (Ford et al., 2007). In its
turn, a larger fat to lean ratio in calves could have increased the incidence of obesity and type 2 diabetes
in later life (Bertin et al., 1999; Desai & Hales, 1997; Hales & Ozanne, 2003). Also feed type (e.g., amount
of roughage) affected calf growth. No difference was found between the two feeding strategies in relation
to growth and health during the time of the trial (van Reenen, 2020). However, only two feeds were
compared meaning that type of feed might still affect calf growth and health. Number of times feeding
has proven to affect calf growth as well, where calves fed daily had a higher weight gain compared with
calves fed three times per week (Loy et al., 2008).
Second, type of housing may affect calf growth. Calves that were first housed individually for three weeks
and then group housed on rubber flooring (CalfOtel) weighed 3.1 kg more on average at 9 weeks of age,
compared with the calves housed on straw that were housed individually for one week and then group
housed on straw (Feenstra & Hofstee, 2020; van Reenen, 2020). After 18 weeks this difference increased
to 8.5 kg, and after 26 weeks the difference was 5.3 kg but not significant. Bučková et al. (2021) compared
individual and paired housing of calves and did not find an effect of housing on feed intake and average
daily gain. Calves that were housed individually did show activity deprivation (Bučková et al., 2021).
Third, amount of milk replacer that was fed can affect calf growth. From the Innocalf experiment, it was
concluded that calves fed high amount of milk replacer (462 L in total) showed faster growth compared
with calves fed low amount of milk replacer (349 L in total) (van Reenen, 2020). Feeding milk replacer
consistent in nutrient amounts was wanted as this resulted in better average daily gain and better starter
feed intake compared with calves fed milk (replacer) that was inconsistent in nutrients (Hill et al., 2009).
After 18 weeks of life, calves that were fed high amount weighed 4.8 kg more than calves that were fed
low amount (van Reenen, 2020). At the age of 6 months, calves that were fed high milk feeding amount,
weighed 216 kg on average and calves that were fed low amount weighed 208 kg on average.
2.1.2.2 Effect of postnatal conditions on calf health
Rearing management might also affect the health of calves, which can be indicated by disease treatments,
antibiotics use, and by IgG concentrations in the blood. Calves housed on the slatted floors had on average
0.8 days with antibiotic treatment throughout the trial of 4 months, whereas calves housed on straw had
9

on average 2.79 days with antibiotic treatment (van Reenen, 2020). Antibiotics specifically for treatment
of respiratory diseases was supplied for 0.38 days to calves on the slatted floors and for 2.13 days for
calves housed on straw (Feenstra & Hofstee, 2020). Besides the difference in housing systems, this could
also be explained by keeping calves on the slatted floors outside the first 18 weeks of life, and in smaller
groups compared with the group housed on straw. Less horizontal calf-calf disease transmission could take
place in calves housed in smaller groups (Maatje et al., 1991; McGuirk, 2008; Steenkamer, 1982) which
could indicate better health in the CalfOtel. Also, the length of individual housing of three weeks for calves
on slatted floors and one week for calves housed on straw, was expected to play a role (Feenstra & Hofstee,
2020). It was not possible to conclude which factors exactly were responsible for the results (van Reenen,
2020). Plasma IgG concentrations were measured on day 2, week 6, and week 10 of life for each calf. On
day 2, IgG was obtained passively from colostrum and no difference was found between the treatments
of housing, feeding and milk replacer. Plasma IgG concentrations were found to not significantly relate to
growth and health as the calves got older (van Reenen, 2020), whereas other studies did find such an effect
where a stronger and quicker immune response was found in calves with higher plasma IgG concentrations
during early life (Quigley et al., 2006). Concentrations of haptoglobin, an acute-phase protein, in blood
plasma at the age of 10 weeks was higher for calves fed with regular feed (0.10 g/L) compared with calves
that were fed innovative feed (0.05 g/L). This could indicate greater inflammatory status for calves with
the regular feed (van Reenen, 2020). Also, calves fed the regular feed had better humoral immune
response than calves that received the innovative feed based on the number of antibodies found in the
blood after a rabies vaccination (van Reenen, 2020). With the clinical check, significant differences in
housing were found where calves housed in CalfOtels were dirtier than calves housed on straw. However,
calves that were fed high amount of milk were significantly less dirty than calves housed on straw. Other
clinical results were not found to be significant (van Reenen, 2020).

2.1.3 Thrifty phenotype hypothesis
Prenatal and postnatal conditions for calves do not always match as explained before. The thrifty
phenotype hypothesis explains that a poor prenatal environment can result in permanent changes in the
foetus’ metabolism to prepare it for a similar postnatal environment (Hales & Barker, 2001), as illustrated
in Figure 1. For example, maternal undernutrition experienced prenatally, and restricted feeding
postnatally create a match in which the calf can make good use of its phenotype adapted to conditions
with limited feed availability. However, when this same calf is exposed to a lot of nutrients postnatally, a
mismatch occurs which can affect the calf’s future health and performance. A match is expected to result
in increased fertility, insulin sensitivity, lifespan, and lifetime production, and is hypothesized to go
together with moderate growth and leanness. In contrast, a mismatch can result in decreased fertility,
insulin sensitivity and lifespan, which all goes together with rapid growth and adiposity (Ibáñez et al., 2006;
Langley-Evans & Sculley, 2006; Ozanne & Hales, 2005; Soto et al., 2003). However, for most cases it is
difficult to determine which effects belong to the pre- versus postnatal environment as hard evidence for
this hypothesis is still lacking (Van Eetvelde & Opsomer, 2020).
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Figure 1. Prenatal and postnatal environments can affect phenotype and performance of dairy cattle. A match between both environments
is beneficial for the animal, whereas a mismatch can have negative effects on the animal (Van Eetvelde & Opsomer, 2017).

2.2 Relations between calf rearing and cow performance
As discussed above, calf rearing can influence calf growth and health. These factors are, in their turn,
expected to be related to later life performance of the animal. For this literature review, focus was on the
relation of early life experiences with milk production and disease incidence in later life.

2.2.1 Relation between calf rearing and milk production
2.2.1.1 Effect of calf growth on milk production
With higher daily weight gain in the period between weaning and first lactation, increased production was
detected where cows with a daily weight gain of >738g produced 539kg more milk in 305 days, compared
with cows with a daily weight gain of <598g (Svensson & Hultgren, 2008). For these results, no interaction
between daily weight gain and breed was found. Also, not only experimental herds were used, but
commercial herds were included as well, meaning that the results are more applicable to field conditions
(Svensson & Hultgren, 2008). As mentioned earlier in the literature review, this weight gain could depend
on nutrition. Carson et al. (2002), tested four rearing treatments in relation to body weight, condition score
and milk yield. Heifers exposed to treatment 1 (grass-silage based diets during winter and grass-based
diets during summer) had lower withers height and a lower condition score before calving compared with
three other treatments that contained more concentrates compared with treatment 1. Three months post
calving, heifers from treatment 1 lost less weight and declined less in condition score than heifers on
treatments 2, 3 and 4. Body length remained shorter for heifers in treatment 1 compared with the other
treatments. Also, the 305-days milk production was lower for heifers on treatment 1 (7,222l) compared
with heifers on treatment 2 (8,020 L), treatment 3 (7,956 L) and treatment 4 (7,901 L). Interval from calving
to first recorded oestrus was shorter in heifers with treatment 1 compared with treatments 2 and 3 and
there also was a tendency to have a shorter calving interval for heifers on treatment 1 compared with the
other treatments (Carson et al., 2002).
Moreover, growth rate during calf rearing directly affected age at first calving (AFC) (Heinrichs, 1993),
because the age of sexual maturity depended on growth (Place et al., 1998). An increased body growth
during the preweaning period, resulted in younger age at puberty and a younger age at first calving (Brown
11

et al., 2005). With use of linear regression models, it was shown that AFC had a strong positive association
with milk yield during first lactation, as well as with calving month and birth month (Van Eetvelde et al.,
2020). With a high AFC, higher milk production was yielded (Svensson & Hultgren, 2008). Heifers that
calved in October to December had highest milk yield during first lactation whereas heifers that calved in
June and July had lowest milk yield during first lactation. Also, AFC in heifers and amount of milk production
during pregnancy in cows could affect calf birth size. Calves born from very young heifers (20.3 to <22
months) had a lower birth weight compared with calves born from young heifers (22 to <23.5 months)
(Kamal et al., 2014). This relation was assumed to be influenced by lack of full intrauterine development
of the heifer.
Regression models showed that maternal factors such as milk yield, parity and growth of the heifer during
first year of life, were not related to milk yield during first lactation (Van Eetvelde et al., 2017a). However,
other studies showed that age and body weight at first calving were found to be associated with firstlactation milk yield. On the one hand, a higher first-lactation milk yield with older heifers is seen because
less energy is needed for growth, and udder development is more complete at time of first calving (Elvira
et al., 2013). On the other hand, lowering the age at first calving to 21 months is associated with a
decreased first-lactation yield. However, a longer productive life was associated with this lower AFC as
well (Nilforooshan & Edriss, 2004). Nilforooshan & Edriss (2004) came to these results from corrected firstlactation records on 12,082 culled dairy heifers. The relation of body weight with first-lactation milk yield
showed less of an effect compared with AFC (Van Eetvelde et al., 2017a). However, lower body weight at
a young AFC showed a compromised first-lactation milk yield which is caused by a low dry matter intake.
Also, development of the mammary gland is incomplete during first lactation for young heifers despite
their body weight (Van Eetvelde et al., 2017a).
Increasing milk feeding for heifer calves, had a positive effect on milk yield during first lactation (Moallem
et al., 2010; Shamay et al., 2005). It also seemed to have a long-term beneficial outcome to milk yield in
following lactations. This relation was expected to be present due to ad libitum milk supply and paracrine
and/or endocrine effects on fat tissues which contributed to development of the mammary gland at an
early age (Moallem et al., 2010; Shamay et al., 2005). The long-term effects on milk production during first
lactation were found to be independent of skeletal growth. However, other long-term effects on milk
production of increased feeding on fertility, metabolic health and longevity are not known.
2.2.1.2 Effect of calf health on milk production
Season of birth showed a relation with milk yield, where heifers born in winter produced less milk than
heifers born in another season (Van Eetvelde et al., 2017a). Heifers born in winter had higher plasma
insulin concentrations at birth, but similar glucose concentrations compared with heifers born in other
seasons. It is likely that this relation was seen because of a remaining physiological process that was caused
by seasonal metabolic adaptations for better survival of the animal (Van Eetvelde et al., 2017a). Surviving
was harder for the animal in winter, but the metabolic adaptations increase the survival of the animal.
Higher insulin concentrations, but similar glucose concentrations suggest lower insulin sensitivity of
peripheral tissues. Higher insulin sensitivity was beneficial as this could induce better growth of tissues
(such as the mammary tissue) during early life, which was associated with better first-lactation yield (Van
Eetvelde et al., 2017a). Also, the body condition score (BCS) at first lactation showed a relation with milk
production where a BCS >3.2 associated with production of 256kg to 337kg less milk compared with cows
with a BCS <2.9 (Svensson & Hultgren, 2008). The BCS during the first lactation was partly affected by the
situation around birth (nutritional, health, and environment) during the first 4 months of life (Heinrichs et
al., 2005).
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Another health factor related to milk yield was diarrhoea. Calves that experienced (mild) diarrhoea during
early life, produced 344kg less milk over 305 days during the first lactation, compared with calves that did
not experience diarrhoea (Svensson & Hultgren, 2008). However, no significant relation was found
between severe diarrhoea and milk production.

2.2.2 Relation between calf rearing and disease incidence
2.2.2.1 Effect of calf growth on disease incidence
When calves were fed sub-optimal during rearing, the start of puberty was delayed which negatively
affected skeletal growth and caused problems around calving. This could in its turn affect calf survival, cow
reproduction and cow health (Erb et al., 1985). Higher incidences of mastitis were found with higher AFC,
but when AFC got extraordinarily high, the mastitis incidence decreased again (Waage et al., 1998; Wanner
et al., 1999).
Calves that were born with low birth weight could often experience a catch-up growth to a higher body
weight. A catch-up growth during rearing could result in higher body weight at calving, and often went
together with larger weight loss after first parturition (Swali & Wathes, 2007). This can point towards
higher body tissue mobilization which was associated with insulin resistance and metabolic disorders
around parturition (De Koster & Opsomer, 2013; O’Boyle et al., 2006).
2.2.2.2 Effect of calf health on disease incidence
When looking at the relation with diseases, especially infectious diseases played a big role for disease
incidence in later life. Diarrhoea and/or respiratory diseases before the age of 90 days could affect
performance in later life and could result in higher age at calving (Correa et al., 1988). Also, due to the
strong association between diarrhoea and respiratory diseases, a relation between diarrhoea and low
growth rate was often seen (Svensson & Hultgren, 2008). This strong relation could be found due to
immunosuppression by infections or by poor colostral immunity.
Calves that experienced suboptimal prenatal conditions due to high maternal milk yield, did not undergo
a full intrauterine development due to lack of nutrients (Kamal et al., 2015). This resulted in higher insulin
sensitivity indicated by low peripheral insulin concentrations. This lower concentration was a higher risk
for obesity and insulin resistance at calving in later life (Van Eetvelde & Opsomer, 2017b). Due to insulin
resistance, more glucose was be transported to the udder to prevent glucose from being used by the
peripheral tissues, resulting in lack of glucose which negatively affected health and could cause metabolic
diseases (De Koster & Opsomer, 2013; Kamal et al., 2015).

