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BACKGROUNDBACKGROUND

Beef cattle systemsBeef cattle systems
�������� Maximisation of fodder self sufficiencyMaximisation of fodder self sufficiency

�������� Feeding management more economical and sustainableFeeding management more economical and sustainable

Winter Winter undernutritionundernutrition isis commonlycommonly usedused

* Data largely refer to multiparousmultiparous cowscows

���� Abilities of cows to mobilize their body reserves, especially adipose tissues

French French dietarydietary guidelines for guidelines for cattlecattle (INRA 2007)(INRA 2007)

• Cows can be fed under their requirements



BackgroundBackground

How PrimiparousPrimiparous cowcow will manage production            

reproduction         

growth

Under Under feedingfeeding restriction conditionsrestriction conditions

reproduction         

Post-partum adaptive response of 

primiparousprimiparous and multiparousmultiparous cows

to a nutritional challenge ?



ExperimentalExperimental

SchemeScheme



14 14 MultiparousMultiparous
5 ± 1,4 years old

798 ± 26 kg 

BCS : 2,4 ± 0,3
14 14 PrimiparousPrimiparous

3 ± 0,1 years old

748 ± 38 kg 

BCS: 2,4 ± 0,1

INDOORINDOOR
(110 (110 daysdays))CALVING

LowHigh High Low

Hay/ Concentrate: 70/30 90/10 70/30 90/10

88 MJ/d 59 MJ/d 87 MJ/d 60 MJ/d

Mid-May

End of July

35 ares per cow/calf pair

Non-limited permanent pasture with high nutritive quality

PASTUREPASTURE
(63 (63 daysdays))

88 MJ/d 59 MJ/d

H/L difference

29 MJ/d

87 MJ/d 60 MJ/d

H/L difference

27 MJ/d



MeasurementsMeasurements

CALVING

Body Condition Score (Agabriel et al., 1986)

Live Weight (LW)
Body mass change

NEFA concentrations

Adipose tissue biopsy

����adipose cells ∅∅∅∅

(Garcia et al., 2007)

→ fat-free mass

����adipose mass

Calculated energy balance
- Intake

Nutrient value determination

- Milk production (Le Neindre, 1973)

INDOORINDOOR
(110 (110 daysdays))

End of July

Mid-May

Body Condition Score

Live Weight Body mass change

NEFA concentrations

Adipose tissue biopsy

����adipose cells ∅∅∅∅

Adipose tissue biopsy

����adipose cells ∅∅∅∅

→ fat-free mass

����adipose mass

Estimated energy balance
- Milk production

- Estimated intake
Estimated value of pasture

PASTUREPASTURE
(63 (63 daysdays))



Estimation of Estimation of EnergyEnergy availableavailable for maintenance (for maintenance (EamEam))

Maintenance

E

Intake

Production
Gestation

Lactation

E maintenance (MJ) = Intake– E production – E stored (or mobilized)

No difference

in nutritive values 

according to feed level

E milk = 3.2 MJ/kg

K tissues���� milk= 0.8

Δ kcal tissue = 9,37 x % lipids +

5,48 x % proteins

K lipid deposit = 0,8

K protein deposit = 0,6

INRA, 2007

Hypothesis:  

E maintenance
theoretical value expressed

in net energy of lactation MJ/d/kg0,75

= 0.29MJ/d/kg0,75 + 10% in stalls

or + 20% at pasture



ResultsResultsResultsResults



8

10

12

Milk (kg) Turnout

PASTUREPASTURE
(63 (63 daysdays))

Turnout

200

250

300

350

LW (kg)

1180 vs 910 g/d

980 vs 990 g/d

PASTUREPASTURE
(63 (63 daysdays))

INDOORINDOOR
(110 (110 daysdays))

INDOORINDOOR
(110 (110 daysdays))

MP Low PP LowPP HighMP High

FunctionFunction of production: of production: 

Milk production and Milk production and calvescalves ‘ ‘ growthgrowth raterate
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0

0
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50 100 150 200 250

days

870 vs 840 g/d

1180 vs 910 g/d

820 vs 910 g/d

Post-partum days

NutritionalNutritional challenge challenge doesn’tdoesn’t affect affect 

the the functionfunction of productionof production

7,6Lb 7,8Lb

7,1Lb9,4La
Mean of milk production

6,5Lc 6,6Lc

5,8Lc6,9Lc
Mean of milk production



DynamicDynamic body mass changesbody mass changes

MP low PP LowPP HighMP High
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PP are more sensitive to the PP are more sensitive to the nutritionalnutritional challenge challenge thanthan MP MP cowscows

730

750

770

0 20 40 60 80 100 120

Post-partum days

DynamicDynamic weightweight changes changes differdiffer accordingaccording to the to the parityparity



BodyBody COMPOSITIONCOMPOSITION changeschanges

MP Low PP Low

Lipids

proteins

water

Δ of ajusted LW (kg)

10

20

30

MP High

-40

-20

0

20

Δ LW (kg)

No 

changes

PP High

+ protein

accretion

Increase in fat-free mass is similar

+ protein

accretion

Lipid

mobilisation

Lipid

mobilisation

-40
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-10

0

NutritionalNutritional challenge challenge doesn’tdoesn’t affectaffect

the the potentialpotential of of growthgrowth of of primiparousprimiparous cowscows



Energy partitioning during indoor periodEnergy partitioning during indoor period

Feed E.

