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▪ Dietary regimes in early life 
influence lifetime productivity 

▪ 1lb of pre-weaning ADG = 1,540 lbs
of milk in first lactation                

(Soberon et al., 2012)

Early Life Nutrition



Study Milk yield, kg 

Foldager and Krohn, 1991 1,405s

Bar-Peled et al., 1998 453t

Foldager et al., 1997 519t

Ballard et al., 2005 (@ 200 DIM) 700s

Shamay et al., 2005 (post-weaning protein) 981s

Davis-Rincker et al., 2011 416ns

Drackley et al., 2007 835s

Raith-Knight et al., 2009 718ns

Terre et al., 2009 624ns

Morrison et al., 2009  (no diff. calf growth) 0ns

Moallem et al., 2010 (post-weaning protein) 732s

Soberon et al., 2012 552s

Early Life Nutrition: 
Future Milk



(Adapted from Conrad’s Waddington epigenetic landscape)

“…early adaptation to a stress or stimuli that permanently 
changes the physiology and metabolism of the organism 
and continues to be expressed even in the absence of the 
stimulus/stress that initiated them…”                                                                      

(Patel and Srinivansan, 2002)

“Nutritional Programming”



Developmental Plasticity 

(adapted from Bartol et al., 2013)
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Milk feeding...
what are we doing?
“…conventional calf-rearing systems have restricted the amount 
of milk or milk replacer fed during the first weeks of a calf life in 

an effort to encourage solid feed intake and allow early 
weaning…”

(Jasper and Weary, 2002)



Feeding has become unnatural

VS
.

Calf nurses:

Time per meal:

Milk consumption:

Milk intake DM:

Feeding method:

Weaning method:

6-8 times

5-10 min.

16%-24% BW as milk

Up to 1.59 kg 

Teat

Gradually (4-6 mths)

1-3 times

1-3 min.

8%-10% BW as milk

Around 0.45 kg

Teat or Bucket

Abrupt (6-8 wks)

(Hafez and Lineweaver, 1958)



Normal Pre-Weaning Milk Intake

(Jasper and Weary, 2002)



Normal Pre-Weaning Milk Intake

(de Passille et al., 2016)

d4 of life



10L (High) vs 5 (Low) 
(Low) 

(Haisan et al., 2018)



Feeding Large Meals 

▪ Calves typically nurse 6-12 times 
per day in the first weeks of life 
(Jensen, 2004)

▪ Larger meals fed less frequently 
increase the risk of:
▪ Abomasal inflammation & lesions

▪ Milk overflow into the rumen

▪ Ruminal acidosis, decreased passage 
rate and digestion 

(Berends et al., 2012; 2015)

Inflamed 

Abomasum



Abomasal Capacity

(Ellingsen et al., 2016)

▪ Young calves fed 2 litres 
of milk per meal (3 x)

▪ Offered ad libitum meal 
of milk with barium 
sulfate

▪ Most calves drank more 
than 5 litres with no 
evidence or ruminal 
overflow
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Larger Meal Size and  
Insulin Sensitivity
▪ Compared calves fed  elevated 

(8L/d) vs low (4L/d) plane of milk 
2x per day  

▪ No evidence of post-prandial 
hyperglycemia and 
hyperinsulinemia

▪ No difference in glucose tolerance

▪ Slower (41% reduction, P = 0.02) 
abomasal emptying rates during the 
pre-weaning phase                  
(MacPherson et al., 2016)

Elevated, KSB = 0.21
Low, KSB = 0.34 



Gastric Emptying and 
Glucose-Insulin Dynamics
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▪ Gastric emptying rate will influence glucose appearance in blood

(Stahel et al., 2016)
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Skim milk vs Whey

Proliferation

Nutrient 
absorption

Gastric motility

Blood flow

Gut Permeability



Best innovation in calf feeding in recent years: 
3-L and 4-L nursing bottles!

Allows us to design feeding system 
to meet calf requirements.

3 L2 L 4 L



Effect of Pre-Weaning Daily Gain 
on Milk Yield Paper

▪ The range in growth rate in the data set was 0.11 to 1.6 kg per 
day to weaning

▪ Why the range in growth if the program is the same year 
around?

