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2. Er der negative konsekvenser ved, at transportere kalven lige efter fodring? Øger 
det fx. risikoen for udvikling af diarre? Hvor lang tid skal der i så fald gå fra fodring 
til transport? 

3. Kan tildeling af elektrolytblanding erstatte en eller flere mælkefodringer? 
4. Kan et skift mellem flere forskellige mælkeblandinger fra forskellige mælkepro-
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Note regarding feeding of un-weaned calves (under the age of 2 month, which are fed milk)  

 

Margit Bak Jensen, Lorenzo E Hernandez Castellano og Mette S. Herskin, Institut for 

Husdyrvidenskab, Aarhus Universitet  

 

 

This note summarizes knowledge on the effect of milk feeding management on milk intake, 

behaviour and health of young calves in relation to transport.  

 

 

Questions  

1. If feeding occurs twice daily, which behavioural and health consequences does a short or 

long interval between feedings have? Does a minimal/maximal interval exist? 

 

2. Are there negative consequences of transportation just after feeding? Does that increase 

e.g. the risk of diarrhoea? How long time must pass from feeding to transport?  

 

3. Can allocation of electrolyte replace one or more milk feedings?  

 

4. Can change between more different milk-mixtures from different milk-producers increase 

the risk of change of microbiota and thus increase the risk of development of diarrhoea?  

 

 

Notes to text  

We have assumed that the above questions are related to milk feeding during transport. In our answers, we 

have focused on calves at 2 to 3 weeks of age, as this is current practice of transport of un-weaned calves in 

Denmark.  

In the text the term ‘milk feeding’ (in Danish mælke udfodring) refers to the allocation of milk to calves, while 

the term ‘milk meal’ (in Danish mælke måltid) refers to the milk ingested by the calf at one time.  

Unless otherwise stated, the term ‘milk’ refers to ‘whole milk’ and ‘milk replacer’ (MR). 

This reply had a short deadline and thus it has not been possible to cover the area completely.  
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Question 1: If feeding occurs twice daily, which behavioural and health consequences does a short or long 

interval between feedings have? Does a minimal/maximal interval exist? 

In the natural condition, calves suckle the dam 5 to 9 times daily in the first weeks of life, which decrease to 

3 to 5 times daily in later months (reviewed by Jensen, 2003). If artificially reared calves are offered a high 

milk allowance with limited restriction on meal pattering, they also ingest milk in fewer and larger meals as 

they grow older, while calves offered a low allowance ingest the milk as soon as it becomes available to them 

(Jensen, 2009). We have not been able to find studies addressing the effect of duration of interval between 

milk feedings on behaviour and health, but this will likely depend on the milk allowance offered. 

The calf’s daily nutrient requirements for maintenance depends on body weight (BW), growth rate and 

ambient temperature. Calves thermoneutral zone range from 15 to 25°C ambient temperature (Drackley, 

2005) and under these thermal conditions a 45 kg calf requires 1.75 Mcal/day of ME for maintenance, which 

corresponds to approx.  2.5 L whole milk, or approx. 3.0 L milk replacer (MR)(Drakely, 2008). It must be noted 

that calves’ requirements for maintenance increase at lower temperature (e.g. the requirement for 

maintenance of 50 kg calf increases from 1.88 Mcal/day at 20°C to 2.39, 2.90 and 3.50 Mcal/day when 

ambient temperature drops to 10°C, 0°C and  -10°C, respectively (NRC, 2001). In addition, the requirement 

for maintenance likely increases during periods of disturbance and unrest, such as transport.   

