Milk spontaneous lipolysis in

dairy COWS . variation factors and

biochemical mechanisms
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Introduction :
O

SPONTANEOUS LIPOLYSIS ?

* Lipolysis = Enzymatic hydrolysis of triglycerides into
glycerol and free fatty acids (FFA) by lipoprotein lipase

- Cofactors

Lipoprotein lipase pw» st

-Milk fat -Partial glycerides
Triglycerides in fat globules -FFA

* Evaluation of lipolysis : Titration of FFA
mEQg/100 g of fat = mmol/100 g of fat
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SPONTANEOUS LIPOLYSIS ?

* Three types of lipolysis are defined :

Microbial
contamination

Mammary Gland
Syntesis of milk solid content
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Mechanical and
thermal chocks

U Lipases
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Microbial Spontaneous Induced
lipolysis lipolysis lipolysis
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LIPOLYSIS, A ZOOTECHNICAL PROBLEM

* FFA are responsible for off-flavour (oxidized) in milk and
dairy products

* Partial glycerides and FFA are responsible for technological
abilities impairment

* Lipolysis is a milk quality issue and an economical issue
(farmers, dairies)

* Key figures:
» 1.2-1.5mEQq/100 g fat: threshold of acceptance for consumers

» 0.89 mEQ/100 g fat: threshold for milk payment to farmers 2 to 15% of farmers penalized
according the period of the year.

* Quality problems cannot be harness by the downstream part of
the sector (techn. Imposs.).
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SCIENTIFIC PROBLEM

1- Which husbandry factors are
modulating spontaneous lipolysis ?

2 - What are the biochemical
mechanisms ?
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* 5 trials (4 continous designs — 1 cross over) — Linear models

* |Inherent and husbandrv factors assessed :

' Milking frequency \
: Feedmgs Wé%

T (RO gn
. Physmloglcal stage Milking time - y :

’4”\\\

Breed

Parlty

- Biochemical factors = aII enzymatic system :

act1V1ty

A”
Protein profile e

a " Fat globule size
(cofactors) (proxy integrity)
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AT A ZOOTECHNICAL LEVEL

Susceptible Non — Susceptible
\ / 0.4 mEq/100g fat
75 %o

over 70 cows
Genetics

25 %

Breed over 70 cows
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AT A ZOOTECHNICAL LEVEL

A = 0.3 mEq

Morning \/»Evening

;vi_ Milking
%y, Y time

Susceptible \/» Non — Susceptible

Breed
Genetics

Murphy et al., 1979 ; Arhné et Bjorck, 1985
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AT A ZOOTECHNICAL LEVEL

= e
~ Inherent factors . @
Parity — Physio stage Bl

Early | Middle | Late
Morning Evening | |Primi | 054" 0.50 | 1.51

\/ Multi | 1.15* 051 |1.62
. ;vi_ Milking X

%y, Y time

Susceptible \/» Non — Susceptible

Breed
Genetics

Arhné et Bjorck, 1985; Chazal et Chilliard, 1986; Bachman et al., 1988 o
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AT A ZOOTECHNICAL LEVEL

- Inherent factors

——t+—+—++—+—+++> Lactation
1234567891011 month

Morning \/» Evening< w
‘ Husbandry factors¥ 3%;

2]

N/~ Milking = N
%y, Y time

Susceptible \/» Non — Susceptible

Breed
Genetics
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AT A ZOOTECHNICAL LEVEL

/ Once daily milking — 0.05 mEq

/' Milking frequency — Twice daily milking — 0.8 mEq
B daily milking
Husbandry factors

T ————————————
Wiking et al., 2006 ; Pomiés et al., 2007 10
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AT A ZOOTECHNICAL LEVEL

/—» Once daily milking — 0.05 mEq

/v Milking frequency — Twice daily milking — 0.8 mEq
B daily milking

Husbandry factors

. \\‘ Feedings

Restriction level : Non restricted (NR);
\\> restricted (R; 80%)

Nature of forage : fresh grass (pasture) ;
conserved grass ; corn silage

Pasture | Cons. grass Cons. grass | Corn silage | Corn silage
NR NR R NR R
SL, mEq 0.19d 0.40c 0.80a 0.71b 0.80a

e ——————————

Stobbs et al., 1973 ; Deeth et Fitzgerald, 1976; Chazal et al., 1987; O’Brien et al., 1996; Ferlay et al., 2§46
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AT A ZOOTECHNICAL LEVEL g . d
*\25

- Inherent factors

+—+> Lactation

St el
1822 B G e ID
Morning Evening

\ / Husbandry factors
. 2 Ml|klng — Milking frequency : 1 x/j - 2 x/j

E- Feedings :

%
R N time pasture — conserved grass — corn

[ silage (?)

Non restricted — restricted

Susceptible \/» Non — Susceptible
@ Breed
W Genetics

s

12



Introduction Material & Methods Results
@ @ @

AT A BIOCHEMICAL LEVEL

«  Milk traits :
No correlation between SL and fat content, protein content,

lactose content, SCS.
LPL activity N=32 .

Enzymology

Enzymatic system

LN

. Protein profile o *32: Fat globule size
N=10 (cofactors) N (proxy integrity) N=1200

LC-MS Granulometry

13
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AT A BIOCHEMICAL LEVEL

«  Milk traits :
No correlation between SL and fat content, protein content,
lactose content, SCS.

Enzymatic system

- No correlation between LPL activity in milk and SL
—> total LPL quantity is not a limitating factor of the enzymatic
triangle

- Small correlation between MFG size and SL
- MFG size is not a good proxy of MFG integrity

Interesting results about milk protein profile !

o
Arhné and Bjorck, 1985; Ferlay et al., 2006 14
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AT A BIOCHEMICAL LEVEL

- 13 proteins / protein fragments detected by LCMS

- B-CN - B-LG

- as1-CN - a-LA

- as2-CN - BSA

- kK-CN - Immunoglobulin G1, G2, G3
- K-glyco-CN - PP5

- PP8s

15
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* Negative correlation between
X y = -6.118x + 4.8738 Spontaneous lipolysis and PP5
¢ > S
- PP5 inhibitor of SL ?

e
o
1

Spontaneous lipolysis (mEQ)
N
o

1’0 : .
0,0 ;
0,2 0,7
Log (PP5)
C C d . :
S OnSEVEE 1+ 9%PP5 higher with conserved
silage Grass :
: grass = One of the explanation
el 0,86b 2,762 of our result at farm level.
evening milks

16



Introduction = Material & Methods Results Perspectives

® O
TO BE CONTINUED ... ,
l~“
- Spontaneous AND induced lipolysis on Cows, | y-\
Goats, Ewes

Work packages on :

Genetics — heritability of lipolysis ? — PhenoFinLait database

Husbandry factors — feeding and milking time

Milking material
Biochemical mechanisms — multi-omics, miRNA, better
evaluation of MFGM integrity

Impact on dairy proglucts (cheese)
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