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1 Introduction 

In the agricultural practice, most farmers stick to the recommendation to take the 

newborn calf as soon as possible out of the maternity pen and to transfer it to an 

individual hutch, where the newborn calves are housed under ambient temperature. 

Given the deficiency of labor the calves are often not dried thoroughly before they are 

brought to the hutches. Thus, in the cold season, frequently the newborn calves are 

wet when they are conveyed outside to low ambient temperature and draughty 

conditions. These calves are spending a lot of energy to compensate for the heat loss 

that is caused by the evaporation of the amniotic fluids, which makes it a lot harder to 

adapt to extra uterine conditions. Colostrum intake is generally accepted as the most 

crucial factor affecting the subsequent ability of calves to cope environmental infectious 

stressors. The hypothesis to be tested is that the amount of colostrum ingested is 

affected by the thermal balance of the calf.  

 

To characterize the effect of an optimized warming up in winter for newborn calves, a 

field study was performed in the cold season on a large-scale dairy farm. A specific 

calf hutch equipped with fan heaters was constructed in order to keep the inside 

temperature between 28 and 34 °C. Comparing calves housed in this heated calf hutch 

(HCH) with calves housed in common calf hutches, the following objectives were 

investigated: 

 

 Are there differences in colostrum intake and vitality between calves that were 

taken from the maternity pen into the HCH 30 min post natum (p. n.) for 12 hrs 

compared to calves which were brought outside 30 min p. n. into hutches with 

ambient temperature? 

 

 Do metabolic and endocrinological key parameters in the blood differ between 

calves either warmed for 12 hrs p. n. or exposed directly to ambient 

temperature? 
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 Are there differences in incidence and progress of diseases in the first two 

weeks p. n. between calves that were warmed up after birth or housed directly 

in hutches with ambient temperature? 

 
Thus, the study aimed to improve the health status of newborn calves by disposing 

optimal preconditions to ingest a maximal amount of colostrum. 

http://dict.leo.org/ende?lp=ende&p=Ci4HO3kMAA&search=incidence&trestr=0x2001
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2 Literature 

 

2.1 Adaptation of mammals from intrauterine to extrauterine life 
 

Immediately after delivery, newborn mammals have to endure the daunting challenge 

of adapting to their new environment including the seasonal ambient temperatures. 

The precocial newborn must be capable of adapting quickly to these changes in order 

to survive with minimal maternal support.        

 

 

2.2 Adaptations of organ function 
 

2.2.1 Cardiovascular system 
 

In utero the foetus is supplied with oxygen-rich blood and nutrients from the mother 

through the umbilical cord. The foetal vascular system contains three shunts, being the 

Ductus venosus, the Ductus arteriosus Botalli and the Foramen ovale. These shunts 

are fundamental to a functional vascular system in utero as well as allowing for normal 

growth and preparing for the extrauterine life.    

 

The Ductus venosus diverts about 50 % of oxygen-rich blood from the umbilical cord 

around the liver to the brain. It closes p. n.; the remains are known as the Ligamentum 

teres hepatis. The Ductus arteriosus Botalli connects the aorta to the Truncus 

pulmonalis. As the foetus is not capable of breathing air, the lungs do not require as 

much blood supply as they do p. n.. Immediately after birth the Ductus arteriosus Botalli 

is actively contracted and along with the change in blood pressure this induces closure 

within the first few hours of the newborns life. It then becomes the Ligamentum 

arteriosum which is a fibrous connection between the aorta and the Truncus 

pulmonalis. The Foramen ovale is the connection between the right and left atrium. It 

allows the blood to flow from the right atrium directly into the left atrium thus bypassing 
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the pulmonary circulation system. As the pressure in the non-functional lungs is higher 

than in the left atrium, blood is forced from the right atrium to the left atrium. 

Immediately following delivery, the pressure in the now functional lungs of the newborn 

drops and the Foramen ovale closes. This is at first a functional closure due to the 

change in lung pressure and it fuses permanently over time. It is possible to physically 

see the remains of this shunt as the Fossa ovale in adult hearts (HILLMANN et al. 

2012). 

 

 

2.2.1.1 Respiratory system  
 

At birth, an increase in blood flow in the pulmonary circulation is caused through a 

decrease in resistance induced by nitric oxide (NO) and prostacyclin (PGI2). This 

change is modulated by corticosteroids (HILLMANN et al. 2012).  

 

In the foetus the lungs are filled with fluid needed for normal lung development and 

growth. This fluid is secreted by the airway epithelium based on an active transport of 

chloride. Towards late gestation, in sheep the secretion rate for the lung fluid is 4 

ml/kg/hr. The lung fluid production decreases prior to labour and reduces to about 10 

ml/kg at delivery. The fluid production is shut down by the increased concentrations of 

cortisol, catecholamine and thyroid hormones. The fluid is cleared by a sodium 

gradient emptying into the lymphatic and the vascular system to allow the newborn to 

breathe air. Prior to labour, the surfactant production from the Type II cells goes up 

and keeps increasing. After birth the surfactant levels in the foetal lungs are very high, 

i. e., around five to 20 times higher than in healthy adult humans or animals and reach 

levels up to 100 mg/kg. This helps to inflate the lungs ensuring an adequate level of 

surfactant to aid in the transition from fluid filled lungs to air breathing. The stimulus to 

start breathing is not completely understood at this stage, although it is thought to be 

a combination of a thermal stimulus and a decrease in prostaglandin along with a 

change in the pCO2 and pO2 levels in the blood that suppressed the breathing in the 

foetus (HILLMANN et al. 2012).  
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2.2.1.2 Gastrointestinal tract 
 

The gastrointestinal (GI) tract is divided into three parts, i.e. foregut, midgut and 

hindgut. The foregut includes the abdominal oesophagus up to the upper duodenum, 

this includes the stomach, liver, gallbladder, pancreas and spleen with the vascular 

supply being derived from the Arteria coeliacus. The midgut travels from the distal 

duodenum up to the transverse colon; this includes jejunum, ileum, cecum, appendix 

and the ascending and hepatic flexure of the colon, with its vascular supply coming 

from the Arteria mesenterica cranialis. The hindgut incorporates the descending and 

sigmoid colon including the upper two third of the rectum with the Arteria mesenterica 

caudalis as its supporting vascular system.  

 

In late gestation the foetus starts to swallow amniotic fluid and this coincides with an 

increase in growth and development of the intestines. If the swallowing of amniotic fluid 

in foetal pigs and sheep is restrained, the intestinal growth and development are 

inhibited. This leads to the conclusion that the swallowing of the amniotic fluid is 

important for the development of the GI tract (POLIN et al. 2004).  

 

Another important factor for GI development is glucocorticoid stimulation. The 

glucocorticoids help the neonate to adapt to the change from deriving its nutrients from 

the umbilical cord to milk feeding. The biggest effects from the glucocorticoids are 

going to be on the digestive activity in the foregut (FOWDEN et al. 1998). 

 

After birth there is a link between the local intestinal thyroid stimulating hormone 

expression and the intraepithelial lymphocyte development (SCOFIELD et al. 2005). 

The thyroid releasing hormone in the colostrum seems to provide a connection 

between mucosal immune function and colostrum intake. Oral nutrient uptake is the 

most direct factor that influences growth and development in the GI tract and activates 

neural pathways, along with the nutrients triggering the release of growth factors and 

gut hormones. One of the main growth factors being released is the transforming 
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growth factor - α (TGF - α) which plays a major role in the GI growth and development 

(POLIN et al. 2004). 

 

 

2.2.1.3 Liver 
 

The liver plays a central role in the body’s metabolism. The main tasks are the export 

and synthesis of glucose and glycogen, oxidation of fatty acids, catabolism of decaying 

macromolecules, interconversion of metabolites assimilated from the ingested food (e. 

g., amino acids) and biosynthesis of small and complex molecules. Insulin, thyroid 

hormones and cortisol are important for the hepatocellular hyperplasia and the growth 

factor receptor expression, both needed for the growth and development of the liver 

both intra and extra uterine (POLIN et al. 2004). 

 

In the first seven weeks of life the glycogen levels in the liver of lambs increased from 

11 mg/g on day one to 45 mg/g after four weeks and then decreased to 20 mg/g at the 

seventh week of life. In rats, being altricial mammals, the gluconeogenesis is not 

detectable in the foetus but is found at or soon after birth . Studies in the foetal lamb, 

being precocial mammals, show a gluconeogenetic activity in the foetus and only a 

slight increase after birth (BALLARD a. OLIVER, 1965). 

 

 

2.2.1.4 Kidneys 
 

Even in the foetus, the kidneys have a functioning renin-angiotensin-system (RAS). 

This allows the foetus to control to some degree the vascular pressure in the kidneys. 

In addition, angiotensin II is an important growth factor. In the foetus of sheep just 

before birth the renal vascular flow is about 3 % of the cardiac output due to a high 

vascular resistance and a low filtration rate. In the newborn, the vascular flow increases 

to about 15 % of the cardiac output. The increase of vascular flow occurring within the 

first few hours of extra uterine life leads to an increase in the glomerular filtration rate. 
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This very rapid change is due to a functional rather than a morphological change. The 

decrease in the renal vascular resistance and an increase in vascular pressure play a 

pivotal role in the functional changes in the kidney. In humans the nephrogenesis is 

complete at birth and the kidneys are fully functional (POLIN et al. 2004). The functional 

capacity of the kidneys in order to concentrate the urine is in neonates, however, 

markedly lower up to an age of six months (PACIFICI, 2013).  

 

 

2.2.1.5 Immune system 
 

In all mammals, the development of the foetal immune system starts very early. In the 

sheep foetus the spleen is starting to be developed around day 25 of gestation and 

continues its rapid growth and development from this point forward along with the first 

lymphocytes being observed between days 30-45 of gestation. In humans the spleen 

is immunocompetent by week 18 of gestation due to sufficient accessory cells ensuring 

T-cell activation. At week four of gestation, pluripotent erythroid and 

granulomacrophage progenitors migrate from the spleen to the liver. At week 5 to 6 of 

gestation the liver is the main site of haematopoiesis. This declines in the third trimester 

of gestation and soon after birth, the liver is not active in the haematopoiesis at all. 

Week nine of gestation sees the T-cell precursors migrating from the liver to the thymus 

and at weeks 11 and 12, stem cells are detectable in the bone marrow. The mucosal 

and skin immune competency is present at birth but the airways show no sign of 

haematopoietic activity until one week after birth (MADDOX et al. 1987; HOLT a. 

JONES, 2000).     
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2.2.2 Regulation of adaptation processes 
 

 

2.2.2.1 Cortisol, catecholamines, glucose and thyroid hormones 
 

To help prepare the body for the change from terminal intrauterine maturation to 

neonatal adaptation cortisol, catecholamines and thyroid hormones play a major part 

in ensuring that the required changes take place at the appropriate point of time. 

 

Cortisol represents the major regulatory hormone for terminal maturation and neonatal 

adaptation. Its production is increased during pregnancy and peaks hrs after birth. 

Together with the thyroid hormones cortisol contributes to the maturation of the GI tract 

and it induces the surfactant system in the lungs to mature prior to birth. The glucose 

metabolic pathway in the liver is supported by cortisol which plays a major part in the 

thermogenesis and thermoregulation after birth (FOWDEN et al. 1998). An increase in 

cortisol also increases the thyroid-stimulating hormone (TSH), triiodothyronine (T3) 

and thyroxine (T4) and induces a decrease of the reverse triiodothyronine (rT3). Just 

after birth TSH peaks and then decreases, while T3 and T4 increase because of the 

increase in cortisol and in response to the colder ambient temperature. Thyroid 

hormones are important for cardiovascular maturation and especially T3 plays an 

important role for the thermogenesis p. n. (HILMANN et al. 2012). 

 

There is a surge of catecholamines at birth. Especially norepinephrine and epinephrine 

increase within minutes after delivery and cord clamping. In a study on newborn lambs, 

an increase in norepinephrine from 704 pg/ml just before labour up to 3782 pg/ml was 

measured. Epinephrine increased from 27 pg/ml to 704 pg/ml (RICHET et al. 1985). 

This dramatic increase is normal in mammals as it helps to increase the blood pressure 

and adaptation to the environment. The thermogenesis from brown adipose tissue 

(BAT) is initiated and glucose and fatty acids are released. Glucose is stored as 

glycogen and fat prior to birth. Plasma glucose and free fatty acids fall after birth in the 

first hours because the maternal supply is cut off. That leads to an increase of 
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gluconeogenesis also induced by cortisol and catecholamines (RICHET et al. 1985; 

KIROVSKI et al. 2011; HILMANN et al. 2012). 

 

 

2.2.3 Thermoregulation 
 

Homeothermic endotherms are defined as animals which have a constant, relatively 

high body core temperature that is internally controlled. These species are commonly 

known as warm blooded animals and maintaining a stable body core temperature is 

critical for their survival. The process of keeping a stable body core temperature is 

known as thermogenesis and describes the production of heat in the body to maintain 

a body core temperature above ambient temperature (MOYES a. SCHULTE, 2008). 

The capability to maintain a high body core temperature is essential for a 

homeothermic endotherm species in order to control the energy transfer between the 

own body and the environment. Figure 1 shows the relationship between the 

environmental temperature and heat production in animals. The zone of 

thermoneutrality is defined as a temperature where non or only very little additional 

heat production is needed. If the temperature drops below the zone of thermoneutrality 

(i. e., the lower critical temperature), the animal has to increase heat production to 

maintain a stable body core temperature. This happens through shivering or non-

shivering thermogenesis and an increase of the metabolic rate. In case of an 

exhaustion of these options due to exposure to the cold for a long period of time or 

very low ambient temperatures, it can cause the animals death from hypothermia. If 

the environmental temperature rises above the upper critical temperature the animal 

will try to keep the body core temperature stable by reduction of metabolic heat 

production or sweating until the body temperature increases too much and the animal 

dies from hyperthermia (DAVIS a. DRACKLEY, 1998; SANKER, 2012).  
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Fig 1: Heat production of mammals depending on the environmental 

temperature  (adapted from BRODY, 1945). 

 

 

The external factors that influence the body temperature are conduction, radiation, 

convection and evaporation. Conduction is the energy transfer between a solid 

medium or water and the body. Laying on a warm rock to warm up represents an 

example for conduction. Radiation is the direct and reflected radiation from the sun that 

transfers heat energy on to a body. Convection describes the energy transfer between 

the body and the surrounding air. Evaporation is defined by the energy that is needed 

to get the fluids from liquid to gas form without boiling. In warm blooded animals an 

example of evaporation could be sweating to cool the body down but it also plays a big 

role in neonates after birth. Evaporation can cause hypothermia at low ambient 

temperatures when the neonate is wet from the birth fluids and has not enough energy 

to dry off and maintain the body core temperature at the same time (MOYES a. 

SCHULTE, 2008).  

 

The main factor affecting the body temperature is the ambient temperature. To control 

the energy transfer between the environment and the body, mammals developed 

different strategies. Physiological strategies are for example inner and outer insulation. 

Inner insulation is defined by a layer of fatty tissue reducing the flow of heat energy 
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from the core to the surface (MOYES a. SCHULTE, 2008). Holstein Friesian calves 

significantly increase their tissue insulation in the first two weeks of life if kept between 

-30 °C and -18 °C (RAWSON et al. 1989b). Fur represents an example for outer 

insulation which restricts the movement of the molecules between the surface of the 

animal and the surrounding medium (MOYES a. SCHULTE, 2008). The more 

insulation an animal has got, the better it can cope with a cold environment after birth 

and the less metabolic activity is needed to maintain the body core temperature.  

 

Research on 29 species has shown how much control an animal can exert over the 

surface temperature by changes in the exposed surface area through fat, fur and 

vasomotion. The study revealed that small animals control their body core temperature 

through the metabolic rate, while larger animals control their body temperature through 

controlling their surface temperature (PHILLIPS et al. 1995). Studies on calves showed 

that light-weight animals are less cold tolerant then heavier calves and that the time to 

hypothermia in newborn calves is 2.9 min longer for every kilo of increased birth weight 

(OKAMOTO et al. 1986; CARSTENS et al. 1997).  

 

Other important parts of the thermoregulation in the body are the temperature- 

sensitive neurons and nerve endings. They are found mainly in the body core and the 

skin (ECKERT, 2002). These neurons are able to detect changes of temperature and 

respond by sending signals to the Area preoptica in the anterior hypothalamus 

governing the heat production as required (POLIN et al. 2004). The hypothalamus is 

responsible for keeping a constant temperature in the body core and reacts in sending 

signals through the sympathetic nervous system to the cells via norepinephrine 

triggering the different strategies mentioned before. The intensity of the hypothalamus 

reaction depends on what area the signal comes from. The skin and extremities can 

take a change of a couple of degrees before activating a response from the 

hypothalamus. The body organs and the brain require a constant temperature and a 

change of less than one degree may already induce a response (MOYES a. 