2.3 Resilience
Resilience is the ability of an animal to experience a minimal effect of a disturbance or to quickly return to
the state the animal was in prior to the disturbance (Colditz & Hine, 2016). Calves can experience
disturbances in rearing management of which the impact will differ per animal. Not all calves perform best
in one type of rearing condition, and differences can be found between resilient and less resilient calves.
Disturbances experienced as a calf can affect the heifer’s performance, and therefore resilient cows are
wanted.

2.3.1 Why make use of resilience
Resilience in animals can help overcome disturbances, so that an animal will maintain its performance as
good as possible. The need for resilient animals arose from experiencing stressors. Farm animals faced
many stressors during their life, such as transport, diseases, and temperature fluctuations. These stressors
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could have a negative effect on their physiological, behavioural, and affective states, which then resulted
in reduced milk production, and poor health and welfare (Colditz & Hine, 2016). When faced with a
disturbance, for example an infection, the animal needed its energy to overcome the disturbance which
resulted in spending less energy on production compared with the situation without a disturbance (Van
der Waaij et al., 2000).
Multiple animal models have been developed to provide insights for research into resilience in farm
animals. Within these models, two types of reactions were identified: (1) insensitivity or low sensitivity to
stimuli that are harmful by others, and (2) adaptive responses involving neurophysiological and
behavioural changes (Russo et al., 2012). On the one hand, resilience was partly build upon innate
processes with sensor sensitivity to stimuli from the environment, temperament, affective state,
cognition, immune competence, behaviour, and morphology (Colditz & Hine, 2016). So, within these
innate processes, possibilities arose that could help improve resilience since social ecology could direct
animals into resilient phenotypes by experience of the animal. However, more research is needed on this
topic. On the other hand, resilience was enhanced because of the ability to predict and control exposure
with stressors (Colditz & Hine, 2016). This can be done by portraying behaviours that reduce this exposure
and due to earlier exposure to stressors.

2.3.2 Genetic background of resilience
Using resilience in genetic selection had a larger advantage than only improving it by management, since
genetic selection is cumulative and it affected all following generations (Berghof et al., 2019b). Resilience
was not (yet) used in cattle breeding goals. However, in terms of increasing disease resistance, more
research had been done already as infectious diseases can cause economic losses, reduce animal welfare,
and create public problems (Mulder & Rashidi, 2017). For inclusion of resilience in the breeding goal
resilience should be quantified, and the resulting resilience indicators must be heritable.

2.3.3 Indicators of resilience
Several resilience indicators have been suggested that are mostly based on deviations of expected- and
observed production over a period of time, as these deviations largely defined resilience (Berghof et al.,
2019b). Scheffer et al. (2015) studied resilience indicators with focus on changes in ecosystem states of
which four indicators were found to be applicable in livestock. These indicators were variance of deviations
(LnVar), autocorrelation of deviations, skewness of deviations, and slope of a reaction norm. Assumed was
that negative deviations were related to animals with lower resilience, this however may have been
opposite depending on the trait (e.g. body temperature) (Berghof et al., 2019b). Variance of deviations
indicated the impact of the disturbance, autocorrelation of deviations indicated the length of the impact
of the disturbances, skewness of deviations indicated the direction of disturbances and slope of a reaction
norm indicated resilience towards a macro-environmental disturbance (Berghof et al., 2019b).
On the one hand, animals with lower resilience were expected to have a larger variance, a positive
autocorrelation, a negative skewness, and a steeper slope compared with the average of the population,
when assuming that disturbances reduced the trait value (Berghof et al., 2019b). On the other hand,
animals with high resilience were expected to have a smaller variance, an autocorrelation around 0, a
skewness around 0, and a slope closer to 0 than the average of the population (Berghof et al., 2019b).
Autocorrelation of deviations and skewness of deviations as indicators for resilience did not seem as
promising as variance of deviations, as autocorrelation and skewness were found to be less predictive for
mortality and lesion scores (Berghof et al., 2019a; Poppe et al., 2020). However, more research was
needed on the usefulness of autocorrelation and skewness as resilience indicators for livestock. A few
studies have investigated the usefulness of variance of deviations in livestock. Heritability of uniformity in
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production traits was the same as variance in deviations, of which multiple studies have found heritability
estimates between 0.00 and 0.15 in livestock species (Berghof et al., 2019b). Fluctuations in milk
production were proven to be heritable where heritability was 0.10, which is higher than the heritability
of environmental variance for a lot of traits (Elgersma et al., 2018). Therefore, it was expected to be
beneficial to include resilience in the breeding goal as including it had proven to improve resilience in a
simulation study (Berghof et al., 2019b).
Heritability however did not explain possible phenotypic variation which could result in low selection
response. Poppe et al. (2020) found strong genetic correlations between the log-transformed variance of
milk production (LnVar) with breeding values for udder health, ketosis, longevity, fertility, higher body
condition score and good dry matter intake which showed that LnVar could best be used as an indicator
for resilience. LnVar based on quantile regression was found to be the best curve-fitting method due to
strongest genetic correlations resulting from it, compared with moving average, moving median and
Wilmink curve (Poppe et al., 2020).

2.3.4 Relations with resilience and cow performance
2.3.3.1 Effect of resilience on milk production
It was hypothesized that milk production of cows with high resilience was barely or not at all affected by
disturbances (Poppe et al., 2021a). As mentioned before, resilience could be measured by looking at
variances/fluctuations in milk yield (Elgersma et al., 2018; Poppe et al., 2020). Cows with lower variance
in milk yield deviations had fewer production-related diseases (e.g., udder health and ketosis). Variation
in animal performance said something about the cow’s genetic performance for longevity and health
where a higher longevity suggested higher resilience (Elgersma et al., 2018). The genetic correlation
between variation in milk production and resilience was 0.61, meaning that a higher resilience was
genetically correlated to less variation in milk production (CRV, 2015; Elgersma et al., 2018).
2.3.3.2 Effect of resilience on disease incidence
EBV for resilience indicated general resilience, meaning that it did not only include diseases, but also
situations such as (heat) stress which negatively affected performance as well (Mulder & Rashidi, 2017).
Disease resilient animals could either be disease resistant, disease tolerant, or both (Doeschl-Wilson et al.,
2012). Resistant animals could react to an infection by preventing or lowering the impact of the infection,
and tolerant animals maintained their performance despite the infection (Mulder & Rashidi, 2017).
However, to determine the strength of these two responses, records on pathogen burden were needed.
To what extent resistance, tolerance, and resilience exactly were related, and could be improved in
breeding programs when selecting for resilience was unknown (Mulder & Rashidi, 2017).
To determine disease resilience, no records on pathogen burden were needed. Pathogen burden is the
amount of pathogen in the body of the animal (Mulder & Rashidi, 2017). Knowing whether the pathogen
burden was present or absent in the animal, could allow for breeding value estimation for resistance and
tolerance (Kause, 2011). However, to determine the breeding value for resistance, pathogen burden
should have been determined individually which was too labour-consuming and costly (Doeschl-Wilson et
al., 2012). Therefore, resilience was used instead of tolerance and resistance. However, higher selection
responses for resistance (3% to 28%), tolerance (66% to 398%), and total breeding goal (2% to 11%) were
found with data on pathogen burden of infected animals, than when using EBV for resilience, which was
without data on pathogen burden (Mulder & Rashidi, 2017). Genetic gain thus was lower when selecting
on the EBV for resilience than when including the pathogen burden of infected animals. Still, using EBV for
resilience showed good responses without the records of pathogen burden. When cows were in the
periparturient period, the small difference between nutrient intake (DMI) and nutrient output (milk
production) determined the level of disease resilience in the animal. This could be done by detecting
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efficiency of the immune system, and liver functionality (Trevisi & Minuti, 2018). Also, dairy cattle showed
a clear relation between adaptation to changes in the environment, composition of rumen microbiome,
metabolism, and immune response mechanisms which affected the animal’s resilience to diseases (König
& May, 2019). Therefore, approaches that aimed for better disease resilience should have focused on
immune response breeding strategies. The genetic correlations between resilience and ketosis has been
estimated on -0.52, between resilience and udder health on -0.36, and between resilience and claw health
the correlation was -0.07 meaning that the higher the resilience, the better the cow’s health (CRV, 2015;
Elgersma et al., 2018).

2.4 Conclusion
Calf performance could be affected by prenatal and postnatal conditions. Prenatally, the condition of the
calf mostly depended on the dam as the dam’s environment and nutrition had a direct effect on foetal
development regarding growth and health. Postnatally, housing, feeding, and milk replacer for the calf
were rearing management practices that could affect calf performance. Especially housing and milk
replacer have proven to affect a calf’s growth and health as studied in the Innocalf experiment.
Not only did calf rearing conditions affect calf performance, but also performance of the animal during
adult life, e.g., during her lactation. However, the direct relation between calf rearing conditions and cow
performance had barely been studied. Nutrition, including milk(replacer), was directly related to calf
growth which in its turn was positively related to milk production during first lactation and negatively
related to AFC. Long term effects of increased milk feeding on fertility, metabolic health and longevity
were not known. Regarding seasonality, heifers born in winter produced less milk compared with heifers
born in other seasons. Catch-up growth, as consequence of diseases like diarrhoea, resulted in higher body
weight at calving, but larger weight loss at parturition which was associated with insulin resistance and
metabolic disorders around parturition.
Not all calves performed best in the same rearing conditions and with a mismatch, the animals could face
disturbances. These disturbances could affect the performance of the animal, regarding milk production
and disease incidence. Resilience could help overcome the disturbances by innate processes, as well as
with genetic selection. Resilience could be measured by multiple indicators such as variance of deviations
(LnVar), autocorrelation of deviations, skewness of deviations and slope of a reaction norm. Variance of
deviations was found to be the best indicator for resilience. However, only a few studies have investigated
this. Selection response for the EBV of disease resilience was lower than for disease resistance and disease
tolerance, but still good selection response for disease resilience was seen. Multiple negative genetic
correlations pointed out that the higher the resilience, the lower the disease incidence and thus the better
the cow’s health.
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3. Materials and methods
In this study, two datasets were used. The first dataset contained data of the calves in the Innocalf
experiment, and the second dataset was obtained from the Dairy Campus database which contained data
of the same animals, but during their first lactation.

3.1 Innocalf experiment data
The Innocalf experiment was set up to improve calf rearing by testing innovative rearing concepts (van
Reenen, 2020). Main factors that were tested in the experiment were housing, milk feeding, and
roughage/concentrate feeding. Observations were aimed at growth and development, health and
immunity, and activity of the calves.
After birth, 224 Holstein-Friesian heifer calves started in the experiment until the age of 4 months at the
Dairy Campus in Leeuwarden. During this time, the calves were kept according to one of the treatment set
ups, after which they continued the rearing phase at the Dairy Campus. In total the experiment lasted for
two years, since not all 224 calves could be kept at the same time. The experiment was a 2 x 2 x 2 trial
resulting in eight combinations of treatments in four rounds of 56 calves:
H1
Regular housing: individual housing for one week in an igloo after which the calf was transferred
to group housing in straw with 10 calves.
H2
Innovative housing: individual housing for three weeks in CalfOtel (slatted rubber floor) after
which the calf was transferred to CalfOtel (slatted rubber floor) group housing with 4 calves.
M1
Regular milk feeding: optimal – total of 52.3 kg milk replacer powder/calf (349 L)
M2
Innovative milk feeding: maximal – total of 69.2 kg milk replacer powder/calf (462 L)
R1
Regular feeding: start-up feed with a lot of structure and fresh hay from birth, and from 12 weeks
of age a mixture of concentrates, short, chopped wheat straw and molasses in combination with
regular roughage.
R2
Innovative feeding: mixture of concentrates and roughage from birth.
The number of times that calves received colostrum and the total amount of colostrum was recorded as,
well as the Brix values of the colostrum. Several variables were measured in blood such as IgG and
haptoglobin concentrations. Feed intake and milk consumption were recorded for each animal as well.
Regarding health of the animal, avgTDS was recorded which stands for average Total Deficiency Score. The
higher the value of the score, the higher the deficiency which indicates bad health of the animal. A low
deficiency score therefore indicated good health of the animal. Each animal was scored twice, once
without including cleanliness scores (avgTDS1) and once with including cleanliness scores (avgTDS2).
Lastly, multiple activity variables were recorded in calves with values indicating averages per animal per
day calculated over the indicated month of age. These activity variables were eating, ruminating, standing
up, standing and steps taken.

3.2 Dairy Campus data
After the Innocalf experiment, the calves were kept for further rearing at the Dairy Campus. Data of the
heifers during their first lactation were extracted from the total dataset for this thesis. This extracted
dataset contained information on milk production from 29 October 2018 till 8 December 2021, and on
disease incidence and treatments from 12 January 2017 till 9 December 2021. From the daily milk yield
records, total milk production during the first lactation was calculated per cow. Regarding disease
incidence, it was chosen to focus on mastitis diagnoses during the first lactation.
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3.2.1. Milk production data transformation and preparation

Total milk production (kg)

Total milk production was calculated prior to possible outlier detection. This was done because otherwise
low milk production records were seen as outliers in the daily milk production dataset, which were
production records from the first few days in lactation of the cow. Removing milk production data from
the first few days in lactation, because of low values, would not be correct as a low milk production during
the first days in lactation is normal.
From the total milk production data, five outliers were found as based on the interquartile range method.
With the interquartile range method, outliers were identified as datapoints that were 1.5*IQR above the
75th percentile and datapoints 1.5*IQR under the 25th percentile. Distribution of data with the outliers in
a boxplot can be seen in Figure 2.

