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Weaning with Less Distress in Dairy Calves 

James K. Drackley1 

Department of Animal Sciences 
University of Illinois Urbana-Champaign 

Introduction 

Knowledge of and interest in calf nutrition and management 
has exploded in the last 25 yr. Calf nutrition has progressed 
from a simple, one-size-fits-all approach to a more 
sophisticated understanding of the role that early nutrition 
plays in growth, health, and future productivity. The industry 
has moved away, slowly, from the idea that calf nutrition is 
"one bag of milk replacer per calf and all the starter they'll 
eat" to evaluating the desired performance objectives and 
designing a feeding program to achieve the goals. 

The milk-feeding period is certainly a front and center 
welfare concern, as well as a huge economic opportunity for 
producers and calf specialists alike. The old "convention" of 
feeding a pound or a pound and a quarter of milk replacer to 
calves is slowly being replaced by intakes of more nutritious 
milk replacer that perhaps are twice as great, which approach 
"natural" intake levels. The last National Animal Health 
Monitoring system {NAHMS) study conducted in 2014 found that the 
average amount of milk fed on US dairy farms was 5.7 L/d per 
calf, which equates to about 740 g/d (1.6 lb) of milk solids 
(Urie et al., 2018). That average likely has continued to 
increase in the decade since the survey was performed, with many 
farms feeding 6 to >8 L of milk or milk replacer daily. NASEM 
(2021} stated that the minimum amount of milk solids to be fed 
should be 1.5% of birth body weight (BW}, which for a 95-lb (43 
kg) Holstein heifer would be >1.4 lb (0.64 kg} of solids or more 
than 11 lb (5 kg) of whole milk. Clearly, many farms surpass 
this minimum amount. 

While progress has been made on improving welfare of calves 
during the milk feeding period, the situation often falls apart 
at weaning. Calves may struggle at weaning with decreases in 
average daily gain (ADG) and increases in diseases such as 
bovine respiratory disease (BRD) and coccidiosis. Much of this 
difficulty lies in the failure to adjust our systems of weaning 
for the practice of feeding more milk or milk replacer. 

1 Contact at 1207 w. Gregory Dr., 260 Animal Sciences Laboratory, Urbana, IL
61802, (217) 244-3157, email: drackley@illinois.edu. 
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My aim is to discuss the weaning transition and factors 
that influence it. Current views on nutritional management 
during the weaning transition as supported by key research are 
presented and discussed. The paper is not complete or exhaustive 
in its coverage of the extensive amount of research conducted 
within the last 25 yr. 

Changes around weaning 

By definition there are marked changes in nutrition around 
weaning as the liquid feed (milk or milk replacer) is withdrawn 
and the calf becomes wholly dependent on starter feed and free 
water. In addition to the nutritional change, there is often a 
change in environment and housing, as calves are moved from a 
hutch to a group setting. Calves must learn to compete and 
coexist with herdmates for the first time. The feeder stops 
coming twice a day with the delicious warm liquid feed. All of 
these factors constitute stressors on the calf. 

Weaning distress weakens the immune system and decreases 
nutrient intake for growth. Behavioral changes include increased 
vocalization and decreased resting. Slumps in growth are common 
and the calf is susceptible to infections such as BRD and 
coccidiosis. Growth and health are impaired because of the 
decreased nutrient intake and the effects of the stressors. 
Holstein calves in the 2014 NAHMS survey had respectable ADG 
before weaning of 0.73 kg/d. However, after weaning until 90 d 
the ADG slumped to 0.60 kg/d. Gains of withers height followed 
the same pattern. This loss of performance represents lost 
potential growth and a greater presence or likelihood of 
disease. 

The most important factor in preparing the calf for weaning 
is developing the rumen so that the ruminal microbiome can 
ferment solid feeds and VFA can be absorbed. Fermentable 
carbohydrates lead to butyrate and propionate production that 
stimulate rumen epithelial development. Starter intake therefore 
plays the key role in rumen development. The amount of milk or 
milk replacer fed is inversely related to starter intake 
(Hodgson, 1971; Stamey Lanier et al., 2022). 

When the calf is a functioning nonruminant, the digestive 
tract contents represents a relatively small proportion of BW 
compared with the mature ruminant. As the calf continues to 
increase solid feed intake, gut fill increases. Weaning, 
therefore, results in a decrease of empty BW (EBW) as a 
proportion of live BW. The NASEM (2021) system set EBW at 94% of 
BW for a milk-fed calf, and 93% for a calf consuming milk and 
small amounts of starter. However, EBW for a weaned calf is 
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considered to be only 85% of BW. The remaining proportion of BW 
is gut fill, which increases as the calf approaches and goes 
through weaning. We conducted a study where some calves were 
sacrificed at 5 wk and the remainder were weaned at 6 wk and 
sacrificed at 10 wk of age. The increase of gut fill from 5 wk 
of age when calves were consuming milk replacer and starter for 
ad libitum intake to postweaning at 10 wk of age alone provided 
0.21 to 0.28 kg/d contribution to measured ADG of BW, while EBW 
gain was much less (Stamey Lanier et al., 2021). Thus, gut fill 
can be approximated to account for 25 to 30% of ADG at 10 wk of 
age. Gain of body tissue, or true growth, is much less than 
measured ADG. 