SCHULTE, 2008). 
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In the polar region animals are very well adapted to cope with the cold and deal with 

temperature gradients between the ambient temperature and their body core of more 

than 70 °C. Neonates face an even bigger challenge because their body surface 

compared to their body mass is larger than the body surface in adults. Neonates 

usually have less inner and outer insulation to help control the energy exchange 

between body and environment compared to adults (DAVIS a. DRACKLEY, 1998; 

ECKERT, 2002).  

 

There are three types of neonates, i.e. altricial, immature and precocial (Table 1). 

Altricial neonates have poor thermoregulatory abilities and are highly dependent on 

their siblings and their mother. These animals are usually born in caves or dens to help 

create a mild microclimate until the young are mature enough to maintain their own 

body temperature; polar bears and wolves are an example of altricial animals. They 

are born almost naked, blind with no relevant white fat for insulation. At this stage they 

are completely dependent on their mother´s body heat to maintain their own body 

temperature. Over the first weeks of life they grow rapidly and develop enough inner 

and outer insulation to be able to deal with the high temperature difference they face 

upon leaving their cave or den (BLIX et al. 1979).  

 

Precocial neonates like young muskoxen calves and reindeer have to have an 

independent thermoregulation to maintain a body core temperature around 39 °C in an 

environment with an ambient temperature of sometimes -30 °C or less. They depend 

on the massive heat production of their BAT reserves which give them the ability to 

cope with very low ambient temperature and even wind to some degree. These 

neonates have developed a very dense coat to help control the heat loss over their 

body surface. Reindeer calves have air filled hair for better insulation and muskoxen 

calves have a very fine undercoat called “qiviut” for the same reason. Muskoxen calves 

have also developed a behavioral strategy where they will stand behind their mother 

for shelter when the weather turns bad but intermittently they will canter around for a 

while to warm up; they are not seen shivering after they have dried of p. n. (BLIX et al. 

1984).  
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Tab. 1: Thermoregulation capacity for altricial, immature and precocial  

  mammals (POLIN et al. 2004). 

 

 Stage of development at 

birth 

Litter size Thermoregulation 

capacity  

Species 

examples 

Altricial  Poorly developed, no 

fur, blind, poor 

movement 

Often litters 

over 5 

BAT development 

slow, maximum 

some days after 

birth, UCP1 

expression around 

birth, 

thermoregulation 

trough huddling 

Rats, dogs, 

polar bears 

Immature Poorly developed, no 

fur, blind, poor 

movement 

Often litters 

over 5 

Truly poikilotherm 

after birth, BAT 

development and 

UCP1 expression 

only after maturing 

of central control 

system 

Hamster, 

marsupials 

Precocial Well developed, eyes 

open, furred, can walk 

shortly after birth 

Born single 

or small litter 

Well developed 

BAT, UCP1 

expressed in 

foetus 

Cattle, 

reindeer, 

guinea pigs 

 

Other species in the polar region, like pinnipeds, developed a counter-current 

circulation to reduce the heat loss from the surface or in badly isolated areas like the 

extremities. This system works by temperature exchange; having an artery and a 

venous line close to each other allowing the warm arterial blood to be cooled by the 
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colder venous blood being pumped back towards the heart and the venous blood to 

be heated by the warmer arterial blood. Thereby the internal heat is exchanged within 

the body rather than dissipated into the environment (BLIX et al. 1979). 

 

Usually the heat used to maintain the body core temperature is a by-product of the 

metabolism. The metabolism creates energy for the cells by breaking down nutrients 

and providing oxygen by breathing. If the heat of the normal metabolic rate is 

insufficient to maintain the appropriate body core temperature, there are other 

strategies that are used to produce more heat. The release of catecholamines at birth, 

increased oxygenation, ventilation, cord occlusion and cold stimuli to the skin activates 

the thermogenesis. To maintain a relatively stable body core temperature under these 

extreme conditions the neonate has two main systems to create more heat. From the 

biochemical point of view, these are the shivering and non-shivering thermogenesis.  

 

In shivering thermogenesis, the muscles are used to produce heat. This process is 

activated through the nervous system which activates antagonistic muscle groups. 

Adenosine triphosphate (ATP) is hydrolysed for the muscle movement to provide 

energy. There is no useful physical movement as the purpose is to produce heat by 

the released chemical energy (ECKERT, 2002). This is only useful for a short term 

exposure to the cold, because the energy reserve exhausts rather fast. The 

uncoordinated movement of the muscles also constricts the ability for flight and hunting 

(MOYES a. SCHULTE, 2008).  

 

The second strategy is the non-shivering thermogenesis. A specialized form of adipose 

tissue is found in neonates (except piglets), small mammals and mammals that go into 

hibernation. It is the brown adipose tissue (BAT). BAT is typically found between the 

shoulders or around the kidneys or in the inguinal region (VERMOREL et al. 1983). It 

is a source for rapid and massive heat production. BAT is highly vascularised and has 

got more mitochondria then white adipose tissue. The BAT contains an enzyme system 

to break down the fat and oxidize it inside the cells (ECKERT, 2002). About 1 % of 

foetal weight in humans is BAT and about 2 % of the body weight in newborn calves 
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(ALEXANDER, 1975; LEAN, 1989). CARSTENS et al. (1997) found a difference in 

thermogenically active BAT between Angus calves and Brahman calves. The Brahman 

calves have less thermogenically active BAT which may explain their relative cold 

intolerance. Exclusively in active BAT of mammals, the adipocytes express 

thermogenin or uncoupling protein 1 (UCP1) which is a member of the uncoupling 

proteins. In mice UCP1 is found on chromosome 8 and in humans on chromosome 4. 

UCP1 levels increase as term approaches due to an increase in cortisol and a local 

conversion of T4 to T3 triggered by a rise of 5´-monodeiodinase activity and the 

development of sympathetic innervation (ALEXANDER et al. 1975; SYMONDS a. 

LOMAX, 1992; HILMANN et al. 2012). UCP1 cannot be active the entire time because 

this would lead to a permanent massive heat production independent to the ambient 

temperature and the body’s needs. ATP and guanosine diphosphate (GDP) can inhibit 

UCP1 and hereby the non-shivering thermogenesis. The positive modulator for UCP1 

is unknown but it is suspected that the amount of UCP1 released regulates the 

thermogenesis and hereby the amount of heat produced (POLIN et al. 2004). As soon 

as UCP1 is built into the inner mitochondrial wall it increases the mitochondrial proton 

leak. This uncouples the oxidation from the phosphorylation and the oxidation 

becomes independent from the ATP production and thereby the proton gradient of the 

cells. This is a rapid and massive way of producing heat (ECKERT, 2002; MOYES a. 

SCHULTE, 2008).  

 

Norepinephrine plays a major role in the development of BAT. The tissue obtains 

receptors for norepinephrine which stimulate the growth and the size of the cells.  

As soon as the body experiences cold stress, further growth of the BAT is stimulated 

(ECKERT, 2002; MOYES a. SCHULTE, 2008).  As an additional trigger stimulating 

UCP1 expression, thyroxin 5´-deiodinase activity increases after birth in the BAT; its 

presence has been demonstrated in humans, lambs and rodents. The BAT contributes 

30 - 60 % of total T3 in cold exposed rats (SYMONDS a. LOMAX, 1992). Non-shivering 

thermogenesis is dependent on T3 concentration which is influenced by the ambient 

temperature. The colder it is the more T3 is synthesized in the thyroid gland to stimulate 

non-shivering thermogenesis (KIROVSKI et al. 2011). Lambs with low T3 level respond 
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with shivering thermogenesis and are more likely to suffer hypothermia, whereas 

lambs with high T3 levels respond with non-shivering thermogenesis and cope with 

cold exposure more effectively (SYMONDS a. LOMAX, 1992). The T3 in the blood 

stream binds to receptors in the BAT and induces UCP1 expression. The T3 is also 

responsible for an increase in the metabolic rate.  BAT stores are sufficient to help the 

neonate to maintain their body core temperature for the first hours or if needed even a 

few days without food. In rabbits the BAT is sufficient for 3 days without food. In 

humans it is suspected to be similar. It is also found that some of the heat in a fever in 

young animals is produced in the BAT (POLIN et al. 2004). 

 

 

2.2.3.1 Thermogenesis in the neonatal calf 
 

The foetal body produces heat through metabolic processes and the heat is dissipated 

very effectively across the placenta (around 85 %) and foetal membranes (around 15 

%) retaining the foetal temperature on average about 0.5 °C – 1 °C higher than the 

mothers body core temperature. Calves have a functioning BAT in place and are well 

developed prior to birth (ASAKURA, 2004; POLIN et al. 2004). After birth the neonate 

is confronted with a sudden drop in the surrounding temperature from 39.0 °C – 40.0 

°C in the uterus to ambient temperature. This is especially challenging in winter as the 

ambient temperature can be often below 0 °C; thus some calves deal with a sudden 

drop in temperature of 40 °C or more (VERMOREL et al. 1983). After birth, calf´s body 

core temperature drops 0.5 °C on average during the first 90 min of life which is up to 

15 W m-² (VERMOREL et al. 1989). In the first six hours after delivery, there is a 

decrease of evaporation of amniotic fluid from 8 g/min in the first hour to 4 g/min from 

2 - 6 hrs. This adds up to around 2.64 l of amniotic fluid on a newborn calf being 

evaporated in the first six hours after birth (VERMOREL et al. 1989).  Studies show 

that the heat production of a newborn Holstein Friesian calf, kept at 10 °C ambient 

temperature, is 169 W m-² at 1.5 - 2 hrs of life. The heat production then increases to 

192 W m-² after the first colostrum intake 2 hrs p. n. and decreases to 120 W m-² at 

15.5 hrs of age where it stabilizes. The calves in this study where fed again at 12 hrs 
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of age and the experiment was continued until 21 hrs p. n.. The measurement of the 

heat production is based on indirect calorimetry using open-circuit respiration 

chambers. The average insulation capacity from the hair coat of Holstein calves, aged 

one to 15 days, is 27 °C kg -1 m -2 body area (VERMOREL et al. 1989).  

 

Physical activity increases the heat production due to an increase of thermogenesis. 

Calves trying to get up after birth increase their heat production by 30 - 100 %. 

Moreover, 10 min of standing for the first time doubles the amount of energy used. 

After being able to stand for more than 30 min the heat production is increased by 40 

% (VERMOREL et al. 1989).  

 

The calf has a higher lower critical temperature than adult cattle. This is due to a higher 

ratio of body surface to body mass; moreover, calves cannot rely on the rumen 

fermentation to assist with the heat production (COLLIER et al. 1982). Different lower 

critical temperatures for calves have been suggested based on various studies. This 

can be explained by different methods of experimental setups and the different age of 

the animals used. OKAMOTO et al. (1986) found the lower critical temperature 

between 9 °C in still air and 17 °C in case of an air movement of 2 ms-1. WEBSTER et 

al. (1978) stated that a healthy calf with normal feed intake in an environment with dry 

draught free conditions has a lower critical temperature between 5 °C - 10 °C. 

GONZALEZ-JIMENEZ a. BLAXTER (1962), on the other hand, suggested 13 °C in 

newborn calves gradually decreasing to 8 °C in the first three weeks of life. But some 

studies show that with adequate management and feed the calves can adapt to cold 

climate and temperatures as low as -30 °C without problems (RAWSON et al. 1989b). 

This means that colder temperatures require an increased proportion of fat in the diet 

of the calf to enable it to cope with the cold stress (SCIBILIA et al. 1987).  

 

Calf mortality increases with decreased ambient temperatures especially during the 

first weeks of their life (BORDERAS et al. 2009). The calf’s best heat source is the dam 

which is in newborn dairy calves usually not available, as the cow and calf are 

separated almost immediately after birth. Studies in newborn calves to ascertain the 
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temperature preference concluded that if kept in an environment with an ambient 

temperature between -5.5 °C and 16.6 °C including a heat lamp they tend to be close 

to the heat lamp more than 50 % of the day. There was no difference in temperature 

preference in different feeding groups. So the amount of milk fed made no difference 

in temperature preference (BORDERAS et al. 2009). Even though calves prefer 

warmer temperatures their ability of thermoregulation is evident. RAWSON et al. 

(1989a) demonstrated in their study that calves kept between -8 °C and -30 °C have a 

higher tissue insulation due to vasoconstriction in the skin and piloerection than calves 

protected with a coat and calves housed at 17 °C.  KIROVSKI et al. (2011) showed 

that there is a high activity in cortisol secretion and thyroid hormones, especially T3, to 

mobilize energy reserves in order to rise glucose concentration. This is especially 

important immediately after birth and before the first colostrum intake occurs. They 

also revealed that calves should receive their first colostrum not later than 2 – 4 hrs p. 

n. to prevent a decline in glucose concentration. Other studies showed that the 

sympathoadrenal and adrenal hormonal response to cold is well developed in newborn 

calves (OLSON et al. 1981). Adrenaline plasma concentration rose from 0.95 ng/mL 

before cold exposure to 2.91 ng/ml in cold exposed calves and noradrenaline from 

2.71 ng/ml before to 8.10 ng/ml after cold exposure. The rise in both adrenaline and 

noradrenaline indicates stress to the system most likely induced through the cold 

exposure. Non-cold stressed calves immersed in warm water went from 1.08 ng/ml 

adrenaline pre-immersion to 1.38 ng/ml in the first hour and noradrenaline from 2.28 

ng/ml to 3.52 ng/ml with the slight rise being explained by the stress of restraining and 

handling. The glucose concentration in the blood varied from 246 mg/dl in cold stressed 

versus 141 mg/dl in calves that were not cold stressed. Cold stressed calves can only 

keep up the shivering until the body core temperature falls by 6 - 8° C. After that no 

more shivering is observed and indicates that the thermoregulation system is only able 

to cope with a certain amount of cold stress (OLSON et al. 1981). NONNECKE et al. 

(2009) also support the theory that calves can successfully adapt to cold climate if they 

have access to adequate nutrition.   
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3 Materials and methods 

 

3.1 Experimental farm 
 

The study was performed at a commercial dairy farm in Schleswig-Holstein, Germany. 

A total of 320 cows were housed at the farm in cubicles. The mean lactational milk 

yield in 2011 was  9,755 kg milk/305 d (4.00 % fat, 3.36% protein).  

 

 

3.2 Established routine management 
 
The farmer practiced an artificial insemination (AI) program. AI started after a voluntary 

waiting period of 50 d after calving.  Cows were dried off six to eight weeks before the 

expected day of calving. The dry cow treatment depended on the results of the last 

three milk recordings. If the somatic cell count (SCC) in the last milk recording was ˂ 

100,000 /ml a California mastitis test (CMT) was performed. In case of a negative 

result, the teat canal was sealed with a teat sealant; each syringe (4 g) contained 65 

% Bismuth Subnitrate (Orbeseal®, Zoetis Deutschland GmbH, Berlin). If the CMT 

depicted a positive result, the cow received an intramammary treatment with cloxacillin 

(Orbenin extra®, 600 mg, Zoetis Deutschland GmbH, Berlin). In cases where the cow 

had a geometric mean of ˃ 100,000 /ml in the last three milk recordings, she was 

treated intramammary with cefquinome (Cobactan LC®, 75 mg, MSD Intervet 

Deutschland GmbH, Unterschleiβheim) and then left for two milking periods. After that 

she was milked once more to empty her udder she was treated intramammary with 

cloxacillin (Orbenin extra®, 600 mg, Zoetis Deutschland GmbH, Berlin). If she had a 

SCC count of ˃ 500,000 /ml and there was hope for an effective treatment she was 

also treated with tylosin (Tylan® 200, 200 mg/ml, Lilly Deutschland GmbH, Homburg 

i. m.) 40 ml the first day and then each 30 ml i. m. the next two days.   

 

The cow was transferred in the dry cow group where she was housed until 14 d before 

the expected calving date. Thereafter the cow was transferred to the maternity pen. 
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There were three pens. The two larger pens had a size of 10 x 5 m each and held up 

to 10 cows at one time. The smaller one was 7 x 5 m. The cows were transferred into 

the smaller pen one to two days before expected calving date. Up to five cows were 

housed in the small pen.  

 

Before and during parturition, cows were monitored in intervals of 30 min from the staff. 

More than 95 % of the calvings took place without any assistance. Once the calf was 

born it was left with its dam for 2 to 12 hrs. If the calf did not ingest an adequate amount 

of colostrum during that time it was bottle-fed. The adequate colostrum intake was 

determined either by seeing the calf suckling or by assessing the abdominal region of 

the calf. In cases where the abdominal region appeared to be empty, the calf was 

bottle-fed fresh colostrum (2 - 4 l) from its dam.  