It is currently recommended to feed dairy calves under the age of 4 weeks an amount of milk corresponding 

to approx. 20% of their BW/day. This recommendation is based on research showing that increasing the milk 

allowance from approx. 10% to 20% of BW/day results in greater BW gain, improved feed efficiency and 

reduced incidence of disease (Khan et al., 2011, Costa et al., 2019). Based on this, the current Danish 

recommendation is to offer 8 to 10 L of whole milk per day to replacement heifer calves, or an equivalent 

amount of nutrients as MR, during the first 4 weeks of life (Anonymous, 2019). The recommendation for male 

calves reared for meat is 7 L/day, emphasising that this also applies during the first 3 to 5 weeks of age 

(Vestergaard, 2018). Some studies show that calves receiving milk corresponding to 10 to 15% of their 

BW/day show sign of hunger reflected by frequent high-pitch vocalizations (Thomas et al., 2001), frequent 

butting of empty buckets after milk ingestion (Herskin et al., 2010) and more unrewarded visits to a milk 

feeder (Jensen and Holm, 2003; de Paula Vieira et al., 2008) compared to calves fed milk corresponding to 

approx. 20% of their BW/day. 

In relation to milk feeding management on farm, effects of milk feeding frequency have been investigated, 

as it may reduce labour costs. A number of studies have investigated the effect on BW gain of reducing milk 

feeding frequency from twice to once daily in calves offered a milk allowance corresponding to 10% of 

BW/day, either as MR (e.g., Stanley et al., 2002; Kehoe et al., 2007), or whole milk (Saldana et al., 2019). In 

these studies, average BW gain, calculated based on weekly weighings, did not differ. This suggests that 

calves are, on average, able to ingest this milk allowance in one daily meal. However, a recent study including 

calves fed milk replacer at 10% of BW/day from 3 to 8 days of age (i.e. younger than 2 weeks old), found that 

when the milk feeding frequency was reduced from twice to once daily in 3 days old calves, milk intake was 

reduced by approx. 50% on day 3 and by approx. 20% on day 4. Even after 3 days of this practise (i.e. from 6 

to 8 days of age), the milk intake was 10% higher among calves fed twice per day, than calves fed once daily 

(Jongman et al., 2020). This latter study, which included 48 calves, suggests that 1 week old calves cannot 

ingest this milk allowance in one meal and that a period of adaptation may be required for calves to adjust 

to less frequent milk feeding. We have not been able to find similar studies for calves aged 2 to 3 weeks. 

However, another study suggest that 3 week old calves experience acute stress, as indicated by an immediate 
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increase in innate immune response, when milk feeding frequency was reduced from two to one (Hulbert et 

al., 2011).  

Studies investigating the effect of reducing milk feeding frequency from twice to once daily among calves 

offered a milk allowance closer to, or approx. at, 20% of BW/day are scarce. In one smaller study, where 26 

calves were offered free access to whole milk either twice or once daily from 3 to 52 days of age, twice daily 

feeding resulted in higher milk intake during the first 4 weeks. For instance, at 2 weeks of age, calves ingested 

on average approx. 8L/day and 6L/day in twice and once daily feeding management, respectively (Muya and 

Nherera, 2014). This finding may be due to 2 week old calves not being able to ingest more than approx. 6 L 

of milk in one feeding. To investigate this, Ellingsen et al. (2016) used six 3 to 4 week old calves, which were 

fed 6L/day of whole milk on two daily feedings prior to and between test sessions. During one week (3 test 

sessions, one every second day) the calves were first offered 4 L in one feeding, and then an increased 

amount on subsequent days in the two next test sessions (increase was based on previous intake and aiming 

for free access). Calves ingested on average 3.8, 4.9 and 5.4 L in one meal (corresponding to 8, 10 and 11% 

of BW in one meal, respectively). Neither signs of diarrhoea nor backflow of milk from the abomasum to the 

rumen were detected, but a large individual variation in milk uptake was recorded (3.5 L to 6.4 L on test day 

3). Thus, the results only partly support that 3 to 4 week old calves can ingest up to 6 L (approx. equivalent 

to 10% of BW) in one milk meal.  

A recent study shows that the abomasal volume returns to pre-meal levels 6 hours after ingesting what 

corresponds to 6% of BW in one meal, which leads the authors to suggest at least a 6 hour pause between 

successive milk feedings (Miyazaki et al., 2019). We have not been able to find studies examining if a minimal 

or a maximal interval exists, but a very short interval between feedings, before the curd has left the 

abomasum, will likely limit the calf’s ability to ingest a second milk meal, especially if the calf is fed to satiety. 

