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BACKGROUND

Estrous cycle

https://www.youtube.com/watch?v=YqHIchERvwU

BACKGROUND
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Folliculogenesis and ovulationBACKGROUND

https://www.youtube.com/watch?v=NxRBE0gAXQY

MEDVETSITE

INTRODUCTION

Why fertility is important?

Effect of infertility Profitability

• Prolonged calving interval with fewer calves and less milk per cow 

• Increased replacement costs 

• Increased labour, semen and veterinary bills 

• Extended low production or dry period which increases BCS (body condition 

score) at calving and also reduces fertility at the subsequent breeding season

Roche  J.F. et al. (2006)

INTRODUCTION

Fertility of dairy animals Affected mainly 

Genetic

Environmental

Managerial factors 

Poor reproductive performance 
Intensification of production 
Increased milk production

Ibtisham F. et al (2018)
Butler WR. (2000)
Lucy MC. (2001)
Lean I. et al. (2008)
Berry DP. et al. (2014)
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Energy

NEB
Negative Energy Balance

High yielding cows Selected to produce more milk 

Mobilize fat and muscle to support milk 
production in early lactation

Transition period (3 weeks before and after parturition)

Weeks one and two after calving

NEB

Pryce JE. et al. (2001)
Taylor VJ. et al. (2003)
Butler WR. (2012)
Mulligan FJ. et al (2007)
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NEB

Husbandry practices

Limit feed intake in early lactation dairy cows

Abrupt dietary change 

21 days before parturition

Adaptation to the new diet
Mulligan FJ. et al (2007)
Drackley JK. et al (2014)
Goff JP. et al (2006)
Dubuc J. et al (2012)

NEB

Optimise feed intake in early lactation

Avoid excessive NEB

Maintain acceptable fertility

Mulligan FJ. et al (2007)

NEB

Dry matter intake (DMI)

DMI on day 21 of lactation

Directly

DMI on the day before parturition

Grummer RR. et al. (1995)
Trevisi E. et al. (2002)
Butler ST. et al. (2006)
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Body Condition score (BCS)

BCS

Low Productive potential

High

• Dystocia

• Lower food consumption

• Higher incidence of fatty liver 

and ketosis

Longer to conceive

Cows with BCS ≥ 3 took 3
weeks longer to conceive 
than those in the range 
2.0–2.9. 

Roche JR. et al (2015)
Roche JR. et al (2007)
Pryce JE. et al (2001)
Wathes DC. et al (2007)

Body Condition score (BCS)

Cows 30 days of lactation

Lose < 0.5 BCS 
90% ovulatory cycles by 60 days of 
lactation

Lose > 0.5 BCS 30-40% of cows remain anovulatory

Conception rate decreases about 10% per 0.5 unit BCS

Butler WR. et al (2001)
Butler WR. et al (2012)
Santos JEP, et al (2009)

Body Condition score (BCS)

Butler WR. et al (2012)
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NEB

When cows experience a period of NEB

Shifts in blood metabolites and hormones

• Non-esterified fatty acids (NEFA)

• Insulin-like growth factor-I (IGF-I)

• Glucose

• Insuline

Ibtisham F. et al (2018)

Non-esterified fatty acids (NEFA)

Lipid stores Liver

Oxidized

Carbon dioxide 

Energy

Partially oxidized

Ketone bodies or acetate

Energy

Esterified

Triacylglycerols (TAGs)

Fatty liver

β-hydroxybutyrate (BHBA) 

Wathes DC. et al (2007)

Non-esterified fatty acids (NEFA)

Partially oxidized NEFA Low glucose Ketone bodies+ =

High blood NEFA

Ketone bodies

Triglycerides

Fertility
Wathes DC. et al (2007)
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Non-esterified fatty acids (NEFA)

High blood NEFA levels Parturition

Fetal membrane retention Mastitis

Infertility and embryo mortality

Melendez P. et al (2009)
Pinedo PJ. et al (2009)

Non-esterified fatty acids (NEFA)

Cows NEFA ≥0.7 mM

New estrous 50 days after parturition Pregnant after the first AI

Low probability

Ospina PA. et al (2010)
Chapinal N. et al (2012)

Non-esterified fatty acids (NEFA)

0.1 mm of BHB blood increase after parturition

Week 1 Week 3

Pregnancy cows ⬇ 2% Pregnancy cows ⬇ 3%

Wathes DC. et al (2012)
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Non-esterified fatty acids (NEFA)

Pregnancy ratio Probability to be pregnant every 21 days

Groups where 15 % of the cows had NEFA ≥0.7 mm 0.9 % ⬇

Heat detection X conception 

Ospina PA. et al (2010)

Non-esterified fatty acids (NEFA)

Grazing cows Confined herds

≥0.7 mm of NEFA and ≥0.96 mm of beta-hydroxy-butyrate 
(BHB)

20 y 35.4 % 15 y 20 %

Ribeiro ES. et al (2013)
Ospina PA. et al (2010)

Non-esterified fatty acids (NEFA)

Cows

⬆ Grazing ⬇ Concentrate ⬆ NEFA ⬇ BCS

⬇ Grazing ⬆ Concentrate

Schöbitz J. et al (2013)
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Insulin-like growth factor-I (IGF-I)