 

The calves were then moved on to individual calf hutches where they were fed 3 l 

mixed colostrum twice a day. No additional water, hay or concentrates were offered. 

 

 

3.3 Experimental animals 
 

The animal experiments conducted in this study were approved by the Ministerium für 

Landwirtschaft, Umwelt und ländliche Räume of Schleswig-Holstein (Az V 313-

72241.123-34). A total of 38 Holstein Friesian calves (19 male calves, 19 female 

calves) were enrolled in one experimental run which took place between December 

2010 and May 2011. All of the calves were single calves (25 from multiparous and 13 

from primiparous). Calves included in the study run were delivered without or with 

minimal assistance (one person, no equipment used except calving ropes).  

 

The birth process was supervised to record the precise time of calving and to ensure 

that the calves did not ingest colostrum before they were assigned to the respective 

experimental group. After delivery, all calves remained together with their dam for 30 

min.  Within this period of time, cows started to lick their offspring in order to remove 
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amnion mucus and to stimulate the calf. The interaction of dam and calf was not 

disturbed at all. Calves were assigned randomly either to the group 1 (control group, 

CG) or group 2 (heated calf hutch, HCH). Calves of the group 1 were transferred 30 

min after delivery into a hutch with straw bedding and ambient temperature. They were 

kept there for 14 d. Calves of group 2 (HCH) were moved after 30 min into a heated, 

ventilated hutch with straw bedding and a temperature between 28 °C and 34 °C. They 

stayed in there between 10.5 and 14.5 hrs. Thereafter, they were moved to a hutch 

with ambient temperature were they were kept for 14 d nearby to the calves of group 

1.  

 

 

Tab. 2: Number of male and female calves and parity of the dams in the control 

group (CG) and the experimental group (HCH)  

 

 
Male Female 

Primiparous 

dam 

Pluriparous 

dam 

Calves in total 

[ N ] 
19 19 13 25 

Group CG   

[ N ] 
6 12 4 14 

Group HCH   

[ N ] 
13 7 9 11 
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3.4 Experimental design 
 

The experimental design of the study (Tab. 3) began with the observation of the 

delivery of the calves. Calves born without or with minimal assistance were assigned 

one after another into group 1 (CG) and group 2 (HCH), respectively.   

 

 

Tab. 3: Experimental design of the study. 

 

Time Task performed 

Delivery observation of expulsion of the calf; minimal 

assistance (if required) 

observation of the calf in the first 30 min of life  

assignment of calf to control group or 

experimental group (dice method) 

 

30 min post natum 

1st blood sample 

transfer of calf into the conventional or heated calf 

hutch, respectively 

 

2.5 hrs post natum 

2nd blood sample  

assessment of body weight (tape method) 

first offering of colostrum (15 min) 

 

10.5-14.5 hrs post natum 

3rd blood sample 

second offering of colostrum (15 min) 

transfer of calf from HCH into a conventional hutch 

4-5 d post natum 4th blood sample 

14 d post natum body weight (tape method) 

1-14 d Twice daily assessment of calves health 

(see attachment 1a and 1b). 

 

.  
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3.5 Housing 
 

The dairy had 20 calf hutches (Perfekt®, Arno Hahn Stalltechnik-Fachhandel e.K., 

Stuhr-Fahrenhorst, Germany) in a row where the newborn calves were kept for the first 

14 d of their life (Fig. 1). The hutches stood on a concrete floor with a drain in the 

middle. The hutches had a straw bedding which was renewed after every calf and the 

calves got fresh straw every morning after the feeding. The hutches had a length of 

165 cm, a width of 135 cm and a height of 126 cm. Every hutch had a little fenced off 

area which was roughly 120 x 120 cm. The hutches were sheltered with an extended 

roof from the barn. In wintertime, a windbreak net was applied to avoid draught.  

 

 

 

Fig. 2:  Calf hutches used for raising the calves in the first two weeks of life  
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3.5.1 Heated calf hutch 
 

A ventilated and heated calf hutch was built by reconstructing a normal calf hutch (Calf-

Tel®, Hampel Animal Care, Germantown, United States). In the roof of this hutch, two 

fan heaters were integrated (Fig. 2-5). The hutch had a length of 147 cm, a width of 

109 cm and a height of 117 cm. The fenced area was 120 x 120 cm. 

 

 

 

Fig. 3: The heated calf hutch from the side. This is a conventional calf hutch that 

was modified by integrating two fan heaters to warm up calves p. n.. Note 

the cables coming from the fan heaters and the timber work to protect 

the fan heater from the outside environment. 
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Fig.  4:  Inside of the heated calf hutch with two fan heaters integrated into the 

roof to warm up calves p. n.. 

 

The fan heaters used were commercially available (DeLonghi, HVF, 3030M, Vertical 

Style) with two switches to control the temperature. The first one had three stages to 

change the performance between 800, 1200 and 2000 Watt. The second switch served 

to tune the air output. Dimensions of the fan heaters were 23.7 x 17.5 x 31.5 (W x D x 

H cm); the weight was 1.3 kg. A thermometer was installed to control the temperature 

on the inside of the heated hutch between 28 °C and 34 °C. The constant temperature 

was ensured by turning the fans on by the time the calf was born. It took around 10 - 

20 min to warm up to the required temperature depending on the ambient temperature. 
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The temperature was checked at 15 min after turning the fans on and then again before 

the calf was moved to the heated hutch. The next temperature check was at 2.5 hrs 

before the first blood sample was taken. The hutch had straw bedding and was 

manually cleaned after removal of each calf.  

 

 

3.6 Feeding regime 
 

Each calf was fed fresh warm colostrum milked with a mobile milking machine from 

their dam immediately before feeding. In case the dam was milked before feeding time 

the colostrum was kept in a nipple bottle which was warmed up to 40 °C in a bucket 

filled with hot water (55 °C).  

 

The calves where fed the first time 2.5 hrs after delivery. The second feeding took 

place between 10 and 14 hrs p. n (mean 12 hrs). In the following,  2.5 hrs is being 

referred to as 2 hrs and 10.5 – 14.5 hrs is being referred to as 12 hrs. Both times calves 

were fed fresh warm colostrum ad libitum using a nipple bottle (Speedy Feeder, 

DeLaval GmbH, Reinbek) which was washed with hot water and soap after each 

feeding. Feeding time was restricted to 15 min timed with a stop watch. The nipple 

bottle was filled with 2 l of colostrum and was refilled with 2 l of colostrum each time 

the calf finished the bottle. The volume of colostrum ingested was recorded.  

 

After the second feeding of dam’s colostrum, the calves were fed 3 l of mixed colostrum 

twice a day for the first 14 d using a nipple bucket. No mastitis milk or milk from cows 

undergoing treatment with veterinary drugs was used. 

 

After every feeding the bucket was cleaned with hot water and soap and rinsed with 

clear water thereafter. 
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3.7 Vitality 
 
The vitality of the calves was assessed by scoring the strength of the sucking reflex, 

the ability to stand and the interest in the environment. The reflex was divided into 

three intensities.  

 weak (+): hardly sucking, not much interest to suck, stopping repeatedly (at least 

five times within 2 min);  

 medium (++): moderately sucking, interested, stopping between two and five 

times within 2 min; 

 strong (+++): hard sucking, very interested, not stopping at all or not more than 

once within 2 min. 

The sucking reflex was assessed at the first two colostrum intakes by letting the calves 

suck on two fingers before the feeds. The strength and intensity of the sucking was 

then assessed.  

  

 

3.8 Hygiene management 
 

The straw bedding was removed totally after each calf and the hutches were cleaned 

with a hot water high-pressure cleaner (HDS 1195 SX Eco, Kärcher, Winnenden, 

Germany) and then left 1 – 3 d to dry. The new straw bedding was made just before a 

new calf was moved in.  

 
 
 

3.9 Climatic conditions 
 

The air temperature, humidity and wind speed were recorded twice daily. The 

temperature in the HCH was recorded when the calf was first placed in it and then at 

2 hrs and 12 hrs p. n.. The weather data was correlated and completed with data from 

a weather station in Kiel - Holtenau run by the German weather forecast (Deutscher 

Wetterdienst). The station is located approximately 20 km from the dairy farm.  
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Fig 5: The middle weekly temperature between the 1st of December 2010 and 

the 3rd of May 2011 in degrees Celsius. The data was correlated with a 

weather station 20 km away from the dairy farm.  

 

 

3.10 Daily examination  
 

The calves were examined twice daily for the first 14 d of life. Every morning roughly 1 

h after feeding, calves were examined to assess their general condition. Respiratory 

rate (breath/min) and rectal temperature (°C) were taken. In addition, the general 

condition and appetite were assessed directly after feeding (see Appendix Tab. 8 and 

9).  

 

The general condition was scored as score 1 (alert, physiological), score 2 (dull, 

extended periods of lying), score 3 (apathetic, recumbent). The appetite was scored 

as score 1 (undisturbed), score 2 (reduced, unsteady ingestion of milk), score 3 

(inappetence). The respiratory rate was assessed by counting the breathes per minute 
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using the rib movement as an indicator. The rectal temperature was determined using 

a digital thermometer (SC 12, Scala electronic GmbH, Stahnsdorf). The faeces were 

scored as score 1 (pasty or formed faeces without blood), score 2 (soupy with or 

without blood), score 3 (watery, with or without blood). 

 

 

3.10.1 Disease 
 

The incidence of disease within the first two weeks of life was assessed using the 

parameters below. 

 

 

3.10.1.1 Undifferentiated fever 
 

Undifferentiated fever was defined by a rectal temperature ˃ 39.5 °C with or without a 

depressed general condition. These calves were treated three times with enrofloxacin 

(Enrofloxacin 10 %®, VIRBAC Tierarzneimittel GmbH, Bad Oldesloe, 5 mg/kg s. c., q 

24 hrs) and either meloxicam (Meloxicam®, aniMedia, Senden-Bösensell, 0.5 mg/kg 

s. c.) or carprofen (Rimadyl®, Zoetis Deutschland GmbH, Berlin, 1.4 mg/kg s. c.). The 

treatment was defined to be successful if the rectal temperature decreased within 12 

hrs to below 39.5 °C and the disturbance of the general condition disappeared within 

this period of time.  

 

 

3.10.1.2 Undifferentiated neonatal diarrhea 
 

Undifferentiated neonatal diarrhea was defined as soupy or watery faeces with or 

without a depressed general condition. The respective calves were treated using 

enrofloxacin (Enrofloxacin 10 %®, VIRBAC Tierarzneimittel GmbH, Bad Oldesloe, 5 

mg/kg s. c., q 24 hrs), a single injection of meloxicam (Meloxicam®, aniMedia, Senden-

Bösensell, 0.5 mg/kg s. c.) or carprofen (Rimadyl®, Zoetis Deutschland GmbH, Berlin, 



3    Materials and methods Page 30 

   

 

1.4 mg/kg s. c.). and two litres of a electrolyte drink (Effydral®, Zoetis Deutschland 

GmbH, Berlin) twice a day if the faeces were watery and the general condition was 

depressed. If the general condition was undisturbed the calves only got 2 l of an 

electrolyte drink (Effydral®, Zoetis Deutschland GmbH, Berlin) twice a day. A 

successful treatment was defined by undisturbed general condition, a rectal 

temperature ˂ 39.5 °C, the ability to stand and ingest milk and pasty consistency of the 

faeces. 

  

 

3.10.1.3 Omphalitis 
 

An omphalitis was defined by a swollen, hot and painful navel with or without moist or 

purulent discharge. The general condition was either undisturbed or reduced. 

Respective calves were treated thrice with ceftiofur (Cefquinom®, MSD Intervet 

Deutschland GmbH, Unterschleiβheim, 1 mg/kg i. m., q 24 hrs) and meloxicam 

(Meloxicam®, aniMedia, Senden-Bösensell, 0.5 mg/kg s. c.) on the first day of the 

treatment period. A successful treatment was defined by an undisturbed general 

condition, significant reduction of the swelling, drying of the navel and reduced pain 

symptoms. 

 

 

3.11 Body weight 
 

Body weight of the calves was assessed using a special measuring tape (Dairy Calf 

Tape, Nr. 44556, Coburn) for Holstein Frisian calves before the first feeding (2 hrs after 

delivery) and at an age of 14 d. The tape was placed behind the elbow around the 

ribcage. The tape was smoothly pulled tight without loops or twists close against the 

skin.  
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3.12 Blood samples 
 

Blood samples (EDTA-, Serum- and Li-Heparin) were taken from the jugular vein using 

a 18 G sterile needle. Within 60 min, the blood collected in the tube with clotting 

activator and the tube with Li-Heparin was centrifuged (2,000 g, 10 min, 22 °C). The 

same day, EDTA-blood and serum samples were sent to the laboratory at the Clinic 

for Cattle, University of Veterinary Medicine, Hannover. The first blood sample was 

taken 30 min after delivery, while the calf was still in the maternity pen near its dam. 

The second sample was taken 2 hrs after delivery directly prior to the first feeding. The 

third sample was taken on average 12 hrs after delivery before the second feeding. A 

fourth sample was taken four to five days (in the following, this sample is going to be 

referred to as 96 hrs) after delivery between 10 and 12 a. m..  

 

 

3.12.1       Analyses  
 

The blood samples were analyzed at the laboratory of the Clinic for Cattle at the 

University of Veterinary Medicine in Hannover. The white blood cells, erythrocytes, 

hemoglobin, packed cell volume, MCV, MCH, MCHC and platelets were analyzed by 

a cell analyzer (Hematology Analyzer®, Nihon Kohden, Bad Homburg). Metabolic key 

parameters (i. e., cholesterol, glucose, total protein, non-esterified fatty acids, albumin, 

blood urea nitrogen) were analyzed using an auto analyzer (Cobas Mira®,Hoffmann 

La-Roche, Basel, Schweiz). Hormones (T3, T4 and cortisol) were analyzed using 

radioimmunoassay kits (β-counter, LKB 1209, Pharmacia Freiburg).  
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Tab. 4:  The parameters analyzed with the method used, the producer and the 

coefficient of variation (COV) 

 

Parameter Method Producer  COV 
[ % ] 

Total protein Biuret  
(end point) 

Sigma, Art. 541-2 

2.0 

Cholesterol Enzymatic 
colour test 

Sigma,  
Art. 401-25P 2.1 

Glucose Hexokinase ABX, 
Art. A11A00116 4.0 

Non-esterified fatty 
acid 

Enzymatic 
colour test 

Wako, 
Art. 99475409 2.4 

Urea Enzymatic UV-test Roche,  
Art. 0736864 3.6 

Cortisol  Chemilumineszenz- 
Immunoassay 

Immulite 

8.8 

Triiodothyronine Radioimmunoassay 
 

IM1699-IM3287  
Immunotech,   
Beckman Coulter,  USA 

7.7 

Thyroxine Radioimmunoassay 
 

IM1447-IM3286,  
Immunotech,   
Beckman Coulter,  USA 

8.6 

 

 
 
 
3.13      Statistics 

 

SAS (Version 9.4, SAS Institute Inc.; Cary; NC) was applied for statistical analyses.  

 

The birth weight was subtracted from the body weight after 14 days of life in order to 

calculate the daily weight gain during the first 14 days of life.  
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All data were analysed using the MIXED procedure in SAS. For the comparison of 

colostrum intake, weights and blood metabolites compound symmetry covariance 

structures were chosen. Wilk-Shapiro tests were used to assess the normality of the 

residuals.  

 

For the analysis of factors affecting colostrum intake, group (CG or HCH), time of 

colostrum intake (first or second intake), sex of calf (male or female) and the interaction 

time*group were included as fixed effects. The parity of the dam (primiparous or 

multiparous) and the process of birth (spontaneous or minimal assistance) did not 

significantly affect colostrum intake (p=0.40 and 0.39, respectively). Both factors were 

therefore not included in the statistical model. 

 

Group (CG or HCH), time of weight assessment (at birth or day 14 of life), sex of calf 

(male or female) and the interaction time*group were included as fixed effects in the 

model used to test differences in weight gain within the first two weeks of life. 

 

All models for the blood metabolites included the group (CG or HCH), time of blood 

sampling (immediately after birth, 2 hrs p. n., 12 hrs p. n., 96 hrs p. n.), sex of calf (male 

or female) and the interaction time*group. 

 

The random error term used for all mixed models was the calf. If an overall significant 

effect of treatment was found, a subsequent Tukey-Kramer post hoc analysis was 

performed. A p-value of < 0.05 was considered significant.  Data are presented as 

LSMeans ± standard error. 
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4 Results  

 

4.1 Colostrum intake 
 
The first intake of colostrum 2 hrs p. n., averaged in CG calves 2.6 ± 0.2 l (min: 0.8, 

max: 5.3) (Fig. 6). The calves of the HCH group ingested on average 24 % more (i. e., 

3.6 ± 0.2 l (min: 2.5, max: 5.2) during the first feeding; the difference between the 

groups was significant (p = 0.008). During the second feeding 12 hrs p. n., colostrum 

intake did not differ significantly between the calves of the CG group (3.5 ± 0.2 l, min: 

1.6, max:. 5.2) and calves of the HCH group ( 2.9 ± 0.2 l, min: 0.2, max: 4.6).   

