
Accelerated Growth 

Introduction 

Feeding elevated levels of milk to replacement heifers (to promote growth during this time), as 
research indicates that high growth rates during the milk feeding phase have a positive impact on 
subsequent milk production.  However, most calves will drink milk rather than consume 
concentrates, hence developing weaning strategies for these calves are important, so that the 
extra growth during the milk feeding phase is not ‘undone’ during the weaning period and beyond. 

On dairy farms, heifer rearing is the second largest annual expense after purchased feed, 
accounting for almost 20% of production costs.  CAFRE dairy benchmarking indicates the cost of 
rearing a dairy herd replacement to the point of calving is ~£1,800 (including labour and value of 
the calf).  This is a considerable investment, and it is important to examine the heifer rearing 
period to consider if any management practices can be changed to improve heifer rearing 
efficiency and future lactation performance.  The key periods of heifer rearing are birth to 
weaning, weaning to conception and conception to calving 

In recent years significant research has been carried out on the birth to weaning period, with 
areas such as colostrum feeding/management, calf nutrition and environment to name a few.  
One research area of particular interest is the pre weaning period with increased milk feeding 
leading to what is termed ‘accelerated growth’ in calves.  Traditionally, milk feeding programmes 
consist of calves fed 4-5 litres (L) of milk, (approximately 750 grams (g) of milk replacer per day).  
However, this feeding level results in relatively low daily live-weight gains (DLWG’s) of ~300-500g 
and may not exploit the full genetic potential of the animal.  In contrast, on elevated milk feeding 
programmes, calves are fed 8 L+ of milk per day or ≥ 1.2kg of milk replacer.  Research has shown 
that by increasing the nutrient supply early in life, this can lead to improved production in 
subsequent lactation(s). 

Accelerated growth, what the research indicates 

As shown in Table 1 below, the evidence from a review of 13 individual research studies indicates 
that calves managed on elevated milk feeding programmes have increased DLWG’s, along with 
additional milk produced during their 1st lactation.  Across the 13 research studies, the average 
DLWG for calves on conventional milk feeding was 0.54 (range 0.34-0.8kg) and on elevated 
feeding 0.76kg per day (range 0.50-0.90kg), with an additional milk yield response of 675kg of milk 
per first lactation (range 0-1,405kg).  Due to the relatively low number of animals in most of these 
studies, the additional milk yield in some cases was not statistically significant.  However, when 
the data from the 13 research studies in Table 1 was pooled together and modelled, the review 
model found that DLWG and 1st lactation yield are closely associated when nutrient intake is 
increased from milk or milk replacer.  The model predicted an additional 1,551 kg more milk 
during 1st lactation. Also, research suggests that there is a carry-over effect on lifetime 
performance (1st-3rd lactation yield). 

Epigenetics 

Further recent research suggests that pre weaning DLWG subsequently increases both 1st 
lactation milk yield and milk solids yield. However, this research found that intake of concentrates 
along with liquid milk was important.  The consensus of the research evidence suggests that by 
increasing milk or milk replacer intake early in life, the calf’s genetics are somehow altered, 



known as epigenetic programming, which has a positive effect on the heifers’ subsequent milk 
yield.  The area of epigenetics requires further research. 

Table 1- Production response (DLWG & yield) to increasing nutrient supply from either milk or milk 
replacer pre weaning – a worldwide review of 13 individual research studies. 

Number of 

animals 

DLWG of 

control (kg/d) 

DLWG of 

increased milk 

feeding (kg/d) 

Milk yield of 

control (kgs) 

Additional milk 

1st lact (kgs) 

30 na na na 1,405 

20 0.56 0.85 9,171 453 

20 0.60 0.90 7,716 519 

14 0.44 0.73 6,100 700 

20 0.59 0.88 10,784 981 

10 0.52 0.75 9,245 1,332 

14 0.56 0.71 8,796 342 

26 0.56 0.79 12,962 718 

30 0.80 0.90 9,888 624 

38 0.34 0.50 6,862 0 

23 0.73 0.80 9,150 732 

40 0.44 0.64 9,778 416 

400 0.32 0.70 10,605 552 

Average 0.54 0.76  675 

(Adapted from Soberon and Van Amburgh, 2013) 