On the other hand, a very long interval between feedings, will resemble once daily milk feeding, limit the 

calf’s daily milk intake as described above, and likely render the young calf hungry before the next meal. 

In relation to behavioural and health consequences of short or long intervals between feedings, it is relevant 

to address the effect of milk feeding management on calves’ individual milk intake. Competition can 

potentially limit group-housed calves’ milk intake. Calves compete for milk, especially if they are offered a 

low milk allowance. For instance, within age-homogeneous groups of four 4 week-old calves offered 3L/calf 

twice daily (i.e. 6L/day), milk intake in a morning meal varied from 2L to 4L/calf (Nielsen et al., 2008). 

Individual calves’ milk intake is largely determined by their individual drinking rate, but the larger the group 

size, the quicker the calves ingest the milk. For instance, among Holstein calves fed 6 L/day of whole milk in 

two daily feedings (each of 3L/calf), calves housed in groups of six ingested the milk faster than calves housed 

in pairs (Jensen and Budde, 2006). In accordance with this, calves fed via an automated milk feeder ingested 

milk faster in groups of 24 compared to groups of 12 (Jensen 2004). Thus, when calves are housed in groups, 

milk competition increases with increasing group size. In weaned calves competition was also higher the 

larger the age variation within the group (Færevik et al., 2010). 

Feeding calves in individual buckets instead of a common trough, did not reduce milk stealing, because fast 

drinking calves switched bucket, or teat, and stole milk from slow drinking calves (Nielsen et al., 2008). 

However, placing barriers between the calves, which separate the heads and bodies of the calves beyond the 

shoulder blade, reduced bucket switching and milk stealing (Jensen et al., 2008). If a low amount of milk is 

offered to group-housed calves without protecting them from competition, this will lead to a high variation 

in milk intake among calves. Finally, it is common knowledge that calves accustomed to suck from a teat have 

to learn to drink milk from a bucket, and vice versa. Thus, there is a risk that calves previously fed using one 
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milk feeding method will be reluctant, or unable, to drink  milk when presented with another milk feeding 

method. This may also increase individual variation in milk intake, and thus the risk that some calves will have 

a very low milk intake. 

 
In summary  
 
We have not been able to find studies establishing minimal or maximal intervals between successive milk 
[whole milk or milk replacer (MR)] feedings with twice daily feeding, but short intervals between milk 
feedings likely reduce milk intake because curd from previously ingested milk is still in the abomasum.  
 
The requirements for maintenance at 15 to 25°C of a 45 kg calf is approx. 2.5 to 3.0 L/d milk (depending on 
milk source). Calves requirements for maintenance increase markedly at lower temperatures and is likely 
further increased by disturbance and unrest e.g. due to regrouping and transport. A minimal milk allowance 
of approx. 15% of body weight (BW)/day is currently recommended for calves reared for meat to meet 
their requirements for maintenance and growth. With twice daily feeding, this allowance corresponds to a 
minimum meal size of approx. 3.75 L (depending on milk source) for calves of 50 kg BW.  
 
The literature is limited, but few studies suggest that 1 to 3 week old calves cannot ingest an amount of 
milk corresponding to 10% of BW/day in one meal. Thus, once daily milk feeding, or a long interval between 
two daily milk feedings, even at this low milk allowance, likely limits milk intake, especially the first times 
the calves experience this and especially in younger calves.  
 
Literature based on farm conditions shows that competition for milk among group-housed calves, and thus 

variation in milk intake, is higher 1) among calves fed low milk allowances, 2) among calves housed in large 

groups, and 3) in situations where no measure is taken to reduce competition. 

 

Question 2  

Are there negative consequences of transportation just after feeding? Does that increase e.g. the risk of 

diarrhoea? How long time must pass from feeding to transport?  