 

Colostrum intake
[ l ]

Feeding                                           Feeding 
2 hrs p. n.                                        12 hrs p. n.

0

1

2

3

4

 

Fig. 6: Intake of colostrum (LSMeans + SEM) during the first feeding 2 hrs p. n. 

and second feeding 12 hrs p. n. in calves housed either in conventional 

calf hutches outside (CG; N=18; black bars) or in a ventilated warm hutch 

(HCH; N=20; white bars); a star indicates a significant difference (p = 

0.008) between groups. 

* 
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In respect to the volume of colostrum ingested during the first and second feeding, no 

significant differences were found between group HCH (6.4 ± 0.3 l, min: 3.6, max: 9.3) 

and group CG (6.0 ± 0.3 l, min: 4.0, max: 8.7) (p = 0.37).  

 

Median total colostrum intake 

Colostrum intake 
[ l ]

0

2

4

6

8

 

Fig. 7: Total intake of colostrum during the first and second meal within the first 

12 hrs of life (LSMeans + SEM) in calves housed either in conventional 

calf hutches outside (CG; N=18; black bar) or in a ventilated warm hutch 

(HCH; N=20; grey bar); there was no significant difference between the 

two groups. 

 

 

4.2 Vitality 
 
When colostrum was offered the first time 2 hrs p. n., the sucking reflex. was strong 

(score 3) in 35 % of the calves in the HCH group and in 28 % of the calves of the CG 

group. At the point of time, when colostrum was offered the second time 12 hrs p. n., 

60 % of the calves of the HCH group and 48 % of the calves of the CG group showed 
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a strong sucking reflex. There was one calf in the HCH group that had a weak sucking 

reflex.   

 

In addition, vitality 2 hrs after delivery was subjectively observed with the HCH calves 

standing and moving around quicker than the CG calves. The HCH calves were more 

lively and showed more interest in the colostrum especially at the first colostrum intake 

recording. 

 

 

Tab. 5:  Sucking reflex at the first colostrum intake at 2 hrs after birth (HBH 1 and 

CG 1) and at the second colostrum intake (HBH 2 and CG 2) 12 hrs after 

birth for calves of housed in a calf hutch with ambient temperature 

(control group GG; N=18) and calves housed in a heated hutch (HCH; 

N=20). 

 

Group weak medium strong 

HCH 1 0 13 7 

CG 1 0 13 5 

HCH 2 1 7 12 

CG 2 0 9 9 

 

 

4.3 Disease 
 
There was no statistically significant difference in the incidence of disease between the 

CG calves and the HCH calves. The 14 CG calves had 33 d of diarrhea in total over 

the first 14 d and the 16 HCH calves had 29 d of diarrhea.  
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Tab. 6:  Incidence of disease in calves housed either in conventional calf hutches 

outside (CG; N=18) or calves housed in a ventilated warm hutch (HCH; 

N=20) in the first 14 days of life.  

 

 Number of 
calves with 

diarrhea 

Diarrhea 
[ days in 

total ] 

Diarrhea 
[ average 

episode per 
calf days ] 

Number 
of calves 

with 
other 

ailments 

Other 
ailments 
[ days in 

total ] 

Other 
ailments 
[ average 
episode 
per calf 
in days ] 

Control group 

(CG) 
14/18 33 

2.4 

(min: 1 day, 

max: 8 days) 

7 7 1 

Heated hutch 

group (HCH) 
16/20 29 

1.8 

(min: 1 day, 

max: 3 days) 

7 7 1 

 

 
 

4.4 Blood cell count 
 

4.4.1 Leukocytes 
 

The leukocytes were well above 10,000 µl-1 at 30 min p. n. in both groups. In the HCH 

calves the leukocytes stayed around that mark for the first 12 hrs p. n.. In the calves of 

the CG group the leukocytes increased to over 14,000 µl-1  at 12 hrs p. n.. However, 

the difference between HCH and CG calves was not significant. At 96 hrs p. n., the 

number of leukocytes had dropped to just under 9,000 µl-1 in the CG calves and to  

7,000  µl-1 in the calves of the HCH group. No significant difference was found between 

the calves of the groups raised under different ambient temperature. 
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Tab. 7:  LSMeans (+ SEM) for leukoocytes [ µl-1 ] in calves housed either in 

conventional calf hutches outside (CG; N=18) or calves housed in a 

ventilated warm hutch (HCH; N=20) at four different time points post 

natum. G – group effect, T – effect of point of time, S – effect of gender, 

T*G – interaction between point of time and group.  

 
 

 
Parameter 

 
Time point 

p. n. 

 
Control group 

( CG ) 

 
Heated hutch 

( HCH ) 

p-value 

G T S T*G 

 
Leukocytes   

[ µl-1 ] 

 
30 min 

 
12,289 ± 1,120 

 
10,909 ± 1,081 

 

  
2 hrs 

 
12,340 ± 1,175 11,170 ± 1,061 

 
0.13 

 
<0.01 0.46 0.85 

  
12 hrs 14,603 ± 1,149* 

 
11,971 ± 1,106# 

 

  
96 hrs 

 
8,951 ± 1,120 

 
7,075 ± 1,061 

 

 

 

4.4.2 Erythrocytes 
 

The numbers of erythrocytes were slightly higher at all four time points in the calves of 

the CG than the HCH group. The value rose slightly from 7.8 Mio./µl at 30 min p. n. to 

8.0 Mio./µl at 2 hrs p. n. and then fell to 6.9 Mio./µl at 96 hrs p. n. in the CG calves. 

The HCH calves had erythrocyte counts that rose slightly from 6.6 Mio./µl at 30 min p. 

n. to 7.5 Mio./µl at 2 hrs p. n. and then fell to 6.3 Mio./µl at 96 hrs p. n.. There was no 

significant difference between the means of calves in group CG and HCH at any point 

of time tested. 
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Tab. 8: LSMeans (+ SEM) for erythrocytes [ 106/µl ] in calves housed either in 

conventional calf hutches outside (CG; N=18) or calves housed in a 

ventilated warm hutch (HCH; N=20) at four different time points post 

natum. G – group effect, T – effect of point of time, S – effect of gender, 

T*G – interaction between point of time and group. Different symbols 

indicate a statistical tendency (p > 0.05 < 0.1) at the respective point of 

time. 

 

 

4.5 Serum parameters 
 

4.5.1  Total protein  
 

The serum concentration of total protein 30 min and 2 hrs p. n. did not differ significantly 

between calves of the CG and HCH group (p > 0.05; Fig. 8). Thereafter, the 

concentrations rose to 64.9 ± 1.3 g/l (min: 49, max: 80) in the HCH calves 12 hrs p. n., 

which was significantly higher compared to the respective concentration in CG calves 

(58.9 ± 1.4 g/l; min: 47, max: 70). No significant difference of the serum protein 

concentration was observed between CG and HCH calves in the fourth blood sample 

which was collected 96 hrs p. n..  

 

 
Parameter 

 
Time point 

 
Control group 

 
Heated hutch 

p-value 

G T S T*G 

Erythrocytes  

[ 106 /µl ] 

 
30 min 

 
7.8 ± 0.3* 6.6 ± 0.3# 

 

 
 

2 hrs 8.0 ± 0.3 7.5 ± 0.3 0.09 <0.01 0.22 0.82 

  
12 hrs 7.3 ± 0.3 6.6 ± 0.3 

 

  
96 hrs 6.9 ± 0.3 6.3 ± 0.3 
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Fig. 8: Serum concentration of total protein [g/l] over the first 96 hrs of life 

(LSMeans + SEM) in calves housed either in conventional calf hutches 

outside (CG; N=18; black circles) or calves housed in a ventilated warm 

hutch (HCH; N=20; grey circles); a star indicates a significant difference 

(p < 0.01) between groups.  

 

 

4.5.2 Cortisol  
 

In both groups, highest cortisol serum concentrations at a level of 80 μg/dl were 

measured 30 min after delivery. Within the first two hours of life, the concentrations 

decreased by roughly 50 %. A further reduction of serum concentrations was assessed 

in the subsequent blood samples collected 12 and 96 hrs after delivery. 

 

* 
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Over the whole period, there was no significant difference in the serum cortisol 

concentration between the CG calves and the HCH calves (Fig. 9) indicating that the 

difference in the ambient temperature did not affect the cortisol concentration. 
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Fig. 9: Serum cortisol concentration [µg/dl] over the first 96 hours of life 

(LSMeans + SEM) in calves housed either in conventional calf hutches 

outside (CG; N=18; black circles) or in a ventilated warm hutch (HCH; 

N=20; grey circles); there was no significant difference between groups 

at any point of time.  
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4.5.3 Triiodothyronine and thyroxine 
 

Triiodothyronine (T3) concentrations in serum did not differ throughout the study period 

investigated between the calves housed in different ambient temperatures (Fig. 10). 

Concentrations rose within the first two hours of life by more than 50 % and remained 

on that level until 12 hours after delivery. Almost four days later (96 hrs after delivery) 

the concentrations of T3 in serum were similar to those measured 30 min after birth. 

 

The concentrations of T3 in all samples were almost 20-40 times higher than those of 

thyroxine (T4) (Fig. 11). The latter hormone concentrations were neither affected by 

the ambient temperature of the calf. The sequence of changes war comparable to 

changes of T3 concentration. However, the increase within the first two hours of life 

was not as pronounced as for T3 and the concentrations found 96 hrs after delivery 

were even 50 % lower than the concentrations 30 min after birth.  
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Fig. 10:  Triiodothyronine (T3) concentration [ng/dl] over the first 96 hours of life 

(LSMeans + SEM) in calves housed either in conventional calf hutches 

outside (CG; N=18; black circles) or in a ventilated warm hutch (HCH; 

N=20; grey circles); there was no significant difference between groups 

at any point of time.  
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Fig. 11:  Thyroxine (T4) concentration [ng/dl] over the first 96 hours of life 

(LSMeans + SEM) in calves housed either in conventional calf hutches 

outside (CG; N=18; black circles) or in a ventilated warm hutch (HCH; 

N=20; grey circles); no significant difference between groups at any point 

of time. 

 
 

 

4.5.4 Glucose 
 

Thirty minutes after delivery, serum glucose concentrations were above 4 mmol/l in 

calves of both groups (Fig. 12). A drop of about 0.5 mmol/l was observed within the 

first two hours of life followed by a moderate increase. Highest concentrations of serum 

glucose were found 96 hrs after delivery at a level of 6 mmol/l.  
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Although the drop of serum glucose seemed to be more pronounced in calves of the 

HCH group compared to control calves the difference was not significant.  
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Fig. 12: Serum glucose concentration [mmol/l] over the first 96 hours of life 

(LSMeans + SEM) in calves housed either in conventional calf hutches 

outside (CG; N=18; black circles) or in a ventilated warm hutch (HCH; 

N=20; grey circles); there was no significant difference between groups 

at any point of time. 

 

4.5.5 Urea 
 

The serum concentration of urea was found to be around 5 mmol/l after delivery in both 

groups and remained about there for the next two hours. It then rose at 12 hrs p. n. in 

the CG calves to 5.5 mmol/l and fell in the HCH calves to 4.6 mmol/l which indicated a 
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tendency at this point. Then the blood urea nitrogen levels decreased in both groups 

to 4.4 mmol/l at 96 hrs in the CG calves and to 3.6 mmol/l. No significant difference 

between calves of the two groups was found. 

 

 

Tab. 9: LSMeans (+ SEM) for serum concentration of urea [ mmol/l ] in calves 

housed either in conventional calf hutches outside (CG; N=18) or calves 

housed in a ventilated warm hutch (HCH; N=20) at four different time 

points post natum. G – group effect, T – effect of point of time, S – effect 

of gender, T*G – interaction between point of time and group. Different 

symbols indicate a statistical tendency (p > 0.05 < 0.1) at the respective 

point of time. 

 
 

Parameter 
 

Time point 
 

Control group 
( CG ) 

 
Heated hutch 

( HCH ) 

p-value 

G T S T*G 

Urea              
[ mmol/l ] 

 
30 min 5.1 ± 0.3 4.9 ± 0.3 

 

 
 

2 hrs 5.1 ± 0.4 5.0 ± 0.3 0.14 
 

<0.01 0.69 0.38 

  
12 hrs 5.5 ± 0.3* 4.6 ±0.3# 

 

  
96 hrs 4.4 ± 0.3 3.6 ± 0.3 

 

 

 

4.5.6 Albumin 
 
In calves of both groups, the albumin levels in serum were at 27 g/l at 30 min p. n. and 

remained unchanged until 2 hrs p. n.. Thereafter, serum albumin concentration 

dropped to just under 25 g/l at 12 hrs p. n. and increased again reaching at 96 hrs p. 

n. again values around 27 g/l. There were no significant differences between the 

means of the two groups tested at any point of time. 
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Tab. 10: LSMeans (+ SEM) for serum concentration of albumin [ mmol/l ] in calves 

housed either in conventional calf hutches outside (CG; N=18) or calves 

housed in a ventilated warm hutch (HCH; N=20) at four different time 

points post natum. G – group effect, T – effect of point of time, S – effect 

of gender, T*G – interaction between point of time and group. 

 
 

Parameter 
 

Time point 
 

Control group 
( CG ) 

 
Heated hutch 

( HCH ) 

p-value 

G T S T*G 

Albumin  
[ g/l ] 

 
30 min 

 
27.0 ± 0.5 27.7 ± 0.4 

 

  
2 hrs 

 
27.0± 0.5 27.6 ± 0.4 

 
0.85 

 
<0.01 

 
0.40 

 
<0.01 

  
12 hrs  24.9 ± 0.5 24.4 ± 0.4 

 

  
96 hrs 27.1 ± 0.5 26.7 ± 0.4 

 

 

 

4.5.7 Non-esterified fatty acids 
 

There was a significant difference between the two groups at 30 min p. n. with the CG 

calves having a serum concentration of 581 µmol/l and the HCH calves 778 µmol/l. 

Highest concentrations were found 2 hrs p. n. in calves of both groups; a gradual 

decrease within the following days was observed for all calves. Housing the calves in 

the heated hutch did not affect the concentrations of non-esterified fatty acids 

significantly. 
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Tab. 11: LSMeans (+ SEM) for serum concentration of non-esterified fatty acids  [ 

µmol/l ] in calves housed either in conventional calf hutches outside (CG; 

N=18) or calves housed in a ventilated warm hutch (HCH; N=20) at four 

different time points post natum. G – group effect, T – effect of point of 

time, S – effect of gender, T*G – interaction between point of time and 

group. 

 
 

Parameter 
 

Time point 
 

Control group 
( CG ) 

 
Heated hutch 

( HCH ) 

p-value 

G T S T*G 

Non-
esterified 
fatty acids    
[ µmol/l ] 

 
30 min 581 ± 64a 778 ± 61b 

 

[ µmol/l ] 
 

2 hrs 948 ± 68 972 ± 61 0.52 
 

<0.01 0.98 0.12 

  
12 hrs  562 ± 64 518 ± 61 

 

  
96 hrs 328 ± 64 302 ± 61 

 

 

 

4.5.8 Cholesterol 
 

In calves of both groups, the cholesterol levels in serum increased from just over 0.70 

mmol/l at 30 min p. n. to around 1.90 mmol/l at 96 hrs p. n.. There was no significant 

difference between the two groups at any point of time tested. 
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Tab. 12: LSMeans (+ SEM) for serum concentration of cholesterol [ mmol/l ] in 

calves housed either in conventional calf hutches outside (CG; N=18) or 

calves housed in a ventilated warm hutch (HCH; N=20) at four different 

time points post natum. G – group effect, T – effect of point of time, S – 

effect of gender, T*G – interaction between point of time and group. 

 
 

Parameter 
 

Time point 
 

Control group 
( CG ) 

 
Heated hutch 

( HCH ) 

p-value 

G T S T*G 

Cholesterol  
[ mmol/l ] 

 
30 min 0.72 ± 0.08 0.73 ± 0.07 

 

 
 

2 hrs 0.77 ± 0.08 0.83 ± 0.07 0.09 <0.01 0.18 0.65 

  
12 hrs 0.90 ± 0.08 0.85 ± 0.07 

 

  
96 hrs 1.93 ± 0.07 1.89 ± 0.07 

 

 



5    Discussion Page 50 

   

 

5 Discussion 

The aim of the study was to verify the impact of the ambient temperature on colostrum 

intake, vitality, key blood parameters and susceptibility to disease in newborn Holstein 

calves. 