Fertility 

In relation to heifer fertility research papers are limited.  However, two authors have showed that 
calves fed elevated planes of nutrition reached puberty and conceived earlier. The data also 
suggested a numerical reduction in age at first calving, (14-27.5 days earlier). Reports from earlier 
research suggested that mammary gland development could be negatively affected because of 
elevated feed programmes.  However, more recent research contradicts this theory, particularly 
as these animals have increased milk production in 1st lactation.  Furthermore, research has 
showed that restricting the nutrient supply in pre weaning may negatively affect the development 
of ductal networks within the mammary gland. This area of research in terms of nutrient intake 
pre weaning and subsequent mammary development requires further research. 

 



Disease immunity 

It has been suggested that increasing the total energy and protein supply can affect immune 
response, thus leading to calves being better able to cope with disease challenges. However, it is 
thought improved health is a result of the increased supply of nutrients as opposed to any specific 
changes in the animal’s immune system per se. 

Financial aspects of accelerated growth 

The research literature indicates the main benefit of accelerated growth programmes is increased 
yield during 1st lactation. However, there appears to be little research on how heifers supported 
this increase in milk yield during first lactation in terms of increased feed intake, change in body 
condition score and any impacts on fertility in the first lactation. Table 2 examines some of the 
potential extra costs and additional income through a partial budget, associated with accelerated 
growth. As a result of accelerated growth, Table 2 shows a potential change in profit of £56.75 at 
the end of an animal’s 1st lactation. 

Table 2- Partial budget examining the economics of accelerated growth 

Possible gains from change                                      Extra costs from change 

Extra income Amount (£) Extra costs Amount (£) 

675kg milk @ 35 

ppl 
236.25 

20kg milk powder 

@£2.50 per kg 
50.00 

Total extra income 

(A) 
£236.25 

304kg extra 

concentrates 0.45 

kg/litre@£330/tonne 

100.30 

Total financial gain  236.25 Total extra costs  150.30 

 Total change in profit  ~ +£86.00 

 

Accelerated Growth Summary 

The aim of the heifer rearing enterprise is to rear heifers cost effectively to the point of calving into 
the main herd at 24 months of age or earlier at a calving weight of 85% of mature weight.  Calving 
at 24 months or earlier is optimum for economic performance as it reduces the number of 
replacement heifers on the farm and reduces the number of non-productive days of life. In 
addition to reducing costs, earlier calving will also reduce greenhouse gas emissions per litre of 
milk produced through reducing the number of unproductive animals releasing greenhouse 
gases on the farm. To achieve this age at first calving (AFC) careful management is required in all 
three of the heifers’ rearing stages. The research evidence suggests that animals on accelerated 
growth programmes during the birth to weaning stage reach puberty and conceive earlier, which 
leads to a reduced AFC.  This combined with other production performance data suggests that 
accelerated growth pre weaning, can have a positive effect on the long-term productivity of heifer 
calves and the dairy herd. 

 



Weaning strategies for artificially reared replacement heifers 

Calves fed high levels of milk usually consume very little concentrate during the milk feeding 
phase.  Hence, a feeding regimen that allows a smooth transition from milk to solid feed is 
vital for successful heifer rearing programs, Khan et. al., (2011).  The ideal scenario is for calves 
to consume the maximum amount of dry matter from milk and concentrates, particularly across 
the weaning period, so that growth rates continue unabated.  From a review of scientific papers 
on rearing/weaning calves the consensus of the researchers is that calves prefer to consume milk 
rather than concentrates, but given that powdered milk is about 5 times the price of concentrates, 
there is a need to get them onto concentrates and off milk between 6 – 10 weeks old, whilst 
minimising any check in growth.     