When calves drink milk, the oesophageal (reticular) groove (Sulcus reticuli) is activated and the milk is 

transferred directly into the abomasum (Figure 1). Several factors have been suggested to affect the correct 

function of the oesophageal reflex, which is controlled by the vagal nerves. These factors include sucking 

behaviour, milk temperature, position of the calf's head while drinking, and familiarity with the feeding 

method (Abe et al., 1979; Wise et al., 1984; Jones and Heinrich, 2017). After milk (or MR) reaches the 

abomasum, chymosin is secreted and this coagulate the milk. Milk contents are separated into curd and 

whey. The formation of curd is important for digestion and absorption of milk nutrients and immune 

substances in calves (Jenkins, 1982; Blowey, 1995). Curd formation slows the passage of nutrients from the 

abomasum to the small intestine (Cruywagen et al., 1990) and enhances feed efficiency, digestibility, and 

body weight gain (Jenkins, 1982). The whey passes fairly rapidly out through the pyloric sphincter for further 

digestion and absorption in the small intestine (Webster, 1984). According to Webster (1984) and 

Longenbach and Heinrichs (1998), coagulation of milk entering the abomasum via the oesophageal groove  

into  curd is initiated within 10 minutes. In a general text book about calf management, Blowey (1995) stated 

that the factors associated with poor curd formation include irregular feeding times, milk overfeeding, and 

nervous or stressed calves. If the formation of the curd at the abomasal level is affected by any of the above 
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mentioned factors, the digestibility of the milk will be negatively affected at the intestinal level. This condition 

will provide a medium for bacterial fermentation and may result in diarrhoea and ruminal bloat (Kaba et al., 

2018). 

According to Lateur-Rowet and Breuking (1983; cited from Ellingsen et al., 2016)  milk in the forestomachs is 

usually unproblematic for newborn calves, where rumination has not started. However, for calves with 

ruminal development (2 to 3 weeks and older) (Swanson and Harris, 1958; Miyazaki et al., 2019), large 

quantities of milk in the rumen may have negative consequences for the calf (Kaba et al., 2018). In the rumen, 

lactose is converted mainly to lactic acid, which reduces rumen pH. Decreased rumen pH will cause changes 

in the rumen microbiota, thus causing indigestion, diarrhoea and reduced growth (Marahrens and Schrader, 

2020; citing German literature). In his general text book, Blowey (1995) state that the oesophageal reflex 

may not lead to proper closing of the oesophageal groove if calves are under stress. We have not been able 

to find any studies about the effects of calf feeding management in assembly centres, but knowing that calves 

are regrouped when they arrive to assembly centres and often offered milk in common troughs, several of 

the factors suggested to lead to increased risk of misdirection of the milk (or MR) may be present.        

Under calm housing conditions, calves will lie down approx. 20 minutes after the end of a milk meal (bucket 

or teat) (Veissier et al., 2002). In newborn mammals, the presence of nutrients in the stomach (abomasum 

in case of ruminants) stimulates the release of gastrointestinal peptides (gastrin, CCK, secretin), which in turn 

promote the release of insulin (as reviewed by Uvnäs-Moberg et al., 1987). These meal-induced hormonal 

effects facilitate the absorption of nutrients, and is enhanced by activation of the vagal nerves, which are 

also involved in controlling the abomasal motility (Burgstaller et al., 2017). This vagal nervous activity is part 

of the parasympathetic nervous system and it is stimulated when calves are under rest conditions. This means 

that unrest conditions such as those related to handling, loading calves into a truck, or the movements of the 

truck during transportation, can likely challenge the success of these processes. Links between abomasal 

functioning and the vagal nervous system  were reviewed by Burgstaller et al. (2017) from experiments 

performed in  calves with induced  vagal damage. 