Figure 2. Boxplot on raw data of total milk production, indicating the range between the median and the 25th and 75th percentile. Outliers were
detected based on this boxplot with the interquartile range method.

All five outliers were located above the largest included datapoint (Figure 2). The distance between the
75th quartile and the largest included datapoint was quite large and the outliers were not located far above
this range. Also, the five outliers were cows that had a long calving interval (Table 1) which explained the
high total milk production. It would therefore have been wrong to have taken the outliers out of the
dataset, so they were not removed.
Table 1. Total milk production and calving interval data on the five cows that were identified as outliers after filtering on the dataset for total milk
production. The third column shows the average daily milk productions, used to compare milk productions among cows more easily.

Animal ID
NL 751216954
NL 729215347
NL 751215951
NL 751216194
NL 751219674

Total milk production (kg)
12,387.5
12,186.9
12,039.8
11,798.0
11,390.0

Calving interval (days)
444
443
517
485
468

Average daily milk yield (kg/day)
27.90
27.51
23.29
24.33
24.34

The dataset still contained 168 cows. The overall average of the milk yield records was 7,605.5 kg (± 1,490.2
kg) in total over an average of 364 days calving interval.

3.3 Calculating EBV for resilience
The EBVs for LnVar of resilience were calculated based on log-transformed variance of milk yield records
(LnVar) according to the same procedure as Van Engeland (2019) used in her thesis. In short, EBVs were
calculated with use of a linear animal model including some fixed effects and an H matrix. A total of 5,548
phenotypes were used from first lactation. The H matrix combined additive genetic relationships between
individual animals that were based on pedigree and genomic relationships. The H matrix for this study
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contained 22,410 animals. LnVar was calculated based on fourth-order polynomial quantile regression
using a 0.70 quantile (Poppe et al., 2020). Quantile regression fits the expected and observed lactation
curve per animal, after which the deviation between observed and expected was determined per
datapoint. From these deviations, the variance in milk yield was calculated over which the natural
logarithm was used. This LnVar was then used to calculate the EBV per cow. The higher the EBV, the higher
LnVar and therefore a lower resilience.

3.4 Analyses
Linear models were used in R and R Studio to study the relations between calf rearing and calf
characteristics with cow performance. Model assumptions were checked prior to analyses. The three-way
interaction, HxMxR, was left out of the mastitis incidence model because of strong collinearity as
measured with Variance Inflation Factors (VIF > 5.0). After leaving the three-way interaction out, no
collinearity was measured.

3.4.1 Relation between calf rearing treatments and cow performance
A linear model was used to study the effect between different rearing treatments (housing, feeding, milk
feeding) and total milk production (Model 1). For disease incidence, logistic regression was used as the
dependent variable was binary and not numerical. Each model is further explained.
The model was as follows for milk production:

[1] yi = 0 + 1 X1 + 2 X2 + 3 X3 + ei
Where yi is the dependent variable containing the observation (total milk production); 0 is the intercept;
1 being the regression coefficient of housing and x1 its factor level, 2 being the regression coefficient of
feeding and x2 its factor level, and 3 being the regression coefficient of milk feeding and x3 its factor
level; ei is a vector that contains random residuals. Assumed is that ei ~ N(0, σ2). For mastitis incidence
the same model was used but with logit(p) as dependent variable.

3.4.2 Relation between calf characteristics and cow performance
Calf characteristics were included in the analysis as well in a linear model (Model 2). Which calf
characteristics were used in the model was determined with a Pearson correlation test and by testing for
difference between groups with or without mastitis. Also in this case, both models were the same except
for the dependent variable, and logistic regression was used for mastitis incidence.
For total milk production the model was as follows:
[2] yi = 0 + ∑n xn + ei
Where yi is the dependent variable containing the observation (total milk production); 0 is the intercept;
∑n being the regression coefficient of the calf characteristics and xn its factor level, where the Pearson
correlation test will help determine which characteristics will be used. The calf characteristics were fitted
as linear co variables as we only looked at linear effects; ei is a vector that contains random residuals.
Assumed is that ei ~ N(0, σ2). For mastitis incidence the same model was used but with logit(p) as
dependent variable.
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3.4.3 Relation between calf rearing treatments and cow performance with resilience
To analyze the effect of the EBV for LnVar of resilience on total milk production, Model 1 was used. To this
model, the EBV for LnVar of resilience was included in the model as a covariate. For mastitis incidence,
also Model 1 was used but with logit(p) as dependent variable.

3.4.4 Relation between calf characteristics and cow performance with resilience
Effect of the EBV for LnVar on resilience on cow performance was also studied in presence of calf
characteristics. To do so, Model 2 was applied for analysis on total milk production, to which resilience
was added as a covariate. Mastitis incidence as dependent variable was analyzed with Model 2 as well but
with logit(p) as dependent variable.
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4. Results
From the 224 calves, 168 animals completed their first lactation as seen in Table 2. To have a complete
record of the data, it was chosen to only include these 168 animals.
Table 2. Number of animals that participated in the Innocalf experiment and started a first and second lactation at Dairy Campus.

Total
Straw housing
Slatted floor housing
Low milk feeding
High milk feeding
Regular feeding
Innovative feeding

Calves at
start (n)
224
160
64
112
112
112
112

Started 1st
lactation (n)
199
143
56
101
98
97
102

Started 2nd
lactation (n)
168
123
45
87
81
82
86

The 56 animals that did not finish the first lactation, were either still in their first lactation at moment of
data collection, were sold or died. The reason of removement of these 56 cows from the dataset was not
related to the rearing treatments and is evenly distributed over groups. Therefore, no further research
was done in this thesis on the cows that were removed.

4.1 Relation calf rearing treatments and calf characteristics
4.1.1 Calf characteristics
The 224 calves were born with an average birthweight of 41.07 kg ( ± 3.85 kg). After the last body weight
measurement, at 26 weeks, the calves had an average bodyweight of 210.15 (± 23.26 kg). A total average
of 4.5 kg (± 1.10 kg) colostrum had been consumed per calf divided over an average of consuming
colostrum twice. The colostrum on average contained 28.50 g/kg IgG, which resulted in an average of
11.62 g/L IgG in blood serum at an age of 2 days that increased to an average of 15.72 g/L IgG in blood
serum at an age of 70 days. Table 3 shows a selection of the calf characteristics (Means ± STD) per rearing
treatment. Raw means were chosen as there was low difference with least-squares means. Appendix 1
shows all calf characteristics per rearing treatment.

Table 3. Calf characteristics of calves under different rearing conditions during the first four months of their life. Treatments being
housing (H1 on straw bedding, H2 on slatted floor (CalfOtel)), milk feeding (M1 receiving 52.3 kg milk replacer per animal and M2
receiving 69.2 kg milk replacer per animal) and feeding (R1 receiving regular fed roughage and R2 receiving an innovative all-in-one
mixture roughage). Values represent means ±STD with corresponding p-values. P-values are obtained with use of Model 1 in which
the variables in the first column of this Table were used as dependent variables.
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Animals (n)
Birth weight (kg)
Weight week9 (kg)
Weight week26 (kg)
Total colostrum (L)
IgG blood day 2 (g/L)
Antibiotics treatment total (d)
Haptoglobin blood day D70
(g/L)
Total milk consumption (L)
Feed intake total (kg)
Feed intake (kg/animal/d)
avgTDS1^
avgTDS2^
Time spent eating fourth
month (%)
Time spent ruminating fourth
month (%)
Time spent standing fourth
month (%)
Steps fourth month
(n/animal/d)
Standing up fourth month
(n/animal/d)

Housing (H)
H1
H2
123
45
41.28 ± 4.04 40.53 ±
3.36
89.58 ±
93.28 ±
11.69
9.94
209.7 ±
211.3 ±
22.09
26.57
4.46 ± 1.06
4.47 ±
1.16
14.56 ± 7.52 13.27 ±
6.70
3.55 ± 3.29
1.14 ±
2.16
0.09 ± 0.23
0.06 ±
0.02
381.4 ±
379.0 ±
48.28
52.15
2,945 ±
1,224 ±
739.8
393.8
2.38 ± 0.59
2.51 ±
0.68
1.13 ± 0.70
1.52 ±
0.89
1.31 ± 0.86
2.36 ±
0.47
14.99 ± 5.82 13.86 ±
5.44
23.47 ± 6.87 22.94 ±
7.80
33.84 ± 3.84 30.41 ±
2.72
4,567 ±
3,815 ±
1,182
647.0
21.37 ± 3.75 18.71 ±
2.98

Milk feeding (M)
M1
M2
87
81
40.94 ± 4.03 41.20 ±
3.70
89.59 ±
91.69 ±
11.35
11.26
205.5 ±
214.7 ±
23.69
22.11
4.46 ± 0.97
4.47 ±
1.22
14.74 ± 6.75 13.63 ±
7.83
3.11 ± 3.11
2.61 ±
3.28
0.09 ± 0.25
0.07 ±
0.13
339.0 ±
423.6 ±
17.68
30.99
2,119 ±
2,050 ±
1,047
1,087
2.46 ± 0.60
2.44 ±
0.68
1.41 ± 0.70
1.08 ±
0.82
1.87 ± 1.14
1.37 ±
1.15
14.31 ± 5.80 14.94 ±
5.64
23.16 ± 7.25 23.44 ±
7.12
31.98 ± 3.86 33.46 ±
3.73
4,001 ±
4,648 ±
861.5
1,209
20.38 ± 3.36 20.61 ±
4.09

Feeding (R)
R1
R2
82
86
41.05 ± 3.96 41.08 ± 3.78

H
0.48

M
0.47

R
0.31

P-values
HxM
0.67

HxR
0.64

MxR
0.08

HxMxR
0.25

92.09 ±
12.19
210.9 ±
22.55
4.32 ± 1.04

89.22 ±
10.31
209.3 ±
24.12
4.61 ± 1.13

0.35

0.80

0.02*

0.86

0.33

0.17

0.46

1.00

0.52

0.11

0.78

0.94

0.16

0.47

0.85

0.83

0.33

0.91

0.96

0.91

0.81

13.23 ± 6.58

15.19 ± 7.89

0.65

0.34

0.01*

0.18

0.14

0.55

0.90

2.62 ± 3.17

3.10 ± 3.23

0.02*

0.58

0.09

0.28

0.07

0.12

0.06 ± 0.02

0.11 ± 0.28

P<0.01
**
0.96

0.94

0.03*

0.89

0.21

0.41

0.54

378.9 ±
51.24
1,572 ±
742.4
1.86 ± 0.10

382.5 ±
47.49
2,597 ±
1,081
3.04 ± 0.26

0.39

P<0.01
**
0.37

0.28

0.64

0.27

0.73

0.65

0.89

P<0.01
**
0.51

0.58

0.73

0.76

0.65

1.29 ± 0.83

1.19 ± 0.72

0.80

0.17

1.55 ± 1.02

0.40

0.02*

17.17 ± 5.61

12.23 ± 4.71

0.01*

0.56

0.05

28.29 ± 4.72

18.62 ± 5.79

0.33

0.52

0.83

0.03*

0.42

0.29

33.86 ± 3.39

31.64 ± 3.98

0.03*

0.03*

0.05

0.59

0.77

0.22

4,268 ±
1,037
20.20 ± 3.05

4,367 ±
1,147
20.77 ± 4.26

0.37

P<0.01
**
0.24

P<0.01
**
P<0.01
**
P<0.01
**
0.38

P<0.01
**
P<0.01
**
0.18

0.03*

1.68 ± 1.30

P<0.01
**
P<0.01
**
0.29

P<0.01
**
P<0.01
**
P<0.01
**
0.10

0.02*

0.16

0.45

0.03*

0.08

0.25

0.15

0.36

0.41

P<0.01
**
0.89

0.32

0.53

0.40
0.11

0.94
0.69
0.03*

* P is significant with α = 0.05
** P is significant with α = 0.01
^ avgTDS = average Total Deficiency Score (1 = without cleanliness score, 2 = with cleanliness score)
Significant interactions between housing and milk feeding (HxM) were found for avgTDS2 (p = 0.03), time
spent eating at the fourth month (p = 0.01) and the number of steps taken at the fourth month (p = 0.02).

Figure 3. Visualization of interactions between housing (H1 on straw bedding, H2 on slatted floor (CalfOtel)), and milk feeding (M1 receiving 52.3 kg
milk replacer per animal and M2 receiving 69.2 kg milk replacer per animal) on time spent eating at fourth month of age (left) and avgTDS2 (right).
H1M1 indicating interaction between straw housing and low milk feeding, H1M2 indicating interaction between straw housing and high milk feeding,
H2M1 indicating interaction between slatted rubber floor housing and low milk feeding and H2M2 indicating interaction between slatted rubber floor
housing and high milk feeding.