With increased popularity of automatic milk feeding systems, there is scope to modify the feeding 
regime, (milk and concentrate, particularly if both are controlled by the feeding station), to 
encourage consumption of concentrates pre weaning, so that total energy intake and 
consequently liveweight gains are not negatively impacted by the weaning process.  Several 
researchers have investigated weaning strategies to minimise a check in growth across this 
transition phase.  This transition phase is particularly important for calves on high levels of milk 
feeding, where the benefits of feeding high volumes of milk to accelerate growth in early life could 
be reduced/undone by low growth rates across the weaning period if this transition is not 
managed properly. 

In an ‘Invited review: Effects of milk ration on solid feed intake, weaning, and performance in dairy 
heifers’ Khan et. al., (2011) stated that the method of weaning greatly influences feed 
consumption, rumen development and growth check in calves provided higher amounts of milk.  
Gradual weaning encourages starter intake during the preweaning period and both weaning age 
and duration of weaning influence this concentrate consumption.  The literature reviewed by 
Khan et. al., (2011) illustrates that gradually reducing milk intake is an effective method to 
increase starter consumption before weaning.  Together, these lines of evidence suggest that the 
optimal milk ration is greater than that that used in conventional practice, but less than ad libitum 
intake.  Young calves benefit from increased milk rations by being able to express more 
natural feeding behaviour, reduced signs of hunger, improved growth and likely improved 
health.  Maintaining these early benefits using appropriate weaning methods and 
postweaning management can also improve longer term growth and productivity and 
ultimately benefit the welfare of the growing calf. 

A study by de Passillé et. al., (2011) entitled ‘Weaning age of calves fed a high milk allowance by 
automated feeders: Effects on feed, water, and energy intake, behavioural signs of hunger, and 
weight gains’ followed calves from birth to 15 weeks of age.  Calves were weaned by 8 weeks after 
either a low or high milk allowance, (6 or 12 litres milk/day respectively), with an 8-day milk step 
down, or by 14 weeks (12 litres milk/day with an 8-day step down).   Calves on the low milk 
allowance had many unrewarded visits to the feeder and started eating concentrates quicker 
than the high milk allowance early weaned calves.  However, by 15 weeks of age the weight of 
both groups was similar.  The high milk calves weaned later were approximately 10kg heavier than 
the other 2 groups by week 15.  The conclusion was that later weaned calves reduced the negative 
impact of weaning.  There was evidence of compensatory growth in low milk allowance early 
weaned calves, (no significant difference in weight by week 15 compared to high milk allowance, 
early weaned), but big differences between calves in all groups.  Weaning according to each 
individual calf’s ability to eat solid food is likely to be preferable to weaning at a fixed age. 



A 2012 study by Passillé et. al., considered weaning by amount of concentrate consumed over a 
3-day period, (200g/d or 400g/day), with weaning complete when calves were consuming either 
800 or 1600g/d.  Milk feeding was stepped down in 4 steps as calves reached the next milestone 
for concentrate intake.  Calves were initially fed milk at 12 litres/day.  Large differences existed 
between calves in the ages that they could be weaned onto solid feed based on this strategy.  
Weaning calves according to individual starter intakes can reduce the age at weaning, while 
reducing the negative effects of weaning.  The researchers stated that little is known about the 
optimum targets for starter intake to use to begin and end weaning but indicated from their results 
that the low start (200g/d) and high end (1600g/d) seemed to be the best combination.  Calves 
continued to visit the milk feeder during weaning, suggesting they would have consumed milk if 
it had been available.  Adjusting the age at which individual calves are weaned off milk 
according to their ability to eat solid feed can reduce the age at which weaning occurs while 
reducing the negative effects of weaning on energy intake and weight gain.   

A similar study (Benetton et. al., 2018) compared weaning by age or weaning by concentrate 
intake from day 30, (12 litres/day fed to that point).  For weaning by intake targets were 225, 675 
and 1300g/d for concentrate intake.  The results of this study suggests that combining a milk step-
down at 30 days of age with weaning by intake offers benefits similar to that of a regular step-
down weaning program (such as reduced milk intake with high postweaning weight gains), with 
the advantages that weaning is individualized, such that calves progress through weaning as they 
become familiar with starter, and calves consume less milk and are weaned at a younger age (on 
average).  However, some calves did not meet the target concentrate intake for the step-down 
process.  Results indicate that even when allowed considerable flexibility, a small number of 
calves are likely to avoid starter before weaning and thus are likely to have difficulties during 
weaning (reduced weight gain).  Few studies have followed calves much beyond weaning to 
ascertain the impact of weaning strategy on subsequent performance, such as age at 
service, age at calving etc. 