 

 

5.1 Methods 
 
This study was carried out on a commercial dairy farm with 320 milking cows. The 

following elements on the farm chosen were beneficial to this study, that being:  

 

 The size of this farm and the volume of calves born each season allowed the 

study to be completed in a timeframe of one winter season.   

 Management of the calving cows was consistent throughout the duration of the 

study. 

 Management of the calves allowed for consistency in the feeding regime and 

environmental conditions. 

 Consistent way of collecting data.   

 The study group comprised of 38 calves, this number was sufficient to collect 

statistically significant data results. 

 

The farm management allowed the collection of data and samples to be carried out by 

one person for the duration of the study. This meant there was insignificant variations 

in the way samples were collected. The other benefit in choosing this farm was being 

able to complete the study in a comparatively short time frame. This enabled the results 

to be interpreted and correlated without the variations of different seasons and 

conflicting weather cycles. If the study would have lasted over several years the data 

could have been influenced by different yearly weather cycles.  
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5.1.1 Principle study parameters  
 

Colostrum intake was measured in 100 ml increments as the literature states that 78 

% of calves ingest 2 L of colostrum or more and only 22 % of calves ingest less than 2 

L of colostrum at the first feed (VASSEUR et al. 2009). Because of these quantities 

stated in the literature 100 ml was deemed an accurate assessment for the colostrum 

intake in calves. Feeding time was restricted to 15 min per calf to be able to standardize 

the data collection and the time each calf had to ingest the colostrum ad libitum. The 

suck reflex was incorporated in the study to measure the vitality of the new born calf. 

Calves were randomly assigned to one of the two study groups. This group allocation 

was undertaken directly after birth.  

 

 

5.1.2 Individual study parameters 
 

The sucking reflex used to measure vitality of the new born calf was validated by the 

strength of the sucking reflex on two fingers of the person collecting the data and the 

willingness or interest of the calf to engage in this process. The data indicated that 35 

% of the HCH calves had a strong sucking reflex at their first feeding and this increased 

to 60 % by their second feeding session. The sucking reflex of CG calves revealed that 

28 % of these calves had a strong sucking reflex at their first feeding and this increased 

to 50 % by their second feeding session. In addition, vitality 2 hrs after delivery was 

subjectively observed with the HCH calves standing and moving around quicker than 

the CG calves. The HCH calves were more lively and showed more interest in the 

colostrum especially at the first colostrum intake recording. Further studies would need 

to be undertaken to indicate if this subjective impression can be proven objectively. 

 

Calves were assigned randomly to one of the two groups directly after birth. This 

assignment was undertaken without taking into consideration the gender of the calf in 

the respective group. It was due to this randomness of group allocation that the 

proportion of male and female calves differed between the groups of CG and HCH 
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calves, respectively. This was not considered as a problem, because there were no 

indications in the literature that the gender of the calves influences colostrum intake 

(WEAVER et al. 2000; GODDEN, 2008). However, in this study higher intakes were 

found for male calves for unknown reasons. To avoid any gender effect in further 

studies, emphasis should be placed on ensure that the allocation of calves in each 

group is equally shared between male and female calves.  

 

Ambient temperature data were collected and correlated without the variations of 

different seasons and conflicting weather cycles. However it was still influenced by the 

day to day temperature cycle. This meant that the calves would not be raised in exactly 

the same ambient temperature, and this daily deviation might have had an influence 

on the concluding results. However, as calves were taken one by one into each group, 

the higher temperature in spring should not have any significant effect on the outcome 

of the study.    

 

Another factor affecting the immunoglobulin status of newborn calves after colostral 

supply is the parity of the dam. There is evidence (WEAVER et al. 2000; GODDEN, 

2008) that the colostrum quality from older cows is higher than the colostrum quality 

from heifers. This study did not test colostrum quality and therefore it was not taken 

into consideration. Ideally, when it comes to compare the blood results it would be 

advantageous if the colostrum received by each calf would be of equal quality. 

 

The incidence of disease was not influenced by the change in ambient temperature, 

however there are a lot of different factors that play a role in the susceptibility for 

disease in calves (WEAVER et al. 2000). There was a known Cryptosporidium parvum 

problem on the farm used in this study that could cause health issues for a calf even 

though its intake of colostrum was sufficient and it was kept warm directly after birth. 
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5.1.3 Effects of the ambient temperature 
 

Although newborn calves have highly developed thermoregulation ability the benefit of 

keeping them warm especially in winter is obvious. The higher colostrum intake will not 

only influence the serum concentration of total protein and hereby the increased ability 

of the immune system to respond to disease. The energy needed to keep warm in 

ambient temperature can be used for the development of the calf instead of being used 

to maintain the body core temperature.  

 

The recommendation in the literature as to how much colostrum should be fed varies 

from 1.5 l within the first three hours after birth and 3 – 4 l within the first 6 to 12 hrs 

after birth (DIRKSEN, 2006). Testing the IgG in the colostrum and feeding according 

to how high the IgG content is would lead to 1.89 l colostrum if the colostrum contains 

50 g/l IgG and 3.78 l colostrum if it contains 25 g/l IgG. This would correspond to a 

recommended intake of 100 g IgG in a 43 kg calf in the first feeding. If the IgG content 

in the colostrum is unknown, the recommendation is 10–12 % of body weight for the 

first colostrum intake, i. e. 4.3 l for a 43 kg calf. (GODDEN, 2008). Although there are 

different recommendations on how much colostrum a calf should receive, CABELLO 

a. LEVIEUX (1980) found that even under the same environmental circumstances and 

fed the same colostrum the IgG1 and IgM absorption varies considerably between 

individual calves. They also demonstrated that the outside temperature at birth affects 

the maximal IgG1 concentration.  

 

The most important finding from the study conducted was that calves housed in a warm 

hutch within their first hours of life exhibited a significantly higher colostrum intake when 

colostrum was offered the first time compared to calves which were put directly into a 

hutch with ambient temperature. Thus, providing a warm environment made a big 

difference for the calf’s willingness to feed. 

 

The outstanding importance of colostrum for the newborn calf becomes clear, when 

taking into account a study undertaken by HADORN et al. (1997) who compared three 
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different groups of calves. Calves of two control groups were fed different formulas 

during the first two days after birth. The first day of life, one group of calves was fed 

colostrum, one group was fed water while the last group was fed glucose. The second 

day all calves were fed colostrum. The study revealed that the calves who were fed 

colostrum from day one were not only presenting with more vitality, higher rectal 

temperatures, higher heart and respiratory rate. They also exhibited favorable effects 

on metabolic and endocrine traits such as higher serum concentrations of glucose, 

albumin and insulin levels and lower urea levels.  

 

 

 

Fig. 13:  The effects of colostrum on metabolism, cell growth and immune function 

through its bioactive substances (modified from ONTSOUKA et al. 2016).  

 



5    Discussion Page 55 

   

 

The authors concluded that feeding of colostrum was not only an important factor for 

the immune system, but also contributed to general health and vitality of the newborn 

calf which is supported by other research: bioactive substances in the colostrum attach 

to receptors on the extracellular side and the response created on the intracellular side, 

affects cell growth, metabolism and the immune function (ONTSOUKA et al. 2016). 

Thus, the ability of the calf to cope with a low ambient temperature in the first hours of 

life may also affect the health status in the long run. 

  

The results of VASSEUR et al. (2009) differed from those of the present study. The 

authors reported that providing a heat source, in their case a heat lamp, did not make 

any difference in colostrum intake. This might be caused by the different kind of heat 

source since a heat lamp provides heat more localised than the HCH that provides a 

general warmer environment.  

 

The question arises whether the calves in the heated hutch had to cope heat stress. 

KOUBKOVÁ et al. (2002) showed that heat stress in dairy cows increases the packed 

cell volume from 0.33 to 0.42 l/l. The cows also revealed a decreased number of 

leukocytes (8.3 to 5.0 G/l). The total protein increased from 69.0 g/l to 76.5 g/l due to 

hemoconcentration caused by dehydration. The glucose serum concentration in 

theses cows increased (2.98 to 3.35 mmol/l), but thereafter it quickly decreased to 2.91 

mmol/l and finally stabilized at 3.0 mmol/l. Another study at the Shahid Chamran 

University, Iran showed that the T3 and T4 levels decrease in summer during very hot 

temperatures (average 35.5 °C, max. 51 °C) compared to colder periods in winter 

(average 19 °C, max. 30 °C). In this study the T3 went from 1.4 nmol/l to 0.8 nmol/l 

and the T4 deceased from 56.9 nmol/l to 51.6 nmol/l. The total protein increased in 

summer from 63.9 to 69.3 g/l. Glucose serum concentration decreased in summer from 

3.4 to 2.7 mmol/l (RASOOLI et al. 2004).  

 

The results from the study give some insight to what happens to blood parameters due 

to heat stress. The parameters that changed in the cows (packed cell volume, 

leukocytes, total protein, glucose, T3 and T4) did not change the same way in the HCH 
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calves enrolled in this study (see Table 7). The calves also did not show any signs of 

heat stress, like increased breathing frequency, panting or sweating (SPAIN a. 

SPIERS, 1996). The calves in this study also had the option to move outside the HCH 

into their little fenced area in case they got too hot. None of the calves chose to do 

that. They stood inside the heated hutch and even returned strait back after they had 

been fed outside the hutch. BROUCEK et al. (2009) state that heat stress reduces food 

intake in cattle in order to reduce metabolic load and, thus, metabolic heat production. 

This is another indicator that the HCH calves did not have a higher colostrum intake 

due to heat stress. According to BROUCEK et al. (2009) it would lead to a decreased 

colostrum intake rather than an increase. It can be concluded that calves housed in 

warm hutches did not cope heat stress. Instead of that, they preferred the warm 

environment. 

 

This leads to another interesting question: why did the CG calves with higher energy 

needs ingest less colostrum than the HCH calves with a lower energy need? OLSON 

et al. (1980) reported from their study that calves exposed to extreme cold (calves 

immersed in a water tank with a water temperature of 15 or 17 ⁰C until the body 

temperature dropped 10 ⁰C) are depressed and have difficulties to nurse, to get up 

and to stand. Our study confirms these results. The CG calves were a lot slower in 

getting to their feet and they were less interested in feeding. The calves made the 

impression that they did not have the energy to remain standing nor feed. Once the 

calves were dry and did not use as much energy to maintain their body core 

temperature they regained interest in feeding. This is reflected by the results of 

colostrum intake which was significantly higher in HCH- compared to CG-calves. It can 

be concluded that achieving an appropriate body core temperature after evaporation 

of fluid from the coat seems to have a higher priority for the newborn calf than ingestion 

of colostrum. 
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5.1.4 Endocrinological and metabolic parameters  
 

Another significant result in this study was the difference in serum concentration of 

total protein 12 hrs after birth in the calves of the two groups. In the HCH calves, total 

protein concentration averaged 64.9 ± 1.3 g/l while CG calves had a significantly lower 

concentration of total protein in serum of 58.9 ± 1.4 g/l. The higher volume of total 

protein can be directly related to the higher colostrum intake in the HCH calves. It is 

known that high quality colostrum and/or a larger amount of colostrum ingested leads 

to a higher IgG in the blood (GODDEN, 2008). Various studies have illustrated that in 

calves the amount of ingested colostrum during the first feeding cycle leads to effects 

on daily weight gain and even milk production during the first and second lactation 

(GODDEN, 2008).  SCHEID (2004) found a total protein concentration of 45.1 g/l two 

hours after birth and 74.5 g/l 24 hrs after birth. A study in Italy found total protein 

concentrations as follow: 57.7 g/l (day 1), 65.3 g/l (day 2), 61.9 g/l (day 3), 64.5 g/l (day 

4), 59.1 g/l (day 5) and 53.7 g/l (day 6) in healthy Limousine calves. The high variation 

between the results and the high interindividual variation are caused by differences in 

colostrum intake and, probably, in the ambient temperature. The management of the 

newborn calves also plays a pivotal role. Especially the time between birth and first 

access of the calves to colostrum, along with the quality and the quantity of the 

colostrum being feed are known to affect serum protein concentration (WEAVER et al. 

2000; GODDEN, 2008). 

 

The glucose levels did not show a significant difference. The glucose in the HCH calves 

decreased more (from 5.0 mmol/l at 30 min p. n. to 3.5 mmol/l 2 hrs p. n.) than the 

glucose in the CG calves (5.4 mmol/l 30 min p. n. to 4.6 mmol/l 2 hrs p. n.). The glucose 

concentration in the blood then rose until the last blood sample was taken 96 hrs p. n.. 

DANIELS et al. (1982) suggest that glucose might not be the only energy source in 

newborn ruminants and looked at fructose in his experiment with calves and lambs. 

The calves and lambs in the study showed a blood glucose concentration of 62 

mg/100ml. It then increased to 85 mg/100ml 30 min p. n. and dropped rapidly to 32 

mg/100 ml 5.5 hrs p. n.. GODFREY et al. (1991) showed that calves in a cold 
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environment have a higher glucose level than calves in warm environment. Even 

though the difference in our study was not significant, it could explain the drop in blood 

glucose that was bigger in the HCH calves than in the CG calves. There might be a 

larger number of animals needed to show a significant difference in the blood glucose 

concentration. 

 

DAVICCO et al. (1982) are backing the results from this study regarding the T3 and T4 

concentrations. They could also not show a relationship between ambient temperature 

and thyroid hormone levels. The thyroid hormone level seems to rise during the first 6 

hours after birth and then to decrease.  

 

5.1.5 Conclusion 
 
In the cold season, the heated calf hutch (HCH) ensured a faster drying of the calves 

and their colostrum intake in the first 12 hrs p. n. was increased significantly in this 

study compared to calves housed under ambient temperature (CG). The faster drying 

of the calves also led to a higher vitality of the HCH calves compared to the CG calves. 

The benefits based on a better vitality and a higher colostrum intake in newborn calves 

should be taken advantage of in the everyday work on a dairy farm. The method is 

easy to integrate and ensures that the calves have the ability to ingest the 

recommended amount of colostrum even in the cold season. Even though the 

incidence of disease in the calves in this study could not be influenced by the higher 

colostrum intake it might influence the health of calves over a longer period of time.
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6 Summary 

 

The impact of warming of newborn Holstein calves on colostrum intake, blood 

parameters and vitality 

 

Lena Jürgensen 

 

Colostrum intake and vitality are crucial for the development of a newborn calf in a cold 

environment. The objective of this study was to evaluate whether a rapid drying of 

calves in winter within the first hours of life affects colostrum intake, metabolic and 

endocrinologic key blood parameters and vitality. Accordingly, a prospective field study 

on a dairy farm in Northern Germany was performed. Newborn Holstein Friesian calves 

born between December and April where assigned to (a) a control group housed in 

individual calf hutches under ambient temperature (N=18) or (b) to a group housed in 

a heated calf hutch (28-34 °C) for the first 12 hrs after birth (N=20). Colostrum intake 

within 15 min from a nipple bottle at 2 and 12 hrs post natum (p. n.) was assessed and 

recorded. Blood samples from the jugular vein were taken from each calf 30 min, 2 hrs, 

12 hrs and 96 hrs p. n.. The blood samples were analyzed for number of leukocytes, 

erythrocytes and platelets as well as metabolites (total protein, albumin, cholesterol, 

glucose, non-esterified fatty acids, urea) and hormones (cortisol, triiodothyronine, 

thyroxine). Calves dried rapidly after delivery revealed a better vitality compared to the 

control group. The volume of colostrum ingested 2 hrs p. n. was 24 %  larger for calves 

dried rapidly after delivery (p = 0.008) compared to calves of the control group (3.6 vs. 

