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Mediterranean

White  Population (PB) Synthetic  strain (SS)

Strains PB and SS

Local Population x INRA2666  Imported hybrides Hyplus

Number of animals Mean ± SEM

Strains SS PB SS PB 

Born alive 104 114 9  ± 3.3 8  ± 3.6

Weaned 94 100 8  ± 1.6 7  ± 1.6

Mortality between birth and weaning (%) 94 100 11.32 ± 0.2 18,03 ± 0.2

At birth: no difference between the two strains

At weaning: higher mortality rate in PB 



In vivo approach

Females SS 

Females PB 

CROSS-FOSTERING 
between PB and SS litters 

80 females

+

3 Lactation cycles

+

Homogeneization at birth

Litter / Milk Females Pups on PND1 Mortality (%) P 

PB / PB 20 480 18.50 ± 0.18 <0.001 

SS / SS 20 480 12.50 ± 0.03 <0.001

PB / SS 20 480 12.50 ± 0.01 <0.001

SS / PB 20 480 27.00 ± 0.04 <0.001

Evaluation of the mortality rates

Milk composition may be a major factor, contributing in neonatal mortality

of PB rabbits



Protein composition?

Significant polymorphism of lactolactoproteins

Existence of genetic variants

Working hypotheses

Bolet et al., 2007:

Role of -casein polymorphism in in utero mortality

Baranyi et al., 1995

Hiripi et al.,1998

Devinoy et al., 1999

Bolet et al., 2007

Consequences on pups’ 

mortality

 What about the role of other caseins’ polymorphisms 

in neonatal mortality?

Do the constituents of milk play a role in neonatal 

mortality?

Biochemical approach
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« Classical » method “New method”

QUANTIFICATION

IDENTIFICATION 
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PRINCIPLES OF THE LC-MS METHOD
Liquide chromatography mass spectrometry (Miranda et al., 2013)

http://www.bruker.com/


Identification of  the major lactoproteins by LC-MS
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Identification of the 5 caseins: κ, αs2, αs2 -like, αs21 and β

 Identification of the 4 major serum proteins:

 lactoferrin, WAP, α-lactalbumin and serum albumin

Some lactoproteins have a double peak: WAP, αs2 -like, αs1

(phosphorylation isoforms)



Major

lactoproteins
Variants 

Theoretical

Mass

(Da)

Observed

Mass

(Da)

-cas VN 18 018.56

αs2-cas

VN 19 926.66

V B 20 813.08

V C 20 887.08

WAP VN

αs2-like-cas
VN 19 646.38

VB

αs1-cas
VN 23 972.01

VB 23 856.92

b-cas VN 24 535.95

αs2-cas VN 4P
20 246, 89 Da

αs2-cas VB 4P
21 134,61 Da

αs2-cas VC 4P
21 207,18 Da

+887,72 Da (supplementary exon?) Δm -72,8 Da

αs1-cas VN 7P 
24 531,86 Da

αs1-cas VB 7P 
24  417,41 Da

Δm -145,45 Da

One new 𝛂s1-casein variant: VB

Determination of major lactoproteins’ variants in PB (LC-MS) 

Two new 𝛂s2-casein variants: VB and VC



% Mortality

(M. ± SEM)

VB/VB VN/VB VN/VN VB/VC

54.05 ± 2.95 15.35 ± 1.82 11.65 ± 1.34 38.38 ± 4.46

VB/VB 54.05 ± 2.95 S S S

VN/VB 15.35 ± 1.82 NS S

VN/VN 11.65 ± 1.34 S

VB/VC 38.38 ± 4.46

The lowest mortality rate is observed in individuals carrying the natural

variant (VN / VN = VN / VB)

Neonatal mortality increases with the presence of new variants: VB and VC

Mortality rate: (VB / VB)> (VB / VC)> (VN / VB)

Correlation between the nature of variants and neonatal mortality 

in PB (I)

as2-casein variants

4 groups: homozygotes VB/VB and VN/VN; heterozygotes VN/VB and VB/VC



Lowest mortality rate: individuals carrying the natural variant VN

Neonatal mortality: increases with the presence of the new variant VB

In heterozygotes, the deleterious effect of αs1-casein VB variant is more

important than that of αs2-casein VB variant (32% vs. 15%)

 The nature of the genetic variants of αs2 and αs1

caseins impacts neonatal mortality in PB rabbits

2 groups: VN/VN et VN/VB

% Mortality

(M± SEM)

VN/B VN/VN

31.89 ± 6.21 12.27 ± 1.10

VN/VB 31.89 ± 6.21 S

VN/VN 12.27 ± 1.10

as1-casein variants

Correlation between the nature of variants and neonatal mortality 

in PB (II)



Conclusions

 This work has demonstrated the major role played by casein

composition in milk for the neonatal health of the pups in the

rabbit.

 It has also demonstrated the importance of genetic

polymorphisms, in particular those of αs1- and αs2-caseins, in

rabbit neonatal mortality.

 Therefore, the question of the biological function of αs1- and αs2-

caseins can be raised;

 Bovine αs2-casein = carrier of peptides with anti-microbial

activity? (Alvarez-Ordóñez et al., 2013)

New variants: loss of this activity? 
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