Figure 3 shows two significant interactions. The other interaction plots are illustrated in Appendix 2.
Calves housed on straw and fed a high level of milk feeding had a higher percentage of time spent eating,
compared with calves housed on straw and fed low level of milk feeding (Figure 3). Calves housed on
slatted rubber floors and fed a low level of milk feeding had a higher percentage of time spent eating,
compared with calves housed on slatted rubber floors and fed high level of milk feeding (Figure 3; p =
0.01). Calves housed on straw and fed a low level of milk feeding had a higher TDS with cleanliness score
compared with calves housed on straw with a high level of milk feeding (Figure 3). Calves housed on slatted
rubber floors and fed a low level of milk feeding had higher TDS with cleanliness scores compared with
calves housed on rubber slatted floors and fed a high level of milk feeding. Despite the level of milk feeding,
calves housed on slatted rubber floors showed higher TDS with cleanliness scores compared with calves
housed on straw (Figure 3; p = 0.03). Calves housed on straw and fed a high level of milk feeding took more
steps at month four compared with calves housed on straw and fed low level of milk feeding. For calves
housed on slatted rubber floors also less steps were taken when fed a low level of milk feeding compared
with housing on slatted floors with a high level of milk feeding. Despite the level of milk feeding, more
steps were taking during month four for calves housed on straw compared with calves housed on slatted
rubber floors (p = 0.02).
Calves housed on straw and fed the innovative mixture feed, had a higher feed intake in group housing
compared with calves housed on straw and fed with the regular feed. Calves housed on slatted rubber
floors had higher feed intake during group housing when fed the innovative mixture feed compared with
calves housed on slatted rubber floors that were fed the regular feed. Despite feeding type, higher feed
intake during group housing was seen for calves housed on straw compared with slatted rubber floors
(p<0.01). For total feed intake (p<0.01), the interaction was the same as just explained for feed intake
during group housing. Calves housed on straw and fed the innovative mixture feed had a higher TDS with
cleanliness score and without cleanliness score compared with calves housed on straw fed the regular

feed. Calves housed on slatted rubber floors and fed the regular feed had higher TDS with cleanliness score
and without cleanliness score compared with calves housed on rubber slatted floors and fed the innovative
mixture feed (p<0.01 for both). Calves housed on slatted rubber floors and fed regular feed had more time
spent ruminating during the second month compared with calves housed on slatted rubber floors that
were fed the innovative mixture feed. For calves housed on straw, no difference in time spent ruminating
during second month was found between being fed the regular feed or innovative mixture feed (p = 0.04).
Calves housed on straw and fed regular feed had more time spent ruminating during the fourth month
compared with calves housed on straw that were fed the innovative mixture feed. For calves housed on
slatted rubber floors and fed regular feed, more time spent ruminating during the fourth month was
recorded compared with calves housed on slatted rubber floors that were fed the innovative mixture feed
(p = 0.03).
Calves that were fed low level of milk feeding and were fed the regular feed, had slightly less days of
antibiotic treatment for airway problems compared with calves fed the low level of milk feeding and the
innovative mixture feed. Calves that received high level of milk feeding with regular roughage feed, had
less days of antibiotic treatment for airway problems compared with calves that were fed the high level of
milk feeding with innovative mixture feed (p = 0.03). Calves that were fed low level of milk feeding and
were fed the regular feed, had lower TDS without cleanliness score compared with calves fed the low level
of milk feeding and the innovative mixture feed. Calves that were fed high level of milk feeding with regular
roughage feed, had higher TDS without cleanliness score compared with calves that were fed the high
level of milk feeding with innovative mixture feed (p = 0.03). Calves that received low level of milk feeding
and were fed the regular feed, had a slightly higher number of steps taken during month three of life
compared with calves fed the low level of milk feeding and the innovative mixture feed. Calves that were
fed high level of milk feeding with regular roughage feed, showed a higher number of steps taken during
month three of life compared with calves that were fed the high level of milk feeding with innovative
mixture feed (p = 0.01).
The three-way interaction between housing, milk feeding and feeding treatments (HxMxR) is found to be
significant for avgTDS2 (p = 0.02). Calves that were housed on slatted rubber floors, fed a low level of milk
feeding and received regular feed showed the highest TDS with cleanliness score compared with the other
interactions. Calves housed on straw, fed high level of milk feeding and that received regular feed had the
lowest TDS with cleanliness score compared with the other interactions. Calves that were housed on straw
and received high level of milk feeding had higher number of steps taken during fourth month of life
compared with all other calves, despite the feed type the calves received. Calves housed on slatted rubber
floors, fed low level of milk feeding and innovative mixture feed had lowest number of steps taken during
month four of life (p = 0.03). The least steps were taken during the fourth month of life when housed on
slatted floor, receiving low milk feeding and the innovative feed type.

4.1.2 Heifer characteristics
On average, the heifers first calved at an age of 733 days ( ± 39.8 days). The average daily milk yield during
first lactation was 23.70 kg/day (± 7.80 kg/day). Total milk production was on average 7,605.5 kg (± 1,490.2
kg) over an average of 364 days calving interval. Average percentages during first lactation for fat was
4.40%, for protein 3.41%, and for lactose 4.35%. Also, average SCC during first lactation was 77.47 *10^3
cells/mL) (± 177.63*10^3 cells/mL)).
Milk fat content, milk protein content, milk lactose content, SCC, AFC, mastitis incidence and daily milk
productions did not differ between the calf rearing treatments.
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Calving interval was shorter for the animals that were fed low level of milk feeding and innovative mixture
feed as a calf compared with animals that were fed low level of milk feeding and regular feed (Figure 4).
On the contrary, calving interval was longer for animals that were fed high level of milk feeding with
innovative mixture feed as a calf, compared with animals that were fed high level of milk feeding and
regular feed (Figure 4; p<0.01).

Figure 4. Visualization of interactions between milk feeding (M1 receiving 52.3 kg milk replacer per animal and M2 receiving 69.2 kg milk replacer per
animal) and feeding (R1 receiving regular fed roughage and R2 receiving an innovative all-in-one mixture roughage) on calving interval (d). M1R1
indicating interaction between low milk feeding and regular feed type, M1R2 indicating interaction between low milk feeding and innovative mixture
feed, M2R1 indicating interaction between high milk feeding and regular feed type and M2R2 indicating interaction between high milk feeding and
innovative mixture feed.
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Table 4. Milk production and mastitis incidence during the first lactation of dairy cows which had different rearing conditions. Conditions differed during the first four
months of age for housing (H1 on straw bedding, H2 on slatted floor (CalfOtel)), milk feeding (M1 receiving 52.3 kg milk replacer per animal and M2 receiving 69.2 kg
milk replacer per animal) and feeding (R1 receiving regular fed roughage and R2 receiving an innovative all-in-one mixture roughage). Values represent means ± STD
with corresponding p-values. P-values are obtained with use of Model 1 in which the variables in the first column of this Table were used as dependent variables.

Housing (H)
H1
H2
Cows (n)
123
45
Daily milk production 24.94 ± 24.84
(kg/d)
5.54
5.95
Total milk production 7,651 ± 7,483
(L)
1,461
1,594
Fat (%)
4.39
± 4.42
1.30
1.28
Protein (%)
3.42
± 3.39
0.92
0.90
Lactose (%)
4.35
± 4.33
1.10
1.10
Somatic Cell Count
78.33 ± 75.04
(10^3 cells/mL)
182.00
164.69
Mastitis incidence
AFC^ (days)
734.87 ± 728.59
39.74
40.19
Calving Interval (days) 366.15 ± 357.53
40.96
36.90
* P is significant with α = 0.05
** P is significant with α = 0.01
^AFC= Age at First Calving

±
±
±
±
±
±

±
±

Milk feeding (M)
M1
M2
87
81
25.32 ± 24.46 ±
5.79
5.47
7,833 ± 7,364 ±
1,588
1,358
4.43
± 4.36 ±
1.31
1.28
3.42
3.40 ±
±0.91
0.92
4.34
± 4.34 ±
1.08
1.11
80.09 ± 74.54 ±
161.86
193.63
728.81 ± 737.53
33.32
± 45.39
369.33 ± 357.94
43.87
± 34.66

Feeding (R)
R1
R2
82
86
24.97 ± 24.86
5.27
6.00
7,650 ± 7,563
1,365
1,614
4.40 ± 4.39
1.33
1.26
3.41 ± 3.41
0.93
0.91
4.32 ± 4.36
1.12
1.08
74.70 ± 80.12
136.42
209.65
733.54
732.70
± 38.53 41.28
366.54
361.27
± 43.92 35.92

H
± 0.98

M
0.81

R
0.74

P-values
HxM
HxR
0.61
0.97

± 0.82

0.10

0.36

0.73

0.58

0.29

0.68

± 0.94

0.15

0.57

0.47

0.96

0.39

0.71

± 0.43

0.12

0.16

0.76

0.71

0.07

0.73

± 0.48

0.82

0.55

0.54

0.98

0.95

0.87

± 0.32

0.85

0.93

0.25

0.12

0.99

0.07

0.79
± 0.74

0.72
0.11

0.69
0.87

0.86
0.60

0.26
0.80

0.61
0.55

0.98

± 0.64

P<0.01
**

0.02*

0.86

0.63

P<0.01
**

0.43

MxR
0.42

HxMxR
0.73

4.2 Analyses
4.2.1 Relationships between calf rearing treatments and cow performance
Resulting p-values from the model analyses are seen in Table 4 for total milk production and mastitis
incidence. Table 4 contains raw means as there was low difference with least-squares means. The R
outputs that contain corresponding p-values can be found in Appendix 5.1 and 5.2. Model 1 was used for
the analysis. Both for total milk production and mastitis incidence, none of the p-values were significant.

4.2.2 Relation between calf characteristics and cow performance
A Pearson correlation test was used to determine which calf characteristics were used in the statistical
models. Calf characteristics that significantly correlated with milk production were: first colostrum intake
(L), steps taken during second month of age, time spent eating during first and second month of age, and
total milk consumption. Correlations among these characteristics can be seen in Table 5.
Table 5. Correlations between variables that significantly correlated with total milk production to determine input for model analysis. Values
indicate correlations among the characteristics.

First colostrum (L)
Steps second month
(n/animal/d)
Time spent eating first
month (%)
Time spent eating second
month (%)
Total milk consumption
(L)

First
colostrum (L)
1.00
0.26

Steps second month
(n/animal/d)
0.26
1.00

Time spent eating
first month (%)
0.29
0.37

Time spent eating
second month (%)
0.15
0.56

Total milk
consumption (L)
0.45
0.58

0.29

0.37

1.00

0.68

0.68

0.15

0.56

0.68

1.00

0.52

0.45

0.58

0.68

0.52

1.00

Red values indicate correlations crossing the threshold of 0.60, which can result in high collinearity.
Therefore, time spent eating in the first month of age was removed from the analysis as this variable
correlated too strongly with time spent eating during the second month of age and total milk consumption.
The eventual characteristics that were included in the model for total milk production were first colostrum
intake (L), steps taken during second month of age, time spent eating during second month of age and
total milk consumption. P-values of the final model analysis are presented in Table 8 for which Model 2
was used. R outputs of the analysis with corresponding p-values are found in Appendix 5.3. The correlation
matrix can be fully viewed in Appendix 3.
For mastitis incidence the means of calf characteristics were calculated for animals with mastitis and
animals without mastitis. P-values explained whether the difference between those groups was significant.
Table 6 shows a selection of the calf characteristics (Means ± STD) per rearing treatment. Appendix 4
shows Means ± STD of all calf characteristics for groups that were or were not diagnosed with mastitis.
Table 6. Calf characteristics of animals with mastitis (Yes) or without mastitis (No) to determine input for model analysis. Values indicate
mean ± STD with corresponding p-values.

Birth weight (kg)
Weight week9 (kg)
Weight week26 (kg)

Mastitis incidence means
Yes (1)
No (0)
40.34 ± 3.27
41.26 ± 3.79
92.09 ± 7.39
91.23 ± 11.71
210.64 ± 34.03
211.40 ± 23.78

P-values
0.26
0.73
0.88

Total colostrum (L)
IgG blood day 2 (g/L)
IgG blood day 42 (g/L)
IgG blood day 70 (g/L)
Antibiotics treatment
total (days)
Haptoglobin blood day
D70 (g/L)
Total milk consumption
(L)
Feed intake total (kg)
Feed intake
(kg/animal/day)
avgTDS1
avgTDS2
Time spent eating fourth
month (%)
Time spent ruminating
fourth month (%)
Time spent standing third
month (%)
Time spent standing
fourth month (%)
Steps fourth month
(n/animal/day)
Standing up second
month (n/animal/day)
Standing up fourth month
(n/animal/day)

4.45 ± 1.11
14.14 ± 7.28
9.59 ± 4.21
12.56 ± 8.30
2.86 ± 3.19

4.45 ± 1.11
14.14 ± 7.28
9.59 ± 4.21
12.56 ± 8.30
2.86 ± 3.19

1.00
1.00
1.00
1.00
1.00

0.08 ± 0.20

0.08 ± 0.20

1.00

384.65 ± 61.84

378.03 ± 49.32

0.53

2,084.92 ±
1,034.92
2.45 ± 0.62

2,084.92 ± 1,034.19

1.00

2.45 ± 0.62

1.00

0.97 ± 0.44
1.33 ± 0.79
14.43 ± 4.29

1.28 ± 0.73
1.71 ± 1.17
14.43 ± 5.66

0.14
0.26
1.00

20.76 ± 8.85

23.31 ± 7.31

0.11

29.23 ± 3.80

30.86 ± 3.40

0.03*

30.25 ± 4.11

32.60 ± 3.85

P<0.01**

4,166.86 ± 828.86

4,251.96 ± 1,076.11

0.72

19.79 ± 4.86

21.65 ± 4.29

0.04(99)*

20.72 ± 4.86

20.36 ± 3.62

0.66

Correlations among the characteristics were checked as seen in Table 7.
Table 7. Correlations between variables that significantly differed between groups with absence or presence of mastitis incidence. These
correlations are used to determine input for model analysis. Values indicate correlations among the characteristics.

