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Aim of this presentation

• Explain what epigenetics is

• Show a few examples of what is already known about epigenetics in 
cattle (especially dairy cattle…) based on our own research and what 
is known from the literature

• aim: to encourage you to think about how using the principles of epigenetics 
may help you to further improve your herd



GENETICS

DNA sequence

Mutation 
=‘typo’
in DNA

EPIGENETICS

‘In addition to’
DNA sequence

‘reading the 
available genes’



Epigenetics: consequences

• Genetic predisposition (‘genotype’) remains unchanged

• But the expression of that predisposition can change
  

→ Affects TRAITS/PERFORMANCE (‘phenotype’)

 

→ These traits will be passed on to the next generations
  

Immunity & health
Growth & muscle 

development
Fertility

Longevity
…







Epigenetics: ‘critical’ periods

 

Pregnancy
Colostrum 

period

Milk 
period

‘Early life 
programming’

‘Prenatal 
programming’

‘Programming 
of health, 

productivity and 
longevity’



Early life programming

Influences during ‘critical’ developmental periods

 Permanent adjustment of an individual’s traits

 

Consequences in the short and long term for health, 
productivity and lifespan



Before birth (prenatal)



Early life programming: before birth

• Hunger Winter in the Netherlands (WW II)

Painter et al., 2005



Hunger Winter in the Netherlands 
(6 months – 1944–1945)

• Data on babies born during and after the Hunger Winter
• birth weight: some babies exposed to famine during mid and early pregnancy had lower birth 

weights

• Data of these people 50 years later

• Health parameters at an age of ± 58 years
• blood pressure

• cancer incidence

• glucose intolerance

• IQ test



At an age of 50 and 58

• People exposed during early pregnancy:
•  cardiovascular disease

•  blood pressure in stressful situations

•  breast cancer (x5)

•  diabetes
•  glucose sensitivity and  insulin secretion

 insulin secretion defect

•  cognitive abilities
 accelerated ageing of cognitive abilities?



Human/dairy cow comparison

HUMAN

undernourishment 

during pregnancy

energy restriction for the 
embryo/foetus

birth weight
long-term health 

consequences
longevity

DAIRY COW

high milk yield 

and NEB

energy restriction for the 
embryo/foetus

birth weight
long-term health

lifetime milk production
?











Before birth

• Environment during pregnancy:

• Immediate environment = dam:
• age: mature milk producing cows vs. growing heifers
• nutrition (grazing/pasture access)
• health: infectious diseases – metabolic diseases
• the level of milk yield during pregancy
• …

• Broader environment:
• ambient temperature (heat stress)
• day length
• UV radiation
• pollutants: endocrine disrupting agents (eg Bisfenol A: chemical present in polycarbonate 

plastics and epoxy resins acting as a xeno-estrogen disrupting fertility)  
• …



Birth weight

• Aim: assess effect of maternal body growth/ milk yield on fetal 
development

• Birth weight of 1,594 HF calves
• 540 primiparous dams

• 1,054 multiparous dams 

Kamal et al., 2014



Birth weight

• Maternal factors: 
• parity / age

• body measurements / body condition

• lactation features (Milkbot)
• during gestation

• 6,193 kg milk

• 446 kg glucose 

• 217 kg proteins

(Ehrlich, 2011)

Kamal et al., 2014



Birth weight

• Birth weight : 
• female calves

• primiparous dams 
• younger age at calving

• multiparous dams
• higher milk yield of dam during gestation

• shorter dry period

Kamal et al., 2014



Birth weight

↑
Dry off

↑
CALVING

↑
CALVING

High milk yield 



Birth weight

↑
Dry off

↑
CALVING

↑
CALVING ↑

Dry off

High milk yield and high persistency! 



Before birth

• Exponential growth

• Nutrition during the last months of pregnancy:
→ mainly affects size/weight

 farmers usually pay attention to this

• BUT early pregnancy is crucial for organ development!
→ effect on later growth and muscle development

→ effect on later fertility

→ effect on later health



Calf metabolism

• Aim: assess effect of maternal body growth/ milk yield on 
metabolism of the neonatal calf

• 481 HF calves 
• basal glucose/insulin levels

• proxy for insulin sensitivity

• glucose stimulation (150 mg/ kg BW)

• proxy for pancreatic development

Kamal et al., 2015



Calf metabolism

•  basal insulin levels (more insulin resistant): 
• female calves

• multiparous dams
• higher milk yield of dam during gestation

• longer dry period

Kamal et al., 2014



Birth season

• Born during ‘hotter’ months
• lower birth weights

• higher insulin sensitivity in newborn calves

• High temperature at the end of pregnancy            sweating of 
the cows (peripheral vasodilatation)          less blood to the 
uterus            decreased nutrient supply to the fetus at the end 
of gestation?