2.6 l).  A significant difference between calves dried rapidly and control group (p ˂  0.01) 

was also found for the serum concentration of total protein 12 hrs p. n. (64.9 vs. 58.9 

g/l). For all other parameters tested and points of time, no significant differences were 

found between the groups tested. It is concluded that irrespective of a highly developed 

thermoregulation capability of newborn calves there is a benefit in faster drying in 

winter and keeping them warm for the first 12 hrs p. n. as reflected by an improved 

vitality and a high colostrum intake. The recommendation for the routine management 

on dairy farms especially in cold climates is to ensure that the calves are kept warm 
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until they are dry and ready to go into a calf hutch with ambient temperature. There is 

a need for further investigations to characterize more in detail the metabolic and 

hormonal constellation in newborn calves during the first days of life as affected by the 

ambient temperature. 
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7 Zusammenfassung 

 

Der Einfluß einer exogenen Wärmezufuhr auf Kolostrumaufnahme, Vitalität und 

Blutparameter von neugeborenen Holstein-Kälbern 

 

Lena Jürgensen 

 

Neugeborene Kälber besitzen hoch entwickelte thermoregulatorische Fähigkeiten zum 

Zeitpunkt der Geburt. Es können prinzipiell zwei Strategien eingesetzt werden, um die 

Körperinnentemperatur konstant zu halten. So kontrahieren beim Kältezittern 

ungerichtet antagonistische Muskelgruppen, um Wärmeenergie zu erzeugen. Diese 

Form der Wärmeerzeugung ist nur für eine kurze Zeitspanne sinnvoll, da die 

erforderlichen Energiereserven sehr schnell erschöpft sind und das Muskelzittern 

gerichtete Bewegungen verhindert (ECKERT, 2002; MOYES a. SCHULTE, 2008). Die 

zweite Strategie ist die zitterfreie Thermogenese. Hierbei wird spezialisiertes braunes 

Fettgewebe (BAT) aktiviert. Nur Neonaten (außer Ferkel) und adulte Säugetierspezies, 

die Winterschlaf halten, verfügen über BAT, das sich meist zwischen den Schultern, 

um die Nieren und in der Inguinalregion befindet. BAT hat mehr Mitochondrien als 

weißes Fettgewebe und ist stark durchblutet. Die Aktivierung des BAT erfolgt durch 

das sympathische Nervensystem, Trijodthyronin, Thyroxin und Cortisol (VERMOREL 

et al. 1983). Die Adipozyten des aktivierten BAT exprimieren Thermogenin (UCP1) 

(SYMONDS a. LOMAX, 1992; HILMANN et al. 2012). UCP1 in der Zellwand der 

Mitochondrien induzieren eine Entkoppelung der Atmungskette von der ATP-

Produktion. Dies führt zu einer schnellen und massiven Wärmeproduktion. BAT macht 

bei Neonaten ungefähr 1 % des Körpergewichtes aus (ALEXANDER, 1975); bei 

neugeborenen Kälbern entspricht die Menge des BAT etwa 2 % des Körpergewichts 

(LEAN, 1989). Die BAT Reserven  ermöglichen es den Kälbern, die Körpertemperatur 

für die ersten Lebensstunden und - wenn notwendig - sogar die ersten Lebenstage 

stabil zu halten, sofern kein Futter zur Verfügung stehen (POLIN et al. 2004). 
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Die Aufnahme von Kolostrum ist essentiell für den Immunstatus, die 

Energieversorgung und die Thermoregulation des neugeborenen Kalbes. Das Ziel 

dieser Studie war es zu prüfen, ob eine schnelle Abtrocknung des Kalbes im Winter in 

den ersten Lebensstunden die Kolostrumaufnahme, metabolische und 

endokrinologische Schlüsselparameter sowie die Vitalität der Neonaten beeinflusst. 

Dazu wurde eine prospektive Feldstudie auf einem Milchviehbetrieb in 

Norddeutschland durchgeführt. Neugeborene Kälber, die zwischen Dezember und 

April geboren wurden, wurden zwei Gruppen zugeteilt. Die Kälber der Kontrollgruppe 

(CG; N=18) blieben 30 min bei dem Muttertier (30 min) und wurden anschließend 

einzeln in Kälberiglus mit Stroheinstreu bei Aussentemperatur aufgestallt. Die Kälber 

der Versuchsgruppe (HCH; N=20) wurden 30 min nach der Geburt für 12 Stunden in 

einem beheiztes Kälberiglu (28-34 °C) aufgestallt. Alle Kälber erhielten 2 und 12 

Stunden p. n. für jeweils 15 min warmes Kolostrum des Muttertieres ad libitum 

angeboten; die Menge des aufgenommenen Kolostrums wurde jeweils erfasst. 

Blutproben aus der Vena jugularis wurden von jedem Kalb 30 min, 2 Stunden, 12 

Stunden und 96 Stunden p. n. gewonnen. In den Blutproben wurden folgende 

Parameter bestimmt: Leukozyten, Erythrozyten, Thrombozyten, metabolische 

Schlüsselparameter (Gesamtprotein, Albumin, Cholesterin, Glucose, nicht-veresterte 

Fettsäuren) und Hormone (Cortisol, Trijodthyronin, Thyroxin). Die Kälber der 

Versuchsgruppe erwiesen sich als vitaler verglichen mit den Kälbern der 

Kontrollgruppe. Die Aufnahme von Kolostrum war 2 Stunden p. n. bei Kälbern der 

Versuchsgruppe signifikant um 24 %  höher (p = 0,008) als bei Kälbern der 

Kontrollgruppe (3,6 vs. 2,6 l).  Die Aufnahme von Kolostrum 12 Stunden p. n. 

unterschied sich nicht signifikant zwischen Versuchs- und Kontrollgruppe (2,9 vs. 3,5 

l). Ein signifikanter Unterschied zwischen Versuchs- und Kontrollgruppe (p ˂ 0.01) 

ergab sich auch für die Serumkonzentration des Gesamtproteins 12 Stunden p. n. 

(64,9 vs. 58,9 g/l). Für alle anderen geprüften Parameter bzw. Zeitpunkte ergaben sich 

keine signifikanten Unterschiede zwischen Versuchs- und Kontrollgruppe. 

 

Die wichtigste Wärmequelle für das neugeborene Kalb ist die Kuh, die allerdings 

Milchviehkälbern in der Regel nicht zur Verfügung steht (BORDERAS et al. 2009). Die 



7    Zusammenfassung Page 63 

   

 

Ergebnisse zeigen, dass eine schnelle Abtrocknung der Kälber im Winter trotz deren 

hoch entwickelten thermoregulatorischen Fähigkeiten wesentliche Vorteile hat. Diese 

manifestieren sich durch eine erhöhte Vitalität und eine höhere Kolostrumaufnahme in 

den ersten Lebensstunden. Es ergibt sich die Empfehlung, auf Milchviehbetrieben 

insbesondere in Regionen mit kaltem Klima neugeborene Kälber warm zu halten, bis 

sie vollständig abgetrocknet sind. Weitere Untersuchungen sollten durchgeführt 

werden, um bei neugeborenen Kälbern im Detail metabolisch-hormonelle Reaktionen 

in Abhängigkeit von der Umgebungstemperatur und die Adaptationsprozesse näher 

zu charakterisieren. 
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9 Appendix 

Tab. 7:  LSMeans (+ SEM) for blood parameters at four different points of time (30 min, 2, 12 and 96 hrs p. n.) in calves 

housed either in conventional calf hutches outside (CG; N=18) or calves housed in a ventilated warm hutch 

(HCH; N=20); G – group effect, T – effect of point of time, S – effect of gender, T*G – interaction between point 

of time and group; different letters indicate a significant difference; different symbols indicate a statistical 

tendency (p > 0.05 < 0.1) at the respective point of time.  

    p-value 

Parameter Time Point CG HCH G T S T*G 

Total protein (g/l) 1 47.3 ± 1.4 48.1 ± 1.3 

0.15 <0.01 0.3 0.03 
 2 47.4 ± 1.5 47.7 ± 1.3 

 3 58.9 ± 1.4a 64.9 ± 1.3b 

 4 64.9 ± 1.4 66.7 ± 1.3 

Leucocytes   (µl-1) 1 12,289 ± 1,120 10,909 ± 1,081 

0.13 <0.01 0.46 0.85 
 2 12,340 ± 1,175 11,170 ± 1,061 

 3 14,603 ± 1,149* 11,971 ± 1,106# 

 4 8,951 ± 1,120 7,075 ± 1,061 

Erythrocytes  
(Mio./µl) 

1 7.8 ± 0.3* 6.6 ± 0.3# 

0.09 <0.01 0.22 0.82 
 2 8.0 ± 0.3 7.5 ± 0.3 

 3 7.3 ± 0.3 6.6 ± 0.3 

 4 6.9 ± 0.3 6.3 ± 0.3 
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Haemoglobin (g/dl) 1 10.5 ± 0.4a 9.3 ± 0.4b 

0.049 <0.01 0.29 0.78 
 2 10.9 ± 0.4 10.0 ± 0.4 

 3 9.8 ± 0.4 8.8 ± 0.4 

 4 9.1 ± 0.4 7.9 ± 0.4 

 
Packed cell volume 
(%) 

1 39.0 ± 1.5a 34.8 ± 1.4b     

 2 39.9 ± 1.5 37.5 ± 1.4 0.09 <0.01 0.18 0.65  

 3 36.1 ± 1.5 33.1 ± 1.4     

 4 32.9 ± 1.5* 29.4 ± 1.4#     

MCV (µm3) 1 50.0 ± 1.2 49.4 ± 1.1     

 2 49.5 ± 1.2 47.9 ± 1.1 0.70 0.03 0.46 0.74 

 3 59.5 ± 1.2 49.4 ± 1.4     

 4 57.2 ± 1.2 47.5 ± 1.2     

MCH (pg) 1 39.0 ± 1.5 34.8 ± 1.1     

 2 39.9 ± 1.5 37.5 ± 1.4 0.09 <0.01 0.18 0.65 

 3 36.1 ± 1.5 33.1 ± 1.4     

 4 32.9 ± 1.5 29.4 ± 1.4     
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MCHC (g/dl) 

 
1 

 
26.8 ± 0.3 

 
26.6 ± 0.3 

 2 27.2 ± 0.3 26.6 ± 0.3 0.056 <0.01 0.45 0.59 

 3 27.0 ± 0.3 26.6 ± 0.3     

 4 27.9 ± 0.3a 27.0 ± 0.3b     

Platelet ( /µl) 1 377,920 ± 32,520 446,788 ± 32,184     

 2 379,400 ± 34,319 356,672 ± 30,812 0.17 <0.01 0.11 0.11 

 3 322,319 ± 33,480 335,695 ± 32,307     

 4 471,531 ± 32,520a 580,072 ± 30,812b     

Cholesterol (mmol/l) 1 0.72 ± 0.08 0.73 ± 0.07     

 2 0.77 ± 0.08 0.83 ± 0.07 0.09 <0.01 0.18 0.65 

 3 0.90 ± 0.08 0.85 ± 0.07     

 4 1.93 ± 0.07 1.89 ± 0.07     

Glucose (mmol/l) 1 5.4 ± 0.5 5.0 ± 0.5     

 2 4.6 ± 0.5 3.5 ± 0.5 0.33 <0.01 0.31 0.56 

 3 5.5 ± 0.5 5.2 ± 0.5     

 4 6.7 ± 0.5 6.9 ± 0.5     
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Non-esterified fatty 
acids (µmol/l) 

 
1 

 
581 ± 64a 

 
778 ± 61b 

 2 948 ± 68 972 ± 61 0.52 <0.01 0.98 0.12 

 3 562 ± 64 518 ± 61     

 4 328 ± 64 302 ± 61     

Urea  
(mmol/l) 

1 5.1 ± 0.3 4.9 ± 0.3     

 2 5.1 ± 0.4 5.0 ± 0.3 0.14 <0.01 0.69 0.38 

 3 5.5 ± 0.3* 4.6 ±0.3#     

 4 4.4 ± 0.3 3.6 ± 0.3     

Cortisol (µg/dl) 1 89.2 ± 9.6 80.7 ± 8.5     

 2 41.4 ± 9.8 45.0 ± 8.5 0.92 <0.01 0.63 0.85 

 3 25.7 ± 9.6 29.1 ± 8.5     

 4 19.6 ± 9.6 17.6 ± 8.5     

T4 (µg/dl) 1 13.6 ± 1.0 13.6 ± 0.9     

 2 17.3 ± 1.0 17.3 ± 0.9 0.89 <0.01 0.09 0.99 

 3 20.1 ± 1.0 20.1 ± 0.9     

 4 7.8 ± 1.0 7.3 ± 0.9     

 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 

    



9     Appendix  Page 76 
 
   

 

 
 
T3 (ng/dl) 

 
 
1 

 
 

425 ± 48 

 
 

397 ± 43 

 2 659 ± 49 616 ± 43 0.72 <0.01 0.65 0.88 

 3 707 ± 48 700 ± 43     

 4 376 ± 48 383 ± 43     

Albumin (g/l) 1 27.0 ± 0.5 27.7 ± 0.4     

 2 27.0± 0.5 27.6 ± 0.4 0.85 <0.01 0.40 <0.01 

 3 24.9 ± 0.5 24.4 ± 0.4     

 4 27.1 ± 0.5 26.7 ± 0.4     
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Tab. 8: Assessment sheet for each calf  

 

Ear tag number from the cow  

Lactation number from the cow  

AI date  

Calving date  

Ear tag number from the calf  

Time of birth  

Birthing process  

Single / multiple birth  

Birth weight  

Gender  

Heated calf hutch or control group  

1st blood sample (time and number in 
sequence) 

 

1st colostrum intake  

2nd blood sample (time and number 
in sequence) 

 

2nd colostrum intake  

3rd blood sample (time and number in 
sequence) 

 

4th blood sample (time and number in 
sequence) 

 

Weight 14 days post natum   
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Tab. 9: Assessment sheet for the first 14 d p. n. for each calf to be filled out twice a day. 

OM            

Behaviour, stance 
 

Alert, physiological 0          

Dull, extended 
periods of lying 

1          

Apathetic, 
recumbent 

2          

Feed intake 
 
 

Undisturbed 0          

Reduced, unsteady 
ingestion of milk 

1          

Inappetence 2          

Respiratory rate 
 

< 40 / min 0          

40 - 60 / min 1          

> 60 / min 2          

Rectal temperature 
 
 
 

< 39.2 °C 0          

39.2 – 40.0 °C 1          

40.1 – 40.5 °C 2          

> 40.5 °C or < 37.5 
°C 

3          

Faeces 
 
 

Pasty  0          

Semi liquid 1          

Watery 2          

Navel 
 
 

Nonsensitive, dry 0          

Slightly sensitive, 
dry 

1          

Very sensitive, 
moist 

2          

Joints 
 
 

Dry 0          

Slightly filled, no 
lameness 

1          

Visibly filled, 
lameness 

2          

∑          
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Tab. 10: Information about birth, mother and weight at birth and 14 d p. n. for CG calves 

 
  

Calf ear 
tag 

number 

Number in 
sequence 

Gender 
(f/m) 

Date of 
birth 

Birth 
weight (kg) 
(measuring 

tape) 

Weight (kg)  
14. day 

(measuring 
tape) 

Mother Birth 

Ear tag 
number  

Lactation Last AI 
Pregnancy 

(days) 
Time  

0=spontaneous 
1=little help 
2=medium  
3=labored 

4=very labored 
5=sectio 

39962 1 m 14/12/10 50 69 47111 2 2/03/10 282 15:55 0 

24610 2 f 15/12/10 45 47.7 7138 2 12/03/10 273 17:00 0 

24616 3 f 20/12/10 44.1 56 6693 4 11/03/10 279 9:16 0 

24618 4 f 22/12/10 38.2 45 5606 4 23/03/10 269 8:30 1 

39967 5 m 27/12/10 58 65 9807 3 17/03/10 280 9:30 0 

24623 6 f 5/01/11 54 61 9914 3 4/04/10 271 11:45 0 

24624 7 f 5/01/11 54 48 9874 3 31/03/10 275 16:16 1 

24626 8 f 11/01/11 48 48 1162 1 3/04/10 278 6:45 0 

24627 9 f 11/01/11 53 51 7193 2 29/03/10 282 19:00 3 

24633 12 f 23/01/11 40.5 54 1192 1 19/04/10 274 3:45 1 

46850 15 m 24/01/11 47.7 60 8744 4 19/04/10 275 19:00 2 

844 22 m 7/02/11 41 54 1199 1 2/05/10 275 18:00 1 

843 23 m 8/02/11 57 64 7051 2 3/05/10 275 3:30 0 
46828 27 m 20/03/11 55 72 6593 5 12/06/10 278 9:35 0 

662 30 f 24/03/11 46 49 1175 1 26/06/10 268 19:30 0 

673 36 f 19/04/11 50 62 7251 2 13/07/10 276 15:15 1 

678 37 f 26/04/11 51 58 9983 2 7/07/10 289 13:00 2 

679 38 f 30/04/11 49 61 1495 5 18/07/10 282 19:30 2 
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Tab. 11: First and second colostrum intake from the CG calves and the total colostrum intake over the first 12 hrs p. n. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

  Colostrum intake 1 Colostrum intake 2 

Colostrum 
intake total 

(l) 

Calf 

Time Amount (l) Time Amount (l) 
ear tag  

number 

  

39962 18:25 3 6:25 3.9 6.9 

24610 19:30 1.7 7:00 3.6 5.3 

24616 11:45 1.9 19:45 2.8 4.7 

24618 11:00 2 18:00 2 4 

39967 12:00 3.5 20:00 1.6 5.1 

24623 14:30 1.4 22:45 3.1 4.5 

24624 18:45 1.9 6:45 3.9 5.8 

24626 9:20 2.3 21:12 4.5 6.8 

24627 21:30 1.5 9:35 3 4.5 

24633 6:30 1.5 18:30 3.2 4.7 

46850 21:30 3.2 7:45 3.4 6.6 

844 20:30 2.4 5:20 2.7 5.1 

843 6:10 3.3 17:30 3.7 7 

46828 12:15 3.3 20:00 3.5 6.8 

662 22:00 3.3 9:05 3.2 6.5 

673 17:50 0.8 5:55 5.2 6 

678 15:30 5.3 23:30 3.4 8.7 

679 22:00 2.9 8:30 3.8 6.7 
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Tab. 12: The first blood sample taken from the CG calves 30 min p. n

First blood sample 30 min p. n.  

