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Milk: a complete and complex food

Hide a large variability in 

composition  between 

species Constant 

physical 

aspect “Designed” to fulfil specific requirements 

and provide optimal growth and 

development to mammalian offsprings

a paradox
Constant 

physical 

aspect



Milk is much more than a complete food 

Milk is a source of bioactive components, including long 

chain fatty acids, complex oligosaccharides and proteins



HMOs: the third most abundant solid 

component of human milk

• 10 g/L in mature milk after lactose (70 g/L) and lipids (40 g/L)

• Confer protection on the newborn whose immune system 

is functionnaly immature

• Prebiotics, promoting growth of beneficial bacteria, 

• Protect against pathogenic infection

• Stimulate maturation of the immune system
Fucosylated 40%

Sialylated 13%

Fucosylated Sialylated



Oligosacharrides in camel milk



Milk proteins: a source of biologically 

active peptides
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-casomorphins (BCMs), derived from   

-casein, first identified in bovine milk

(Brantl & Teschemacher, 1979)

recently shown to occur naturally in breast milk                                     
(Enjapoori et al., 2019)

Signal peptide

BCM5-11



Therapeutic effects of milk-derived 

peptides in several health disorders

Hypertension

cardiovascular disease

obesity 

osteoporosis 

dental caries

gastrointestinal diseases

ageing, … and others



Colloidal fraction

80%

Caseins

(random coiled, 

organised in Micelles)

Soluble fraction

    -lactoglobulin

    -lactalbumin

Lactoferrin, …

(Globular tertiary structure)

(Whey proteins)

Milk proteins

(Dalgleish et al., 2004)

Milk Fat Globule 

Membrane

> 80 proteins (<1%)

(Butyrophilin, adipophilin, 
xanthine oxidase,          

FABP, lactadherin, ...)

20%



The bulk of the protein fraction in milk 

corresponds to the products of only 6 genes

Coding for:  4 caseins (s1, s2,  and ) 

2 main whey proteins (-lactoglobulin & -lactalbumin)

95% of the protein fraction in cattle

Several tens or even hundreds of proteins in the remaining 5% 

A fairly simple system, regarding the main milk proteins, but this milk 

proteome is much more complex with:

• genetic variants 

• low-abundance gene products arising from differential splicing

• isoforms due to post-translational modifications such as 

phosphorylation, glycosylation and proteolytic processing. 

up to 100 molecules, derived from the 6 major milk proteins

Miranda et al., 2020



Genetic variants of the main milk proteins

CSN1S1
(s1-casein)

CSN1S2
(s2-casein)

CSN2
(-casein)

CSN3
(-casein) -lactoglobulin -lactalbumin

Cattle 9 variants
A to I

4 variants
A to D

12 variants 
A1, A2, A3, B to J

15 variants 
A, B, B2, C to E 
(F1,F2,G1, G2 

and H to L)

13 variants
A, B, B*, C, D 
and Dr, E to J 

and W

4 variants
A to D

Goats
15 variants 

(+ 3 null 
alleles)

7 variants 
(+1 null allele)

6 variants
(+ 3 null alleles) 

17 variants 
2 putative 
variants 

(uncharacterized 
so far)

2 Variants 

Sheep 10 variants 8 variants  5 variants 3 variants 3 variants 2 variants 

from Martin et al. (2013),

Selvaggi et al. (2014a, 2014b)



Genetic polymorphisms at the CSN1S1

locus in the goat species

Bevilacqua et al., 2002
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Gene

Allele F: A "frame shift" mutation 

a multiplicity of transcripts (proteins)

a reduced expression

mRNA

s1-CasF

s1-CasA

STOP

13 16

9

9 different transcripts as many different peptide chainss1- CasF

Leroux et al., 1992



Occurrence of splicing variants

due to cryptic splice site usage 

and exon skipping 

Exon skipping (ES): loss of exon 

during the course of pre-mRNA 

maturation (assembly of exonic 

sequences and removal of introns)

Cryptic splice site usage (CSS): 

loss or gain of nucleotides (intron 

or exon sequences)  