Time spent standing Time spent standing Standing up second
third month (%)
fourth month (%)
month (n/animal/day)
Time spent standing third 1.00
0.91
0.45
month (%)
Time spent standing fourth 0.91
1.00
0.44
month (%)
Standing up second month 0.45
0.44
1.00
(n/animal/day)
Time spent standing during third month of age was strongly correlated with time spent standing during
fourth month of age. Therefore, the calf characteristics that were applied in the logistic regression model
for mastitis incidence were time spent standing during fourth month of age and number of times standing
up during second month of age. Table 8 shows the p-values that resulted from the final model analysis, for
which Model 2 was used.
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The R outputs of the analyses with corresponding p-values can be found in Appendix 5.4. Model
assumptions were checked and for both milk production and mastitis incidence, no adaptations to the
data were needed to fit the model.
Table 8. Regression coefficients and p-values of the relationships between calf characteristics and milk production and mastitis incidence. Characteristics were
chosen based on Pearson correlations for total milk production and significant difference per characteristic between presence and absence of mastitis for
mastitis incidence. P-values resulted after analysis of the statistical models.

First colostrum intake
Standing month 4
Steps month 2
Standing up month 2
Eating month 2
Total milk consumption

Total milk production
Regression coefficients
-27.07
0.03
-32.91
-4.50

* P is significant with α = 0.05

P-values
0.67
0.74
<0.01**
<0.01**

Mastitis incidence
Regression coefficients
-0.002
-0.001
-

P-values
0.02*
0.11
-

** P is significant with α = 0.01

A negative relation was found between total milk consumption and total milk production (p < 0.01) as
indicated in Figure 5 and by the regression coefficient in Table 8. The same was found for time spent eating
during month two of life and total milk production (p<0.01). Relation between time spent standing at
fourth month and mastitis incidence showed that animals diagnosed with mastitis, spent less time
standing during month four of age (p = 0.02) as seen with its regression coefficient (Table 8; Figure 5).

Figure 5. Significant relations between total milk consumption as calf and total milk production as cow (upper left; p < 0.01), between time
spent eating during month two of life and total milk production (upper right; p<0.01) and between time spent standing at month 4 of age
and mastitis incidence in later life (below; p = 0.02).
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4.2.3 Relationships between calf rearing treatments and cow performance with resilience
Preliminarily analysis showed that the estimated breeding values (EBV) for the LnVar of resilience showed
no significant relation with treatments. EBVs were available for 224 (out of 224) calves and 168 (out of
168) heifers in the current dataset. The average EBV for LnVar on resilience and standard deviation was
0.17 (± 0.12). Table 9 presents regression coefficients and p-values for treatments, interactions and EBV
for the LnVar for total milk production. For this analysis, Model 1 was used to which the EBV for LnVar was
added as a covariate. Outcomes of the analyses as done in R with corresponding p-values can be found in
Appendix 5.5 and 5.6.
Table 9. Regression coefficients and p-values for the relationships between calf rearing treatments, the EBV for LnVar of resilience, and
total milk production and mastitis incidence. Model 1 was used to which the EBV was added as a covariate. Treatments differed during the
first four months of age for housing (H1 on straw bedding, H2 on slatted floor (CalfOtel)), milk feeding (M1 receiving 52.3 kg milk replacer
per animal and M2 receiving 69.2 kg milk replacer per animal) and feeding (R1 receiving regular fed roughage and R2 receiving an
innovative all-in-one mixture roughage). P-values resulted after analysis of the statistical models. Regression coefficients indicate the
increase or decrease of the dependent variable when using H2, M2 or R2 compared with using H1, M1 or R1 respectively.

Housing (H)
Milk feeding (M)
Feeding (R)
HxM
HxR
MxR
HxMxR
EBV

Total milk production
Regression P-values
coefficients
-112.30
0.82
-634.60
0.09
-250.90
0.50
-328.20
0.68
307.40
0.67
489.70
0.36
-422.10
0.69
2,532.80
0.01*

Mastitis incidence
Regression P-values
coefficients
-0.10
0.91
0.21
0.79
0.30
0.69
0.39
0.67
1.11
0.23
-0.83
0.38
2.39
0.20

As was the same as for the analysis of treatment effects on cow performance without the EBV for LnVar
for resilience, none of the rearing treatments affected milk production or mastitis incidence during the
first lactation. The EBV for the LnVar was positively related with total milk production per lactation (p =
0.01) as indicated by its regression coefficient (Table 9) and as illustrated in Figure 6.

Figure 6. Illustration of the positive relation in a scatter plot between the EBV for LnVar of resilience and total milk production (p<0.01).
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The trendline in Figure 6 indicates a positive significant relation between EBV for LnVar of resilience and
total milk production.

4.2.4 Relation between calf characteristics and cow performance with resilience
Calf characteristics that were used for the analysis with the EBV for LnVar of resilience, are the same
characteristics as selected earlier in the results (section 4.2.2). Outcomes of the analyses as done in R with
corresponding p-values can be found in Appendix 5.7 and 5.8. For this analysis, Model 2 was used to which
the EBV for LnVar was added as a covariate. Table 10 shows the p-values that result from the ANCOVA
model analyses on milk production and mastitis incidence.
Table 10. Regression coefficients and p-value outcomes of model analyses of calf characteristics and cow performance. Model 2 was used to which
the EBV for LnVar of resilience was added as a covariate. Characteristics were chosen based on Pearson correlations for total milk production, and
significant difference per characteristic between presence and absence of mastitis for mastitis incidence. P-values resulted after analysis of the
statistical models.

First colostrum
Steps second month
Eating second
month
Total milk
consumption
Standing fourth
month
Standing up second
month
EBV

Total milk production
Regression
P-values
coefficients
-21.62
0.73
0.01
0.87
-36.59
P<0.01**

Mastitis incidence
Regression
P-values
coefficients
-

-4.67

P<0.01**

-

-

-

-

-0.002

0.02*

-

-

-0.001

0.15

1,730.15

P<0.01**

0.04

0.15

Also, in this model (like in the model with calf rearing treatments) the EBV for LnVar of resilience showed
a positive relationship with total milk production as is illustrated in Figure 6 and by its regression coefficient
(Table 10). Total milk consumption (p<0.01) and time spent eating during second month of age (p<0.01)
are negatively related to total milk production as well, as indicated by their regression coefficients (Table
10) and as illustrated in in Figure 5. Analysis on the relation between calf characteristics and mastitis
incidence without including the EBV for LnVar, again showed that mastitis incidence was significantly
affected by time spent standing at the fourth month, by its regression coefficient (Table 10) and as
illustrated in Figure 5.
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5. Discussion
In this study, relations between calf rearing treatments and cow performance and between calf
characteristics and cow performance were investigated, as well as the relation between the EBV for LnVar
of resilience and cow performance.

5.1 Relationships between calf rearing treatments and cow performance
In the current study, calf rearing treatments during the first 4 months of life did not affect milk production
or mastitis incidence during the first lactation. One of the calf rearing treatments was milk feeding for
which milk replacer was used. The difference between the two treatment levels was quite small (namely
1.8 kg/day/animal), which may have caused that no significant effect was found on later cow performance.
Other studies, such as Maccari et al. (2015), did find a relation between milk feeding and milk production,
but a larger difference in milk feeding was used between groups (namely 4.5 kg/day/animal). In addition,
using whole milk might have resulted in a different outcome as whole milk, compared with milk replacer,
has proven to beneficially affect milk production in later life. Heifers fed whole milk produced 10% more
on average during their first lactation compared with heifers fed milk replacer (Moallem et al., 2010).
However, in another study no relation was found between feeding different whole milk amounts and
future milk production (Kiezebrink et al., 2015). Kiezebrink et al. (2015) did find a trade-off where high milk
feeding of whole milk did relate to a reduced starter feed intake preweaning, which in its turn relates to a
decreased daily weight gain. Therefore, an optimum amount of whole milk feeding should be used, as feed
intake during the first few months of life is an important factor due to a positive association between
growth rate or plane of nutrition with future milk production (Sejrsen et al., 1982). In the current study,
calves were weaned after the age of 9 weeks. The length of the period in which calves receive milk can
affect calf performance, especially regarding weight gain (Bjorklund et al., 2013). Calves weaned abruptly
(in 4 days) had lower starter intake and even lost weight compared with calves that were weaned gradually
(in 10 or 22 days) (Sweeney et al., 2010). Weaning after 10 days showed best results because of highest
overall weight gains in the calves.
Roughage feeding as a calf did not affect milk production in later life. This is unexpected as heifers that are
fed improved nutrition and feeding, will obtain a higher average daily gain (Chuck et al., 2018). A higher
average daily gain positively affects milk, fat and protein production during the first lactation (Chuck et al.,
2018). However, Chuck et al. (2018) looked at heifers postweaning, in this study we also looked at the
heifers preweaning. Due to this difference, other circumstances might play a role which can result in the
lack of a relationship between roughage feeding and milk production. For example, in the current study
milk feeding affected the amount of roughage feed intake (van Reenen, 2020), which is not the case in the
study of Chuck et al. (2018). Also, for roughage feeding, only two treatments were tested, regular fed
roughage and an innovative all-in-one mixture roughage. Testing more feeding treatment types would give
information on more diverse situations which might have led to a significant relation.
Difference in housing during the rearing period did not affect milk production. For this thesis we looked at
two different housing types, straw bedding, and a CalfOtel (slatted rubber floors). Slatted rubber floor
housing was expected to be related to better cow performance as it was easier to keep clean compared
with straw bedding. However, cleanliness of the housing was not obtained, but as found by Quigley et al.
(2017), cleanliness does affect cow performance indirectly. Calves that were housed on dirty bedding grew
slower than calves in clean bedding. Housing therefore eventually affects future milk production, as
housing affects average daily weight gain (Quigley et al., 2017). Calves on straw were housed in groups of
10 and calves in the CalfOtel were housed in groups of 4. Higher incidence of respiratory disease and lower
growth is found in calves housed in large groups (12-18 calves) compared with calves housed in small
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groups (6-9 calves) (Svensson & Liberg, 2006), which is in line with what was found for calf housing in the
Innocalf experiment as explained in the literature review (van Reenen, 2020). Indirectly, milk production
might be affected by group size due to calf growth and health. However, to study a direct link between
housing and milk production, more research is needed. In the current study, only two types of housing
were used. As said for feeding, when testing more treatment conditions, the relation between calf rearing
and cow performance could be tested for more diverse situations.
In the current study, calf rearing treatment did not affect mastitis incidence during the first lactation. No
literature was found on the relation between calf rearing and mastitis incidence in later life or cow health
in general. With regards to milk feeding of the animal, colostrum intake is most important due to obtaining
IgG passively. In the current study, colostrum feeding did not differ for animals in different treatment
groups, as the milk feeding treatment started after colostrum was fed (van Reenen, 2020). Quigley et al.
(2017) found that calves that obtained higher amounts of IgG in colostrum needed less days with medical
treatments and showed less abnormal faeces compared with calves obtaining lower amounts of IgG in
colostrum. A decreased effect of infectious diseases such as diarrhoea and respiratory diseases, can
positively affect performance in later life (Correa et al., 1988; Svensson & Hultgren, 2008). Assumed is that
no relation was found as mastitis is mainly affected by other factors such as milking during which about
80% of infections in cows take place due to bacterial transmission (GD, n.a.).
Higher amount of concentrate feeding before first calving and higher growth rates before breeding are
risk factors for clinical mastitis during lactation (Hultgren & Svensson, 2009). Hultgren & Svensson (2009)
also concluded that variation in mastitis risk is mostly based on lactation level, meaning that factors such
as age, parity, and milk production, as well as diseases, feeding and management during the lactation play
a role. When calves either have a very high of very low feed intake as calf, skeletal growth can be negatively
affected which can eventually result in poor cow health (Erb et al., 1985). In the current study, feeding
differed in type of feed, not amount, but amount of feed intake can influence cattle health as well.
Housing calves in group Igloo hutches outside resulted in lower respiratory disease incidence and shorter
persistence of illness compared with calves housed in a calf barn (Wójcik et al., 2013). In the current study,
calves housed on slatted rubber floors were housed outside during the whole experiment whereas calves
housed on straw were individually housed outside after which they were moved to group housing indoors.
As is in line with Wójcik et al. (2013), calves housed on slatted rubber floors (outside) had less days of
antibiotics treatment for respiratory diseases compared with the calves housed on straw (inside) (van
Reenen, 2020). However, the total deficiency with cleanliness score was higher for calves housed outside
compared with inside. The time period between calf rearing and first lactation is quite long meaning that
other reasons might have contributed to the lack of a relationship between calf rearing treatments and
mastitis incidence. For example, the sample size of 168 cows is limited to study disease incidence. This can
result in missing significant relations that would be found if the sample size was bigger (Charan &
Kantharia, 2013). Almost all variation in mastitis risk can be assigned to events and factors on lactation
level instead of herd or cow level. Searching for a relation between mastitis incidence and calf rearing
might be too early in the life of the animal to be found. Also, for this study the choice was made to focus
on mastitis incidence due to time constraints and personal interests, while multiple other diagnoses were
known as well such as a fever, metabolic diseases, diarrhoea, claw disorders and genital disorders.
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5.2 Relation between calf characteristics and cow performance
In the current study, milk production was higher for cows that consumed less milk as a calf and milk
production was lower for animals that consumed more milk as a calf, indicating a negative relation as seen
in Figure 5. It is important to note that low or high total milk consumption do not indicate the treatments
low milk feeding (M1) or high milk feeding (M2). The highest total milk consumption was measured on
487.50 kg and the lowest total milk consumption on 283.90 kg. Whereas a negative relation is found in
this study, positive relations between milk consumption and milk production have been found in literature.
Calves that have higher milk consumption due to ad libitum feeding (8.0 kg milk/day) show a faster growth
compared with calves fed restricted amount of milk (3.5 kg milk/day) (Maccari et al., 2015), which has
proven to lead to a higher milk production in later life (Moallem et al., 2010; Svensson & Hultgren, 2008).
No relation is known in the current study between the growth of calves and their total milk consumption.
In the study of Maccari et al. (2015), the difference in average milk consumption between both groups was
more than 50%. In the current study, the difference between the calves consuming low amounts of milk
and high amounts of milk was around 25%. Since the difference in the current study is lower, it might not
be big enough which is why no relationship was found between total milk consumption and calf growth.
Providing good nutrient value for both liquid and solid calf feeds and maintaining average daily gain on a
minimum of 0.5 kg/day can directly improve milk production in first lactation (Gelsinger et al., 2016). This
was tested with 21 treatment groups differing in amounts of milk feeding and a difference between whole
milk and milk replacer. The calves in the current study had an average daily gain of 0.94 g/day which is a
lot lower than the minimum as studied by Gelsinger et al. (2016). Faster growth can result from high milk
consumption as explained above (Maccari et al., 2015). This faster growth however can also result in
formation of more fat mass than lean mass (Ford et al., 2007). With high fat body mass, there is a higher
chance of becoming obese and a higher chance to get type 2 diabetes as seen in rats (Bertin et al., 1999;
Desai & Hales, 1997; Hales & Ozanne, 2003). For cows no clear relation between fat body mass, obesity
and diabetes type 2 during lactation is known, and therefore more research is needed. Obesity and type 2
diabetes both negatively affect the condition of the cow, which in its turn can negatively affect milk
production (Rasmussen et al., 2001). Calves can better be fed amounts of milk that are not too high, to
prevent large formation of fat body mass but achieve a sufficient amount of body weight, so that milk
production later in life is less affected. To know how much milk should be fed, more research is needed.
Besides, fast growth of the calf due to high milk consumption, often results in early maturation of the
animal, meaning that the AFC often decreases as well (Heinrichs, 1993; Place et al., 1998). Van Eetvelde et
al. (2020) concluded from data analysis on 3,810,678 Holstein Friesian heifers, that there is a positive
relation between AFC and milk production meaning that a low AFC is related with a lower milk production
compared with a high AFC.
The more time a calf spent eating during second month of life, the lower the total milk production in later
life was as seen in Figure 5. Milk production is partly dependent of growth, as high daily weight gain
between weaning and first lactation showed increased milk production (Svensson & Hultgren, 2008).
Growth in its turn largely depends on nutrition, where a large diet results in higher weight gain compared
with a restricted diet (Maccari et al., 2015). Increased feed intake does not immediately indicate increased
time spent on eating, and not only amount of feed intake affects calf growth, quality of the feed does as
well (Bach, 2012; Svensson & Hultgren, 2008). Data on feed intake was only known on total feed intake
after four months and on average feed intake per animal per day. Both these data records did not correlate
with time spent eating. To define whether there is a relationship between time spent eating as calf and
the amount of feed intake, daily observations can best be used. It might be that weaker calves in this study
spent more time on eating to catch-up compared with stronger calves (Van Eetvelde & Opsomer, 2020).
Condition as a calf does affect performance in later life and therefore milk production (Heinrichs et al.,
2005). This might explain the relation that was found, however more research is needed to prove that this
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is the cause. In later life, time spent feeding during lactation does affect milk production in a way that
increased time spent on feeding, can increase milk production (Johnston & De Vries, 2018).
Animals that were not diagnosed with mastitis during the first lactation, had a higher amount of time spent
standing during the fourth month of life as seen in Figure 5. No literature was found on the relation
between time spent standing as a calf and mastitis incidence, or cow health in general. However, indirectly
calf activity and calf health are related, after which calf health is positively related to cow health. Activity
of calves depends largely on type of housing, whether they are group housed or pair housed. Pair housed
calves spend more time standing and moving and spend less time focused on the surroundings outside of
the pen (Chua et al., 2002). Compared with group housed calves, the pair housed calves had increased
space for movement and more social interactions, while no negative consequences occurred for health
and growth. No negative consequences were found on calf health, but activity of the animals was higher
in pair housed calves compared with individually housed calves (Bučková et al., 2021). It was however also
found that pair housed calves spent more time laying down compared with individually housed calves
(Knauer et al., 2021). Type of housing thus affects activity and choice of movement of calves, but it did not
affect calf health (Knauer et al., 2021). Healthy and diseased calves were compared, regarding respiratory
diseases, and showed that diseased calves lay down longer, spent less time feeding and visit the milk bar
less often (Duthie et al., 2021). For future research, it can be studied whether there is a direct effect
between time spent standing as a calf and mastitis incidence in later life. Calves should be reared the same
way to not face influences of rearing, and again be equipped with a motion sensor to detect movement of
the calf. This can, later in life, be linked to mastitis incidence in the animals. A correction for genetic
predisposition on health factors needs to be applied to obtain realistic results.