▪ A great learning opportunity

(Soberon et al., 2012)
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(Soberon et al., 2012)



Temperature, °C

20 10 0 -10 -15 -20 -30

kg BW, kg

27 0.27 0.36 0.41 0.45 0.50 0.54 0.64

36 0.36 0.41 0.50 0.59 0.64 0.68 0.77

45 0.45 0.50 0.59 0.73 0.77 0.82 0.91

55 0.50 0.59 0.68 0.77 0.86 0.91 1.05

Amount of Milk Replacer/Milk Dry Matter Required 
to Meet  Maintenance Requirements (kg/d)



Milk Supply and Organ Development

RESTRICTED: 0.6 kg/d MR ENHANCED: 1.3 kg/d MR

Restricted (n=6) Enhanced (n=6) P value

Birth weight, kg 39.2 39.7 0.90

Weight at 54d, kg 61.0 83.2 < 0.01

MJ above maintenance, MJ 3.7 15.7 < 0.01

(Soberon and Van Amburgh, 2011)



Restricted (n=6) Enhanced (n=6) P value

Pancreas, g 32.90 29.47 0.61

Pancreas, % of BW 0.06 0.04 0.11

Liver, kg 1.35 2.35 < 0.01

Liver, % of BW 2.23 2.84 < 0.01

Kidney, g 183.60 319.72 0.02

Kidney, % of BW 0.30 0.38 0.09

Mammary gland, g 75.48 337.58 < 0.01

Parenchyma, g 1.10 6.48 < 0.01

Parenchyma, % of BW 0.002 0.008 < 0.01

RESTRICTED: 0.6 kg/d MR ENHANCED: 1.3 kg/d MR

(Soberon and Van Amburgh, 2011)

Milk Supply and Organ Development



Mammary Fat Liver Bone marrow Muscle Pancreas

Changed 654 1045 176 435 651 103

Up reg. 364 503 85 258 347 70

Down reg. 290 542 91 177 304 33

(Leal et al. 2018, Hare et al., 2019)

Gene Expression Profiles

http://www.google.pt/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj_gK6v4b_WAhWHaVAKHRbXDjUQjRwIBw&url=http://www.wur.nl/en.htm&psig=AFQjCNHG5raTLEDPAYDQ2OcBFKD98NdNog&ust=1506409102049668


▪ Networks responsive to high plane of nutrition in omental fat

Fat Mammary Liver Bone marrow Muscle Pancreas

Changed 1045 654 176 435 651 103

Up reg. 503 364 85 258 347 70

Down reg. 542 290 91 177 304 33

Feeding Plane and Gene Expression

(Leal et al., 2018)



Nutrient Requirements of a 50 kg Calf 
Under Thermoneutral-No Stress 
Conditions

kg/d 
Rate of gain, 

Mcal/d  MEa kg/d
DMI,

g/d ADP g/d 
CP 

CP%
CP,%DM

0.20 2.36 0.55 87 94 18.0

0.40 2.92 0.67 134 150 22.7

0.60 3.52 0.80 193 207 26.0

0.80 4.16 0.96 239 263 27.2

1.00 4.83 1.12 286 312 28.0

a60% efficiency of use of ME; 72% BV of protein 

(Van Amburgh and Drackley, 2005)



Milk Replacer vs Whole Milk
▪ Most MR are high in lactose and osmolarity, low in fat compared with whole milk
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What is happening in infant 
nutrition these days?

▪ Lowering protein in infant formulas was 
associated with reduced risk of obesity in 
early childhood         (Weber, 2014)

▪ Breastfeeding reduces the risk of metabolic 
syndrome throughout life

(Horta, 2007)



Milk Replacer vs Whole Milk
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Trt: P < 0.001

Time: P < 0.001 
Trt · time: P = 0.227

▪ Area under the curve (AUC) and Cmax: LACTOSE > FAT
▪ Higher supply of lactose results increased gastric emptying and lower glucose tolerance in 

the first week of life (Welboren et al., 2018)



Gut Health and Dairy Calves
▪ 10% mortality and over 50% of morbidity is 

related to calf diarrhea   (NAHMS, 2007)

▪ 19% of calves fail passive transfer of Ig and 
24% of calves have calf diarrhea in the first 
month     (NAHMS., 2007)

▪ Antibiotic use pre-weaning has been 
associated with decreased lifetime milk 
production (Soberon et al., 2012)                   





What does scours do to the gut 
lining?

Healthy Intestine Damaged Intestine



EXTRACELLULAR FLUIDS
All fluids outside cells including:
• Plasma
• Interstitial fluids

More Than Half of Body
Weight is Water!