In a US study, (Stamey et. al., 2012), calves were weaned by age (6 weeks old) after feeding low or 
high amounts of milk, (~522 or 900g milk powder/day), with weaning taking place over the last 
week with milk fed at reduced rates and concentration during this time.  Starter intake for the 3 
days to weaning was highly correlated with liveweight gain in the week after weaning (R2 =0.73).  
They concluded that calves should consume at least 1 kg of starter DM daily before weaning 
to ensure continued postweaning growth, regardless of milk replacer regimen. 

A Canadian study (Sweeney et. al., 2010) studied weaning strategies for calves weaned by 6 
weeks old, initially fed up 12 litres milk/day and weaned abrupted, or weaned over 4, 10 or 22 days 
with daily reductions in milk allowance commensurate with days to weaning.  The results suggest 
that weaning over 10 days allowed for the best overall results in terms of weight gains during 
and immediately after weaning.  Gradually reducing milk availability before weaning improved 
the consumption of starter.  However, calves were unable to fully compensate for the reduced 
milk availability and showed poorer gains before weaning, especially when gradual weaning was 
begun at 19 d of age. 

Another Canadian study, (Welk et. al., 2021) assessed weaning strategies for dairy calves: 
weaned by age, weaned by DMI or a combination of both.  Calves were fed 12 litres milk until day 
30 when the three weaning strategies were introduced with weaning completed by day 70.  Calves 
weaned using an intake criterion showed greater solid feed intake, postweaning weights and 
structural growth compared with calves weaned at a fixed age.  These results illustrate that 
weaning based on intake is a promising strategy to manage weaning at the individual level 



and ensure that calves are consuming solid feed before weaning; however, unrewarded visits to 
the milk feeder were more frequent in calves weaned based on intake, potentially indicating 
hunger or frustration during weaning.  Total weight gain to 84 days of age was highly correlated 
with starter intake over the same period.  One implication of the results is that monitoring for low 
intake would be beneficial regardless of weaning method, but new research will be required to 
determine how best to manage these low-intake calves. 

An Iranian study, (Mirzaei et. al., 2020) assessed various step-down weaning methods on calf 
performance.  Calves were fed 6 litres of milk until day 10, then 8 litres until day 28 or day 42, or 
day 56, when milk was abruptly reduced to 4 litres until abrupt weaning took place at 9 weeks of 
age.  Control calves were fed 8 litres from day 11 until weaning abruptly at day 63.   They 
concluded that the implementation of step-down weaning in early life (4–6 weeks of age) 
could stimulate solid feed intake compared with weaning at a later age.  Growth rates and 
total DMI by day 80 were not significantly different for any of the 4 treatments, but the 28-day 
step-down calves consumed more concentrates and less milk than calves on the other 
treatments.  

A recent webinar (2023) hosted by ‘Balchem’ had Professor Drackley from University of Illinois 
speaking on the subject, ‘The Weaning Transition in Dairy Calves: Why is it So Often So Traumatic?  
A pdf of his slides was made available to attendees.  Some of the main points from his talk are as 
follows: weaning can compromise welfare due to reduced intakes and stress: change of diet, 
moving pens/re-grouping etc., leading to impaired immunity.  Starter intake drives rumen 
development: rumen size/volume driven by feed, musculature of rumen (driven by bulk), 
absorptive epithelium (papillae; driven by VFA), microbial population (driven by feeds; produces 
VFA and depends on epithelium for acid absorption). Insufficient rumen development driven by 
low starter intake before weaning decreases nutrient digestibility after weaning.  Metabolisable 
energy (ME) of starter is ~60 to 70% of ME in milk replacer so growth will be ~2/3 of that on equal 
DM from milk replacer.  Older age and gradual weaning improve success of the transition. 
Small amounts of chopped grass hay or straw (<100 g/day or 5% of total “TMR”) will increase 
starter consumption and feed efficiency.  Four litres of water required for every kilo of concentrate 
consumed.  Summary slide: Don’t wean too early, wean gradually, don’t feed too much forage, 
feed a high-quality starter, provide fresh water, don’t stack stressors around weaning. 