Quality control mechanisms

Exon 1 Exon 2

Events first reported in small ruminants: CSN1S in the goat species 



Post-translational modifications contribute 

to increase molecular diversity

Glycosylation: -casein  (O-glycosylation on up to 6 Thr residues)

Phosphorylation: s2-casein (theoretically up to16P on Ser/Thr residues)

MKFFIFTCLLAVALA KNTMEHVSSSEESIISQETYKQEKNMAINPSKENL 

CSTFCKEVVRNANEEEYSIGSSSEESAEVATEEVKITVDDKHYQKALNEIN

QFYQKFPQYLQYLYQGPIVLNPWDQVKRNAVPITPTLNREQLSTSEENSKK 

TVDMESTEVFTKKTKLTEEEKNRLNFLKKISQRYQKFALPQYLKTVYQHQK 

AMKPWIQPKTKVIPYVRYL 

MMKSFFLVVTILALTLPFLGA QEQNQEQPIRCEKDERFFSDKIAKYIPIQY 

VLSRYPSYGLNYYQQKPVALINNQFLPYPYYAKPAAVRSPAQILQWQVLSNT

VPAKSCQAQPTTMARHPHPHLSF-MAIPPKKNQDKTEIPTINTIASGEPTST

PTTEAVESTVATLEDSPEVIESPPEINTVQVTSTAV 

NANA-Gal-GalNAc-O

NANA-Gal-GalNAc-O

NANA

Gal-GalNAc-O

NANA



LC-MS profiling of bovine milk proteins



LC-MS profiling of bovine milk proteins

Miranda et al., 2013

Peak 19

92,9% of the protein fraction identified



LC-MS profiling of Camel milk proteins

Combining different proteomic approaches to
resolve complexity of the milk protein fraction
of dromedary, Bactrian camels and hybrids,
from different regions of Kazakhstan
Alma Ryskaliyeva1*, CeÂline Henry2, Guy Miranda1, Bernard Faye3,

Gaukhar Konuspayeva4, Patrice Martin1

1 INRA, UMR GABI, AgroParisTech, UniversiteÂ Paris-Saclay, Jouy-en-Josas, France, 2 INRA, MICALIS

Institute, Plateforme d'Analyse ProteÂomique Paris Sud-Ouest (PAPPSO), UniversiteÂ Paris-Saclay, Jouy-en-

Josas, France, 3 CIRAD, UMR SELMET, France, 4 Al-Farabi Kazakh State National University, Biology

department, Almaty, Kazakhstan

2018

peak I: κ-CN

peak III: WAP 

peaks IV & V: αs1-CN

peak VI: α-LAC,

peak VII: αs2-CN 

peaks VIII, IX, & X: αs2-CN 

peak XI: PGRP

peak XII: CSA/LPO

peaks XIII & XIV: β-CN

peak XV: γ2-CN.

αs2-CN



Mass Specrometry Analysis
Molecular masses obtained

after deconvolution of 

multi-charged ions spectra

S2-caseins



S2-caseins
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Splicing isoforms impacts the C-terminal 

sequence of camel s2-casein

anti-bacterial and 

antihypertensive activities



Beside its unique nutritional content 

breast milk also contains extracellular 

vesicles and live cells from the mother

Multi Vesicular Bodies 

released into the extracellular 

medium by fusion with the cell 

plasma membrane cell 

plasma membrane.

a) b)



Milk-derived Exosomes and microRNA



Extracellular vesicles in camel milk

2018

Comprehensive proteomic analysis of camel milk-derived extracellular vesicles 



Breast milk stem cells transfer to offspring 

Breast-milk: the postnatal maternal blood through which 

a multitude of active soluble and cellular factors are delivered to the offspring 

Milk SC reach the brain where

they turn into functioning cells



Conclusions

Differential splicing is an effective way to increase molecular 

diversity and possibly the repertoire of bioactive peptides

encrypted in milk proteins

Milk has to be considered as a sophisticated nutrient but also as a 

communication system delivering a multitude of active soluble and 

cellular factors orchestrating early development of the offspring
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