34

Body composition, 
%BW

27% 30%

44%
20%

29%
50%

1 2Calf Adult 
cattle

INTRACELLULAR FLUIDS
• All fluids inside cells

(Fayet et al, 1968)

Bones, tissues

Na is the osmotic 
skeleton of ECF



Assessing Dehydration
Source: Geoff Smith NC. State

% Dehydration Demeanor Sunken Eye Skin Tent

< 6% Normal None None

6 -8% Depressed 2-4 mm 1-3 seconds

8 -10% Depressed 4-6 mm 2-5 seconds

10-12% Comatose 6-8 mm 5-10 seconds

≥ 12% Dead 8-12 mm > 10 seconds

35



Practical Checklist for Calf Diarrhea

✓ Always clean / fresh 
water

✓ High quality milk or 
CMR

✓ Colostrum

✓ Hygiene

✓ Always clean / fresh 
water

✓ Increase feeding 
frequency

✓ Smaller meal size

✓ Mild dehydration: OES

✓ Severe dehydration : IVS 

✓ Medication

PREVENTIVE CURATIVE



Feeding Scheme is Key  

▪ Sustain usual milk daily allowance and provide free water access

▪ Reduce meal size and increase feeding frequency

▪ OES offered until disappearance of dehydration signs / diarrhea 

(no more than 3 days ideally)

TIME FEEDING SCHEME MEAL SIZE

7:00 Milk / CMR 2.5 L

12:00 OES water-based 2.0 L

17:00 Milk / CMR 2.5 L

22:00 OES water-based 2.0 L

High quality milk

Fresh and 
clean water



Calves and Probiotics

▪ Bacteria that are natural components of the 
intestinal microbiotia

▪ Common in marketplace
▪ Lactic acid bacteria (LAB) are primarily used
▪ Bifidobacterium, Lactobacillus and Enterococcus

▪ Only one strand of yeast has been proven 
effective 
▪ Saccharomyces boulardii



Probiotics in Milk Replacers

84 dairy bull calves d6+/-3
→ d53

42 Calves
= Control group

Milk replacer
+ Placebo 

42 calves
= SB group

Milk replacer + 
SB (5g/d)

SB= ProTernative® Milk; 
Lallemand Animal Nutrition

MR= 150g/L, from 5 to 15L/d



Prevention of Calf Diarrhea

No difference for diarrhea characteristics but lower # 
of diarrhea cases in SB

Calves experiencing diarrhea Control SB p-
Value

Control SB

n Mean SE n Mean SE Total/group
# of diarrhea cases 28 1.43 0.120 21 1.14 0.078 0.052 40 24

Time to first diarrhea case (day) 28 4.9 0.7 21 6.3 1.4 0.387

# of days to recover from longest diarrhea case 28 1.1 0.27 21 0.95 0.31 0.647

Length of diarrhea case 28 2.8 0.17 21 2.8 0.26 0.889

# of days to recover from diarrhea case 28 0.84 0.17 21 0.76 0.26 0.795

Longest diarrhea case (# of days) 28 3.1 0.25 21 2.8 0.29 0.498

67 50
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* 0.05 ≤ P ≤ 0.1
** P ≤ 0.05



Abomasal Ulcers

▪ Occur in about 24% of 2-8 week old calves

▪ Occur in >75% of weanling calves

▪ Some farms report high incidence in calves

▪ Unclear as to what causes them – but likely stress related:

▪ Trauma to the abomasum 

▪ Hyperacidity from environmental or physical stress

▪ Vitamin E/copper deficiency

▪ Feeding frequency/feed type

▪ Inconsistency in feed type



Slides Courtesy of Geof Smith, NC State University

Abomasal ulcers



Slides Courtesy of Geof Smith, NC State University

Abomasal ulcers



Slides Courtesy of Geof Smith, NC State University

Abomasal lesions

Photo from Farm that 
was feeding 
“crushed milk” 
from the 
supermarket that 
contained orange 
juice and yogurts 
to the milk



Take Home Messages
▪ Calves can consume large quantities of milk in early life when 

starter intake is depressed

▪ If feeding times per day is limited, the calf can regulate by 
decreasing abomasal emptying

▪ The environmental temperature has a large impact on milk 
feeding regimens

▪ Some milk replacers are too high in lactose which may comprise 
calf health

▪ Using high quality ingredients and feeding consistency is key to 
promote gut health