E. mobilized from tissues

Inputs

Maintenance E.

Milk E.

E. stored in tissues

Outputs

5696

7120

8544

9968

11392

NE of lactation
(MJ)

0.28

MJ/d/kg0,75

0.28

MJ/d/kg0,75

0.37

MJ/d/kg0,75

0.43

MJ/d/kg0,75

Theory: 0.32 MJ/d/kg0,75 (↔ 0.29+10%)

Inputs Outputs Inputs Outputs Inputs Outputs

MP Low PP LowMP High PP High

Inputs Outputs

1424

2848

4272

5696

�������� NutritionalNutritional challenge challenge inducesinduces a a metabolicmetabolic adaptation:adaptation:↘↘ 30%30% EamEam ((0.28 0.28 vs vs 0.40)0.40)

�������� EamEam differsdiffers fromfrom the the theoreticaltheoretical valuevalue



Δ2 kg

Δ of adjusted LW (kg)

30

40

MP LowMP High PP LowPP High

DynamicDynamic body mass changesbody mass changes

All cows grazed similar permanent pasture

No feed restriction

PasturePasture

(63 (63 daysdays))

810

850

LW (kg)

Transition period
(decrease of digestive content)

Δ6 kg

0

10

20

+10
+16

+29
+27

Body Body weightweight gain gain isis observedobserved in in bothboth PP and MP PP and MP cowscows

IndoorIndoor

(110 (110 daysdays))

730

770

0 40 80 120

Post-partum days

650

690

160 200 240

DynamicDynamic of body of body weightweight change change isis similarsimilar



BodyBody composition composition changeschanges

lipids

protein

water
Lipids

recovery

MP Low

LW changes (Kg)

0

5

10

15

20

25

30

35

40

MP High

No 

changes

PP LowPP High

20

25

30

35

40

Δ of ajusted LW (kg)

AtAt pasturepasture : : MPL MPL cowscows recoverrecover part of part of theirtheir body body lipidslipids

PP PP cowscows continue to continue to growgrow
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3560

4272

4984

5696

6408 0.40 
MJ/d/kg0,75

0.43
MJ/d/kg0,75

0.45
MJ/d/kg0,75

0.46
MJ/d/kg0,75

NE of lactation
(MJ)

EnergyEnergy partitioningpartitioning atat pasturepasture

Theory: 0.35 MJ/d/kg0,75

Maintenance E.

Milk E.

E. stored in tissues

Outputs
Feed E.

Inputs

E. mobilized from tissues

712

1424

2136

2848

Inputs Outputs Inputs Outputs

MP LOW PP LOW

Inputs Outputs Inputs Outputs

�������� EamEam isis lowerlower in in winterwinter feedfeed restrictedrestricted cowscows

�������� retentionretention of of metabolicmetabolic adaptation adaptation atat least on the first part of least on the first part of pasturepasture ??

PP HIGHMP HIGH

�������� AtAt pasturepasture, , EamEam > > theoreticaltheoretical value +20%value +20%



ConclusionsConclusionsConclusionsConclusions



ConclusionsConclusions

MP High PP High

+51kg

PP Low

+15kg

0

10
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40

Δ of adjusted LW (kg)

- 2kg

MP Low

-18kg

Indoor Δ LW

Pasture Δ LW

- Milk production is not affected

� Underfed cows adapt their maintenance energy expenditure
- Function of growth remains priority

10

20

30

WhatWhat couldcould bebe thethe adaptiveadaptive responseresponse ofof primiparousprimiparous cowscows ??

�������� younger, early maturing breed, minor body development and/or BCS

�������� longer feed restriction period (from housing to turnout)



PerspectivesPerspectives

��DifferencesDifferences betweenbetween observedobserved and and theoreticaltheoretical valuesvalues

Improvement of energy for maintenance prediction

Development of a dynamic predictive model 

of energy partitioning in beef cows

��TakeTake intointo accountaccount the the energyenergy balance changes balance changes 

duringduring the production cyclethe production cycle



ThankThank youyou……
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