An invited review: ‘Transitioning from milk to solid feed in dairy heifers’ was carried out by Khan 
et. al., (2016).  The main points from the review are outlined below:  

• Establishment of rumen microbiota is necessary for the physiological development of the 
rumen and for the animal’s ability to convert plant mass into products that can be utilized by the 
animal for maintenance and production. 

• Diet (i.e., provision of a forage source) and management factors (e.g., gradual weaning, 
grouping, social learning, and social facilitation) can promote solid feed intake. 

• The nature of solid feed (e.g., forage, weaning method and management factors e.g., 
grouping with peers or dam) may affect foraging skills, feeding behaviour and inoculation of the 
gastrointestinal tract and promote initiation of solid feed consumption, all of which could affect 
the microbiome in young calves. 

• The effect of various carbohydrate fractions (sugars, starch, forage fibre, or non-forage 
fibre) on rumen VFA concentration or composition in young calves is not clearly described in the 
literature.   



• Available studies demonstrate the negative effects of low rumen pH on performance and 
health of developing calves. 

• Many dietary factors, including source of grain cereal, level and processing, roughage 
source, feed particle length, feeding method, intake level, protein quality and dietary buffers 
affect the ruminal pH.   

• Inclusion of forage or fibrous materials that do not ferment rapidly (e.g., soyhulls) may be 
beneficial in raising and stabilizing pH in the rumen.   

• Dietary forage likely contributes to the development of the digestive tract more than just 
by providing bulk and scratch to increase physical capacity, volume, and scratch to increase 
physical capacity, volume and motility.  

• This literature review collectively demonstrates that forage provision positively affects 
rumen functions and rumen pH in calves; however, available studies are inconclusive in defining 
the exact amount, source, method, and timings of timings forage provision to calves.  

• Rumen development is driven not only by the presence of VFA and bulk in the rumen, but 
also by the nutrients supplied from liquid feed.  

• The development of the rumen and the small intestine are linked.  Therefore, it is 
important to adequately balance the provision of liquid and solid feed (both from concentrate 
and roughage) to maximize nutrient intake concentrate and roughage) to maximize nutrient intake 
and gut development. 

• There is evidence that starter feeds with large amounts of fine particles depress solid feed 
intake and liveweight gain relative to feeding textured feed intake.  

• The results of recent research suggest that providing access to forage does not 
necessarily reduce starter feed intake or impede liveweight gain.  Rather, inclusion of dietary 
forage may help by maintaining a higher rumen pH by promoting rumination and salivary 
secretion.  

• Intensive feeding programs, feeding relatively large quantities of milk (e.g., 20% of BW or 
~8 L/day for Holstein calves) and gradual weaning can improve feed efficiency, reduce incidence 
of disease, provide greater efficiency, reduce incidence of disease, provide greater opportunity to 
express natural behaviours, and potentially improve future lactation performance. 

• Almost all studies to date on the effects of forage on rumen development have been 
carried out on calves fed restricted amounts of milk; more work is required to develop solid feed 
management programs for calves provided higher quantities of milk before weaning. 

Weaning Strategies Summary 

• When calves are fed with up to 6 litres of milk per day, it is relatively easy to get them onto 
concentrates, with weaning often taking place when calves are eating 0.75-1kg concentrates/day.  
(Calves are often reared in single pens and intake of concentrate could be monitored reasonably 
easily).  This ensured that, all things being equal, the growth check through the weaning period 
was minimal, albeit the level of growth from birth to weaning would generally be lower than 
possible compared with higher levels of milk feeding. 