A key physiological challenge for young calves is 
stabilization of rumen pH within a range where fiber digestion 
can proceed, generally considered to be >6.0 {Williams and 
Frost, 1992). Examples of ruminal pH from the literature show 
that most of the values of pH are< 6.0, and the simple average 
of the mean pH values from a sample of studies is 5.70, which is 
below the threshold for subacute rumen acidosis for calves {5.8) 
defined by Laarman and Oba (2011). Indeed, a number of values 
were below 5.2, which is used as a threshold for acute ruminal 
acidosis {Laarman and Oba, 2011). While it is hard to discern 
dietary, age, or management factors that may have an influence 
on ruminal pH without conducting a formal meta-analysis and 
meta-regression, it is evident that ruminal pH is often much 
lower in calves than in mature ruminants. 

The normal pH of the rumen is around 6.0 at 1 wk of age 
(Anderson et al., 1987a,b; Suarez-Mena et al., 2016) but 
decreases thereafter as starter intake increases, to a nadir of 
<5.0 to ~5.6, depending on starter characteristics and forage 
availability. In calves fed starter and chopped straw and weaned 
at 6 wk of age, preweaning pH was below 5.8 for approximately 
936 min/d, increasing to 1204 min/d at 2 wk postweaning before 
beginning to lessen by wk 12 (van Niekerk et al., 2021). Such 
low pH would represent subacute to acute acidosis in mature 
cattle {Plazier et al., 2022), but in many cases calves do not 
show signs of acidosis. Nevertheless, low pH is inhibitory to 
voluntary feed intake (Williams and· Frost, 1992) and increases 
the variation in dry feed intake (Frost, 1989). Given that 
calves cannot substitute adequate amounts of dry feed to 
compensate for decreased milk intake, low rumen pH may be an 
important factor in difficult weaning. Ruminal pH begins to 
increase after stabilizing following weaning, but still remains 
<6.0 at 12 wk {Anderson et al., 1987a,b) to 16 wk (Quigley et 
al., 1992; Gelsinger et al., 2020). 
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Calf starters 

Calf starters play a hugely important role in early calf 
nutrition. They supply additional nutrients, but more 
importantly provide the fermentation substrate for rumen 
microbes to produce the volatile fatty acids (VFA), of which 
butyrate and propionate are the most important for rumen 
epithelial (papillae) development (Sander et al., 1959). At 
birth the rumen and reticulum are undeveloped, but VFA 
(propionate and butyrate) stimulate the growth and 
differentiation of epithelial structure. The functional 
epithelium absorbs the VFA, in turn helping to increase the pH 
in the rumen. As pH increases to 6.0, fiber-digesting microbes 
are able to survive and function, initiating the digestion of 
forages and non-forage fiber sources (Williams and Frost, 1992). 

Consequently, the most important property of a calf starter 
is that the calf wants to eat it. Palatability and acceptability 
are influenced by both the ingredient composition and the 
physical form of the starter. Although differences are small, a 
well-texturized starter generally favors greater intake than an 
all-pelleted starter (Porter et al., 2007). Pellet quality is 
important in either case, as calves do not like fines in the 
starter. Ground (mash or meal) starters also can be well 
utilized, although initial intake may be slower. Small particle 
size does not seem to be an issue if the particle size is 
uniformly small rathe� than dusty (Bateman et al., 2009). 

Corn and wheat promoted greater starter intakes than oats 
and barley (Khan et al., 2008), with rice and sorghum also being 
less effective than corn (Khan et al., 2016). Soybean meal was 
the best-consumed protein source (Miller-Cushen et al., 2014). 
Corn byproducts such as corn gluten feed or corn gluten meal 
were less acceptable than other ingredients. While corn 
distillers grain was highly acceptable by calves (Miller-Cushon 
et al., 2014), its low lysine content makes it a poor ingredient 
for young calf nutrition. 