GH-IGF axis

NEB

Down-regulation in liver GH- R 

Uncoupled

⬇ IGF-I ⬆ GH

Lucy MC. et al (2001)

Insulin-like growth factor-I (IGF-I)

⬇ IGF-I ⬆ GH + Low insuline

Promotes the direct action of GH

• Lipolysis

• Liver gluconeogenesis

• Reduction of glucose use, except in 

mammary gland

Wathes DC. et al (2007)
Lucy MC. et al (2014)
Lucy MC. et al (2009)

Insulin-like growth factor-I (IGF-I)

Interactions

• Energy balance Normal cyclicity

Highly related to IGF-I 

• Dry matter intake

• Dietary energy content

• Average daily gain

First weeks of lactation 

Fenwick MA. et al. (2008)
Spicer LJ. et al (1990)
Lacasse P. et al (1994)
Lucy MC. Et al (2003)
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Insulin-like growth factor-I (IGF-I)

Interactions

Cows

First weeks postpartum 

Normal ovulatory follicles 

IGF-I ⬆

• Inactive ovaries

• Cystic follicles

• Persistent corpus luteum

IGF-I ⬇
Zulu VC. et al (2002)
Kawashima C. et al. (2007)

Insulin-like growth factor-I (IGF-I)

Interactions

Decreased IGF-I 
Impairs the ovary’s ability to produce preovulatory
estradiol concentrations

Delay LH peak

In short-term fasted and feed-restricted prepubertal heifers

LH pulses was reduced 

IGF-I concentration 
Armstrong JD. et al (1992)
Schoppe PD. et al (1996)
Yelich JV. et al (1996)
Amstalden M. et al (2000)

Insulin-like growth factor-I (IGF-I)

Interactions

Cows which failed to become pregnant despite multiple AI 

Low IGF-I in the week after calving and through 
the breeding period

Taylor VJ. et al (2004)
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Insulin-like growth factor-I (IGF-I)

Be careful!
Moderate decreased dietary intake reduced the 
size of large follicles without affecting IGF-I 
concentrations

Plasma 

Follicular fluid 

IGF-I concentration Numbers of ovarian follicles during follicular waves 

Spicer LJ. et al (1991)
Burns DS. et al (2005)

Effect on ovarian activity 

Insulin-like growth factor-I (IGF-I)

Circulating IGF-I concentration IGF-I concentration in follicular fluid 

Bilby TR. et al (2004)
Bilby TR. et al (2006)

Glucose

Ruminants Permanent state Liver gluconeogenesis

Rumen Carbohydrates Volatile fatty acids

Propionate

Liver

Meléndez P. et al (2017)
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Glucose

Mc Donald et al (2007)

Glucose

Early lactation

Strong selection for reproductive characteristics

Glucose ⬆

First week postpartum

Pregnant cows after first AI

Moore SG. et al. (2014)
Garverick HA. Et al. (2013)

Insuline

NEB Insuline ⬇

Lactation

Insuline

GH

Strong selection for reproductive characteristics Insuline ⬆
Lucy MC. et al (2008)
Meléndez P. et al (2017)
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Ovarian

NEB

Glucose ⬇

Insuline ⬇

NEFA ⬆

BHB ⬆

Tryglicerides ⬆

Delays the increases in LH 
and FSH

• Stimulation of ovarian follicles

• Estradiol production

• Ovulation

Butler ST. et al. (2006)

Ovarian

Gonadotropines

LH FSH

Follicular atresia

Delays the first ovulation 

Stimulates granulosa cells

Develop receptors 

• Growth hormone

• Insulin

• IGF-I

Development of preovulatory ovarian follicles Butler ST. et al. (2008)
Kawashima C. et al (2007)
Shimizu T. et al. (2008)
Sudo N. et al (2007)

Uterus

NEB

SevereModerate

⬆ Inflammatory response 

⬆ Signs of repair

⬆ Time recovery of the uterus

Wathes DC. et al (2009)
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Uterus

NEFA ⬆

BHB ⬆

Inmunosupression

• Reduction in phagocytosis 

• Reduction of quimiotaxis

• Reduction of the oxidative capacity 

of neutrophils

Associate
• Retardation of uterine involution

• Increased incidence of metritis

Alteration of genes 

involved in the recovery of 

the endometrium
Sordillo LM. et al. (2006)
Wathes DC. et al (2007)
LeBlanc SJ. et al. (2014)
Ster C. et al (2012)

EMBRYO

Sartori et al., 2002 Inferior embryo quality and viability

Normal healthy high-producing cows

Non-lactating cows

Demetrio et al., 2007

AI

Embryo transfer 

Pregnancy rate (d 42) 

47%

34%

Sartori R. et al (2002)
Demetrio DGB. et al (2007)

Wathes DC. et al (2007)
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Conclusion

• Nutrition  => Dairy cows’ reproductive efficiency

• Availability of nutrients <= immediate, but also endogenous body tissue reserves

• NEB: major factor in reproduction!

• All other components altered by NEB: only analyze as an association and not as a cause-

effect factor

• Good nutritional practice => enhance reproductive performance of the herd