5.3 Relation between EBVs for resilience and cow performance
A higher EBV for LnVar of resilience was related with a higher total milk production (Figure 6). High
resilience is indicated by a low LnVar of resilience. Thus, the lower the resilience, the higher the milk
production. This is in accordance with what was found in an earlier study where a positive (genetic)
correlation (0.10) was observed between LnVar and average milk production (Poppe et al., 2021b). Poppe
et al. (2021b) explained that this association can be explained because of scaling, as an increase in average
leads to proportional increase in variance (Falconer & Mackay, 1996). However, the relationship as found
in the current study can also be explained by a biological reason. Milk production might be lower with a
high EBV for LnVar of resilience, because it costs more energy for the cow to maintain this resilience and
overcome disturbances (Van der Waaij et al., 2000). Energy directed towards resilience can then not be
used for milk production. Also, cows with a high milk production often do not have a good health because
of higher genetic susceptibility for diseases, and therefore more fluctuations in milk production might be
found (Elgersma et al., 2018). For future research, it could be investigated whether a high EBV for LnVar
of resilience indeed means that less energy can be directed to milk production.
Most studies on the relation between fluctuations in milk production and resilience made use of daily milk
production data (Elgersma et al., 2018; Poppe et al., 2020), whereas in this study we looked at total milk
production. This choice was made due to complexity of the analysis with daily milk production records and
therefore time constraints. Overall no strong relations should be expected between LnVar and individual
traits as LnVar stands for general resilience meaning that it can be affected by many different factors
(Poppe et al., 2020; Putz et al., 2019).
No significant relation was found between the EBV for LnVar of resilience and mastitis incidence. However,
earlier studies have proven that cows with mastitis had a higher LnVar and were therefore considered less
resilient compared with cows that did not have mastitis (Kok et al., 2021). Herds with a high LnVar, a low
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resilience, were associated with bad health and lower survival (Poppe et al., 2021b). In the literature
review, it was explained that resilient animals are either resistant or tolerant to diseases. Mulder & Rashidi
(2017) found that EBV for resilience showed good response despite not using records on pathogen burden,
and can therefore be used in analyses, but with a lower selection response. Fluctuations in milk
production, resulting in an increased LnVar prior to mastitis diagnosis, can even be used to keep an eye on
udder health, also when milk production records during treatment for mastitis are left out (Kok et al.,
2021). Not finding a significant relation in this study between mastitis incidence and the EBV for LnVar of
resilience, might be due to the small sample size in this study. Other reasons why no significant outcome
was found, can be because of the choice of looking into mastitis diagnosis out of several disease variables,
as explained earlier in the discussion. In order to improve the study, future research could look into the
relation on how resilience affects a cow’s health with use of an experiment. This can be done by selecting
cows with difference in resilience to make sure you have a varying group, and then expose them to the
disease of interest. Blood variables and fluctuations in milk production can help detect the reaction to the
disease.
The EBVs for LnVar of resilience in the current study are calculated based on variation in milk production
records and therefore based on animals in lactation, not in early life. Since variation in milk production is
heritable, the EBV for LnVar of resilience can say something about the animal’s resilience in early life
(Elgersma et al., 2018). It is therefore expected that cows with a lower LnVar, thus animals with high
resilience, had less problems when facing disturbances such as a disease during early life as well. However,
more research is needed on the relation between EBV for LnVar of resilience and calf performance, for
example by including factors such as diseases or response to heat(stress) to determine the EBV as these
factors can also be measured in early life.
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6. Conclusion
Calf rearing conditions that differ in housing, milk feeding, and roughage feeding did not affect total milk
production or mastitis incidence of dairy cows during the first lactation. Calf characteristics however did
affect cow performance. For milk production, final analysis was done on first colostrum consumption (L),
number of steps taken during second month of life (n), time spent eating during second month of age (%)
and total milk consumption (L). Total milk consumption and time spent eating during the second month of
life were negatively related to total milk production. The higher the total milk consumption and time spent
eating during second month of life, the lower the total milk production in first lactation. Milk consumption
as a calf and milk production in later life are quadratically related with an optimum. Assumed is that total
milk consumption was too high for many calves, resulting in bigger onset of body fat mass which can affect
cow health and body score. Poor health and body condition score negatively affect milk production. Time
spent eating during second month of life and total milk production might be related because weaker calves
spent more time eating to catch-up compared with stronger calves. Calf condition does relate with
performance in later life and therefore milk production. Time spent standing during fourth month of age
(%) and number of times standing up during second month of age (n) were used in the model for mastitis
incidence. Time spent standing during fourth month of life was negatively related to mastitis incidence
during the first lactation. Cows that were not diagnosed with mastitis during their first lactation had spent
more time standing during the fourth month of life. Health status of the animal in later life partly depends
on health status as a calf and assumed is that healthier calves lay down less often and show more activity.
Lastly, the estimated breeding value (EBV) for resilience showed a positive relation with total milk
production, for which a high EBV for LnVar of resilience is related to lower resilience. Thus, the higher the
EBV, the higher the milk production. For high-producing cows, more energy might be directed to maintain
resilience, after which less energy can be directed towards milk production. However, future research is
needed to investigate this. The EBV for LnVar of resilience was not found to be related to mastitis incidence
in the current study. For future research a larger sample size is recommended to obtain more reliable
results.
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9. Appendices
12.1 Appendix 1
Calf characteristics per treatment group. Values indicating Means ± STD and corresponding p-values.
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Animals (n)
Birth weight (kg)
Weight week1 (kg)
Weight week3 (kg)
Weight week9 (kg)
Weight week12 (kg)
Weight week18 (kg)
Weight week26 (kg)
Parity dam (n)
Parity dam (class)
Birth season^
First colostrum (L)
Second colostrum (L)
Total colostrum (L)
Time birth-colostrum (mins)
Time birth-colostrum (hours)
Brix first colostrum by DC^^
Brix second colostrum by
DC^^
Brix first colostrum by
WBVR^^^

Housing (H)
H1
H2
160
64
41.28
+- 40.53
4.04
3.36
48.06
+- 4.41
58.67
6.58
89.58
+- 93.28
11.69
9.94
112.45
+- 121.13
14.38
11.13
162.98
+- 170.27
19.28
18.00
209.73
+- 211.30
22.09
26.57
2.56 +- 1.34 2.15
1.16
2.22 +- 0.82 1.97
0.79
2.37 +- 1.17 2.35
1.16
2.15 +- 0.72 2.12
0.76
2.07 +- 0.76 2.15
0.75
4.46 +- 1.06 4.47
1.16
94.73
+- 106.42
107.57
109.08
2.04 +- 1.76 2.20
1.77
24.74
+- 25.34
3.41
3.22
24.99
+- 24.56
3.38
3.38
24.81
+- 25.59
3.42
3.52

+-

++++++++++++++++-

Milk feeding (M)
M1
M2
112
112
40.94
+- 41.20
4.03
3.70
47.59
+- 48.55
4.41
4.40
56.40
+- 61.08
5.19
7.11
89.59
+- 91.69
11.35
11.26
113.34
+- 116.44
14.13
13.91
161.72
+- 168.45
19.55
18.24
205.56
+- 214.73
23.69
22.11
2.54 +- 1.34 2.34
1.26
2.20 +- 0.82 2.09
0.81
2.39 +- 1.07 2.33
1.26
2.09 +- 0.67 2.20
0.79
2.14 +- 0.74 2.05
0.77
4.46 +- 0.97 4.47
1.22
101.32
+- 94.81
111.76
104.17
2.15 +- 1.81 2.03
1.71
25.10
+- 24.72
3.22
3.49
24.77
+- 24.96
3.36
3.40
25.07
+- 24.99
3.20
3.74

+-

Feeding (R)
R1
R2
112
112
41.05
+- 41.08
+3.96
3.78
47.51
+- 48.56
+4.67
4.14
58.09
+- 59.21
+5.87
7.24
92.09
+- 89.22
+12.19
10.31
117.48
+- 112.35
+13.42
14.30
166.30
+- 163.81
+17.48
20.66
210.95
+- 209.35
+22.55
24.12
2.43 +- 1.28 2.46 +- 1.33