Calf growth has generally been greatest on high starch 
(>35% of the DM) formulas, but the resultant rumen pH is very 
low, often averaging slightly above 5.0 for much of the day 
(Quigley et al., 1992). Concern about these effects on rumen 
health has resulted in many calf starter formulas now being 18% 
to 28% starch, more similar to diets for functioning ruminants. 
Content of NDF should be above 13% (NASEM, 2021). Protein 
content of the starter has been considered adequate at 18% as 
fed (20% of DM), but recent studies have shown benefits to calf 
growth when higher CP starters (22% as fed or 25% of DM) were 
fed with greater intakes of milk (Stamey et al., 2012; Stamey 
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Lanier et al., 2021). A sugar content of 10 to 12% is favorable 
for rumen development because sugars ferment to a high 
proportion of butyrate (NASEM, 2021). Sugars can be provided 
from molasses, dextrose, and milk by-products such as whey. 

Small amounts (<5% of total DM or -0.3 lb/d [-150 g/d)) of 
chopped forage can be offered to calves before weaning, 
particularly those fed a pelleted starter and not bedded on 
straw (NASEM, 2021). This forage can be something like wheat 
straw or grass hay, which have been shown to improve total 
starter intake and ADG (Castells et al., 2012) even when 
consumed in small amounts. Free-choice access to alfalfa hay 
should NOT be provided, because calves may consume enough hay 
(which is poorly digested) to decrease intake of the easily 
fermentable starter grains. Calves fed ad libitum alfalfa hay 
consumed 14% of their total DMI as hay, resulting in a decrease 
in starter consumption (Castells et al., 2012). Avoid free 
choice alfalfa until the calf is about 6 mo of age. 

The weaning transition 

While the housing and social stressors around weaning may 
be somewhat unavoidable, the nutritional stressors can be 
minimized by ensuring that the calf is able to consume and 
digest sufficient starter before complete weaning. Preweaning 
starter intake is strongly related to postweaning growth (Stamey 
et al., 2012). To minimize growth slumps and health challenges 
around weaning, calves should be consuming 3 lb/d (1.3 kg/d) of 
starter before weaning. Maintenance intake for a newly weaned 
Holstein calf is around 2.2 lb (1 kg) of starter daily (NASEM, 
2021). Insufficient starter intake means that the rumen has not 
had adequate time to develop the absorptive papillae of the 
rumen and a microbial population able to digest fiber (Terre et 
al., 2007). 

Many factors affect the intake of calf starter around 
weaning. One of the most important is starter composition and 
quality, and its management, which was discussed in the previous 
section. Common problems are excessive starch content, 
unpalatable ingredients, and excessive fines or poor pellet 
quality. 

Greater rates of milk feeding decrease starter intake 
(Jasper and Weary, 2002; Rosenberger et al., 2017; Stamey Lanier 
et al., 2022), which is not surprising since calves have a 
maximum dry matter intake (DMI) just like older ruminants. 
Increased milk solids will therefore decrease the amount of 
starter consumed. This has created problems with on-farm 
adoption of greater milk feeding rates, where producers still 
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have the mindset to wean early. With increased milk feeding, we 
need to re-evaluate the historical emphasis on early weaning. 
Weaning at 8 wk of age instead of 6 wk will allow calves to 
increase their intake of starter to adequate levels before the 
weaning transition (Eckert et al., 2015; de Passille et al., 
2011). 

It is important to provide a gradual reduction in milk 
offered, and "cold" weaning should be avoided (Sweeney et al., 
2010). With automated feeders it is simple to program a gradual 
decrease in milk offered. With manual high milk feeding 
programs, providing at least two weekly steps down in amounts 
offered will smooth out the weaning transition (Henrichs et al., 
2021). 

Providing ad libitum access to alfalfa should be avoided as 
it may decrease starter intake (Castells et al., 2012). As 
mentioned earlier, forage is poorly digested in the young rumen 
and contributes very little to nutrient supply. Small amounts of 
forage (ca. 5% of total DM) may help to increase total starter 
intake, ADG, and feed efficiency (NASEM, 2021). When allowed ad 
libitum access to various forages, except alfalfa and oat hay, 
consumption was only about 5% of the total DM consumed (Castells 
et al., 2012). Providing small amounts of chopped forage rather 
than ad libitum access also will minimize wastage and save feed 
costs. 

Another problem is water availability and its management. 
Milk bypasses the rumen whether fed by nipple or bucket. Calves 
need free water, which enters the rumen, to support microbial 
growth and fuel lean tissue growth. Calves should have water 
available from birth, and it should be kept clean and fresh. 
Calves need about 3-4 L of water for every 1 kg of starter 
intake (NASEM, 2021). 

Avoid "stacking" stressors on the calves. Separate weaning 
from other management tasks such as dehorning and vaccination. 
Do not move the calves at the time·of weaning. Pay attention to 
environmental stressors (extreme heat or cold) at the time of 
weaning. 