Kamal et al., 2014 and 2015; Van Eetvelde et al., 2016
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Before birth
• Muscle development: meat quality



Before birth

• Muscle development

• Number of muscle fibres is ~ formed by 8 months of gestation!

• Undernutrition of dams in early–mid gestation:
• Daily growth of offspring ≈  

• More fat – less muscle mass at slaughter

• Extra protein supplementation early–mid gestation (0.5 kg 42% CP):
• ↑ lean growth of offspring

• ↑ marbling 

Du et al., 2010; Long et al., 2015



Before birth

• Ovary development

• Oocyte development in the fetus starts between 90 and 140 days of 
gestation!

• Undernutrition at the start of pregnancy:
→ no effect on newborn calf size

→ effect on offspring fertility (1.5–2 years later!)

Du et al., 2010; Long et al., 2015



Before birth

• Ovary development

• ↓ energy supply to pregnant beef heifers
• 60% of requirements day -11 to 110

• 100% from day 110 to end of pregnancy

• Lower ‘reserve’ of follicles in female offspring 

Mossa et al., 2013

↓ pregnancy % after first AI

↑ animals not pregnant at end of season and longer calving intervals



Reproductive cells – third generation

Mother – first generation

Fetus – second generation

33



Before birth

• High ambient temperatures during pregnancy

• ↓ immunity
• ↓ colostrum antibody absorption efficiency

• ↓ development of active immunity

Tao et al., 2012; Monteiro et al., 2014 



Before birth

• High ambient temperatures during pregnancy:

↓ placental and fetal growth

• ↓ birth weight

• ↓ pre-weaning growth

• ↓ immunity

Tao et al., 2012; Monteiro et al., 2014 



Colostrum period



Lactocrine programming





Colostrum period
• Affects % mortality and disease before weaning



Colostrum period
• Affects short-term growth (due to less disease)

735

740

745

750

755

760

765

770

775

780

D
ai

ly
 g

ro
w

th
 (

g/
d

)

Healthy

Diseased
Bach and Ahedo, 2008

+ Risk of
pneumonia
13% higher



Colostrum period
• Also affects longer-term growth!

• reason: the calf must develop more immunity itself and that costs 
energy

Amount 
colostrum

Growth 
(g/day)

2 litres 800

4 litres 1030



Colostrum period

• Monitor immunity!
• In colostrum: > 50 g Ig/L

• Brix refractometer: > 22% Brix



Colostrum period

• Monitor immunity!
• In blood: 

• Gamma globulin: > 10 g/L

• Total protein: > 55g/L



Colostrum period

• Method of administration: no difference in antibody 
absorption!

Desjardins-Morrissette et al., 2018



Colostrum period

• Absorption efficiency: decreases with heat stress!
• so in summer also be sure to provide enough colostrum!!

Tao et al., 2012



Milk period



Milk period

• In all cattle:
growth during the first months affects weight at insemination

Bach & Ahedo, 2008
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Milk period

• In all cattle:
growth during the first months affects age at first breeding and at 
first calving

Brickell et al., 2009



Milk period

• In dairy cattle:
pre-weaning growth affects milk yield during the 1st lactation

Bach & Ahedo, 2008



Milk period
• Effect of higher milk intake on organ development: 5 liters of 

milk (125 g/L) versus 10 liters of milk

Soberon & Van Aburgh, 2017



Milk period

• Effect of higher milk intake on gene expression → EPIgenetics 
(effect on next generation??) 

Leal et al., 2018; Hare et al., 2019



Milk period

• How to increase milk allowance?

• Total DM intake is important!

• Depends on requirements!

• maintenance

• growth
depending on ambient 

temperature!



Milk period
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Milk period
• Voluntary intake of milk replacer (20% protein and 150 g fat/L)

Anderson, 2010

At 7 days of age: >50% of calves drink >6 L/day
At 10 days of age: 70% of calves drink >6 L/day and 25% even >8 L/day



Milk period - weaning

• Concentrate intake with higher milk allowance?

Maccari et al., 2015

“Programming” 
appetite?



Milk period - grouping
• Grouping (>2) at 5 days old, total protein in blood >55 g/L!

• Individual hutches, shared outdoor run 

Whalin et al., 2018

↑ concentrate 

intake



Milk period - grouping
• 5 days old, TP >55 g/L – new feed offered around 60 days (again each 

in their own hutch so they cannot see each other eating)

Whalin et al., 2018

↑ intake of

‘new’ feed



Milk period - grouping

• Number of animals?

Bach et al., 2010



Conclusions

• Pregnancy + first months of life are crucial for later performance!

• Extra attention to:

• Nutrition of the pregnant dam – also early pregnancy!

• Colostrum quality and immune monitoring

• Milk allowance and early growth 

 



Thank you!
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