According to Marahrens and Schrader (2020), an essential prerequisite for avoiding digestive disorders in 

suckling calves is to provide a rest period after milk intake. Within an approx. 3 hours period, an enzymatic 

casein precipitation occurs in the abomasum under resting conditions (Marahrens and Schrader, 2020, citing 

German literature). For this purpose, calves also need suitable resting areas, and dry and soft bedding 

material. We have not been able to find scientific literature in English investigating the effect of resting 

interval between milk feeding and physical movement in calves. Despite the lack of a scientific explanation 

to this issue, a recent EU-stakeholder project recommends to feed calves in assembly barns individually, and 

to give resting period of at least 1 hour before re-starting the journey (www.AnimalTransportGuides.eu).  

Okada et al. (2010) found that milk replacer leads to lower curd scores than whole milk, and that the curd 

scores were maximal approx. 1 hour after calves were fed MR. Thus, curds from MR seem to need  more time 

in the abomasum for their complete digestion than curds from whole milk, which was also suggested by 

Kirchner et al. (2015) based on data from ultrasonographic imaging of abomasal clotting. Based on 

comparable methodology, Miyazaki et al. (2019) described large curds in calves 1 to 2 hours after feeding 

them whole milk, and that the images become indistinct 4 hours after feeding. In the same study, the authors 

estimated abomasal emptying in calves fed whole milk to approx. 2 hours. Similarly, in their review of 

abomasal emptying, Burgstaller et al. (2017) described that the average abomasal emptying time ranged 

from 190 to 206 minutes after ingesting 2 L MR, and from 129 to 191 min after ingesting 2 L whole milk. 

However, the time that milk curd remains in the abomasum is longer the larger the amount of milk fed to 

http://www.animaltransportguides.eu/
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the calves. As mentioned in the answer to question 1, Miyazaki et al. (2019) reported that abomasal volume 

returns to the preprandial level 6 hours after feeding. In agreement with these findings, Webster (1984) 

explained that the curd slowly releases partially degraded proteins and fats over the first 6 hours after a meal, 

and then starts to break up. Longenbach and Heinrichs (1998) stated that the curd is slowly digested over a 

period of 24 hours.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The drawing to the left shows the relative size of bovine stomach compartments in the first week of life. The esophageal 

groove is shown. The drawing to the right shows how milk is shunted via the oesophageal grove directly past the forestomachs to 

the abomasum (adapted from Jones and Heinrichs, 2017).   

 

We have not been able to find data on the occurrence of diarrhoea in calves newly arrived at assembly 

centres. However, Wilson et al. (2018) investigated the health status of 646 calves from British Columbia 

[sold at 6.7 (±0.4) days of age and examined before transport to a veal unit] and found large variation 

between the prevalence of diarrhoea between farms, and often quite high levels. Hence, calves may show 

these signs even before transport. Whether this is the case in Denmark is unknown.  

 

In summary 

To the best of our knowledge, no studies have dealt specifically with the questions raised, and hence no clear 

answers can be given. However, based on the digestive physiology of calves, and knowledge about calf 

feeding and the logistics of a day of being transported from Denmark, it is likely, but not documented, that 

transport just after a milk feeding may have negative consequences for calves in terms of mis-direction of 

the milk into the rumen, or in terms of poor curd formation (both increasing the risk of diarrhoea). In addition, 

transport just after a milk feeding may lead to sub-optimal digestion of the milk meal.   

It is, thus, likely that calves will benefit from a rest period between a milk meal and initiation of transport. 

However, the optimal duration of such a rest period is unknown. 
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Question 3  

Can allocation of electrolyte replace one or more milk feedings?  

Electrolyte solutions are commercially available and given to milk fed calves to rehydrate and restore body 

electrolytes lost during the course of diarrhoea. In addition to different minerals and salts, some electrolyte 

solutions may also contain glucose and in some occasions glycine (as this promotes the absorption of 

glucose). However, the main role of an electrolyte solution is to restore the mineral homeostasis and 

hydration of calves and it should never be considered a substitute of milk. In addition to glucose (i.e. in its 

free form, or as lactose), milk contains various proteins and fatty acids which are essential for the optimal 

growth and metabolism of calves. Consequently, milk provides much more energy to calves than is provided 

by electrolyte solutions (if any). Therefore, in case calves are given electrolyte solutions at one, or more, of 

the feedings instead of milk (whole milk or milk replacer), the energy intake as well as the intake of nutritional 

elements such as proteins and fats will be markedly reduced.  