• With increasing popularity of group housing and milk feeding either manually or by 
automatic feeders, plus higher levels of milk increasingly being offered, individual concentrate 



intakes may not be available, unless an automatic milk feeder has a concentrate feeding station 
as well, hence weaning a calf by concentrate intake would not be possible in many situations.  (It 
could be on pen basis when the average concentrate intake passes as certain threshold, 
particularly if calves were of a similar age). 

• Where calves are fed greater than 6 litres of milk per day (often referred to as ‘accelerated 
growth strategy’), they will generally drink milk rather than consume concentrates, therefore if 
growth rates are to be maintained through the weaning period and beyond this transition needs 
to be well managed so that total intake of nutrients is maintained and thus, growth rates are not 
compromised. 

• Evidence from the CAFRE Herd with their automated feeder where male and beef calves 
are usually on 6 litres/day and replacement heifers on 8 litres/day indicates that calves on 6 litres 
start consuming concentrates earlier than those fed 8 litres and consequently are eating more by 
weaning (same days on feeder for both groups).  For calves fed 8 litres of milk, most of them only 
start consuming any appreciable amount of concentrates when the weaning period commences, 
(last 10 days), with the average amount of concentrates consumed in the week to weaning 
averaging 0.5-0.6kg/day, but with a big range from near zero to 1.5kg/day.  However, growth rates 
to weaning are averaging 0.76kg/day and are even higher beyond weaning, so any negative impact 
of this weaning strategy seems to be minimal.        

• The data from the first part of this investigation indicates subsequent higher milk yields 
when animals grow faster through the milk feeding period, but weaning strategies were not 
indicated in these papers. 

• Several weaning strategies have been highlighted in this investigation, with a wide range 
of milk feeding levels.  The conclusion for weaning calves fed high levels of milk can be adequately 
summed up in Prof Drackley’s webinar:  Don’t wean too early, wean gradually, don’t feed too 
much forage, feed a high-quality starter, provide fresh water, don’t stack stressors around 
weaning. 

References 

Adjusting the weaning age of calves fed by automated feeders according to individual intakes of 
solid feed (2012).  A. M. de Passillé and J. Rushen.  J. Dairy Sci. 95 :5292–5298  

A meta-analysis of the effects of preweaned calf nutrition and growth on first lactation 
performance (2016). Gelsinger, S.L., Heinrichs, A.J. and Jones, C.M. Journal of Dairy Science. 99: 
6206-6214 

Automatic weaning based on individual solid feed intake: Effects on behavior and performance 
of dairy calves (2018). J. B. Benetton, H. W. Neave, J. H. C. Costa, M. A. G. von Keyserlingk, and D. 
M. Weary. J. Dairy Sci. 102:5475–5491 

CAFRE (Greenmount) 2018. Dairy benchmarking report 

Different milk feeding intensities during the first 4 weeks in dairy calves: (2016Part 1: Effects on 
performance and production from birth over the first lactation Korst, M., Koch, C., Kesser, J., 
Muller, U., Romberg, F.J., Rehage, J., Eder, K. and Sauerwein, H... Journal of Dairy Science. 100: 
3096-3108 

Duration of weaning, starter intake, and weight gain of dairy calves fed large amounts of milk 
(2010).  B. C. Sweeney, J. Rushen, D. M. Weary, and A. M. de Passillé.  J. Dairy Sci. 93 :148–152 



Effect of increasing energy and protein intake on mammary development in heifer calves Brown, 
E.G., VandeHaar, M.J., Daniels, K.M., Liesman, J.S., Chapin, L.T., Forrest, J.W., Akers, R.M., 
Pearson, R.E. and Weber Nielsen, M.S. (2004). Journal of Dairy Science. 88:595-603 

Effect of intensified feeding of heifer calves on growth, pubertal age, calving age, milk yield and 
economics (2011). Davis Rincker, L.E., VandeHaar, M.J., Wolf, C.A., Liesman, J.S., Chapin, L.T. and 
Weber Nielsen, M.S.  Journal of Dairy Science. 94: 3554-3567. 