+-

2.16 +- 0.84

2.13 +- 0.80

0.62

0.29

0.81

0.89

0.44

0.52

0.88

+-

2.66 +- 1.32

2.06 +- 0.90

0.52

0.89

0.07

0.96

0.44

0.98

0.71

+-

2.05 +- 0.80

2.23 +- 0.64

0.77

0.77

0.37

0.35

0.75

0.38

0.57

+-

2.08 +- 0.69

2.11 +- 0.83

0.87

0.21

0.20

0.57

0.47

0.16

0.82

+-

4.32 +- 1.04

4.61 +- 1.13

0.85

0.83

0.33

0.91

0.96

0.91

0.81

+-

98.27
+106.76
2.06 +- 1.73

97.94
+109.51
2.12 +- 1.80

0.76

0.56

0.47

0.92

0.53

0.39

0.54

0.85

0.38

0.46

0.94

0.50

0.23

0.40

25.04
3.56
25.44
3.60
25.31
3.41

24.78
3.15
24.25
3.02
24.76
3.51

+-

0.19

0.62

0.72

0.40

0.41

0.89

0.34

+-

0.88

0.96

0.20

0.94

0.93

0.69

0.92

+-

0.10

0.93

0.65

0.41

0.21

0.99

0.24

+++++++-

++++-

+++-

H
0.48

M
0.47

R
0.31

P-values
HxM
0.67

HxR
0.64

MxR
0.08

HxMxR
0.25

-

-

-

-

-

-

-

-

-

-

-

-

-

-

0.35

0.80

0.02*

0.86

0.33

0.17

0.46

0.11

0.22

0.02*

0.82

0.29

1.00

1.00

0.06

0.23

0.35

0.52

0.42

0.58

0.36

1.00

0.52

0.11

0.78

0.94

0.16

0.47

0.38

0.29

0.29

0.54

0.54

0.41

0.76

IgG first colostrum (g/kg)

36.60
+12.73
14.74
+6.75
9.29 +- 3.84

2,944.49 +739.83

37.12 +13.94
13.27 +6.70
9.20
+3.82
10.55 +4.84
0.05
+0.37
0.69
+1.66
1.14
+2.16
0.06
+0.03
0.06
+0.02
1.31
+0.95
378.99 +52.15
3.21
+1.72
1,221.29
+- 393.54

Feed intake total (kg)

2,945.34 +739.75

1,224.50
+- 393.82

2,119.59 +1,047.46

Feed intake (kg/animal/d)

2.38 +- 0.59

+-

2.46 +- 0.60

avgTDS1^^^^

1.13 +- 0.70

+-

1.41 +- 0.70

avgTDS2^^^^

1.31 +- 0.86

+-

1.87 +- 1.14

Time spent eating first month
(%)
Time spent eating second
month (%)
Time spent eating third
month (%)

10.74
+4.91
9.86 +- 4.35

2.51
0.68
1.52
0.89
2.36
0.47
12.61
3.75
8.32
3.74
8.02
3.74

++-

10.03
+3.58
8.30 +- 3.54

+-

8.37 +- 4.04

IgG blood day 2 (g/L)
IgG blood day 42 (g/L)
IgG blood day 70 (g/L)
Antibiotics treatment
intestines (d)
Antibiotics treatment airways
(d)
Antibiotics treatment total (d)
Haptoglobin blood day 42
(g/L)
Haptoglobin blood day D70
(g/L)
Rabies vaccine reaction day
70 ( µg/L)
Total milk consumption (L)
Feed intake individual
housing (kg)
Feed intake group housing
(kg)

36.07
+14.20
14.56
+7.52
9.74 +- 4.37
13.34
+9.27
0.14 +- 0.62
3.12 +- 2.96
3.55 +- 3.29
0.06 +- 0.10
0.09 +- 0.23
1.50 +- 1.24
381.41
+48.28
0.84 +- 0.45

8.63 +- 4.15

13.52
+8.42
0.14 +- 0.62
2.78 +- 2.92
3.11 +- 3.11
0.06 +- 0.11
0.09 +- 0.25
1.60 +- 1.43
338.99
+17.68
2.76 +- 1.99
2,116.83 +1,048.93

36.14 +15.44
13.63 +7.83
9.91
+4.59
11.57 +8.21
0.09
+0.49
2.06
+2.79
2.61
+3.28
0.06
+0.05
0.07
+0.13
1.28
+0.77
423.64 +30.99
1.29
+1.01
2,048.96
+1,087.76
2,050.24
+1,087.17
2.44
+0.68
1.08
+0.82
1.37
+1.15
12.36 +5.26
10.48 +4.58
8.48
+4.03

37.69
+14.40
13.23
+6.58
10.50
+4.69
11.04
+5.86
0.06 +- 0.41

35.04
+13.72
15.19
+7.89
8.75 +- 3.54

0.53

0.56

0.84

0.54

0.68

0.37

0.51

0.65

0.34

0.01*

0.18

0.14

0.55

0.90

0.45

0.62

0.31

0.19

0.34

0.41

0.73

14.00
+9.98
0.17 +- 0.68

0.60

0.33

0.01*

0.82

0.16

0.58

0.70

0.28

0.17

0.84

0.45

0.36

0.12

0.16

2.14 +- 2.82

2.71 +- 2.91

0.05

0.72

0.03*

0.37

3.10 +- 3.23

P<0.01
**
0.02*

0.69

2.62 +- 3.17

0.58

0.09

0.28

0.07

0.12

0.06 +- 0.05

0.07 +- 0.11

P<0.01
**
P<0.01
**
0.83

0.62

0.12

0.85

0.42

0.15

0.27

0.06 +- 0.02

0.11 +- 0.28

0.96

0.94

0.03*

0.89

0.21

0.41

0.54

1.23 +- 0.83

1.60 +- 1.33

0.50

0.71

0.24

0.77

0.77

0.53

1.00

378.89
+51.24
2.01 +- 1.48

382.50
+47.49
2.05 +- 1.99

0.39

0.28

0.64

0.27

0.73

0.65

0.98

0.09

0.17

0.74

0.19

1,570.58 +743.33

2,595.21 +1,083.26

P<0.01
**
P<0.01
**

P<0.01
**
0.71
0.37

P<0.01
**

0.89

P<0.01
**

0.58

0.72

1,572.58 +742.36

2,597.25 +1,081.95

P<0.01
**

0.37

P<0.01
**

0.89

P<0.01
**

0.58

0.73

1.86 +- 0.10

3.04 +- 0.26

0.89

0.53

0.94

0.51

0.76

0.65

1.29 +- 0.83

1.19 +- 0.72

0.80

0.69

0.17

1.55 +- 1.02

0.40

0.40

0.02*

10.21
+4.48
9.32 +- 4.48

12.34
+4.67
9.40 +- 3.96

0.48

0.34

0.39

P<0.01
**
P<0.01
**
0.45

0.03*

1.68 +- 1.30

P<0.01
**
P<0.01
**
0.05

P<0.01
**
P<0.01
**
0.10

0.07

0.20

0.68

0.15

0.91

0.51

0.72

0.11

0.05

9.43 +- 3.87

7.49 +- 3.96

0.42

0.57

0.15

0.89

1.00

0.33

0.65

0.03*
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Time spent eating fourth
month (%)
Time spent ruminating first
month (%)
Time spent ruminating
second month (%)
Time spent ruminating third
month (%)
Time spent ruminating fourth
month (%)
Time spent standing second
month (%)
Time spent standing third
month (%)
Time spent standing fourth
month (%)
Steps second month
(n/animal/d)

14.99
+5.82
2.09 +- 2.16

13.86 +5.44
2.99
+1.57
10.37 +5.29
18.32 +6.71
22.94 +7.80
29.99 +2.28
29.08 +2.38
30.41 +2.72
3,465.03
+- 629.15

14.31
+5.80
2.05 +- 1.30

Steps third month
(n/animal/d)
Steps fourth month
(n/animal/d)

4,004.57 +965.25
4,567.76 +1,182.00

3,459.16
+- 673.45
3,815.33
+- 647.02

3,804.36 +887.77
4,001.36 +861.45

Standing up second month
(n/animal/d)
Standing up third month
(n/animal/d)
Standing up fourth month
(n/animal/d)

23.12
4.30
21.73
3.65
21.37
3.75

19.18
3.07
17.76
3.03
18.71
2.98

21.71
4.25
20.40
3.59
20.38
3.36

6.63 +- 4.27
14.68
6.66
23.47
6.87
30.80
2.65
31.90
3.57
33.84
3.84
3,560.27
634.05

++++++-

+++-

+++-

7.65 +- 4.98
15.49
6.99
23.16
7.25
30.45
2.71
30.99
3.76
31.98
3.86
3,470.36
577.51

++++++-

+++-

14.94 +5.64
2.60
+2.51
8.07
+4.90
16.26 +6.77
23.44 +7.12
30.61 +2.38
30.96 +3.19
33.46 +3.73
3,593.19
+- 687.24

17.17
+5.61
2.33 +- 1.75

12.23
+4.71
2.35 +- 2.32

0.29

0.11

0.20

8.46 +- 5.26

7.28 +- 4.55

17.13
6.44
28.29
4.72
30.72
2.47
31.38
3.58
33.86
3.39
3,526.73
638.56

14.69
7.09
18.62
5.79
30.36
2.63
30.60
3.35
31.64
3.98
3,528.41
630.11

3,845.78
+- 946.33
4,648.45
+1,209.85
21.84 +4.46
20.45 +4.26
20.61 +4.09

3,990.55 +1,033.46
4,268.27 +1,037.86
21.46
4.08
21.17
3.77
20.20
3.05

++++++-

+++-

0.01*

0.18

0.56

0.05

0.82

P<0.01
**
0.44

0.18

0.87

0.08

0.15

0.51

0.88

0.44

0.04*

0.86

0.76

+-

P<0.01
**
0.02*

0.57

0.48

0.94

0.20

0.69

0.62

+-

0.33

0.52

0.83

0.03*

0.42

0.29

+-

0.03*

0.52

P<0.01
**
0.09

0.28

0.17

0.28

0.25

+-

0.90

0.39

0.79

0.70

0.66

0.25

+-

P<0.01
**
0.03*

0.03*

0.05

0.59

0.77

0.22

+-

0.62

0.39

P<0.01
**
0.71

0.12

0.63

0.10

0.19

3,671.01 +762.77
4,367.30 +1,146.48

0.04*

0.13

0.86

0.80

0.44

0.01*

0.12

0.37

P<0.01
**

0.38

0.02*

0.16

0.45

0.03*

22.04
4.56
19.73
3.95
20.77
4.26

+-

0.02*

0.78

0.40

0.75

0.36

0.51

0.51

+-

P<0.01
**
0.32

0.11

0.85

0.52

0.70

0.07

0.85

0.24

0.08

0.25

0.15

0.36

0.41

+-

*P is significant with α = 0.05
**P is significant with α = 0.01
^ Season of birth: 1) spring, 2) summer 3) autumn 4) winter
^^ DC = Dairy Campus
^^^ WBVR = Wageningen Bio Veterinary Research
^^^^ avgTDS = average Total Deficiency Score

45

12.2 Appendix 2
Visualizations of interactions between calf characteristics and rearing treatments. Treatments are housing
(H1 on straw bedding, H2 on slatted floor (CalfOtel)), milk feeding (M1 receiving 52.3 kg milk replacer per
animal and M2 receiving 69.2 kg milk replacer per animal) and roughage feeding (R1 receiving regular fed
roughage and R2 receiving an innovative all-in-one mixture roughage).

12.2.1 Interaction between housing and milk feeding (HxM)
H1M1 indicating interaction between straw housing and low milk feeding, H1M2 indicating interaction
between straw housing and high milk feeding, H2M1 indicating interaction between slatted rubber floor
housing and low milk feeding and H2M2 indicating interaction between slatted rubber floor housing and
high milk feeding.
HxM interaction for number of steps taken at month four of age

12.2.2 Interaction between housing and feeding (HxR)
H1R1 indicating interaction between straw housing and regular roughage feeding, H1R2 indicating
interaction between straw housing and innovative mixture feeding, H2R1 indicating interaction between
slatted rubber floor housing and regular roughage feeding and H2R2 indicating interaction between slatted
rubber floor housing and innovative mixture feeding.
HxR interaction for total feed intake in group housing HxR interaction for overall total feed intake

HxR interaction for TDS without cleanliness score

HxR interaction for TDS with cleanliness score

HxR interaction for time spent ruminating during
month two of age

HxR interaction for time spent ruminating during
month four of age

12.2.3 Interaction between milk feeding and feeding (MxR)
M1R1 indicating interaction between low milk feeding and regular roughage feeding, M1R2 indicating
interaction between low milk feeding and innovative mixture feeding, M2M1 indicating interaction
between high milk feeding and regular roughage feeding and M2M2 indicating interaction between high
milk feeding and innovative mixture feeding.
MxR interaction for number of days that antibiotic
MxR interaction for TDS without cleanliness score
treatment took place
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MxR interaction for number of steps taken during month three of age

12.2.4 Interaction between housing, milk feeding and feeding (HxMxR)
H1M1R1 indicating interaction between straw housing, low milk feeding and regular roughage feeding,
H1M1R2 indicating interaction between straw housing, low milk feeding and innovative mixture feeding,
H1M2R1 indicating interaction between straw housing, high milk feeding and regular roughage feeding,
H1M2R2 indicating interaction between straw housing, high milk feeding and innovative mixture feeding,
H2M1R1 indicating interaction between slatted rubber floor housing, low milk feeding and regular
roughage feeding, H2M1R2 indicating interaction between slatted rubber floor housing, low milk feeding
and innovative mixture feeding, H2M2R1 indicating interaction between slatted rubber floor housing, high
milk feeding and regular roughage feeding, H2M2R2 indicating interaction between slatted rubber floor
housing, high milk feeding and innovative mixture feeding.
HxMxR interaction for TDS with cleanliness score