Calf 

BS 
Nr. 

        

Total-
protein 

(g/l) 

       

Alb 
(g/l) ear tag  

Leukos 
(/µl) 

Erys 
(/µl) 

Hb 
(g/dl) 

Htk 
(%) 

MCV 
(µmˆ3) 

MCH 
(pg) 

MCHC 
(g/dl) 

PLT 
(/µl) 

Chol 
(mmol/l) 

Glucose 
(mmol/l) 

NEFA 
(µmol/l) 

Urea  
(mmol/l) 

Cortisol 
(µg/dl) 

T4 
(µg/dl) 

T3 
(ng/dl) 

number 
               

39962 1 12700 9.69 13.6 49.2 50.8 14 27.6 276000 47   6.79 545 3.62       28.5 

24610 3 15300 8.36 12 42.5 53.9 14.4 26.6 246000 50 1.12 7.45 729 8.54 45.9 17 291   

24616 7 9800 9.05 13.1 44.5 49.2 14.5 29.4 384000 44 0.43 1.7 1450 3.75       25.7 

24618 10 29200 7.71 10.1 37.5 48.6 13.1 26.9 298000 43 0.69 1.76 248 6.52 187 13.8 504 20.5 

39967 14 6900 7.49 9.6 35.8 47.8 12.8 26.8 490000 46 0.9 6.32 1286 4.72 19.8 11.7 573 26.6 

24623 19 16500 8.06 11.6 44.4 55.1 14.4 26.1 311000 48 0.7 5.68 953 4.64 132 12.8 251 29.9 

24624 21 9500 6.32 7.7 29.6 46.8 12.2 26 298000 44 0.62 6.56 701 2.48 44.5 17.8 392 27.2 

24626 27 11700 7.83 10.8 39.5 50.3 13.8 27.3 414000 46 0.74 6.93 513 3.57 159 21.8 780 27.3 

24627 29 5900 7.39 10.2 38.1 51.6 13.8 26.8 405000 41 0.71 7.96 393 5.25 21.7 16.5 281 25.7 

24633 40 8900 7.27 9.3 38.4 52.8 12.8 24.2 478000 47 0.51 7.56 206 7.71 141 16.4 578 28.6 

46850 49 9400 4.99 6.4 24.3 48.7 12.8 26.3 338000 41 0.63 3.84 1009 5.54 37.6 6.9 334 25.2 

844 78 18500 9.16 11.1 41.9 45.7 12.1 26.5 492000 46 0.57 9.88 254 3.91 56.4 10.3 295 28.6 

843 81 11700 7.74 10.4 38.4 49.6 13.4 27.1 367000 42 0.7 3.19 629 4.14 24.2 16.6 702 26.7 

46828 103 13100 8.05 11.5 43.7 54.3 14.3 26.3 448000 53 0.72 3.45 388 6.47 118 10.2 422 27.4 

662 111 7900 7.17 9.9 36.2 50.5 13.8 27.6 308000 52 0.8 13.2 331 3.63 142 18.7 524 27.6 

673 139 13800 7.97 11.6 42.6 53.5 14.6 27.2 553000 56 0.51 3.59 238 3.83 125 11.7 396 27.6 

678 143 9700 7.9 10.5 36.9 46.7 13.3 28.5 404000 50 0.61 1.9 144 4.61 49.3 11.4 275 26.9 

679 146 8100 6.69 8.3 31 46.3 12.4 26.8 443000 51 1.25 0.81 444 9.64 113 8.7 218 25 
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Tab. 13:  The second blood sample taken from the CG calves 2 hrs p. n. 

  

Second blood sample 2 hrs p. n. 

Calf 

BS 
Nr. 

        

Total-
protein 

(g/l) 

       

Alb 
(g/l) ear tag  

Leukos 
(/µl) 

Erys 
(/µl) 

Hb 
(g/dl) 

Htk 
(%) 

MCV 
(µmˆ3) 

MCH 
(pg) 

MCHC 
(g/dl) 

PLT 
(/µl) 

Chol 
(mmol/l) 

Glucose 
(mmol/l) 

NEFA 
(µmol/l) 

Urea 
(mmol/l) 

Cortisol 
(µg/dl) 

T4 
(µg/dl) 

T3 
(ng/dl) 

number                               

39962                                     

24610                                     

24616 8 12200 8.38 11.5 40.7 48.6 13.7 28.3 223000 48 0.8 4.41 1287 4.67       25.9 

24618 11 26600 7.99 10.4 38.3 47.9 13 27.2 297000 43 0.75 6.43 579 6.34 46.3 18.2 1325 19.8 

39967 15 6500 7.73 10.1 37.2 48.1 13.1 27.2 509000 45 0.98 6.87 1557 4.94 15.1 15.4 528 26.7 

24623 20 16000 8.47 12.3 46.4 54.8 14.5 26.5 371000 46 0.55 4.72 1261 4.79 30 16 502 29 

24624 22 10700 6.6 8 30.9 46.8 12.1 25.9 379000 45 0.69 4.06 767 2.07 57.2 19.9 586 28.1 

24626 28 14700 7.27 10.2 37.1 51 14 27.5 426000 45 0.83 6.15 949 4.09 150 31.2 1371 26.2 

24627 30 5800 7.82 10.9 40.1 51.3 13.9 27.2 512000 42 0.91 9.84 988 4.94 22.8 17.2 476 26.6 

24633 42 7400 7.55 9.9 38.6 51.1 13.1 25.6 478000 48 0.59 3.04 823 5.95 34.7 17.5 764 28.7 

46850 50 8600 5.46 7 26.8 49.1 12.8 26.1 294000 40 0.58 6.19 1215 4.1 22.4 11.7 428 25.2 

844 80 19100 9.69 11.7 43.6 45 12.1 26.8 367000 47 0.71 6.46 602 4.83 39.4 12 408 29.6 

843 85 14700 7.23 9.9 35.7 49.4 13.7 27.7 400000 41 0.77 2.98 622 3.34 34.7 19.7 618 25.7 

46828 104 10000 8.94 13.1 47.8 53.5 14.7 27.4 371000 56 0.82 3.5 971 5.65 33.2 14.5 584 28.1 

662 113 10800 7.89 11 38.7 49 13.9 28.4 281000 50 0.88 2.96 553 6.8 36 22.6 1098 27.9 

673 140 12700 7.76 11.6 41.6 53.6 14.9 27.9 535000 55 0.62 2.75 793 3.58 51.5 18.2 426 27.8 

678 144 9400 7.72 10.3 36.2 46.9 13.3 28.5 422000 50 0.56 2.43 702 4.81 19.1 14.4 336 26.7 

679 147 8000 7.66 9.7 35.5 46.3 12.7 27.3 466000 52 1.15 0.63 1379 9.41 29.2 11.6 456 26.2 
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Tab. 14: The third blood sample taken from the CG calves 12 hrs p. n. 

Third blood sample 12 hrs p. n.  

Calf 

BS 
Nr. 

        

Total-
protein 

(g/l) 

       

Alb 
(g/l) ear tag  

Leukos 
(/µl) 

Erys 
(/µl) 

Hb 
(g/dl) 

Htk 
(%) 

MCV 
(µmˆ3) 

MCH 
(pg) 

MCHC 
(g/dl) 

PLT 
(/µl) 

Chol 
(mmol/l) 

Glucose 
(mmol/l) 

NEFA 
(µmol/l) 

Urea 
(mmol/l) 

Cortisol 
(µg/dl) 

T4 
(µg/dl) 

T3 
(ng/dl) 

number 
               

39962 2                 63   8.79 759 7.02       25.6 

24610 4 17500 9.54 13.8 48 53.7 14.5 27 338000 56 1.51 8.57 920 6.5 17.3 27.4 808   

24616 9 32800 8.01 10.4 40.9 51.1 13 25.4 381000 59 0.69 3.45 759 4.02       22.9 

24618 12 19100 6.1 8.3 29.4 48.2 13.6 28.2 334000 52 0.91 2.26 704 12.6 7.2 22.2 1048 18.2 

39967 17 9200 7.3 9.2 36.3 49.7 12.6 25.3 411000 59 0.88 6.99 683 7.14 7.7 20.2 766 25.1 

24623 23 18100 7.68 11.1 40.8 53.1 14.5 27.2 317000 64 1.27 2.94 626 4.96 9.5 18.4 566 26.7 

24624 24 10900 5.7 7 25.8 45.3 12.3 27.1 349000 62 0.67 4.68 590 3.22 78.8 20.6 856 26.6 

24626 31 11500 5.84 8 29.4 50 13.7 27.4 140000 70 0.85 5.21 359 4.91 41.3 31.4 1206 24.5 

24627 32 6900 7.18 9.8 36.5 50.8 13.6 26.8 211000 49 0.89 8.33 366 5.79 17.2 23.6 608 26.1 

24633 45 10900 7.22 9.2 36 49.9 12.7 25.6 487000 56 0.83 7.13 819 4.38 21 17.6 1060 27.4 

46850 52 19400 4.73 6 22.4 47.4 12.7 26.8 310000 54 0.49 4.41 372 4.28 37.8 15.8 424 22.8 

844 84 15200 8.41 10.2 36.9 43.9 12.1 27.6 265000 60 0.91 5.56 686 4.64 71.7 15.4 494 25.6 

843 87 11700 6.61 9.1 36.9 55.8 13.8 24.7 235000 47 1.01 4.67 495 4.16 17.9 15.7 578 25.2 

46828 105 12300 8.1 11.8 41.9 51.7 14.6 28.2 428000 66 0.76 4.58 247 6.16 9.9 21.4 832 24.8 

662 114 19700 6.75 9.5 33 48.9 14.1 28.8 251000 62 0.94 7.69 430 5.6 13.3 22.8 1012 25 

673 141 10100 7.62 11.2 40.4 53 14.7 27.7 510000 56 0.69 5.91 693 4.15 26 18.8 387.5 26.4 

678 145 11200 7.36 9.7 34.1 46.3 13.2 28.4 368000 58 0.94 4.68 304 4.96 16.4 16 357 23.8 

679 148 8400 6.32 7.9 28.9 45.7 12.5 27.3 374000 62 0.98 4.9 313 4.92 8.3 18.8 321 22.8 
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Tab. 15: The fourth blood sample taken from the CG calves 96 hrs p. n. 

Fourth blood sample 96 hrs p. n.  

Calf 

BS 
Nr. 

        

Total-
protein 

(g/l) 

       

Alb 
(g/l) ear tag  

Leukos 
(/µl) 

Erys 
(/µl) 

Hb 
(g/dl) 

Htk 
(%) 

MCV 
(µmˆ3) 

MCH 
(pg) 

MCHC 
(g/dl) 

PLT 
(/µl) 

Chol 
(mmol/l) 

Glucose 
(mmol/l) 

NEFA 
(µmol/l) 

Urea 
(mmol/l) 

Cortisol 
(µg/dl) 

T4 
(µg/dl) 

T3 
(ng/dl) 

number 
               

39962 5 10600 8.6 11.8 42.2 49.1 13.7 28 243000 65 2.08 6.09 294 5.31       26.8 

24610 6 8100 8.19 11.6 39.8 48.6 14.2 29.1 316000 64 1.36 5.71 565 4.65       30.1 

24616 13 6900 7.87 9.7 37.1 47.1 12.3 26.1 350000 75 1.54 6.42 162 4.19 7.8 12.2 515 24.9 

24618 16 13600 5.56 8 24.3 43.7 14.4 32.9 782000 68 2.08 7.66 310 3.92 10.7 10.5 548 24 

39967 18 5800 7.39 9.2 35.8 48.4 12.4 25.7 410000 64 2.75 6.23 472 7.54 9.8 4.6 155 28.9 

24623 26 11700 7.62 10.7 37.7 49.5 14 28.4 587000 71 2.13 7.72 183 3.11 10.5 6.5 320 26.4 

24624 25 5600 5.61 6.4 23 41 11.4 27.8 635000 70 2.1 7.04 364 4.12 9.9 7.8 373 27.6 

24626 33 13100 5.79 7.7 28.6 49.4 13.3 26.9 732000 66 1.34 6.86 140 5.34 54.5 10.4 332 26.2 

24627 34 5700 6.6 8.9 32.3 48.9 13.5 27.6 675000 55 1.68 7.03 469 3.26 7.8 6 287 27.4 

24633 55 6700 6.11 7.6 29.1 47.6 12.4 26.1 343000 58 1.67 5.53 350 1.9 17.8 7.2 537 28.9 

46850 58 10900 4.54 5.8 21.5 47.4 12.8 27 356000 66 1.65 7.12 415 5.5 44.1 10.4 339 27.6 

844 95 7900 7.92 9.4 34.5 43.6 11.9 27.2 196000 61 1.87 7.01 214 4.59 30.9 6.6 338 27.3 

843 96 11300 6.59 8.9 32 48.6 13.5 27.8 423000 52 1.88 6.51 306 3.51 51.5 10.4 449 27.2 

46828 115 7600 7.4 10.4 36.8 49.7 14.1 28.3 282000 72 2.34 5.83 219 3.2 1.4 5.9 423 26.7 

662 126 9200 6.3 8.4 29.1 46.2 13.3 28.9 702000 65 2.17 7.41 454 3.24 14.1 8.4 505 28.3 

673 142 8600 7.1 10.3 37 52.1 14.5 27.8 394000 55 1.57 6.78 370 5.47 2.5 6.2 337 26.4 

678 149 8200 7.73 10.2 35.7 46.2 13.2 28.6 659000 68 2.68 6.84 352 5.56 27.5 5.9 223 27.1 

679 150 7000 6.21 7.8 27.8 44.8 12.6 28.1 553000 68 1.82 8.18 262 4.28 10.1 9 418 24.9 
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Tab. 16: Information about birth, mother and weight at birth and 14 d p. n. for HCH calves 

Calf ear 
tag 

number 

Number in 
sequence 

Gender 
(f/m) 

Date of 
birth 

Birth weight 
(kg) 

(measuring 
tape) 

Weight (kg)  
14. day 

(measuring 
tape) 

Mother Birth 

Ear tag 
number  

Lactation Last AI 
Pregnancy 

(days) 
Time  

0=spontaneous 
1=little help 
2=medium  
3=labored  

4=very labored 
5=sectio 

24636 10 m 1/20/2011 70 74 4805 5 8/4/2010 282 8:10 0 

24632 11 w 1/22/2011 44 61 7107 2 19/4/2010 273 16:00 3 

24635 13 m 1/23/2011 47 50 1194 1 19/4/2010 274 8:45 1 

24634 14 m 1/24/2011 43 52 1197 1 22/4/2010 272 16:30 2 

848 16 m 1/29/2011 48 45 1168 1 19/4/2010 280 17:00 3 

46874 17 m 2/2/2011 53 53 1188 1 22/4/2010 280 6:30 2 

46651 18 w 2/2/2011 59 71 6532 5 22/4/2010 280 17:00 2 

652 19 w 2/4/2011 41 46 1499 5 2/5/2010 272 10:36 2 

846 20 m 2/4/2011 45 53 2014 1 5/5/2010 269 21:20 1 

845 21 m 2/7/2011 47 71 7134 2 6/5/2010 271 16:30 0 

842 24 m 2/8/2011 53 68 9868 3 28/4/2010 280 3:50 0 

840 25 m 2/10/2011 55 63 1198 1 5/5/2010 275 18:50 3 

655 26 w 2/22/2011 46 55 1160 1 17/5/2010 275 7:15 2 

46661 28 w 3/21/2011 42 52 Luzifer 1 12/6/2010 279 10:00 0 

827 29 m 3/24/2011 45 58 6681 4 17/6/2010 277 9:50 0 

826 31 m 3/25/2011 55 64 6608 5 9/6/2010 286 11:30 1 

665 32 w 3/28/2011 44 54 9859 3 14/6/2010 284 11:50 0 

824 33 m 3/29/2011 50 52 7074 2 21/6/2010 278 18:30 3 

823 34 m 3/30/2011 42 51 2052 1 30/6/2010 270 9:45 0 

668 35 w 4/3/2011 45 65 7244 2 22/6/2010 281 18:00 1 
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Tab. 17: First and second colostrum intake and total colostrum intake from the HCH calves over the first 12 hrs p.n. 