It is important to highlight that the time period within the first 2 to 4 weeks of life is one of the most critical 

in the life of cattle (Erhard et al., 1999). During this time frame, the concentration of passive immune 

components transferred from the cow via colostrum decreases while the immune system of the calf is still 

not capable of synthesizing its own immune components (Figure 2; Hulbert and Moisa, 2016). Therefore, 

calves are highly susceptible to infectious diseases due to a reduced immune status. Based on this fact, it can 

be assumed that the stress caused by transport will not only have consequences for the energy metabolism 

and therefore may affect growth rate, but  will also reduce the already reduced immune status of the calves, 

which increase even more the risk of the calf being infected by pathogens (Marcato et al., 2018). 

 

 

 

 

Figure 2. Concentrations of the different immune components (maternal or self-produced) in calves. Figure 

from Hulbert and Moisa (2016). 

 

It is not recommended to up-concentrate milk replacer in an attempt to meet daily energy requirements in 

one MR feeding and then replace the second milk feeding by electrolyte solution. This type of management 

is not recommended because too concentrated milk replacer can attract water from the body into the 

intestine, resulting in osmotic diarrhoea (Glosson et al., 2015).  

The answer to this question is partially supported by the recent publication by Marcato et al. (2020), where 

authors tested type of diet before transport (MR vs. electrolyte solution) and transport duration (6 vs. 18 

hours). These authors conclude that feeding milk instead of electrolyte solution before transport reduced 

the utilization of glucose as a primary source of energy and reduced mobilization of fat and protein.  
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In summary  

As described above, treatment with electrolyte solution is intended to rehydrate and restore body 

electrolytes. As they do not provide energy, fat or proteins, they should not be considered as a replacement 

or substitute of a milk (whole milk or MR) feeding.  

 

Question 4  

Can change between more different milk-mixtures from different milk-producers increase the risk of 

change of intestinal microbiota and thus increase the risk of development of diarrhoea?  

 

As mentioned above, changes or up-concentration of MR can increase osmolality at the intestinal level, 

attracting water from the body into the intestinal lumen and causing osmotic diarrhoea (Glosson et al., 2015). 

These conditions may cause dysbiosis (changes in the balance among bacterial populations) of the intestinal 

microbiota, which in turn will increase the risk of pathogens to proliferate at the intestinal level and cause 

negative consequences on animal health and performance.    

In addition, specific studies to test the effect of providing different MR or whole milk sources on the intestinal 

microbiota and diarrhoea incidence are not available in the literature. However, based on the study 

performed by Badman et al. (2019), milk replacer composition has an effect on the establishment of the 

intestinal microbiota. In this study, authors used two types of MRs containing two different amounts of crude 

protein (i.e. 21.8% and 26.8%). The results showed that calves fed with the MR containing 26.8% crude 

protein showed a higher relative abundance of two individual Bifidobacterium species and Faecalibacterium 

prausnitzii at day 7 in the faecal microbiota compared to those calves fed with the MR containing 21.8% 

crude protein. As described by the authors, these commensal bacteria are widely regarded as probiotic 

organisms that confer a health benefit on the host. Based on this, it can be expected that changes in MR or 

whole milk composition might cause changes in the intestine microbiota, which could result in increased 

incidence of diarrhoea. 

In addition, it is well known that changes in milk composition (e.g. from one MR to another MR, or from MR 

to whole milk, or vice versa) may results in decreased intake or even rejection by the calf. Refusals will not 

only affect calf performance, but also the balance between different intestinal microbiota populations and 

the immune status, which may future render the calf susceptible to diarrhoea.  

 

In summary  

As described in the literature, changes in milk composition can cause diarrhoea due to either increased 

intestinal osmolarity, or changes in the intestinal microbiota, or both. Therefore, it is not recommended to 

make abrupt changes in MR composition, or milk type (MR vs. whole milk).   
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