HxMxR interaction for number of steps taken
during fourth month of life
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12.3 Appendix 3
Pearson correlations between calf characteristics and milk production variables, also indicating
significance of the correlation value. Green values indicating high correlations (correlation > 0.45).
Average milk
production
(kg/d)
Parity dam (n)
Parity Dam (class)
Birth season^
Birth weight (kg)
First colostrum (L)
Second colostrum (L)
Total colostrum (L)
Time birth-colostrum (mins)
Time birth-colostrum (hours)
Brix first colostrum by DC^^
Brix second colostrum by DC^^
Brix first colostrum by WBVR^^^
IgG first colostrum (g/kg)
IgG blood day 2 (g/L)
IgG blood day 42 (g/L)
IgG blood day 70 (g/L)
Antibiotics treatment intestines (d)
Antibiotics treatment airways (d)
Antibiotics treatment total (d)
Haptoglobin blood day 42 (g/L)
Haptoglobin blood day 70 (g/L)
Rabies vaccine reaction day 70 (µg/L)
Time spent standing second month (%)
Time spent standing third month (%)
Time spent standing fourth month (%)
Steps second month (n/animal/d)
Steps third month (n/animal/d)
Steps fourth month (n/animal/d)
Standing up second month (n/animal/d)
Standing up third month (n/animal/d)
Standing up fourth month (n/animal/d)
Time spent eating first month (%)
Time spent eating second month (%)
Time spent eating third month (%)
Time spent eating fourth month (%)
Time spent ruminating first month (%)
Time spent ruminating second month (%)
Time spent ruminating third month (%)
Time spent ruminating fourth month (%)

0.17
0.16
0.13
-0.03
-0.33*
-0.02
-0.17
0.16
0.16
0.06
0.10
0.00
0.12
-0.15
-0.18
-0.05
0.08
0.18
0.15
0.15
-0.07
0.14
-0.13
-0.13
-0.30*
-0.40**
-0.18
-0.37**
-0.31*
-0.15
-0.13
-0.38**
-0.36**
-0.15
-0.12
-0.23
0.00
-0.03
0.11

Total milk
production
(kg)

0.05
0.05
0.12
-0.04
-0.29*
-0.02
-0.21
0.11
0.10
0.06
0.08
0.01
0.03
-0.18
-0.13
-0.04
0.10
0.12
0.10
0.11
-0.05
0.12
-0.11
-0.14
-0.24
-0.34*
-0.02
-0.23
-0.25
-0.08
-0.06
-0.32*
-0.27*
-0.04
-0.07
-0.14
0.02
0.03
0.13

MPR
(kg/d)

0.05
0.04
0.11
-0.05
-0.29*
-0.03
-0.21
0.09
0.08
0.07
0.08
0.02
0.03
-0.19
-0.13
-0.04
0.09
0.11
0.09
0.12
-0.06
0.12
-0.13
-0.15
-0.25
-0.33*
-0.10
-0.22
-0.25
-0.08
-0.07
-0.30*
-0.25
-0.02
-0.06
-0.14
0.03
0.04
0.12

Fat (%)

0.20
0.21
-0.03
-0.03
0.24
0.10
0.31*
-0.08
-0.06
-0.08
-0.16
-0.09
0.19
0.19
-0.16
-0.11
-0.06
-0.03
-0.01
-0.10
-0.01
-0.22
-0.04
-0.04
0.03
0.20
-0.08
-0.06
0.14
-0.08
-0.16
0.14
0.09
-0.14
-0.04
0.02
-0.09
-0.23
-0.25

Protein (%)

Lactose
(%)

0.09
0.09
-0.08
-0.01
0.17
0.07
0.19
-0.09
-0.08
-0.10
-0.16
-0.09
0.01
0.01
-0.15
-0.02
-0.05
-0.04
-0.02
-0.08
-0.08
-0.08
-0.06
-0.03
0.02
0.17
0.00
-0.01
0.11
-0.03
-0.11
0.10
0.09
-0.02
-0.01
-0.03
-0.08
-0.10
-0.15

0.07
0.07
0.10
0.02
0.01
0.00
0.02
-0.04
-0.03
-0.04
-0.06
-0.06
-0.01
-0.11
-0.21
0.07
0.00
0.00
0.02
0.05
-0.12
0.07
-0.21
-0.21
-0.20
-0.10
-0.13
-0.20
-0.09
-0.11
-0.19
-0.01
-0.01
-0.03
-0.10
-0.10
-0.04
-0.03
-0.07

SCC (10^3
cells/mL)

0.07
0.08
-0.04
0.05
0.13
0.06
0.18
-0.06
-0.05
-0.12
-0.12
-0.13
0.04
0.13
0.02
0.02
0.01
0.10
0.09
-0.08
-0.04
-0.15
0.10
0.11
0.05
0.12
0.02
0.00
0.15
0.08
0.09
-0.03
-0.04
-0.16
-0.10
-0.08
-0.15
-0.19
-0.10
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Total milk consumption (L)
avgTDS1
avgTDS2
Feed intake individual housing (kg)
Feed intake group housing (kg)
Feed intake total (kg)
Feed intake (kg/animal/d)
Average milk production (kg/d)
Milk yield DC^^ (kg/d)
MPR^^^^^ (kg/d)
Fat (%)
Protein (%)
Lactose (%)
Somatic cell count (10^3 cells/mL)
AFC
Calving interval (d)

-0.50**
0.16
0.02
-0.01
0.01
0.01
-0.02
1.00
0.85**
0.84**
-0.48**
-0.40**
0.02
-0.15
0.42**
0.36**

-0.38**
0.04
-0.05
0.00
0.01
0.01
-0.02
0.85**
1.00
0.99**
-0.61**
-0.53**
0.02
-0.22
0.22
0.13

-0.37**
0.06
-0.04
0.02
-0.01
-0.01
-0.02
0.84**
0.99**
1.00
-0.59**
-0.51**
0.06
-0.26
0.21
0.12

-0.13
0.11
0.22
0.03
-0.07
-0.07
-0.04
-0.48**
-0.61**
-0.59**
1.00
0.90**
0.58**
0.21
-0.02
0.01

0.09
0.03
0.12
0.03
-0.06
-0.06
-0.04
-0.40**
-0.53**
-0.51**
0.90**
1.00
0.71**
0.23
-0.10
-0.05

-0.08
0.11
0.09
0.04
-0.06
-0.06
-0.03
0.02
0.02
0.06
0.58**
0.71**
1.00
-0.03
-0.03
-0.06

0.06
-0.08
-0.06
-0.15
0.12
0.12
-0.02
-0.15
-0.22
-0.26*
0.21
0.23
-0.03
1.00
0.10
0.13

^ Season of birth with 1 = spring, 2 = summer, 3 = autumn, 4 = winter * P is significant with α = 0.05
^^ DC = Dairy Campus
** P is significant with α = 0.01
^^^ WBVR = Wageningen Bioveterinary Research
^^^^ avgTDS = Total Deficiency Score (1 = without cleanliness score, 2 = with cleanliness score)
^^^^^ MPR = Milk Production Registration by CRV

12.4 Appendix 4
Calf characteristics of animals with mastitis (Yes) or without mastitis (No) to determine input for model
analysis. Values indicate Means ± STD with corresponding p-values.
Mastitis incidence means
P-values
Yes (1)
No (0)
Birth weight (kg)
40.34 ± 3.27
41.26 ± 3.79
0.26
Weight week1 (kg)
48.58 ± 5.83
48.21 ± 4.60
0.80
Weight week3 (kg)
58.69 ± 8.01
59.30 ± 6.45
0.76
Weight week9 (kg)
92.09 ± 7.39
91.23 ± 11.71
0.73
Weight week12 (kg)
117.66 ± 12.24
115.33 ± 14.67
0.46
Weight week18 (kg)
170.73 ± 16.64
166.11 ± 19.75
0.28
Weight week26 (kg)
210.64 ± 34.03
211.40 ± 23.78
0.88
Parity dam (n)
2.44 ± 1.30
2.44 ± 1.30
1.00
Parity dam (class)
2.15 ± 0.82
2.15 ± 0.82
1.00
Birth season^
2.36 ± 1.16
2.36 ± 1.16
1.00
First colostrum (L)
2.14 ± 0.73
2.14 ± 0.73
1.00
Second colostrum (L)
2.09 ± 0.75
2.09 ± 0.75
1.00
Total colostrum (L)
4.45 ± 1.11
4.45 ± 1.11
1.00
Time birth-colostrum
98.11 ± 107.65
98.11 ± 107.66
1.00
(mins)
Time birth-colostrum
(hours)
Brix first colostrum by
DC^^

2.09 ± 1.76

2.09 ± 1.76

1.00

24.91 ± 3.35

24.91 ± 3.35

1.00
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Brix second colostrum
by DC^^
Brix first colostrum by
WBVR^^^
IgG first colostrum
(g/kg)
IgG blood day 2 (g/L)
IgG blood day 42 (g/L)
IgG blood day 70 (g/L)
Antibiotics treatment
intestines (days)
Antibiotics treatment
airways (days)
Antibiotics treatment
total (days)
Haptoglobin blood day
42 (g/L)
Haptoglobin blood day
D70 (g/L)
Rabies vaccine reaction
day 70 ( µg/L)
Total milk consumption
(L)
Feed intake individual
housing (kg)
Feed intake group
housing (kg)
Feed intake total (kg)
Feed intake
(kg/animal/day)
avgTDS1^^^^
avgTDS2^^^^
Time spent eating first
month (%)
Time spent eating
second month (%)
Time spent eating third
month (%)
Time spent eating
fourth month (%)
Time spent ruminating
first month (%)
Time spent ruminating
second month (%)
Time spent ruminating
third month (%)
Time spent ruminating
fourth month (%)
Time spent standing
second month (%)
Time spent standing
third month (%)
Time spent standing
fourth month (%)
Steps second month
(n/animal/day)

24.86 ± 3.35

24.86 ± 3.35

1.00

25.03 ± 3.45

25.03 ± 3.45

1.00

36.19 ± 14.17

36.19 ± 14.17

1.00

14.14 ± 7.28
9.59 ± 4.21
12.56 ± 8.30
0.12 ± 0.56

14.14 ± 7.28
9.59 ± 4.21
12.56 ± 8.30
0.12 ± 0.56

1.00
1.00
1.00
1.00

2.42 ± 2.87

2.42 ± 2.87

1.00

2.86 ± 3.19

2.86 ± 3.19

1.00

0.06 ± 0.09

0.06 ± 0.09

1.00

0.08 ± 0.20

0.08 ± 0.20

1.00

1.43 ± 1.43

1.43 ± 1.43

1.00

384.65 ± 61.84

378.03 ± 49.32

0.53

2.03 ± 1.70

2.03 ± 1.70

1.00

2,082.89 ±
1,035.88
2,084.92 ±
1,034.92
2.45 ± 0.62

2,082.89 ± 1,035.16

1.00

2,084.92 ± 1,034.19

1.00

2.45 ± 0.62

1.00

0.97 ± 0.44
1.33 ± 0.79
11.50 ± 2.30

1.28 ± 0.73
1.71 ± 1.17
11.22 ± 4.68

0.14
0.26
0.85

8.08 ± 4.36

9.23 ± 4.37

0.23

8.70 ± 2.84

8.32 ± 4.03

0.67

14.43 ± 4.29

14.43 ± 5.66

1.00

2.62 ± 1.59

2.30 ± 1.80

0.57

8.21 ± 4.03

8.22 ± 5.10

0.99

16.07 ± 7.26

15.92 ± 7.02

0.92

20.76 ± 8.85

23.31 ± 7.31

0.11

30.07 ± 2.69

30.41 ± 2.51

0.54

29.23 ± 3.80

30.86 ± 3.40

0.03*

30.25 ± 4.11

32.60 ± 3.85

P<0.01**

3,357.62 ± 545.36

3,480.63 ± 629.61

0.37
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Steps third month
(n/animal/day)
Steps fourth month
(n/animal/day)
Standing up second
month (n/animal/day)
Standing up third
month (n/animal/day)
Standing up fourth
month (n/animal/day)

3,631.71 ± 695.37

3,771.98 ± 880.14

0.47

4,166.86 ± 828.86

4,251.96 ± 1,076.11

0.72

19.79 ± 4.86

21.65 ± 4.29

0.04(99)*

18.88 ± 4.10

20.30 ± 3.88

0.10

20.72 ± 4.86

20.36 ± 3.62

0.66

^ Season of birth with 1 = spring, 2 = summer, 3 = autumn, 4 = winter
* P is significant with α = 0.05
^^ DC = Dairy Campus
** P is significant with α = 0.01
^^^ WBVR = Wageningen Bioveterinary Research
^^^^ avgTDS = Total Deficiency Score (1 = without cleanliness score, 2 = with cleanliness score)

12.5 Appendix 5
12.5.1 Relations between calf rearing and milk production
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12.5.2 Relations between calf rearing and mastitis incidence

12.5.3 Relations between calf characteristics and milk production
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12.5.4 Relations between calf characteristics and mastitis incidence

12.5.5 Relations between calf rearing and milk production with resilience

12.5.6 Relations between calf rearing and mastitis incidence with resilience
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12.5.7 Relation between calf characteristics and milk production with resilience

12.5.8 Relation between calf characteristics and mastitis incidence with resilience
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