Ruminal acidosis 

Ruminal acidosis is a common factor in complicating the 
period around and after weaning. Acidosis is caused by excessive 
accumulation of VFA and lactate, exceeding the underdeveloped 
capacities for absorption and buffering in the young rumen. 
Signs of acidosis include decreased starter intake, decreased 
growth, lethargy, diarrhea characterized as forming "lakes" with 
bubbles, rough hair coat, and abdominal discomfort. Risk factors 
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for development of acidosis in young calves include higher 
starch and lower NDF contents in starter, small feed particle 
size, pelleted rather than texturized starter, ground vs. 
unground starter ingredients, lack of forage feeding, no straw 
bedding, higher starter intakes, and slug feeding caused by 
feeding limited amounts of starter once daily. Usually signs of 
acidosis are not observed in calves before weaning, but may 
become apparent shortly after weaning as intake of starter 
increases rapidly. 

Although in many cases no signs of acidosis are observed 
despite pH< 5.4, acidosis signs have been observed in 
situations of extremely low pH (Suarez-Mena et al., 2016). 
Gelsinger et al. (2020) attempted to create acidosis in young 
calves by feeding a pelleted starter containing 42.7% starch and 
15.1% NDF, compared with calves fed a texturized starter 
containing 35.3% starch and 25.3% NDF. No forage was fed to 
either group and calves were housed on rubber mats to prevent 
ingestion of bedding. Rumen pH for the calves fed the texturized 
starter fell gradually after feeding from about 5.8 to 5.5 at 12 
h post-feeding, whereas in the calves fed the pelleted starter 
rumen pH decreased to 5.4 after 2 hand continued to fall to 
about 4.9 at 12 h post-feeding. Starter intake was less for the 
calves fed the pelleted starter and they also ate it more slowly 
than calves fed the texturized starter. The BW was lower for 
calves fed the pelleted starter. The calves fed the pelleted 
starter had a greater ruminal lesion score than calves fed the 
texturized starter. In a study with limited calf numbers, Porter 
et al. (2007) recorded a pH of 4.95 for calves fed a high starch 
diet compared with pH of 5.50 for calves fed a higher fiber 
starter, and a pH of 5.03 for pelleted starters vs. 5.43 for 
calves fed textured mash starters. No forage was fed and calves 
were not bedded on straw. Many studies have not extended far 
enough post-weaning to detect occurrence of acidosis. 

Forage supplementation in many cases has increased starter 
intake and growth rates (Thomas and Hinks, 1982), and may 
improve the rumen environment to help prevent acidosis. Castells 
et al. (2013) fed a control group only pelleted starter and fed 
2 other groups starter plus alfalfa hay or oat hay. Calves were 
bedded on sawdust. Feeding forage increased ADG post-weaning but 
preweaning differences did not reach significance because of low 
animal numbers. Rumen pH was greater and total VFA concentration 
was lower for calves fed forage than for the controls. Rumen and 
total tract digesta fill did not differ among diets. Kim et al. 
(2016) compared calves fed forage and starter to those fed 
starter only. Ruminal pH was greater for the hay-supplemented 
group. In contrast, Quigley et al. (1992) compared 16-wk-old 
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calves fed hay or not, and showed no differences between groups 
in rumen pH. Reasons for the differences among trials are not 
easy to discern. 

Post-weaning nutrition 

Much less is known about nutrition during the postweaning 
period, as research in this area has been limited. Intake of 
calf starter will increase rapidly after weaning, reaching an 
intake level of about 3.0% of BW as DM (NASEM, 2021). After 
adjustment to the weaning transition, calves can gain as much as 
2.6 to 3.1 lb/d (1.2 to 1.4 kg/d). Continue feeding starter for 
2 wk post-weaning, with a small amount of forage (5-10% of total 
DMI). Following this, calves can be switched to a lower-cost 
grower ration with small amounts of forage (10-15% of total 
DMI). Calves will respond to a greater intake of concentrate 
with greater ADG (Rosadiuk et al., 2021). A TMR can be 
introduced when the calf is about 4 mo old. Now the calf is 
ready to progress through the heifer growth scheme. 

Conclusions 

The last 25 yr has seen huge advancements in calf nutrition 
and management. Adopting higher rates of milk or milk replacer 
feeding brings tremendous biological advantages to the calf, 
both in the short-term and later in life as a milking cow. We 
now understand how to implement such programs without 
compromising weaning and post-weaning growth. We need to work 
with producers to implement such practices correctly and 
efficiently. Much of the on-farm challenges in implementation 
seem to be related to a lack of patience by the producer with 
the weaning phase of the system. Calf nutrition and management 
experts can help producers watch over the babies on farms to 
ensure their welfare and economic success. 
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