  Colostrum intake 1 Colostrum intake 2 

Colostrum 
intake total (l) 

Calf 

Time 
Amount 

(l) 
Time Amount (l) 

ear tag  

number 

  

24636 10:40 3.6 20:10 3.6 7.2 

24632 18:35 3.0 5:15 4.6 7.6 

24635 11:15 3.5 19:15 1.9 5.4 

24634 19:20 2.8 7:10 3.2 6 

848 19:30 3.0 7:30 2.9 5.9 

46874 9:10 4.0 17:10 3.0 7 

46651 19:30 2.9 7:40 4.6 7.5 

652 13:10 3.2 21:05 0.4 3.6 

846 23:45 3.8 12:10 2.8 6.6 

845 19:15 4.5 5:00 0.2 4.7 

842 6:30 5.2 18:00 3.4 8.6 

840 21:40 2.8 9:30 4.0 6.8 

655 9:55 2.5 20:20 3.8 6.3 

46661 12:30 2.9 21:00 2.7 5.6 

827 12:30 4.3 20:30 3.7 8 

826 14:05 4.0 22:00 0.6 4.6 

665 14:30 3.6 22:35 3.1 6.7 

824 21:05 4.9 9:10 4.4 9.3 

823 12:15 4.8 21:45 1.6 6.4 

668 20:40 3.0 9:00 3.1 6.1 
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Tab. 18: The first blood sample taken from the HCH calves 30 min p. n. 

First blood sample 30 min p. n.  

 

BS 
Nr. 

                
Total-
protein 

(g/l) 

              

Alb 
(g/l) Ear tag  

Leukos 
(/µl) 

Erys 
(/µl) 

Hb 
(g/dl) 

Htk 
(%) 

MCV 
(µmˆ3) 

MCH 
(pg) 

MCHC 
(g/dl) 

PLT 
(/µl) 

Chol 
(mmol/l) 

Glucose 
(mmol/l) 

NEFA 
(µmol/l) 

Urea 
(mmol/l) 

Cortisol 
(µg/dl) 

T4 
(µg/dl) 

T3 
(ng/dl) 

number                              

24636 35 16100 9.79 13.3 49.7 50.8 13.6 26.8 337000 53 1.22 7.39 231 4.79 149 16.6 349 30.9 

24632 38 8000 7.34 9.6 35.5 48.4 13.1 27 319000 50 0.61 0.65 762 5.96 45.2 19 456 29.6 

24635 43 16700 8.01 10.9 40 49.9 13.6 27.3  48 0.39 1.77 1013 7.68 127 12.9 790 27.9 

24634 47 8300 6.68 9.9 36.8 55.1 14.8 26.9 636000 44 0.85 4.28 1113 3.92 56.1 8.3 564 26.8 

848 59         47 0.87 1.4 230 5.77 24.8 15.1 304 27.3 

46874 62 20800 7.07 9.1 33.9 47.9 12.9 26.8 495000 46 0.33 6.41 839 3.87 168 11 340 27.5 

46651 65 15900 5.7 7.3 26.8 47 12.8 27.2 443000 44 0.54 7.45 1136 7.17 163 13 238 28.6 

652 68 6700 5.19 7.3 28.7 55.3 14.1 25.4 561000 43 1.14 7.1 691 5.87 37.6 15.9 238 24.9 

846 72 10200 7.55 10.8 40.9 54.2 14.3 26.4 336000 45 0.73 4.13 467 4.97 179 8.8 403 26.4 

845 77 8500 7.61 9.2 35.5 46.6 12.1 25.9 438000 48 0.51 3.87 223 4.58 43.3 10.9 421 29.6 

842 82 14700 8.14 10.8 39.5 48.5 13.3 27.3 533000 50 0.64 3.86 1061 3.35 52.5 21.8 440 30.3 

840 91 14300 8.23 10.3 40 48.6 12.5 25.8 438000 46 0.62 1.63 485 6.24 24.1 14.1 362 28.4 

655 99 10400 5.78 7.3 28.2 48.8 12.6 25.9 426000 42 0.86 8.95 1174 3.19 24.1 9.2 414 24.5 

46661 106 11600 6.14 8 30.6 49.8 13 26.1 323000 54 0.59 9.38 706 3.97 47.3 13.2 290 27.1 

827 109 5800 7.39 9.9 36.8 49.8 13.4 26.9 203000 48 0.87 5.18 1336 4.69 22.7 11.7 345 26.6 

826 117 10100 8.48 10.9 41.3 48.7 12.9 26.4 464000 55 0.91 1.79 705 3.98 163 11.4 214 29.6 

665 120 10300 7.41 9.5 35 47.2 12.8 27.1 621000 52 0.87 3.99 1342 4.98 43.3 15.4 428 28.2 

824 123 10300 6.09 7.8 29.6 48.6 12.8 26.4 321000 48 0.73 9.52 208 5.05 114 12.4 460 26.9 

823 129 7200 6.99 8.9 32.8 46.9 12.7 27.1 527000 53 0.7 4.9 1204 3.6 28.9 11.7 503 28.8 

668 135 5900 6.01 8.7 33 54.9 14.5 26.4 554000 50 0.72 4.4 622 4.33 114 13.6 306 26 



9     Appendix  Page 88 
 
   

 

Tab. 19: The second blood sample taken from the HCH calves 2 hrs p. n. 

  
Second blood sample 2 hrs p. n. 

  

Calf 

BS 
Nr. 

        

Total-
protein 

(g/l) 

       

Alb 
(g/l) ear tag  

Leukos 
(/µl) 

Erys 
(/µl) 

Hb 
(g/dl) 

Htk 
(%) 

MCV 
(µmˆ3) 

MCH 
(pg) 

MCHC 
(g/dl) 

PLT 
(/µl) 

Chol 
(mmol/l) 

Glucose 
(mmol/l) 

NEFA 
(µmol/l) 

Urea 
(mmol/l) 

Cortisol 
(µg/dl) 

T4 
(µg/dl) 

T3 
(ng/dl) 

number                

24636 36 11500 10.3 14 52.3 50.8 13.6 26.8 255000 55 2.4 2.64 488 6.34 90.7 16.8 558 32.5 

24632 39 7600 7.73 10.3 37.7 48.8 13.3 27.3 272000 50 0.61 4.68 1067 7.67 15.3 17.4 752 29.7 

24635 44 14700 8.5 11.4 43.2 50.8 13.4 26.4 153000 48 0.53 3.14 1015 6.99 109 16.8 740 28.8 

24634 48 8600 7.06 10.6 38.6 54.7 15 27.5 304000 43 0.82 3.48 1071 3.72 40.7 13.3 656 26 

848 60 5200 5.18 8.2 33.3 6.3 15.8 24.6 172000 46 0.81 1.54 1036 5.61 18.2 13.6 444 26.5 

46874 63 21200 7.57 9.9 35.9 47.4 13.1 27.6 528000 46 0.42 3.27 1136 3.91 155 16.1 454 27.4 

46651 66 6500 10.9 14 51.2 47.2 12.8 27.2 261000 46 0.6 6.67 1269 6.69 35.1 15.8 471 29.9 

652 70 6700 5.43 7.8 30.9 56.9 14.4 25.2 493000 43 1.37 1.26 1370 5.94 25.4 15.2 396 25.2 

846 73 11300 7.79 11.3 43 55.2 14.5 26.3 173000 45 0.88 0.68 1154 5.56 23.2 15.6 816 27 

845 79 12100 7.29 8.9 33.8 46.4 12.2 26.3 487000 45 0.57 3.2 509 3.75 32.3 16.6 594 27.6 

842 86 14400 8.49 11.1 40.8 48.1 13.1 27.2 537000 48 0.63 2.83 1052 3.43 24.3 24 750 29.2 

840 92 35100 8.81 10.8 45.2 51.3 12.3 23.9 186000 44 0.68 2.49 860 5.61 14.1 18.7 710 29.3 

655 100 10900 5.77 7.3 28.1 48.7 12.7 26 585000 40 0.66 5.77 985 3.34 15.1 14.1 560 24.2 

46661 107 9600 6.54 8.5 32.2 49.2 13 26.4 333000 54 0.67 3.58 254 4.01 39.8 18.6 562 27.5 

827 110 6900 7.76 10.4 38.7 49.9 13.4 26.9 328000 48 0.9 4.19 1343 4.58 14.8 17.2 460 26.7 

826 118 12600 8.82 11.7 43.4 49.2 13.3 27 487000 54 0.91 1.06 1215 5.78 156 16.9 454 28.7 

665 121 8600 7.02 9 32.7 46.6 12.8 27.5 628000 51 0.88 3.06 808 4.51 22.9 19.5 546 26.8 

824 124 9600 6.3 8.3 29.8 47.3 13.2 27.9 288000 50 0.74 3.67 776 4.52 36 17.8 780 27.2 

823 130 7000 7.4 9.5 34.7 46.9 12.8 27.4 373000 53 0.79 3.07 1215 3.32 18.4 18.4 954 28.8 

668 136 5900 5.93 8.6 32.1 54.1 14.5 26.8 200000 49 0.78 8.18 815 4.84 26 18.2 590 25.3 
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Tab. 20: The third blood sample taken from the HCH calves 12 hrs p. n. 

  
Third blood sample 12 hrs p. n.  

  

Calf 

BS 
Nr. 

        

Total-
protein 

(g/l) 

       

Alb 
(g/l) ear tag  

Leukos 
(/µl) 

Erys 
(/µl) 

Hb 
(g/dl) 

Htk 
(%) 

MCV 
(µmˆ3) 

MCH 
(pg) 

MCHC 
(g/dl) 

PLT 
(/µl) 

Chol 
(mmol/l) 

Glucose 
(mmol/l) 

NEFA 
(µmol/l) 

Urea 
(mmol/l) 

Cortisol 
(µg/dl) 

T4 
(µg/dl) 

T3 
(ng/dl) 

number                

24636 37 14000 8.03 10.8 40.4 50.3 13.4 26.7 266000 80 1.1 6.38 676 5.03 13 40.4 710 27.6 

24632 41 12000 6.57 8.7 32.7 49.8 13.2 26.6 154000 53 0.81 6.63 741 6.42 18.7 20.2 928 27.6 

24635 46 11200 6.82 8.9 34 49.9 13 26.2 164000 64 0.42 5.7 564 4.97 46.2 15.9 684 23.9 

24634 51 9900 5.95 8.7 32 53.8 14.6 27.2 406000 72 0.82 6.64 390 3.76 36.9 16.1 948 22.9 

848 61                 69 0.88 5.31 826 4.91 13 16.6 571 22.9 

46874 64 10800 10.2 13 48.2 47.3 12.7 27 314000 80 0.5 3.86 393 3.18 34.2 18.8 522 23.6 

46651 67 10600 9.73 12.3 44.5 45.7 12.6 27.6 210000 49 1.17 7.4 711 4.29 75.2 18.4 484 27.5 

652 71 12800 5.15 7.3 27.7 53.8 14.2 26.4 409000 71 1.1 1.58 676 5.79 25.4 25.2 618 20.9 

846 74 10600 6.53 8.9 35.2 53.9 13.6 25.3 293000 68 0.99 7.03 436 4.61 67.8 14.1 788 24.1 

845 83 14800 6.48 7.9 29 44.8 12.2 27.2 263000 59 0.72 4.74 315 3.82 54 16.2 812 24.8 

842 88 10700 7.23 9.8 39.3 54.4 13.6 24.9 423000 65 0.76 5.75 511 4.12 27.1 27 970 25.8 

840 93 16000 7.89 9.7 39.4 49.9 12.3 24.6 387000 58 0.89 3.05 602 5.05 14.1 18.6 488 26.2 

655 101 14000 4.87 6.1 23.2 47.6 12.5 26.3 531000 60 0.93 7.73 366 3.51 9.9 14.9 750 22.9 

46661 108 14700 5.88 7.6 28.1 47.8 12.9 27 282000 70 0.72 3.37 376 4.86 14.8 23.8 692 24.1 

827 112 12900 6.42 8.7 31.2 48.6 13.6 27.9 198000 60 1.06 5.22 410 4.6 8 20.6 676 23.8 

826 119 11000 7.58 10 37.2 49.1 13.2 26.9 337000 68 0.89 3.09 595 4.89 41 22 806 26.5 

665 122                 60 1.03 5.03 434 4.11 8.7 23.4 762 24.7 

824 127 13600 5.35 6.9 24.9 46.5 12.9 27.7 357000 66 0.77 5.22 385 4.35 59.7 13.9 576 24 

823 131 14400 6.71 8.8 35.1 52.3 13.1 25.1 387000 73 0.69 4.66 367 4.4 9.6 13.5 >600 23 

668 137 6900 5.55 8 28.8 51.9 14.4 27.8 412000 58 0.79 4.32 573 4.7 16.4 16.6 542 23.7 
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Tab. 21: The fourth blood sample taken from the HCH calves 96 hrs p. n. 

    
Fourth blood sample 96 hrs p. n.  

    

Calf 

BS 
Nr. 

        

Total-
protein 

(g/l) 

       

Alb 
(g/l) ear tag  

Leukos 
(/µl) 

Erys 
(/µl) 

Hb 
(g/dl) 

Htk 
(%) 

MCV 
(µmˆ3) 

MCH 
(pg) 

MCHC 
(g/dl) 

PLT 
(/µl) 

Chol 
(mmol/l) 

Glucose 
(mmol/l) 

FFA 
(µmol/l) 

Urea 
(mmol/l) 

Cortisol 
(µg/dl) 

T4 
(µg/dl) 

T3 
(ng/dl) 

number                

24636 53 11500 8.49 11.1 39.5 46.5 13.1 28.1 372000 83 1.95 6.58 269 4.64 5.2 6.6 203 26.8 

24632 54 6700 6.55 8.2 31 47.3 12.5 26.5 406000 56 1.92 6.85 310 3.92 9.2 6.3 469 31.5 

24635 56 7400 6.72 8.4 31.9 47.5 12.5 26.3 443000 72 1.59 7.15 319 2.19 15.1 4.5 276 26.8 

24634 57 6100 5.54 8 29.6 53.4 14.4 27 676000 76 1.81 7.21 248 2.88 13.7 6.1 432 27 

848 69 4900 3.68 5.1 19.6 53.3 13.9 26 915000 66 1.33 5.67 299 2.98 12.9 4.5 423 25.1 

46874 75 9700 6.04 7.4 26.3 43.5 12.3 28.1 680000 78 1.38 6.49 151 3.11 8.2 5.4 242 24.3 

46651 76 10400 10.6 12.7 45 42.5 12 28.2 403000 50 0.98 6.17 261 1.92 3.2 9 487 29.4 

652 89 5900 4.59 6 23.9 52.1 13.1 25.1 637000 64 1.87 6.29 194 2.9 13.7 7.6 264 23.7 

846 90 6200 6.95 9.1 36.9 53.1 13.1 24.7 178000 65 2.1 6.41 238 3.52 53 3.8 346 27 

845 94 6600 6.49 7.7 30 46.2 11.9 25.7 574000 59 2.13 7.13 191 4.2 11.9 6.7 406 28.4 

842 97 8600 7.72 9.8 37.2 48.2 12.7 26.3 581000 68 1.51 6.1 882 5.19 58.1 17.5 442 29.1 

840 98 4000 7.25 8.5 32.1 44.3 11.7 26.5 496000 60 2.22 8.12 308 3.82 12.8 7.4 382 28.2 

655 102 7800 5.17 6.3 24.3 47 12.2 25.9 964000 71 2.22 7.68 147 3.07 14.3 5.8 366 26 

46661 116 9500 5.28 6.8 23.5 44.5 12.9 28.9 399000 68 1.41 6.5 218 2.18 3.2 7.3 498 24.9 

827 125 5800 6.45 8.2 28.2 43.7 12.7 29.1 548000 65 2.75 6.92 198 3.1 5.7 6.4 265 27.3 

826 128 8400 6.85 8.8 31 45.3 12.8 28.4 807000 64 2.48 7.06 346 4.02 6.2 5.6 324 26.6 

665 132 6800 6.08 7.5 29.8 49 12.3 25.2 590000 63 2.32 7 391 4.48 41.9 8.9 428 25.6 

824 133 7400 5.12 6.3 22.3 43.6 12.3 28.3 736000 75 2.09 6 346 4.03 60.9 4.6 259 26.3 

823 134 6500 6.15 7.5 26.2 42.6 12.2 28.6 377000 76 1.75 6.27 399 4.29 13.5 9.1 523 25 

668 138 3900 5.12 7.3 27.1 52.9 14.3 26.9 669000 59 2.21 8.3 314 4.9 2.6 8.3 551 25.6 
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