Effect of nutrient intake on the development of the somatotropic axis and its responsiveness to 
GH in Holstein bull calves (2001). Smith, J.M., Van Amburgh, M.E., Diaz, M.C., Lucy, M.C. and 
Bauman, D.E. Journal of Animal Science. 80: 1528-1537. 

Effects of intake-based weaning and forage type on feeding behavior and growth of dairy calves 
fed by automated feeders (2021).  A. Welk, H. W. Neave, H. B. Spitzer, M. A. G. von Keyserlingk, 
and D. M. Weary.   J. Dairy Sci. 105:9119–9136 

Effects of preweaning nutrient intake in the developing mammary parenchymal tissue (2017).  
Soberon F. and Van Amburgh, M.E.  Journal of Dairy Science. 100: 4996-5004 

Impact of conventional or intensive milk replacer programs on Holstein heifer performance 
through six months of age and during first lactation (2008).  Raeth-Knight, M., Chester-Jones, H., 
Hayes, S., Linn, J., Larson, R., Ziegler, D., Ziegler, B. and Broadwater, N... Journal of Dairy Science. 
92: 799-809 

Influence of starter protein content on growth of dairy calves in an enhanced early nutrition 
program (2012). J. A. Stamey, N. A. Janovick, A. F. Kertz, and J. K. Drackley.  J. Dairy Sci. 95 :3327–
3336 

Invited review: Effects of milk ration on solid feed intake, weaning, and performance in dairy 
heifers (2011).  M. A. Khan, D. M. Weary, and M. A. G. von Keyserlingk.  J. Dairy Sci. 94 :1071–1081 

Invited review: Transitioning from milk to solid feed in dairy heifers (2016).  M. A. Khan, A. Bach, 
D. M. Weary and M. A. G. von Keyserlingk.  J. Dairy Sci. 99:885–902  

Effects of milk ration on solid feed intake, weaning and performance in dairy heifers (2010).  Khan, 
M.A., Weary, D.M. and von Keyserlingk, M.A... Journal of Dairy Science. 94: 1071-1081.  

Performance and health responses of dairy calves offered different milk replacer allowances 
Bach, A., Terre, M. and Pinto, A. (2013). Journal of Dairy Science. 96: 7790-7797. 

Preweaning milk replacer intake and effects on long term productivity of dairy calves (2011). 
Soberon, F., Raffrenato, E., Everett, R.W. and Van Amburgh, M.E.  Journal of Dairy Science. 95: 
783-793 

Preweaning nutrient supply alters mammary transciptome expression relating to morphology, 
lipid accumulation, DNA synthesis and RNA expression in Holstein heifer calves (2018). Hare, 
K.S., Leal, L.N., Romao, J.M., Hooiveld, G.J., Soberon, F., Berends, H., Van Amburgh, M.E., Martin-
Tereso, J. and Steele, M.A. Journal of Dairy Science. 102:2618-2630. 

Relationships between protein and energy consumed from milk replacer and starter and calf 
growth and first-lactation production of Holstein dairy cows (2018). Rauba, J., Heins, B.J., 
Chester-Jones, H., Diaz, H.L., Ziegler, D., Linn, J. and Broadwater, N.  Journal of Dairy Science. 
102: 301-310. 



The effect of feeding level on mammary growth in calves and prepubertal heifers. Sejrsen, K., 
Purup, S., Martinussen, H. And Vestergaard, M.  Danish Institute of Agricultural Sciences, Foulam, 
Denmark. 

The effect of nutrient intake from milk or milk replacer of preweaned dairy calves on lactation milk 
yield as adults: A meta-analysis of current data (2013).  Soberson, F. and Van Amburgh, M.E. 
Journal of Animal Science. 91: 706-712. 

The Weaning Transition in Dairy Calves: Why is it So Often So Traumatic (2023).  Balchem webinar, 
Prof James Drackley, University of Illinois. 

Weaning age of calves fed a high milk allowance by automated feeders (2011): Effects on feed, 
water, and energy intake, behavioral signs of hunger, and weight gains A. M. de Passillé, T. F. 
Borderas, and J. Rushen.   J. Dairy Sci. 94 :1401–1408 

 


